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Three-dimensional cone-beam computed tomography comparison of

shorty and standard Class Il Carriere Motion appliance

Brian Wilson?; Nikoleta Konstantoni®; Ki Beom Kim?®; Patrick Foley*; Hiroshi Ueno®

ABSTRACT

Objectives: To compare treatment effects of the standard and shorty Class Il Carriere Motion
appliances (CMAs) on adolescent patients.

Materials and Methods: Fifty adolescents with Class Il malocclusion formed group 1, who were
treated with shorty CMA (n =25, 12.66 = 1.05 years), and age- and sex—matched group 2, who
were treated with standard CMA (n=25, 12.73 + 1.07 years). Treatment effects were analyzed by
tracing with Invivo software to compare pretreatment (T1) cone-beam computed tomography
(CBCT) images with post-CMA (T2) CBCT images. A total of 23 measurements were compared
within and between groups.

Results: In groups 1 and 2, maxillary first molars showed significant distal movement from T1 to T2
(1.83 = 2.11 mm and 2.14 = 1.34 mm, respectively), with distal tipping and rotation in group 1
(6.52° + 3.99° and 3.15° = 7.52° respectively) but only distal tipping (7.03° = 3.45°) in group 2.
Similarly, in both groups, the maxillary first premolars experienced significant distal movement with
distal tipping but no significant rotation. In group 1, maxillary canines did not undergo significant
distal movement. In both groups 1 and 2, mandibular first molars experienced significant mesial
movement (1.85 = 1.88 mm and 2.44 = 2.02 mm, respectively). Group 1 showed statistically
significantly less reduction in overjet and less canine distal movement with less distal tipping than
group 2 (a0 < .05).

Conclusions: The shorty CMA achieved Class |l correction similarly to the standard CMA, with
less change in overjet and distal tipping movement of the maxillary canines. (Angle Orthod.
2021;91:423-432.)

KEY WORDS: Class Il malocclusion; Class Il; Carriere Motion appliance; Carriere Distalizer; CBCT

evaluation; 3D evaluation

INTRODUCTION

The Carriere Class Il 3D Motion appliance (CMA;
Henry Schein Orthodontics, Carlsbad, Calif), com-
posed of nickel-free stainless steel formed via injection
molding,' consists of two bracket pads connected by a
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rigid bar. It is one of the compliance-dependent Class |l
appliances, such as headgear.>™ In both standard and
shorty versions of CMAs, the posterior bracket pad is
bonded to the maxillary first molar with a ball and
socket joint to allow for tipping and rotation of the
maxillary molar (Figure 1)." The anterior bracket pad,
which has a hook, is bonded to the maxillary canine in
the standard CMA and to the maxillary first premolar in
the shorty CMA. The simple design makes CMAs more
comfortable than the Forsus appliance.® To produce
distal force on the posterior maxillary segment, elastics
are worn from the anterior hook to a button or hook on
the mandibular first molar." Anchorage is recommend-
ed for the lower arch (Essix retainer, Lower Lingual
Holding Arch (LLHA), etc) to prevent side effects
associated with Class Il elastic wear, including flaring
of the mandibular incisors.® The standard CMA is
recommended in most situations, while the shorty CMA
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Figure 1. Class Il Carriere Motion appliance. (A) Before and (B) after Class Il correction.

is suggested for cases with unerupted or ectopically
erupted maxillary canines.

There have been case reports showing that CMAs
corrected a Class Il malocclusion.””"" Retrospective
case series and cohort studies are also available, in
which it was reported that CMAs corrected a mild to
moderate Class Il malocclusion mainly through dento-
alveolar effects in adolescent patients.”'* Areepong et
al.’ concluded, in their three-dimensional evaluation,
that CMAs brought about not only distal movement of
the maxillary first molars and canines with distal
tipping, rotation, and extrusion but also mesial move-
ment of mandibular molars.

To date, no study has elaborated on the differences
in treatment effects produced by the shorty and
standard versions. This study aimed to test the null
hypothesis of no statistically significant differences in
the three-dimensional treatment effects produced by
the standard and shorty CMAs.

MATERIALS AND METHODS

Subjects

The study protocol was approved by the Institutional
Review Board at Saint Louis University. Fifty adoles-
cent patients (24 females and 26 males) were collected
retrospectively from three private offices. They were
collected based on the following inclusion criteria: (1)
adolescent patients aged 10-17 years, (2) unilateral or
bilateral Class Il molar relationship, (3) bilateral Class I
canine relationship, (4) use of CMAs for Class Il
correction, (5) availability of pretreatment (T1) and
post-CMA (T2) CBCT images, (6) nonextraction
treatment, and (7) use of an Essix retainer in the
mandibular dentition for anchorage. The sample
excluded the following: (1) posterior crossbite, (2)
patients with syndromes, (3) patients with skeletal
deformities, and (4) unilateral use of CMAs or the use
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of both standard and shorty versions of CMAs in the
same patient.

The sample was divided into group 1, who were
treated with the shorty CMA (n = 25, 13 males/12
females, 12.66 = 1.05 years), and the age- and sex-
matched group 2, who were treated with the standard
CMA (n=25, 13 males/12 females, 12.73 = 1.07 years).
There were no significant differences in demographic
characteristics between the two groups with regard to
age, sex, and Class Il molar relationships (Table 1).

Treatment Protocol

First, a CBCT was taken with iCAT FLX at a field of
view of 16 cm X 13 cm or 23 cm X 17 cm within 0-3
months before treatment (T1). Then, standard or shorty
CMAs were placed bilaterally along with hooks bonded
to mandibular first molars and an Essix-type retainer.
Force 1 elastics (1/4 inch, 6 oz; Henry Schein
Orthodontics, Carlsbad, Calif) were used for the first
month followed by Force 2 elastics (3/16 inch, 8 0z)
from the second month. A CBCT image was then taken
at the completion of CMA usage when bilateral Class |
canine and molar relationships were achieved (T2).
When patients presented with a Class Il canine but a
Class | molar relationship, CMAs were still bonded and
used until the establishment of a Class | canine
relationship. However, the elastic protocol for the Class
I molar side was to use Force 1 elastics (1/4 inch, 6 0z).

Analysis

The principal investigator (Dr. Wilson) traced the
CBCT images using Invivo 6.0 software from Anatom-
age (San Jose, Calif). No clinically significant differ-
ence has been found between CBCT and lateral
cephalometric tracings.'® Custom landmarks and linear
and angular measurements (9 singular and 28 paired)
defined by Anatomage were identified, similar to
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Table 1. Demographics and Molar Relationships in Group 1 and Group 2
Group 1 (n = 25) Group 2 (n = 25) Significance
Age, y 12.66 = 1.05 12.73 = 1.07 —
Male:female 13:12 13:12 —
Molar relationship
Unilateral:bilateral Class Il 4:21 4:21 1.000
Class I: end-on: full-step Class I
Left 4:17:4 1:15:9 146
Right 1:18:6 3:16:6 572

Areepong et al.”® (Tables 2 and Table 3; Figure 2). The
Frankfort horizontal was constructed using SN-7°,
which represented the x-axis, and a perpendicular
plane to the x-axis was generated to establish a y-axis
(Figure 3). All right and left paired measurements were
averaged for statistical analysis, thereby reducing the
28 paired into 14 averaged measurements. Ultimately,
9 single and 14 averaged measurements were used for
comparison.

Statistical Methods

The analysis of covariance (ANCOVA) model
adjusted for baseline measures to ensure the starting
points. Intrarater reliability was assessed by tracing the
same 10 randomly determined CBCT images 1 week
apart, using the Cronbach alpha test to determine
adequate consistency of measurements (intraclass
correlation = .99). At T1 and T2, descriptive statistics
were calculated for 23 measurements in both groups.
Paired t-test was used to compare treatment changes
from T1 to T2 within each group. Then, ANCOVA was
used to assess differences in the treatment effects

Table 2. Landmarks, Abbreviations, and Definitions Used for Teeth

between the two groups. Lastly, treatment duration
was compared between the two groups using a t-test.
All analyses were performed using the software R
(8.4.2; R Core Team, Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Class | relationships were achieved in all cases. The
mean treatment duration in groups 1 and 2 was 5.48 +
3.04 months and 4.28 = 1.64 months, respectively, with
no significant difference between the groups (P = .091).

All 23 measurements at T1 and T2, as well as the
T1-T2 differences between the measurements (a
positive number indicated a decrease, whereas a
negative number indicated an increase from T1 to
T2) are described in Table 4 for group 1 and Table 5 for
group 2. Table 6 describes the treatment differences
between the two groups.

Treatment Changes From T1 to T2 in Group 1

Group 1 did not show any significant skeletal
changes from T1 to T2 (Table 4). Maxillary first molars

Landmark Abbreviation Operational Definition

Incision superius U1 Incisal tip of the right maxillary central incisor

Incision inferius L1 Incisal tip of the right mandibular central incisor

Maxillary canine cusp tip U3 cusp Cusp tip of the maxillary canine (right and left)

Maxillary premolar cusp tip U4 B cusp Buccal cusp tip of the maxillary first premolar (right and left)

Maxillary canine mesial Usm Anatomic mesial point of the maxillary canine (right and left)

Maxillary canine distal usb Anatomic distal point of the maxillary canine (right and left)

Maxillary premolar Mesial U4 MB Mesial aspect of the greatest convexity along the mesial-buccal line angle
of the maxillary first premolar buccal cusp (right and left); note: this is not
the mesial marginal ridge

Maxillary premolar distal U4 DB Distal aspect of the greatest convexity along the distal-buccal line angle of
the maxillary first premolar buccal cusp (right and left); note: this is not
the distal marginal ridge

Maxillary molar mesiobuccal cusp tip U6 MB cusp Mesiobuccal cusp tip of the maxillary first molar (right and left)

Maxillary molar distobuccal cusp tip U6 DB cusp Distobuccal cusp tip of the maxillary first molar (right and left)

Mandibular molar mesiobuccal cusp tip L6 MB cusp Mesiobuccal cusp tip of the mandibular first molar (right and left)

Mandibular molar distobuccal cusp tip L6 DB cusp Distobuccal cusp tip of the mandibular first molar (right and left)

Maxillary central incisor root apex U1 R root Root apex of the right maxillary central incisor

Mandibular central incisor root apex L1 R root Root apex of the right mandibular central incisor

Maxillary canine root apex U3 root

Maxillary premolar root apex U4 B root
Maxillary molar mesiobuccal root apex U6 MB root
Mandibular molar mesial root apex L6 M root

Root apex of the maxillary canine (right and left)

Buccal root apex of the maxillary first premolar (right and left)
Mesiobuccal root apex of the maxillary first molar (right and left)
Mesial root apex of the mandibular first molar (right and left)
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Table 3. Measurements, Abbreviations, and Definitions Used for Teeth
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Measurement Abbreviation Operational Definition
AP U1-SN, ° Angle measured through the long axis of the right central incisor to the SN plane viewed from the
lateral
IMPA, ° Angle measured through the long axis of the right mandibular central incisor in relation to the right
Gonion-Menton line viewed from the lateral
Overjet, mm Horizontal distance from the maxillary right central incisor cusp tip to the mandibular right central
incisor tip when projected and viewed from the lateral
U3 horizontal, mm Horizontal distance from the canine cusp tip to the y-axis and parallel to SN-7 (right and left)
U4 horizontal, mm Horizontal distance from the first premolar buccal cusp tip to the y-axis and parallel to SN-7 (right
and left)
U6 horizontal, mm Horizontal distance from the mesiobuccal cusp tip of the maxillary first molar to the y-axis and
parallel to SN-7 (right and left)
L6 horizontal, mm Horizontal distance from the mesiobuccal cusp tip of the mandibular first molar to the y-axis and
parallel to SN-7 (right and left)
U3 angle, ° Angle measured through the long axis of the canine (cusp tip to root apex) in relation to the Sella-
Nasion line viewed from the lateral (right and left)
U4 angle, ° Angle measured through the long axis of the first premolar (buccal cusp tip to root apex) in relation
to the Sella-Nasion line viewed from the lateral (right and left)
U6 angle, ° Angle measured through the long axis of the mesiobuccal cusp to the mesiobuccal root apex of the
axillary first molar in relation to the Sella-Nasion line viewed from the lateral (right and left)
L6 angle, ° Angle measured through the long axis of the mesiobuccal cusp to the mesial root apex of the
mandibular first molar in relation to the Sella-Nasion line viewed from the lateral (right and left)
Vertical Overbite, mm Vertical distance from the maxillary right central incisor cusp tip to the mandibular right central incisor
tip when projected and viewed from the lateral
OP-SN, ° Angle measured by the occlusal plane (bisecting the molars and incisors) to the SN plane
U3 vertical, mm Vertical distance from the x-axis to the cusp tip of the canine (right and left)
U4 vertical, mm Vertical distance from the x-axis to the buccal cusp tip of the first premolar (right and left)
L6 vertical, mm Vertical distance from the x-axis to the mesiobuccal cusp of the mandibular first molar (right and left)
Transverse U3 rotation, °© Angle measured from the plane created from the anatomic mesial point of the canine to the anatomic

distal point of the canine in relation to the Sella-Nasion line viewed from the occlusal (right and left)

U4 rotation, °

Angle measured from the plane created from the investigator-defined mesial point of the first

premolar to the investigator-defined distal point of the first premolar in relation to the Sella-Nasion
line viewed from the occlusal (right and left)

U6 rotation, °

Angle measured from the plane created from the mesiobuccal cusp to the distobuccal cusp of the

maxillary first molar in relation to the Sella-Nasion line viewed from the occlusal (right and left)

experienced significant distal movement of 1.83 =
2.11 mm, with distal tipping of 6.52° = 3.99° and
rotation of 3.15° = 7.52°. Maxillary first premolars
experienced significant changes in all but rotation:
significant distal movement of 2.50 = 2.42 mm with
distal tipping of 7.10° = 5.34° and extrusion of 1.23 =
1.20 mm. Maxillary canines experienced a statistically
significant change in all but distal movement: distal
tipping of 5.17° = 6.10°, rotation of 4.68° = 8.86°, and
significant extrusion of 3.31 = 3.27 mm. Mandibular
first molars experienced significant mesial movement
of 1.85 £ 1.88 mm with mesial tipping of 4.01° = 3.47°
and extrusion of 1.92 = 2.14 mm. Group 1 experienced
a significant 2.65° = 3.01° increase in incisor mandib-
ular plane angle (IMPA).

Treatment Changes From T1 to T2 in Group 2

Group 2 showed a significant decrease of 0.77° =
0.75° in ANB (Table 5). The maxillary first molars
experienced significant distal movement of 2.14 =+
1.34 mm with distal tipping of 7.03° = 3.45° but without
a significant change in rotation. Maxillary first premo-

Angle Orthodontist, Vol 91, No 4, 2021

lars experienced significant changes in all but rotation:
significant distal movement of 2.21 = 1.64 mm with
distal tipping of 7.54° + 5.12° and extrusion of 0.67 =
1.18 mm. Maxillary canines experienced significant
distal movement of 3.16 = 1.89 mm with distal tipping
of 8.74° = 4.53° and rotation of 3.23° * 6.47° and
extrusion of 1.64 = 1.19 mm. The mandibular first
molar experienced significant mesial movement of 2.44
+ 2.02 mm with mesial tipping of 4.32° * 4.95° and
extrusion of 2.28 = 1.16 mm. Group 2 also showed a
significant 3.37° = 2.98° increase in IMPA, a significant
2.29 = 1.50 mm reduction in overjet, and a 1.84 =
1.36 mm decrease in overbite. In addition, group 2
displayed a significant increase of 1.85° = 1.46° in the
occlusal plane to SN.

Comparisons Between Group 1 and Group 2

Group 1 experienced significantly less reduction in
overjet (0.89 = 2.72 mm) along with less distal
movement (—0.36 * 4.72 mm) and less distal tipping
of the maxillary canines (5.17° = 6.10°) than group 2
(Table 6).
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Figure 2. Identification of landmarks in CBCT.

Figure 3. CBCT analysis in anteroposterior and transverse dimensions.

DISCUSSION

This study focused on Class Il correction with CMAs,
with a treatment time of 5.48 *= 3.04 months for group
1 and 4.28 *= 1.64 months for group 2, with no

Canine Apex R

Sagittal Canine Apex_R

significant time difference between the groups. This
was fairly consistent with previous studies: Sandifer et
al.” (4.4 months), Kim-Berman et al." (5.2 months),
and Areepong et al.’® (4.6 months) but shorter than Yin

Angle Orthodontist, Vol 91, No 4, 2021

W)
]
H
2
o)
)
Q
I9)
o
=
o
3
=
=
°
[}
2
°
=,
3
P
o
a
T
<
)
=N
1)
=
3
3
Q
ol
o
=.
3
P
©
o
o
©
C
o
=,
©
o
23
o
3
<
Q
o]
3
2
o)
=
N
=)
N
N
o
o
N
w
<.
©
=
®
@
)
Q
Q
®
[}
»




428

Table 4. Changes in Measurements From T1 to T2 in Group 1

WILSON, KONSTANTONI, KIM, FOLEY, UENO

T1 T2 T1-T2 Difference
Mean SD Mean SD Mean SD Significance
Skeletal
AP
ANB, ° 4.38 1.59 4.06 1.62 0.33 0.92 .09
SNA, ° 81.21 3.08 81.22 3.18 —0.01 1.32 97
SNB, ° 76.83 3.04 77.16 3.21 -0.33 1.21 19
Vertical
MP-SN, ° 31.48 5.89 31.78 6.13 -0.30 1.80 .43
Dental
AP
U1-SN, ° 101.51 9.47 101.43 9.81 0.08 4.73 .93
IMPA, ° 96.81 6.43 99.46 6.69 —2.65 3.01 <.01**
Overjet, mm 4.71 1.75 3.83 2.84 0.89 2.72 12
U3 horizontal, mm 50.36 4.26 50.71 5.19 —0.36 4.72 .71
U4 horizontal, mm 42.47 4.67 39.97 4.82 2.50 2.42 <.01**
U6 horizontal, mm 30.35 4.43 28.52 4.40 1.83 2.11 <.01**
L6 horizontal, mm 29.13 4.30 30.98 4.40 -1.85 1.88 <.01**
U3 angle, ° 98.86 8.35 93.69 4.96 5.17 6.10 <.01**
U4 angle, °© 81.27 4.99 7417 5.77 7.10 5.34 <.01**
U6 angle, ° 76.26 5.66 69.74 7.35 6.52 3.99 <.01**
L6 angle, ° 63.48 4.73 59.47 6.34 4.01 3.47 <.01**
Vertical
Overbite, mm 4.21 1.27 3.88 6.05 0.33 5.89 .78
OP-SN, ° 16.23 4.50 18.15 8.53 —-1.92 6.42 .16
U3 vertical, mm 67.38 5.72 70.69 4.89 -3.31 3.27 <.01**
U4 vertical, mm 68.92 3.64 70.16 3.92 —-1.23 1.20 <.01**
L6 vertical, mm 63.05 3.87 64.97 4.47 —-1.92 2.14 <.01**
Transverse
U3 rotation, °© 39.58 16.22 34.91 13.60 4.68 8.86 <.05*
U4 rotation, ° 17.44 7.08 17.61 6.36 -0.17 3.83 .83
U6 rotation, °© 16.06 5.73 12.91 6.05 3.15 7.52 <.05*

* Paired t-test was significant at the .05 level (two-tailed).
** Paired t-test was significant at the .01 level (two-tailed).

et al.”® (6.3 months). Because of the short duration, the
effect from growth on the T1-T2 changes was
considered to be minimal. The time required for Class
Il correction with CMAs was shorter than Class Il
elastics only, for instance, as reported by Uzel et al."”
(8.5 months) and Yin et al.”™ (10.3 months).

Skeletal Changes

Group 1 did not show significant changes in SNA,
SNB, or ANB from T1 to T2, similar to Yin et al.”
However, group 2 showed a significant decrease of
0.77° = 0.75° in ANB but not in SNA or SNB, similar to
Kim-Berman et al.™ Interestingly, Sandifer et al.”®
recorded a significant increase of 0.2° in SNB but no
significant change in ANB. Thus, the research sug-
gested that CMAs mainly bring about dentoalveolar
changes without much skeletal change to correct Class
Il malocclusions.

There were no significantly different changes in
SNA, SNB, or ANB between the two groups, implying
that the sagittal skeletal changes are minimal and
relatively the same for both shorty and standard CMAs.

Angle Orthodontist, Vol 91, No 4, 2021

Significant changes in MP-SN were not observed for
either group, which was consistent with previous
studies on CMAs.">'* There were no significantly
different changes in MP-SN between the groups,
indicating that both shorty and standard CMAs did
not rotate the mandible open during Class Il correction.

Maxillary First Molar Movements

In both groups, the maxillary first molars experienced
significant distal movement with distal tipping, which
was consistent with previous studies.”'® Group 1
displayed significant distal rotation of the maxillary first
molar from T1 to T2, while group 2 did not. Although
there were no significantly different changes between
the groups, this might have been related to the shorter
arm of the shorty design in group 1, which rotated the
maxillary first molars more. This contrasted the findings
of Areepong et al.,”® who reported significant distal
rotation of the first molar, perhaps because approxi-
mately 20% of their sample included shorty CMA
cases. There were no significant differences in the
movements associated with the maxillary first molars
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Table 5. Changes in Measurements From T1 to T2 in Group 2
T1 T2 T1-T2 Difference
Mean SD Mean SD Mean SD Significance
Skeletal
AP
ANB, ° 4.65 1.93 3.88 1.98 0.77 0.75 <.01**
SNA, ° 83.14 3.71 82.84 3.80 0.30 1.15 .21
SNB, ° 78.45 3.83 78.94 3.86 -0.49 1.28 .06
Vertical
MP-SN, ° 30.29 4.80 30.43 5.48 -0.14 1.28 .58
Dental
AP
U1-SN, ° 102.99 9.13 103.99 7.95 —1.00 3.22 13
IMPA, ° 98.22 6.06 101.59 7.00 -3.37 2.98 <.01**
Overjet, mm 5.07 2.05 2.78 2.00 2.29 1.50 <.01**
U3 horizontal, mm 52.92 5.04 49.76 5.33 3.16 1.89 <.01**
U4 horizontal, mm 44.61 4.81 42.40 4.96 2.21 1.64 <.01**
U6 horizontal, mm 32.88 4.44 30.74 4.69 2.14 1.34 <.01**
L6 horizontal, mm 31.77 4.59 34.21 4.47 —2.44 2.02 <.01**
U3 angle, ° 96.55 4.41 87.81 5.66 8.74 4.53 <.01**
U4 angle, ° 82.74 5.06 75.20 6.55 7.54 5.12 <.01**
U6 angle, ° 77.53 5.91 70.50 7.88 7.03 3.45 <.01**
L6 angle, ° 62.77 6.11 58.44 8.19 4.32 4.95 <.01**
Vertical
Overbite, mm 3.86 1.30 2.02 1.42 1.84 1.36 <.01**
OP-SN, ° 14.36 5.16 16.21 5.59 —1.85 1.46 <.01**
U3 vertical, mm 71.30 2.69 72.94 3.08 —1.64 1.19 <.01**
U4 vertical, mm 69.57 2.76 70.24 3.23 -0.67 1.18 <.01**
L6 vertical, mm 64.53 2.68 66.81 3.31 —2.28 1.16 <.01**
Transverse
U3 rotation, °© 26.68 8.04 23.45 6.29 3.23 6.47 <.05*
U4 rotation, ° 18.42 5.48 17.44 452 0.98 3.71 .20
U6 rotation, °© 14.37 6.37 11.42 10.18 2.95 9.55 14

* Paired t-test was significant at the .05 level (two-tailed).
** Paired t-test was significant at the .01 level (two-tailed).

between the groups, indicating that maxillary first molar
movements were relatively the same for both shorty
and standard CMAs.

Maxillary First Premolar Movements

In both groups, maxillary first premolars experienced
significant distal movement with distal tipping and
extrusion but exhibited a lack of significant rotation.
There were no significant differences between the
groups. The lack of rotation was interesting, especially
in group 1, considering the maxillary canine experi-
enced significant distal rotation in both groups.'
Considering that the maxillary first premolars were
positioned more buccally in the arch than the maxillary
canines, the transverse vector of the force system may
have been less with the shorty version. In addition, the
shorter anterior—posterior distance of elastic wear with
the shorty version might have generated a lighter distal
force. Lack of significant rotation of premolars is
clinically ideal, as it is usually not needed during
orthodontic treatment.

Maxillary Canine Movements

In group 2, maxillary canines experienced significant
distal movement with distal tipping, rotation, and
extrusion, similar to Areepong et al."® In contrast, group
1 did not experience significant distal movement. In
fact, group 1 showed significantly less distal movement
(—0.36 = 4.72 mm), with less distal tipping of the
maxillary canine (5.17° £ 6.10°) than did group 2. The
standard CMA was bonded directly to the maxillary
canine; therefore, it makes sense that canines would
experience greater movements than the shorty CMA.
For this reason, it may be clinically important to
overcorrect the buccal segments with the shorty
CMA, considering extra anchorage may be needed
for correcting a Class Il canine relationship after the
removal of CMAs. There were no significant differenc-
es in the vertical changes between the groups,
regardless of the vertical force of Class Il elastics on
the canines in group 2. This may have been a result of
the initially unerupted, blocked out, or impacted
position of canines in group 1. It is possible that the
shorty CMA may have successfully created adequate

Angle Orthodontist, Vol 91, No 4, 2021
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Table 6. Comparison of the Treatment Changes Between Group 1 and Group 2

T1-T2 Difference in Group 1

T1-T2 Difference in Group 2

Mean SD Mean SD Significance
Skeletal
AP
ANB, ° 0.33 0.92 0.77 0.75 .08
SNA, ° —0.01 1.32 0.30 1.15 52
SNB, ° -0.33 1.21 -0.49 1.28 .55
Vertical
MP-SN, ° —0.30 1.80 -0.14 1.28 .82
Dental
AP
U1-SN, ° 0.08 4,73 -1.00 3.22 .25
IMPA, ° —2.65 3.01 -3.37 2.98 .40
Overjet, mm 0.89 2.72 2.29 1.50 <.05*
U3 horizontal, mm —0.36 472 3.16 1.89 <.01**
U4 horizontal, mm 2.50 2.42 2.21 1.64 49
U6 horizontal, mm 1.83 2.11 2.14 1.34 74
L6 horizontal, mm —1.85 1.88 —2.44 2.02 14
U3 angle, ° 517 6.10 8.74 4.53 <.01**
U4 angle, ° 710 5.34 7.54 5.12 .99
U6 angle, ° 6.52 3.99 7.03 3.45 .50
L6 angle, ° 4.01 3.47 4.32 4.95 .84
Vertical
Overbite, mm 0.33 5.89 1.84 1.36 .21
OP-SN, ° —-1.92 6.42 —1.85 1.46 .88
U3 vertical, mm —3.31 3.27 —1.64 1.19 .28
U4 vertical, mm —1.28 1.20 -0.67 1.18 .08
L6 vertical, mm —-1.92 214 —2.28 1.16 .60
Transverse
U3 rotation, °© 4.68 8.86 3.23 6.47 .16
U4 rotation, °© -0.17 3.83 0.98 3.71 .37
U6 rotation, ° 3.15 7.52 2.95 9.55 .76

* ANCOVA was significant at the .05 level (two-tailed).
** ANCOVA was significant at the .01 level (two-tailed).

space for the maxillary canine to undergo its normal
process of eruption.

Mandibular First Molar Movements

Mandibular first molars showed significant mesial
movement with significant mesial tipping and extrusion
for both groups, which was consistent with Areepong et
al.’ but not with Sandifer et al.,'* which could be
attributed to the two-dimensional nature of that study.
There were no significant differences in any move-
ments associated with mandibular first molars between
the two groups.

Maxillary Incisors

Neither group 1 nor 2 experienced a significant
change in U1-SN, indicating that neither shorty nor
standard CMAs produced much effect on maxillary
incisors, which could be advantageous for patients with
a high risk for root resorption. There were no significant
differences between the groups. Unlike Class I
elastics,”” these results suggested CMAs did not
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retrocline the maxillary incisors, consistent with previ-
ous studies.""

Mandibular Incisors

As with many Class Il appliances,®'®** both groups
experienced significant flaring of the mandibular
incisors, similar to results shown in previous stud-
ies.'>'*5 There were no significant differences be-
tween the groups, suggesting significant and similar
amounts of flaring should be expected with both shorty
and standard CMAs.

Overjet and Overbite

There was a significant decrease in overjet and
overbite only in group 2, consistent with previous
studies.’''® In contrast, there were a lack of significant
changes in overjet and overbite in group 1. There was
no significant difference in overbite change between the
groups, but group 1 experienced a significantly smaller
reduction (0.33 = 5.89 mm) than group 2 (1.84 = 1.36
mm). This may have been related to the initial position of
the maxillary canines and the shorty design in group 1,
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limiting retraction of the maxillary incisors. This suggests
that the shorty design may be recommended when little
incisor movement is desired.

OP-SN

A significant increase of less than 2° was observed in
OP-SN change for group 2 but not for group 1,
probably because of the design differences. Previous
studies also reported a significant increase in OP-
SN.™''5 There was no significant difference in MP-SN
changes between the groups, indicating that changes
to MP-SN were relatively the same for both shorty and
standard CMAs.

Limitations

The limitations of this study included the following:
(1) No comparison with a nontreated sample, (2) no
report available for patient compliance or the initial
amount of crowding, and (3) no completion of
treatment at the time of data collection. As a reference
line, SN-7 was used instead of the FH plane because
some CBCT images did not include the external
auditory meatus.

CONCLUSIONS

The null hypothesis was rejected. There were
statistically significant differences in the three-dimen-
sional treatment effects produced between the stan-
dard and the shorty CMAs.

« Both shorty and standard CMAs achieved Class |
relationships from Class Il prior to comprehensive
orthodontic treatment mainly through dentoalveolar
changes (mean treatment durations of 5.48 and 4.28
months, respectively).

« The shorty CMA brought about the following dento-
alveolar movements: significant distal movement with
distal tipping and rotation of the maxillary first molar;
significant distal movement with distal tipping, but no
rotation, and extrusion of the maxillary first premolar;
significant distal rotation and tipping, and extrusion of
the maxillary canine; and significant mesial move-
ment with mesial tipping and extrusion of the
mandibular first molar.

« The standard CMA corrected Class |l relationships
similarly. However, there were several important
differences. (1) The maxillary first molar did not show
significant distal rotation as it moved and tipped
distally. (2) The maxillary canines showed significant
distal movement with distal tipping and rotation as
well as extrusion. (3) Significant reductions in overjet
and overbite were shown.

- Approximately 3° of lower incisor proclination were
shown with both shorty and standard CMAs.
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- When comparing the treatment effects of shorty and
standard CMAs, there were few differences between
them except for less reduction in overjet and less
distal tipping movement of maxillary canines with the
shorty CMA.
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