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Effects of fixed functional therapy on tongue and hyoid positions and

posterior airway

Fulya Ozdemira; Feyza Ulkurb; Didem Nalbantgila

ABSTRACT
Objective: To evaluate how therapy with a fixed functional appliance affects airway dimensions,
dentoalveolar changes, and tongue and hyoid positions.
Materials and Methods: A retrospective study was carried out on 46 pre- and posttreatment
lateral cephalometric radiographs of 23 post-peak Class II patients (12 girls, 11 boys) treated with a
Forsus Fatigue Resistant Device (FRD) appliance. The radiographies were taken at the start and at
the end of Forsus FRD appliance therapy when a Class I or overcorrected Class I canine and molar
relationship was achieved. The process took an average of 5 months 13 days 6 1 month 4 days.
Skeletal and dental parameters were measured using Dolphin software, and the sagittal airway
area was measured by AutoCAD software.
Results: Analyses of the pre- and posttreatment means revealed that there was no statistically
significant skeletal correction of the sagittal malocclusion; increase of lower incisor inclination,
decrease of upper incisor inclination, decrease of interincisal angle, and rotation of occlusal plane
all contributed to the reduction of overjet. The tongue area and intermaxillary space area increased
in response to these dentoalveolar changes; however, there was no statistically significant change
in the hyoid position or the oropharyngeal area between the two time points.
Conclusions: The dentoalveolar changes produced by Forsus FRD appliance did not cause any
significant posterior airway changes in young adult patients. (Angle Orthod. 2014;84:260–264.)
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INTRODUCTION

Changes induced in the airway after orthodontic
treatment of growing1–3 and nongrowing subjects4,5

have been investigated. The importance of the airway
dimension is that it is related to breathing disorders.
The current view is that adenotonsillar hypertrophy,
which constricts the airway, is the major cause of
sleep-disordered breathing in otherwise healthy chil-
dren.6,7 Sleep-disordered breathing may affect pulmo-
nary ventilation, oxygenation, sleep quality, sweating,
and nocturnal enuresis.8,9 In children, behavioral
problems and impaired cognitive performance may

also be encountered.10 Sleep disorders are also
reported in patients with chronic orofacial pain and
headache, and sleep bruxism is one of the common
sleep disorders.11

The aim of fixed functional therapy in young adults is
to achieve a neutral bite by dentoalveolar compensa-
tion for the skeletal discrepancy; mainly, the upper
dentition is moved to the distal and the lower dentition
is moved to the mesial with a clockwise rotation of the
occlusal plane and without creating pronounced
vertical skeletal changes, only inhibiting the sagittal
growth potential of maxilla. The minimal skeletal
mandibular effects depend on the device used and
the age and growth capacity of the patient.12–17 The
lower incisors procline and intrude, while the lower
molars move significantly in a mesial and vertical
direction. One device that generates these effects is
the Forsus Fatigue Resistant Device (FRD; 3M Unitek,
Monrovia, Calif), which is a semirigid three-piece
telescoping spring for Class II correction.16,17

As there are studies reporting on changes of the
posterior airway after dental movements only,18–22 the
amount of dental movement induced by these appli-
ances in post-peak patients is large enough to justify
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the investigation of related changes of the airway.
Most patients undergoing fixed functional therapy have
retrognathic mandibles, and because this is noted as
one of the risk factors for sleep apnea, it is logical to
investigate how these appliances potentially affect the
airway.23 Therefore, the aim of this study is to evaluate
how therapy with a fixed functional appliance affects
airway dimensions, dentoalveolar changes, and
tongue and hyoid positions using cephalometric
radiographs of a group of patients in the post-peak
growth stage. The null hypothesis is that there is no
change in the airway parameters with Forsus FRD
treatment.

MATERIALS AND METHODS

The material for this retrospective study consisted of
46 pre- and posttreatment lateral cephalometric
radiographs of 23 Class II patients (12 girls and 11
boys) ranging in age from 12 to 20 years (mean 6 SD
5 17.3 6 4.2 years). The radiographs were taken with
Planmeca Promax 3D (Planmeca OY, Helsinki, Fin-
land) and obtained from the archives of Yeditepe
University Dental School, Department of Orthodontics.
Ethics approval for the study was obtained from the
Yeditepe University Ethics Committee.

All patients in the clinic’s archive who presented with
ANB more than 4u, overjet more than 5 mm, Angle
Class II molar and canine relationships, no missing
teeth, no history of nasal or pharyngeal obstruction or
related surgical treatments, no significant residual
growth potential evident on the cervical vertebral
maturation index (CVMI stage 5 and CVMI stage 6,
which correspond to post-peak growth period), and
clinically normal vertical skeletal pattern (SN/MP angle
in the 28u–35u range), and who had received Forsus
treatment, were included. The patients had received
Class II correction with a Forsus FRD. Because
patients selected were at the post-peak developmental
stage, there was no control group designed to account
for growth changes. Lateral cephalometric radiogra-
phies were taken in a natural head posture at the start
and end of FRD appliance treatment when a Class I or
overcorrected Class I canine and molar relationship
was achieved; this occurred in a mean time of 5 months
13 days 6 1 month 4 days.

Data Collection

Skeletal and dental measurements were digitized
using Dolphin Imagining 11.0 Software (Dolphin
Imaging and Management Solutions, Chatsworth,
Calif), and the sagittal airway area was measured by
AutoCAD 2012 software (AutoCAD, Autodesk, Inc,
San Rafael, Calif). The customized cephalometric
analysis, including measurements from the Steiner,

Ricketts, and Tweed analyses was used. Cephalomet-
ric and anatomic landmarks and reference lines are
shown at Figure 1.

Definitions of Cephalometric and
Anatomic Landmarks

The following landmarks were used: Hy, most
anterior point on the hyoid bone; V (Vallecula), most
profound point in the curvature of the depression just
behind the root of the tongue between the folds in the
throat; a, most anteroinferior point on corpus of C2 and
C3; g, point on the nasal surface of the soft palate at
the level of the maxillary plane (opposite point to h); h,
point on the posterior pharyngeal wall at the same
horizontal level as point g; e, point of intersection of the
occlusal plane with the posterior pharyngeal wall; U1,
incisal edge of the upper middle incisor; L1, incisal
edge of the lower middle incisor.

Following are definitions of the reference lines used
in the study: NSL, line passing through the Sella and
Nasion points; RL 1, reference line 7u to NSL; RL 2,
reference line perpendicular to NSL and intersecting
the Sella point; MP, mandibular plane, that is, the line
tangent to the lower border of the body of the mandible
through Menton; PP, palatal plane, that is, the line
connecting the anterior nasal spine and posterior nasal
spine; OP, anatomic occlusal plane.

Definitions of Linear Measurements (mm)

Following are the definitions of linear measurements
used: b-f, posterior intermaxillary space height (per-
pendicular to PP), that is, the length of a perpendicular

Figure 1. The cephalometric points, reference lines, and areas used

in the study. Soft palate is black, tongue is light grey, and

oropharyngeal area is dark grey.
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line from the maxillary plane to the mandibular plane,
which passes through the point where the occlusal
plane intersects the posterior pharyngeal wall; c-Me,
anterior intermaxillary space height (perpendicular to
PP), that is, the length from the maxillary plane to
Menton; intermaxillary length measured along the
occlusal plane from the incisors to where it intersects
the pharyngeal wall posteriorly; hy-NL, the perpendic-
ular distance from NSL to hyoid; hy-MP, the perpen-
dicular distance from MP to hyoid; hy-aC2, the linear
distance between hy and aC2; hy-aC3, the linear
distance between hy and aC3.

Definitions of Area Measurements

Following are the are measurements used24: black
soft palate area bounded superiorly by PP; oropha-
ryngeal area, the dark grey oropharyngeal area,
bounded superiorly by a backward extension of the
maxillary plane and inferiorly by a line parallel to
palatal plane drawn through the tip of epiglottis; tongue
area: light grey area enclosed posteriorly by the
oropharynx and uvula, superiorly by the hard palate,
and anteriorly by the lingual aspects of the anterior
teeth and lingual mandibular symphyseal contour. The
inferior border is the line extending from the vallecula
to the most anterior point on the hyoid body and the
line from the most anterior point on the hyoid bone to
the menton, and IMA is the intermaxillary space area
delineated by a trapezium drawn through the palatal
and mandibular planes and points e and d.

Definitions of Angular Measurements

Following are the angular measurements used:
NSL/U1, inclination of the maxillary incisors to NSL;
RL1/U1, inclination of the maxillary incisors to RL1; IA,
interincisal angle between inclinations of the maxillary
and mandibular incisors; NSL/OP, the angle between
the NSL and occlusal plane; IMPA, inclination of the
mandibular incisors to the mandibular plane; and RL2/
L1, inclination of the mandibular incisors to RL2.

Data Analyses

Statistical calculations were carried out with NCSS
software for Windows (Kaysville, Utah) and MedCalc
version 10.2 (Ostend, Belgium). Besides descriptive
statistics (mean, standard deviation), in order to test
the statistical significance of the difference between
the means of the first and second measurements of
the variables, a paired sample t-test was used. The
power of the study was calculated on the basis of the
sample size of the two groups and an effect size equal
to 1. The power exceeded 0.95 at an alpha level of
0.05. To detect method error, a randomly selected 20

radiographs were digitized and measured a second
time 15 days later by the same operator, and intraclass
correlation coefficients were calculated.

RESULTS

The operator was consistent in measuring the
radiographs; intraclass correlation coefficient, calculat-
ed for the repeated measurements of randomly
selected 20 radiographs, was more than 0.99 for
skeletal and dentoalveolar and more than 0.98 for the
airway area measurements. Although there was no
statistical correction of skeletal Class II as seen in the
change of ANB, the overjet showed significant reduction
at the end of treatment. The analyses of pre- and
posttreatment means revealed statistically significant
changes as follows: tongue area, intermaxillary space
area, IMPA, RL2, and SN-OP variables increased, and
RL1/U1 and interincisal angle decreased, after treat-
ment with an FRD appliance (Table 1). Statistically
significant dentoalveolar changes point to an increase
of lower incisor inclination, decrease of upper incisor
inclination, decrease of interincisal angle, and rotation
of the occlusal plane, all contributing to the reduction of
overjet. The tongue area and intermaxillary space area
increased in response to these dentoalveolar changes;
however, there was no statistically significant change in
the hyoid position or the oropharyngeal area between
the two time points.

DISCUSSION

Recent research suggests that airway changes
induced by orthodontic movements affect the room
for the tongue, thereby affecting the position of the
hyoid bone and causing a subsequent change in the
dimensions of the posterior airway. In the present
study, the interincisal angle increased mainly because
of the forward movement of the lower incisors, which
might have given the tongue a greater area. Our
results, while pointing to a statistically significant
increase of tongue space (0.75 6 1.57 mm) and
intermaxillary space (0.97 6 3.04 mm), did not reveal
any clinically significant increase in the area of the
tongue, any consequent increase in the posterior
oropharyngeal airway, or a change in the position of
the hyoid bone. The reason for the lack of airway
change may be that the anterior dental changes were
not large enough to affect the tongue and subsequent-
ly the airway, or the increase of the tongue space
caused by the forward movement of the lower dentition
may not be as effective on the airway as is a decrease
in the same space.

The study with the most similar purpose and method
to our study is the cephalometric study by Kinzinger et
al.15 They investigated two fixed functional appliances
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(FMA and Herbst appliance) for their effect on the
morphology of the airway. The appliances had a
similar effect on airway depth. It was found that
increases in anterior facial height were related to
increases in upper posterior airway width. On the other
hand, increases in posterior facial height and the
mandible’s forward displacement correlated inversely
to the decreases in depth in the central and lower
posterior airway.

Because there were no expected growth changes and
associated skeletal corrections—only dental changes—
for our sample of patients in only 5 months of treatment,25

studies regarding airway changes after dental move-
ments are appropriate for us to compare our results with.
There are inconsistencies between studies reporting on
the changes of airway dimensions due to dental
movements during orthodontic therapy. Although some
studies give very detailed information on the type of
anchorage and how it was provided,18–20 others do not
mention these factors.21,22 However, all of the studies
reported changes in incisor inclination at the end of
treatment, albeit using different measurement variables.

Similar to our results, some studies do not report any
change in the posterior airway dimensions after
orthodontic treatment with extractions.21,22 One of
these is a recent study on cone beam computed
tomography, which reported no change in the airway
between extraction and non-extraction groups.22 The
amount of tooth movement was comparatively less in
their study than in similar studies. The extraction group
had 6u and 3 mm of retrusion, and the non-extraction
group had 3u and 1.5 mm of protrusion of the maxillary
incisors. The mandibular incisors were retruded 4u and
2 mm in the extraction group and were 5u and 1 mm
protruded in the non-extraction group. In another
cephalometric study, where upper and lower premo-
lars were extracted for the treatment of bimaxillary

proclination, the upper incisor inclination had de-
creased by 10u, and the lower incisor inclination had
decreased by 9.7u.21 Even though there was a tongue
length decrease of 1.75 mm, no effect was found on
the airway, similar to the result of the present study.

On the other hand, some studies have reported a
change in the airway as a result of incisor movements.18–20

In a cephalometric study by Germec-Cakan et al.,18 the
authors concluded that airway dimensions increased
1.5 mm in patients where 6 mm of mesial molar
movement occurred, decreased 3 mm when the incisors
were retracted more than 10u, and did not change when
these teeth remained stable during treatment. They
explained their result with adaptational changes of the
tongue without any change in the hyoid bone position.
The amount of mesial movement that created a change
in the airway in the non-extraction group of Germec-
Cakan et al.18 is similar to the amount of dental
movement found in our study; however, we have not
seen any airway changes. Even though their sample
consisted of Class I subjects, the initial conditions of the
study groups were not compared; therefore, it is not
clear whether the differences found were due to the
specific condition of each group or by treatment.

In another study, the tip of the upper incisor was
retracted by a mean of 6.84 mm and the lower incisor was
retracted by 4.95 mm, with a corresponding significant
decrease in airway parameters.19 The hyoid bone moved
in a posterior and inferior direction. These authors stated
that any factors that could influence the posture and
position of tongue and soft palate might displace them
backward. The authors reported that the retraction of
anterior teeth decreased the arch length, causing dorsal
movement of the anterior boundary of oral cavity.

In the tomography study by Chen et al.,20 the mean
retraction amount of the maxillary incisors was
7.64 mm. They found a significant correlation between

Table 1. Pre - and Posttreatment Means, Means of Difference, Related Standard Deviations, and P Values

Pretreatment (n 5 23) Posttreatment (n 5 23) Difference P

Soft palate area (mm2) 2.23 6 0.63 2.32 6 0.76 0.09 6 0.49 0.245 NS

Tongue area (mm2) 30.09 6 5.46 30.84 6 5.80 0.75 6 1.57 0.04*

Oropharyngeal area (mm2) 5.55 6 1.40 5.71 6 1.54 0.16 6 0.99 0.322 NS

hy-MP (mm) 1.89 6 1.60 1.78 6 0.90 20.11 6 1.81 0.709 NS

hy-NL (mm) 11.60 6 1.48 11.40 6 1.19 20.20 6 1.00 0.215 NS

hy-aC2 (mm) 4.12 6 0.76 4.09 6 0.74 20.03 6 0.27 0.456 NS

hy-aC3 (mm) 3.68 6 0.57 3.67 6 0.47 20.01 6 0.38 0.885 NS

IMA (mm2) 43.65 6 6.00 44.62 6 5.82 0.97 6 3.04 0.049*

SN1 (u) 102.08 6 7.81 100.09 6 6.46 21.99 6 6.75 0.070 NS

RL1/U1 (u) 110.45 6 6.85 107.10 6 6.28 23.35 6 5.48 0.000***

IMPA (u) 98.91 6 7.88 107.04 6 8.19 8.13 6 4.70 0.000***

RL2/L1 (u) 35.11 6 6.53 43.44 6 6.64 8.33 6 4.97 0.000***

IA (u) 125.79 6 8.86 121.08 6 7.67 24.71 6 6.94 0.000***

SN-OP (u) 16.94 6 4.32 21.375 6 4.69 4.43 6 3.05 0.000***

ANB (u) 4.35 6 2.17 4.30 6 1.77 0.43 6 1.43 0.72 NS

Overjet (mm) 4.70 6 2.03 2.30 6 1.43 2.39 6 2.21 0.000 ***

* P , .05; *** P , .001; NS indicates statistical nonsignificance.
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the amount of incisor retraction and the amount of
hyoid retraction, which they thought might be the
reason for the narrowing of the hypopharynx.

Even though there is an inherent limitation of this
study, as the nasopharyngeal airway is a three-
dimensional structure and was evaluated two dimen-
sionally on lateral cephalometric films, such films have
been used extensively to study airway dimensions.26,27

A high correlation between posterior airway size on
cephalometric radiographs and pharyngeal volume
measured on tomographic scans has been reported.28

Furthermore, Miles et al.29 reported a high reliability of
identification of the commonly used cephalometric
landmarks and measurements.

CONCLUSION

N In this study the dentoalveolar changes produced by
the Forsus FRD did not cause any significant
posterior airway changes in young adult patients.
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supporting the use of cone-beam computed tomography in
orthodontics. J Am Dent Assoc. 2012;143:241–252.

27. Linder-Aronson S, Henriksson CO. Radiocephalometric
analysis of anteroposterior nasopharyngeal dimensions in
6- to 12-year-old mouthbreathers compared with nose
breathers. Pract Otorhinolaryngol. 1973;35:19–29.

28. Zamora N, Llamas JM, Cibrián R, Gandia JL, Paredes V.
Cephalometric measurements from 3D reconstructed imag-
es compared with conventional 2D images. Angle Orthod.
2011;8:856–864.

29. Miles PG, O’Reilly M, Close J. The reliability of upper airway
landmark identification. Aust Orthod J. 1995;14:3–6.

264 OZDEMIR, ULKUR, NALBANTGIL

Angle Orthodontist, Vol 84, No 2, 2014

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


