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— Abstract

The purpose of this study was to evaluate the skeletal and dentoalveolar effects and optimal timing for treatment of
class Il malocclusion with functional appliances in children and adolescents.

A group of 30 patients with class Il malocclusion were divided into 3 groups according to their use of functional
appliance: Twin block, Activator, Frankel appliance. The group was also divided into 2 groups according to the cervical
vertebrae maturation method. Lateral cephalometric radiographs were analyzed pretreatment (T0) and posttreatment
(T1). Among the functional appliances, treatment with Twin block and Activator showed significant increase in the
length of the mandible (Co-Gn) and the lower anterior facial height (ANS to Me), whereas the overjet and overbite were
significantly reduced. Treatment with Frankel appliance showed significant improvement in the relationship of maxilla
and mandible. In addition, if the functional appliance was used during the period of pubertal growth peak, there was
a significant increase in mandibular length, improvement in the relationship of maxilla and mandible, labial inclination
of lower incisors and decrease in overjet compared to the treatment before pubertal growth peak. Therefore, this study
indicates that using functional appliances for patients with class Il malocclusion is effective and the optimal timing for
using functional appliances is during pubertal growth peak.
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Fig. 1. Cervical vertebrae maturation indicators by Lamparski.
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Stage 1: All inferior borders of the bodies are flat. The superior borders are strongly tapered from posterior to anterior. Stage
2: A concavity has developed in the inferior border of the second vertebrae. The anterior vertical heights of the bodies have
increased. Stage 3: A concavity has developed in the inferior border of the third vertebra. The other inferior borders are still
flat. Stage 4: All bodies are now rectangular in shape. The concavity of the third vertebra has increased, and a distinct con-
cavity has developed on the fourth vertebra. Concavities on 5 and 6 are just beginning to form. Stage 5: The bodies have
become nearly square in shape and the space between the bodies are visibly smaller. Concavities are well defined on all six
bodies. Stage 6: All bodies have increased in vertical height and are higher than they are wide. All concavities have deepened.
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=2 585} Pt to Nasion perp (m
0-Gn (mm), Wits (mm),
Max.-mand. Differential (mm)=, =282l 4% ?I5t0 FH to
palatal plane (deg), FH to mandibular plane (deg), Palatal pl. to
mandibular pl. (deg), ANS to Me (mm), Co-Go (mm), CoGoMe
=, KOt [=Hol d85

(deg =,

vé

H|25t7] 21510 Incisor overjet
(mm), Incisor overbite (mm), Interincisal angle (deg), U1 to Pt
A vertical (mm), U1 to FH (deg), L1 to Pt A - pogonion (mm),
L1 to mandibular plane (deg)2 A5t H|mstRACHFig. 2,

Table 1).
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Table 1. Cephalometric landmarks and measurements

Variables

Definition

Landmarks

Pog
Gn
Me

Go

Co
Po

Plane
Nasion perp

Palatal plane

Mandibular
plane

Nasion perpendiular

FH plane

Measurements
CoGoMe

éonuan v 3d 03 LN

Wits

Max,-mand.
Differential

Ul to PtA
vertical

The middle point of the frontonasal suture
The most inferior point of infraorbital rim
Anterior nasal spine

Posterior nasal spine

The deepest point between ANS and upper
incisor alvelous

The deepest point between Pog and lower
incisor alvelous

Upper central incisor
Lower central incisor

The most anterior midpoint of the chin on the
outline of the mandibular symphysis

The most inferior point of mandible in the
midline

The most inferior midpoint of the chin on the
outline of the mandibular symphysis

The lowest posterior and most outward point
of the mandible

Most superior point of the madibular condyle
The uppermost point of the external ear meatus

The line represents A point to nasion perpen-
dicular on Frankfort horizontal plane

The line represents ANS to PNS
The line represents Go to Gn

The line represents Or to Po: Frankfort hori-
zontal plane

Angle between lines Co-Go and Go-Me

Distance between A point and B point of con-
tact of the perpendicular lines on the occlusal
plane

Difference between Co-A and Co-Gn

Perpendicular distance of point A to tip of U1

Fig. 2. Cephalometric landmarks and measurements (A)
landmarks (B) Angles, lines and measurements.

238



1 DAt 22

HH zArEHMQ 30F0|A2D, O] & Twin blocks A%t
4H(LX 8, OJ Xt 65), Activators A3t SHXt= 10
':c'i( FX} 6%, OIXt 49), Frankel appliance(&HAt 2, O{ A} 4B)E
FAH= 60| QUL Twin block®2| EHLIO|= 10.84,
Activator22| HRLI0|= 1134 12|
L0l 103M AL

Frankel applianceT2]

Table 2. Characteristics of samples
Unit: Average year of age (range)

CVMpre CVMpeak
Number 18 12
Age at TO 10.1 (7.7 - 11.8) 114 (9.2 -14.1)
Age at T1 123(10.4—15.3) 15.1 (9.9 - 16.6)
F/A active treatment 0(0.3-3.38) 7 (03-21)
TO-T1 interval (07 -53) 6(04-42)

F/A : functional appliance

Table 3. Changes in cephalometric variables by Twin block (n=14)
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CVMpre2 ZEE M2L 1, 20H4|9] 2 18H9| BHxt2 7|
X

_JH
El

2. Twin block®| X[ 21t

Twin blocks Ar&¢t X 20| A ofefe| =8 37| HatE Lt
Efti= Bia Co-Gn2| Rolet 375 B #4XQ 37| H#
of ZHO|AME BttR ol ZO| BSHE LIEfLY= B4 ANS to Me
of grat sterzel 37| WelE LEtL = CoGoMe?| 20| 72
SHA| S7IOLAEL X|OFA| = HistE LIEtL = B S0=

overjetdt Incisor overbite?t0| F2|ot ZHAE ERACHTable 3).

Incisor

Twin Block Before Tx. VS After Tx.

Before Tx. After Tx. Statistical Comparison
Twin block Mean SDt Mean ) Net Difference p
Skeletal Sagittal Pt A to Nasion perp (mm) -1.8 30 -0.9 34 0.8 0.401
Co-A (mm) 854 53 89.2 5.8 38 0.851
Pg to Nasion perp (mm) -15.3 5.1 -13.0 6.8 2.3 0.352
Co-Gn (mm) 1074 5.2 114.8 73 74 0.005
Wits (mm) 38 24 35 5.1 03 0.114
Max.-mand. Differential (mm) 220 44 25.7 5.1 37 0.056
Skeletal Vertical FH to palatal plane (deg) 13 25 1.0 36 -03 0.946
FH to mandibular plane (deg) 31.2 6.8 29.9 75 -14 0.804
Palatal pl. to mandibular pl. (deg) 299 6.9 289 74 -1.1 0.603
ANS to Me (mm) 684 5.2 734 6.7 50 0.049
Co-Go (mm) 54.1 53 60.3 6.3 6.2 0.062
CoGoMe (deg) 1233 5.2 124.0 5.5 0.7 0.045
Dentoalveolar Incisor overjet (mm) 9.7 2.3 5.8 1.9 -39 0.000
Incisor overbite (mm) 44 15 31 18 -13 0.035
Interincisal angle (mm) 1178 79 1176 8.1 -0.3 0.839
U1 to Pt A vertical (mm) 5.8 2.5 48 2.6 -1.0 0.401
U1 to FH (deg) 117.3 73 1133 8.0 -4.0 0.164
L1 to Pt A - pogonion (mm) 24 1.6 4.6 2.8 2.1 0.301
L1 to mandibular plane (deg) 93.6 6.4 99.2 7.2 5.6 0.404

Mann-Whitney U-test
t SD : Standard deviation
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Activator Before Tx. VS After Tx.

Before Tx. After Tx. Statistical Comparison
Activator Mean SDt Mean SD Net Difference P

Skeletal Sagittal Pt A to Nasion perp (mm) -1.6 3.1 -24 35 -0.8 0.684
Co-A (mm) 87.8 48 923 6.2 45 0.105

Pg to Nasion perp (mm) -9.9 59 -8.6 77 13 0.796

Co-Gn (mm) 112.1 48 120.1 9.1 8.0 0.048

Wits (mm) 5.7 26 6.3 5.2 -0.6 0436

Max.-mand. Differential (mm) 243 3.1 284 4.2 4.0 0.231

Skeletal Vertical FH to palatal plane (deg) -0.5 2.7 0.7 24 1.1 0.631
FH to mandibular plane (deg) 27.0 34 272 43 0.1 0.684

Palatal pl. to mandibular pl. (deg) 275 32 26.5 4.1 -1.0 0.631

ANS to Me (mm) 674 3.7 71.5 38 40 0.043

Co-Go (mm) 56.0 3.1 61.1 5.9 5.1 0.052

CoGoMe (deg) 121.8 44 123.6 39 1.8 0.247

Dentoalveolar Incisor overjet (mm) 8.1 29 4.1 33 -4.1 0.004
Incisor overbite (mm) 40 1.1 15 16 -2.5 0.002

Interincisal angle (deg) 119.1 8.6 1217 10.0 2.6 0.684

U1 to Pt A vertical (mm) 6.0 30 46 2.1 -14 0.280

U1 to FH (deg) 118.6 76 115.5 6.2 -3.0 0.315

L1 to Pt A - pogonion (mm) 1.8 1.6 33 2.3 16 0.143

L1 to mandibular plane (deg) 953 75 95.6 6.0 0.3 0.631

Mann-Whitney U-test
t SD : Standard deviation
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Table 5. Changes in cephalometric variables by Frankel appliance (n=6)

Frankel Appliance Before Tx. VS After Tx.

Before Tx. After Tx. Statistical comparison
Frankel Appliance Mean SDt Mean SD Net Difference P
Skeletal Sagittal Pt A to Nasion perp (mm) -2.5 2.3 -1.3 2.5 1.1 0.240
Co-A (mm) 879 6.1 91.6 5.9 37 0.240
Pg to Nasion perp (mm) -14.2 7.2 -1.8 59 6.4 0.093
Co-Gn (mm) 108.7 9.0 119.0 9.2 10.2 0.093
Wits (mm) 39 26 44 32 05 1.000
Max.-mand. Differential (mm) 209 3.0 274 38 6.5 0.015
Skeletal Vertical FH to palatal plane (deg) 1.9 25 20 2.2 0.0 0.937
FH to mandibular plane (deg) 311 8.5 26.1 6.5 -5.0 0.310
Palatal pl. to mandibular pl. (deg) 29.2 95 24.2 48 -5.0 0.485
ANS to Me (mm) 66.2 46 70.1 37 39 0.240
Co-Go (mm) 52.6 72 61.7 7.0 9.1 0.132
CoGoMe (deg) 125.3 10.3 122.0 79 -33 0.699
Dentoalveolar Incisor overjet (mm) 8.2 16 43 18 -3.8 0.009
Incisor overbite (mm) 38 2.1 31 17 -0.7 0.589
Interincisal angle (deg) 1225 12.3 1235 14.8 1.0 0.937
U1 to Pt A vertical (mm) 4.1 1.6 48 20 06 0.394
U1 to FH (deg) 112.1 93 109.6 6.4 -25 0.485
L1 to Pt A - pogonion (mm) 17 17 38 31 2.1 0.394
L1 to mandibular plane (deg) 94.3 78 100.7 10.3 6.4 0310

Mann-Whitney U-test
 SD : Standard deviation

Table 6. Comparison of cephalometric variables between CVMpre group and CVMpeak group before treatment

[y CVMpre (n=18) CVMpeak (n=12) Statistical
Pre tx Pre tx Comparisons
n=30 Mean SDt Mean SD P
Skeletal Sagittal Pt A to Nasion perp (mm) -24 32 -0.7 30 0310
Co-A (mm) 84.2 48 89.2 5.7 0.240
Pg to Nasion perp (mm) -11.8 6.0 -10.0 83 0.142
Co-Gn (mm) 106.7 6.0 1124 6.9 0.589
Wits (mm) 40 2.7 53 30 0.937
Max.-mand. Differential (mm) 224 44 232 34 0.244
Skeletal Vertical FH to palatal plane (deg) 0.1 2.8 1.7 2.7 0.240
FH to mandibular plane (deg) 29.7 6.7 29.8 8.6 0.589
Palatal pl. to mandibular pl. (deg) 29.5 73 28.1 74 0.132
ANS to Me (mm) 66.8 44 684 5.2 0.937
Co-Go (mm) 534 38 55.5 7.7 0.485
CoGoMe (deg) 122.7 6.9 124.1 7.7 0.364
Dentoalveolar Incisor overjet (mm) 74 15 8.3 1.8 0.093
Incisor overbite (mm) 38 18 48 1.0 0.124
Interincisal angle (deg) 118.5 9.5 124.2 8.8 0.394
U1 to Pt A vertical (mm) 5.7 3.0 5.2 19 0.585
U1 to FH (deg) 1175 8.2 114.1 8.0 0.356
L1 to Pt A - pogonion (mm) 1.8 1.6 2.2 2.1 0.248
L1 to mandibular plane (deg) 94.3 79 919 6.0 0.485

Mann-Whitney U-test
t SD : Standard deviation
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Table 7. Comparison of cephalometric variables between CVMpre group and CVMpeak group after treatment

CVM CVMpre (n=18) CVMpeak (n=12) Statistical
T1-T0 T1-T0 Comparisons
n=30 Mean SDt Mean SD P

Skeletal Sagittal Pt A to Nasion perp (mm) 0.18 1.36 0.56 1.69 0.265

Co-A (mm) 438 2.95 341 3.00 0.681

Pg to Nasion perp (mm) 1.39 1.51 3.26 3.15 0.007

Co-Gn (mm) 3.09 1.50 744 223 0.001

Wits (mm) 1.26 340 1.49 5.24 0.149

Max.-mand. Differential (mm) 139 240 471 2.54 0.002
Skeletal Vertical FH to palatal plane (deg) 093 2.27 -0.80 2.07 0.247

FH to mandibular plane (deg) -1.34 2.51 -1.95 327 0.975

Palatal pl. to mandibular pl. (deg) -2.26 3.86 -1.15 2.19 0.131

ANS to Me (mm) 4.09 420 5.00 2.01 0.548

Co-Go (mm) 6.19 4.10 6.73 4.10 0.294

CoGoMe (deg) 0.80 445 -0.51 2.89 0.101
Dentoalveolar Incisor overjet (mm) -2.61 139 -4.75 2.10 0.000

Incisor overbite (mm) -1.20 2.58 -2.22 133 0.357

Interincisal angle (deg) 2.07 8.21 -0.73 10.32 0.506

U1 to Pt A vertical (mm) -0.87 2.20 -0.79 232 0.681

U1 to FH (deg) -3.29 6.87 -3.51 6.27 1.000

L1 to Pt A - pogonion (mm) 1.51 2.33 2.57 2.65 0.591

L1 to mandibular plane (deg) 2.56 3.86 6.20 10.12 0.065
Mann-Whitney U-test
1t SD : Standard deviation
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Table 8. Numbers of subjects and statistically significant variables in other class Il related researchs

Researchs Numbers of subjects

Statistically significant variables

This study n= 30 (Twin block= 14,
Activator= 10, Frankel= 6,

Twin block: Co-Gn, ANS to Me, CoGoMe, Incisor overjet and overbite
Activator: Co-Gn, ANS to Me, Incisor overjet and overbite

CVMpre= 18, CVMpeak= 12) Frankel appliance: Max.-mand. Differential, Incisor overjet

The Angle Orthod. 2013 n= 60 (Bionator and
Long-term skeletal and dental effects Activator= 40, Control= 20,
and treatment timing for functional  Early-treatment= 20,
appliances in Class Il malocclusion.  Late-treatment= 20)

Eur J Orthod. 2013 n= 51 (Prepubertal= 21,

Prepuberty and postpuberty: Pg to Nasion perp, Co-Gn, Max.-mand.
Differential, Incisor overjet

Bionator and Activator: Co-Gn, Wits, Max.-mand. Differential
Early-treatment and Late-treatment: Pg to Nasion perp, Co-Gn,
Max.-mand. Differential, Co-Go, Incisor overjet

Prepubertal: Pt A to Nasion perp, Co-Pt A, Wits, Max.-mand. Differential,

Treatment timing of MARA and fixed Pubertal= 15, Postpubertal= FH to palatal plane, Palatal pl. to mandibular pl, Incisor overjet and

appliance therapy of Class Il maloc-  15)
clusion.

The Angle Orthod. 2010 n= 40 (Bionator= 20,
Long-term dentoskeletal effects and ~ Control= 20)

facial profile changes induced by

Bionator therapy.

Am J Orthod Dentofacial Orthop. n= 55 (Twin block= 25,
Skeletal and dentoalveolar effects of ~ Bionator= 20, Control= 10)
Twin-block and bionator appliances in

the treatment of Class Il malocclusion:

A comparative study.

The Angle Orthod. 2003 n= 44 (Early treated= 13,

overbite, Interincisal angle, L1 to mandibular plane

Pubertal: Co-Gn, Wits, Max.-mand. Differential, Palatal pl. to mandibular
pl, Incisal overjet

Postpubertal: Wits, Max.-mand. Differential, Incisor overjet and overbite,
L1 to mandibular plane

Bionator: Co-Gn, FH to palatal plane, CoGoMe, Incisor overjet and
overbite, U1 to Pt A vertical, L1 to mandibular plane

Twin block: Max.-mand. Differential, Co-Gn, Incisal overjet
Bionator: Max.-mand. Differential, Incisal overjet

Early Group: Incisal overjet

Long-term Effectiveness and Treat-  Late treated= 10, Early Con- Late group: Incisal overjet, Co-Gn, Co-Go, CoGoMe

ment Timing for Bionator Therapy trol= 11, Late control= 10)
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