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Abstract
Background: the authors evaluated the effect of the Carriere motion II appliance on the pharyngeal airway parameters in a sample of class II patients, using cone
beam computed tomography (CBCT).
Materials & methods: A retrospective sample of 20 adult patients with class II malocclusion who received treatment with Carriere motion II appliance were
included in this study. The total airway volume and the minimum cross-sectional area were assessed before and after treatment using Anatomage software on the
CBCT scans. Statistical analysis of the collected data was performed.
Results: The measured airway parameters increased significantly after correction of the class II malocclusion using the Carrier motion II appliance.
Conclusion: The use of the Carriere class II motion appliance resulted in an increase the total pharyngeal airway volume as well as in the minimum crosssectional area after treatment.

Introduction
Class II malocclusion is one of the most frequent treatment challenges
facing orthodontists.1 Distalization of the maxillary dentition has
become one of the most popular treatment modalities for Class II
and Class I malocclusion with bimaxillarydento-alveolar protrusion
patients, especially when extraction treatment is not accepted by
patients.2, 3
Recently, airway analysis and the effect of different treatment
modalities on the airway space have gained increased attentiveness
from researchers and have had contradictory results in the literature.
There are a variety of published studies on the relationship between
airway anatomy and the presence as well as the severity of
malocclusions.3-8 Literature reviews showed a particular association
between both Class II malocclusion and vertical growth problems9-12
and the presence of constricted airways.
Previous studies also suggest that reduced airway dimensions are
correlated to increases in the mandibular plane angle and that this may
contribute to differences in mandibular size, position and rotation.13-14
Several studies showed a decrease in the pharyngeal airway size
with extraction treatment.15-17 Guilleminault et al.18 suggested that
extraction treatment may predispose to obstructive sleep apnea. On
the other hand, Larsen et al.19 demonstrated strong evidence that
there was no relationship between premolar extraction treatment and
obstructive sleep apnea.
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In 2004 a new appliance was introduced by Luis Carrière carrying
his name, called the Carrière Motion appliance.20 This appliance is
designed to change a class II molar relation into a class I relation by
distalizing the whole posterior segment from the canine to the first
molar before brackets or any other appliances are placed. The ball
and socket joint built in the posterior pad has built-in stops to prevent
unwanted molar tipping during distalization.
However, the effect of distalization of the maxillary dentition in nonextraction Class II patients on the airway has not been evaluated.
Therefore, the purposes of this study were to evaluate to what extent
does treatment to correct Angle Class II malocclusions with Carriere
Motion II appliance influence the airway space.

Materials and Methods
This study is a retrospective study were patients data were recruited
from the Outpatient Clinic at the Department of Orthodontics, Faculty
of Dentistry, Cairo University. 20 cases treated with Carriere motion
II were selected with the following inclusion criteria:
1. Post-pubertal patients with age range from 14-30 years,
manifesting features of post-pubertal cervical vertebrae
maturational stages 4, 5 and 6 (deceleration, maturation, and
completion).
2. Class II Division 1 malocclusion with at least an end-on Class II
molar relationship bilaterally.
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3. Well-aligned posterior maxillary segments from the canine to
maxillary second molar.

Statistical analysis was performed using GraphPad Prism 6.0 software
(GraphPad, La Jolla, CA).

4. Full permanent dentition including the second maxillary and
mandibular permanent molars.
5. No sex predilection.
6. No previous orthodontic treatment.
7. Noprevious history of airway problems.

Clinical Procedure
The Carrière Motion appliance was bonded on the permanent maxillary
canine and first molar and the correct size was chosen according to the
manufacturer’s instructions. An alginate impression was then taken
for the lower arch. A cast was then poured into hard stone. A hard
vacuum sheet of 1.5 mm in thickness was used to fabricate the Essix
retainer. The posterior end of the buccal surface of the Essix appliance
was trimmed opposite to the lower second molar region creating a
window to expose the tube for attachment of the intraoral elastics. The
appliance was then checked for retention inside the patient’s mouth.
Class II elastics were attached from the maxillary canine to the
mandibular second molar bilaterally. During the first month, 1/4
heavy elastics were used. The following months 3/16 heavy elastics
were used. The patients were instructed to wear the elastics twentyfour hours daily except during mealtime and to change them daily.

Figure 1 Showing outline identifying airway volume of interest

CBCT Imaging
CBCT scans were taken before the start of treatment and after
completion of distalization. The CBCT images were acquired using
a Next Generation i-CAT scanner. The machine is supplied with
Amorphous Silicon Flat Panel Sensor with Cesium Iodide (CsI)
scintillator, 0.5mm focal spot size, 14 Bit grayscale resolution, and
operating at the following protocol for all the scans of the study:
Tube voltage: 120 kVp, Milliampere: 18.54 mAs, Voxel size: 0.3 mm,
Scanning time: 8.9 seconds, Field of view: 17 cm Height * 23 cm
Diameter.

Figure 2 Airway volume before treatment with Carriere motion II appliance
Volumetric assessment of patient’s airway using sagittal cone beam computed
tomography image and Anatomage’sTx Studio software.

Software analysis for assessment of airway
Digital image files of the patients were exported in digital imaging
and communications in medicine (DICOM) format and processed
using the Tx Studio software (Anatomage, version 5.2, San Jose, CA).
All acquired images were converted into volumetric images and
reconstructed sagittal, axial and coronal slices. The clinician needs
to outline the identified airway volume of interest using a computer
mouse. Once the airway volume has been selected based on the
superior and inferior borders, the software program will automatically
calculate the total airway volume, as well as the minimum crosssectional area, which is the most constricted part of the pharyngeal
airway using color-coded constriction values. This method of
measuring airway volume is considered consistent and stable, as
cervical vertebrae were used as anatomic reference landmarks (Figure
1 & Figure 2).

Statistical analysis
The paired t-test was used to evaluate changes in total airway volume
and minimal cross-sectional area before and after Carriere Motion
appliance treatment. Data are presented as mean±standard error.
P values less than 0.05 were considered statistically significant.
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Figure 3 Airway volume after treatment with Carriere motion II appliance.
Volumetric assessment of patient’s airway using sagittal cone beam computed
tomography image and Anatomage’sTx Studio software.

Results
Total airway volume
P value and statistical significance: The statistical analysis reveals
that there was an increase in the total airway volume after treatment
with Carriere Motion II appliance from 11.31 ml to 15.2 ml (Table 1).
The two-tailed P value was less than 0.001. By conventional criteria,
this difference is considered to be statistically significant.
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Confidence interval: The mean of Group One minus Group Two
equals -4.900
95% confidence interval of this difference: From -5.548 to -4.252
Intermediate values used in calculations:
t = 15.8321
df = 19
Standard error of difference = 0.309
Table 1 Comparison between total airway volume parameters before and
after treatment (paired t-test).
  

  Pre-treatment

  Post-treatment

Mean
SD
SEM
N
P Value

11.31
3.027
0.677
20     
<0.001

15.2
3.032
0.678
20

Minimum cross-sectional area
P value and statistical significance: The statistical analysis reveals
that there was an increase in the minimum cross-sectional area after
treatment with Carriere Motion II appliance from 171.68 mm2 to
212.78 mm2 (Table 2).
Table 2 Comparison between minimum cross-sectional area parameters
before and after treatment (paired t-test).
  

  Pre-treatment

  Post-treatment

Mean

171.68

212.78

SD

56.3

61.74

SEM

12.58

13.8

N

20     

20

P Value

<0.001

The two-tailed P value was less than 0.001. By conventional criteria,
this difference is considered to be statistically significant.
Confidence interval: The mean of Group One minus Group Two
equals -41.025
95% confidence interval of this difference: From -52.263 to -29.787
Intermediate values used in calculations:
t = 7.6406
df = 19
The standard error of difference = 5.369

Discussion
No previous study has evaluated the changes that may occur in the
airway space after distalization of the maxillary dentition. So, the
aim of our study was to evaluate the changes of the Oropharyngeal
airway volume and the minimum constricted area after treatment with
Carriere motion II appliance.
Evaluation of the upper airway has become an important diagnostic

Submit your Article | www.ologypress.com/submit-article

Ology
Press

18

test in several subspecialties of dentistry,21 in part because of the
controversial22,23 but the potential impact of high resistance airways
contributing to abnormal growth of the nasomaxillary complex,
resulting in an increased vertical facial dimension in young patients.24
Additionally, constricted airways are thought to play a potential role
in the pathophysiology of obstructive sleep apnea.25
Class II malocclusion is a common clinical finding in dentofacial
orthopedics. Several treatment options have been attempted to correct
this Class II malocclusion, one of those options is to distalize the
maxillary first molar without extraction. In 2004, the Carrière Motion
appliance was introduced with the aim of distalizing the whole
posterior segment from the maxillary canine to the first molar by the
use of Class II intermaxillary elastics.20
The earliest attempts to correlate pharyngeal airway with different
anteroposterior malocclusions was carried out by Mergen and
Jacobs26, followed by Trenouth and Timms.27 Consequently, it was
concluded that subjects with class II malocclusion suffered smaller
nasopharyngeal areas and depths than those with normal occlusion.
This was mainly attributed to the retruded mandibular position in
such patients which renders them more prone to obstructive sleep
apnea. Also, Kirjavainen and Kirjavainen10 reported that Class II
malocclusion subjects showed narrower Oro- and hypopharyngeal
space than Class I and normal occlusion subjects.
Cephalometricradiography has been traditionally used to measure the
airway, particularly in sleep studies.28,29 However, the conventional
radiographic cephalometry results in superimposition of all bilateral
structures and provides only a sagittal view of the skull.29 To visualize
and measure the true airway volume, a three-dimensional (3D)
technique is required.
Cone beam computed tomography (CBCT) is an imaging modality
that utilizes a cone-shaped collimated x-ray beam instead of a fanshaped beam.30 Its accuracy and precision for airway measurement
have been documented. Through CBCT, a 3D analysis of the
upper airway can be achieved in an accurate and reliable manner.31
Orthodontic software programs have developed tools for airway
analyses, especially for volume size measurement.
The results of this study showed a positive effect of Carriere Motion
II on increasing both the total airway volume and the minimum
constricted area.
For the Total airway volume, there was a significant increase from
11.31±3.02 ml to 15.2±3.o3 ml, with a percentage of 34% increase.
For the minimum constricted area there was also a significant increase
from 171.68±56.68 mm2 to 212.78±61.74 mm2, with a percentage of
23.48% increase.
Recent studies explained these changes in the airway by understanding
that most of the class II treatment mechanics involve the forward
positioning of the mandible as the main factor in correcting the
sagittal relationship. Forward positioning of the mandibular arch and
teeth subsequently affects the available room for the tongue, thereby
affecting the position of the hyoid bone and causing a subsequent
change in the dimensions of the posterior airway.
Regarding the mechanics of the Carriere motion II appliance, class
II elastics produce the effect of mandibular arch protraction which in
turn repositions the tongue anteriorly increasing the airway size.
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