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Effects of treatment with a combined maxillary protraction and
chincap appliance in skeletal Class III patients with different
vertical skeletal morphologies

Ikue Yoshida, Takahiro Shoji and Itaru Mizoguchi
Department of Orthodontics. School of Dentistry. Health Sciences University of Hokkaido, Japan

SUMMARY Several cephalometric studies and case reports havedescribed the effects of treatment with a maxillary
protraction appliance (MPA) and chincap appliance. The purpose of this investigation was to identify differences
in the response to treatment with a combined MPA and chincap in skeletal Class III patients with different
vertical skeletal morphologies: short- (low mandibular plane angle) and long- {high mandibular plane angle)
face types. The cephalograms used in this study were of 42 Japanese girls at the beginning of treatment (TO,
mean age 10.1 years) and at removal of the appliance (T1. mean age 11.5 years). The subjects were divided
into two groups (short and long face) according to the inclination of the mandibular plane at TO.

Total anteriorface height, upper and lower face height, occlusal plane, and gonial angle were significantly
larger in the long-face group at TO. In both groups, significant increases in SNA. maxillary size (A'-Ptm').
and ANB were noted during treatment. Compared with the long-face group, the short-face group showed
greater forward displacement and size increment of the maxillary body, while there were no significant
differences in changes in mandibular size or position between the two groups. These results indicate that
the vertical dimensions of the craniofacial skeleton are important factors in the orthopaedic effects of a
MPA and chincap and the prognosis for skeletal Class III patients.

Introduction

Orthopaedic appliances such as a chincap and maxillary
protraction appliance (MPA) are commonly used in the
primary treatment of skeletal Class 111 nialocclnsions (Proffit,
1986; McNamara and Brüden, 1993). Several cephalometric
studies and ease reports have shown that chincap and MPA
are effective tools for the treatment of skeletal Class III
patiettts(IrieandNakamiira, 1975; Ishiiefa/., 19S7:Mermigos
et ai. 1990; Takada et al, 1993; Tindlund and Rygh, 1993;
Baik, 1995; Chong ei al., 1996; Ngart el ai, 1996; Delaire,
1997; Gallagher el ai. 1998; Pangrazio-Kulbersh et ai, 1998;
Sung and Baik, 1998; Kim el ai. 1999; Yoshida el ai. 1999;
Alean et ai, 2000; Gu et ai. 2000; Kajiyatna et ai. 2000;
Suda et al, 2000; Ücüncü et ai.. 2000; Yuksel el al.. 2001 ;
Keles el ai. 2002; Ferro el ai, 2003; Westwood et ai, 2003),
although there are some controversies concerning the long-
term stability of chincap effects at the end of pubertal growth
{Sugawara ef ()/., 1990;TahminaÊ'f a/., 2000). A comparative
Study of a chincap and MPA showed that both appliances
improved intermaxillary and interarch Class III relationships
and that the maxilla was displaced more anteriorly and the
interarch relationship correction was greater with tbe MPA
(Ücüneü et ai, 2000). In a previous study {Yoshida et ai.
1999), combined MPAandehincapwereeffective in correeting
intemiaxillaiy and interarch discrepancies, especially due to
forward movement of the nasomaxülary complex and
maxillary dentition, although moderate rebound-like changes
occurred in mandibular size atid position at the end of pubertal

growth. However, these results only reflected average data,
and not precise data for individual skeletal Class III patients.

Clinically, variations in the effects of treatment with MPA
and chincap appliatiee among individual patients have
sometimes been experienced. While desirable treatment
effects are obtained in some patients, some show poor or
partial correction, whereas in others relapse of the obtained
occlusion and unexpected exacerbation of the malocclusion
occur during pubertal growth (Yoshjda et ai, 2006). This is
one of the most perplexing problems in diagnosing and
treating Class III malocclusions during growth. However,
little information is available concerning criteria for tbe
application of a MPA and ehincap or on how to predict the
treatment effeets of orthopaedic appliances (Choi el al
1999; Tahniina et ai, 2000; Ferro et ai, 2003).

The purpose of this investigation was to identify differences
in response to treatment with combined MPA and chincap
appliance in skeletal Class III patients with diflferent vertical
skeletal moiphologies; short- (low mandibular plane angle)
and long- (bigh mandibular plane angle) face groups.

Subjects and methods

Subjects

Forty-two female Japanese patients who bad been diagnosed
as skeletal Class III and who were treated with a combined
MPA and cbincap were considered in this study (Table 1), All
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were treated at the hospital affiliated with tlie Health Sciences
University of Hokkaido, School of Dentistry. Cephalograms
were taken at tbe beginning of combined MPA and chincap
treatment (TO, mean age 10.1 years) and at the removal of the
appliance (Tl, mean age 11.5 years).

Tbe subjects were divided into two groups according to the
inclination of the mandibular plane to FH (MP-FH) at TO,
since a preliminary study indicated that MP-FH was most
closely associated with the effects of treatment. Tbe mean
value of MP-FH for all the subjects in this study was 29.4
degrees. Considering the sizes of the respective groups, MP-
FH was set at less than 29.4 degrees in the short-face group
(mean age 9.9 years, n = 24) and at more than 29.4 degrees in

Table 1 Ages of the patietits at the beginning (TO) and end (Tl)
of chincap and maxillary protraction appliance treatment.

Total (x - 42), Short-face Long-face P
mean±SD group group(H=l8),

(n = 24), mean±SD
mean ± SD

TO (age)
Tl (age)
Treatment
time (years)

10.1 ± 1.6
11.5 ± 1.4
1.4 ±0.8

9.9 ± 1.7
11.5 ± 1.6
1.6 ± 0.8

10.3 ± 1.5
ll .6± 1.2
1.3 ±0.7

NS
NS
NS

SD, standard deviation; NS, not significant.

the long-face group (mean age 10.3 years, n - 18), without
removing subjects with MP-FH values close to the mean.

Appliance design

Tbe combined MPA and cbincap used in this study have
been described previously (Figure 1, Yoshida e/a/., 2006).
Briefly, the maxillary inlraoral appliance consisted of a
palatal wireframe, a palatal plate, and bands fixed at the
molars or at the first premolars and molars. The intraoral
appliance was protracted from buccal hooks on the first
premolars or tbe first molars. Aprotraction force of 200-300
g per side was used with an antero-inferior force vector of
approximately 20 degrees to the occlusai plane. The vector
of cbincap force was in the direction of the condyle and the
total amount of force was approximately 600 g. The patients
were instructed to wear tbe appliance for more than 14
hours per day. The mean duration of treatment with the
appliance was approximately 1.4 years.

Cephalomelric analysis

All cepbalograms were traced on acetate paper by one
author (IY). Cephalometric measurements were made
according to the Cartesian co-ordinate system used at the
Department ofOrthodontics, Health Sciences University of
Hokkaido (Figure 2). The FH plane of the initial tracing at
Tl represented tbe x axis. The y axis was constructed by

Figure 1 Facial (a) and intraoral (b, c) photographs of the maxillary protraction and chincap appliance.
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Figure 2 Angular (a) and linear (b] cephalomelric measurements. I, SNA; 2, SNB; 3, ANB; 4, S-N-Ba; 5, mandibular plane angle; ú, gonial angle; 7, occlusal
plane to SN; 8, A lonasion perpendicular; 9. Pog to nasion perpendicular; 10,A'-Plm'; ll,Gn-Cd; 12, N-S; 13, S-Ba; 14, N-ANS; 15, ANS-Me; 16, Wits.

drawing a line perpendicular to the FH line through sella
(S). Successive three-stage tracings were superimposed for
reference on anatomical structures of the anterior cranial
base (Ishii et ai., 1987). The positions and spatial changes
of all cephalometric landmarks during treatment were
calculated using the original x-y co-ordiuate system.

A mean facial profilogram was constructed for each
group. All values were stored on a computer, and cephalo-
metric measurements were analysed. Ditteretices among
these data were examined by a paired /-tesf.

To evaluate the errors of tracing, superimposing and
locating, and measuring landmarks, 10 randomly selected
cephalograms and each of the three cephalograms from each
patient were traced by one author (lY) and analysed on two
different occasions approximately one month apart. The
method error was determined using Dahlbei^'s formula
(Dahlberg, 1940); standard error = S^d' lln, where n = 10
and d is the difference hetween the measurements of
cephalometric values on two different occasions. The method
error did uot exceed 0.53 for any of the angular measurements
or 0.73 for any of the linear measurements. This resulf indicated
that ihe present analysis is reliahle, compared with ofher
estimations of technical error (Yoslii da etal, 1999, 2006).

Results

Comparison of the short- and long-face groups

The age and treatment period at TO and Tl are shown in
Table I. Significant differences were not found between
the groups. Figure 3a shows the superimposition of facial

diagrams between the short- (9.9 years) and long- (10.3
years) face types at TO. There was no difference between the
two groups in maxillary position. Patients in the short-face
group showed a forward position of the mandible. In contrast,
those in the long-face group showed an obtuse gonial angle,
a steep mandibular plane, and a large anterior face height.
The occlusal plane was also steep in the long-face group.
Figure 3b shows the superimposifion of facial diagrams in
the short- (11.5 years) and long- (11.6 years) face groups at
Tl. The differences in craniofacial morphology between the
two groups at Tl were nearly the same as those at TO.

The differences hetween the cephalometric measurements
in the two groups at TO arc shown in Table 2. There was a
significant difference in the maxillary position relative to
McNamara's line between ihe groups at TO. However, fhere
was no significant difference in maxillary length. SNB and
Pog to McNamara's line were also significantly posterior in
the long-face group. Both gonial angle and lower face height
were also large in the long-face group. However, fhere was
no significant difference in mandibular length as reflected hy
Cd-Gn. Although there was no significant difference in
cranial base length, both face heights were greater in the
long-face than in fhe short-face group. The results showed
that there were no differences in the maxillary and mandibular
lengths between the two groups at TO. Both the maxilla and
mandible tended to be in a forward position in the short-face
group, but in a backward position in the long-face group The
intermaxillary relationship was modérale in the lona-face
compared with the short-face group. The measurements at Tl
showed frends similar to those at TO, except ANB (Table 31
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Figure 3 Superimposition of the mean facial profilogran
S-N line and registered at S.

in the short- and long-face groups at TO (a) and Tl (b). Profilograms are superimposed on the

Table 2 Cephaiometric measurements in the short- and long-
face groups at the begiittiing of treatmeut (TO).

Table 3 Cephalotnetric measurements in the short- and long-
face grotips on appliance removal (Tl ).

TO

SNAC)
SNBC)
ANBD
S-N-Baf)
Mandibular plane (°)
Gonial angle (")
Occltjsal piano
toSN(=)
A to nasion
peroendicular (mm)
Pog to nasion
perpendicular ¡mm)
A'-Ptm' (mm)
Gn-Cd (mm)
N-S (mm)
S-Ba (mm)
N-ANS (mm)
ANS-Me (mm)
Wits (mm)

*i '<0.05, '*f <0.01,*
NS, not significant.

Short-ftce
group (n = 24),
mean ± SD

79.4 ±3.5
82.4 ±3.3
-2.9 ±2.0

131.8 ±5.4
25.3 ±2.3

125.8 ±6.3
17.7 ±3.0

-2.7 ±3.0

0.0 ±4.5

43.7 ±2.5
110.4 ±5.2
64.1 ±2.7
43.7 ±2.1
50.7 ±2.8
59.8 ±3.5
-9.5 ±2.7

-•P<0.001;SD,

Long-face
group (ïi= 18),
mean ± SD

78.7 ±3.5
79.6*2.7
-0.9 ± 2.2

130.1 ±4.9
34.8 ±3.3

131.8*5.0
21.3*2.6

-4.6 ± 2,S

-8.1 ±5,8

43.9 ±3.1
113.5 ±7.0
64.3 ± 3.9
45.4 ±3.7
53.0 ±3.2
67.7 ±4.9
-9.0 ±2.8

standard deviation;

P

NS
t .

' *

NS
• "
t*

*

» * *

NS
NS
NS
NS
*

NS

Tl

SNAH
SNB n
ANB (°)
S-N-Ba(°)
Mandibular plane (°1
Gonial angle (")
Occlusal plane
to SN n
A to nasion
perpendicular (mm)
Pog to nasion
perpendicular (mm)
A'-Ptm' (mm)
Gn-Cd (mm)
N-S (mm)
S-Ba (mm)
N-ANS (mm)
ANS-Me (mm)
Wits (mm)

•p<om."P<o.o\.
NS, not significant

Short-face
group {n - 24),
mean* SD

82.0 ±3.7
80.8 ±3.7

1.1 ±2.2
133.3 ±7.8
26.3 ±2.3

124.1 ±6.3
14.6*3.4

-0.2 * 3.3

-2.3*5.1

46.0 ±2.2
112.8 ±5.8
64.8 ±2.5
44.4 ±6.1
5I.5±2.8
63.7 ±3.3
-3.0 ±3.6

•"/'<O.OOI;SD.

Long-face
group (n= 18),
mean ± SD

80.4 ±3.3
78.5 ± 3.2

1.9±1.7
130.5 ±5.4
35.3 ±3.8

130.4 ±5.7
I7.4±3.3

-3.0 ±2.7

-10.2 ±5.7

45.2 ±3.1
116.2*6.6
64.9*3.9
46.6*3.4
54.1 ±2.7
70.7 ± 4.3
-2.9 ± 2.6

standard deviatit

P

NS
•
NS
NS
H t

* *

*

NS
NS
NS
NS
' •
***
NS

m;

Comparison of differences at TO and Tl

Superimposition of mean fecial profilograms at TO má Tl are

shown in Figtire 4. Both groups showed maxillary forward

displacement with cotinterclockwise rotation and mandibular

clockwise rotation dowtiward during MPA treatment. However,

there were significant differences between the groups for some

maxillary meastirements (Table 4). The maxilla was displaced

forward an average of 2.2 mm. Compared with the long-face
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T^ble 4 Ditferences between the beginning (T0| and end of
chincap maxillary protraction appliance treatment (Tl).

SNA C)
SNB r)
ANB(°]
S-N-Ba i")
Mandibniar plane ("}
Günial angle (")
Occlusal plane to SN(°)
A to tiasion
perpendicular (mm)
Pog to nasion
perpendicular (mm)
A'-Ptm' (mm)
Gn-Cd (mm)
N-S (mm)
S-Ba(mm)
N-ANS (mm)
ANS-Me (mm)
Wits (mm)

Short-face
group (n = 24),
mean ± SD

2.5 ± 1.4
-1 .6* I.Î
4.1 ±2.0
1.5 ±5.2
1.0 ± 1.6

-1.6 ±2.3
-3.1 ±2.1

2.6 ± 1.5

-2.4 ± 2.2

2.2 ± 1.3
2.4 ±3.4
0.6 ±0.8
0.6 ±5.1
O.S ± 1.5
3.9 = 2.4
6.6 ±3.1

Long-face
group («=18),
mean ± SD

l.7± 1.1
-I.I ± 1.2

2.8 ±1.5
0.5 ± 1.5
0.4 ±2.0

- l .4±2 . l
- i . 9 ± l . g

1.6±1.2

-2.1 ±2,9

1.3 ±0.7
2.6 ±2.0
0.6 ± 0.8
1.2 ± 0.9
1.1 ± 1.0
3.0 ±1.9
6,2 ± 2.5

P

.

NS
t

NS
NS
NS
NS
'

NS

t*

NS
NS
NS
NS
NS
NS

*P < 0.05, "P < 0.01; NS, not significant; SD, standard deviation.

group, the short-face group showed 1.0 mm greater forward
displacement. Althotigh maxillary length increased an average
of 1.8 mm, the short-face group showed 1.0 mm greater
forward displacemetif. With respect !o matidibular position,
morphology, atid length (Cd-Gn), there were no significant
differences between the two groups. There was also no
significant difiference in upper and lower fece heights.

Discussion

Based on anteroposterior dimensions, human faces can be
divided into three different types; skeletal Class I, Class II,
and Class III (Sassotmi, 1969). They can also be divided into
three different types vertically: short, average, and long face
(Sassouni, 1969; Schendel el al., 1976; Opdebeeck and Bell,
1978). Patients with a long face have an obtuse gonial angie,
steep mandibular plane, large anterior face height, thin and
long mandibular symphysis, and a tendency for an anterior
open bite (Sehende! et al., 1976), while those with a short
face show opposite trends (Opdebeeck and Bell, 1978). These
characteristics are also observed in skeletal Class Hi patients
(Ellis and McNamara, 1984). According to a previous study
(Yoshidae/ti/., 2006), someverticalcephalometric parameters
are important for predicting the prognosis of skeletal Class III
patients treated by a MPA and chincap. Thus, in this study,
the differences in tbe effects of treatment between skeletal
Class III patients wilh ditFerent vertical morphologies, i.e,
short and long face, were investigated.

Compared with tbe short-face group, the long-face group
showed smaller forward displacement and size increment
of the maxillary body, as indicated by SNA, A to nasion

perpendicular, A(Ax) and A'-Pmi. Among these parameters,
the displacement of point A along FH, A(Ax), was the most
striking difference between the two groups; fonvard
displacement of point A was 3.2 mm in the short-face group
and 2.2 mm in the long-face group. No publication in the
literature has shown that eraniofacial morphology influences
maxillary movement. Concerning the difference in SNA
between stable and unstable groups, counterclockwise
rotation ofthe palatal plane and displacement of point A were
considered. However, tbe difference was not obvious (Figure
3b). Coben (1998) reported that growth of the spheno-
occipital synchondrosis influenced tbe height and depth of
the upper face and the spatial position of the upper teeth
during orthodontic treatment, and summarized that growth of
the spheno-occipital synchondrosis translated the anterior
cranial base and its attached maxillary complex upward and
forward away from the foramen magnum, while, Agronin
and Kokich (1987) and Buschang and Santos-Pinto (1998)
reported that vertical and horizontal direction of mandibular
growth was related to glenoid fossa and condyle position.
This suggests that the spheno-occipital synchondrosis
influences the direction of mandibular growtb. If growth of
tbe maxilla co-ordinates with mandibular growth through
interdigitation of the occlusion, the maxilla in sbort-face
subjects should show a forward growth tendency more than
long-face subjects. It was considered that a difference of such
a maxillary growth direction was influenced by original
growth potentials. The annual growth increase ofthe Class I
maxilla in the corresponding period averaged 0.9 mm
(Yoshida el a!., 1999), Therefore, the application of MPA
force to the maxilla had a noticeable effect in both groups, but
these were less prominent in the long-face group.

Il is difficult to determine whether liiis difference reflects
the actual effect of treatment or the inherent growth potential
ofthe two diff'erent face types. Bishara and Jakobson ( 1985)
studied longitudinal growth changes in three vertically
different facial types, short, average, and long face, although
they considered subjects with a normal and skeletal Class I
occlusion. They reported that there were no distinct
differences in maxillary size or posilion between subjects
with a short or long face. Thus, the differences in maxillary
reactions observed in this study should be largely due to the
actual effects of treatment with a MPA, Tsuchikawa e¡ a!.
(1985) showed that forward growth of the maxilla
contributed to a stable occlusion in skeletal Class III
patients. Yoshida et al. (1999) indicated that orthopaedic
effects on the maxilla obtaitied during MPA and chincap
therapy were well maintained unlil the completion of
growtb. Therefore, the difference in maxillary reaction to
MPA may influence the ñnal treatment outcome in skeletal
Class 111 patients, although the difference is small.

Interestingly, in this study, counterclockwise rotation ofthe
palatal plane, which is usually observed with MPA treatment
(Ishii e! al., 1987; Takada et al., 1993; Tindlund and Rygh
1993; Ngan et ai, 1996; Gallagher et al., 1998; Kim et ai
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Figure 4 Superimposition of mean facial profilograms at TO and Tl. Profilograms are superimposed on llie S-N line and registered al S. |a) Short-face
group and (b) long-face group.

1999; Yoshida et ai, 1999; Gu et ai. 2000; Keles et ai. 2002),
was more prominent in the long-face group. Inclination of the
palatal plane is caused by a combination of surface remodelling
of the hard palate and displacement of the maxillary body
(Bjork and Skieller, 1983; Iseri and Solow, 1995).

An implant study (Bjork and Skieller, 1983) showed that
the palate drifts with slight forward rotation (clockwise
rotation) during nonnal growth, while in long-face subjects,
it tends to rotate backward (counterclockwise). They also
described the differences in the growth pattern of the
mandible between short- and long-face subjects. In short-
face subjects, the mandible shows forward (counter
clockwise) rotation and flattening of the mandibular plane
during growth; in long-face subjects, the mandible shows
backward (clockwise) rotation and the mandibular plane
becomes steeper. However, in the present study, there were
no significant differenees in size or changes in the position
of the mandible between the two groups. Although the exact
reason for this is unknown, differences in the direction of
mandibular growth could be masked by chincap force. It
would appear that no previous study has examined the
differences in mandibular reaction to chincap force between
short- and long-face subjects. The growth pattern of the
mandible during MPA treatment should be different from
that in chincap treatment, since tbe mandibular position is
influenced by vertical components of the maxilla, which is
altered by a MPA. The mandible sbowed backward rotation
during early treatment and then rotated in a forward direction
añer correction of the anterior crossbite.

Follow-up studies after chincap therapy have indicated
that several factors may be associated with relapse in treated
skeletal Class III patients; i.e. excessive forward growth and
forward rotation of the mandible, less forward growth of the
maxilla, insufficient compensatory growth of the cranial base,
andan increase in lower face height (Tsuchikawaei a/., 1985;
Choi et ai, 1999; Tabmina el ai. 2000; Ferro el ai, 2003).
Considering vertical facial types, tbe former two phenomena
are characteristics of the sbort-face type and tbe latter of the
long-face type, which indicates the difficulty of determining
the prognosis of chincap therapy.

Ferro et ai (2003) indicated that a low Wits appraisal was
one of the best predictors of relapse after treatment with
splints. Class III elastics, and a chincap appliance. Wits
appraisal is used to evaluate interarch discrepancy using the
occlusal plane as the reference plane and is an important
consideration for establishing optimal occlusion (Jacobson,
1975). Thisappraisalisaffectednot only by the anteroposterior
position of points A and B, but also by the inclination of the
mandibular plane (Jacobson, 1975; Braun and Legan, 1997).
A mathematical analysis hidicated that one degree of rotation
of the oeclusal plane will result in a 0.5 mm change in tbe
interarch relationship; flattening of the occlusal plane tends to
result in a Class II dental relationship (Braun and Legan,
1997). In tbe present study, changes in Wits appraisal were
almost the same, with a decrease of-3.1 and—3.9 mm in the
sbort- and long-face subjects, respectively.

This finding of the study demonstrated that it is difficult
to obtain expected treatment effects with MPA and ehincap
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in long-face skeletal Class III patients. Thus, it is necessary

to narrow the range of their application or design. Haas

(1973) showed thai rapid maxillary expansion (RME), in

itself, promoted downward and forward displacement of

the maxilla, resulting in a forward movement of point A,

which would be caused by loosening of intermaxillary and

circummaxillary sutures. Recently, several studies bave

recommended a combination of MPA and RME to enhance

the MPA effect (Ngan et a/.. 1996; Westwood el ai, 2003).

However, RME bas been shown to cause clockwise rotation

of the mandible, whicb further exaggerates a long-face and

anterior open bite (Majourau and Nanda, 1994). Therefore,

application of extraora! forces through tbe concomitant use

of a high-pull chincap would be advantageous to control

the vertical dimension (Majourau and Nanda, 1994).

Further studies conceming a more effective orthopaedic

treatment for long-face skeletal Class III patients will be

necessary.

CoDclusions

1. Comparison of long- and short-faee subjects showed that

upper and lower face heights and gonial angle were

significantly greater in the long-face type at the beginning

of treatment.

2. For botb types, significant increases in SNA, maxillary

size (A'-Ptm'), and ANB were observed during

treatment.

3. Compared with tbe long-face group, tbe sbort-face group

showed greater forward displacement and an increase in

maxillary body size, while there were no significant

differences in changes in mandibular size and position

between the two groups,

Tbese results indicate that the vertical dimensions of the

craniofacial skeleton are important factors in the ortho-

paedic effects of the MPA and cbincap.

Address for correspondence

Dr 1, Yoshida

Department of Orthodontics

School of Dentistry

Health Sciences University of Hokkaido

1757 Kanazawa

Ishikari-tobetsu

Hokkaido 061-0293

Japan

E-mail: yosliida@hokti-iryo-u.ac.jp

Acknowledgement

Tbis investigation was supported in part by a grant-in-aid

for Scientific Research fNo. 12771294) from the Ministry

of Education, Science, Sports, and Culture, Japan.

References

Agronin K J, Kokich V G 1987 Displacement of the glenoid lu^^a: a
cephalometric evaluation of growth during treatment. American hmmal
of Orthodontics and Dentofacial Orthopedics 91: 42-48

Alean T, Keles A, Erverdi N 2000 The effects of a modified protraction
headgear on maxilla. American Journal ofOrthodontics and Dentofacial
Orthopedics 117:27-38

Baik H S 1995 Clinical results of the maxillary protraction in Korean
children. American Journal ofOrthodontics and Dentofacial Orthopedics
108:583-592

Bishara S E, Jakohson J R 1985 Longitudinal changes m three normal
facial types. American Journal ofOrthodontics 88: 466-502

Björk A. Skieller V 1983 Normal and abnormal growth of the mandible. A
synthesis of longitudinal cephalometric implant studies over a period of
25 years. Europcati Journal ofOrthodontics 5: 1^5

Braun S, Legan H L 1997 Changes in occlusion related to the cant of the
occlusai plane. American Jonmal of Orthodontics and Dentofacial
Orthopedics 111: 184-188

Buschang P H, Santos-Pmto A 1998 Condylar growth and glenoid fossa
displacement during childhood and adolescence. American Journal of
Orthodontics and Dentofacial Orthopedics 113: 437-452

Choi Y H, Sato K, MiUni H 1999 Groulh characteristics of prognathic
face with relapsed incisor reversed occlusion following cbincap therapy.
Jonmal of Japan Orthodontic Society 58: 1-14 (in Japanese)

Chong Y H, ive J C, Artun J 1996 Changes following tbe use of protraction
headgear for early correction of Class III malocciusion. Ajigle
Orthodontist 66: 351-362

Cohen S E 1998 Tbe sphcno-occipital synchondrosis: the missing link
hetween the profession's concept of craniofacial growth and orthodontic
treatment. American Jonmal of Orthodontics and DentofeciaJ
Orthopedics 114:709-712

DahlhergAG 1940 Statistical methods formedieal and biological students.
Interscience Publications, New York

Delaire J 1997 Maxillary development revisited: relevance to the
orthopaedic treatment of Class III malocclusions. European Journal of
Orthodontics 19; 289-311

Ellis E, McNaniara J A 1984 Components of adult Class HI open-bite

malocciusion. American Journal ofOrthodontics 86: 277-290

Feno A, Nucci L P, Ferro ¥. Gallo C 2003 Long-term stability of skeletal
Class III patients treated with splints. Class III elastics, and chincup.
American Journal of Orthodontics and Dentofacial Orthopedics 123-
423^34.

Gallagher R W, Miranda F, Buschang P H 1998 Maxillary protraction:
treatment and posttreatment effects. American Journal of Orthodontics
and Dentofacial Orthopedics 113: 612-619

Gu Y, Rabie A B, Hägg U 2000 Trearment effects of simple fixed
appliance and reverse headgear in correction of anterior crossbites
American Journal ofOrthodontics and Dentofacial Orthonedics 117
691-699 '

Haas A J 1973 Rapid palatal expansion: a recommended prerequisite to
Class 111 treatment. Transactions of the European Orthodontic Society
pp.31l-3l8 ''

Irie M, Nakamura S 1975 Orthopedic approach to severe skeletal Class III
malocciusion. American Journal ofOrthodontics 67: 377-392

Iseri H, Solow B 1995 Average surface remodeling of the maxillatv base
and the orbital floor in female subjects from S to 25 years An implant
study. Amencan Jonmal ofOrthodontics and Dentofacial Orthopedics

Ishii H, Morita S. Takeuchi Y, Nakamnra S 1987 Treatment effect of
combined maxillary protraction and chincap appliance in severe skeletal
Class 111 cases. American Journal of Orthodontics and Dentf,fi. • i
Orthopedics 92: 304-312 «iracial

Jacobson A 1975 The 'Wits" appraisal of jaw disharmony Ameri
Joumal ofOrthodontics 67: 125-138 ' ^



TREATMENT IN CLASS 111 SUBIECTS 133

Kajiyama K, Murakami T, Suzuki A 2000 Evaluation of the modified
maxillary protractor applied to Class 111 malocclusion with retruded
maxillainearly mixed dentition. American Journal of Orthodontics and
Dentofaciai Orthopedics I IS: 549-559

K.eles A, Tukniak E C, Erverdi N, Nanda R 2002 Effect of varying the force
direction on masillaiy orthopedic protraction. Angle Orthodontist 72:
387-3%

Kim J H, Viana M A, Graber T M, Omerza F F, BeGole E A 1999 The
effectiveness of protraction face mask therapy: a meta-analysis. American
Journal ofOrthodontics and Dentofaciai Orthopedics 115; 675 685

Majourau A, Nanda R 1954 Biomechanical ba.sis of vertical dimension
control during rapid palatal expansion therapy. American Journal of
OiThodontics and Dentofaciai Orthopedics 106: 322-Î28

McNamara J A, Brüden W L 1993 Orthopedic facial mask therapy.
Orthodontic and orthopedic treatment in the mixed dentition. Needham
Press, Ann Arbor, pp. 283 -295.

Mermigos J, Full C A, Andreasen G 1990 Protraction of the masillofacial
complex.Americanlonmal of Orthodontics and Dentofaciai Orthopedics
9B: 47-55

Ngan P, Hägg U, yiu C, Meiwin D, Wei S H 1996 Treatment response to
maxillary expansion and protraction. European Journal ofOrthodontics

18; 151-156

OpdebeeckH, Bell W H 1978 The short face syndrome. American Journal

ofOrtbodontics 73: 499-511

Pangrazio-Kuibersh V, Berber J, Kerstcn G 1998 Effects of protraction
mechanics on the midface. American Journal of Orthodontics and

Dentofaciai Orthopedics 114; 484-491

Praffit W R 1986 Orthodontic ueatmcot planning: limitations and
special problems. Contemporary orthodontics. C.V. Mosby, St Louis,

pp.198-225

Sassoutii VA 1969 Classification of skeletal facial types. American Journal

of Orthodontics 55: 109-123

Schendel S A, Eisenfeld J, Bell WH,EpkerBN,Mishelevich DJ l976The
long face syndrome: vertical maxillary excess. American Journal of

Orthodontics 70; 398-408

Suda N, Ishii-Suzuki M, Hirose K, Hiyama S, Suzuki S, Kuruda T 2000
Effective treatment plan for maxillary protraction: is the bone age useful

to determine the treatment plan? Ameritan Journal ofOrthodontics and
Dentofaciai Onhopedics IIS: 55-62

Sugawara J, Asano T, Endo N, Mitani H 1990 Long-term etTect of chincap
therapy on skeletal profile in mandibular prognathism. American Journal
OfOrthodontics and Dentofaciai Orthopedics 9S: 127-133

Sung S J, Baik H S 1998 Assessment of skeletal and dental changes by
maxillary protraction AmericanJoumal ofOrthodontics and Dentofaciai
Onhopedies 114:492-502

Tahmina K. Tanaka E, Tanne K 2000 Craniofacial morphology in
orthodontically treated patients of Class III malocclusion with stable
and unstable treatment outcome. American Journal ofOrthodontics and
Dentofecial Orthopedics ! 17: 681-690

Takada K, Petdachai S, Sakuda M 1993 Changes in dentofeeial morphology
in skeletal Class lit children treated by a moditied maxillary protraction
headgear and chin cup: a longitudinal cephalometric appraisal. European
Journal ofOrthodontics 15:211-221

Tindlund R S, Rygh P 1993 Maxillary protraction: different effects on
facial morphology in unilateral and bilateral cleft lip and palate patients,
Cleft Palate-Craniofacial Journal 30: 208-221

Tsuchikawa T, Sugawara J, Nakamura H, Mitani H 1985 Long-term results
of skeletal profile changes occurred in the chin cap therapy of Japanese
male skeletal Class III cases. Journal of Japan Orthodontic Society 44:
644-Í59 (in Japanese)

Ü^üncü N, tïçem T T, Yflksel S 2000 A comparison of chincap and
maxillary protraction appliances in the treatment of skeletal Class 111
malocclusions. European Journal of Orthodontics 22: 43-5!

Westwood P V, McNamara J A, Baccetti T, Eranchi L, Sarver D M 2003
Long-term effects of Class HI treatment with rapid maxillary
expansion and facemask therapy followed by ñxed appliances.
American Journal ofOrthodontics and Dentofaciai Orthopedics 123:
31I6-.120

Yoshida I, Ishii H, Yamaguchi N, Mizoguchi I 1999 Maxillary protraction
and chincap appliance treatment effects and long-term changes in
skeletal Class 111 patients. Angle Orthodontist 69: 543-552

Yoshida 1, Yamaguchi N, Mizoguchi I 2006 Prediction of post-treatment
outcome alter combined maxillary protraction and chincap appliatice
treatment. European Journal of Orthodontics 28: 89-96

Yliksei S, Ucem TT, Keykubat A 2001 Early and late fecemask therqiy. European
Journal ofOrthodontics 23: 559-5681. YOSHIDA ETAL.



Copyright of European Journal of Orthodontics is the property of Oxford University Press /
USA and its content may not be copied or emailed to multiple sites or posted to a listserv
without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.


