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Introduction

Objectives The aim of this study was to evaluate the effects of rapid maxillary expan-
sion (RME) and facemask therapy on the soft tissue profiles of class Il patients at dif-
ferent growth stages.

Materials and Methods Forty-five subjects (23 females and 22 males) were divided
into prepubertal, pubertal, and postpubertal groups. Bonded type RME appliances and
Petit-type facemasks were fitted to each patient, and intraoral elastics were applied
from the hooks of the RME appliance to the facemask.

Statistical Analysis All measurements were statistically analyzed with SPSS version
18.0 (SPSS Inc., Chicago, IL, United States) for Windows. Repeated-measures of ANO-
VA and posthoc Tukey tests were used to compare the groups.

Results The soft tissue nasion, pronasale, subnasale, soft tissue A point, and labrale
superior landmarks were all displaced forward and downward, and the most dramatic
changes were recorded in the pubertal group. The labrale inferior, soft tissue B point,
soft tissue pogonion, and soft tissue menton landmarks moved backward and down-
ward in all groups, and the greatest displacements were observed in the pubertal
group.

Conclusions The soft tissue profiles improved significantly and became more convex
in all treatment groups. Although, the most favorable facial changes were observed
in the pubertal growth stage, the treatments applied in the postpubertal stage also
elicited significant changes and should thus be considered viable treatment options.

treatments. Today, the patients’ and parents’ esthetic expecta-
tions are more important than ever, and orthodontists should

At the beginning of the 20th century, the primary goal of
the orthodontic treatment was to achieve normal occlusion.
Therefore, orthodontists focused on the ideal positions and
relations of the teeth and their basal bones. However, the
soft tissue is the primary determinant of the facial appear-
ances of the patients. After the paradigm shift that occurred
in the second half of the 20th century, orthodontists began
to place more emphasis on the soft tissue outcomes of their
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plan their orthodontic treatments to achieve a balanced and
esthetic soft tissue profile, a beautiful smile, ideal and stable
occlusion, and a healthy temporomandibular joint (TM]).
The prevalence of class IIl malocclusion in orthodontically
referred populations has been reported to be 12%.' Such mal-
occlusion is characterized by a prognathic/protrusive man-
dible, rethognathic/retrusive maxilla, protrusive maxillary
incisors, retrusive mandibular incisors, a concave soft tissue
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profile, and an anterior cross-bite.* The early treatment of
class Il malocclusion includes the inhibition/modification
of mandibular growth with chin-cap* and the stimulation/
modification of maxillary growth with facemask appliances.’
Rapid maxillary expansion (RME) is commonly associated
with facemask therapy because the maxilla is often transver-
sally underdeveloped and requires expansion.®

The early treatment of class Il malocclusion has been
widely advocated to facilitate maximal growth and develop-
ment, to create a more normal environment for the growth
of the maxilla and the mandible, and to improve facial
esthetics for more normal psychosocial development.?’ Ear-
ly treatment has been reported to enhance the rate of skel-
etal correction.>®® With increasing age, dental correction
overwhelms skeletal correction. However, orthodontists are
not always able to initiate the class IIl treatment in the early
stage of growth. Treatment becomes more challenging with
increasing age and the results and stability of treatments con-
ducted in the pubertal and postpubertal growth stages are
questionable.

In the literature, the effects of RME and facemask thera-
py in the treatment of class IIl malocclusion have been well
documented and investigated.'®'* However, some of these
studies have mainly focused on hard tissue changes rather
than soft tissue changes,'>'* and the effects of treatment tim-
ing have been considered in only a few studies.”131516 To our
knowledge, there are no studies that have solely and exclu-
sively evaluated the effects of RME and facemask therapy on
the soft tissue profiles of class Il patients at different growth
stages.

Therefore, the aim of this study was to evaluate the effects
of RME and facemask therapy on the soft tissue profiles of
class III patients in different growth stages. The results of
this study will aid the identification of the optimal treat-
ment timings for the correction of class IIl anomalies and the
accompanying concave soft tissue profiles.

Our null hypothesis was that there would be no difference
between the effects of RME and facemask therapy on the soft
tissue profiles of class III patients in different growth stages.

Materials and Methods

This study was approved by the Ethics Committee of
the Suleyman Demirel University Faculty of Medicine.
Informed consent was obtained from all individual partic-
ipants included in the study.

Forty-five subjects (23 females and 22 males) who met
the following criteria were included in the study:

« Angle class Il molar relationship with an anterior
cross-bite.

« A concave soft tissue profile.

« Negative ANB and Witt’s values.

 In the prepubertal, pubertal, and postpubertal skeletal
maturation stage.

* No craniofacial anomalies or systemic diseases.

* No previous orthodontic treatments.

Greulich and Pyle’s radiographic atlas!” was used for the
assessment of the skeletal development of the hand and
wrist. The subjects were divided into prepubertal, pubertal,
and postpubertal groups according to their skeletal growth
period. The prepubertal group consisted of 22 patients in the
PP2= and MP3= growth stages. The pubertal group consist-
ed of 12 patients in the S and MP3cap growth stages. The
post-pubertal group consisted of 11 patients in the DP3u,
PP3u, and MP3u growth stages.

The mean ages and treatment periods of the groups are
illustrated in =Table 1. This study was performed on 90 lat-
eral cephalometric films and hand-wrist radiographs that
were acquired before (T1) and at the end of the treatment

period (T2).

Appliance Design
Bonded type RME appliances with 9.0-mm Hyrax screws
(Scheu-Dental, Iserlohn, Germany) were fabricated for each
patient. The parents were instructed and advised to activate
the screws twice daily. One week later, the sutural opening
was checked with occlusal radiograph. The screws were
activated once daily for the following 10 days and once every
2 days for the subsequent 15 days. After 1 month, the screw
was fixed, and the expansion protocol was terminated.
Petit-type facemasks (Ortho Organizer, CA, United States)
were fitted to each patient and 5/16 inches, 14 oz intraoral
elastics were applied from the hooks of the RME appliance to
the facemask. The force vector of the elastics was adjusted to
achieve a 20 to 30 degrees angle with the occlusal plane. The
applied forces were 300 to 400 grams per side. The patients
were advised to change their elastics every day and to wear
the appliances for at least 16 to 18 hours per day. Treat-
ment continued until 2-mm positive overjet was obtained.
The mean treatment periods were 7.13 + 1.32 months in
the prepubertal group, 9.17 + 2.97 months in the pubertal

Table 1 Descriptive statistics according to the chronologic age (in years) and treatment period (in months) of the groups

Chronologic age Treatment period
Groups Mean SD Min Max Mean SD Min Max
Prepubertal 9.47 1.24 7.18 12.67 7.13 1.32 5.60 10.60
Pubertal 11.80 1.44 9.00 14.04 9.17 2.97 6.10 14.93
Postpubertal 13.35 1.81 11.13 16.76 7.69 1.08 6.30 9.57

Abbreviations: SD, standard deviation.
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group, and 7.69 + 1.08 months in the postpubertal group
(=Table 1).

Cephalometric Evaluation
Ten soft tissue landmarks were identified on each ceph-
alogram. The total structural superimposition methods of
Bjork and Skieller'® were used to assess the changes in the
positions of the landmarks during the study period. The
sella-nasion line was used as a horizontal reference line
(X) in the total structural superimposition. A perpendic-
ular line passing through the sella was drawn to the hor-
izontal axis and used as a vertical reference line (Y). The
distances of 10 landmarks on the X and Y coordinate axes
were measured to determine the exact positional changes
of the anatomic landmarks (=Table 2). All cephalometric
tracings and measurements were performed by the same
researcher.

The measurements were performed using a NemoCeph
NX Imaging System (Nemotech; Madrid, Spain).

Statistical Analysis

All measurements were statistically analyzed with SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, United States) for Windows.
The Kolmogorov-Smirnov test was used to test the normal-
ities of the data distributions. Repeated-measures ANOVAs
and posthoc Tukey tests were used to compare the groups,
and to investigate the interactions between the group (pre-
pubertal, pubertal, and postpubertal) and time factors (T1
and T2).

Table 2 Description of the measurements

Results

To calculate the method error of the study, 20 of the 90 later-
al cephalometric films were randomly selected, and both the
tracings and measurements were repeated within 1 month. The
repeatability coefficients were calculated using the analysis of
variance. The coefficients were found to be very close to 1.00.

The ANOVA results regarding the measurements are dis-
played in =Table 3. Statistically significant group X time
interactions were observed in the Pnx, Snx, Sny, A’x, A'y, Lsx,
Lsy, Sty, Liy, By, and Me'y measurements (p < 0.05). The Pnx,
Snx, A’x and Lsx measurements were significantly increased
in all groups, which indicated the forward movements of the
related landmarks (p < 0.05). The Sny, Ay, Lsy, Sty, Liy, By,
and Me'y measures were significantly increased in all groups,
which indicated the downward movements of the related
landmarks (p < 0.05).

The displacements of the soft tissue landmarks resulting
from the treatments are displayed in =Figs. 1 to 4. The soft
tissue nasion, pronasale, subnasale, soft tissue A point, and
labrale superior landmarks were all displaced forward and
downward, and the most dramatic changes were observed
in the pubertal group (=Figs. 1 and 2). The stomion moved
slightly forward and mostly downward in the prepubertal
group, whereas this movement was nearly completely down-
ward in the pubertal group and backward and downward in
the postpubertal group (=Fig. 2). The labrale inferior, soft
tissue B point, soft tissue pogonion, and soft tissue menton
landmarks moved backward and downward in all groups,

N’x Perpendicular distance of the soft tissue nasion to vertical reference plane

N’y Perpendicular distance of the soft tissue nasion to horizontal reference plane
Pnx Perpendicular distance of the pronasale to vertical reference plane

Pny Perpendicular distance of the pronasale to horizontal reference plane

Snx Perpendicular distance of the subnasale to vertical reference plane

Sny Perpendicular distance of the subnasale to horizontal reference plane

A'X Perpendicular distance of the soft tissue A point to vertical reference plane

Ay Perpendicular distance of the soft tissue A point to horizontal reference plane
Lsx Perpendicular distance of the labrale superior to vertical reference plane

Lsy Perpendicular distance of the labrale superior to horizontal reference plane

Stx Perpendicular distance of the stomion to vertical reference plane

Sty Perpendicular distance of the stomion to horizontal reference plane

Lix Perpendicular distance of the labrale inferior to vertical reference plane

Liy Perpendicular distance of the labrale inferior to horizontal reference plane

B’x: Perpendicular distance of the soft tissue B point to vertical reference plane

B’y Perpendicular distance of the soft tissue B point to horizontal reference plane
Pog’x Perpendicular distance of the soft tissue pogonion to vertical reference plane
Pog’y Perpendicular distance of the soft tissue pogonion to horizontal reference plane
Me’x Perpendicular distance of the soft tissue menthon to vertical reference plane
Me’y Perpendicular distance of the soft tissue menthon to horizontal reference plane
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Table 3 ANOVA results for the measurements

Prepubertal Pubertal Postpubertal

T1 T2 T1 T2 T1 T2

Mean + SD Mean + SD Mean + SD Mean + SD Mean * SD Mean + SD
N'x 72.40 £ 0.80 72.89£0.76 75.42 £ 1.08 76.16 £ 1.03 76.96 £ 1.13 77.45 £ 1.08
N'y 4.63+0.52 5.69 £ 0.53 4.31+0.71 5.85+0.71 3.51+0.74 468 +0.74
Pnx 85.11£1.15Bb | 87.73 £ 1.25Ba 90.97 + 1.56Ab 94.54 +1.69Aa | 94.93+£1.63Ab | 96.68 £ 1.76Aa
Pny 48.33 £ 0.96 48.92 £ 1.06 50.12 £1.30 51.89+1.43 52.50+1.35 53.07 £1.50
Snx 70.37+£1.15Bb | 72.80 £ 1.22Aa 74.98 = 1.56ABb 78.17 £ 1.65Aa | 78.64 +1.63Ab | 80.23 +1.72Aa
Sny 57.15+£0.83Bb | 58.43 £ 0.88Aa 59.77 £ 1.12ABb 61.97 £1.19Aa | 61.38+1.17Ab | 62.00 + 1.24Aa
A'X 68.30+1.24Bb | 71.54 £ 1.34Ba 73.15 + 1.68ABb 76.54+1.81ABa | 76.39+1.76Ab | 77.97 £ 1.89Aa
Ay 64.09+0.81Bb | 65.76 £ 0.92Aa 66.48 £ 1.09ABb 69.23 +1.25Aa | 67.83 £ 1.14Ab | 68.97 £ 1.30Aa
Lsx 69.75+ 1.40Bb | 73.02 £ 1.50Ba 75.16 = 1.89ABb 78.75 £ 2.03ABa | 78.52+1.98Aa | 79.73 +2.12Aa
Lsy 71.67 £0.87Bb | 73.93 £1.02Ba 74.27 £ 1.18ABb 78.45+1.38Aa | 75.72+1.23Ab | 76.64 + 1.44ABa
Stx 64.84 £ 1.51 65.45 £ 1.50 70.42 £ 2.05 70.45 £ 2.04 73.52+2.14 7226 £2.13
Sty 75.72£0.91Bb | 78.95+ 1.03Ba 78.83 £ 1.23ABb 84.36 + 1.40Aa | 80.86+ 1.29Ab | 82.68 = 1.46ABa
Lix 69.50 £ 1.58 67.94 £ 1.63 75.50 £ 2.14 73.02+2.20 78.22+2.24 75.43 £ 2.30
Liy 83.23+£1.14Bb | 86.73+1.17Ba 86.29 £ 1.55ABb 93.14 + 1.58Aa | 89.04 + 1.61Ab | 90.76 + 1.65ABa
B’x 61.85+1.56 58.64 £ 1.66 67.49 £2.12 62.73+2.24 69.92 £ 2.21 66.95 +2.34
B’y 92.92 £+1.09Bb | 94.82 + 1.26Ba 96.95 + 1.46ABb 101.88 £ 1.71Aa | 99.28 £ 1.54Aa | 100.03 + 1.78Aa
Pog’x | 59.48 £1.75 56.06 £ 1.89 66.10 £ 2.37 60.08 * 2.56 70.11 £ 2.48 65.62 £ 2.68
Pog’y | 107.50 £ 1.22 110.06 = 1.37 111.46 £ 1.66 115.39 +1.85 114.26 £ 1.73 116.94 £ 1.94
Me’x | 42.31+1.99 38.94+2.14 48.71 £ 2.69 42.71+£2.90 53.72 £ 2.81 48.91 +£3.03
Me’y | 117.56 £ 1.43Bb | 120.44 + 1.65Ba | 123.36 £ 1.93ABb | 128.25+2.23Aa | 125.72 £ 2.02Ab | 127.89 + 2.33Aa

Abbreviation: SD, standard deviation.

Note: Capital letters reveal significant differences between groups, and small letters reveal significant differences between T1 and T2.

and the greatest displacements were observed in the puber-
tal group (=Figs. 3 and 4).

Discussion

The chief concerns of class IIl patients are their facial
appearances. Improvements in appearance positively con-
tribute to patients’ appearances, self-concepts and psycho-
social well-being during the teenage years.>!° Therefore,
this study primarily focused on the soft tissue changes that
occurred after RME and facemask treatments.

The nose continues to grow in a downward and forward
direction until adulthood.?® The nasal tip has been reported
to move forward by approximately 1 mm annually.?’?! Nanda
et al’! reported a rapid increase in nose height between
7 and 8 years, followed by slower increases between 8 to
11 years and additional accelerations at 11 years and from
14 to 17 years. In our study, the nasal tips moved forward and
slightly downward in all treatment groups, and the greatest
amount of forward displacement was observed in the puber-
tal group (3.57 mm). This forward movement amount was
far greater than the expected soft tissue growth and was pri-
marily caused by the forward displacement of the maxilla
and anterior nasal spine due to the protraction forces. Our
results are consistent with those of previous studies that

European Journal of Dentistry Vol. 13 No. 2/2019

have reported increased amounts of forward displacement of
the nasal tip with protraction forces.?? The reduced forward
displacements of the pronasale in the postpubertal group
might have resulted from decreased skeletal changes during
this period and a slowing of the sagittal growth of the nose.
The upper lip reflects changes in the underlying bony
structures of the premaxilla and the upper incisors,?' and
significant forward displacements of the A point and labi-
al tipping of the incisors have been reported to result from
anterior protraction forces.2-13162324 Moreover, by virtue of
its attachment to the nose, the position of the upper lip is
affected by the growth of the nose.?® The effect of the treat-
ment was found to be more prominent in the upper lip area,
which is consistent with previous studies.'®2?224 Kapust et
al'® reported forward movement of the upper lip of 3.25 mm,
whereas the lower lip moved backward by only 0.68 mm,
which is nearly a five-fold difference. The upper lips moved
forward and downward in all groups. The amounts of dis-
placement were similar in the prepubertal and puber-
tal groups. However, the least forward displacement was
observed in the postpubertal group. Consistent with our
results, Halicioglu et al'! reported no significant changes in
the anteroposterior position of the upper lip after RME and
facemask therapy in young adults. This finding might have
resulted from decreased maxillary forward movement in
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Fig. 1 Displacement of the landmarks: soft tissue nasion, pronasale,
and subnasale.

postpubertal patients, which has been reported in several
studies.81013.24

The position of the lower lip has been reported to be
largely dependent on the incisor inclination.?! One of the
most significant effects of the facemask therapy is the retru-
sion of the lower incisors due to the pressure exerted with
the chincap unit.231%1224 The retrusion of the lower incisors
results in retrusion of the lower lips. Moreover, the lower
lip is not only affected by the retrusion of the lower incisors
but also by the protrusion of the upper incisors due to the
correction of the anterior cross-bite.?? In the present study,
we observed significant backward and downward lower lip
displacements in all groups, and these findings are consis-
tent with previous studies.'®? No difference in backward
displacement was observed between the groups. The great-
est downward displacement was observed in the pubertal
group, whereas the least displacement was observed in the
postpubertal group. In contrast with our results, Halicioglu
et al'! reported no significant changes in the position of the
lower lip in young adults who were treated with facemasks
with or without RME. However, the mean age of their sample
was at least 1-year-older than that of our sample, and this
difference might have affected the results. Yavuz et al** also
reported no significant changes in the positions of the lower
lip of adolescents and young adults.

Soft tissue A point
4

P Pre-pubertal
> pubertal
Post-pubertal

Labrale
Superior

P> Pre-pubertal
> pubertal

Post-pubertal

20 a0 0w 10 20 30 40 5@ 60 700
100
200
300
4
Stomion

500
500
700

Fig. 2 Displacement of the landmarks: soft tissue A point, labrale
superior, and stomion.

> Pre-pubertal
> pubertal

Post-pubertal

The soft tissue chin has been demonstrated to be closely
related to the position of the skeletal chin,®® which indicates
that the extents of increases or decreases in the prominence
of the soft tissue chin are closely correlated with the degrees
of change in the prominence of the skeletal chin.?° Therefore,
orthodontists can successfully alter the position of the soft tis-
sue chin by stimulating, inhibiting, or modifying mandibular
growth. Nanda et al*! reported that the soft tissue thicknesses
at the level of the soft tissue pogonion exhibit total increas-
es of 2.7 mm in males and 2.0 mm in females during normal
growth between the ages of 7 to 18 years. This finding indi-
cates that approximately 2.5 mm of forward displacement of
the soft tissue pogonion occurs during 11 years of growth and
development. Particularly in class III patients, greater forward
growth of the mandible is expected to result in considerable
forward movements of the skeletal and soft tissue chins. How-
ever, in our study, the soft tissue pogonion moved backward
and downward significantly in all groups. In the pubertal
group, the backward displacement was nearly 6.00 mm. The
backward and downward displacement of the soft tissue chin
might have resulted from the chincap effect of the facemask,
which inhibited the forward growth of the mandible and
forced the mandible to rotate posteriorly.'®?*24 In accordance
with our results, the backward displacement of the soft tissue
pogonion has been reported in previous studies.>101222

European Journal of Dentistry Vol. 13 No.2/2019



148 Rapid Maxillary Expansion and Facemask Therapy

& s00 a0

Labrale inferior

> pre-pubertal
<> pubertal

Post-pubertal

s 4 3 2 s
2
3
4
s
Soft tissue B point
> prepubertal o0
P Pubertal
Post-pubertal oo
600 500 400 300 200 100 000
100
200
300
400
500
> prepuberta -
> pubertal
Soft tissue Post-pubertal
700

Pogonion

/___

/._

Fig. 3 Displacement of the landmarks: labrale inferior, soft tissue B
point, and soft tissue pogonion.

60 s a0 e a0 im0 om
2
.
> prepubertl -
> pubertl
Postpubertal -

Soft tissue Menthon

/_

Fig. 4 Displacement of the landmark: soft tissue menton.

Based on the results of this study, our null hypothesis
was rejected. There were significant differences between
the effects of RME and facemask therapies on the soft tissue
profiles of class Il patients at different growth stages. These
results provide scientific evidence that the treatment of class
Il anomalies with RME and facemasks during the pubertal
growth stage elicit more favorable facial changes than treat-
ment applied in the prepubertal and postpubertal growth
stages. Therefore, to achieve favorable facial changes in class
Il patients, the optimal treatment time seems to be the
pubertal period. However, it should not be omitted that RME
and facemask therapies are still effective in the postpubertal
growth stage, albeit to lesser extents.

European Journal of Dentistry Vol. 13 No. 2/2019
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Conclusions

Significant forward movement of the upper lip was observed.
However, the least amount of forward displacement was
observed in the postpubertal group. The lower lip was dis-
placed backward and downward in all groups. The greatest
amount of downward displacement was observed in the
pubertal group, whereas the least amount of displacement
was observed in the postpubertal group. The soft tissue chin
was displaced backward and downward in all groups. The
soft tissue profiles significantly improved and became more
convex in all treatment groups. Although, the most favorable
facial changes were observed in the pubertal growth stage,
the treatments applied in the postpubertal stage also elicit-
ed significant changes and should thus be considered viable
treatment options.
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