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Comparison of Anchorage Control in Treatment of Class Il
Malocclusion with Carriere Motion Appliance using Essix
Appliance with Miniscrews — A FEM Study
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Objectives: The objective of this study was to evaluate anchorage control using mini-screws as compared to an Essix retainer in the treatment
of Class II malocclusion to distalize the maxillary molars using the Carriere motion appliance (CMA) with Finite Element Method Analysis.
Materials and Methods: A cone-beam computed tomography of a patient having Angle’s Class II malocclusion was obtained and simulated
for making the digital models using Solidworks 2023 software. Boundary conditions and material properties were assigned to the constructed
3D models. Results: The mandibular anchorage loss in the treatment of Class II malocclusion with CMA and Essix retainer was more than
with mini-screw. Conclusion: Overall, the study highlights the effectiveness of the CMA in achieving distalization while minimizing anchorage
loss, emphasizing the importance of anchorage control methods in orthodontic treatment planning.
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INTRODUCTION

Class II malocclusion, characterized by a prognathic maxilla
and orthognathic mandible, is a common orthodontic condition
requiring precise treatment to achieve favorable occlusal and
esthetic outcomes. The correction of Class II malocclusion
often involves molar distalization, which, in turn, requires
effective anchorage control. Anchorage loss remains a pivotal
concern in managing these cases.!!

The Carriere motion appliance (CMA), developed by Dr Louis
Carriere, represents a versatile and esthetically pleasing
approach for Class II correction. It offers a patient-friendly
option for achieving molar distalization. Multiple case reports
have examined the efficacy of the CMA, and a retrospective
study compared treatment outcomes when employing two
different types of anchorage in the mandibular arch full fixed
orthodontic appliances or a lingual arch and concluded that both
methods resulted in proclination of the lower incisors.!"*! Other
studies investigated the treatment effects of the CMA with the
Essix appliance used as anchorage and found significant mesial
movement and mesial tipping of the first mandibular molar,
alongside proclination of the lower incisors.H*
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Despite these findings, no randomized clinical trial or Finite
element study has been conducted to assess anchorage control
using miniscrews with the CMA, leaving uncertainty regarding
the most effective anchorage method. Therefore, this study
focused to compare anchorage control using miniscrews
versus an Essix appliance in the treatment of patients with
Class II malocclusion using the CMA in conjunction with
a class II elastic. On the other hand, temporary anchorage
devices (TADs) have gained popularity as temporary skeletal
anchorage devices, enabling precise control of tooth movement
by providing absolute anchorage. This study aims to address
the crucial question of anchorage loss in Class Il malocclusion
correction by comparing the conventional approach with Essix
retainer and Class I1 elastics versus TAD with Class II elastics.
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The null hypothesis states that there would be no disparity in
anchorage control between mini-screws and an Essix appliance
in the treatment of post-pubertal patients with CMA."]

MareriaLs AND METHODS

A cone-beam computed tomography (CBCT) scan of a skeletal
Class Il malocclusion patient on account of prognathic maxilla
and retrognathic mandible was obtained.

Construction of the three-dimensional model

A three-dimensional (3D) finite element model of a
representative human maxilla and mandible was created. The
model was developed using a CBCT scan. Solidworks 2023
software was used for 3D modeling and meshing.['”

Case 1 model specifications

The first case consists of conventional CMA attached from
the maxillary canine to the maxillary first molar along with
an Essix retainer in the mandibular arch and Class II elastics
from the maxillary canine to the mandibular first molar, as
shown in Figure 1.1

Case 2 model specifications

The second case Figure 2 consists of CMA attached from
the maxillary canine to the maxillary first molar along with a
TAD of 1.5 x 8 mm (S.K. surgicals company) placed mesial
to mandibular first molar and Class II elastics continued from
the maxillary canine to the TAD.!!

Incorporation of dental anatomy

The model included anatomically accurate representations of
teeth, periodontal ligaments, alveolar bone, and surrounding
soft tissues.

Inclusion of anchorage devices

The CMA was virtually installed from the maxillary canine to
the maxillary first molar to simulate molar distalization. A TAD
was virtually placed mesial to the mandibular first molar to
represent the TAD approach.

{

Figure 1: Conventional carriere motion appliance with Essix retainer

Material properties

The material properties of teeth, periodontal ligaments,
alveolar bone, and soft tissues were defined based on existing
biomechanical data in the literature, as mentioned in Table 1.
Specific properties of the CMA and the TAD were obtained
from the manufacturer’s specifications.!'!}

Boundary conditions

Regarding the boundary conditions, movement of the temporal
and maxillary bone was constrained across all degrees of
freedom of the nodes at their superior regions as depicted in
Figure 3. In addition, the mandible was immobilized at the
lower margin. Bonding contact was established for interfaces
including spongious-cortical bone, cortical bone-PDL,
PDL-tooth, and tooth attachment, preventing any movement
between these contact surfaces. Moreover, connections
between adjacent teeth were assumed to have no separation
from their interfaces, although slight frictionless sliding along
the contact surfaces was permitted.!!"!

Application of forces

Distalizing forces of 3.5 ounces (100 g) were applied to the
maxillary molars in both Case 1 (CMA with Essix) and Case
2 (CMA with TAD) scenarios, simulating typical clinical
conditions.

Finite element analysis

Finite element analysis was performed to calculate and
compare stress distributions and displacements under the
influence of the Class II elastic forces in Ansys Workbench
19.2. The analysis included evaluations of von Mises stress
and displacement vectors to quantify anchorage loss.

Data analysis

Anchorage loss was assessed by measuring the displacement
of individual teeth and the mandibular arch as a whole along
with the surrounding bone. Ansys Workbench 19.2 software
was used for the analysis and interpretation of the results.

Figure 2: Carriere motion appliance with temporary anchorage device
placed mesial to mandibular first molar and Class Il elastics
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Table 1: Material properties used for FEA analysis

Material Young’s modulus Poisson’s ratio
Tooth 1.96x10% 0.3
PDL 6.9x107! 0.45
Cortical bone 1.37x10% 0.26
Cancellous bone 1.37x10° 0.30
Essix retainer 5.28x10? 0.36

FEA: Finite element analysis

Table 2: Table depicting results of average displacement
in Case 1 and Case 2

S. Entity Average Average
no. displacement in displacement in
case 1 (mm) case 2 (mm)
1. Mandible central incisor 1.01E-05 1.38E-05
Mandible central incisor X 6.44E-06 1.31E-05
Mandible central incisor Y —6.17E-06 —2.30E-06
Mandible central incisor Z 3.92E-06 1.19E-06
2. Mandible lateral incisor 9.51E-06 1.42E-05
Mandible lateral incisor X 6.13E-06 1.37E-05
Mandible lateral incisor Y —4.93E-06 1.55E-06
Mandible lateral incisor Z 5.32E-06 1.04E-06
3. Mandible canine 8.38E-06 1.54E-05
Mandible canine X 6.07E-06 1.39E-05
Mandible canine Y —3.71E-06 4.59E-06
Mandible canine Z 4.39E-06 5.37E-07
4. Mandible first premolar 9.12E-06 1.88E-05
Mandible first premolar X 6.34E-06 1.58E-05
Mandible first premolar Y —3.71E-06 4.23E-06
Mandible first premolar Z 1.33E-06 —3.06E-06
5. Mandible 2™ premolar 9.72E-06 2.31E-05
Mandible 2™ premolar X 8.92E-06 1.59E-05
Mandible 2™ premolar Y —9.38E-07 1.33E-05
Mandible 2™ premolar Z 3.61E-06 1.68E-06
6. Mandible first molar 8.15E-06 1.60E-05
Mandible first molar X 7.05E-06 4.99E-06
Mandible first molar Y 1.66E-06 1.01E-05
Mandible first molar Z 3.17E-06 3.87E-06
7. Mandible second molar 5.73E-06 7.79E-06
Mandible second molar X 4.85E-06 5.37E-07
Mandible second molar Y 1.26E-06 3.42E-06
Mandible second molar Z 2.16E-06 2.29E-06
8. Mandibular group 9.30E-06 1.45E-05
Mandibular group X 6.21E-06 1.36E-05
Mandibular group Y —4.91E-06 1.35E-06
Mandibular group Z 4.55E-06 2.13E-07

Outcome assessment

Two coordinate systems were established for reference. The
global system was defined for the entire dentition, with the
X-axis representing the coronal plane (+ left, —right), the Y-axis
indicating the sagittal plane (+ posterior, —anterior), and the
Z-axis signifying the vertical plane (+ superior, —inferior). In
addition, a local coordination system was defined for each
tooth. For this system, the X-axis was denoted (+mesial, —

distal), the Y-axis represented (+lingual, —buccal), and the
positive direction on the Z-axis was indicated by the apex of
the maxillary teeth, and the incisor/occlusal of the lower teeth.
The initial movement of the entire dentition and individual
teeth in three directions was recorded.!'”

ResuLts

The analysis revealed that in Case 2 on the application of
approximately 100 g distalizing force from Class II elastics in
the maxillary arch, the mandibular arch experienced mesializing
force as a result of which there was a mesial movement
of the mandibular canine (0.000015371 mm), mandibular
lateral incisor (0.000014173 mm), and mandibular central
incisor (0.000013762 mm); however, in Case 1, mandibular
canine experienced a mesial movement (0.0000083773 mm),
mandibular lateral incisor (0.0000095135 mm), and mandibular
central incisor (0.000010065 mm) suggesting more anchorage
loss in conventional CMA with Essix retainer as compared to
CMA with mini-screw group. As displayed in Table 2.

Comparative analysis of the results
Mandibular central incisor

In Case 1, the average displacements are 1.01E-05 mm
(X-axis), —6.17E-06 mm (Y-axis), and 3.92E-06 mm (Z-axis).

In Case 2, the average displacements are 1.38E-05 mm
(X-axis), —2.30E-06 mm (Y-axis), and 1.19E-06 mm (Z-axis).

The central incisor exhibits increased displacement along all
axes in Case 1 compared to Case 2.

Mandibular lateral incisor
In Case 1, the average displacements are 9.51E-06 mm
(X-axis), 1.93E-06 mm (Y-axis), and 5.32E-06 mm (Z-axis).

In Case 2, the average displacements are 1.42E-05 mm
(X-axis), 1.55E-06 mm (Y-axis), and 1.04E-06 mm (Z-axis).

The lateral incisor exhibits increased displacement along
the X and Z axes in Case 1 compared to Case 2, while the
displacement along the Y-axis is negligible.

Mandibular canine
In Case 1, the average displacements are 8.38E-06 mm
(X-axis), —3.71E-06 mm (Y-axis), and 4.39E-06 mm (Z-axis).

In Case 2, the average displacements are 1.54E-05 mm
(X-axis), 4.59E-06 mm (Y-axis), and 5.37E-07 mm (Z-axis).
The canine exhibits increased displacement along all axes in

Case | compared to Case 2.

Mandibular first premolar
In Case 1, the average displacements are 9.12E-06 mm
(X-axis), —3.71E-06 mm (Y-axis), and 1.33E-06 mm (Z-axis).

In Case 2, the average displacements are 1.88E-05 mm
(X-axis), 4.23E-06 mm (Y-axis), and —3.06E-06 mm (Z-axis).

The first premolar exhibits increased displacement along all
axes in Case 1 compared to Case 2.

- Journal of Research and Advancement in Dentistry | Volume 15 | Issue 4 | Jul-Aug 2024




Singh M, et al.: Anchorage Control in Class I Malocclusion with Carriere Motion Appliance: Essix vs. Miniscrews — FEM Study

AVATZ A
A'f" ’

Figure 3: Meshing of the computer-aided design model with boundary conditions included
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Figure 4: Forces indicating the direction in which the movement will occur

Mandibular second premolar

In Case 1, the average displacements are 3.72E-06 mm
(X-axis), —3.38E-07 mm (Y-axis), and 3.61E-06 mm
(Z-axis).

In Case 2, the average displacements are 2.31E-05 mm
(X-axis), 1.33E-05 mm (Y-axis), and 1.68E-06 mm
(Z-axis).

The second premolar also shows increased displacement along
all axes in Case 1 compared to Case 2.

Mandibular first molar

In Case 1, the average displacements are 8.15E-06 mm
(X-axis), 1.66E-06 mm (Y-axis), and 3.17E-06 mm
(Z-axis).

In Case 2, the average displacements are 6.60E-05 mm
(X-axis), 1.01E-05 mm (Y-axis), and 3.87E-06 mm (Z-axis).
The first molar exhibits increased displacement along all axes

in Case 1 compared to Case 2.

Mandibular second molar
In Case 1, the average displacements are 5.73E-06 mm
(X-axis), 1.26E-06 mm (Y-axis), and 2.16E-06 mm (Z-axis).

In Case 2, the average displacements are 7.79E-06 mm
(X-axis), 3.42E-06 mm (Y-axis), and 2.29E-06 mm
(Z-axis).

The second molar also demonstrates increased displacement
along all axes in Case 1 compared to Case 2 except for Z-axis
where it is almost insignificant.

Mandibular group
In Case 1, the average displacements are 9.30E-06 mm
(X-axis), —4.91E-06 mm (Y-axis), and 4.55E-06 mm (Z-axis).

In Case 2, the average displacements are 1.45E-05 mm
(X-axis), 1.35E-06 mm (Y-axis), and 2.13E-07 mm (Z-axis).

The mandibular group shows increased displacement along
all axes in Case 1 compared to Case 2.

Overall, the observed trend suggests that there is a consistent
increase in displacement in case 1 across all evaluated
mandibular teeth and the mandibular group as a whole when
compared to case 2. This indicates that the treatment conditions
or forces applied in case 1 result in greater movement of the
mandibular dentition compared to case 2, thus indicating
greater amount of anchorage loss in Case 1 as compared to
Case 2.
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Graph 1: Displaying average displacement of all the teeth in maxillary quadrant in all three planes (X, Y, and 2)
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Graph 2: Displaying average displacement of all the teeth in mandibular quadrant in all three planes (X, Y, and 2)

Discussion

The CMA functions by posteriorly displacing the entire
maxillary posterior segment, spanning from the maxillary
canine to the maxillary first molar, facilitated by the
utilization of Class II intermaxillary elastics. This research
comprehensively evaluates the extent and manner of
distalization achieved by the CMA in a three-dimensional

context. In addition, it aims to scrutinize the repercussions of
using Class II intermaxillary elastics in conjunction with two
distinct methods of anchorage control within the mandibular
arch.['*!

The null hypothesis made in this trial was proven incorrect, as
we found that the extent of forward movement of the incisors
was considerably greater in Case 1 in which CMA with the
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Essix appliance was compared to the group that relied on
mini-screw anchorage.'*!

There was an observable trend toward greater forward
movement and tilting forward of the mandibular second
molar in the Essix group (0.0000077905 mm). As depicted
in the Graphs 1 and 2. This phenomenon can be attributed to
the Essix appliance securing all mandibular teeth together,
causing them to function as a singular unit. Consequently, any
loss of anchorage was manifested as forward movement and
tilting forward of the entire lower arch.!'! Despite employing
a mini-screw to anchor the mandibular second molar, some
forward movement and tipping were still evident in Case
2 (0.0000057271 mm). As for the lower inicisors, as depicted
in Figure 4 lacking any mechanism to unite them as a single
unit, it was observed that a few of the incisors were slightly
tilted forward.['®!

The findings of this research focus on the mechanism behind
the reciprocal force observed between the maxillary and
mandibular arches, which aimed to move the maxillary
teeth distally while inducing mesial movement in the
mandibular arch.!'” Altering the anchorage control in the
mandibular arch by introducing miniscrews played a pivotal
role in tipping the scale towards maxillary distalization.
Specifically, the Essix appliance group exhibited greater
forward movement in the lower dentition, particularly
noticeable in the incisors.!'®!

ConcLusion

® The impact of distalizing force: Applying distalizing
force in the maxillary arch led to the distalization
of the maxillary first molar (0.0000084478 mm),
second maxillary molar (0.0000077128 mm), and
maxillary canine (0.000036387 mm). In Case 2, the
maxillary first molar (0.000061058 mm), second maxillary
molar (0.0000075176 mm), and maxillary canine
(0.000056355 mm) experienced similar distalization
effects.

®  Anchorage loss: The comparative analysis revealed more
anchorage loss in the conventional CMA with Class 11
elastics (Case 1) than in the CMA with mini-screw
anchorage (Case 2).

e Effect on mandibular dentition: There was a noticeable
trend of increased displacement in Case 1 across all
evaluated mandibular teeth and the mandibular group
compared to Case 2, indicating greater movement of the
mandibular dentition in Case 1.

® Treatment implications: The findings underscore
the importance of considering anchorage control
methods in orthodontic treatment planning, as different
approaches can significantly affect the outcome of
treatment

e Efficacy of CMA: Despite some anchorage loss observed,
the CMA demonstrated effectiveness in achieving
distalization, particularly when combined with mini-

screw anchorage.

® (Clinical significance: Orthodontists should carefully
select anchorage control methods based on individual
patient needs and treatment objectives to optimize
treatment outcomes and minimize unwanted tooth
movement.

e Future directions: Further, research could explore
alternative anchorage control methods and their impact
on orthodontic treatment outcomes to refine treatment
protocols and improve patient care.
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