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Abstract

Objective The objective of this study was to investigate the
effects of fixed functional therapy on oropharyngeal airway
dimensions and hyoid bone positions in Class II patients and
make comparison with an untreated Class II group.
Materials and methods Eighteen patients (8 girls, 10 boys;
mean age 13.62 £ 1.92 years) who were treated with Forsus
Fatique Resistant Device (FFRD) and 19 patients (11 girls, 8
boys; mean age 12.74 £ 0.91 years) who served as control
were enrolled. Cephalograms were used to assess linear, an-
gular, and area measurements. Intragroup comparisons were
made by paired ¢ and Wilcoxon tests and intergroup compar-
isons were performed by independent ¢ test.

Results With respect to controls, FFRD group showed in-
creased airway dimensions at soft palate (P < 0.05) and more
forward positioning of the hyoid bone (P < 0.05).
Dentoalveolar changes exhibited mesial movement of lower
incisors and molars and reduction in overjet (P < 0.001) in
FFRD group.

Conclusions Positive effects in oropharyngeal airway dimen-
sions and increased values of hyoid bone displacement to a
more forward position were found after fixed functional
therapy.

Clinical Relevance Treatment with fixed functional appli-
ances is mostly based on mesial movement of mandibular
dentition, which might influence changes in tongue posture.
The present results might indicate that oropharyngeal airway
dimensions may be affected by postural changes of the hyoid
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bone in consequence of dentoalveolar changes. Clinically,
these may be considered especially in Class II cases with
reduced airway dimensions.

Keywords Fixed functional appliance - Forsus device - Class
I malocclusion

Introduction

Orthodontic malocclusions may have adverse effects on oral
functions, esthetics, speech, and/or social behaviors of pa-
tients. In particular, Class II malocclusions, characterized by
mandibular deficiency [1], may be one of the possible causes
of upper airway disorders and oropharyngeal airway deficien-
cies [2, 3]. There is a variety of Class II treatment modalities,
such as extraoral appliances, functional appliances, fixed ap-
pliances, or surgical treatments depending on the underlying
cause and age at the beginning of treatment [4, 5]. Functional
appliances have been the main treatment choices in mandibu-
lar deficiency cases during growth period, which are believed
to stimulate growth by forward positioning of the mandible.
As well as improving the skeletal pattern, they cause an in-
crease in oropharyngeal dimensions by forcing the mandible,
hyoid bone, tongue, and soft palate forward [6, 7]. In that
respect, it has been stated that early orthodontic treatment of
mandibular deficiencies by functional appliances would be
beneficial to prevent airway problems [8, 9]. However, the
need for patient cooperation limits the use of these removable
devices [5, 10]. Compliance issues led the clinicians to devel-
op intraoral techniques such as fixed functional appliances
(FFA) which offer reliable mechanics that need no coopera-
tion [5]. Studies reported that correction of Class II relation-
ship with FFA is mainly due to dentoalveolar improvements
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with limited skeletal effects depending on the appliance, age,
and remaining growth potential of the patient [11, 12].

The Forsus Fatique Resistant Device (FFRD) (3M Unitek,
Monrovia, CA, USA) is a commonly used FFA in orthodontic
practice. It is a semirigid telescoping system, which is de-
signed to resist against breakage and claimed to produce con-
tinuous forces [13]. The device consists of two parts: a stain-
less steel coil spring and a rod, whose size is chosen according
to the distance from the distal side of the buccal tube of the
upper first molar band to the distal side of the lower canine
bracket. Similar to other FFA, reports revealed that FFRD was
mainly effective at the dentoalveolar correction of Class 11
malocclusions [4, 12, 14, 15], but some findings addressed
skeletal effects as well [5, 16, 17]. Although treatment effects
of FFA have been discussed briefly, evaluations concerning
the airway dimensions are still lacking. From previous
studies, it appears that dentoalveolar changes may alter
airway dimensions [18, 19]; therefore, changes in airway
dimensions can also be expected with FFA. However, on-
ly few studies have addressed the effects of FFA on the
depth of pharyngeal airway [19-21].

Therefore, the aim of this study was to evaluate the effects
of a commonly used FFA (FFRD) on pharyngeal airway di-
mensions and hyoid bone positions in Class II patients using
cephalometric radiographs and compare it with that of an un-
treated Class II control group.

Materials and methods

The study material for this retrospective study were selected
from the archives of the Department of Orthodontics, Gazi
University, and consisted of pre- and post-treatment radio-
graphs of patients treated with FFRD. Sample size was calcu-
lated with a statistical power of 0.80, and the number of pa-
tients per group was required to be minimum 17. Ethical ap-
proval was obtained from the Ethical Committee Board of
Gazi University (77082166-604.01.02-12555). Written in-
formed consents of all patients were present in their files as
a regular procedure.

Sample collection

The first computer search of patient files between 2008 and
2014 revealed that 94 patients were treated with FFRD in our
clinic. From those records, only the ones that fulfilled the
following inclusion criteria were considered for evaluation:

1. Skeletal (ANB > 4°) and dental Class II malocclusion
with mandibular retrusion (SNB < 80°) and increased
overjet (>5 mm)

2. Optimal mandibular plane angle (SN/GoGn 32 + 6°)
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3. Patients who were after the pubertal growth spurt or dur-
ing the late stages of puberty

4. No functional shift or dual bite

5. No congenital anomalies causing changes in airway
dimensions

6. No medical history about a respiratory problem or an
upper airway surgery

7. Presence of good quality lateral cephalograms and hand
and wrist radiographs at the beginning (after alignment)
and at the end of FFRD phase (after Class I molar and
canine relationships were achieved)

Clinical considerations

To be able to establish a comparable set of data, treatment
records of each patient were re-examined to identify the
FFRD procedures and only the ones who were treated with
the same procedure were analyzed: fixed orthodontic treat-
ment with Roth metal brackets (0.018" slot size prescription);
rods of FFRD placed from buccal tubes of the upper first
molar bands to the arch wire between lower canines and first
premolars (Fig. 1); no modifications during FFRD appliance
(mini-implants, rapid maxillary expansion, lingual fixed ap-
pliances, extra root torque to lower incisors); FFRD was ap-
plied after alignment of teeth; and 0.017 x 0.025 in. stainless
steel wires were inserted passively to both arches and cinched
distal to the lower molars. Force is generated via the compres-
sion of the coil spring, and the force acts on both dental arches
in opposite directions (distal force in maxilla and mesial force
in the mandible) (Fig.1b).

The final study group (FFRD group) consisted of 18 patients
(8 girls, 10 boys, mean age 13.62 + 1.92 years) with a mean
treatment time of 8.74 + 3.46 months. The treatment was com-
pleted successfully in all cases when Angle Class I relationship
was achieved. An untreated control group was formed to dis-
tinguish changes due to FFRD and growth. Groups were
matched according to their chronological ages and sagittal
(ANB°®) and vertical (SN/GoGn°) skeletal patterns (Table 1).
The control group consisted of 19 patients (11 girls, 8 boys,
mean age 12.74 £ 0.91 years), who were observed for adequate
oral hygiene before starting fixed orthodontic treatment, after a
mean observation period of 11.89 + 1.37 months.

Cephalometric evaluation

All cephalometric radiographs were taken with the same in-
strument under standard conditions (Trophy Instrumentarium
Cephalometer, OP 100, Instrumentarium Imaging Co.,
Tuusula, Finland) at 70 kVp, 16 mA/s, in centric occlusion
according to the natural head position (NHP) and after a usual
swallow, by a single technician. The distance from the focus
of the device to the mid-sagittal plane of the patient was
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Fig. 1 a Pre-treatment intraoral
view; b application of FFRD and
related force directions; ¢ change
in the dentition after FFRD; d
post-treatment intraoral view

150 cm, and the distance from the film to the mid-sagittal
plane of the patient was 20 cm. All linear measurements were
corrected for the 10 % magnification. Cephalograms were
manually traced and evaluated by the same researcher at the
beginning and end of FFRD application/observation periods.
Linear and angular measurements performed on the tracings
were given in Fig. 2. Upper and lower dental measurements
were performed in relation to the reference planes Ptm-Ver
(perpendicular to palatal line from the posterior border of
pterygomaxillary fissure) and TL-GoMe (perpendicular to
GoMe from the intersection point of the anterior wall of sella
turcica and tuberculum sella), respectively (Fig. 3a, b).

The area measurements were performed by an engineering
drawing software that is used for topographic studies
(NETCAD for Windows, 5.1.0.962 Software; Ulusal Co.,
Ankara, Turkey). The palatal line through ANS-PNS and the
base of epiglottis were accepted as the upper and lower bor-
ders of the oropharyngeal airway (OA) on cephalometric trac-
ings, and they were all scanned (EPSON Perfection, V700
Photo, Japan) at standard conditions. OA was digitized ac-
cording to the specified points by two different researchers
to obtain maximum reliability and agreement (Fig. 4). The
software calculated the numerical values of areas, and derived
numbers were designated as units.

Table 1  Pre-treatment and pre-observation comparison of groups for
matched variables

FFRD group Control group
Variable Mean SD Mean SD Sig
ANB (°) 4.63 1.51 5.37 1.16 0.067
SN-GoGn (°) 30.61 5.12 31.58 5.63 0.626
Age (years) 13.62 1.92 12.74 091 0.136

FFRD Forsus Fatique Resistant device, Sig significance

To evaluate the error in tracings and examiner reliability,
randomly selected 15 radiographs among all groups were re-
traced and re-measured 15 days after the first evaluation.
Intraclass correlation coefficients (ICCs) were calculated to
determine the intraexaminer and interexaminer reliability of
each landmark. Overall, the ICC values indicated good reli-
ability for the measurements assessed. The ICC values were
greater than 0.94 for 95 % of intraexaminer and 88 % of
interexaminer assessments.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) Version 20.0 (SPSS
Inc., Chicago, IL, USA). Normal Gaussian distribution was
applied through the Shapiro-Wilk goodness-of-fit test to eval-
uate the normality of data distribution. Homogeneity of vari-
ances was checked using Levene’s test, and Welch-
Satterthwaite adjustment was considered in case Test of
Equality of Variances failed. For parametric distributions,
Paired sample 7 test was used to compare differences in the
mean values of variables between pre- and post-treatment/ob-
servation groups. Independent samples ¢ test was used to com-
pare differences in the mean values of variables between
FFRD and control groups. For non-parametric distributions,
the Wilcoxon signed-rank test was used to compare differ-
ences in the mean values of variables between pre- and post-
treatment/observation groups and Mann-Whitney U test was
used to compare differences in the mean values of variables
between FFRD and control groups. Bonferroni correction was
made for all comparisons. Bivariate correlation coefficients (r)
were calculated using the Pearson product moment formula or
Spearman’s rank test, dependent on normality of distribution
or not. A P value of <0.05 was considered statistically
significant.
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Fig. 2 Cephalometric points and planes. / SNA; 2 SNB; 3 ANB; 4 SN-
PP (the angle between SN plane and palatal plane constructed from ANS
to PNS); 5 SN-GoGn; 6 SN-OP (the angle between SN plane and occlusal
plane); 7 S-ANS; 8§ S-PNS; 9 N-ANS; /0 N-PNS; /1 S-Go; 12 N-Me; 13
PP projection (the distance between PNS and the posterior pharynx wall
through palatal plane; /4 SPS (the distance of the midpoint of the line
from PNS to tip of soft palate to the horizontal counterpart on the poste-
rior pharyngeal wall along the parallel line to Frankfurt horizontal plane);
15 MPS (the distance of the tip of the soft palate to the horizontal coun-
terpart on the posterior pharyngeal wall along the parallel line to Frankfurt

Results

No significant pre-treatment and observation differences were
found between two groups for the variables used for matching
(ANB, SN-GoGn angles, and age) (Table 1).

The pre- and post-treatment and pre- and post-observation
cephalometric descriptive values and comparison of the
changes within each group are presented in Table 2.

Changes in FFRD group (T2-T1) Vertical skeletal changes
indicated an increase in SN-OP angle by 1.11° (P < 0.001).
Maxilla (S-ANS, P < 0.01; S-PNS, P < 0.05; N-ANS,
P < 0.001; N-PNS, P < 0.05) and the mandible (S-Go,
P <0.01; N-Me, P < 0.001) moved downward significantly.
The dentoalveolar changes showed that upper first molars
moved slightly distally by 0.31 mm (P < 0.05) while lower
incisors were protruded by 2.81 mm (P < 0.001) and lower
first molars moved mesially by 1.33 mm (P < 0.001). Overjet

was significantly decreased from 6.61 to 3.11 mm (P < 0.001).

Evaluation related to airway morphology showed signifi-
cant increases at all levels (PP projection, SPS, MPS, Cv2
projection, P < 0.05, respectively; Cv3 projection, area,
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horizontal plane); /6 Cv2 projection (the distance of the intersection
points on anterior and posterior pharyngeal wall through Cv2ai along
the parallel line to Frankfurt horizontal plane); /7 Cv3 projection (the
distance of the intersection points on anterior and posterior pharyngeal
wall through Cv3ai along the parallel line to Frankfurt horizontal plane);
18 H-MP (the perpendicular distance from hyoid bone to mandibular
plane); /9 H-SN (the perpendicular distance from hyoid bone to SN
plane); 20 C3-H (the distance from the anterior-inferior point of the third
cervical vertebra to point H)

P < 0.01, respectively). Hyoid bone moved forward by
1.68 mm (C3-H, P < 0.05).

Changes in control group (02-0O1) Vertically, maxilla and
the mandible moved downward (P < 0.001). At the end of
observation, upper incisors moved labially (P < 0.01).

Airway dimensions remained unchanged, except for the
pharyngeal size at palatal plane level, which was increased
by 1.33 mm (PP projection, P < 0.05). Hyoid bone moved
downward by 1.53 mm in relation to the mandibular plane and
2.05 mm in relation to SN plane (H-MP, H-SN, P < 0.05,
P < 0.001, respectively) and moved forward by 0.84 mm
(C3-H, P <0.05).

Comparison of the changes between groups In Table 3,
comparisons of mean differences between groups are present-
ed. Increases in vertical maxillary and mandibular measure-
ments were more prominent in the control group when com-
pared with those in FFRD group (S-ANS, N-PNS, P < 0.01;
S-PNS, P < 0.05; S-Go, P < 0.01; N-Me, P < 0.001). The
FFRD group displayed 2.81 mm mesial movement of lower
incisors, while control group displayed only 0.44 mm
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Fig. 3 Dental measurements. a PtmVer (reference plane for upper jaw):
perpendicular line to palatal plane (ANS-PNS) from the posterior border
of pterygomaxillary fissure; (1) Ul-PtmVer (the perpendicular distance of
the tip of the upper incisor to PtmVer); (2) U6-PtmVer (the perpendicular
distance of the mesio-buccal tubercule of the upper first molar to PtmVer);
b TLGoMe (reference plane for lower jaw): Perpendicular line to

mesialization, declaring a significant difference at 0.001 level
between groups. There was also more mesial movement of
lower first molars in FFRD group by 1.33 mm, relative to
controls (P < 0.001). Reduction in overjet by 3.5 mm was

Fig. 4 Oropharyngeal area (OA) evaluation by NETCAD Software
Program

mandibular plane (GoMe) from the intersection point of anterior wall of
sella turcica and tuberculum sella; (3) L1-TLGoMe (the perpendicular
distance of the tip of the lower incisor to TL-GoMe); (4) L6-T-LGoMe (the
perpendicular distance of the mesio-buccal tubercule of the lower first
molar to TLGoMe)

prominent in FFRD group, when compared with that in the
control group (P < 0.001).

Pharyngeal airway measurements showed group differ-
ences at several levels. SPS increased 1.06 mm and MPS
increased 1.28 mm, while there were reductions in the control
group at these levels (P < 0.05, respectively). Increase in the
vertical movement of the hyoid bone was significantly higher
in the control group by 2.05 mm in relation to FFRD group
(H-SN, P <0.001). However, forward movement of the hyoid
bone was more prominent in FFRD group (1.68 mm) than in
the control group (0.84 mm) (C3-H, P < 0.05).

Correlations in FFRD group Sagittal positions of lower in-
cisors were positively correlated with MPS (» = 0.590,
P < 0.05). Pharyngeal airway dimension at Cv2 cervical ver-
tebral level was negatively correlated with the vertical position
of'the hyoid bone (H-MP; »=-0.501, P <0.05) and positively
correlated with the sagittal position of the hyoid bone (C3-H;
r=10.556, P <0.05).

Correlations in control group Pharyngeal airway dimen-
sions at Cv2 and Cv3 cervical vertebral levels were negatively
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Table 2 Descriptive values and comparison of variables at pre-treatment, post-treatment, pre-observation, and post-observation periods

Variables FFRD group (n = 18) Control group (n = 19)
Pre-treatment Post-treatment Pre-observation Post-observation
Skeletal Mean SD Mean SD P Mean SD Mean SD P
SNA (°) 79.89 3.07 79.56 2.85 0.326 81.42 2.61 80.95 2.37 0.572
SNB (°) 75.56 3.09 76.06 2.88 0.210 76.05 2.53 75.95 2.09 0.980
ANB (°) 433 1.51 3.97 1.29 0.204 5.37 1.16 5.00 1.41 0.450
SN-PP (°) 8.00 2.68 8.22 2.49 0.331 8.11 1.88 8.37 1.80 0.980
SN-GoGn (°) 30.61 5.12 31.28 4.61 0.175 31.58 5.63 3232 6.04 0.300
SN-OP (°) 16.61 4.05 17.72 4.27 0.000 15.16 426 16.00 2.96 0.768
Vertical maxillary
S-ANS (mm) 90.00 5.54 90.67 548 0.006 87.00 5.14 88.79 5.89 0.000%**
S-PNS (mm) 50.83 3.19 51.28 3.44 0.014 49.84 3.44 5142 4.06 0.000%**
N-ANS (mm) 55.72 3.85 56.83 3.76 0.000 53.53 227 5542 2.41 0.000%**
N-PNS (mm) 76.00 4.03 76.67 3.78 0.014 72.58 3.11 74.68 3.15 0.000%**
Vertical mandibular
S-Go (mm) 82.39 7.56 83.50 7.20 0.001 80.79 5.48 83.16 5.70 0.000***
N-Me (mm) 122.94 8.21 124.89 7.98 0.000 119.95 7.04 124.11 7.68 0.000%**
Dental
UI1-RP (mm) 60.62 4.94 60.73 522 0.682 57.11 6.12 57.62 5.90 0.005%*
U6-RP (mm) 28.24 431 27.94 4.40 0.044 25.24 4.10 25.70 422 0.090
L1-RP (mm) 87.81 7.04 90.64 7.11 0.000 86.82 6.73 87.35 6.65 0.080
L6-RP (mm) 61.22 6.93 62.64 6.63 0.000 60.64 6.33 60.91 6.51 0.090
Overjet (mm) 6.61 2.30 3.11 1.23 0000 4.63 2.85 4.84 2.95 0.578
Airway
PP projection (mm) 27.11 4.59 28.11 5.10 0.018 27.68 5.94 28.58 5.71 0.043*
SPS (mm) 14.89 2.95 15.94 3.62 0.018 13.63 2.36 13.47 2.44 0.853
MPS (mm) 10.28 1.96 11.56 2.01 0.010 10.74 2.18 10.53 2.27 0.853
Cv2 projection 10.39 233 11.28 2.16 0.018 9.47 2.14 9.53 2.34 0.853
Cv3 projection 12.44 345 13.78 2.82 0.006 9.84 2.04 10.26 2.21 0.745
Area 11,833 3123 13,043 3602 0.010 10,009 1940 10,613 2792 0.745
Hyoid bone position
H-MP (mm) 19.28 7.31 19.33 6.32 0.919 16.42 7.66 17.95 7.09 0.014*
H-SN (mm) 112.06 8.50 112.61 7.47 0.848 106.69 6.84 108.74 6.81 0.000%**
C3-H (mm) 32.74 4,56 34.42 4,52 0.045 34.33 345 35.17 3.52 0.045*

FFRD Forsus Fatique Resistant Device, RP reference plane, SD standard deviation

*P <0.05; ¥*P <0.01; ***P < 0.001

correlated with the vertical position of the hyoid bone (H-MP;
r=-0.492, P <0.05; H-SN; » = —0.604, P < 0.01).

Discussion

Literature knowledge revealed that treatment of skeletal Class
II malocclusions with functional orthopedic appliances offers
positive effects on pharyngeal airway passage [22]. Fixed
functional appliances have provided an alternative choice of
Class II treatment, especially for non-compliant patients;
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however, there is limited knowledge about their effects on
airway dimensions. For this reason, the aim of this study
was to evaluate the effects of one of these devices (FFRD)
on pharyngeal airway dimensions and hyoid bone positions in
comparison with those in an untreated Class II group. In order
to evaluate the real effects of the appliance, the second phase
of orthodontic treatment (finishing fixed orthodontic treat-
ment) was not included. Patients who were after the pubertal
growth spurt or at the late stages of puberty were included,
because while conventional functional appliances can be used
during active growth spurt, it is suitable to use FFA after the
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Table 3  Comparison of the changes between FFRD group and control group
Variables FFRD group (n = 18) Control group (n = 19)
Skeletal Mean SD Mean SD P
SNA (°) -0.33 0.97 -0.47 1.34 0.927
SNB (°) 0.54 1.12 —0.11 1.29 0.696
ANB (°) —0.83 0.86 —0.40 0.90 0.696
SN-PP (°) 0.22 0.94 0.26 1.63 0.927
SN-GoGn (°) 0.67 1.24 0.74 1.52 0.927
SN-OP (°) 1.11 1.02 0.84 3.13 0.927
Vertical maxillary
S-ANS (mm) 0.67 091 1.79 1.23 0.009**
S-PNS (mm) 0.44 0.62 1.58 1.35 0.010*
N-ANS (mm) 1.11 0.96 1.89 1.41 0.050
N-PNS (mm) 0.67 0.97 2.11 1.15 0.004%**
Vertical mandibular
S-Go (mm) 1.11 1.18 237 1.34 0.005%*
N-Me (mm) 1.94 1.51 4.16 1.46 0.000%**
Dental
U1-RP (mm) 0.11 1.11 0.52 0.64 0.422
U6-RP (mm) -0.31 0.51 0.51 0.94 0.730
L1-RP (mm) 2.81 1.22 0.44 0.54 0.000%***
L6-RP (mm) 1.33 0.84 0.34 0.64 0.000%**
Overjet (mm) -3.50 2.07 0.21 1.61 0.000%***
Airway
PP projection (mm) 1.01 1.61 0.89 133 0.828
SPS (mm) 1.06 1.43 —0.16 1.01 0.024*
MPS (mm) 1.28 1.49 -0.21 1.32 0.030*
Cv2 projection 0.89 1.23 0.05 1.22 0.180
Cv3 projection 1.33 1.33 0.42 1.22 0.195
Area 1210 1440 603 1833 0.546
Hyoid bone position
H-MP (mm) 0.06 229 1.53 2.20 0.070
H-SN (mm) 0.56 2.87 2.05 1.15 0.000%**
C3-H (mm) 1.68 1.56 0.84 1.60 0.046*

FFRD Forsus Fatique Resistant Device, RP reference plan, SD standard deviation;

*P <0.05; **P <0.01; ***P < 0.001

pubertal growth spurt. Lateral cephalograms were used since
they provide attainable, reliable, reproducible measurements
as an inexpensive and routine method still used in orthodontic
practice [23, 24]. Although several reports suggested using
three dimensional (3-D) analysis of airway structures [25,
26], there are studies indicating the acceptance of using
cephalograms [23, 24].

When skeletal parameters were considered, no pro-
nounced skeletal effect of the appliance was found, sim-
ilar to the literature [4, 12, 14, 15]. There was no sig-
nificant increase in mandibular plane angle with the
application of FFRD, which may be interpreted as no

significant posterior rotation of the mandible, in accor-
dance with previous studies [4, 5, 12, 14, 15]. There
were increases in vertical maxillary and mandibular di-
mensions in both groups, and the increase was promi-
nent in the control group when compared to the treat-
ment group. This may reveal that the increases were
due to growth rather than the treatment procedure and
agree with those of Stahl et al. [27], who reported com-
parable millimetric vertical changes in the maxilla and
the mandible in untreated skeletal Class II subjects.
Basic dentoalveolar changes after FFRD were report-
ed as retrusion and extrusion of maxillary incisors,
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distalization of maxillary molars, mesial movement of
mandibular molars, and labial flaring of mandibular in-
cisors [4, 11-14]. Our results are consistent with these
findings. FFRD group displayed prominent
dentoalveolar changes especially at lower dentition rela-
tive to control group, declaring the effect of the device
rather than the effect of growth. Mesial movement of
lower molars by 1.33 mm and distal movement of upper
molars by 0.31 mm contributed in improvement of
Class II malocclusion. Protrusion of lower incisors by
2.81 mm was also evident when compared to control
group, in accordance with previous reports [5, 12, 14].
The FFRD group achieved a 3.5-mm reduction of
overjet than did the controls. Current changes in lower
incisor and upper molar positions can also be held re-
sponsible for the significant increase in occlusal plane
angle (SN/OP) in FFRD group. However, in their article
evaluating the effects of FFRD treatment until the
debonding of fixed orthodontic appliances, Cacciatore
et al. [15] mentioned that the rotation in occlusal plane
with FFRD insertion is transitory and that no significant
changes occur at the end of treatment.

Present results revealed increased dimensions of the
pharyngeal airway at soft palate level by 1.06 and
1.28 mm in FFRD group when compared to the control
group, which was supported by reports emphasizing the
positive influences of functional Class II treatments on
airway dimensions [6, 8, 9, 20]. Jena et al. [19] de-
clared that Class II functional orthopedic appliances pro-
vide more pronounced improvements in airway dimen-
sions than do fixed functional appliances. This discrep-
ancy might be attributed to the different treatment ef-
fects of functional and fixed functional appliances on
skeletal and dentoalveolar structures [17]. A previous
report indicated that palatopharynx and glossopharynx,
where soft palate and tongue is situated, could adapt
casily to the changes in oral cavity [28]. Within this
framework, we found a positive correlation between
the oropharyngeal airway dimensions and sagittal posi-
tions of lower incisors. From a clinical point of view,
the protrusion of lower incisors achieved in the FFRD
group might have caused a change in anterior border of
the oral cavity occupied by the tongue. Correspondingly,
mesialization of mandibular dentition might have pro-
vided more space to the tongue, revealing a postural
change [21]. A previous report declared that in subjects
with mandibular retrognathism, the tongue position is
more backward with contact to the soft palate, resulting
with the narrowing of the oropharyngeal airway [29].
Based on the results of Jena et al. [19], FFA appliances
provide an anterior traction of the tongue away from the
soft palate and reduced the pressure and caused an in-
crease in airway dimensions. Germec-Cakan et al. [18]
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also found an increase in upper airway dimensions after
molar mesialization and related this change with the
possible increase in posterior tongue space. On the other
hand, Kinzinger et al. [20] associated the increases in
upper airway width to increases in the anterior facial
height caused by fixed functional appliance. Our find-
ings related to the significant differences in vertical
maxillary and mandibular heights in FFRD group may
also support this finding. In contrast to our results,
Ozdemir et al. [21] reported no significant changes in
oropharyngeal airway dimensions after fixed functional
appliance treatment, although they found a significant
increase in tongue space. The differences between these
results could depend on the differences in ages, mean
treatment times, and/or amount of mesial movement
caused by the appliance.

The changes in hyoid bone position reflect the adap-
tation of the changes in tongue and the mandible. Post-
treatment with FFRD therapy showed that the hyoid
bone shifted significantly forward by 1.68 mm relative
to controls, but no significant change in the vertical
direction was found. This may have been achieved by
the effect of the device because the hyoid bone shifted
vertically in a lower position in the control group.
Results of correlation analysis showed a positive corre-
lation between airway dimensions at Cv2 cervical verte-
bral level with the sagittal position of the hyoid bone.
Additionally, a negative correlation existed between air-
way dimensions at this level and the vertical position of
the hyoid bone. Increased values of hyoid bone dis-
placement to a more forward position and relatively
stable vertical position might be linked with the adapta-
tion of the tongue posture to the dentoalveolar
mesialization achieved by the device. In contrast, situa-
tions where incisors were retracted and space of the
tongue were restricted; the hyoid bone moved backward
and downward to prevent the encroachment of the
tongue into the pharyngeal airway [29, 30]. Thus, it
can be reasonable to hypothesize that significant dental
movements may cause dimensional changes in the air-
way track, especially at the level of soft palate and
tongue.

In conclusion, findings of this study demonstrated promi-
nent mesialization of the lower incisors and molars, forward
positioning of the hyoid bone, and increased airway dimen-
sions with the usage of FFRD appliance. In a clinical perspec-
tive, beneficial effects of these appliances on pharyngeal air-
way dimensions should be considered in Class II patients,
especially for the ones with respiratory problems. However,
since these findings represent the early effects of the appli-
ance, studies are still needed to evaluate the long-term effects
of fixed functional appliances on pharyngeal airway
morphology.
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