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Factors associated with long-term vertical skeletal changes induced by

facemask therapy in patients with Class III malocclusion

Hee-Jong Kwaka; Hae-Jin Parka; Yoon-Ji Kimb; Dong-Yul Leec

ABSTRACT
Objectives: This study investigated the long-term vertical skeletal changes induced by facemask
therapy in patients with Class III malocclusion and different vertical skeletal patterns.
Materials and Methods: A total of 54 patients (20 boys and 34 girls; mean age, 7.7 6 2.0 years)
with Class III malocclusion who were successfully treated with facemask therapy were included in
this study. Vertical skeletal changes (overbite depth indicator, angle between the Sella-Nasion (SN)
plane and Gonion-Gnathion (GoGn) line, angle between the Frankfort horizontal (FH) plane and
mandibular plane, gonial angle, and angle between the SN plane and palatal plane) were
measured on lateral cephalograms from before treatment (T0) to after facemask therapy (T1) and
from T0 to after retention (T2). Multivariate linear regression analysis was used to study the
associations of the patients’ skeletal patterns with the short-term (T0–T1) and long-term (T0–T2)
vertical skeletal changes as a result of facemask therapy.
Results: The mean treatment period of facemask therapy (T0–T1) was 1.4 6 0.6 years, and the
mean retention period (T1–T2) was 6.9 6 2.6 years. Age at T0 was significantly correlated with
vertical skeletal changes from T0 to T1. Differences in the treatment results between sexes were not
significant. The angle between point A-point B line and mandibular plane to mandibular plane angle at
T0 and the angle between the FH plane and mandibular plane at T0 were significant predictors for
short-term and long-term changes. Changes in the Sella-Nasion-point A from T0 to T1 and from T1 to
T2 significantly affected vertical changes in the short term and long term, respectively.
Conclusions: Vertical skeletal changes as a result of facemask therapy are significantly
associated with severity of the skeletal Class III malocclusion and mandibular plane angulation
before treatment and the amount of forward maxillary growth during the treatment and retention
periods. (Angle Orthod. 2018;88:157–162.)
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INTRODUCTION

Facemask therapy in patients with Class III maloc-
clusion results in forward maxillary displacement and
backward mandibular displacement.1–4 The rotational
changes of the jaws that occur in addition to the

translational movements may lead to undesirable
effects in patients with excessive vertical facial
growth.5–7 In patients with maxillary retrusion and a
low mandibular plane angle, facemask therapy in-
creases the facial height and leads to favorable
esthetic results.8 However, in patients with normal or
increased vertical facial dimensions, facemask therapy
may increase facial height, which is a concern.

Regarding the effects of facemask therapy in
patients with different vertical facial patterns, Yoshida
et al.9 reported a greater forward maxillary displace-
ment and a larger increase in maxillary body length (A–
Ptm) in patients with a short face than in those with a
long face. In contrast, patients with a steep mandibular
plane had unsuccessful results after facemask thera-
py.10 Meanwhile, Pavoni et al.11 reported no significant
difference in the skeletal changes induced by face-
mask therapy among patients with hypodivergent,
normal, and hyperdivergent facial patterns.
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Successful facemask therapy requires long-term
stability of the treatment results related to normal
anteroposterior and vertical relationships of the jaws.
However, previous reports have focused on the
cephalometric variables that can be used as predictors
of favorable outcomes.12–16 Moreover, these outcomes
are mostly based on the short-term effects of sagittal
skeletal relationships. Long-term studies on the vertical
skeletal changes induced by facemask therapy are
scarce.

The purpose of this study was to investigate the
long-term vertical skeletal effects of facemask therapy
in patients with skeletal Class III malocclusion and
different vertical skeletal patterns. The null hypothesis
was that there are no differences in vertical skeletal
changes among patients with different vertical growth
patterns.

MATERIALS AND METHODS

This retrospective study was approved by the
institutional review board of Korea University Guro
Hospital (Seoul, Republic of Korea; 2006-01-0003),
and informed consent was obtained from all patients.
Long-term vertical skeletal changes were studied in all
growing patients with Class III malocclusion who had
undergone facemask therapy at Korea University Guro
Hospital between March 1990 and June 2014, provid-
ed they met the following inclusion criteria: (1) skeletal
Class III malocclusion (A point-Nasion-B point angle of
less than 18, anteroposterior dysplasia indicator of
greater than 848, and incisor overjet of less than 0 mm)
with maxillary retrusion; (2) patients in the primary or
mixed dentition; (3) those who had their anterior
crossbite resolved at the end of facemask therapy;
and (4) those who had cephalometric records taken
before treatment (T0), at the end of the treatment (T1),
and more than 5 years after the end of orthopedic
treatment (T2). The exclusion criteria were as follows:
(1) maxillary transverse deficiency at the start of
treatment, (2) congenital deformities in the craniofacial
area, (3) congenitally missing permanent teeth, (4)
permanent teeth extracted before or during treatment,
and (5) signs or symptoms of temporomandibular joint
problems.

A total of 54 patients (20 boys and 34 girls; mean age
7.7 6 2.0 years) met the inclusion criteria. A Delaire-
type facemask was applied to the removable intraoral
appliance made of acrylic resin, and the patients were
instructed to use heavy elastics to exert an orthopedic
force ranging from 400 g to 500 g per side. Rapid
maxillary expansion was not performed because the
patients who were included had no maxillary transverse
deficiencies. The orthopedic force was applied in a
downward and forward direction at an inclination of 308

from the occlusal plane to ensure that the force vector
would pass through the maxillary center of resistance.
The patients were instructed to wear the facemask for at
least 14 hours per day. Treatment was continued until a
positive overjet of at least 4 mm was achieved. After
facemask therapy, fixed appliances were used to attain
functional occlusion. At the end of treatment, a
circumferential removable retainer or a Class III
activator was used as a retainer, and the patients were
followed up once a year.

Cephalometric analysis was performed on lateral
cephalograms acquired at T0, T1, and T2 by one
investigator (H-JP). Differences in the cephalometric
variables were calculated from T0 to T1 (treatment
effects) and from T0 to T2 (long-term effects). For
intraexaminer reliability analysis, the lateral cephalo-
grams of all patients were reanalyzed by the same
researcher 3 weeks later. The intraclass correlation
coefficient was 0.93.

Statistical Analysis

The normality of all cephalometric variables used for
multivariate tests was confirmed using the Shapiro-
Wilk test. After deriving descriptive statistics, multivar-
iate linear regression analysis was used to study the
associations between patients’ skeletal patterns and
the short-term (T0–T1) and long-term (T0–T2) vertical
skeletal changes related to facemask therapy. The
outcome variables that were investigated were as
follows: short-term changes from T0 to T1 in overbite
depth indicator (ODI; DODI_T0–T1), angle between
the Sella-Nasion (SN) plane and Gonion-Gnathion
(GoGn) line (SN-GoGn; DSN-GoGn_T0–T1), angle
between the Frankfort horizontal (FH) plane and
mandibular plane (FMA; DFMA_T0–T1), gonial angle
(Dgonial angle_T0–T1), and angle between the SN
plane and palatal plane (SN-PP; DSN-PP_T0–T1); and
long-term changes from T0 to T2 in ODI (DODI_T0–
T2), SN-GoGn (DSN-GoGn_T0–T2), FMA (DFMA_T0–
T2), gonial angle (Dgonial angle_T0-T2), and the SN-
PP (DSN-PP_T0–T2). Lateral cephalometric variables
that were significant, representing the patients’ skeletal
patterns, were considered as predictor variables. As
age, sex, treatment/retention period, and other ceph-
alometric variables may influence the results and act
as confounders, their significance was also tested for
inclusion in the analysis. The statistical analyses were
performed using IBM SPSS Statistics for Windows
(version 20.0; IBM Corp., Armonk, N.Y.). Statistical
significance was set at P , .05.

RESULTS

The mean age of the patients was 7.7 6 2.0 years at
T0, 9.0 6 2.0 years at T1, and 16.0 6 2.4 years at T2
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(Table 1). Boys were older than the girls at the start of
treatment (boys, 8.4 6 2.1 years; girls, 7.2 6 1.8
years; P ¼ .039). The mean treatment period of
facemask therapy (T0–T1) was 1.4 6 0.6 years and
the mean retention period (T1–T2) was 6.9 6 2.6 years
(Table 1).

The cephalometric analyses of the patients at T0,
T1, and T2 and the amount of changes in each period
are shown in Table 2. The Sella-Nasion-point A (SNA)
increased after facemask therapy and continued to
increase throughout retention. The Sella-Nasion-point
B decreased immediately after treatment, but it
returned to the baseline values during retention.
Therefore, the Class III skeletal relationship was
resolved mainly by anterior repositioning of the maxilla.
The mandibular plane represented by SN-GoGn and
FMA showed a significant increase from T0 to T1, but
decreased to lower than the T0 values at T2. The
gonial angle was unchanged from T0 to T1 but
decreased at T2. The palatal plane increased from
T0 to T1, but it returned to the baseline value at T2. A
significant increase of ODI was observed from T0 to
T1, and no significant change was observed during

retention. The anterior facial height showed mainte-

nance from T0 to T1, and a slight increase from T1 to

T2, but the changes in each period showed large

standard deviations, and they were not statistically

significant. The posterior facial height also showed no

significant changes from T0 to T1, but a significant

increase was observed during retention (P ¼ .039).

The multivariate linear regression analysis revealed

that that the following variables had significant corre-

lations with the outcome variables representing the

short-term vertical skeletal changes induced by face-

mask therapy from T0 to T1: age at T0 (P¼ .012), AB to

MP at T0 (P¼ .001), FMA at T0 (P¼ .007), and change

in SNA from T0 to T1 (P¼ .001). For outcome variables

representing the long-term vertical changes from T0 to

T2, AB to MP at T0 (P ¼ .038), FMA at T0 (P ¼ .007),

and change in SNA from T1 to T2 (P ¼ .022) were

significant as predictor variables (Table 3). The

influence of sex, treatment, retention, and overall

duration on the outcome variables did not show

statistical significance; thus, they were excluded from

the final regression models.

Table 1. Mean Ages of the Patients in and Durations of Each Period and Results of the Mean Comparison Testsa

Time

Total, n ¼ 54 Boys, n ¼ 20 Girls, n ¼ 34

PbMean 6 SD Mean 6 SD Mean 6 SD

Before treatment (T0) 7.7 6 2.0 8.4 6 2.1 7.2 6 1.8 .039

End of treatment period (T1) 9.0 6 2.0 9.7 6 2.1 8.6 6 1.9 .079

End of retention period (T2) 16.0 6 2.4 16.1 6 1.2 15.8 6 2.9 .128

Treatment period (T0–T1) 1.4 6 0.6 1.3 6 0.6 1.4 6 0.6 .993

Retention period (T1–T2) 6.9 6 2.6 6.4 6 2.0 7.2 6 2.8 .519

Overall period (T0–T2) 8.3 6 2.4 7.8 6 2.1 8.6 6 2.6 .479

a All values are given in years. SD indicates standard deviation.
b Statistical significance for the difference between boys and girls tested using Mann-Whitney U-test.

Table 2. Cephalometric Analyses of the Patients at T0, T1, and T2a

Cephalometric

Variable T0 T1 T2 T0–T1 Pb T1–T2 P b T0–T2 P b

SNA 78.6 6 2.8 80.3 6 2.8 81.0 6 3.0 1.7 6 1.4 ,.001 0.7 6 1.5 .001 2.4 6 1.7 ,.001

SNB 79.2 6 2.3 77.9 6 2.4 80.0 6 2.7 �1.3 6 1.4 ,.002 2.1 6 1.9 ,.001 0.8 6 2.1 .006

ANB �0.6 6 2.0 2.4 6 2.1 1.0 6 1.9 3.0 6 1.4 ,.003 �1.4 6 1.6 ,.001 1.6 6 1.7 ,.001

APDI 89.0 6 4.4 82.0 6 4.2 86.9 6 4.6 �7.0 6 3.2 ,.004 4.9 6 4.1 ,.001 �2.1 6 4.2 .001

ODI 62.0 6 5.4 65.2 6 5.6 64.9 6 6.9 3.2 6 3.8 ,.005 �0.3 6 4.3 .581 2.9 6 5.1 ,.001

SN-GoGn 37.6 6 4.1 39.1 6 4.2 36.4 6 5.3 1.5 6 1.4 ,.006 �2.7 6 2.9 ,.001 �1.3 6 3.0 .003

FMA 29.0 6 3.9 30.2 6 4.0 27.5 6 5.0 1.2 6 1.9 ,.007 �2.7 6 3.2 ,.001 �1.5 6 3.3 .002

Gonial angle 126.4 6 4.9 126.0 6 5.0 122.2 6 6.1 �0.4 6 2.3 .228 �3.8 6 4.1 ,.001 �4.2 6 4.7 ,.001

AB-MP 62.0 6 4.0 66.5 6 4.2 65.3 6 5.5 4.5 6 2.7 ,.001 �1.3 6 3.5 .010 3.3 6 4.2 ,.001

SN-PP angle �8.6 6 3.1 �7.6 6 3.0 �8.5 6 3.6 1.0 6 1.6 ,.001 �0.9 6 2.1 .002 0.1 6 2.3 .635

AFH 127.5 6 21.0 127.2 6 18.5 130.4 6 16.7 �0.3 6 23.1 .916 3.3 6 25.6 .353 2.9 6 25.8 .409

PFH 79.6 6 13.4 78.6 6 13.3 84.5 6 12.3 �1.1 6 14.5 .592 5.9 6 16.7 .012 4.9 6 16.9 .039

a SNA indicates Sella-Nasion-point A (or angle between the SN plane and N-A line); SNB, Sella-Nasion-point B (or angle between the SN
plane and N-B line); ANB, A point-Nasion-B point (or angle between the N-A line and N-B line); APDI, anteroposterior dysplasia indicator; ODI,
overbite depth indicator; SN-GoGn, angle between the SN plane and Go-Gn line; FMA, angle between the FH plane and mandibular plane; gonial
angle, Ar-Go-Gn (or angle between the Ar-Go line and Go-Gn line); AB-MP (AB to mandibular plane angle), angle between the A-B line and
mandibular plane; SN-PP, angle between the SN plane and palatal plane; AFH, Nasion-Menton; PFH, Sella-Gonion.

b Statistical significance for the difference between the two time points tested using a paired t-test.

Angle Orthodontist, Vol 88, No 2, 2018

VERTICAL SKELETAL CHANGES OF FACEMASK THERAPY 159

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



To determine how AB-MP and FMA at T0, and
changes in SNA from T0 to T1 and T1 to T2 affected
the short-term and long-term vertical skeletal changes,
the estimated regression coefficients were derived
(Table 4). Greater AB-MP at T0 was significantly

associated with a decrease in ODI changes from T0 to
T1 (P , .001) and from T0 to T2 (P¼ .013), as well as
FMA changes from T0 to T2 (P ¼ .028). Patients with
greater FMA at T0 showed a significant decrease of
ODI changes from T0 to T1 (P¼ .001) and from T0 to
T2 (P¼ .002), and a decrease in FMA changes from T0
to T1 (P ¼ .029).

DISCUSSION

As changes in vertical facial dimensions have a
significant impact on the facial profile, the vertical
skeletal changes induced by facemask therapy should
be carefully considered because they may produce
undesirable results in patients with long faces. It was
hypothesized that rotational changes of the jaws
induced by facemask therapy would have a significant
effect in growing patients. The aim was to investigate
whether and how the long-term effects of facemask
therapy differed according to the patients’ skeletal
pattern by assessing the skeletal changes in patients
with Class III malocclusion and various skeletal
patterns.

The skeletal changes in patients were investigated
using a multivariate analysis. As the cephalometric
variables of interest (ODI, SN-GoGn, FMA, gonial

Table 3. Multivariate Linear Regression Analyses for Changes in (D)

ODI, SN-GoGn, FMA, Gonial Angle, and SN-PP From T0 to T1 and

From T0 to T2a

Predictor Variable Wilks’ Lambda F P

DT0–T1

Intercept 0.544 7.6 .000

Age_T0 0.731 3.3 .012

AB-MP_T0 0.650 4.8 .001

FMA_T0 0.707 3.7 .007

SNA_T0–1 0.634 5.2 .001

DT0–T2

Intercept 0.718 3.5 .009

Age_T0 0.814 2.1 .089

AB-MP_T0 0.776 2.6 .038

FMA_T0 0.776 2.6 .038

SNA_T1–2 0.753 3.0 .022

a Design ¼ intercept þ Age_T0 þ AB-MP_T0 þ FMA_T0 þ
SNA_T0–1 for DT0–T1, and design ¼ intercept þ Age_T0 þ AB-
MP_T0 þ FMA_T0 þ SNA_T1–2 for DT0–T2. F indicates F statistic;
AB-MP (AB to mandibular plane angle), angle between the A-B line
and mandibular plane; FMA, angle between the FH plane and
mandibular plane; SNA, Sella-Nasion-point A (or angle between the
SN plane and N-A line).

Table 4. Estimated Regression Coefficients of the Regression Models for the Changes (D) From T0 to T1 and From T0 to T2a

T0-T1 T0-T2

Outcome Variable Predictor Variable B P Outcome Variable Predictor Variable B P

DODI_T0–1 Intercept 52.93 ,.001 DODI_T0–2 Intercept 55.41 .001

age_T0 �0.75 .006 age_T0 �0.53 .149

AB-MP_T0 �0.50 ,.001 AB-MP_T0 �0.50 .013

FMA_T0 �0.45 .001 FMA_T0 �0.61 .002

DSNA_T0–1 0.09 .781 DSNA_T1–2 0.17 .718

DSN-GoGn_T0–1 Intercept 9.17 .054 DSN-GoGn_T0–2 Intercept 8.86 .353

age_T0 �0.19 .079 age_T0 �0.04 .846

AB-MP_T0 �0.07 .217 AB-MP_T0 �0.14 .231

FMA_T0 �0.05 .333 FMA_T0 �0.03 .802

DSNA_T0–1 �0.35 .011 DSNA_T1–2 �0.84 .003

DFMA_T0–1 Intercept 15.70 .019 DFMA_T0–2 Intercept 22.58 .032

age_T0 �0.20 .170 age_T0 �0.33 .148

AB-MP_T0 �0.12 .107 AB-MP_T0 �0.28 .028

FMA_T0 �0.17 .029 FMA_T0 �0.14 .253

DSNA_T0–1 �0.32 .089 DSNA_T1–2 �0.75 .013

DGonial angle_T0–1 Intercept �15.96 .052 DGonial angle_T0–2 Intercept �10.60 .507

age_T0 0.11 .558 age_T0 0.40 .254

AB-MP_T0 0.18 .055 AB-MP_T0 0.03 .862

FMA_T0 0.12 .182 FMA_T0 0.07 .713

DSNA_T0–1 �0.08 .725 DSNA_T1–2 �0.95 .039

DSN-PP angleT0–1 Intercept �8.98 .097 DSN-PP angleT0–2 Intercept �3.10 .680

age_T0 0.11 .386 age_T0 0.08 .625

AB-MP_T0 0.10 .115 AB-MP_T0 0.02 .869

FMA_T0 0.08 .184 FMA_T0 0.04 .612

DSNA_T0–1 0.43 .007 DSNA_T1–2 0.63 .005

a B indicates regression coefficient; ODI, overbite depth indicator; AB-MP (AB to mandibular plane angle), angle between the A-B line and
mandibular plane; SN-GoGn, angle between the SN plane and Go-Gn line; FMA, angle between the FH plane and mandibular plane; gonial
angle, Ar-Go-Gn (or angle between the Ar-Go line and Go-Gn line); SN-PP, angle between the SN plane and palatal plane; SNA, Sella-Nasion-
point A (or angle between the SN plane and N-A line).

Angle Orthodontist, Vol 88, No 2, 2018

160 KWAK, PARK, KIM, LEE

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



angle, and SN-PP) are closely interrelated, their effects
on each other were considered when comparing these
values. Moreover, the differences in treatment effects
can be modified (or confounded) by various factors or
covariates; therefore, they were identified and con-
trolled for in the final analytical model. Age, sex,
treatment period, and retention period were considered
as covariates, but only age at T0 was significant for the
short-term changes (P¼ .012; Table 3), and marginally
nonsignificant for the long-term changes (P ¼ .089;
Table 3). Similar to the current results, Kajiyama et al.6

reported that age was a significant factor influencing
the treatment effects of facemask therapy, whereas no
sex-related differences were found. According to the
regression analysis results, an increase in age was
associated with a decrease in ODI changes, that is, an
increase in vertical dimension, from T0 to T1, which
may be unfavorable in patients with a normal or long
face.

Both anteroposterior and vertical skeletal patterns at
the start of treatment significantly affected the vertical
skeletal changes induced by facemask therapy; the AB-
MP at T0 and FMA at T0 were significant covariates in
both short-term and long-term vertical skeletal changes.
The AB-MP angle represents the severity of the Class III
malocclusion incorporating the vertical skeletal pattern
(mandibular plane angulation) and the sagittal intermax-
illary relationship (point A-point B plane), and it has been
used to predict the prognosis of skeletal Class III
treatment.15 A lower AB-MP angle indicates severe
mandibular prognathism with high mandibular plane
angles, and the treatment is less predictable. Patients
with greater AB-MP at the start of treatment were likely
to have increased vertical skeletal dimensions (de-
creased ODI changes) in short-term and long-term
changes, indicating that patients with moderate man-
dibular prognathism and low mandibular plane angles
were likely to have vertical growth as a result of
treatment. In contrast, patients with high FMA at T0
tended to have a greater amount of counterclockwise
rotation of the mandible after facemask therapy. This
pattern was consistent for changes in SN-GoGN and
FMA in the short term and long term, but statistical
significance was only observed in FMA from T0 to T1.

Another strong predictor for mandibular rotation was
the change in SNA during treatment and retention. The
patients showed forward maxillary growth as a result of
facemask therapy, and further growth was observed
during retention. The regression coefficients revealed
that the amount of forward displacement of A point
from T0 to T1 (SNA_T0–T1) and from T1 to T2
(SNA_T1–T2) was significantly proportionate to the
amount of counterclockwise rotation of the mandible
from T0 to T1 (DSN-GoGn_T0-T1) and from T0 to T2
(DSN-GoGn_T0-T2), respectively. Previous research-

ers reported clockwise rotation of the mandible as one
of the major effects of facemask therapy and conclud-
ed that counterclockwise rotation of the mandible is
highly associated with unsatisfactory treatment out-
comes.6,13 However, mandibular counterclockwise ro-
tation observed in the patients in this study was not
associated with unfavorable results, as the Class III
malocclusion was resolved through forward maxillary
growth that occurred during treatment and throughout
retention. Patients’ anteroposterior jaw relationship and
vertical heights were restored to normal values, as
evidenced by cephalometric analysis.

The gonial angle was unchanged after facemask
therapy, but decreased during the retention period.
This change in the gonial angle may have contributed
to the decrease in mandibular plane angle observed at
T2. Gonial angle was also significantly influenced by
the amount of forward maxillary growth from T1 to T2,
and greater maxillary movement was associated with a
decrease in the gonial angle. Gonial angle changes
may be associated with facial height changes as
posterior facial height significantly increased during the
retention period while anterior facial height was
unchanged. Tahmina et al.13 reported that patients
with unsuccessful chin cup therapy outcomes had
larger gonial angles that increased over time. Cozza et
al.17 advocated the combined use of a facemask and a
bite-block appliance in the mandibular arch for pro-
gressive closure of the gonial angle.

The maxilla rotated clockwise from T0 to T1 and
counterclockwise from T1 to T2, but the mean change
was approximately 18, which was not clinically signif-
icant. Changes in SNA were also significantly corre-
lated to maxillary rotations; patients with greater
forward maxillary growth had greater clockwise rotation
of the maxilla. This result was contrary to that of
previous reports showing only counterclockwise rota-
tions,7,11 but the amount of maxillary rotation was
minimal in our study as well as in previous studies.

A limitation of this study is that there was no control
group of children with Class III malocclusion who had
not been treated and had undergone only observation.
However, this was not feasible for ethical reasons. The
patients’ age at the end of the retention period was 15.8
6 2.2 years, and late mandibular growth may have
occurred after the last follow-up period. As many of the
predictor variables showed marginal nonsignificance,
further studies with larger sample sizes and longer
follow-up periods may provide more conclusive results.

CONCLUSIONS

An analysis of patients with Class III malocclusion
treated with facemasks allowed the following conclu-
sions to be drawn:
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� Age was significantly associated with vertical chang-
es induced by facemask therapy, and sex was not
related to treatment outcomes.

� Vertical skeletal changes as a result of facemask
therapy were significantly associated with the sever-
ity of the skeletal Class III malocclusion and
mandibular plane angulation at the start of treatment
and the amount of forward maxillary growth during
the treatment and retention periods.

ACKNOWLEDGMENT

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

REFERENCES

1. Macdonald KE, Kapust AJ, Turley PK. Cephalometric
changes after the correction of class III malocclusion with

maxillary expansion/facemask therapy. Am J Orthod Dento-
facial Orthop. 1999;116:13–24.

2. Ngan P, Yiu C, Hu A, Hagg U, Wei SH, Gunel E.
Cephalometric and occlusal changes following maxillary

expansion and protraction. Eur J Orthod. 1998;20:237–254.
3. Turley PK. Treatment of the class III malocclusion with

maxillary expansion and protraction. Semin Orthod.
2007;13:143–157.

4. Vaughn GA, Mason B, Moon HB, Turley PK. The effects of
maxillary protraction therapy with or without rapid palatal

expansion: a prospective, randomized clinical trial. Am J
Orthod Dentofacial Orthop. 2005;128:299–309.

5. Deguchi T, Kanomi R, Ashizawa Y, Rosenstein SW. Very

early face mask therapy in class III children. Angle Orthod.
1999;69:349–355.

6. Kajiyama K, Murakami T, Suzuki A. Comparison of
orthodontic and orthopedic effects of a modified maxillary

protractor between deciduous and early mixed dentitions.
Am J Orthod Dentofacial Orthop. 2004;126:23–32.

7. Cordasco G, Matarese G, Rustico L, et al. Efficacy of

orthopedic treatment with protraction facemask on skeletal

class III malocclusion: a systematic review and meta-

analysis. Orthod Craniofac Res. 2014;17:133–143.

8. Proffit WR, Fields HW Jr, Sarver DM. Contemporary

Orthodontics. 5th ed. St. Louis: Elsevier Health Sciences;

2014:502–510.

9. Yoshida I, Shoji T, Mizoguchi I. Effects of treatment with a

combined maxillary protraction and chincap appliance in

skeletal class III patients with different vertical skeletal

morphologies. Eur J Orthod. 2007;29:126–133.

10. Baccetti T, Franchi L, McNamara JA Jr. Cephalometric

variables predicting the long-term success or failure of

combined rapid maxillary expansion and facial mask

therapy. Am J Orthod Dentofacial Orthop. 2004;126:16–22.

11. Pavoni C, Masucci C, Cerroni S, Franchi L, Cozza P. Short-

term effects produced by rapid maxillary expansion and

facemask therapy in class III patients with different vertical

skeletal relationships. Angle Orthod. 2015;85:927–933.

12. Ghiz MA, Ngan P, Gunel E. Cephalometric variables to

predict future success of early orthopedic Class III treatment.

Am J Orthod Dentofacial Orthop. 2005;127:301–306.

13. Tahmina K, Tanaka E, Tanne K. Craniofacial morphology in

orthodontically treated patients of class III malocclusion with

stable and unstable treatment outcomes. Am J Orthod

Dentofacial Orthop. 2000;117:681–690.

14. Fudalej P, Dragan M, Wedrychowska-Szulc B. Prediction of

the outcome of orthodontic treatment of class III malocclu-

sions—a systematic review. Eur J Orthod. 2011;33:190–

197.

15. Moon YM, Ahn SJ, Chang YI. Cephalometric predictors of

long-term stability in the early treatment of class III

malocclusion. Angle Orthod. 2005;75:747–753.

16. Yuksel S, Ucem TT, Keykubat A. Early and late facemask

therapy. Eur J Orthod. 2001;23:559–568.

17. Cozza P, Baccetti T, Mucedero M, Pavoni C, Franchi L.

Treatment and posttreatment effects of a facial mask

combined with a bite-block appliance in class III malocclu-

sion. Am J Orthod Dentofacial Orthop. 2010;138:300–310.

Angle Orthodontist, Vol 88, No 2, 2018

162 KWAK, PARK, KIM, LEE

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access


