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Dental and skeletal effects after total arch distalization using modified Cpalatal plate on hypo- and hyperdivergent Class II malocclusions in
adolescents
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clinicians because of its complex and multifactorial
etiology.1–3
Conventional treatment using headgear in patients
with Class II malocclusion frequently causes extrusion
of maxillary molars, which induces a deleterious
backward mandibular rotation and an increase in
anterior facial height.4–6 Therefore, miniscrews and
miniplates have been used to overcome these negative effects.7–9 Distalization of the posterior teeth using
buccal miniscrews showed distal movement of the
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ABSTRACT
Objectives: To compare the dental and skeletal treatment effects after total arch distalization using
modified C-palatal plates (MCPPs) on adolescent patients with hypo- and hyperdivergent Class II
malocclusion.
Materials and Methods: The study group included 40 patients with Class II malocclusion (18 boys
and 22 girls, mean age ¼ 12.2 6 1.4 years) treated with MCPPs. Fixed orthodontic treatment
started with the distalizing process in both groups. Participants were divided into hypo- or
hyperdivergent groups based on their pretreatment Frankfort mandibular plane angle (FMA) 228
or 288, respectively. Pre- and posttreatment lateral cephalograms were digitized, and 23 variables
were measured and compared for both groups using paired and independent t-tests.
Results: The hyper- and hypodivergent groups showed 2.7 mm and 4.3 mm of first molar crown
distalizing movement, respectively (P , .001). The hypodivergent group had a slight 2.28 crown
distal tipping of first molars compared with 0.38 in the hyperdivergent group. After distalization, the
FMA increased 3.18 and 0.38, in the hypodivergent and hyperdivergent groups, respectively (P ,
.001). SNA decreased in the hypodivergent group, while other skeletal variables presented no
statistically significant differences in the changes between the groups.
Conclusions: The hypodivergent group showed more distal and tipping movement of the maxillary
first molar and increased FMA than the hyperdivergent group. Therefore, clinicians must consider
vertical facial types when distalizing molars using MCPPs in Class II nonextraction treatment.
(Angle Orthod. 2021;91:22–29.)
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MATERIALS AND METHODS
Sample Description
Forty adolescent patients with Class II malocclusion treated with the MCPP (Jeil Corporation, Seoul,
Korea) in combination with fixed appliances were
screened. Approval to conduct this study was
granted by the Institutional Review Board of Catholic
University of Korea (IRB approval number KC19RESI0109).
The inclusion criteria were the following: (1) adolescent patients (age range from 10 to 16 years), (2)
skeletal Class II malocclusion (ANB angle greater than

48), (3) moderate maxillary crowding (,4 mm), (4)
nonextraction treatment, (5) maxillary molar distalization via MCPPs for more than 9 months, and (6)
absence of craniofacial anomalies. Presence of maxillary third molar was not included because no
significant differences were shown in the amount of
change in position or angulation of teeth between the
maxillary third molar extraction and nonextraction
groups.12
The criteria were met by all 40 participants who
were divided into two groups. The hyperdivergent
group (mean age, 12.16 1.1 years) included 20
patients with the mandibular plane-Frankfort horizontal plane (FMA) 288, whereas the hypodivergent
group (mean age, 12.361.5 years) consisted of 20
patients with FMA 228. Pretreatment (T1) was
defined as the time of MCPP placement, and
postdistalization (T2) was defined as the time when
Class I molar was achieved. Total duration of
treatment was calculated as the difference between
T2 and T1.
MCPP Placement and Distalizing Procedure
The MCPPs were installed by a single operator
(Y.A.K). using three miniscrews (Jeil Corporation) 8mm long and 2.0 mm in diameter in the paramedian
area to avoid interfering with the growth of the suture. A
transpalatal bar with two hooks extending along the
gingival margins of the upper teeth was banded to both
maxillary first molars. After MCPP placement, distalization was initiated by engaging elastomeric chains or
NiTi closed-coil springs between the plate arm notches
and the anterior hooks on the transpalatal bar, applying
approximately 300 g of force per side. The elastomeric
chains were applied to the same notch, which was
farthest from the median area (Figure 1).
Cephalometric Methods
Lateral cephalograms were taken uing Dimax3
(Promax, Planmeca, Helsinki, Finland) of the participants in the two groups. All participants were in natural
head position, centric occlusion. The pretreatment (T1)
and posttreatment (T2) lateral cephalograms were
digitized using V-Ceph 8.0 (Cybermed, Seoul, South
Korea). The horizontal reference line was the FH
plane, and the vertical reference line was a perpendicular line passing through the most distal point of
pterygoid. A total of 23 linear and angular measurements were traced and digitized by one orthodontist
(Figures 2 and 3). The differences between T1 and T2
were calculated (T2-T1).
To identify measurement reliability, randomly selected cases from each group were redigitized and
analyzed 2 weeks later by the same examiner. IntraAngle Orthodontist, Vol 91, No 1, 2021
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teeth along with less distal tipping and rotation of the
molars.7 Bechtold et al.8 reported that additional
miniscrews were needed in the premolar area to
facilitate intrusion and distalization of the entire arch,
with positioning selected according to the location of
the force vectors. However, there might be a risk of root
damage and only a limited amount of distalization
possible due to narrow interradicular space in the area
of the maxillary posterior teeth.
Unal et al.10 evaluated the effects of the Forsus
fatigue-resistant device using miniplates for Class II
malocclusion and showed a significant restraint in the
sagittal position of the maxilla; however, flap surgery is
invasive. Kook et al.11 introduced a modified C-palatal
plate (MCPP) that did not require additional surgery.
MCPPs showed distalization and intrusion of the
maxillary molars in adolescents and adults,9,12 and
similar or more distal movement of maxillary first
molars compared with cervical headgear and buccal
miniscrews.13,14
Regarding treatment effects relative to vertical facial
patterns in Class II malocclusion, Godt et al.15 found
that vertical growth pattern groups using cervical
headgear presented smaller distal movements in the
anterior segments than did the horizontal growth
pattern groups. Recently, Rogers et al.16 reported that
hyperdivergent patients underwent undesirable backward true mandibular rotation during Herbst treatment,
while hypodivergent patients underwent forward true
mandibular rotation. On the other hand, Buschang et
al.3 demonstrated forward mandible rotation with the
intrusion of posterior teeth using miniscrews in patients
with a hyperdivergent retrognathic phenotype.
However, no study has been done to compare
treatment effects between hypodivergent and hyperdivergent facial patterns using miniplates on adolescents. Therefore, the purpose of this study was to
compare the dental and skeletal changes after total
arch distalization using MCPPs between growing
patients with hypo- and hyperdivergent Class II
maloccusion.
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examiner reliability was evaluated using the intraclass
correlation coefficient, which was .0.90.
Sample-Size Estimation

Statistical Analysis
Figure 1. An MCPP and TPA placed on the palate with an
elastomeric chain in an adolescent patient.

Statistical evaluation was performed using SPSS
16.0 (SPSS Inc, Chicago, III). The distributions of all
variables were normally based on the skewness and
kurtosis statistics. Independent sample t-tests were
used to evaluate intergroup differences, while paired ttests were used to evaluate intragroup differences.

Figure 2. Linear measurements. (A) Dental: 1, horizontal distance from the maxillary first molar crown to VRL (vertical reference line); 2,
horizontal distance from the maxillary first molar root to VRL; 3, vertical distance from the maxillary first molar crown to HRL (horizontal reference
line); 4, vertical distance from the maxillary first molar root to HRL; 5, horizontal distance from the maxillary central incisor crown to VRL; 6,
horizontal distance from the maxillary central incisor root to VRL; 7, vertical distance from the maxillary central incisor crown to HRL; 8, vertical
distance from the maxillary central incisor root to HRL. (B) Skeletal: 9, horizontal distance from A point to VRL; 10, horizontal distance from B point
to VRL; 11, horizontal distance from pogonion to VRL; 12, horizontal distance from menton to VRL; 13, vertical distance from A point to HRL, 14;
vertical distance from B point to HRL, 15; vertical distance from pogonion to HRL; 16, vertical distance from menton to HRL.
Angle Orthodontist, Vol 91, No 1, 2021

Downloaded from http://meridian.allenpress.com/angle-orthodontist/article-pdf/91/1/22/2685340/i0003-3219-91-1-22.pdf by guest on 15 January 2021

The sample-size estimation for this study was based
on a study that compared skeletal and dental effects of
molar distalization between a headgear group and an
MCPP group.9 Sample-size calculation showed that at
least 20 patients were required in each group to identify
an effect size of 1.5 units, provided that alpha was 0.05
and beta was 0.2 (G-Power 3.0).

TREATMENT EFFECTS OF HYPO & HYPERDIVERGENT PATIENTS
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RESULTS

Table 1. Comparison Between Cephalometric Variables of Hyperdivergent and Hypodivergent Groups at Pretreatment (T1)
Hyperdivergent (T1) (n ¼ 20)

Dental
First molar crown-VRL, mm
First molar root-VRL, mm
First molar crown-FH, mm
First molar root-FH, mm
First molar-FH, 8
Central incisor crown-VRL, mm
Central incisor root-VRL, mm
Cental incisor crown-FH, mm
Central incisor root-FH, mm
U1 to FH,8
Skeletal
SNA, 8
SNB, 8
ANB, 8
Palatal plane angle, 8
Mandibular plane angle, 8
A point to VRL, mm
B point to VRL, mm
Pog to VRL, mm
Me to VRL, mm
A point to FH, mm
B point to FH, mm
Pog to FH, mm
Me to FH, mm
a

Hypodivergent (T1) (n ¼ 20)

Mean

SD

Mean

SD

P-Valuea

14.62
18.76
40.79
25.54
72.85
51.88
42.48
50.01
30.86
114.43

2.29
2.11
2.24
2.16
4.49
3.25
2.47
2.70
2.42
6.01

15.28
18.57
40.49
24.48
77.18
53.19
43.54
47.81
28.84
116.06

3.59
2.11
3.28
2.69
4.89
3.26
3.21
3.78
2.73
8.63

.501
.791
.740
.184
..007
.220
.259
..046
..020
.500

82.42
76.89
5.52
–.56
30.58
46.12
39.15
39.2
32.76
29.01
65.09
78.06
82.42

3.67
3.51
1.63
2.63
3.13
2.13
3.43
3.74
3.41
2.15
2.97
3.64
3.56

81.59
76.34
5.24
–2.05
21.78
47.27
41.32
42.07
35.03
27.10
61.80
74.11
78.96

2.46
2.79
1.04
2.46
1.86
2.56
3.41
3.98
4.51
2.46
3.85
4.70
4.63

.411
.588
.527
.076
..000
.137
.056
..027
.085
..015
..005
..006
..014

Independent t-test.
Angle Orthodontist, Vol 91, No 1, 2021
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Figure 3. Angular measurements. 1, Maxillary first molar to FH plane
angle; 2, Maxillary central incisor inclination (U1 to FH plane angle);
3, SNA; 4, SNB; 5, ANB; 6, palatal plane angle (FH/ANS-PNS); 7,
Mandibular plane angle (FH/Go-Me).

In Table 1, the hyper- and hypodivergent groups
showed pretreatment mandibular plane angles of 30.68
and 21.88 , respectively (P , .001). The hyperdivergent
group also showed larger mandibular and maxillary
vertical positions. However, there was no difference in
sagittal positions between the groups.
In Table 2 and Figure 4, the hyper- and hypodivergent group showed 2.7 mm and 4.3 mm of distalizing
movement of the first molar crowns at posttreatment,
respectively (P , .001). In both groups, the vertical
position of the first molars after treatment was slightly
intruded but not significantly.
The hypodivergent group had a slight 2.28 crown
distal tipping of the first molars compared with 0.38 in
the hyperdivergent group. The hyper- and hypodivergent groups showed 1.6 mm and 2.3 mm of distalizing
movement and 2.8 mm and 3.7 mm of extrusion of the
incisor crowns, respectively.
Skeletal variables presented no statistically significant differences between the groups. The hypodivergent group mandibular plane angle increased
significantly by 3.18 compared to the hyperdivergent
group (P , .001).
Mean treatment duration was 15.4 6 1.3 and 14.9 6
1.5 months in hyperdivergent and hypodivergent

26
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Table 2. Comparison of Treatment Effects Between Hyperdivergent and Hypodivergent Groups (T2-T1)

a,b

Hyperdivergent
(T2-T1) (n ¼ 20)

a
b

Mean

SD

Within-Group
Test P-Value

Mean

SD

Within-Group
Test P-Value

Between-Group
Test, P-Value

–2.69
–2.57
–0.57
–0.49
–0.28
1.63
0.97
2.82
1.38
–7.97

1.76
1.58
1.90
1.63
3.24
3.12
2.09
1.84
1.90
7.36

..000
..000
.201
.194
.706
..031
.052
..000
..004
..000

–4.26
–3.28
–0.15
–0.01
–2.18
2.33
0.54
3.71
2.42
–8.20

1.68
1.29
1.76
1.44
2.82
2.80
1.49
2.45
2.02
6.89

..000
..000
.170
.988
..003
..002
.135
..000
..000
..000

..007
.140
.486
.331
.057
.463
.456
.212
.106
.920

–0.51
–0.37
–0.13
0.09
0.26
0.61
0.42
0.06
–0.96
0.42
2.91
4.04
3.42

1.10
1.41
1.11
1.48
1.08
1.81
4.29
5.18
5.29
1.68
2.48
3.07
2.97

.054
.252
.593
.770
.293
.150
.665
.958
.425
.279
..000
..000
..000

–0.82
–0.11
–0.71
0.64
3.05
–0.11
–0.13
–0.83
–1.52
2.03
3.69
4.19
4.75

1.26
1.12
0.67
1.29
1.13
1.46
3.02
3.48
4.13
2.06
2.83
2.81
2.51

..011
.662
..000
..045
..000
.737
.850
.308
.126
..000
..000
..000
..000

.413
.530
.059
.230
..000
.179
.642
.527
.718
..011
.358
.871
.140

T1 indicates retreatment; T2: postdistalization.
Paired t-test/independent t-test.

patients, respectively, and showed no statistically
significant difference.
DISCUSSION
In the correction of skeletal Class II malocclusion,
there is a significant increase in total mandibular length
with functional appliances or by inhibiting maxillary
growth using headgear and Herbst appliances in
adolescents.17,18 In addition, getting favorable functional and esthetic results with vertical growth control in
patients with Class II hyperdivergent malocclusion is
challenging for clinicians. However, no studies have
reported the treatment effects of Class II malocclusion
using temporary skeletal anchorage devices depending on vertical facial types. Therefore, this study aimed
to find the difference in the amount and pattern of tooth
movement after total arch distalization with MCPPs
between hypo- and hyperdivergent growth patterns.
In this study, the hypodivergent group presented a
greater pretreatment maxillary first molar angle (more
upright) than the hyperdivergent group. This was
consistent with findings of a previous study in which
patients with average FMA of 348 showed mesial
inclination of posterior dentition as one of the dentoalveolar characteristics at the baseline.19
Angle Orthodontist, Vol 91, No 1, 2021

The hypo- and hyperdivergent groups showed 4.3
mm and 2.7 mm of distalization with 2.28 and 0.38 distal
tipping of the maxillary first molars, respectively. This
means that more distalizing movement of the molar
crowns occurred in the hypodivergent group. It might
have been because the fixed length of the prefabricated MCPP arms had a tendency to be placed in a
relatively high position in hyperdivergent patients,
resulting in an upward direction of force to reduce
distal tipping movement and reinforce the bodily
movement of the first molars as shown in Figure 5. In
addition, for morphometric covariation between palatal
shape and skeletal pattern, Paoloni et al.20 demonstrated that the hyperdivergent group had a deeper
palatal vault depth than the hypodivergent group.
However, each patient’s palatal depths were not
measured in this study. Analysis of the pattern of
molar distalization is required according to the palatal
depth of the patients.
Regarding the vertical positional change of the
maxillary first molars, Ding et al.21 reported that it was
easier to intrude molars in hyperdivergent patients,
who had lower bone density in the molar apical area
compared to hypodivergent patients. Zhang et al.22
showed that the molars were erupted approximately
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Dental
First molar crown-VRL, mm
First molar root-VRL, mm
First molar crown-FH, mm
First molar root-FH, mm
First molar-FH, 8
Central incisor crown-VRL, mm
Central incisor root-VRL, mm
Cental incisor crown-FH, mm
Central incisor root-FH, mm
U1 to FH, 8
Skeletal
SNA, 8
SNB, 8
ANB, 8
Palatal plane angle, 8
Mandibular plane angle ,8
A point to VRL, mm
B point to VRL, mm
Pog to VRL, mm
Me to VRL, mm
A point to FH, mm
B point to FH, mm
Pog to FH, mm
Me to FH, mm

Hypodivergent
(T2-T1) (n¼ 20)
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1.7 mm per year in adolescents with normal growth. In
the current study, the first molars were slightly intruded,
but there was no significant difference in the amount of
intrusion between the groups. MCPPs generated a
direction of the force that caused intrusion of the
maxillary molars relative to the difference in vertical
height between the plate arm and hook of the palatal
retraction arch.

Bilbo et al.23 demonstrated that treatment with highpull headgear for hyperdivergent patients had no effect
on vertical skeletal changes. In addition, cervical
headgear and other noncompliance intraoral devices
for distalization of maxillary molars tended to result in
an increase of the FMA.24–29 In this study, the FMA
increased by 3.18 and 0.38 in the hypodivergent and
hyperdivergent groups, respectively. This increase of

Figure 5. Schematic drawing of position of MCPP in patients with (A) hyperdivergent and (B) hypodivergent Class II malocclusion.
Angle Orthodontist, Vol 91, No 1, 2021
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Figure 4. Superimposition after distalizing using an MCPP in patients with (A) hyperdivergent and (B) hypodivergent Class II malocclusion.
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CONCLUSIONS






Hypo- and hyperdivergent groups displayed 4.3 mm
and 2.7 mm of distalization with 2.28 and 0.38 of distal
tipping of maxillary first molars, respectively. The
hypodivergent group showed more distal and tipping
movement of the maxillary first molar.
The FMA of the hyperdivergent group was maintained while that of the hypodivergent group increased by about 38. The hypodivergent group
showed more increased FMA than the hyperdivergent group.
Therefore, clinicians must consider vertical facial
types when distalizing molars using MCPP in Class II
nonextraction treatment.

Angle Orthodontist, Vol 91, No 1, 2021
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