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Purpose. We investigated the pharyngeal airway dimensions and their correlations in patients who underwent mandibular setback
surgery versus those who did not. Materials and Methods. One hundred and sixty cephalometric radiographs (120 patients) were
obtained from patients with three skeletal malocclusion classifications: Class I and Class II in the nonsurgery group and Class III
in the surgery group (preoperative and postoperative cephalograms). The following dimensions were measured: nasopharyngeal
airway (NOP), uvulopharyngeal airway (UOP), shortest distance from the posterior tongue to the pharyngeal wall (TOP), and
distance from the epiglottis to the pharyngeal wall (EOP). Paired t test, one-way analysis of variance, and Pearson correlation
coefficients were used for statistical analysis. Results. Preoperatively, UOP and TOP of skeletal Class III patients (15.2mm and
16.6 mm) were significantly larger than those of skeletal Class II (11.5 mm and 12 mm) and Class IT (12.3 mm and 12.9 mm) patients,
respectively. No differences were observed in EOP between the three skeletal patterns. The hyoid bone of Class III patients was
significantly anterior to that of Class I/II patients. Furthermore, UOP had a moderate negative correlation with soft palate length.
Postoperatively, no significant difference (UOP, TOP, EOP, soft palate width, and hyoid bone) was found between the skeletal classes.
Conclusion. Preoperatively, UOP and TOP of skeletal Class III patients were significantly wider than those of skeletal Class I/II
patients. Pre- and postoperatively, EOP did not exhibit significant differences among the three skeletal classifications. No differences
were found in all postoperative pharyngeal airway dimensions between Class III patients and nonsurgery patients (Class I and Class
D).

1. Introduction

The pharyngeal airway space has recently become an impor-
tant issue in orthodontic treatment. Muto et al. [1] reported
that the pharyngeal airway space in individuals with skeletal
Class ITII malocclusion is larger than that in those with skeletal
Class I or II malocclusion. Opdebeeck et al. [2] explored
vertical facial patterns and found that patients with a long face
had a narrow airway space compared with those with short
faces. Orthodontic treatment only focuses on altering the
cosmetic appearance of the smile rather than maintaining an

appropriate airway space. After teeth retraction, the tongue is
set back, which constricts the pharyngeal airway, leading to
breathing problems [3].

However, the dimensions of the pharyngeal airway are
affected not only by the growth of the maxilla and mandible
but also by the positions of the tongue and hyoid bone. In
1992, Adamidis et al. [4] reported that the position of the
hyoid bone in patients with skeletal Class III malocclusion
was more anterior than that in patients with skeletal Class
I malocclusion. Furthermore, the prevalence of Class III
malocclusion is higher in Asians than in Caucasians [5].
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Orthodontic treatment combined with orthognathic surgery
is commonly performed in patients with skeletal Class III
malocclusion. After the mandibular setback, the hyoid and
tongue are accommodated backward, which causes the nar-
rowing of the pharyngeal airway space [6]. For maintaining
pharyngeal airway patency; it is essential to focus on changes
in the postoperative positions of the mandible, tongue, and
hyoid bone. The present study analyzed the airway space in
three skeletal patterns and in patients with skeletal Class III
who underwent mandibular setback surgery.

2. Materials and Methods

Cephalograms of the study participants (who were recruited
from Department of Dentistry, Kaohsiung Medical Univer-
sity Hospital, Taiwan) were classified according to the skeletal
relationship between the maxilla and the mandible, in which
an ANB < 0° was skeletal Class III, 0°-4" was skeletal Class I,
and > 4° was skeletal Class II. All lateral cephalograms were
recorded in the natural head position and during the end-
expiration stage, and patients were instructed not to swallow
while the cephalograms were being taken. Patients with
craniofacial symptoms or deformity or those who underwent
other craniofacial surgeries or had sustained craniofacial
injuries were excluded. The participants were divided into a
nonsurgery group (skeletal Class I and Class IT) and a surgery
group (skeletal Class III).

One hundred and sixty cephalograms were obtained from
120 patients: the nonsurgery group comprised 40 patients
(20 men and 20 women) and the surgery group comprised
40 patients (20 men and 20 women) who underwent both
preoperative and l-year postoperative cephalography. The
mean age of the patients was 23.3 years in the skeletal Class I
group, 25.4 years in the Class II group, and 20.7 years in the
Class IIT group. All patients in the surgery group underwent
preoperative orthodontic treatment and isolated intraoral
vertical ramus osteotomy.

The following landmarks were identified on each cephalo-
gram (Figure 1): nasion (N), sella (S), anterior nasal spine
(ANS), point A, posterior nasal spine (PNS), point B, tip of
uvula (U), inferoanterior point on the fourth cervical vertebra
(C4), inferoanterior point on the second cervical vertebra
(C2), most anterosuperior point on the hyoid bone (H),
the most superior point on the epiglottis (E), and Pogonion
(Pog). Linear and angular measurements of the following
were taken: nasopharyngeal airway (NOP [ANS-PNS plane
intersecting the pharyngeal wall]); distance from the tip of
uvula to the pharyngeal wall (UOP, perpendicular to the
y-axis); shortest distance from the posterior tongue to the
pharyngeal wall (TOP); distance (parallel to the x-axis) from
the epiglottis to the pharyngeal wall (EOP); width of the soft
palate (SPW); length of the soft palate (SPL); ANB angle;
palatal angle; and C2C4-SN angle: angle between the C4C2
line and SN line. We applied G#Power version 3.1.9.2 to
estimate the sample size (Franz, Universitat Kiel, Germany)
(1). With power (1-8) of 90%, « of 0.05, and the estimated
effect size of 0.73, the total sample size calculated was only
30—which was 10 for each group. In this study, we recruited
120 patients to achieve sufficient power of at least 90%.
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FiGURE 1: Cephalometric landmarks and linear measurements.
Landmarks: nasion (N); sella (S); anterior nasal spine (ANS);
point A; posterior nasal spine (PNS); point B; tip of uvula (U);
inferoanterior point on the fourth cervical (C4); inferoanterior point
on the second cervical (C2); most superior and anterior point on
the hyoid bone (H); most superior point on the epiglottis (E); and
Pogonion (Pog). The X-axis was constructed by drawing a line
through the N, 7° above the SN line; the Y-axis was constructed
by drawing a line through S, perpendicular to the X-axis. Linear
distances: 1: NOP; 2: UOP, 3: TOP, 4: EOP, 5: SPL, 6: SPW. Angle
measurement: 7: palatal angle, 8: C2C4-SN angle, ANB angle.

Data were processed using SPSS version 20 (IBM Corpo-
ration, Armonk, NY, USA). Multiple comparisons between
groups were performed using one-way analysis of variance.
Tukey’s honestly significant difference test was used for
post hoc testing. Pearson correlation coeflicients were used
to analyze associations between pharyngeal airway depth,
mandibular position, head position, and changes in the hyoid
bone position. The paired ¢ test was used to compare preop-
erative and postoperative values of skeletal Class III patients.
Differences were considered to be statistically significant at p
< 0.05. The present study was approved by the Institutional
Review Board of Kaohsiung Medical University Hospital
(KMUHIRB-E(IT)-20180200).

3. Results

In Table 1 (preoperative data), the C4C2-SN angle and palatal
angle of Class III patients (96.3° and 118.3°, respectively)
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TABLE 2: Preoperation pharyngeal airways in the skeletal classifications (Pearson test).

Total Classifications C4C2-SN angle Palatal angle SPL SPW Hyoid H Hyoid V
NOP -0.038 0.033 0.390= 0.190: -0.047 -0.173 -0.076
uop 0.354* -0.136 -0.243% -0.405% 0.183: -0.031 0.025
TOP 0.350% -0.085 -0.274% -0.180 0.129 0.133 0.132
EOP 0.211% -0.082 -0.196 % -0.097 0.021 0.132 0.132

SPL: Soft palate length; SPW: Soft palate width; Hyoid H (Horizontal); Hyoid V (Vertical)
*: Statistically significant, p < 0.05; very weak (0 - 0.19), weak (0.20 - 0.39), moderate (0.40 — 0.59), strong (0.60 - 0.79), and very strong (0.80 - 1.0).

TABLE 3: Patients characteristics (Class III) in the surgical changes.

Postoperation intergroup comparison

Surgical changes

Variables
Mean SD F P value Significant

C4C2-SN angle 3.6 517 * 12.362 <0.001 1T > IIL, T > III
Palatal angle 4.4 6.21 * 4.325 0.015 I > 111
Soft palate length 1.3 3.33 * 5.258 0.007 II>1I1
Soft palate width -0.4 1.68 - 2.584 0.080 -
Pharyngeal airway

NOP 0.4 2.21 - 3.626 0.030 II>1

uop -2.7 2.18 * 1.309 0.274 -

TOP -3.4 3.77 * 1116 0.331 -

EOP -1.6 3.15 * 0.020 0.980 -
Pogonion

Horizontal -10.7 4.65 * 6.289 0.003 NI>I1L1>11

Vertical -0.7 3.22 - 2.202 0.115 -
Hyoid

Horizontal -5.4 5.14 * 2.271 0.108 -

Vertical 2.1 6.30 * 0.977 0.379 -

I: Class 1, IT: Class II, III: Class IIT

NOP: nasopharyngeal airway, UOP: uvulopharyngeal airway
TOP: shortest distance from posterior tongue to pharyngeal wall
EOP: distance from epiglottis to pharyngeal wall

#: Statistically significant, p < 0.05; —: Not significant

were significantly smaller than those of Class II (1071° and
125.9°, respectively) and Class I (106.4° and 123°, respectively)
patients. SPL was significantly shorter in Class III patients
(32.7mm) than in Class II (373 mm) and Class I (36 mm)
patients. UOP (15.2mm) and TOP (16.6 mm) of Class III
patients were significantly wider than those of Class II
(11.5mm and 12 mm, respectively) and Class I (12.3 mm and
12.9 mm, respectively) patients. EOP revealed no significant
differences between the three skeletal classes. The Pog was
significantly more anteriorly placed in Class III (79.6 mm)
than in Class II (63.6 mm) and Class I (69.5 mm) patients;
however, no significant differences were observed in the
vertical Pog position between the three skeletal types. The
hyoid bone was significantly more anteriorly placed in Class
III (23.1mm) than in Class II (14.1 mm) and Class I (17.3 mm)
patients; however, no significant differences were observed in
the vertical hyoid bone position between the three skeletal
types.

Pearson correlation analysis of the four airway lengths
and various skeletal characteristics is shown in Table 2.
Skeletal patterns showed a significant correlation with UOP,
TOP, and EOP. The palatal angle presented a significant

correlation with all pharyngeal airway dimensions. UOP
had a significant moderate negative correlation (r = -0.405)
with SPL. The C4C2-SN angle and hyoid bone (horizontal
and vertical positions) showed no significant correlation
with any pharyngeal airway dimensions. Surgical changes in
patients with Class III are summarized in Table 3. Pog was
10.7 mm backward significantly. The hyoid bone was 5.7 mm
backward and 2.1 mm downward significantly. Patients had a
significantly increased C4C2-SN angle, palatal angle, and soft
palate length. Pharyngeal airway dimensions (UOP, TOP, and
EOP) showed a significant reduction (2.7, 3.4, and 1.6 mm,
respectively).

4. Discussion

Elham and Susan [7] reported that the uvuloglossopharyn-
geal airway space in patients with skeletal Class II maloc-
clusion is affected by the horizontal positions of the maxilla
and mandible. In our study, skeletal patterns had a significant
correlation with UOP, TOP, and EOP. However, the growth of
the nasopharynx (NOP) was similar among the three skeletal
patterns. Relevant pharyngeal airway muscles are connected
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to the soft palate and the tongue [8, 9]. Moreover, the hyoid
bone and its associated muscle tissues play crucial roles
in maintaining pharyngeal airway spaces [10, 11]. Different
mandible positions also often lead to different hyoid bone
positions. Therefore, the size of the oropharyngeal space may
be affected by the positions of the soft palate, tongue, hyoid
bone, and mandible.

In this study, palatal angles had a significant positive
correlation (r = 0.390) with NOP and a significant negative
correlation to UOP (r = -0.243), TOP (r = -0.274), and EOP
(r = -0.196). SPL had a significant positive correlation (r =
0.190) with NOP and a significant negative correlation with
UOP (r =-0.405) and TOP (r =-0.180). SPW had a significant
positive correlation (r = 0.183) with UOP. This finding means
that UOP was primarily affected by the soft palate, especially
SPL. SPL and the palatal angle were significantly longer and
wider, respectively, in patients with Class II malocclusion
than in patients with Class III malocclusion. This suggests
that mandibular protrusion in Class III leads to a more
anterior palatoglossus muscle and a smaller palatal angle.
This result may be because patients with severe skeletal
Class III malocclusion likely have their uvula slightly pulled
toward the anterior by the palatoglossus muscle, thereby
indirectly creating a larger UOP. Therefore, UOP presented
significant differences in this study: Class III > Class II or
Class 1.

A study examining the correlation between the lengths
of separate airway dimensions and the anatomical structure
[12] reported that the oropharyngeal airway dimensions
were correlated with the position of the tongue and hyoid
bone. TOP was greater in patients with skeletal Class III
malocclusion than in those with Class II and Class I because
patients with skeletal Class III had more anterior positions
of the tongue and the hyoid bone, thereby increasing the
distance between the dorsum of the tongue and the posterior
pharyngeal wall. Even the hyoid bone’s position in Class III
patients was significantly anterior to that in Class I and Class
II patients. However, our study yielded a different finding: the
position of the hyoid bone (horizontal and vertical) was not
significantly correlated with the pharyngeal airway length.
This means that the growth of the mandible primarily led
to increased dimensions of the oropharyngeal airway (UOP
and TOP). No significant differences were found in EOP,
suggesting that it did not vary among the skeletal types and
that it was unaffected by the skeletal relationship between the
maxilla and mandible.

Solow et al. [13] found that the greater the craniocervical
angle, the more retruded the mandible. By contrast, the
more protruded the mandible, the more protruded the hyoid
bone, leading to a narrower craniocervical angle. Because the
airway was widened, no head raising was required to ensure
that the airway remained sufficiently wide for breathing.
Moreover, we found that the C4C2-SN angle had no signif-
icant correlation with any pharyngeal airway dimension and
that the C4C2-SN angle of Class III (96.3%) was significantly
smaller than that of Class II (107.1°) and Class I (106.4°).

Muto et al. [14] studied the effect of mandibular setback
surgery on the pharyngeal airway and found that the average
reduction in airway length at the soft palate and posterior

tongue area was 2.6 mm and 4.0 mm, respectively, and the
palatal angle increased by 4°. Achilleos et al. [15] reported
that the craniocervical angle increased by 3.2° after surgery.
Our findings are consistent with the results of these studies:
pharyngeal airway dimensions (UOP, TOP, and EOP) showed
a significant reduction (2.7, 3.4, and 1.6 mm, respectively)
after surgery, and the C4C2-SN and palatal angles increased
by 3.6" and 4.4, respectively, after surgery. To enable smooth
breathing, the head rises naturally to increase the airway
space. Our results revealed minimum changes in the NOP,
indicating virtually no effect due to mandibular setback
surgery. Backward movement of the mandible may cause
airway narrowing, which depends on not only the amount
of mandibular setback but also the adjustment of the sur-
rounding structures such as the hyoid bone. In the present
study, a significant setback (10.7 mm) was observed with Pog;
and to compensate for this, the hyoid bone moved 5.4 mm
backward and 2.1mm downward. Thus, the compression of
the pharyngeal airway was relieved, and respiratory patency
was maintained.

The causes of breathing difficulty or apnea primarily
occur at the UOP and TOP dimensions. Notably, rotation
(clockwise or counterclockwise) of the mandibular setback
brings about a change in the pharyngeal airway [16]. In
clockwise rotation, the mandibular symphysis descends, but
the mandibular body and ramus rise, which causes the
tongue base to compress the TOP airway, thereby reducing
much of the TOP airway space. Nevertheless, the uplifting
function of the tongue base counterbalances the setback
and downward position of the hyoid bone. This situation is
reversed in a counterclockwise rotation. Therefore, further
study is required to investigate the effects on the pharyngeal
airway after clockwise and counterclockwise rotation follow-
ing mandibular setback procedures.

In conclusion, UOP and TOP of patients with skeletal
Class III malocclusion were significantly wider than those
of patients with skeletal Class II and Class I malocclusion.
EOP did not exhibit significant differences among the three
skeletal classifications. UOP and TOP had a significant pos-
itive correlation with skeletal classifications and a significant
negative correlation with the palatal angle and SPL. However,
the position of the hyoid bone showed no significant cor-
relation with the pharyngeal airway. The pharyngeal airway
lengths of postoperative patients (Class III) exhibited no
differences compared with nonsurgery patients (Class IT and
Class I).

Data Availability

The data used to support the findings of this study are
included within the article. The data used to support the
findings of this study are available from the corresponding
author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



References

[1] T. Muto, A. Yamazaki, and S. Takeda, “A cephalometric
evaluation of the pharyngeal airway space in patients with
mandibular retrognathia and prognathia, and normal subjects,”
International Journal of Oral and Maxillofacial Surgery, vol. 37,
no. 3, pp. 228-231, 2008.

[2] H. Opdebeeck, W. H. Bell, J. Eisenfeld, and D. Mishelevich,

“Comparative study between the SFS and LFS rotation as

a possible morphogenic mechanism,” American Journal of

Orthodontics and Dentofacial Orthopedics, vol. 74, no. 5, pp.

509-521, 1978.

M. Valiathan, H. El, M. G. Hans, and M. J. Palomo, “Effects of

extraction versus non-extraction treatment on oropharyngeal

airway volume,” The Angle Orthodontist, vol. 80, no. 6, pp. 1068

1074, 2010.

[4] I. P. Adamidis and M. N. Spyropoulos, “Hyoid bone position
and orientation in Class I and Class III malocclusions,” Amer-
ican Journal of Orthodontics and Dentofacial Orthopedics, vol.
101, no. 4, pp. 308-312, 1992.

[5] H.-P. Chang, Y.-C. Tseng, and H.-F. Chang, “Treatment of
mandibular prognathism,” Journal of the Formosan Medical
Association, vol. 105, no. 10, pp. 781-790, 2006.

[6] J. M. Greco, U. Frohberg, and J. E. van Sickels, “Long-term
airway space changes after mandibular setback using bilateral
sagittal split osteotomy,” International Journal of Oral and
Maxillofacial Surgery, vol. 19, no. 2, pp. 103-105, 1990.

[7]1 E. S. Abu Allhaija and S. N. Al-Khateeb, “Uvulo-glosso-
pharyngeal dimensions in different anteroposterior skeletal
patterns,” The Angle Orthodontist, vol. 75, no. 6, pp. 1012-1018,
2005.

[8] B. K. B. Berkovitz and B. . Moxham, “The mouth, palate and
pharynx,” in A Textbook of Head and Neck Anatomy, pp. 272
331, WolfeMedical, London, UK, 1988.

[9] E. Lloyd, Dubrul the Oral Viscera, Sicher and Dubruls Oral
Anatomy, Ishiyaku Euroamerica, St. Louis, Mo, USA, 8th
edition, 1988.

[10] A. Kawamata, M. Fujishita, Y. Ariji, and E. Ariji, “Three
dimensional computed tomographic evaluation of morphologic
airway changes after mandibular setback osteotomy for prog-
nathism,” Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology, vol. 89, no. 3, pp. 278-287, 2000.

[11] M. Yamaoka, K. Furusawa, T. Uematsu, N. Okafuji, D.
Kayamoto, and S. Kurihara, “Relationship of the hyoid bone
and posterior surface of the tongue in prognathism and microg-
nathia,” Journal of Oral Rehabilitation, vol. 30, no. 9, pp. 914-920,
2003.

[12] A. E. Athanasiou, N. Toutountzakis, D. Mavreas, M. Ritzau,
and A. Wenzel, “Alterations of hyoid bone position and pha-
ryngeal depth and their relationship after surgical correction
of mandibular prognathism,” American Journal of Orthodontics
and Dentofacial Orthopedics, vol. 100, no. 3, pp. 259-265, 1991.

[13] B. Solow, S. Siersbaek-Nielsen, and E. Greve, “Airway adequacy,
head posture, and craniofacial morphology,” American Journal
of Orthodontics and Dentofacial Orthopedics, vol. 86, no. 3, pp.
214-223,1984.

[14] T. Muto, A. Yamazaki, S. Takeda, and Y. Sato, “Effect of bilateral
sagittal split ramus osteotomy setback on the soft palate and
pharyngeal airway space,” International Journal of Oral and
Maxillofacial Surgery, vol. 37, no. 5, pp. 419-423, 2008.

[15] S. Achilleos, O. Krogstad, and T. Lyberg, “Surgical mandibular
setback and changes in uvuloglossopharyngeal morphology

[3

—_

BioMed Research International

and head posture: a short- and long-term cephalometric study
in males,” European Journal of Orthodontics, vol. 22, no. 4, pp.
383-394, 2000.

(16] J. W. Choi, Y. J. Park, and C.-Y. Lee, “Posterior pharyngeal air-
way in clockwise rotation of maxillomandibular complex using
surgery-first orthognathic approach,” Plastic and Reconstructive
Surgery - Global Open, vol. 3, no. 8, article e485, 2015.



