Hernandez-Alfaro F, et al., J Otolaryng Head Neck Surg 2021, 7: 054
DOI: 10.24966/0OHNS-010X/100054

HSOA Journal of

Otolaryngology, Head and Neck Surgery

Research Article

Airway Volume Changes

after Orthognathic Surgery in
Patients with Down Syndrome:
A Diagnostic-Therapeutic
Algorithm

Hernandez-Alfaro F'?*, Montes-Fernandez-Micheltorena P3,
Molins-Ballabriga G*, Giralt-Hernando M?, Mayoral-Trias A® and
Valls-Ontaién A'?2

"Maxillofacial Institute, Teknon Medical Centre Barcelona, Barcelona, Spain

2Department of Oral and Maxillofacial Surgery, Universitat Internacional de
Catalunya, Sant Cugat del Valles, Barcelona, Spain

3MD Fellow, Institute of Maxillofacial Surgery, Teknon Medical Centre Barce-
lona, Barcelona, Spain

‘Anestalia, Teknon Medical Centre Barcelona, Barcelona, Spain

*Department of Orthodontics, Universitat Internacional de Catalunya, Sant-
Cugat del Valles, Barcelona, Spain

Abstract

Background: Down syndrome (DS) patients tend to suffer severe
dentofacial and skeletal deformities leading to severe occlusal,
speech and respiratory problems. The increase in life expectancy
of these subjects opens new horizons for improvement of their oral,
dental and facial functions, among others. However, no surgical
treatment protocol is described elsewhere in the literature. Then, the
present study proposes a protocol for the surgical management of
orodental and facial deformities in DS patients based on a series of
three cases and a review of the literature.

Methods: The protocol contemplates dentofacial deformity
diagnostic work-up, obstructive sleep apnoea diagnosis and follow-
up, pre-admission medical and anaesthetic evaluation, treatment
plan, and perioperative management.

Results: All patients presented with midface retrusion due to
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underlying severe maxillary hypoplasia and dental crowding. A mean
maxillary advancement of 4.53 mm and a mean maxillary descent
of 3.6 mm were obtained. A mean pharyngeal airway volume gain
of 10,954.33 mm3 (50%) was recorded at the one-month follow-up
visit. Non-relevant skeletal and airway relapses were noted. Stable
occlusion was achieved in all cases after postoperative orthodontic
treatment, with proper chewing function, and the parents referred
decreased snoring.

Conclusion: In selected DS patients with specific dysmorphic
orofacial features, orthognathic surgery constitutes the first line
treatment to improve the occlusion disorders and associated
feeding, respiratory and sleep-disorder problems. Therefore, the use
of this algorithm represents the first line surgical treatment for DS
patients with dentofacial deformities and allows the clinician to tailor
the surgical treatment to each patient’s needs.

Keywords: Down syndrome; Orthognathic surgery; Obstructive
sleep apnoea; Pharyngeal airway volume

Abbreviations

DS: Down Syndrome

OSA: Obstructive Sleep Apnea

OS: orthognathic surgery

CBCT: Cone-Beam Computed Tomography
PSG: Polysomnography

3D: Three-Dimensional

PAV: Pharyngeal Airway Volume

SD: Standard Deviation

EDS: Excessive Daytime Sleepiness

Introduction

Down syndrome (DS) is the most frequent chromosomal disorder,
occurring in one out of every 700 births [1]. Since 1866, when the
British physician John Langdon Down first described the disorder,
trisomy 21 has gained scientific relevance and is currently one of the
most extensively studied genetic alterations. Apart from intellectual
disabilities of varying degrees, these patients may suffer a broad range
of organic defects - the most common being cardiac abnormalities,
gastroesophageal reflux, celiac disease, hypothyroidism, hearing
and vision problems, leukemia and early Alzheimer’s disease [2].
Dysmorphic cranial and orofacial features have also been widely
described in DS patients, particularly a small cranium, a flat nose
and flat malar bones with slanted eyes, severe maxillary hypoplasia
with a high-arched and constricted palate, and mandibular hypoplasia
although seemingly prognathic mandible because of the previous
issue, hypodontia, relative macroglossia because of the small maxillo-
mandibular framework with the tongue resting inactively between the
lips due to muscle hypotonia in the orofacial region and, ultimately, a
flattened face with anterior open bite and Class III dental and skeletal
relationships [3]. These anatomical features may lead to speech,
swallowing and masticatory functional impairments, as well as to
an increased predisposition to obstructive sleep apnoea (OSA) and
mouth breathing [4]. Medical advances and the multidisciplinary
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management of DS patient’s have doubled the life expectancy of these
patients in the last decade, from 30-40 to 60-70 years, with increased
quality of life and more community-involved and productive lives
[5]. This in turn opens new horizons for improvement of their oral,
dental and facial functions, among others.

The present study describes a protocol for the surgical management
of orodental and facial deformities in DS patients based on a series of
three cases and a review of the literature.

Patients and Methods

Three consecutive patients with DS were referred to our
Department for dentofacial deformity treatment with orthognathic
surgery (OS). A retrospective evaluation was made of the treatment
applied in all three cases, and a review of the literature was carried out
in order to validate the proposed management algorithm (Figure 1).

The guidelines of the Declaration of Helsinki were followed in all
the treatment phases. Consent was requested from the legal guardians
of the patients. As this was a retrospective analysis, Institutional
Review Board approval of the study was not considered necessary.

Diagnostic work-up

The diagnostic work-up comprised three phases, which were also
used to concomitantly evaluate patient and parent collaboration:

a) physical intraoral and facial examination, with intraoral and facial
photographic records and the study of plaster dental casts and wax
bites; b) periodontal evaluation and a follow-up visit to check patient
and parent capacity to maintain proper periodontal health; and c)
cone-beam computed tomography (CBCT) (i-CAT, Imaging Sciences
International, Inc., Hatfield, USA) study to complete the facial
analysis.

Obstructive sleep apnoea diagnosis and follow-up

A thorough anamnesis is required, with quality of life evaluation in
children with OSA [6,7]. When OSA is suspected, polysomnography
(PSG) should be requested. In addition, three-dimensional (3D)
pharyngeal airway volume (PAV) should be measured with CBCT
(TO).

The three tests (quality of life evaluation, PSG and CBCT) should
be repeated after one month and one year of follow-up in order to
assess the clinical and radiological changes and their long-term
stability in relation to the OS procedure.

Pre-admission medical and anaesthetic evaluation

The anaesthetic management of patients with DS constitutes a
challenge for the anesthetist, due to the difficulty of the airway, the
possible associated comorbidities they may present, and behavioral
and communication problems [8].

A

Figure 1: Captions to Illustrations.

Decision making algorithm in Down syndrome patients with disocclusion and obstructive sleep apnoea: selection of suitable candidates for orthognathic surgery.
OSA: Obstructive sleep apnea; OS: orthognathic surgery; CPAP: continuous positive airway pressure; NIV: non-invasive ventilation.
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The airway may prove difficult due to the following DS-related
issues: a) small airway size secondary to maxillary hypoplasia,
micrognathia, macroglossia, tonsillar hypertrophy, short neck,
glottic and subglottic stenosis and tracheomalacia; b) atlanto-axial/
atlanto-occipital instability with a high risk of spinal cord injury;
and c) OSA secondary to central apnoea, low muscle tone in the
mouth and upper airway, poor coordination of airway movements,
and the abovementioned small airway size [4,9,10]. On the
other hand, associated comorbidities may develop in any body
system11. The most frequent and relevant conditions are congenital
cardiac alterations (40-50% of all patients), such as interatrial /
interventricular communications, transposition of large vessels
and tetralogy of Fallot, which are generally diagnosed in advance.
However, there are also other cardiac diseases such as valve defects
or arrhythmias (with increased susceptibility to bradycardia) that
typically are not diagnosed and should be evaluated preoperatively.
Other alterations that are also often seen in this population
comprise gastroesophageal reflux disease (with an increased risk of
bronchoaspiration), obesity, diabetes, hypotonia, immune suppression
with susceptibility to pulmonary infections, autoimmune alterations
such as hypothyroidism, and moderate to severe mental retardation.
Thus, potential disease conditions require in depth evaluation, as well
as the management of potential complications planned beforehand, in
order to ensure a safe anaesthetic procedure [8,11].

Treatment plan

If both patient and parent collaboration proved good enough in all
phases, the orthodontic-surgical treatment plan was established and
orthodontic treatment was started. Once again, provided cooperation
with the orthodontic treatment was adequate, surgery was virtually
planned using specific software (Dolphin® 3D Orthognathic Surgery
Planning Software Version 11.8) [12,13].

Perioperative management

In order to increase comfort and relaxation of the patients, a
caregiver accompanied them to the anaesthetic induction area, and
to the recovery room. The patients were operated upon under general
anesthesia and with endotracheal intubation, as in conventional
orthognathic surgery procedures. However, a smaller tube than
expected for the age of the patient was chosen in all cases in order
to reduce the incidence of subglottic oedema and post-intubation
stridor. As mentioned above, airway management of DS patients is
considered to be highly complex, so trained anaesthesia personnel
and a difficult airway cart were ready for both induction and eduction
procedures [8].

There are no perioperative drug contraindications or medications
specifically recommended for patients with DS; nevertheless,
perioperative treatment was patient-tailored according to the
comorbidity present in each case.

Surgery

A bilateral mandibular sagittal split osteotomy was performed
using the Dal Pont-Obwegeser technique, with a maxillary LeFort
I osteotomy using the “twist technique” [14]. All patients were
extubated in the operating room, and all wore a closed-circuit cold
mask (17°C) during hospital admission. Standard antibiotic and anti-
inflammatory medication for OS was prescribed. Functional training
with light guiding elastics was followed for one month, together with
a soft diet during the same period of time.
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Postoperative evaluation

Eventual surgical complications were recorded at one week and 1,
6 and 12 months of follow-up. In addition, two control CBCT scans
were performed at one month (T1) and one year of follow-up (T2)
in order to assess both airway and bony surgical enlargement (T1-
baseline [T0]) and its long-term stability after surgery(T2-T1). CBCT
scans were obtained in DICOM (Dental Imaging Communication)
format and processed with specific third-party software (Dolphin®
3D Orthognathic Surgery Planning Software Version 11.8). A 3D
volume was created with hard tissue reconstruction for the TO, T1 and
T2 databases. Three-dimensional superimposition and dimensional
comparisons were performed by means of surface matching between
different datasets [15].

In order to evaluate surgical bony enlargement and stability, the
following linear measurements were obtained at the maxillary midline
in all three spatial planes:

+ Sagittal plane: projected distance from A-point to nasion
perpendicular (A-Nper) for the maxilla; and projected distance
from B-point to nasion perpendicular (B-Nper) for the mandible.

+ Transverse plane: distance between both greater palatine foramina
(PFR-PFL) for the maxilla; and distance between both gonions
(GoR-GoL) for the mandible.

* Vertical plane: perpendicular distance from A-point to the
Frankfort horizontal plane through the nasion (A-FHN) for the
maxilla; and distance from B-point to the Frankfort horizontal
plane through the nasion (B-FHN) for the mandible.

Lastly, PAV enlargement and its stability were assessed by
measuring enlargement three-dimensionally (3D) at three different
levels with respect to the limits of the pharyngeal airway sub regions:
nasopharynx, oropharynx and hypopharynx, following a previously
validated protocol described in detail elsewhere [16].

Statistical Analysis

A descriptive analysis was made of the study variables, with
calculation of the mean, standard deviation (SD), minimum and
maximum values, and median for continuous variables. Absolute
and relative frequencies (percentages) were reported in the case of
qualitative variables. The statistical analysis was carried out using
the SPSS version 15.0.1 statistical package (SPSSInc., Chicago,
IL, USA). Descriptive statistics were used for quantitative analysis.
Percentage variation referred to maxillary or mandibular surgical
movements (relapse) for each patient was calculated as follows:
one-year postoperative A/B-point position ¢ 100 / one-month
postoperative A/B-point position. Similarly, percentage variation
referred to PAV (relapse) for each patient was calculated as follows:
one-year postoperative PAV ¢ 100 / one-month postoperative PAV.

Results

The clinical cases are summarized in (Table 1). The study sample
comprised two men and a woman with a median age of 26.7 years
(range 20-37). The main reason for consultation was the presence
of patient chewing difficulties, though thorough anamnesis also
evidenced snoring and excessive daytime sleepiness (EDS) in
all patients. None of them were diagnosed of OSA or used night
time continuous positive airway pressure (CPAP). No multi organ
alterations were observed at the pre-admission medical evaluation.
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Table 1: Preoperative facial, occlusal and airway features and images.

a F: female; M: male; OSA: obstructive sleep apnea; PAV: pharyngeal airway volume; PA: pharyngeal airway

The salient feature in the facial analysis was midface retrusion
due to underlying severe maxillary hypoplasia, and dental crowding
in all cases. These findings are consistent with the characteristic
orofacial dysmorphic features of DS that contribute to OSA. Basal
PAV was quantified (3D) based on the preoperative CBTC study, with
a mean value of 25.784 mm? (range 15.681-42.204). Cases 1 and 3
presented an underlying constricted upper airway (15.681 mm3 and
19.467 mm’, respectively). Specifically, narrowing was observed in
all airway sub regions: naso-, oro- and hypopharynx (Table 1). On the
other hand, case 2 presented a normal initial PAV (42.204 mm?®).

All patients received pre- and postoperative orthodontic treatment
and were operated upon under general anesthesia by the same surgeon
(FHA). All underwent maxillary surgery using the minimally invasive
“twist technique”14, but only case 2 was subjected to mandibular
surgery for backward movement (Table 2).

There were no surgical complications in the form of dental, nerve or
vascular injuries, or poor split osteotomy. All patients were extubated in
the operating room, and anaesthetic perioperative management proved
uneventful. All patients wore a closed-circuit cold mask (17°C) during
hospital admission and were discharged 24 hours after surgery, with
pain control using common analgesics. Standard antibiotic and anti-
inflammatory medication for OS was prescribed. Functional training
with light guiding elastics was followed for one month, together with
a soft diet during the same period of time. The immediate and long-
term (one year of follow-up) postoperative courses were uneventful.
Surgical skeletal movement and PAV gain was assessed through
CBCT superimposition (comparison between TO and T1). A mean
maxillary advancement of 4.53 mm and a mean maxillary descent of
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3.6 mm were obtained. Consequently, a mean PAV gain of 10.954.33
mm® (50%) was recorded at the one-month follow-up visit (Table
2). Stable occlusion was achieved in all cases after postoperative
orthodontic treatment, with proper chewing function and decreased
snoring as reported by the parents. The stability of both bony and
PAV gain was assessed based on two postoperative CBCT evaluations
(T1 and T2). Regarding skeletal stability, a non-relevant relapse was
observed in maxillary bone: a mean relapse of 1.2 mm in the sagittal
dimension, 0.6 mm vertically, and none in the transverse dimension.
On the other hand, in relation to PAV stability, we recorded a mild
mean relapse at one year of follow-up of -2.712 mm® (5%), though
the final mean PAV gain was notorious 35.834 mm?® (45%) (Table 3).

Lastly, the degree of satisfaction with the functional outcome and
quality according to the patients, family and surgeon was excellent,
with a very good professional-patient relationship.

Discussion

The main reasons why patients seek OS and related surgical
orthodontic treatments are occlusal and aesthetic problems, and OSA.
Although DS is associated to altered facial dimensions, and some
authors advocate cosmetic facial surgery to avoid stigmatization
and ensure better social acceptance [17], in our opinion aesthetics
should not be the sole indication of OS in DS patients, in view of its
unfavorable benefit/risk balance. This means that when orthodontic
treatment suffices to correct the malocclusion, or when OSA is well
controlled with CPAP in DS patients with balanced occlusion, surgery
should be ruled out even though cosmetic skeletal disharmony may
persist.
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Table 2: Surgical virtual plan, procedures and complications. Postoperative PAV gain and skeletal movement through CBCT superimposition after one
month of follow-up.

a PAV: pharyngeal airway volume; CBCT: cone-beam computerized tomography.

Table 3: Final outcome after one year of follow-up: skeletal and airway stability and degree of satisfaction with the overall procedure.

a PAV: pharyngeal airway volume; PA: pharyngeal airway.
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Nevertheless, OS may be the best management option in
other carefully selected patients (Figure 1). On one hand, occlusal
disharmonies with anterior open bite, dental Class III and a lack of
inter-arch contacts are common in patients with DS, due to their
abovementioned skeletal cranial and orofacial dysmorphic features.
Moreover, other dental anomalies such as oligodontia, periodontal
disease, tooth agenesis, taurodontism, microdontia and altered
eruption of primary and permanent dentition are often present in this
population [3,18]. In the attempt to create more dental contacts these
individuals protrude the mandible, which in the end can jeopardize
temporomandibular joint function [19]. Besides, such malocclusion
involves speech and feeding problems, which are aggravated by
their inherent neuro-motor disability for articulation and chewing/
swallowing, respectively. Moreover, this severe malocclusion may
have respiratory consequences such as OSA or the aspiration of food
or fluids into the lungs [20]. Thus, it is evident that DS patients are in
need of treatment for their malocclusions. On the other hand, persons
with DS are prone to develop OSA due to a series of associated
anatomical and physiological features [21]: a) a small airway size
because of underlying maxillary hypoplasia, micrognathia, relative
macroglossia, adeno- and lingual- tonsillar hypertrophy, fat deposits
in the lateral wall of the pharynx, glottic and subglottic stenosis and
tracheomalacia; and b) low muscle tone in the mouth and upper
airway, poor coordination of airway movements, and gastroesophageal
reflux disease that leads to inflammation and obstruction of the
upper airway4,9. Some studies suggest that the prevalence of OSA
in children with DS is 30-50%, and that approximately 90% of the
adults will develop OSA, which in such cases moreover tends to be
severe [9,11,22]. Apart from the typical comorbidities associated
to OSA, such as arterial hypertension, altered blood glucose
homeostasis, cardiovascular and cerebrovascular diseases, pulmonary
hypertension, cognitive deficits and even death, individuals with DS
specifically suffer worsening of overall cognitive function - starting
with weakening of neurocognitive development in early ages, and
followed later on by deteriorated communication ability, behavior,
functional outcomes and quality of life [23].In this regard, several
management strategies have been described: a) positive airway
support in the form of noninvasive ventilation (NIV) or CPAP, though
this is associated to high dropout and non-adherence rates [24]; b)
weight loss, which does not cure OSA, but is recommended in addition
to other therapies in patients who are overweight [25]; ¢) airway
soft tissue surgery, such as adeno- and lingual-tonsillectomy, which
are associated to high OSA persistence rates4 (adeno- and lingual-
tonsillectomy therefore should be indicated only when hypertrophy
is clearly evidenced) [4,26]; d) partial glossectomy, which should
only be indicated when true excessive enlargement of the tongue
results in insufficient space for the organ [27]; e) hypoglossal nerve
stimulation, which is a promising and minimally invasive technique,
though further studies are needed to optimize patient selection
and better assess the long-term efficacy of the technique [28]; and
f) tracheostomy, which is linked to severe short- and long-term
complications, including decannulation, bleeding or infection among
others, and may be required only in cases of severe OSA not amenable
to other forms of treatment.

These poor outcomes point to OS as the first line treatment option,
considering the characteristic orofacial dysmorphic features of
individuals with DS and that contribute to airway narrowing, such as
retrusion or shortening of the mandible and maxillary hypoplasia [29].
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Although recommending OS in this population is controversial, it has
been demonstrated that OS procedures can be carried out with success
rates (predictability, complications during and after the operation,
and overall treatment stability) as high as in mentally healthy
individuals [30]. Nonetheless, the overall complexity of patients
with DS calls for a multidisciplinary team comprising primary care
physicians, maxillofacial surgeons, orthodontists and other dental
professionals, anesthetists, medical rehabilitators, physiotherapists,
speech therapists, pulmonologists and neurophysiologists, among
others. Once the patient reports for maxillofacial consultation due to
occlusal problems or OSA, a number of aspects must be taken into
account. Firstly, regarding the craniofacial features, patients with
DS have reduced head and facial dimensions with a brachiocephalic
cranium, a shorter and flatter cranial base, reduced or absent frontal
sinus and nasal bone, small ears, and hypertelorism with slanted
eyes. Thus, cephalometric landmarks such as the nasion or porion for
facial analysis and head orientation purposes may be altered, making
it difficult to properly classify the underlying dentofacial anomaly
[31]. For this reason, it is highly advisable to use 3D CBCT for facial
analysis instead of 2D X-rays. On the other hand, the diagnosis of
OSA in children is based on an association of PSG parameters when
the apnoea-hypopnea index is > 5 episodes/hour, though the SpO2
and PtcCO2 levels are also taken into account [32,33] and on clinical
symptoms based on a specific OSA quality of life test for children
(the OSA-18 survey) [6,7,34]. Apart from the cardinal manifestations
of OSA, such as snoring, fatigue and restless sleep, children with DS
specifically may also present with failure to thrive, hyperactivity,
behavioral disruptions and poor school performance, whereas adults
with DS may present with mood dysregulation and depression [22].
Although the cases in our study did not undergo PSG, because their
main complaint was malocclusion, it is advisable to systematically
perform PSG in all patients presenting OSA symptoms. Besides,
diagnostic CBCT for facial analysis may also be used to detect upper
airway constrictions. In our study, cases 1 and 3 showed basal upper
airway constriction (15.681 mm3 and 19.467 mm3), respectively
(Table 1), compared to reference normal PAV values of 23.400mm
[35,36]. Specifically, a narrowed airway was observed in all upper
airway sub regions: naso- oro- and hypopharynx. Conversely,
mandibular advancement devices, apart from being an option for
treating mild to moderate OSA with better patient compliance than
when CPAP is used 22, are also useful in deciding which patients
may benefit from surgical mandibular advancement in the context
of OSA. Unfortunately, similar maxillary devices for predicting the
impact of maxillary advancement upon OSA are not available. On
the other hand, it is essential to detect as far as possible central origin
OSA cases through PSG, since OS would not be worthwhile in such
situations.

Thus, correct screening referred to patient eligibility for
orthodontic-surgical treatment is essential. We thus propose the above
described diagnostic work-up in order to evaluate patient and parent
collaboration (examination - periodontal status and maintenance -
CBCT) regardless of the patient intelligence quotient (IQ) and thus to
refine the selection of suitable candidates for OS (Figure 1). Equally
important is the establishment of a good and trusting professional-
patient relationship. In this regard it is useful to explain the planned
procedures in depth and indicate the expected results and eventual
complications to the patient and his/her relatives. Keeping close
contact through telephone support and more frequent follow-up visits
is also useful.
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Surgical planning differs from the regular scenario where
aesthetics constitute a key element, and instead priority is placed on
minimal surgery in terms of mono- rather than bi maxillary operations,
with reduction of the amount of skeletal movements, while always
ensuring proper occlusion and sufficient PAV enlargement. Thus, in
general, in the presence of a typical midface deficiency with high
palate, reduction of its length, together with a narrowed oropharynx,
usually implies advancement, widening and antero-posterior leveling/
upward maxillary movements. Then, the mandible may be adjusted to
maxillary positioning. Regarding the specific surgical management
of OSA, a maxilla-mandibular advancement of 1c¢m is considered the
gold standard in OS [37]. Nevertheless, there is not enough evidence to
establish the magnitude and direction of maxillary and/or mandibular
movements required in order to cure OSA, which additionally should
be individualized for each patient. Our sample of patients underwent
a mean maxillary advancement of 4.53 mm, which was enough to
correct both occlusal and narrowed airway problems. Although
one patient required mandibular setback for occlusal purposes, it
did not adversely affect overall PAV enlargement. Occasionally,
where required, procedures concomitant to OS are recommended
to optimize airway permeability and prevent open bite relapse,
such as tongue reduction [27] or adeno- and lingual-tonsillectomy
[4,26]. Although it has been widely demonstrated that OS is the most
consistent and predictable surgical treatment option for adult patients
diagnosed with moderate to severe OSA [38,39], its outcomes are less
predictable in the DS population because, as previously mentioned,
the causes of OSA in these patients are multiple and additive. Thus, a
systematic sleep study based on PSG is strongly recommended prior
to and after OS in order to check surgical effectiveness and determine
whether further treatments are necessary. In cases where OSA persists
after upper airway surgery, CPAP or NIV in the case of alveolar
hypoventilation are indicated [4].

Postoperative discomfort should be reduced as far as possible,
adopting minimally invasive approaches such as the “twist
technique”14, the shortening of surgery time, the use of apiezoelectric
saw when possible [40], the prescription of standard anti-inflammatory
medication, manual lymphatic drainage for OS [41], and the wearing
of a closed-circuit cold mask during the postoperative period [42].
Furthermore, whenever possible, light guiding elastics for functional
training should be used instead of rigid intermaxillary fixation [30].

Regarding patient age at surgery, the standards advise waiting
until cessation of mandibular growth. In the meantime, a two-phase
or multiphase orthodontic treatment program is beneficial to assist
correction of misalignment and maxillary transverse deficiency
by means of palatal expansion or surgically assisted rapid palatal
expansion, before and after closure of the palatal suture, respectively
[19,43]. Similarly, myofunctional therapy or orofacial rehabilitation
should be started during the growth period in order to favorn proper
maxilla-mandibular growth, establish an adequate resting position
of the tongue behind the upper incisors, reinforce orofacial tonicity,
encourage nasal respiration and improve swallowing and speech
functionality [44]. Besides, it also may reduce the inherent muscular
imbalance that predisposes to an increased prevalence of relapse
after OS [30]. Likewise, dentofacial harmonization by means of
orthodontic treatment and OS have shown significant improvement in
oral motor function, including mouth closure, inactive protrusion and
positioning of the tongue in DS patients.
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Conclusion

In selected patients with DS presenting specific orofacial
dysmorphic features, orthognathic surgery is an effective and secure
treatment to address both occlusion (and its consequent feeding-
respiratory- and communication-related problems) and OSA. The
implementation of this algorithm, together with minimally invasive
surgery and cutting-edge technologies, allows OS to be safely
performed in patients with DS. This algorithm allows clinicians to
tailor the surgical treatment to each patient’ s needs, consider in
gage, comorbidities and barriers to treatment adherence. However,
further clinical studies are needed to determine whether OS in DS
patients with OSA is able to reduce cardiovascular risks, mortality
and long-term outcomes after surgery.
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