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The effects of maxillary protraction appliance
(MPA) depending on vertical facial patterns

Young—Kyu Ryu?, Kee—Joon Lee”, Chang—Hun Oh®

Preadolescent children with deficient maxillae are suitable candidates for the maxillary protraction appliance(MPA). The theoretical
effect of the MPA is protraction or anterior displacement of the maxilla. However, it is known that complex effects such as anterior
displacement of the maxillary teeth, downward and backward rotation of the mandible, linguoversion of the mandibular anterior incisors,
are known to play a role in improving the ClI Il malocclusion. There have been much studies with regard to maxillary protraction, but the
different effects of MPAs depending on the vertical facial péttem are not known precisely. This study was based on 67 patients (31 males,
36 females) aged from 6 years 6 months to 13 years 3months, who visited the Dept. of Orthodontics at Yonsei Univ., Dental Hospital and
diagnosed as skeletal Class Il with maxillary deficiency. They were divided into 3 groups (low, average, high angle groups) depending on
gonial angle and the SNMP (Go-Gn) angle, respectively. Pretreatment and post-treatment lateral cephalograms were used to compare the
effects of MPA and the following conclusions were obtained: (D A significantly large amount of backward movement of the B point was
observed in patients with a low SNMP angle. Those with 2 high SNMP angle had significant forward movement at A point. @ The
patients with low gonial angle had the least forward movement at.the A point, and those with a high angle had more forward movement. @
In comparing the arcTan of the A point, the high angle group showed more horizontal movement while the low angle group showed more

vertical movement. @ There was no significance between the treatment duration of the SNMP and the Gonial angle groups.
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chin cap or maxillary protraction appliance (MPA)

may be used to treat Cl Il preadolescents
depending on the disharmony of the jaws.'”® The
maxillary protraction appliance(MPA) is indicated for Cl
II children with a deficient maxilla. The hooks attached
to the intra—oral appliance is the point of force
application. Face masks are applied against the chin
and the forehead, thus protracting the nasomaxillary
complex through elastics. Since 1944 when Oppenheim®
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Table 1. The age and gender of the patients at the first dental examination and treatment time distribution {T1-T0)

Female (n=36) Male (n=31) ' :Féinale andMgIé;’, ’
SNMP Low 4 (11Y 4M) 3 (9Y 5M) 7 (10Y 6M)
Middle 28 (9Y 9M) 22 (9Y 8M) 50 (9Y 9M)
High 4 (9Y 5M) 6 (9y 11M) 10 (9Y 9M)
Gonial angle Low 3 (12Y 3M) 2 (9Y 10M) 5(11Y 3M)
Middle 18 (10Y 4M) 12 (9Y 6M) 30 10Y)
High 15 (9Y 12M) 17 (9Y 1M 32 (9Y 6M)

suggested the capability of treating a Cl Il malocclusion
by protracting the maxilla, many animal experiments were
carried out. These proved histologically that the
protraction force applied to the maxilla expands the suture
area against the cranial base, consequently induces bone
formation.”® The main purpose of MPA is the forward
displacement of the maxilla, but in fact other complex
effects play a role in improving the Cl III malocclusion
and in regaining normal overiet and overbite.

These effects include labioversion of the maxillary
anterior teeth, downward and backward rotation of the
mandible, and linguoversion of the mandibular anterior
incisors. The skeletal and dental change during treat—
ment are the results of both the orthopedic effects and
the normal growth. In addition, orthopedic treatment not
only have an effect on anterior—posterior disharmony, but
also on the vertical facial height.” Schudy,™" Bjrk, ™'
Issacson,"” Ricketts,” Jarabak™ etc. classified the vertical
facial height and according to their classification, the high
angle facial type shows a vertical growth pattern, a high
gonial and SN-MP(Go—Gn) angle, and an openbite
tendency by weak occlusal force. In con—trast, the low
angle facial type shows a heavy occlusion making the
posterior teeth difficult to extrude, leading to a deep bite
tendency. ' Therefore it can be predicted that in low
angle facial types, upon maxillary protraction, the skeletal
Cl 11T relationship is improved by anterior displacement of
the maxilla rather than the rotation of the mandible, while
in high angle facial types the downward and backward
rotation of the mandible is predominant due to the
extrusion of the upper posterior teeth and the downward
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displacement of the maxilla. Thus it is important to
minimize the extrusion of the posterior teeth and vertical
growth of the maxilla, in high angle patients, in order not
to increase the facial height. However, in low angle
patients, some extrusion of molars could be allowed by
protracting maxilla in a more downward direction.

The objective of this study was to compare the resuits
from using the MPA on Cl Il preadolescents with difi—
erent facial heights, and to aid the use of this appliance
in practice.

MATERIALS AND METHODS
A. Subjects

67 patients (31 males, 36 females) were selected as
subjects for this study, who visited the Orthodontic
Department of Yonsei Univ., Dental Hospital from 1998
to 2000, with a chief complaint of anterior crossbite.
These patients had a slight to moderate skeletal Cl II
pattern with a deficient maxilla compared to the korean
standard,® with anterior crossbite and C! T molar
relationship. The initial age of the children ranged from 6
years 6 months to 13 years 3 months (Table 1).

Lateral cephalograms were taken in maximum
intercuspation. The samples were subdivided according
to their vertical facial type using different parameters.
Compared to the Korean norm of the SNMP angle, they
were divided into the low angle group {under 30°),
average angle group (30~41°), and high angle group
(above 41°). Alternatively, using the gonial angle, the
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samples were divided again into the low angle group
{below 116°), average angle group (116~128°), and high
angle group (above 128°) according to Korean norm =%

B. Methods

Maxillar

appliances

Protraction hooks were soldered to the premolar area
of intraoral fixed appliance and 300-400g per side
forces was applied in a 20° downward direction to the
occlusal plane. Depending on the necessity of maxiliary
expansion, a RPE or labiolingual appliance was inserted
as the intraoral fixed appliance (fig 1a, b). For the ext—
raoral protraction appliance, Delaire’ s facemask was
used for each patient (fig 1c). The patients were ins—
tructed to wear the appliance for at least 14 hours.

rotraction lianc nd {ntraoral

Analvsis of the lateral cephalograms

Lateral cephalograms were taken after the patient
gained 2 mm of positive overjet on the anterior teeth.
This took approximately 6—7 months (Table 5). Then X—
rays were traced and digitized by a single person, and
after one month 20 X—rays were randomly selected from

C.

Fig. 1. Appliances used in this study.
a. Intraoral anchorage — RPE
b. Intraoral anchorage
— Labiolingual appliance
c¢. Extraoral anchorage

— Delaire's face mask
d. Before Tx.
e. After Tx.

Fig. 2. The landmarks for the measurements
S, Na, A, B, Pog, Me, ANS, PNS, Ar, Go,
MxI ; incisal edge of the maxillary incisor
Mnl ; incisal edge of the mandibular incisor
MxM ; mesial cusp tip of the maxillary first molar
MnM ; mesial cusp tip of the mandibular first molar

the samples and were retraced and redigitized to examine
the reproducibility. The correlation coefficient between the
two measurements ranged 0.8964-0.9927 %

The landmarks for the measurements are marked on
fig 2. The SN line was used as the reference plane for
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Fig. 3. Measurements
1.VP-A (mm)

2. HP~A (mm)

3. VP-B (mm)
2 4. HP-B (mm)
5. U1-PP (mm)
6. L1-MP (mm)

1

HP

angular measurements. SN line rotated 6° clockwise
around the Nasion(Na), was used as the horizontal
reference plane (SN—6°), and a perpendicular line to
the horizontal reference plane at Na was designated as
the vertical reference plane. To examine the skeletal
changes, SNA, SNB, ANB, Wits, facial convexity (N—A
~Pg), and the Posterior/Anterior facial height ratio were
measured before and after treatment. To examine the
vertical, horizontal changes in the basal bone, the
distance of the A, B point from the vertical/horizontal
reference plane was measured. To examine the vertical
change of the teeth in relation to the basal bone, the
distance of the MxI, MxM from the palatal plane in fig 3
and the mandibular plane were measured. The length of
the maxilla was measured as the distance between PNS
and ANS. The size of the mandible was assessed by
measuring the length of the ramus (Ar—Go) and the
length of the body (Go—Pg).

The angle between the SN and palatal ptane, SN and
occlusal plane, and the angle between the palatal and
mandibular plane were also measured to evaluate the
skeletal rotation (Fig 3). SummaSketch ®1II digitizer was
used to transfer the values to a computer, and the
measurements were evaluated through an IBM~
compatible analyzing program.
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IANS 7. U6-PP (mm)
8. L6—MP (mm)

5 9. PNS—ANS (mm)
10. Ar—Go (mm)
11. Go~Pog (mm)
12. SN-PP (")
13. PP-MP ()
14. SN-OP ()
Tl

Gn
W

Statistics

A. Evaluation of the influential factors

In order to control the factors that may have an
influence on treatment effects, such as gender, age,
and palatal expansion, Fisher's exact test was con—
ducted to obtain a distribution chart for each group
according to the type of vertical facial height. The age
was initially classified using Merwin’s method,* which
regards 8 years of age as the standard for early mixed
dentition and 12 years as the standard for late mixed
dentition. Subsequently, a Fisher's exact test was carri—
ed out. Additionally, considering age to be a continuous
variable, Pearson correlation analysis was performed to

‘estimate the changes after treatment.

B. Comparison of the difference in the different ver—
tical facial patterns

The difference between the values before and after
treatment was calculated. A paired t test was carried out
to determine if there were any significant change after
treatment. ANOVA was used to ascertain the difference
between each group and multiple comparison analyses
were performed on the groups that showed statistical
significance.
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Table 2. The correlation between the influencing factors; Fisher's exact test (2—tait)

P value
SNMP gonial Angle
Female/Male 0.713 0.564
Lali/RPE 0.421 0.306
Age 0.615 0.295
Table 3. The mean difference of all samples and their significance (Paired t—test)

Measurement Mean (Pre—Tx) 4 SD Prob
SNA (%) 79.32 1.72 1.32 0.0001*
SNB (%) 81.27 -1.24 1.29 0.0001™
ANB () ~-1.90 3.32 1.46 0.0001™

Wits (mm) -4.11 5.19 2.19 0.0001*
Post./Ant. (%) 64.27 -0.99 7.12 0.2601
Facial Convexity (*) -4.06 6.79 3.32 0.0001*

SN-PP (") 9.06 -1.13 1.84 0.0001*
PP-MP (*) 26.76 2.74 2.29 0.0001™
SN-OP (*) 17.96 -1.80 2.23 0.0001*

VP—-A {mm) 3.48 1,77 1.72 0.0001*

HP-A{(mm) 57.41 0.97 143 0.0001*

VP-B (mm) -2.81 -2.61 241 0.0001™

HP—-B (mm) 98.07 3.68 243 0.0001**

UL-NF (mm) 27.07 0.60 1.49 0.00156™

L1-MP (mm) 39.71 113 0.90 0.0001™

UBNF (mm) 20.01 2,29 1.28 0.0001™

L6~MP (mm) 30.00 1.04 1.19 0.0001*

PNS—-ANS (mm) 47.98 0.30 5.35 0.6476

Ar—=Go (mm) 4487 -0.20 2.29 0.4704

Go~Pog (mm) 7548 0.89 1.67 0.0001™

P <.001.

RESULTS
{1) Evaluation of the influential factors

The p values of the groups according to gender, age
and palatal expansion, ranged from 0.295 to 0.713,
showing no significance {Table 2).

This implies that the subgroups by each of these

parameters are evenly distributed in each of the SN—
MP/gonial angle groups, thus eliminating the possible
influence on the treatment effects by these parameters.

There was no significant correlation between the
treatment changes and the age at the beginning of
treatment, except for the PNS—~ANS. This means that age
had little influence on the treatment effects in these
subjects.
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0.0017* 1.76 146  0.0001* 1.72 0.81 0.0001* 0.8555
SNB (%) -2.11 1.77  0.0195* —1.24 1.23  0.0001* -0.65 0.99 0.0675 0.0690
ANB () 3.54 1.62 0.0012* 3.40 152  0.0001* 2.77 0.92 0.0001* 0.4229
Wits (mm) 5.17 2.26  0.0009™ 5.22 2.22  0.0001* 5.05 2.18  0.0001* 0.9762
Post./Ant. (%) -2.20 0.98 0.0010* -1.02 1.62  0.0001* 0.04 18.83 0.9948 0.8182
facial convexity () 7.42 353 0.0014* 7.09 3.19  0.0001™ 4.84 349  0.0017" 0.1275
SN-PP () 0.07 1.90 09244 -1.29 1.88  0.0001* -1.20 1.33 0.0193* 0.1851
PP-MP (*) 2.60 235 0.0262 2.92 2.30  0.0001™ 1.89 221 0.0243 0.4277
SN-OP (°) -0.51 1.58 0.4209 -1.77 1.94 0.0001* -2.83 343 0.0283 0.1061
VP-A (mm) 0.26 1.21  0.5954 1.90 1.82  0.0001™ 217 0.86 0.0001* 0.0419+*
HP-A (mm) 0.57 0.88 0.1362 1.09 1.48  0.0001* 0.65 1.51  0.2066 0.5041
VP-B (mm) -4.77 276  0.0038* -2.57 2.29  0.0001* -1.29 1.85 0.0546 0.0112=
HP-B (mm) 3.44 1.64 0.0014* 3.93 251 0.0001 2.60 2.38  0.0072* 0.2804
U1-NF (mm) -0.60 1.45 03154 0.78 1.47  0.0005 0.54 1.33 0.2318 0.0686
L1-MP (mm) 0.89 0.75  0.0204* 1.16 0.94 0.0001* 1.13 0.84 0.0022* » 0.7573
U6-NF (mm) 2.04 1.30  0.0059* 2.31 1.30  0.0001* 2.31 1.31 0.0003* 0.8729
L6-MP (mm) 0.67 0.44 0.0070* 1.14 1.29  0.0001* 0.84 1.04 0.0313* 0.5367
PNS—ANS (mm) 0.83 2.19 - 0.3548 0.08 6.09 0.9227 1.01 1.94 01337 0.8534
Ar—-Go (mm) -1.21 270 0.2791 -0.16 2.28  0.6177 0.30 2.04 0.6523 0.3994
Go—Pog (mm) 0.51 147  0.3918 0.97 1.77  0.000™ 0.80 1.27 0.0778 0.7881

*P<.05,"P<.01, ™ P<.001.

(2) Comparison of values before and after
freatment in all groups

Each value showed significant change after treatment
except for the PNS—ANS and Ar—Go. Forward and
downward movement of A point, a backward and
downward movement of the B point, and increase in the
ANB and facial convexity were observed. The upper and
lower anterior and posterior teeth all extruded and
among them, the upper posterior teeth showed 2.29
mm of vertical change, which was the greatest. The
palatal and occlusal plane was rotated both forward and
upward (counterclockwise). An increase in the angle
between the palatal and mandibular plane (PP—MP)
was noted (Table 4).
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(3) Comparison between the groups according
to SN—MP angle

Only the horizontal movement of point A and B
showed a significant difference (Table 5). The forward
movement of the A point was greatest in the high angle
group. In the low angle group, the backward movement
of the B point was the most significant. A multiple
comparison analysis was carried out with the categories
showing significant difference, and the forward
movement of the A point showed a significant
difference between high and low, and between average
and low angle group. The backward movement of the B
point showed a significant difference between high and
average, and between high and low angle group (Fig 4).



a. SNMP group

Fig. 4. Positional change of A point and B point in each group

B Hgh
B Average
OLlow

- ]

b. gonial angle group

Through multiple comparison analysis, VP—A and VP—B in the SNMP group and VP~A in the gonial angle group showed a significant

value in detailed sections.

A point Horizontal plane
before Tx, 1.0

2.0 (mmj Paraliel to Sn-6°
B —

>

05 ¥ .
High
(1879

Low (65.4°)

1o+
{mm) Average (28.8°)

a. SNMP group

Fig. 5. ArcTan of the horizontal and vertical movement of the A point

(4) Comparison of the groups according to
gonial angle

Only the horizontal movement of the A point showed
a significant difference. The forward movement of the A
point was in the following order; low<average<high. The
backward movement of the B point was in the order;
high<average<low. This result is similar to those from the
SN—MP grouping (Fig 4).

(8) Comparison of treatment duration. (Table 7).

A point Horizontal plane
before Tx. 10 20 (mm)  paralfet to Sn—6°
P>

0.5

High
(21.79)
1.0 Low (64.8°)
{mm}

Average (35°)

b. gonial angle group

DISCUSSION

Treatment effects are clearly the summation of both
the normal growth and the orthopedic effect. In this
study, the A point moved 1.7 mm forward, and SNA
was increased by 1.72°. According to Shanker et al.,’
1.77 mm forward movement of the A point was
achieved in the {reated group, whereas the untreated
control showed 1.2 mm increase. Previous studies have
shown that the difference in the various values before
and after freatment is much greater than that of non—
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Table 5. The effect and significance of MPA in various gonial angle.

Measurements 1.ow Gonial angle (n=5) Average Gonial angle (n=30) High Gonial éngle n=32) . ANOVA
(T1-T0) men  SD  Prob men  SD  Prob e o0
SNA () 1.60 0.87  0.0069#* 147 1.29  0.0001#** 198  1.39 0.0001#x 0.3082
SNB () -0.88 0.96 0.1105 -1.57 1.35  0.0001#x -1.00 1.23 0.0001%x 0.1733
ANB () 2.38 00.94 0.0024#= 3.34 1.47  0.0001%xx 338 1.53  0.0001#%x 0.7797

Wits (mm) 4.20 1.04  0.0008%xx 5.54 212 0.0001xx= 501 235 0.0001#= 0.3726
Post./Ant (%). -1.14 1.88  0.2457 -1.17 156 0.0003##* -0.79 10.25 0.6657 0.9774
facial convexity (*) 5.88 159 0.0012#= 6.88 3.30  0.0001#x 685 3.58  0.0001%xx 0.8209
SN~PP () 0.32 1.36  0.6255 -1.22 1.93  0.0016%* =128 176  0.0003%xx 0.1839
PP-MP () 1.34 1.99  0.2072 2.95 2.13  0.0001#*x 2.75 245  0.0001%xx 0.3496
OP-HP (*) -0.56 1.71  0.5035 -2.20 2.60  0.0001#= -1.61 1.85  0.0001#xx 0.2578

VP-A (mm) 0.42 1.37 05302 1.49 1.64  0.0001#x* 2.23 171  0.0001%#= 0.0429+

HP—-A (mm) 0.90 0.81 0.0677 1.07 1.08  0.0001%*= 089 178 0.0080x 0.8866

VP-B (mm) -3.36 3.04 0.0688 -2.97 2.55  0.0001%x =215 216 0.0001%= - 0.3185

HP-B (mm) 392 0.71  0.0003##* 3.58 2.34  0.0001%x 3.73 271  0.0001%x 0.9470

Ul-NF (mm) -0.08 169  0.9209 0.29 1.38  0.2640 1.00  1.50 0.0007#=x 0.0936

L1-MP (mm) 0.76 0.77  0.0919 1.10 0.95  0.0001#= 121 0.88 0.0001#x 0.5683

U6-NF (mm) 2.50 141 0.0166+ 213 1.12  0.0001#x= 2.39 141  0.0001#** 0.6687

L6-MP (mm) 0.48 0.29  0.0220% 0.86 1.16  0.0003#+* 1.31 1.27  0.0001##x 0.1841

PNS-ANS (mm) 1.40 252 0.2817 -0.97 7.56  0.4894 132 1.94 0.0006%x 0.2201

Ar—Go (mm) 0.84 1.61  0.3090 -0.67 242 0.1428 007 220 08611 0.2599

Go—Pog (mm) 0.14 144  0.8387 0.81 1.56  0.0084*x 113 1.76 0.0010% 0.2635

P <.05, %P <.01, »=P <.001.

Table 6. Comparison of the treatment duration with MPA among each group

Measurements . :[owGuniai angle (n=5)
mean 5Db Prob . mean sb Prob
A &27)1ZHM) 5.4 5.9 7.0 5.0 5.8 6.4
SD 2.6 2.7 2.9 1.6 2.6 3.0
Prob NS NS

NS : No Significance

treated Cl III malocclusion patients or normal controls.
Since this was not the main objective of this study, it did
not include a comparison between the normal control
and treated test group, but only demonstrated the
different treatment effects depending on the various

!{:é %{;\i -
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vertical facial patterns.

Of the 67 subjects, 7 and 10 patients were categori—
zed as being in the low and high angle SN—MP group,
respectively, whereas 5 and 30 patients were
categorized as being in the low and high gonial angle
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group (Table 1). Most korean patients with a CI I
malocclusion tend to have an overdeveloped/excessive
mandible rather than a deficient maxilla. Excessive
vertical as well as horizontal mandibular growth is
another characteristic of korean Ci III patients, which is
why there was a preponderance for the average angle
and the high angle group, many patients with severe
horizontal and vertical disharmony are recommend to
receive the orthognathic surgery after growth is ended.
Therefore, it was necessary to control the factors that
may influence the effect of the treatment in smaller
groups. In previous studies, gender,”® palatal
expansion,'** age10,30 etc. were considered to be
the influential factors. Generally gender itself did not
influence the effect of treatment, but some studies
show different treatment effects between males and
females of similar age. This is probably because males
and females show different developmental rates at the
same chronological age. In this study, after preliminary
statistical research, there were no results that showed a
significant difference between the genders. Con—
sequently, the influence of gender was excluded as a
result of the Fisher’ s exact test.

Kim et a®® reported that there was no significant
difference in the results between the cases that
underwent maxillary expansion and those that did not,
except for the angle of the maxillary incisor. However,
many other reports show that maxillary expansion before
protraction actually accelerates the protraction effect.”*
In this study, the distribution of the expansion/non—
expansion samples was examined by a Fisher's Exact
test (Table 2). The p values obtained were 0.421(SN-
MP grouping) and 0.306(gonial angle grouping), which
indicated no significance.

In this study, two parameters (SN—MP, gonial angle)
were used to classify the vertical facial patterns. These
parameters have often been used in many studies to
classify the vertical facial patterns and to establish the
criteria for predicting growth. Some believe that a low
SN—MP and gonial angle is related to deep bite, while a
high angle suggest an open bite. Furthermore, low
angle patients could have a more horizontal and vertical

growth pattern, and the opposite for high angle patients.

We expected the low angle group to show little
backward and downward rotation of the mandible and
the high angle group to show much mandibular rotation.
However, the low angle group showed little forward and
downward movement of the A point and large amount
of backward and downward rotation of the mandible
(Table 4 and 5). In the high angle group, the A point
showed a great deal of forward movement and the
mandible showed less positional change. As shown in
figure 4, the parameter that exhibited the most
significance in the facial patterns was the horizontal
movement rather than vertical movement in the SNMP
grouping. The different amount of forward movement of
the A point (low<{average<high) and the backward
movement of the B point (high<average<low) according
to the facial patterns were quite notable. Only the
forward movement of the A point between the low and
high angle groups showed a significant difference in the
gonial angle classification. There was no significant
difference between groups related to the vertical
disptacement of in the upper and lower teeth, the
rotation of the palatal plane along with other parameters.
Therefore, in the low angie group, the mandible showed
a backward and downward rotation and in the high
angle group, the maxilla showed a great deal of forward
displacement, thus improving the overjet and the Cl III
relationship. Aithough a long—term effect of growth was
not followed up, the results suggest that the high angie
group does not exhibit more extrusion in the posterior
teeth and backward movement of the maxilla than the
low angle group.

The mean displacement angle of the A point upon
the horizontal plane can be derived from the arcTan of
the horizontal and vertical movement of the A point.
According to figure 5, in the SN—MP classification, the
high angle group showed 16.7°, the average angle
group 29.8°, and the low angle group 65.4°. However,
in the gonial angle classification, the high angle group
showed 21.7°, the average angle 35°, and the low angle
group 64.9°, which suggested that there was more
horizontal movement in the groups with long facial

Vol. 32. No. 6. 2002. Korea. J. Orthod




pattemns. Since short facial patterns showed little forward
and downward movement, it can be said that the for—
ward and downward growth promotion was insignificant,
rather than that the low angle subjects showed more
vertical growth.

According to Issacson,"” the high angle group has a
higher tendency for extrusion of the molars, a weaker
masticatory force a great lower facial height, and open—
bite compared to the low angle group. Mlier® and
Ingervall’' explained that the different rates of dento—
alveolar development and the different growth direction
of the two groups were caused by the different
masticatory force. In Ueda’s study,® in the low angle
group the masseter muscle, which is a powerful closing
muscle, was highly active but the digastic muscle, the
opening muscle, also showed high activity. Therefore
the difference in the growth pattern cannot be explained
by only the masticatory muscle activity.

According to this study, favorable results may be
achieved by protracting the maxilla 20~30° downward in
all general preadolescent Cl III patients. However, this
does .not deny the necessity of a modified PHG. Since
protraction of the maxilla causes forward and upward
rotation of the palatal plane, leading to the backward
downward rotation of the mandible, as seen in Table 4,
cares should be definitely taken to prevent the down—
ward displacement of the maxilla in the long face
patients as much as possible. In addition, the long—
term effect of growth cannot be disregarded, and
because this differs between facial patterns, the
appliance must be modified and followed up to prevent
the facial patterns from worsening. Consequently, a
further study is necessary to screen long—term changes
in the facial patterns after active treatment with PHG
depending on the vertical facial patterns.

CONCLUSIONS

A maxillary protraction appliance was used to treat
preadolescent children with skeletal C! III malocclusion.
in order to compare the treatment effects depending on
the vertical facial height, the skeletal Cl III prea—

@g’“éz
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dolescents were divided according to the SN—MP and
the gonial angles.

By analyzing the data achieved from these groups,
the following results were obtained :

® In the SNMP grouping, more backward and down—
ward rotation of the B point was observed in patients
with a low angle SNMP, while those with a high angle
SNMP showed significant forward movement of the A
point.

@ In the gonial angle grouping, patients with a high
angle exhibited more significant forward movement
of the A point than the low angle group.

® In the comparison of the arcTan upon the A point, the
displacement angle of the A point was more
horizontal in the long—faced group, while the short—
faced group showed a more vertical direction..

® There were no significant differences between the
duration of treatment and dental change between the
SNMP and Gonial angle subgroups.

REFERENCES

—

. Graber LW. Chincup therapy for mandibular prognathism. Am J
Orthod 1977 : 72 : 23—41.

2. Sugawara J, Asano T, Endo N, Mitani H. Long term effects of chin
cap therapy on skeletal profile in mandibular prognathism. Am J
Orthod Dentofac Orthop 1990 : 98 : 127-33

3. Cozzani G. Extraoral traction and Class il treatment. Am J Orthod
1981 : 80 : 638—650.

4. HS Baik. Clinical results of maxillary protraction in Korean children.
Am J Orthod Dentofac Orthop 1995 : 108 : 583~-592.

5. Chong YH, Ive JC, Arun J. Changes following the use of pro—
traction headgear for early correction of Class Il malocclusion.
Angle Orthod 1996 : 66 : 351—362.

6. Oppenheim A. A possibility for physiologic orthodontic movement,

Am. J. Orthod., 1944 : 30 : 345-368
. Kambara T. Dentofacial changes produced by extraoral forward
force in Macaca irus. Am J Orthod 1977 : 71 : 249-277
. Jackson GW, Kokich VG, Shapiro PA. Experimental and
postexperimental response to anteriorly directed extraoral force in
young Macaca nemsestrina. Am J Orthod 1979 : 75 : 318-333
9. Shanker S. Salazar RW, Taliercio EW. et al. Cephalometric A point
changes during and after maxillary protraction and expansion. Am
J Orthod Dentofac Orthop 1996 : 110 : 423-430

10. Saadia M, Torres E. Sagittal changes after maxillary protraction in

Class |l patients in the primary, mixed and late mixed dentitions.

Am J Orthod Dentofac Orthop 2000 : 117 : 669—680

-~

co



18.

19.

20.

21.

22.

23.

. Ngan PW, Hagg U, Yiu C, Wei SH, Treatment response and long

—term dentofacial adaptations to maxillary expansion and
protraction. Semin Orthod 1997 : 3 : 255-64

. Deguchi T, Kuroda T, Hunt NP, Graber TM. Long—term applica—

tion of chincup force alters the morphology of the dolichofacial
Class {ll mandible. Am J Orthod Dentofac Orthop 1999 : 116 :
610—-615

. Schudy FF. The vertical dimension of the human face. Houston :

D. Armstrong Co. 1992

. Schudy FF. Vertical growth versus anteroposterior growth as rela—

ted to function and treatment. Angle Orthod 1964 : 34 : 75-93

. Bjbrk A. Prediction of mandibular growth rotation. Am J Orthod

1969 : 55 : 585~99

. Birk A, Skieller V. Normal and abnormal growth of the mandible. A

synthesis of longitudinal studies over a period of 25 years. Eur J
Orthod 1984 : 6 : 114

. Issacson JR, Issacson RJ, Spiedel TM, Worms FW. Extreme

variation in vertical facial growth and associated variations in
skeletal and dental relations Angle Orthod 1971 : 41 : 219-29
Ricketts RM. Planning treatment on the basis of the facial pattem
and an estimate of its growth. Angle Orthod 1957 : 27 : 14-37
Siriwat PP, Jarabak JR. Malocclusion and facial morphology : s
there a relationship? Angle Orthod 1985 : 55 : 12738

Moller E. The chewing apparatus. An electromyographic study of
the action of the muscles of mastication and its correlation to facial
morphology. Acta Physiol Scand 69 : Supp.1966 : 280 : 1-229
Ingervall B, Thuer U, Kuster R. Lack of comelation between mouth
breathing and bite force. Eur J Orthod 1989 : 11 : 43-46

Proffit WR, Fields HW. Occlusal forces in normal and long—face
adults. J Dent Res 1983 : 62 : 5714

Schendel SA, Eisenfeld J, Bell WH, Epker BN. The fong face

The effects of maxillary protraction appliance (MPA) depending on vertical facial patterns

24.
25.
26.

217.

28.

29.

30.

31.

32.

33.

34.

syndrome : vertical maxillary excess. Am J Orthod 1976 : 70 : 398
—408

Opdebeeck H, Bell WH. The short face symdrome. Am J Orthod
1978 : 73 1 499-511

Sassouni V, Nanda S. Analysis of dentofacial vertical propor—
tions. Am J Orthod 1964 : 50 : 801-823

Houston WJ. The analysis of errors in orthodontic measure—
ments. Am J Orthod 1983 : 83 : 382—90

HS Baik, KH Kim, Y Park. The distribution and trends in malo—
cclusion patients : a 10 year study of 2155 patients from YDSH.
Korean J Orthod. 1995 : 25 : 87-100

JH Kim, Viana MA, Graber TM, Omerza FF, BeGole EA. The
effectiveness of protraction face mask therapy : a meta—analysis.
Am J Orthod Dentofac Orthop 1999 : 115 : 675-85

HS Baik. Clinical effects and stability of the maxillary protraction
usion the lateral cephalogram in Korea. Korean J Orthod, 1992 :
22 : 509-26

Suda N, Lshit—Suzu Kim, Hirose K. et al. Effective treatment plan
for maxillary protraction : Is the bone age useful to determine the
treatment plan? Am J Orthod Dentotac Orthop 2000 : 118 : 55—
62

Iie M, Nakamura S. Orthopedic approach to severe skeletal Class
Il malocclusion. Am J Orthod 1975 : 67 : 377-392

William R. Proffit. Contemporary orthodontics. St Louis : Mosby,
2000

Ueda HM, Miyamoto K, Saiffuddin, Ishizuka Y, Tanne K. Masti~
catory muscle activity in children and adults with different facial
types. Am J Orthod Dentofac Orthop 2000 : 118 : 63—68

Merwin D, Ngan P, Hagg U, Yiu C, Wei SH. Timing for effective
application of anteriorly directed orthopedic force to the maxilia.
Am J Orthod Dentofac Orthop 1997 112 : 292—-299

Vol. 32. No. 6. 2002. Korea. J. Orthod




TEH QP FHo [ME
TUE MY AU BRI Fi diul

{7, OITIE, 22

A7) olsoA dotZ JARE HolE AllIE BEAES Aotz g )
AR Y vlEE g S Ao My 0]50]7(]‘?_}, AREE ot xote] Mt 0]%, stetZe) 31 34, 31¢t
ol 4= 0|5 EY A0 ZRZ [1IE FA7 AdEciy &3 gtk 38
A B Eitoll thEE Rpol= & LA BTt GiTE B dFE 19983 -20004 Atojo AAIERL X E
Was 8AE & ZTA| L0l 64 671804 134 371E Alo)9] Adta AR E SRS Al [lIg RHugez g
H 678 (E 36, ¢ 31)E LR AL HYZ SNMPZil} Gonial angleZ 0 Al low, average, highZ HEZE W0
Ned §2 FEEAL fAARE B8 4o d84dQ X9 S3}E v|ust tgn 22 234E durt. @
SNMPZ¢] low angle®A] B point®] EHO|ET0] B¢, High angletlHE A point®] MWO|EEO] ZT} @
&
A}

=

T
1
b
w
e 4
f
4
oRl
M
il
fr
orx
12
ikt
2

Gonial angleZ 9} low angle® A A point®] 0| =¢0] 7F8 B LM, high angled A= A pointe] MHO] 520
EHOZ BT @ A pointd] 8t arcTanE T8 23 A point8] 0|8 1= AR Fo|H B £HHQ 0|5 ¢4
HAN, OetE FoHE £EF o]5¢40] 23t @ SNMPE1 Gonial angle?] AIRZOIA X87)7HE {8
ALt

\\%ﬁ ﬁl«

ey
Fa
#%ﬂ

f
A424%)  cn@mn 527 62,2002




