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Abstract: Dentofacial deformities (DFD) and obstructive sleep apnea (OSA) are two entities which can be
intricately related and require complex management. It can be argued that in the subset of patients in which
these two entities overlap and require intervention, an orthognathic surgery first approach (SFA) should
be considered a primary treatment modality. With respect to isolated dentofacifal deformities undergoing
orthognathic surgery first, the literature and cases completed by the authors resulted in an overall decrease in
orthodontic treatment time, on average one year. This is in comparison to the average orthodontic treatment
length in those who undergo orthognathic surgery after completion or near completion of orthodontic
treatment. In addition, advantages of this treatment modality are immediate resolution of the dentofacial
deformity and easier decompensation of the malocclusion after surgery. In relation to OSA, it is known
that orthognathic surgery can decrease the apnea-hypopnea index (AHI) in the range of 50-90% resulting
in improvement or resolution of symptoms in approximately 90% of patients. Therefore, in the subset
of patients with both OSA and DFD requiring intervention and who undergo surgery first intervention,
assessing both objective and subjective outcomes (i.e., improvement in AHI, length of treatment, patient
satisfaction and QOL) can be utilized to further evaluate the value in this approach as a primary treatment
modality.

Keywords: Surgery first approach (SFA); obstructive sleep apnea (OSA); orthognathics; dentofacial deformities
(DFD)

Received: 07 May 2021; Accepted: 23 September 2021; Published: 10 September 2022.
doi: 10.21037/fomm-21-61
View this article at: https://dx.doi.org/10.21037/fomm-21-61

Introduction dimensional planning, it is being utilized more in patients

. . . . with DFD resulting in an overall decrease in treatment
Orthognathic surgery is an effective treatment modality

in patients with either dentofacial deformities (DFD) time (1-3). As orthognathic surgery is a treatment modality

or obstructive sleep apnea (OSA). The concept of for multiple conditions, it should be explored more in the

orthognathic “surgery first” has been discussed in the
literature and employed in practice for quite some time for
the management of DFD. Due to advancements in three-
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subset of patients with concurrent DFD and OSA. The
purpose of this paper is to highlight the rationale to employ

orthognathic surgery as a primary treatment modality in
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patients with concurrent OSA and DFD. A brief review
of OSA and two cases of DFD in which the surgery first
approach (SFA) was applied will be discussed. We present
the following article in accordance with the AGREE
reporting checklist (available at https://fomm.amegroups.
com/article/view/10.21037/fomm-21-61/rc).

Definitions

DFED are conditions impacting the normal proportions
of the facial skeleton and occlusion. Maxillomandibular
abnormalities not only affect functional aspects, it impacts
psychological and esthetic factors as well. OSA belongs
to a group of disorders ranging from habitual snoring
to moderate or severe obstructive sleep apnea syndrome
(OSAS) which is characterized by the cyclic cessation of
breathing and or hypopnea during sleep (4). Key features of
OSAS are daytime hyper-somnolence and polysomnography
proven obstructive apneas (5).

SFA is the orthognathic surgery performed prior to
orthodontic preparation (6).

Epidemiology

DFD affect close to 20% of the population in various
degrees of occlusion and function. OSA is estimated
to impact between 27% and 43% of women and men
respectively (7). OSA patients are usually older and have
multiple comorbidities compared to patients undergoing
orthognathic surgery for DFD (8). In the United States,
DFD contributing to malocclusion which require surgical
correction is estimated to be 2.7% (9).

Etiology

Malocclusion and associated skeletal abnormalities of
the face are due to numerous factors including genetics,
prenatal problems, obesity, systemic conditions that occur
during growth, trauma, and environmental influences (9).
The etiology of OSA relates to inspiratory airway pressures
that overcome muscular forces opposing airway collapse.
During sleep, relaxation of the upper airway tongue and
pharyngeal muscles results in airway narrowing (4). In
order to maintain a patent airway during inspiration, the
genioglossus muscle is activated at the same time as the
inspiratory muscles. In OSA, activation of the genioglossus
is reduced which (10) leads to apneic and hypopneic events
and in turn results in fragmented sleep (4). Risk factors
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associated with OSA include anatomically narrowed airway,
high blood pressure, asthma, obesity, smoking and diabetes.

Pathology

The pathophysiology of OSA relates to sporadic hypoxia
and recurring nighttime arousals which disrupt the sleep
cycle. This causes increased sympathetic activation and
oxidative stress which contributes to development of
endothelial dysfunction, increased platelet aggregation,
coronary artery disease, heart failure, metabolic syndrome
and cerebrovascular accidents (11). Hypoxia can cause
pulmonary vascular remodeling resulting in pulmonary
hypertension and right ventricular hypertrophy (12). Of
note, studies show a higher mortality rate among OSA
patients with concomitant cardiovascular disease (13).

Clinical presentation

OSA patients may or may not show good facial proportions.
Computerized tomography (CT) scans or lateral
cephalograms may demonstrate decreased upper airway
space. However, most imaging is not taken in the supine
position and therefore not the best indicator of decreased
airway space. The mandibular plane to hyoid distance is a
predictor of OSA. The upper airway can be approximated
by measuring the distance from the mandibular plane to the
hyoid. It’s thought that lower-set hyoid bones correlate to
soft tissue laxity and airway collapse (14).

In general, OSA patients have reduced slow wave sleep
leading to symptoms of daytime somnolence, morning
headaches, poor concentration, memory loss and depression
which in turn can cause marital discord and increased risk
of car accidents (4).

Diagnosis

An abnormal apnea-hypopnea index (AHI) is necessary for
disease classification and is diagnosed by a sleep physician.
OSA severity is based on the number of apnea and
hypopnea’s occurring per hour of sleep. OSA is classified
as mild if the AHI is 5-15, moderate 15-30 and severe
if greater than 30 (15). Severe OSA occurs in 10-20%
of patients with a BMI greater than 35 (16). Apnea and
hypopnea’s observed on polysomnography is the current
gold standard for diagnosis of OSA (17). Airway collapse
can be visualized on sleep endoscopy (18).

The literature mentions several craniofacial traits that are
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common in patients with OSAS. These include “bimaxillary
retrusion, mandibular deficiency, short cranial base, reduced
cranial base angle and mandibular length, increased lower
anterior facial height, inferiorly positioned hyoid and an
enlarged soft palate” (19). Mandibular deficiency in relation
to the maxilla is the most common skeletal abnormality
predisposing to OSA (20).

Management of OSA

Normalization of the AHI is a key treatment objective,
however studies indicate permanent neuroanatomic effects
of OSA in some patients (21). As well, it is worth noting
that up to 22% of people have residual hypersomnia after
normalization of the AHI with positive airway pressure
therapy (22,23).

Continuous positive airway pressure (CPAP) is
considered the “gold” standard for OSA treatment. It is
effective when used properly, however, effectiveness is low
due to poor patient adherence. Surgery for OSA does not
rely on long-term patient adherence and long-term results
have been shown to be successful (4). Patients likely to
benefit from maxillomandibular advancement (MMA) are
those with true anteroposterior collapse of the airway and
decreased airway space. MMA should be carefully planned
in order to optimize aesthetics, prevent excessive incisor
show and excessive protrusion of the lower facial third.
These considerations are even more important in OSA
patients with concurrent DFD.

Airway narrowing patterns have been classified in the
following manner: type I collapse involves narrowing of the
retropalatal region; type II includes narrowing or collapse
of both the retropalatal and retrolingual areas; and type
III collapse occurs only in the retrolingual area. MMA
improves patency of both retropalatal and retrolingual
spaces (24).

In regards to OSA, surgical candidates include adult’s
intolerant to CPAP and oral appliances or those whose
anatomical features impair proper fit, as well as adults with
anatomical narrowing of the pharynx (e.g., macroglossia,
retrognathia) and adults who refuse to use a CPAP
device (25).

Alternatives to MMA primarily involve soft tissue rather
than bony surgery and include uvulopalatopharyngoplasty,
hyoid suspension, epiglottoplasty, and implantable
neurostimulation devices (26).

3D imaging techniques and virtual surgical simulations
have greatly improved surgical predictability and outcomes.
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Cone beam computerized tomography (CBCT) imaging
(27,28) and 3D intra-oral scans (29,30) have allowed for
easy image capture, 3D segmentation and also visualization.
In addition, Orthodontists and Oral Maxillofacial Surgeons
may now communicate on web-based platforms for better
communication of the surgical plan (31) and planning
the final occlusion (32). Finally, 3D manufacturing of
the surgical wafers and splints transfer the necessary
information from the plan to the surgical table (33).

Case 1

A 46-year-old man presented at the Department of
Orthodontics, University of Alabama at Birmingham for
consultation. After extensive exploration and summarizing
findings, patient received a diagnosis of Skeletal Class II
malocclusion and his medical condition included OSA.
Clinical evaluation exhibits lip competence with minimal
gingival display at smiling. The patient had a retruded chin
with no significant facial asymmetry giving the appearance
of a concave profile.

Intraorally, his mandibular third molars were present. He
had high palatal vault, rounded maxillary and mandibular
arches, maxillary dental spacing and mild lower crowding
(Figure I). Only permanent teeth are present, mandibular
left first molar and maxillary third molars are missing
(Figure 2). His upper and lower dental midline was not
coincident due to the mandibular dental crowding.
A SFA was planned to conclude with orthodontic treatment
(Figure 3 and Table 1).

After orthognathic surgery, 0.018x0.018 NiTi archwires
were placed on both arches along with Class III elastics
(Figure 4).

Subsequently, 0.016x0.022 Ni'Ti wires were changed and
the case was finished on 0.014x0.018 NiTi archwires. The
overall treatment time was 11 months from start to finish
(Figures 5,6). Retention protocol: upper and lower Essix
retainers.

Case 2

This 63-year-old female presented with OSA. Extensive
examination reveals a concave profile, Class III molar
relation, moderate crowding of lower anterior teeth, dental
midlines matching and ovoid maxillary and mandibular
arches (Figures 7 and §). The extraoral examination revealed
her upper and lower lips to be retrusive according to the
E-plane. Lower lip is positioned -7.7 mm whereas her
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Figure 2 Panoramic radiograph as part of the pretreatment Figure 3 Cephalometric tracing before surgery first approach/

records. SFA. SFA, surgery first approach.
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Table 1 Cephalometric measurements at pretreatment of case 1

Group/measurement Value Norm
Skeletal
Sella-nasion-A point (SNA) (°) 91.5 82.0
Sella-nasion-B point (SNB) (°) 78.6 80.9
Point A-nasion-B point (ANB) (°) 12.9 1.6
Wits appraisal (mm) 6.5 -1.0

Skeletal vertical
Mandibular plane-sella-nasion (MP-SN) (°) 35.5 33.0

Frankfort horizontal plane-mandibular plane 26.1 22.9
angle (MP-FH) (°)

Dental
Overjet (mm) 5.6 2.5
Overbite (mm) 2.0 2.5
Interincisal angle (U1-L1) (°) 113.8 130.0
Upper incisors-sella nasion (U1-SN) (°) 105.1  1083.1

Upper incisors-nasion-A point A (U1-NA) (mm) 0.5 4.3
Lower incisors-nasion-point B (L1-NB) (mm) 13.6 4.0

Lower incisors-mandibular plane (L1-MP) (°)  105.4 95.0

Soft tissue
Lower lip to E-plane (mm) 9.1 -2.0
Upper lip to E-plane (mm) 4.7 -8.0

upper lip is at -9.3 mm relative to the Rickett’s E-plane
(Figure 9 and Table 2).

Bimaxillary surgery with surgery-first approach was
performed and immediate movement of the teeth with
orthodontic treatment started after surgery considering the
regional acceleratory phenomenon (34). Overall treatment
last for approximately 11 months.

After orthognathic surgery, 0.014 NiTi wires were placed
on both arches along with Class II elastics (Figures 10-12).

Subsequently, 0.016x0.022 NiTi wires were changed
and the case was finished on 0.018x0.018 stainless steel
archwires. The overall treatment time was 11 months from
start to finish (Figures 13,14). Retention protocol: upper
Essix retainer and lower fixed retainer.

The cases showed in this paper, where patients with
OSA, provide examples of well-achieved outcomes from the
aesthetics, function and satisfaction standpoint. The patients
benefitted in a short time after surgery and orthodontic
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treatment without compromising the results. Proving that
the surgical first approach can be an effective treatment
modality for patients with OSA.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patients for
publication of this article and accompanying images. A
copy of the written consent is available for review by the
editorial office of this journal.

Discussion

The literature shows all malocclusions and DFD are
amenable to the SFA. Advantages of this treatment modality
include immediate resolution of the dentofacial deformity,
easier decompensation of the malocclusion after surgery
and significant reduction in therapy time. A 2014 systematic
review reported treatment duration was approximately less
than a year (35).

Orthognathic surgery for DFD and OSA has undergone
significant philosophical change. Research is focusing on the
patient phenotype most likely to benefit from orthognathic
surgery versus other surgical options. Customized treatment
plans based on the dentofacial deformity and locations of
airway obstruction can target the etiology more effectively.
Proper manipulation of skeletal components can effectively
improve quality of life and sleep for patients (36).

As mentioned, elevations in AHI correlate with
elevated risk of cardiovascular sequelae, symptoms, and
neurocognitive effects (37). Studies have shown that
improvement in AHI decreased all of the above (38,39).
Reduction in OSA through orthognathic surgery will likely
decrease these adverse events highlighting why definitive
management of OSA through a SFA should be considered
as a primary modality.

For patients with combined skeletal deformities and
OSA that requires MMA, it is important to consider
total treatment length. For DFD, the overall orthodontic
treatment period for the conventional approach ranged
from 22 to 36 months, compared to SFA which ranged from
10 to 14 months (1-3), through the regional acceleratory
phenomenon.

Although the concept of a SFA was introduced decades
ago, imaging was limited to two-dimensions. With
advancements of three-dimensional imaging, prediction
of surgical outcome is more accurate, especially in OSA
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Figure 4 Extraoral and intraoral photographs during orthodontic treatment after surgery first approach/SFA. These images are published
with the patient’s consent. SFA, surgery first approach.

Figure 5 Final photographs. These images are published with the patient’s consent.
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Figure 6 Post-treatment (A) lateral cephalogram and (B) panoramic radiograph.

Figure 7 Initial extraoral and extraoral photographs. These images are published with the patient’s consent.
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Table 2 Cephalometric measurements at pretreatment of case 2

Group/measurement Value Norm
Skeletal
Sella-nasion-A point (SNA) (°) 81.5 82.0
Sella-nasion-B point (SNB) (°) 81.2 80.9
Point A-nasion- B point (ANB) (°) 0.3 1.6
Wits sppraisal (mm) -1.9 -1.0

Skeletal vertical

Mandibular plane-sella-nasion (MP-SN) (°) 30.9 33.0

Frankfort horizontal plane-mandibular plane  27.1 23.9
angle (MP-FH) (°)

Dental
Overjet (mm) 2.8 2.5
Overbite (mm) 1.7 2.5
Interincisal angle (U1-L1) (°) 143.9 130.0
Upper incisors-sella nasion (U1-SN) (°) 100.4 102.8
Upper incisors-nasion-A point A (U1-NA) 4.8 4.3
(mm)
Lower incisors-nasion-point B (L1-NB) (mm) 2.5 4.0

Lower incisors-mandibular plane (L1-MP) (°) 82.4 95.0

Soft tissue
Lower lip to E-plane (mm) -7.7 -2.0
Figure 9 Cephalometric tracing before surgery first approach/
Upper lip to E-plane (mm) -9.3 -6.0

SFA. SFA, surgery first approach.

Figure 10 Postsurgical extraoral and intraoral photographs after surgery first approach/SFA. These images are published with the patient’s
consent. SFA, surgery first approach.
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Figure 11 Postsurgical panoramic radiograph.
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Figure 12 Postsurgical cephalometric radiograph.

Figure 13 Final extraoral and intraoral photographs. These images are published with the patient’s consent.

patients (40). Uribe ez /. showed favorable esthetic and
occlusal outcomes after surgical correction of facial

asymmetry with the SFA (41).

Conclusions

Based on our experience with decreased total treatment
time for patients undergoing combined orthodontic and
orthognathic surgery for correction of DFD, the authors

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

believe patients who phenotypically have a decrease
in anterior-posterior facial dimensions resulting in a
combination of dentofacial facial deformity, malocclusion
and OSA should be considered for SFA management. This
would be accomplished best through close collaboration
between the orthodontist, sleep medicine specialist and
OMES to identify and plan treatment for this subset of
patients.

From the literature and included case reports, it can be
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Figure 14 Cephalometric superimpositions: black line,

pretreatment; red line, posttreatment.

deduced that patients with concurrent DFD and OSA due
to skeletal deficiency may be managed more effectively
(i.e., length of treatment and overall results) via a SFA.
This highlights a need in the literature to evaluate overall
outcomes in patients with concurrent DFD and OSA who
are treated via a SFA. Important metrics would include total
treatment time, improvement in AHI and morbidity, as well
as a subjective assessment of QOL changes.
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