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Background and Aim: Mandibular setback surgery is one of the common treatments in
patients with mandibular prognathism. In this surgery, the mandible is placed backward from its
original position, and as a result, the soft tissue, tongue, and hyoid bone are slightly displaced, all
of which can affect the dimensions of the airway. Given that these changes in the dimensions of
the airway can lead to obstructive sleep apnea, it is important to examine these changes and their
stability. In this regard, cephalometric radiography can be used, which haslowcost and dose in
comparison to 3D radiographs, to examine changes in airway dimensions. The aim of this study
was to evaluate the short-term and long-term changes in airway dimensions following mandibular

steback surgery with the help of cephalometric radiography.

Materials and Methods: The study was conducted by review method. Using the keywords
‘orthognathic surgery, ‘mandibular setback; ‘Malocclusion angle class III, ‘prognathism, ‘airway;
‘posterior airway space, ‘PAS, ‘pharyngeal space, ‘hypopharynx, a review of articles in PubMed and
Embase databases, Google Scholar, and Cochrane databases was performed. The range of article

searches was from 2000 to 2020.

Conclusion: The results of studies showed that in the first 6 months after surgery, the dimen-
sions of the airway decrease, but over time, due to the adaptation of the surrounding tissues and
relapse after surgery, there is an improvement in the dimensions of the airway; Also, the study of
index-related breathing disorders during sleep disorders during sleep showed that this surgery does

not necessarily lead to obstructive sleep apnea.

KeyWOI'dS: Orthognathic surgery; Mandibular setback; Malocclusion angle class III; Progna-
thism; Airway; Posterior airway space; PAS; Pharyngeal space; Hypopharynx.

Introduction

bstructive Sleep Apnea is a very common and
familiar disorder that can possibly have various
impacts on a patient, including extreme drowsi-
ness during the day, snoring, and a considerable amount of
increase on the possible incoming risks and threats such as
potential car crashes while driving as well as the frequent

Copyright © 2020 Tehran University of Medical Sciences.

occurrence of cardiovascular diseases amongst these types
of patients [1]. Both clinical and paraclinical examinations
prove to provide extremely useful tools for diagnosing pa-
tients who are at potential risk of this particular disorder,
these paraclinical observations and examinations involve

radiographic images (for instance lateral cephalometry),

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-com-
mercial uses of the work are permitted, provided the original work is properly cited.
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sleeping questionnaires (such as OSA-18), as well as di-
agnostic tests (polysomnography, which is considered
to be the appropriate golden standard for identifying
and diagnosing this particular condition), in addition
to having indicators such as AHI (which can easily as-
sess the severity of apnea by discovering the precise
number of apneas and hypopneas that occur during
the patient’s sleeping period).

The potential risk factors that may very well cause
this particular disorder usually fall into two catego-
ries: anatomical and non-anatomical, the psychological
type issues are considered as one of the major causes
amongst these non-anatomical patients [2-4]. Further-
more, the potential anatomical risk factors can be di-
vided into two separated groups, soft & hard tissues,
the hard tissue group is analyzed and evaluated as
cephalometric type risk factors [5]. Mandibular Set-
back surgery is a commonly found treatment done in
order to fix the mandibular prognathism [6], however,
some researchers suggest that performing such surger-
ies may very much lead to relative narrowing of the
upper airways of the patient and can eventually lead
to obstructive sleep apnea [7]. On the other hand, ac-
cording to some, the better method is considered to be
performing a double jaw surgery, for not only the bet-
ter aesthetic and appearance that it can achieve, but for
the fact that it has a much lesser extent in affecting the
anatomy of the airways [8,9]. Although, the potential
role of this surgery in exacerbating obstructive sleep
apnea entirely remains uncertain and debated to this
day. In addition, it must be added that a physiological
reaction is expected to occur in the aftermath of this
particular surgery in order to prevent narrowing of the
airways of the patient [10,11]. Finally, the other con-
troversial issue is whether the airway changes resulted
from the performed surgery was permanent and if they
can also affect skeletal stability in any way whatsoever
[12]. The main objective and purpose of this particu-
lar study was to review the various effects mandibular
setback surgery has on the upper airway dimensions as
well as covering obstructive sleep apnea.

Materials and Methods

The present study is a review of the evidence in
electronic databases using the keywords ‘orthognath-
ic surgery;, ‘mandibular setback; ‘Malocclusion an-
gle class III, ‘prognathism, ‘airway, ‘posterior airway
space; ‘PAS; ‘pharyngeal space; ‘hypopharynx, and
‘hyoid bone, and reviewing the articles in PubMed and
Embase databases, Google Scholar, and Cochrane. The
range of article searches was from 2000 to 2020. After

searching with the mentioned keywords and review-
ing each of these articles, 645 articles were found that
dealt with the effect of mandibular setback surgery on
the dimensions of the upper airway in patients with
obstructive sleep apnea, of which 13 articles were in
full text and had an entry criterion available. Figure 1
shows how to select articles.

Inclusion and exclusion criteria are presented as fol-
lows:

1. Articles that evaluated orthognathic surgery in pa-
tients with obstructive sleep apnea.

2. Articles that used lateral cephalometric view to study
the dimensions of the airway.

3. Case report studies.
4. Articles that were considered in the period.
5. Articles in English and Persian.

6. The main types of articles and all articles were full
text.

Results

Initially, 645 articles (Figure 1) were obtained from
databases, of which 531 studies were excluded for rea-
sons such as irrelevance or duplication. However, 101
articles were deleted by two independent reviewers
due to lack of inclusion criteria, for example, the use
of CBCT to assess the dimensions and morphology of
the airway after surgery, surgery on both jaws, or lack
of access to the full text of the article. Finally, the last 13
articles included in the study, and a summary of their
work results are given in Table 1.
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Papers found in database (n=645)

Paper excluded because they were unrelated and repeated (n=531)

Papers retrieved for more assessment (n=114)

Papers excluded because they were not associated with sleep

apnea (n=101)

Papers obtaining inclusion criteria and included in the final analysis (n=13)

Figure 1. The selection process of papers included in this work.

Publication year

Authors

Objectives

Results

2000

Tselnik “

Assessment of the Pharyngeal
Airway
Space After Mandibular Setback
Surgery

Conducted studies show that patients with high potential
risk factors such as overweight, conjunctival neck or large
tongue are considered more in danger, and performing
mandibular setback surgery on these patients is very likely

to cause obstructive sleep apnea and must be avoided.

2000

Achilleos

Surgical mandibular setback and
changes in uvula glossopharyngeal
morphology and head posture: a
short- and long-term cephalomet-

ric study in males

Their study results also show that over time, the process of
recovery in soft and hard airway tissue occurs, specifically
within the lateral cephalometric image of patients who

undergo mandibular setback surgery.

2004

Saitoh ©

Long-term changes in pharyngeal
airway morphology after mandib-

ular setback surgery

The result of the conducted study indicates that although,
the morphology of the lower segment of the face and the
morphology of the pharynx airway both show significant
changes after the performance of mandibular setback
surgery, however, the morphology of the pharyngeal airway
has the ability to gradually and physiologically adapt to its

new position.

2005

Eggensperger '°

Long-term changes of hyoid bone
position and pharyngeal airway
size following mandibular setback

by sagittal split ramus osteotomy

The results of their study showed that the dimensions of
the airway initially decreased and also the hyoid bone was
lower and backward than its original position, but with the

passage of improvement in the dimensions of the airway

and the position of the hyoid bone occurs.

2005

Chen

Predicting the Pharyngeal Airway
Space After Mandibular Setback
Surgery

Conducted study results using lateral cephalometric images
showed a reduction in the size of the airway, after the

mandibular setback operation taking place.
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2005 Kawakami * Changes in tongue and hyoid In addition, the study results also showed that the mandib-
positions, and posterior airway ular setback surgery may possibly cause narrowing of the
space following mandibular set- airway later on, while managing to preserve the original

back surgery size and dimensions of the airway at the same time, long-

term observations must be conducted due to the various
changes in the configuration of the pharynx following the

possible mandibular disfunction.

2007 Chen ” Effects of bimaxillary surgery and ~ Conducted studies also showed that mandibular setback
mandibular setback surgery on  surgery does, in fact, reduce the size and dimensions of the
pharyngeal airway measurements airway by retracting the mandible.

in patients with Class III skeletal

deformities
2010 Hwang * Changes of hyoid, tongue and Studies indicate that hyoid and tongue both move back-
pharyngeal airway after man- wards after the performance of the mandibular setback
dibular operation, then tend to return to their previously original

setback surgery by intraoral verti-  position, however, the width of the final pharyngeal airway
cal ramus osteotomy. may remain narrow for a long time, even after years of

Sfollow-up checkups.

2010 Demetriades "' Effects of Mandibular Retropo- Conducted studies also showed a decrease in sagittal
sitioning, With or Without dimensions of the pharyngeal airway (U-MPW) began
Maxillary Advancement, on the to appear in the first follow-up analysis and lasted for a
Oro-Naso-Pharyngeal Airway long period of time, which, along with the reduction of the

and Development of Sleep-Related  remaining oropharynx area, together could cause airway

Breathing Disorders obstruction.
2010 Park * Volumetric, planar, and linear In addition, we also learnt that due to linear analysis the
analyses of pharyngeal airway infrastructure around the jaw moves slightly backwards,

change on computed tomography  after the mandibular setback surgery taking place, besides,

and cephalometry after mandibu-  a physiological change can be made in order to maintain
lar setback surgery the airway capacity after sagittal compression.
2011 Hasebe * Changes in oropharyngeal airway A large number of mandibular setback surgeries done may

and respiratory function during  interfere with biological adaptations and as a result cause
sleep after orthognathic surgery  obstructive apnea, furthermore, it may best to possibly con-
in patients with mandibular sider maxillary advancement or perhaps another available
prognathism airway technique in order to be able to deal with patients

who have high anterior-posterior discrepancies along with
skeletal malocclusion class-three, and find a way to treat or

prevent it from happening.

2013 Kobayashi * Changes in overnight arterial After approximately six months prior to the mandibular
oxygen saturation after mandibu- setback surgery taking place, there was no evidence of
lar setback obstructive apnea at all, because most patients adapted to
the new environment for sleep-related respiratory function,
however, some patients (especially obese ones) may possibly
experience sleep and breathing disorder right after the
mandibular setback surgery.
2020 Engboonmeskul ** Effect of surgical mandibular Additionally, the mandibular setback surgery can possibly
setback on the occurrence of reduce the dimensions of the airway, although, not every
obstructive sleep apnea individual will experience obstructive sleep apnea, howev-
er, it can predispose a person from obstructive apnea.
Table 1.
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Discussion

All the studies conducted so far have indicated a
significant reduction in posterior airway space and di-
mensions caused in the aftermath of the mandibular
setback surgery being performed, moreover, Tselni-
ket al. (2000) discovered the average reduction in the
gap between the posterior walls of the pharynx and
the tongue of the patient to be approximately (4.7mm
from the initial 9.7mm which shows more than 28% re-
duction rate following the mandibular setback surgery
performance), in addition to the average reduction be-
ing found in the pharyngeal airway space, which was
about 1.52cm that can clearly indicate a 12.8% overall
decrease in dimensions. The final results of this particu-
lar study suggested the existence of extremely powerful
correlations between the mandibular setback surgery
and the occurrence of reduction in pharyngeal airway
dimensions. Furthermore, the study results obtained
by Park et al. (2010) showed that mandibular setback
surgery can potentially reduce PAS (posterior airway
space from 5 mm to possibly 11mm), (30-75% reduc-
tion) [21]. During the process of conducting linear
cephalometric analysis on a dozen patients who have
all undergone mandibular setback surgery, they man-
aged to observe and discover a significant decrease in
pharyngeal depth as well as discovering major posteri-
or movement in the hyoid bone (P<0.05), besides, their
study on CT images showed a progressive descending
pattern from the initial preoperative period up until six
months after the performance of the surgery via C2, C3
and C5. Additionally, the obtained results of cephalo-
metric analysis gathered by Chen et al. (2005) seem to
be very consistent with the results that Park et al. had
discovered years after [17].

Achilleoset al. (2000), managed to examine the pre-
cise position of the hyoid bone using AH1S, AHIML
and AH1FH cephalometric landmarks and their ob-
tained results after the performance of the surgery in-
dicates the occurrence of downward bone displacement
during a short period of recovery time (six months af-
ter the surgery), however, long-term follow-ups (three
years in some cases), showed that the hyoid bone may
even move upwards from the initial extent (in other
words, the initial placement of the bone before the
surgery was done) [14]. Park and his fellow team also
stated that the degree of changes in PAS (posterior air-
way space dimension) can possibly be estimated using
various methods and tools including the measurement
of the mandibular changes after the performance of the
setback surgery along with the regression equation us-
ing ANB angle corrections, as well as measuring the
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total mandibular length (Co-Gn) and also mandibular
plane (SN-GoGn), which can all assist in the process of
creating such predictions, specifically taking place six
months prior to the the performance of the surgery up
to eighteen months afterwards, in order to be on point
and accurate in our estimations.

Park et al. (2012), managed to indicate that the re-
duction in airway dimensions may very well last approx-
imately up to eighteen months after the performance of
the surgery. Furthermore, the study of long-term effects
of the performance of mandibular setback surgery on
airway dimensions done by Saitoh et al. (2004), using
Wilcoxon examination, show a significant difference in
the linear measurements of lower facial morphology
(PTV-POG & PTV-L1) (the distance between PTV
and Pog on line perpendicular to PTV as well as the
distance between PTV and L1 on line perpendicular to
PTV), from before the performance of the surgery (T1)
up to 3 to 6 months after it was done (T2), in addition,
during the follow-up checkups which is done two years
from the time the surgery was initially performed (T3),
they also mentioned that the difference remains signifi-
cant, however, the difference in angular measurements
such as (SNB, facial axis and facial) are thankfully not
that considering after two years. Besides, their study
also showed major and significant difference in the lin-
ear measurement obtained from (T1) and (T2) along
the soft palate of (PRL-PSP, PRL-PTO, PRL-E) (Figure
2,3). Meanwhile, the obtained angular measurements
of (PTV/SP) were discovered to be considerably dif-
ferent and unlike the rest. Moreover, linear as well as
angular measurements between (T1) and (T3) showed
no particular change, while on the other hand, changes
discovered in the linear measurements results between
(T2) and (T3) seemed significantly different for the
length of the soft palate and (PRL-PTO) [15]. Addi-
tionally, in the year 2000, Achilleos and his fellow col-
leagues also examined the changes in soft tissues, using
the lateral cephalometric images of the patient, and the
results indicated that the length of the soft palate (PM-
U) had increased, but due to the long-term follow-up
maintenance its condition had remained stable, how-
ever, (NL/PM-U) as a result, its position has become
slightly more vertical. Finally, during the last conduct-
ed follow-up checkups, the length of the tongue (V-T)
is discovered to be slightly increased, as well as show-
ing a more upright posture (VT/FH) [14]. Eggensperg-
er et al. (2005), reported the average airway reduction
right after the performance of mandibular setback sur-
gery to be approximately 0.30mm, on the other hand
[16], Hwang et al. (2010), reported a different average
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reduction which was about 0.67mm [20]. Additionally,
the average airway space change from the initial time
of the surgery up to one to six months afterwards, was
first indicated and then reported by Eggensperger et
al. to be approximately 0.70mm, while Huang et al. re-
corded a 1.63mm being changed. After a year prior to
the surgery, Eggenspergeret al.reported an airway re-
duction rate of 0.10mm, while Haunget al. reached
1.19mm, both of the results of their study show an in-
crease in the airway space over time. Generally, most
studies have attributed these changes to the adaptation
of the airway morphology to the new current position,
and according to Eggensperger et al. it is due to skeletal
relapse happening after the treatment [16,20].

However, despite the occurrence of changes along
the airway space dimensions in the aftermath of man-
dibular setback surgery, respiratory parameters includ-
ing apnea-hypopnea index did not seem to change in
a major way after its performance. Moreover, there is
always an existing disagreement about arterial oxygen
saturation. On the other hand, according to Hasib et
al. (2011), (SpO2) always tends to increase, however,
Kobayashi al. 2013, found out that despite the over-
all decrease that occures on the initial day of the sur-
gery, the level degree gradually increases and returns to
normal after approximately six months. Furthermore,
according to both (Hasebe et al. 2008 and Kobayashi
et al. 2013) following the mandibular setback surgery
[18,22], SpO2, ODI and CT90, the final results show
no major or significant changes occurring during the
six months after the initial operation, additionally, a
set of questionnaire is given to the patients in order
to indicate whether they were more likely to snore fol-
lowing this particular procedure, besides, it has been
confirmed that patients with high potential risk factors
such as obesity who are extremely prone to obstructive
sleep apnea, must be informed that performing sur-
geries such as mandibular setback surgery may very
possibly cause obstructive sleep apnea for them.

FHL

Figure 2. Measurements of lower facial morphology:
FHL, Frankfort horizontal line; PTV, line perendica-
lal to FHL passing through PT poin; 1, PTV-Pog, Dis-
tance between PTV and Pog on line perpendicular to
PTV; 2, PTV-L1, distance between PTV; 3, ANS-Me,
distance between ANS and Me on McNamara line; 4,
SNA; 5, SNB; 6, facial axis; 7, facial depth; 8, mandibu-
lar plan; 9 lower face height; 10, mandible arc; 11, total
facial height; 12, gonial angle.

FHL

Figure 3. Lateral cephalometriclandmarks and mea-
surements of pharyngeal airway morphology: N, na-
sion; S sella: Or, orbitale: Po, Porion; ANS, anterior
spine; PNS, posterior nasal spine; Pog, pogonion; Ba,
basion; Me menton; A, Point A: B, Ponit B; L1, lower
incisor; PSP, most posterior point of soft palate; PTO,
point crossing mandibular inferior border in posteri-
or area of tongue; E, most superior point of epiglottis;
FHL, Frankfort horizontal line; PTV, line perpendicu-
lar to FHL passing through PT pont; PRL, line perpen-
dicular to FHL passing Po; 1, SP lemght (PNS-PSP): 2,
PRL-PSP (horizontal distance between PRL and PSP);
3, PRL-PTO (horizontal distance between PRL and
PTP); 4, PRL-E (horizontal distance between PRL and
frontal wall of pharyngeal air way passing E); 5, PTV/
SP angle (angle formed by PTV and SP lenght line).

Conclusion

Based entirely on the discoveries of our conducted
studies we conclude that: After only performing man-
dibular setback surgery alone, a significant reduction
in airway dimensions is likely to occur. Postoperative
discoveries obtained from arterial oxygen saturation,
O2 saturation index, CT90 and apnea/hypopnea index
do not show any major long-term changes whatsoev-
er. Therefore, as a result, there is no available evidence
that suggests mandibular setback surgery predisposes
an individual to obstructive sleep apnea as the new oral
ducts eventually learn to adapt to the new and current
situation.
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