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Purpose: This study aimed to compare the effects of different orthognathic and camouflage treatments
for correcting moderate skeletal class II and III malocclusions on the pharyngeal airway space (PAS).
Materials and methods: Lateral cephalograms of 89 patients with moderate skeletal class II and III
malocclusion (WITS up to 7 mm, �7 mm respectively) were evaluated before and after treatment. PAS
was divided into 6 levels (P1: nasopharynx, P2-4: oropharynx, P5-6: laryngopharynx), and 7 groups were
formed depending on the type of treatment: 1) class II, mandibular advancement; 2) class II, maxillary
setback/mandibular advancement; 3) class II, upper premolar extraction; 4) class III, mandibular setback;
5) class III, maxillary advancement; 6) class III, maxillary advancement/mandibular setback; and 7) class
III, lower premolar extraction.
Results: Significant changes occurred only in patients with class II malocclusion (groups 1 and 2) before
and after surgery in the nasopharyngeal and oropharyngeal space. Furthermore, significant differences
between the patients with class II malocclusion were found when compared to the premolar extraction
group: group 1 vs. group 3 (P3: �1.31 mm (SD 1.74 mm) vs. 0.89 mm (SD 1.79 mm); P4: �0.72 mm (SD
2.82 mm) vs. 1.42 mm (SD 2.16 mm); P � 0.05), group 2 vs. group 3 (P2: 0.35 mm (SD 1.96 mm) vs.
2.28 mm (SD 1.88 mm), P3: �1.31 mm (SD 1.74 mm) vs. 0.35 mm (SD 1.96 mm), P4: �0.72 mm (SD
2.82 mm) vs. 2.84 mm (SD 2.16 mm), P � 0.05).
Conclusions: Orthognathic surgery in patients with moderate skeletal class II and III malocclusion seems
to affect PAS only slightly. Premolar extractions for compensation (camouflage treatment) can result in a
reduction of the oropharynx airway space in both types of skeletal malocclusions. Therefore, in
borderline patients with presence of OSAS, orthognathic surgery should be considered.

© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Severe dentofacial skeletal deformities usually require a com-
bined orthodontic and surgical (orthognathic) treatment. Orthog-
nathic surgery has the objective to correct malocclusion in the
maxilla, mandible, or both in patients with severe skeletal class II or
III discrepancy after completion of growth. Facial esthetic and
functional deformities can be resolved with orthognathic surgery.
This type of surgery often requires a sophisticated interdisciplinary
cs, RWTH Aachen University
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approach, which can be divided into different phases (Wirthlin and
Shetye, 2013). Patients start with a preoperative orthodontic
preparation that can vary in length, followed by surgical planning,
orthognathic surgery, and postsurgical orthodontic treatment to
obtain the final occlusion (Luther et al., 2007). The presurgical or-
thodontic treatment aims to produce a dental decompensation that
will enable a good surgical correction of the jaw discrepancy
(Luther et al., 2007). The goals of the postsurgical orthodontic
treatment are to settle the dental arches and ensure a precise tooth
positioning (Vig and Ellis, 1990).

Obstructive sleep apnea syndrome (OSAS) represents a severe
form of sleep-disordered breathing (SBD), in which repetitive epi-
sodes of apnea occur during sleep (Young et al., 1993; Bradley and
Floras, 2009). OSAS is a heterogeneous disorder (Ryan and Bradley,
Elsevier Ltd. All rights reserved.
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2005). Anatomic factors that can predispose to OSAS are maxillary
or mandibular retrognathism, as it occurs in patients with a severe
class II or III malocclusion (Young et al., 1993; Lowe, 2006). In OSAS
patients, the upper airway space is often compromised and reduced
in dimensions. Therefore a decrease in the posterior airway space
plays an essential role in OSAS (Riley et al., 1983). Orthognathic
surgery and especially surgery with maxillary or mandibular set-
backs are intensely discussed as a factor that decreases the
pharyngeal airway space (PAS), thus promoting OSAS (Hochban
et al., 1996; De Ponte et al., 1999; Tselnik and Pogrel, 2000). In
contrast, an increase in PAS volume is shown in patients under-
going orthognathic surgery for mandibular advancement or
bimaxillary advancement, which can improve the respiratory status
of patients with OSAS (De Ponte et al., 1999). Therefore, changes in
PAS due to orthognathic surgery must be taken into account during
the presurgical planning, especially in patients who already expe-
rience OSAS but also to prevent new cases of OSAS.

Also, there are orthodontic treatment options that include
extraction of the premolars for dental compensation in borderline
cases of class II or III patients who do not want surgery (Jacobs et al.,
2012). Dental extractions can cause dentofacial changes including
incisor angulation, which in turn can influence the tongue position
and PAS (Leonardi et al., 2010; Jacobs et al., 2012). Despite
numerous studies that have investigated the effect of teeth
extraction on the upper airway, conclusions drawn from these
studies were contradictory (Valiathan et al., 2010; Germec-Cakan
et al., 2011; Al Maaitah et al., 2012; Chen et al., 2012; Jacobs et al.,
2012).

The influences of orthodontic treatment and orthognathic sur-
gery on the cephalometric analysis of PAS have already been
studied intensively (Table 1A,B). However, to date, there are no
comparative studies on PAS changes during different orthognathic
surgical methods and premolar extractions for compensation
(camouflage therapy) in class II and III patients with moderate
skeletal discrepancies. Therefore, the study aim was to determine
the influence of these different treatments on PAS in these
borderline patients. The first hypothesis of this investigation was
that surgical treatment of moderate skeletal class II and III patients
would lead to related changes in PAS. The second hypothesis was
that camouflage treatment with premolar extraction would have
more influence on PAS compared to orthognathic treatment.

2. Materials and methods

Ethical approval for the conduct of this retrospective study was
obtained from the institutional review board at our home institu-
tion (Ethics Commission of University of the RWTH Aachen, Ger-
many, No. 185/16). Relevant data including lateral cephalograms
were collected from patients with moderate skeletal class II (Wits
to 7 mm) and III (Wits to �7 mm).

All the lateral cephalograms were obtained by an experienced
technician using a cephalometric imaging device (Galileos Com-
fortSirona, Germany) at the Department of Maxillofacial Surgery,
University of Aachen, Germany. Routine calibration, system quality
assurance, and imaging testing of the machine were performed
regularly. The examined subjects were positioned in a standard
sagittal plane perpendicular to the floor, which was parallel to the
Frankfort plane.

Patients were allocated to seven groups depending on the type
of skeletal malocclusion and performed therapy:

� Group 1 (skeletal class II malocclusion): monomaxillary surgery
(mandibular advancement)

� Group 2 (skeletal class II malocclusion): bimaxillary surgery
(mandibular advancement and maxillary setback)
� Group 3 (skeletal class II malocclusion): upper premolar
extraction

� Group 4 (skeletal class III malocclusion): monomaxillary surgery
(mandibular setback)

� Group 5 (skeletal class III): monomaxillary surgery (maxillary
advancement)

� Group 6 (skeletal class III): bimaxillary surgery (mandibular
setback and maxillary advancement)

� Group 7 (skeletal class III): lower premolar extraction.

Patients who were treated with orthognathic surgery received
orthodontics both pre- and postsurgically. Depending on the pre-
surgical planning of the maxillofacial surgeon and orthodontist, a
Le Fort I osteotomy, a bilateral sagittal split osteotomy or both were
performed. The evaluation time for these patients was carried out
before (T1) and after (T2) orthognathic surgery. The evaluation time
for the patients whose premolars were extracted was carried out
was before (T1) and after (T2) orthodontic treatment.

A strict treatment concept, depending on the initial dental or
skeletal findings, was not established. The decision was made
considering the patient's preferences. Consideration was given to
the skeletal and dental situation, the possibilities and risks of or-
thodontic compensation and orthognathic surgery, and the pa-
tient's subjective and objective feelings regarding facial aesthetics.

This study included a total of 89 patients (45 female, 44 male).
The corresponding demographic treatment data of all the patients
are presented in Table 2. A total of 178 lateral cephalograms were
evaluated, two cephalograms from each patient at T1 and T2.

For the evaluation, the pharyngeal space was divided into six
levels (P1eP6) according to Houfar et al (Hourfar et al., 2017).

The levels were defined as follows (Fig. 1):

� P1: pP-aP on PP: the distance between the posterior pharynx
wall and the point PNS at the palatal plane level

� P2: pP-aP on OL: the distance between the posterior pharynx
wall and the anterior pharynx wall/lingual root at the occlusal
plane level

� P3: pP-aP on pC2-aC2: the distance between the posterior
pharynx wall and the anterior pharynx wall/lingual root at the
level of the second cervical vertebra (underside)

� P4: pP-aP on ML: the distance between the posterior pharynx
wall and the anterior pharynxwall at themandibular plane level

� P5: pP-aP on pC3-aC3: the distance between the posterior
pharynx wall and the anterior pharynx wall at the level of the
third cervical vertebra (underside)

� P6: pP-aP on pC4-aC4: the distance between the posterior
pharynx wall and the anterior pharynx wall at the level of the
fourth cervical vertebra (underside).

In addition to the usual cephalometric measurements, linear
measurements (in mm) were performed to describe changes of
pharyngeal depth and general treatment-related changes in all the
groups (Figs. 2 and 3). The measurements were performed by one
experienced operator using software support (OnyxCeph, Image
Instruments GmbH, Chemnitz, Germany).

The statistical evaluation within or between the groups was
carried out using paired or unpaired t-tests, and the level of sig-
nificance was set at P � .05 using the statistical program Prism
(version 7, GraphPad Software Inc., La Jolla, CA, USA). All the results
are expressed as the mean ± standard deviation (SD).

3. Results

Treatment-related changes of PAS at T1, T2, and mean changes
(DT2-T1) in skeletal class II (groups 1e3) and skeletal class III



Table 1A
Literature review of the orthognathic surgery influence on PAS investigated by cephalometric analysis.

Author Year Class Surgery Findings

Do Vale et al. 2019 II Monomaxillary As an effect of mandibular advancement, an anteroposterior significant increase in PAS was perceived.
Jeong et al. 2017 II Bimaxillary Counterclockwise rotational orthognathic surgery without maxilla advancement for the correction of OSA can

effectively increase the PAS.
Riepponen et al. 2017 II Mono-, Bimaxillary Patients with narrow PAS at the baseline, and those whose mandible moved in the counterclockwise direction

with moderate advancement gained more retrolingual airway patency.
Dalla Torre et al. 2017 II Monomaxillary The effect of mandibular advancement on the PAS was significant.
Sahoo et al. 2012 II Monomaxillary An overall increase in airway dimension was found. The procedure may be considered beneficial in reducing

upper airway collapsibility and preventing sleep disorders due to oropharyngeal airway deficiencies in
skeletal class II malocclusion.

De Ponte et al. 1999 II Mono-, Bimaxillary An increase in PAS volume, especially at the hypopharynx and the lower part of the oropharynx was found,
when the sagittal split osteotomy was performed and/or the maxilla was moved anteriorly and/or superiorly.
A decrease of PAS was seen in downward and/or backward maxillary movements.

Farole et al. 1990 II Monomaxillary PAS usually increased after mandibular advancement, but the changes were varied.
Hourfar et al. 2017 II, III Mono-, Bimaxillary Bimaxillary surgery led to smaller changes of pharyngeal depth in Class II and III patients than monomaxillary

surgery.
Keum et al. 2017 III Monomaxillary,

teeth extraction
Middle PAS decreased because of the posterior displacement of themandibular incisors and/or themandibular
body. The inferior PAS decreased only in the mandibular setback group because of the posterior displacement
of only the mandibular body.

On et al. 2015 III Monomaxillary The oropharynx significantly decreased after mandibular setback surgery, and changes in the surrounding
structures were identified through posteroinferior movement of the hyoid bone during long-term follow-up.

Choi et al. 2015 III Bimaxillary Orthognathic surgery based on clockwise rotation of maxillomandibular complex did not cause severe PAS
changes at 6 months postoperation

Uslu-Akcam
and Gokalp,

2015 III Bimaxillary Two jaw surgery evoked an increase in the upper pharyngeal airway dimensions.

Santagata et al. 2015 III Mono-, Bimaxillary Bimaxillary surgery had less effect on reduction of the PAS than mandibular setback surgery only.
Cho et al. 2015 III Monomaxillary The PAS showed relatively high correlation with the amount of mandibular setback.
Choi et al. 2014 III Monomaxillary The amount of mandibular set back was significantly associated with postoperative reduction of PAS.
Burkhard et al. 2014 III Bimaxillary A significant increase in the upper airway dimensions before and after surgery occurred in all measured cases.
Gokce et al. 2012 III Bimaxillary The alterations indicated decreased airway resistance and better airflow.
Demetriades et al. 2010 III Mono-, Bimaxillary Postoperative polysomnography showed higher incidence of mild to moderate OSAS in patients who

underwent mandibular retropositioning greater than or equal to 5 mm compared with patients who
underwent mandibular retropositioning in combination with maxillary advancement.

Park et al. 2010 III Monomaxillary Although the structures around themandible inevitably moved backward after mandibular setback surgery on
linear analysis, physiologic deformation could occur to preserve the airway capacity after sagittal
compression.

Jakobsone et al. 2010 III Bimaxillary Bimaxillary surgery for correction of Class III malocclusion did not cause decrease of the posterior airway
space. Three-dimensional imaging techniques are preferable to 2-dimensional lateral cephalograms for
evaluation of the upper airway after orthognathic procedures.

Foltan et al. 2009 III Bimaxillary The results indicate that bimaxillary surgery for class III malocclusion increased upper airway resistance.
Marsan et al. 2009 III Bimaxillary Bimaxillary surgery caused an increase in the upper retropalatal airway space, together with posterior and

inferior movement of hyoid bone one week postoperatively. Some relapse was found in these changes over
one year later.

Muto et al. 2008 III Monomaxillary These results show that mandibular setback surgery markedly decreases the PAS and changes themorphology
of the soft palate.

Chen et al. 2007 III Mono-, Bimaxillary Bimaxillary surgery rather than onlymandibular setback surgery is preferable to correct a Class III deformity to
prevent narrowing of the pharyngeal airway space, a possible predisposing factor in the development of
obstructive sleep apnea.

Kawakami et al. 2005 III Monomaxillary Mandibular setback caused airway narrowing late after surgery, while the early postoperative airway
dimension was maintained.

Samman et al. 2002 III Mono-, Bimaxillary Minimal pharyngeal depth was reduced in both genders. After mandibular setback, the hypopharyngeal depth
was reduced. The bimaxillary surgery group also demonstrated a more posterior tongue base but without
reduction of the hypopharyngeal depth. The mandibular setback group should be most at risk of obstructive
sleep apnea, but compensatory changes in soft palate morphology may explain the low occurrence in practice.

Tselnik and Pogrel 2000 III Monomaxillary Mandibular setback surgery causes a long-term decrease in PAS area.
Hochban et al. 1996 III Monomaxillary PAS decreased considerably in all patients.. The preoperative PASwas enlarged in all patients withmandibular

hyperplasia compared to normal subjects.
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patients (groups 4e7) are shown in Tables 3e5 and illustrated in
Figs. 4 and 5. The changes in WITS depending on the surgical
technique are illustrated in Fig. 6.

No statistical differences were found regarding WITS before
treatment, both in class II and class III patients. However, treatment
in groups 1, 2, 4, and 5 resulted in statistically significant changes,
but not in groups 3, 6, and 7. Regarding PAS, significant changes
occurred only after monomaxillary and bimaxillary class II therapy
(groups 1 and 2) in the nasopharyngeal and oropharyngeal space
(monomaxillary: P1, 3, 4; bimaxillary: P2, 4). Furthermore,
compared to the extraction treatment, significant differences be-
tween the different class II treatment were found: upper premolar
extraction (group 3) vs. monomaxillary surgery (mandibular
advancement) (group 1) (P3: �1.31 mm (SD 2.43 mm) vs. 0.89 mm
(SD 1.79 mm); P4: �0.72 mm (SD 2.82 mm) vs. 1.42 mm (SD
2.61 mm); P � 0.05), upper premolar extraction (group 3) vs.
bimaxillary surgery (maxillary setback/mandibular advancement)
(P2: 0.35 mm (SD 1.96 mm) vs. 2.28 mm (SD 1.88 mm),
P3: �1.31 mm (SD 2.43 mm) vs. 1.74 mm (SD 2.97 mm),
P4: �0.72 mm (SD 2.82 mm) vs. 2.84 mm (SD 2.16 mm) P � 0.05).



Table 1B
Literature review of premolar extraction therapy in combination with orthodontic
treatment influence on PAS by cephalometric analysis.

Author (Year) Year Findings

Maurya et al. 2019 No significant change on airway after therapeutic
orthodontic tooth movement with or without
extraction treatment was found.

Bhatia et al. 2016 The size of the PAS (velopharyngeal and
glossopharyngeal) reduced and hyoid bone position
changed after retraction of the incisors in extraction
space in bimaxillary protrusive adult patients.

Al Maahitah et al. 2012 Extraction of the first premolars for the treatment of
bimaxillary proclination did not affect upper airway
dimensions despite a significant reduction in
tongue length.

Sharma et al. 2014 The nasopharyngeal dimension and total airway
length were not found to be directly affected by the
retraction of anterior teeth.

AlKawari et al. 2018 Extraction of premolars did not affect the
pharyngeal dimensions except those of the
nasopharynx, which showed a significant increase
after extraction.

Wang et al. 2012 The PAS became narrower after treatment.
Extraction of four premolars with retraction of
incisors did affect velopharyngeal,
glossopharyngeal, hypopharyngeal, and hyoid
position in bimaxillary protrusive adult patients.

Valiathan et al. 2010 Extraction of four premolars with retraction of
incisors did not affect the oropharyngeal airway
volume

Fig. 1. Linear measurements of the nasopharyngeal airway space that were divided
into six levels: P1 nasopharynx, P2�4 oropharynx, P5�6 laryngopharynx.
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4. Discussion

The main study objective was to compare the influence of or-
thodontic treatment, different orthognathic surgical methods, and
premolar extraction for compensation (camouflage therapy) for
class II and III treatment on patients with PAS. The influence of a
combined orthodontic�orthognathic surgical treatment and the
division of mono- or bimaxillary surgery on PAS has been examined
by Hourfar et al. (2017). However, until now, the influence of pre-
molar extraction on PAS has not been investigated. Therefore, our
study adds new data to the orthodontic literature.

For the analysis of PAS, lateral cephalograms were evaluated,
which is an established method (Yu et al., 1994; De Ponte et al.,
1999; Samman et al., 2002). Besides the evaluation of PAS using
lateral cephalograms, the literature also describes the analysis of
PAS using cone-beam computed tomography (CBCT) (Alves et al.,
2012; Di Carlo et al., 2015) and computed tomography (CT)
(Crosby et al., 2016). The differences between CT, CBCT, and lateral
cephalograms are low (Vizzotto et al., 2012; Crosby et al., 2016). An
Table 2
Patients demographic and treatment data, divided after malocclusion and appropriate tr

Malocclusion Group Treatment N Gender

Class II 1 Mandibular advancement 19 11 females
8 males

2 Mandibular advancement/maxillary
setback

11 5 females
6 males

3 Upper premolar extraction 10 7 females
3 males

Class III 4 Mandibular setback 10 6 females
4 males

5 Maxillary advancement 13 5 females
8 males

6 Mandibular setback/maxillary
advancement

13 7 females
6 males

7 Lower premolar extraction 13 9 females
4 males
advantage of the evaluation with lateral cephalograms in compar-
ison to CBCT and CT is the reduced exposure to radiation in patients
(Eastman, 2013).

In this study, PAS was evaluated at six different levels (P1eP6)
(Hourfar et al., 2017). Significant changes occurred only after
monomaxillary and bimaxillary class II therapy (group 1 and 2) in
the nasopharyngeal and oropharyngeal space. PAS alterations were
more accentuated in bimaxillary surgery in comparison to mono-
maxillary surgery. In contrast, the study of Houfar et al (Hourfar
et al., 2017), observed a change in PAS in both bi-and mono-
maxillary osteotomy in class II and III patients, whichwas especially
pronounced in monomaxillary surgery.

In individuals of Caucasian/white ethnicity, class II anomalies
are more frequent than class III anomalies (33). However, in this
study, the number of class III patients was tendentially larger than
class II patients. One reason for this could be that patients with a
class III anomaly experience more problems than class II patients
due to the negative overjet.

Other studies have investigated the effect of orthognathic sur-
gery on PAS in class III patients (Tselnik and Pogrel, 2000) with
eatment.

Mean/Range of
age (years)

Mean/Range of time
between T1 and T2 (years)

Mean/Range of time between
surgery and T2 (years)

27.4 (16.1e48.2) 2.68 (2.07e3.47) 0.96 (0.53e1.75)
24.8 (17.2e32.6) 2.55 (2.01e3.40) 1.76 (0.78e2.18)
28.8 (17.2e46.3) 3.27 (2.45e3.91) 1.61 (0.84e2.19)
30.8 (18.2e49.8) 3.01 (1.87e4.82) 1.53 (1.87e3.03)
22.7 (16.2e28.6) 2.54 (2.05e3.68) e

23.2 (17.6e27.2) 2.84 (2.49e3.28) e

27.2 (17.2e47.2) 3.34 (2.63e4.01) 1.38 (0.60e1.99)
22.2 (17.4e30.2) 2.80 (2.19e3.51) 1.35 (1.02e1.60)
31.3 (19.8e49.8) 3.37 (2.28e5.42) 1.59 (0.87e1.97)
23.8 (17.9e48.3) 3.38 (1.70e5.18) 1.64 (1.01e2.35)
25.4 (17.2e39.8) 2.99 (2.44e3.42) 0.95 (0.42e1.32)
22.8 (18.2e34.6) 3.19 (1.97e5.46) 1.34 (0.77e1.79)
29.3 (20.2e48.3) 3.32 (2.24e4.62) e

24.6 (18.2e52.8) 2.78 (1.67e4.22) e



Fig. 2. An example of superimpositions of the cephalometric analysis before (T1, blue tracing) and after (T2, black tracing) the treatment in class II patients.

Fig. 3. An example of superimpositions of the cephalometric analysis before (T1, blue tracing) and after (T2, black tracing) the treatment in class III patients.

Table 3
Treatment-related changes of the pharyngeal airway space (PAS) in Class II patients after mono, bimaxillary surgery, and camouflage treatment.

P Class II Treatment

Mandibular advancement Maxillary setback/mandibular advancement Camouflage

T1 (mm) T2 (mm) D ST2-T1 (mm) p value T1 (mm) T2 (mm) D T2-T1 (mm) p value T1 (mm) T2 (mm) D T2-T1 (mm) p value

1 25.68 ± 4.16 24.17 ± 5.06 �1.51 ± 2.62 0.022* 26.62 ± 3.08 26.61 ± 1.64 �0.01 ± 3.35 0.993 21.79 ± 5.37 22.77 ± 5.59 0.98 ± 4.51 0.509
2 10.39 ± 3.36 10.95 ± 2.50 0.56 ± 2.31 0.302 10.18 ± 1.79 12.46 ± 2.80 2.28 ± 1.88 0.002* 11.08 ± 2.76 11.43 ± 2.73 0.35 ± 1.96 0.586
3 10.45 ± 3.22 11.35 ± 3.15 0.89 ± 1.79 0.043* 9.58 ± 1.78 11.32 ± 2.87 1.74 ± 2.97 0.081 13.50 ± 2.04 12.19 ± 3.77 �1.31 ± 2.43 0.122
4 9.55 ± 3.63 10.97 ± 3.60 1.42 ± 2.61 0.029* 7.65 ± 2.18 10.48 ± 2.03 2.84 ± 2.16 0.001* 12.87 ± 2.61 12.15 ± 4.11 �0.72 ± 2.82 0.440
5 13.43 ± 4.79 12.14 ± 4.75 �1.29 ± 3.97 0.174 11.15 ± 4.91 12.58 ± 3.09 1.44 ± 3.23 0.171 13.10 ± 3.85 12.90 ± 4.97 �0.20 ± 3.90 0.875
6 16.42 ± 3.02 17.08 ± 2.95 0.66 ± 3.45 0.416 16.21 ± 2.97 16.47 ± 3.30 0.26 ± 2.78 0.759 16.38 ± 3.49 17.92 ± 1.87 1.54 ± 2.78 0.114

P: PAS Levels - P1: nasopharynx, P2-4: oropharynx, P5-6: laryngopharynx; T1: before treatment, T2: after treatment, D T2-T1: Change by treatment, positive measurements
indicate increases and negative measurements indicate decreases of the PAS; *: statistically significant (p � 0.05).
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Table 4A
Treatment-related changes of the pharyngeal airway space (PAS) in Class III patients after a surgical mandibular setback or maxillary advancement.

P Class III Treatment

Mandibular setback Maxillary advancement

T1 (mm) T2 (mm) D T2-T1 (mm) p value T1 (mm) T2 (mm) D T2-T1 (mm) p value

1 25.95 ± 4.40 24.88 ± 4.27 �1.07 ± 3.34 0.338 25.01 ± 3.85 23.81 ± 3.33 �1.20 ± 2.10 0.061
2 11.49 ± 1.97 10.66 ± 1.97 �0.83 ± 2.16 0.256 11.35 ± 2.54 12.02 ± 3.33 0.67 ± 1.84 0.214
3 11.99 ± 4.12 11.30 ± 6.13 �0.69 ± 3.02 0.488 12.35 ± 4.09 11.85 ± 4.25 �0.50 ± 3.37 0.602
4 9.74 ± 4.23 9.84 ± 3.07 0.10 ± 3.52 0.930 10.57 ± 3.11 10.26 ± 3.23 �0.31 ± 2.75 0.694
5 14.33 ± 1.70 9.97 ± 2.98 �4.36 ± 3.35 0.767 12.88 ± 5.00 12.88 ± 4.22 0.00 ± 4.12 0.999
6 16.23 ± 2.92 15.95 ± 5.67 �0.28 ± 3.61 0.812 18.20 ± 3.90 16.52 ± 5.05 �1.68 ± 3.23 0.084

P: PAS Levels - P1: nasopharynx, P2-4: oropharynx, P5-6: laryngopharynx; T1: before treatment, T2: after treatment, D T2-T1: Change by treatment, positive measurements
indicate increases and negative measurements indicate decreases oft the PAS; *: statistically significant (p � 0.05).

Table 4B
Treatment-related changes of the pharyngeal airway space (PAS) in Class III patients after bimaxillary surgery or camouflage treatment.

P Class III Treatment

Maxillary advancement/mandibular setback Camouflage

T1 (mm) T2 (mm) D T2-T1 (mm) p value T1 (mm) T2 (mm) D T2-T1 (mm) p value

1 25.72 ± 3.91 25.52 ± 5.62 �0.20 ± 3.42 0.837 24.65 ± 5.28 25.20 ± 5.74 0.55 ± 4.84 0.697
2 10.86 ± 2.24 11.50 ± 4.12 0.64 ± 2.70 0.411 9.99 ± 3.78 10.16 ± 3.26 0.17 ± 3.54 0.866
3 13.03 ± 3.77 12.84 ± 5.30 �0.19 ± 3.24 0.834 12.38 ± 3.51 11.47 ± 4.34 �0.91 ± 5.35 0.452
4 12.68 ± 4.85 11.87 ± 4.77 �0.82 ± 4.44 0.521 11.03 ± 3.63 10.36 ± 3.18 �0.67 ± 4.72 0.555
5 12.82 ± 5.02 10.81 ± 3.52 �2.02 ± 5.21 0.188 13.06 ± 2.81 11.60 ± 3.50 �1.46 ± 3.47 0.155
6 15.77 ± 5.84 15.32 ± 4.50 �0.45 ± 3.21 0.619 16.98 ± 4.26 16.89 ± 3.21 �0.08 ± 2.87 0.917

P: PAS Levels - P1: nasopharynx, P2-4: oropharynx, P5-6: laryngopharynx; T1: before treatment, T2: after treatment, D T2-T1: Change by treatment, positive measurements
indicate increases and negative measurements indicate decreases oft the PAS; *: statistically significant (p � 0.05).

Table 5
P values of the comparisons between the mean changes of PAS levels after different surgical approaches or camouflage treatment after correcting moderate skeletal class II and
III malocclusion.

p value

P1 P2 P3 P4 P5 P6

Class-II-Treatment
Monognathic (MnA) vs. Bignahtic (MxS/MnA) 0.183 0.046a 0.339 0.139 0.064 0.749

Camouflage 0.069 0.806 0.010a 0.041a 0.486 0.492
Bignahtic (MxS/MnA) vs. Camouflage 0.573 0.032a 0.019a 0.004a 0.307 0.306

Class-III-Treatment
Monognathic (MnS) vs. Monognathic (MxA) 0.910 0.244 0.890 0.758 0.881 0.337

Bignahtic (MxA/MnS) 0.548 0.362 0.711 0.599 0.322 0.904
Camouflage 0.400 0.694 0.383 0.406 0.339 0.886

Monognathic (MxA) vs. Bignahtic (MxA/MnS) 0.378 0.973 0.814 0.729 0.285 0.339
Camouflage 0.265 0.655 0.295 0.472 0.338 0.194

Bignahtic (MxA/MnS) Camouflage 0.687 0.707 0.220 0.742 0.752 0.760

P: PAS Levels - P1: nasopharynx, P2-4: oropharynx, P5-6: laryngopharynx; MnA: Mandibular advancement; MnS: Mandibular setback; MxA: Maxillary advancement; MxS:
Maxillary setback.

a Statistically significant.
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controversial results. Azevedo et al. observed that the upper PAS
increases after orthognathic surgery, although this was not statis-
tically significant (Azevedo et al., 2016). In contrast, Park et al.
observed no changes in PAS after bi- or monomaxillary surgery
(Park et al., 2012). A decrease in PAS is often observed in class III
patients treated with mandibular setback surgery (Muto et al.,
2008; Hourfar et al., 2017). Chen et al. and Burkhard et al.
pointed out that a decrease of PAS in class III patients can be
reduced after a bimaxillary surgery with mandibular setback and
maxillary advancement to prevent narrowing of PAS, possible
development of breathing problems, and OSA/SBA (Chen et al.,
2007; Burkhard et al., 2014).

Another aspect the study evaluated was the premolar extraction
in patients with class II and III malocclusion. Extraction therapy is
used to compensate for moderate skeletal anomalies. The study
results showed that the combination of extraction and retrusion of
the front could reduce the oropharynx airway space in skeletal class
II and III malocclusion (groups 3 and 7), even if there were no
significant changes. One explanation for this could be the reduction
in tongue space. Some clinicians believe that by closing the
extraction spaces, the maxilla and the mandible will retrude
(McDougall et al., 1982), resulting in constriction of the oropha-
ryngeal airway (Ozbek et al., 1998; Singh et al., 2007). A retruded
mandibular position may be associated with airway constriction
due to the lingualmusculature. Particularly in class II patients, there
is a significant difference between premolar extraction and mono-
and bimaxillary osteotomy. In this study, camouflage therapy with
premolar extraction and retrusion of the front significantly reduces
the PAS more than surgical osteotomy. Practitioners must be aware
of this phenomenon, especially in borderline cases and patients



Fig. 4. Pharyngeal changes (mm) at different levels (P1eP6) after different surgical and camouflage treatments in class II patients. Changes (D T2 � T1) after mandibular
advancement, bimaxillary surgery (mandibular advancement and maxillary setback), and upper premolar extractions. Negative values (shift to the left) represent narrowing, and
positive values (shift to the right) represent the opening of the nasopharyngeal airway space. Statistical significance: P � .05.

Fig. 5. Pharyngeal changes (mm) at different levels (P1eP6) after different surgical and camouflage treatments in class III patients. Changes (D T2 � T1) after mandibular setback,
maxillary advancement, bimaxillary surgery (mandibular setback and maxillary advancement), and lower premolar extractions. Negative values (shift to the left) represent nar-
rowing, and positive values (shift to the right) represent the opening of the nasopharyngeal airway space. Statistical significance: P � .05.

Fig. 6. Box plots of WITS changes (mm) at different levels (P1eP6) in class II patients (A) and class III patients (B) before and after monomaxillary surgery, bimaxillary surgery, and
premolar extractions. Statistical significance: P � .05.
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with potential breathing problems, in whom orthognathic surgery
might be a better approach.

However, the results of this investigation must be viewed crit-
ically due to the small sample sizes as well as the lack of exact
millimeter data for the respective displacements. Although the
displacement distance can be suspected by the WITS values for
monomaxillary surgery, it is limited in cases of bimaxillary treat-
ment, because the actual movements in the sagittal plane were not
apparent for the respective jaw. Nevertheless, in this case, the
entire displacement of both jaws can be assumed.

PAS alterations after orthognathic surgery or premolar
extraction are controversial topics in the literature. Previous
studies have shown that after orthognathic surgery a physiolog-
ical adjustment of the soft tissue occurs and the PAS goes back to
its original form (Yu et al., 1994; Hochban et al., 1996; Samman
et al., 2002; Chen et al., 2012). Yu et al. demonstrated that in-
creases in PAS were unpredictable and are prone to decrease over
time (Yu et al., 1994).

Even in the primary diagnostic workup, attention should be paid
to possible breathing problems, since many patients have an un-
diagnosed OSAS and SBA (Armalaite and Lopatiene, 2016; Graf
et al., 2016). When patients need orthodontic treatment or
orthognathic surgery, a lateral cephalogram is usually performed
for diagnosis. Several studies showed that the use of cephalometric
analyses of lateral radiographs was suitable for diagnosing changes
in PAS, which were directly related to OSAS/SBA. A hypoplastic
mandible and/or maxilla, which are reflected by smaller SNB and
SNA angles, has been mentioned as a factor contributing to the
severity of OSAS/SBA (Battagel et al., 2002; Tsai et al., 2003;
Sutherland et al., 2012). Therefore, the maxillofacial surgeon and
orthodontist can be the first to discover possible anatomical
changes of PAS and OSAS/SBA.

In contrast, according to Bacon et al., SNA, SNB, and ANB mea-
surements did not show any influence when comparing patients
with OSAS and the control group (Bacon et al., 1990). A meta-
analysis by Armalaite and Lopatiene also pointed out that there
were no statistically significant differences in the skeletal ante-
roposterior relationship between patients with OSAS and a control
group (Armalaite and Lopatiene, 2016). Until now, literature of
OSAS concerning skeletal craniofacial anomalies has been contra-
dictory. OSAS or SBA probably cannot be diagnosed with certainty
by a lateral cephalogram, but it may be a reference to an existing
SBA/OSA and orthodontists can refer the patient to a specialist
(Verbraecken et al., 2017).

5. Conclusions

Orthognathic surgery in moderate skeletal class II and III
malocclusion seems to affect PAS only slightly. Slight PAS extension
is possible after surgical class II treatment; however, PAS narrowing
is not expected after class III treatment. Camouflage treatment can
result in a reduction of the oropharynx airway space in both skel-
etal malocclusions. This may be due to a tongue shift to the dorsal.
There is a statistically significant difference in the treatment of class
II patients at the expense of camouflage treatment.

Taking into account the limitations of this study in terms of
small sample sizes and missing information about displacement
distances for orthognathic surgery�treated patients, it can be
concluded that in these borderline patients, the presence of
OSAS should be evaluated before treatment. In this case,
orthognathic surgery seems to be a more effective treatment
option due the possibility of additional OSAS therapy next to
functional rehabilitation, while especially in class II borderline
cases extraction therapy may increase the risk of narrowing the
PAS.
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