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A. Introduction of obstructive sleep apnea 

* For the sake of clarity, it should be noted that we will only focus on adult OSA in this thesis. 

Background of obstructive sleep apnea 

Obstructive sleep apnea (OSA) a is sleep-related breathing disorder, where the patient 
has recurrent episodes of partial or complete upper airway collapse during sleep. This 
leads to partial and/or complete respiratory cessation, also called hypopneas and 
apneas1. These events result in periodic nocturnal occurrences of hypoxia, hypercapnia, 
arousals, and eventually fragmentation of sleep2,3. Patients can experience subtle 
changes in their daily life to progressive OSA symptom burden over many years. 
Therefore, patient can go for extensive periods before their OSA is suspected and 
recognized. This is one of the reasons why OSA remains largely underdiagnosed and 
undertreated4,5. Patients often complain of a wide variety of symptoms in a various 
degree of severity, e.g. snoring and excessive daytime sleepiness (Table 1.1)6. 
 
Table 1.1 Classic symptoms of OSA6. 

   Snoring 
   Excessive daytime sleepiness 
   Choking or gasping at night 
   Night sweats 
   Neurocognitive impairment 
   Heartburn 
   Morning headaches 
   Maintenance insomnia 
   Erectile dysfunction 
   Nocturia 

 

Patients can present with OSA at all ages. For that reason, OSA can be divided in 
pediatric OSA and adult OSA7. Pediatric OSA affects approximately 1% to 6% of all 
children, usually in the ages from 2 to 8 years and is mainly due to enlarged tonsils 
and/or adenoids, genetics, or craniofacial malformation8. Adult OSA affects the 
majority of patients with a reported presentation of 9% to 38% of the general adult 
population9. 
With an estimated 1.4 billion of adults between the age of 30 and 69 years globally 
suffering from OSA, the economic burden of OSA is believed to be immense10. In the 
United States of America alone, it is estimated that cost of diagnosing and treating OSA 
(in 2015) was approximately $12.4 billion, with the majority (50%) of the cost attributed 
to positive airway pressure therapy and oral appliance therapy and approximately 43% 
of the cost attributed to surgical OSA management11. Mind you, this is without taking 



Chapter 1 

12 

into account the staggering cost of being undiagnosed, which was estimated to be 
$149.6 billion (in 2015). This consisted of $86.9 billion attributed to loss of productivity; 
$26.2 billion due to motor vehicle accidents; $6.5 billion due to workplace related 
accidents; and $30 billion due to the increased risk of costly medical comorbidities. It 
was estimates that it would cost the health care system an additional $49.5 billion in 
order to diagnose and treat every American adult who has OSA11. Be it as it may, it was 
also estimated that the treatment of OSA would provide a projected savings of $100.1 
billion, making OSA not only manageable, but also cost effective in the end11. 
 
Aside from the economic aspects, OSA also has major health-related burden, with OSA 
being associated with a wide variety of medical conditions e.g., cardiovascular disease, 
metabolic disease, psychiatric disorders, and neurocognitive impairment12–14. And not 
insignificant, OSA has also been independently associated with a large increased risk for 
mortality – based on a large community based study15. All of these, highlight the fact 
that prevention, early diagnosis, and adequate treatment are not only important to 
alleviate the patient health-related burden, but also help reduce the economic burden 
of OSA. 

Etiology of obstructive sleep apnea 

Based on the origin of the apneas and hypopneas, sleep apnea is separated into two 
main categories, namely central sleep apnea (CSA) and obstructive sleep apnea (OSA)7. 
The etiology of CSA is based on the fact that during sleep there are episodes where 
there is lack of breathing drive as a result of a temporary discontinuation of the 
respiratory rhythm generator located within the pontomedullary region of the brain15. 
CSA is defined as a lack of respiratory effort during cessations of airflow16. A multitude 
of medical conditions can tend to develop CSA e.g., atrial fibrillation, heart failure, 
ischemic stroke, spinal cord injury, renal failure, and chronic opioid use17. 
 
In contrast to CSA, respiratory effort is still maintained during hypopneas and apneas in 
OSA and respiratory cessation is mainly due to partial and/or complete airway collapse. 
A wide array of factors can attribute to a decrease airway diameter or integrity leading 
to OSA – including body weight and fat distribution, patient craniofacial anatomy, 
genetics, and respiratory control system – making OSA an uttermost complex 
phenomenon (Figure 1.1) (Table 1.2)18,19. 
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Figure 1.1 Current consideration of heterogenicity and complexity of OSA. Illustration from Randerath et 

al.18. 
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Table 1.2 Etiological factors for OSA19–21. 

Non-anatomical patient factors 
   Obesity 
   Central fat distribution 
   Advanced age 
   Male gender 
   Supine sleeping position 
   Pregnancy 
Anatomical patient factors 
   Micrognathia, retrognathia 
   Increased anterior facial height 
   Inferiorly and posteriorly positioned hyoid 
   High arched palate  
   Dental findings (suggestive of underlying craniofacial deficiency e.g., open bite, overbite, overjet, and 
   proclination of the mandibular incisors) 
   Inferior displacement of the hyoid 
   Soft tissue hypertrophy, inflammation, and/or edema (e.g., adenoid, tonsils, soft palate, lateral and 
   pharyngeal walls)  
Genetical factors 
   Physiological respiratory control system 
      Greater upper airway critical closing pressure (Pcrit) values 
      Ventilatory instability/(high loop gain) 
      Loss of neuromuscular control 
      Low Arousal threshold 
   Associated medical disorders 
      Cardiovascular disease (e.g., hypertension, heart failure, and arrythmias)   
      Metabolic disease (e.g., diabetes mellitus, acromegaly, and hypothyroidism) 
      Neurological disorders (e.g., stroke, spinal cord injury, and myasthenia gravis) 
      Obesity hypoventilation syndrome 
      Congenital disease (e.g., Prader Willi Syndrome, Down Syndrome) 
Others factors 
   Socio-economic status and environmental factors  

 
 
Although a distinction is made between CSA and OSA, there is a considerable overlap in 
the pathogenesis and pathophysiology between the both sleep-related breathing 
disorders, making the distinction somewhat difficult at times and therefore also bring 
about both entities to occur simultaneously. 

Diagnosis of obstructive sleep apnea 

As previously mentioned, patient with a suspicion for OSA can present with wide 
variety of different symptoms6. Consequently, it presents a formidable challenge for 
healthcare professionals to determine if the patient has OSA solely relying on their 
medical history. For that reason, a frequently applied tool in order to screen patients 
which are at high-risk for OSA are questionnaires. Questionnaires are easy to 
administer, are of low-cost, offer a prompt risk analysis on whether or not to further 
investigate for OSA, and can be used to assess patient-reported outcome especially 
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when evaluating changes after treatment or over time22. There are multiple different 
validated OSA questionnaires (Table 1.3)21,22. 
 
Table 1.3 OSA questionnaires21,22. 

Screening questionnaires 
   Berlin questionnaire 
   STOP-Bang questionnaire 
   STOP Questionnaire 
   NoSAS (Neck, Obesity, Snoring, Age, Sex) score 
   Perioperative Sleep Apnea Prediction Score 
   American Society of Anesthesiologists OSA check-list 
   DES-OSA Score 
Functional status measures and health-related quality of life questionnaires 
   Epworth Sleepiness Scale 
   Pittsburgh Sleep Quality Index 
   Functional Outcomes of Sleep Questionnaire 
   Sleep Apnea Quality of Life Index 

 
 
In addition to an extensive medical history – with or without the use of questionnaires 
– a complete physical exam is not only necessary but is of course standard for the 
evaluation for high-risk patients for OSA. This mainly includes measurement of body 
mass index (BMI), neck circumference, nasal exam, exam of oral cavity, and oropharynx 
and hypopharynx exam. 
 

Additional examinations can include radiological examinations. Lateral cephalogram is 
readily available, of low risk, and an inexpensive imaging technique, which is able to 
assess craniofacial skeletal and soft tissue anatomy and its relationship to one another. 
Previous studies have failed to provide robust evidence that a lateral cephalogram is 
able to distinguish OSA patients form healthy subjects. Nor is there a study that is able 
to provide a correlation between cephalometric parameters and the AHI on an 
overnight polysomnography (PSG)21. Computer tomography (CT) and cone beam 
computer tomography (CBCT) are becoming more readily available and can be used for 
three-dimensional (3D) assessment of the craniofacial structures and upper airway. 
However, so far high-quality evidence supporting the use of CBCT for airway 
assessment is still missing. Therefore, CBCT just like lateral cephalogram is mainly 
indicated for the assessment of craniofacial anatomy and relationship and for 
treatment planning for skeletal OSA surgery. Magnetic Resonance Imaging (MRI) 
provides exceptional soft tissue images, and is able to provide additional airway 
measurements, which are not achievable with cephalometry. Therefore, MRI may be 
superior to lateral cephalogram. However, studies have shown that MRI just like lateral 
cephalogram is not able to discriminate between healthy subjects and OSA patients21. 
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Figure 1.2 Drug induced sleep endoscopy, with four levels of the upper airway, based on the VOTE 

classification. 

 
Table 1.4 VOTE classification29. 

Structure Degree of 
obstruction a 

Configuration c 
AP Lateral Concentric 

Velum     
Oropharynx b     
Tongue base     
Epiglottis     

AP, anteroposterior 
a Degree of obstruction: 0 = no obstruction; 1 = partial obstruction; 2 = complete obstruction 
b Oropharynx obstruction can be distinguished as related solely to the tonsils or including the lateral walls 
c Configuration noted for structures with degree of obstruction >0. 
 

Non-surgical treatment options for obstructive sleep apnea 

Weight reduction 

As obesity – and the category of obesity – has been shown to be an important risk 
factors for acquiring and increasing the severity of OSA, the primary and non-invasive 
approach to adequately manage OSA should be weight reduction either by applying 
diet interventions, exercise interventions, or a combination of both31,32. It has been 
proven that a 5% and preferably 10% of weight reduction is able to reduce the severity 
of patients OSA33. The added benefit of weight reduction is not only reduction of OSA 
severity, but also it also improves cardiac and metabolic comorbidities34–36. However, it 
is a known fact that for weight reduction to be permanent in the long-term additional 
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lifestyle interventions are mandatory37. There have been limited number of studies 
published, which have investigated whether pharmacological interventions – e.g., 
topiramate and orlistat – are able to provide weight and OSA severity reduction38,39. 
These interventions show promise however, more long-term data is necessary. Finally, 
bariatric surgery can also be applied in order to permanently achieve weight reduction. 
This treatment option will be discussed later in this chapter. 

Positive airway pressure 

Sullivan first proposed continuous positive airway pressure (CPAP) in 198140. This 
treatment temporarily resolves the problem of obstruction during its use, through the 
application of continuous pressurized air through the upper airway, which acts as 
pneumatic splint. Positive airway pressure (PAP) has proven to be the most effective 
treatment able to reduce AHI and improve subjective patient outcome41,42. Hence, to 
date CPAP is still considered the gold standard for nonsurgical treatment for OSA 
(Figure 1.3)41,43. Be that as it may, down-side of PAP is that the adherence has been 
proven to be low, specifically in the long-term44,45. Therefore, more than seldomly 
previous PAP users – although PAP is effective – are in need of an alternative treatment 
option whenever PAP has become intolerable after some time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3 A patient illustrated sleeping with a nasal mask for his PAP-device (source and with permission 

of Vivisol Nederland B.V.). 
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Mandibular advancement device 

Oral appliance therapy – of which the mandibular advancement device (MAD) is the 
most preferred option – has proven to be a good alternative to CPAP, specifically for 
mild to moderate OSA (Figure 1.4)46,47. The MAD protrudes the mandible, which results 
in a reduction of the pharyngeal collapsibility. There are many different MADs on the 
market. MADs are often divided into mono-bloc and dual-bloc or non-custom and 
custom MADs48,49. A recent systematic review concluded that there were no differences 
found between different types of MAD designs, however custom MADs were found to 
be superior to non-custom MADs50. MADs are however also associated with different 
adverse effects e.g., transient muscle soreness and temporomandibular joint 
discomfort, hyposalivation and less often hypersalivation, tongue discomfort, and a 
sense of suffocation. A more permanent adverse effect is occurrence of dental side 
effects – mainly increased lower incisor inclination and posterior open-bite46. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4 A current MAD, the SomnoDent® Avant (source and with permission of Somnomed). 
 

Positional therapy 

Positional therapy can provide an alternative treatment for patients with positional 
OSA (POSA) – which is defined by an AHI in the supine posture double or greater than 
that in the non-supine postures in addition to an AHI in the non-supine posture of 
<5 events/hour51. Different types of positional therapy have been proposed e.g., tennis 
balls, pillows, bulky backpacks and more recently position trainers52–54. A main 
disadvantage of many of the positional therapies is adherence. The position trainers 
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however, are able to slowly and progressively train the patient to turn to a non-supine 
position with the use of light vibrational stimulus (Figure 1.5)55. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.5 A patient illustrated wearing the sleep position trainer around his chest (source and with 

permission of Vivisol Nederland B.V.). 
 

Surgical treatment options for obstructive sleep apnea 

Surgery is usually mainly indicated as alternative treatment option whenever the 
patient is unable to tolerate PAP18,21,43. There are a multitude of different surgical 
interventions for OSA (Table 1.5)18,21. As endoscopic sinus surgery, nasal surgery, 
tonsillectomy, soft palate surgery, tongue and hypopharyngeal surgery, bariatric 
surgery, and tracheostomy are not relevant for this thesis, these options will only be 
briefly discussed for sack of completeness. 
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Table 1.5 Possible surgical interventions for OSA 18,21. 

   Endoscopic sinus surgery 
   Nasal surgery 
   Tonsillectomy 
   Soft palate surgery 
   Tongue and hypopharyngeal surgery 
   Bariatric surgery 
   Tracheostomy 
   Multilevel surgery 
   Hypoglossal nerve stimulation 
   Maxillary and mandibular surgery 
 

Endoscopic sinus surgery 

A systematic review and meta-analysis has shown that endoscopic sinus surgery has the 
ability to decrease AHI in chronic rhinosinusitis patients and OSA56. This reduction was 
however, found to be minor. Moreover, endoscopic sinus surgery was also found to 
significantly improve patient subjective outcome e.g., Epworth Sleepiness Scale (ESS)57. 

Nasal surgery 

Starting at the beginning of the upper airway, the nose is a significant contributor to 
OSA. Therefore, the main objective in nasal surgery is to improve and optimize the 
nasal passage in order to alleviate nasal obstruction contributing to the patients OSA 
and whenever possible to improve PAP tolerance. A meta-analysis has shown that nasal 
surgery can significantly reduce AHI – albeit a miniscule AHI reduction – and can also 
improve ESS58. 

Tonsillectomy 

There is evidence supporting that enlarge tonsils are associated with increased AHI59. 
Historically tonsillectomy has been combined with uvulopalatopharyngoplasty (UPPP) 
as an effective therapy – significant reduction of AHI and ESS – for the treatment of 
OSA60,61. Tonsillectomy as a stand-alone therapy for OSA has been extensively 
investigated, with largely positive results. Camacho et al. concluded in their systematic 
review and meta-analysis that tonsillectomy can be a successful treatment for adult 
OSA, especially for those presenting with mild to moderate OSA in conjunction with 
grade 3 or 4 tonsils62. 

Soft palate surgery 

Many different types of procedures can referrer to soft palate surgery. Traditionally 
UPPP is the most performed type of soft palate surgery – and also still to date the most 
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commonly performed surgical procedure for the treatment of OSA21. The classical UPPP 
consists of resection of part of the palate and uvula tissue and as previously mentioned 
also frequently consists of tonsillectomy. In the milestone paper by Sher et al. – in 
which he first defined surgical success as an AHI reduction of at least 50% and an AHI 
below 20 events/hour – it was found that UPPP has an success rate of approximately 
40%63. A systematic review and meta-analysis of Stuck et al. concluded that UPPP ± 
tonsillectomy is able to reduce respiratory events and daytime sleepiness in adult 
patients with OSA, depending on BMI, age, OSA severity, and clinical and anatomic 
staging systems64. A major issue is the compelling morbidity associated with UPPP e.g., 
postoperative pain, edema and bleeding with or without the need for surgical 
intervention, velopharyngeal insufficiency, and nasal regurgitation. Noteworthy is that 
recent modifications in UPPP surgical techniques have presented with lower morbidity 
compared to traditional UPPP64. A more modern type of palate surgery is expansion 
sphincter pharyngoplasty (ESP), first described by Pang and Woodson in 200765. The 
main goal of this technique is to create more tension in the lateral pharyngeal walls in 
order to decrease collapsibility of the lateral oropharyngeal wall. There have also been 
modifications to this technique e.g., adding tonsillectomy and a palatopharyngeus 
muscle rotation plasty21. ESP has shown to have significantly better surgical success 
rates compared to standard or traditional UPPP, with less need for tissue resection66,67. 
A more modern take on UPPP and ESP with similar outcome, is the palate suture 
suspension technique. Congruent with UPPP and ESP the goal is to decrease 
collapsibility of the lateral oropharyngeal wall. However, with this technique little to no 
tissue is resected by applying anchoring sutures – self-locking bidirectional barbed 
sutures – in order to readdress the soft palate and lateral oropharyngeal wall with the 
goal to reduce morbidity and increase efficacy21,67. Older techniques of soft palate 
surgeries consist of transpalatal advancement pharyngoplasty (by Woodson and Toohill 
in 1993), radiofrequency palatoplasty (by Powell et al. in 1998), lateral pharyngoplasty 
(by Cahali in 2003), and pillar implants surgery (in 2003)21,68–70. 

Tongue base radiofrequency surgery 

Already described by Powell et al in 1999, tongue base radiofrequency surgery aims to 
create soft tissue fibrosis by applying coagulation and ablation through radiofrequency 
or coblation69. Tongue base radiofrequency surgery is often combined as part of 
multilevel surgery. However, there are some studies that have shown that tongue base 
radiofrequency surgery as a stand-alone procedure is effective in specific patients with 
mild OSA71. 
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Tongue suture suspension 

Like tongue base radiofrequency surgery, tongue suture suspension is a technique that 
is often times combined as part of multilevel surgery. Tongue suture suspension is a 
procedure where the base of tongue is suspended with the use of a suture technique to 
the lingual cortex of the mandibular symphysis, resulting in an increase of the anterior 
to posterior space of the hypopharynx. The main advantages of this technique are that 
it is minimal invasive and reversible if needed. It has been estimated that the surgical 
success rate – note that whenever surgical success is used throughout this thesis, this 
will be based on Sher’s criteria – for tongue suture suspension as a stand-alone therapy 
is comparable to UPPP and is approximately 37%63,72. 

Hyoid suspension 

Hyoid suspension or hyoidthyroidpexy is a technique designed to address 
hypopharyngeal and tongue base obstruction, by suspending the hyoid to the inferior 
border of the mandible. Hyoid suspension is often combined with additional 
procedures including multilevel surgery, genioglossus advancement or 
maxillomandibular advancement21. Success rates are reported of approximately 52% 
(BMI below 30) and approximately 17% (BMI of more than 30)73,74. Clearly illustrating 
the importance of proper patient selection. 

Lingual tonsillectomy 

Lingual tonsillectomy is also a procedure that is often part of multilevel surgery. There 
are multiple different techniques to perform lingual tonsillectomy e.g., CO2 laser, 
electrocautery, harmonic scalpel, coblation, radiofrequency ablation, and a 
microdebrider under direct or indirect visualization. A more contemporary technique is 
trans oral robotic surgery with the use of the Da Vinci robot, which has multiple 
advantages like superior field of view, instrument handling, and the ability to more 
accurately resect tissue75. When performing lingual tonsillectomy in combination with 
UPPP, it has been found that the success rate can be improved from 40% to 
approximately 66%76. 

Epiglottis surgery 

There are different types of epiglottis surgery, including epiglottoplasty, partial 
epiglottectomy, and epiglottopexy. No consensus exists on the presence (range 15% to 
74%) and clinical significance of epiglottis collapse77,78. Therefore, there is still no 
consensus in the literature when this type pf surgery is indicated. However, epiglottis 
surgery is often performed in conjunction with other types of surgery for OSA21. 
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Genioglossus advancement 

Genioglossus advancement was first described by Riley et al. in 1986 as a procedure 
that was combined with inferior sagittal osteotomy of the mandible with hyoid 
myotomy. The main objective with genioglossus advancement is to stabilize the 
hypopharyngeal airway by advancing the genioglossus muscle. To this day it is still 
performed in combinations with other additional procedures. Although there is limited 
evidence available on genioglossus advancement as a stand-alone procedure for OSA, it 
is suggested that genioglossus advancement is able to reduce AHI. However, there is 
significant heterogeneity in patient selection criteria, use of simultaneous procedures, 
operative techniques, and length of follow-up21. 

Bariatric surgery 

Obesity is a growing entity worldwide. Additionally, obesity has been positively 
associated with OSA79. A systematic review by Wong et al. has shown that bariatric 
surgery is able to improve OSA in obese patients80. 

Tracheostomy 

Tracheostomy – a procedure in which an alternative airway is surgically created in the 
trachea in order to circumvent the upper airway obstruction – is the first and therefore 
the oldest treatment for OSA. It was first described by Kuhlo et al. in 196981. A 
systematic review by Camacho et al. showed that tracheostomy is able to significantly 
improve apnea index, apnea-hypopnea index, oxygen desaturation index, sleepiness in 
obese as well as non-obese patients with OSA82. 

Multilevel surgery 

As insight grew in the 1990’s that OSA was based on obstructions at multiple different 
levels in the upper airway. More and more centers have been performing surgery on 
more than one level – e.g., nose, palate, oropharyngeal lateral walls, tongue base, and 
epiglottis – of obstruction of the upper airway, also called multilevel surgery21. It can 
consist of multiple of the previous discussed surgical procedures in this chapter. 
Multilevel surgery is mainly indicated whenever PAP therapy is either not tolerated or 
not able to sufficiently treat the patients OSA. Treatment outcome and occurrence rate 
of complication after multilevel surgery will be extensively discussed in chapter 2. 

Hypoglossal nerve stimulation 

Hypoglossal nerve stimulation is a fairly new surgical treatment where an electrical 
current is relayed to branches of the hypoglossal nerve innervate the tongue protruding 
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option and is for that reason not seldomly performed91. Although, this procedure was 
one if not the first skeletal surgeries performed for OSA for the adult population – 
already reported by Kuo et al. in 1979 – this procedure has been less frequently 
reported in the literature compared to other skeletal surgical options for OSA, for 
example maxillomandibular advancement92. A systematic review and meta-analysis by 
Noller et al. found that mandibular advancement is able to drastically improve the AHI 
from 46 events/hour to 6 events/hour (87% decrease) and the lowest oxygen 
saturation from 72% to 89%93. Regression analyses showed that whenever the 
mandible was advanced 16mm the success rate was 75%, compared to 35% whenever 
the mandible was advanced less than 16 mm. Therefore, they concluded that 
mandibular advancement is indicated in OSA patients with mandibular insufficiency – 
e.g., micrognathia or retrognathia – due to the fact that by definition by advancing the 
mandible the dental occlusion will change. 

Maxillomandibular advancement  

Maxillomandibular advancement will be discussed in chapter 1B. 
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1B Background of maxillomandibular advancement 

On the account that the main focus of this thesis is centered on issue related to 
maxillomandibular advancement (MMA), in this chapter a more detailed description of 
the background of MMA will be provided. Other specific issue related to MMA will be 
discussed separately in outline and specific chapters of this thesis. 

Introduction 

Maxillomandibular advancement – also known as MMA, bimaxillary surgery for OSA, 
telegnatic surgery for OSA, orthognathic surgery for OSA, double jaw surgery for OSA, 
and (lower) facial surgery for OSA – is skeletal surgery where a Le Fort I maxillary 
osteotomy is performed in combination with a bilateral sagittal split osteotomy (BSSO) 
of the mandible in order to advance and currently also more and more counter 
clockwise rotate the maxilla and mandible18,94. By maneuvering the maxillomandibular 
complex anteriorly and counter clockwise the upper airway is not only enlarged and 
reduced in length, but there is also more tension conceived in the pharyngeal dilator 
muscles – which has a splinting effect – thus reducing upper airway collapsibility95,96. 

History of maxillomandibular advancement 

Riley et al. at Stanford in 1986 were the first to report on MMA. In this case series they 
reported on nine patients with severe OSA, all of which had multitherapy failure97. 
Already at that time, they performed MMA with perioperative orthodontics in seven 
out of nine patients. The maxilla and mandible were advanced 4 to 8 mm and 12 to 
24 mm, respectively. They found that in all patients the PSG parameters improved after 
MMA. Since then, many have reported on MMA98–104. In The Netherlands, the first case 
was reported in 1998 by A.G. Becking in his PhD-thesis ‘Issue related to orthognathic 
surgery’105. The first case series reported in The Netherlands was by de Lange et al. in 
2004. They treated six moderate to severe OSA patients, of which five patients 
achieved surgical success and one patient was cured after MMA106. 

Indication of maxillomandibular advancement 

Although much has been reported about MMA, there is still to date no consensus and 
gold standard protocol when to perform MMA. The Stanford group published their 
dynamic upper airway reconstruction for OSA protocol in 1993, in which they 
propagated that MMA was mainly indicated as phase II surgery, reserved for those 
cases where UPPP and genioglossus advancement combined with hyoid suspension 
failed (Figure 1.6)107. There have been many advances and changes in insights since the 
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first presentation of the Stanford protocol. Therefore, a revised version of the Stanford 
protocol was presented by Liu et al. in 2019 (Figure 1.7)108. In this update of the 
Stanford protocol certain modern techniques were added such as hypoglossal nerve 
stimulation and maxillary expansion. Additionally, indications are provided for 
performing MMA earlier instead of as a last resort procedure e.g., dentofacial 
deformity, severe OSA, and specific airway collapse pattern found during DISE. Others 
have also advocated that the indication for MMA should be more individualized and 
based on patient phenotyping18. The American Academy of Sleep Medicine practice 
guidelines recommends that “MMA is indicated for surgical treatment of severe OSA in 
patients who cannot tolerate or who are unwilling to adhere to positive airway 
pressure therapy, or in whom oral appliances, which are more often appropriate in mild 
and moderate OSA patients, have been considered and found ineffective or undesirable 
(Option)” 109. In The Netherlands, the latest protocol (Richtlijn Diagnostiek en 
behandeling van obstructief slaapapneu (OSA) bij volwassenen) states that MMA can 
be considered in patients with moderate to severe OSA110. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.6 Original Stanford protocol. Illustration from Liu et al.108. 
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Figure 1.7 Revised Stanford protocol. Illustration from Liu et al.108. 
 

Current workflow and surgical technique of maxillomandibular 
advancement at Amsterdam UMC (dated July 5th 2023) 

Virtual surgical planning is utilized to preoperatively plan MMA nowadays. In order to 
do so, the patient receives a CT or CBCT scan a few weeks prior to surgery. With use of 
proprietary virtual planning software, currently in Amsterdam UMC the 3D CT or CBCT 
scan and dental model are integrated as a 3D virtual model of the patient in IPS (KLS 
Martin, Erlangen, Germany), in order to precisely create the virtual surgical plan of the 
operation (Figure 1.8). Intraoperative surgical splints are then designed for either a 
maxilla-first or mandible first surgical plan. These 3D printed intraoperative surgical 
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splints are utilized to translate the virtual surgical plan to the surgical procedure in the 
operating room (Figure 1.9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.8 Virtual surgical planning for maxillomandibular advancement. A. Sagittal view before MMA. B. 

Axial view before MMA. C. Sagittal view after MMA. D. Axial view after MMA. 

 
 
 
 
 
 
 
 
 
 
 
Figure 1.9 3D printed intraoperative surgical splints. A. intermediate intraoperative splint for mandible-

first surgical sequence. B. Final intraoperative splint. 
 
 

Depending on the virtual surgical plan and the 3D printed intraoperative surgical 
splints, the surgery can either be performed through a maxilla-first or mandible-first 
surgical sequence 111. When the mandible-first protocol is used, the bilateral sagittal 
split osteotomy of mandible is performed first. 
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Bilateral sagittal split osteotomy of mandible 

The patient in under general anesthesia with the use of a nasoendotracheal tube during 
MMA. Local anesthesia however, is administered to aid with hemostasis of the surgical 
site. A mucosal incision along the anterior border of the ramus is placed inferiorly, 
along the external oblique ridge (Figure 1.10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.10 Mucosal incision along the anterior border of the ramus for sagittal split. 
 
 

Subperiosteal dissection is performed to expose the mandible, temporalis muscle, the 
lingula, and the inferior alveolar nerve. The Hunsuck modification of the Obwegeser 
and Dal Pont BSSO technique is the standard approach utilized112. A horizontal 
osteotomy is made just above the lingula, approximately 10 mm above and parallel to 
the occlusal plane. The osteotomy continues inferiorly along the external oblique ridge 
to the level of the first molar. Then, a vertical osteotomy is made along the buccal 
surface of the mandibular body, to the inferior border which is extended from the 
lateral to medial of the inferior border. Care is taken that the osteotomy cuts are only 
through the cortical bone and not through the cancellous bone, in order not to damage 
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the inferior alveolar nerve. Osteotomes are sometimes used to separate the bone 
segments (Figure 1.11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.11 Osteotomy cut with the osteotome is made only through the cortical bone. 
 
 

A Smiths bone spreader and an osteotomy elevator are used to finalize the sagittal 
split. If necessary, the inferior alveolar nerve is then identified and whenever present in 
the buccal cortex, it is then completely dissected from the buccal cortex and positioned 
toward the lingual side (Figure 1.12). The same procedure is then applied to the 
contralateral side. After which, the tooth bearing segment is repositioned in the virtual 
planned desired position with the use of the 3D printed intermediate intraoperative 
surgical splint. Afterwards, intermaxillary fixation is applied, bi-cortical osteosyntheses 
screws and/or osteosyntheses plates with mono-cortical screws are used to fixate the 
mandible in the virtual planned desired position (Figure 1.13)113,114. 
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Figure 1.12 Smiths bone spreader is used to finalize the sagittal split. The inferior alveolar nerve is clearly 

seen and preserved. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.13 A. Intermaxillary fixation with the intermediate splint and power chains. B. Osteosyntheses 

plate with mono-cortical screws used to fixate the mandible in the planned desired position. 
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Afterwards, intermaxillary fixation is removed in order to check if the planned occlusion 
is correctly achieved. Whenever, large osteotomy gaps are created, the choice is made 
to augment the mandible with the use of autogenous or alloplastic bone or a 
combination of both. 

Le Fort I osteotomy of the maxilla 

Before  performing a Le Fort I osteotomy, a glabella marker or pin (K-wire or screw) is 
placed. This will allow for vertical measurements and therefore guarantee correct 
placement of the maxilla in axial dimension (Figure 1.14). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.14 A. Placement of a glabella pin. B. Vertical measurement with a caliper. 
 
 

For the Le Fort I osteotomy a maxillary vestibular incision is placed through the mucosa, 
which is made from the first molar to the first molar on the contralateral side, in order 
to expose both the lateral and medial buttresses of the maxilla. Subperiosteal 
dissection is performed to expose the maxilla (Figure 1.15). 
 
The nasal mucosa is elevated and preferably kept intact. Then, a maxillary osteotomy is 
made with a bur or saw from the piriform rim to the pterygomaxillary fissures 
bilaterally. A U-shaped or V-shaped nasal septum osteotome is used to separate the 
nasal septum from the maxilla (Figure 1.16). 
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Figure 1.15 Vestibular incision through the mucosa in order to expose the maxilla. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.16 V-shaped nasal septum osteotome is used to separate the nasal septum from the maxilla. 
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The posterior maxillary wall and lateral nasal wall is then fractured with a straight or 
curved osteotome. A pterygoid osteotome is then used to separate the 
pterygomaxillary junction. Next is down-fracture of the maxilla, this is performed with a 
bone-hook and/or a Smiths bone spreader (Figure 1.17). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.17 Down-fracture of the maxilla with a bone-hook. 
 
 

Afterwards, the maxilla is adequately mobilized with Rowes forceps, in order to 
guarantee that the planned advancement and counter clockwise rotation is able to be 
passively achieved. The final surgical splint – which contains the virtually planned final 
position of the maxilla – is placed to position the maxilla in the planned position by 
placing the maxilla and mandible in intermaxillary fixation. Rigid fixation is then 
accomplished utilizing an array of titanium osteosyntheses plates with mono-cortical 
screws (Figure 1.18)94,115 
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Figure 1.18 Rigid fixation is accomplished utilizing titanium osteosyntheses plates with mono-cortical 

screws. 
 
 

After which, intermaxillary fixation is released and the correct occlusion – in other 
words the correct position of the maxilla – is verified. After confirming proper 
occlusion, closure of the incisions is performed with the use of absorbable sutures. 
Whenever, necessary or desired orthodontic elastics can be applied for postoperative 
guidance of the occlusion94. 

Postoperative care 

Due to the fact that patients with OSA have been found to have an increased risk for 
complications associated with postoperative anesthesia e.g., difficult airway 
management, upper airway obstruction, and postoperative respiratory failure. This as a 
result of the anesthesia medication, alteration of the upper airway anatomy, and soft 
tissue edema postoperatively21,116–119. Therefore, patients are monitored on the 
medium care or intensive care unit in the immediate 24 hours after MMA120. After 
which, they are admitted to the regular oral and maxillofacial surgery ward. The 
average length of hospitalization is two to four days postoperatively. Patient are 
provided antibiotics, adequate analgesics – preferably non-opioids but whenever 
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opioids are necessary and administered patients are placed back on monitoring –, and 
steroids. Patients are restricted to have a soft diet for approximately four to six weeks 
postoperatively. The patients can return to their normal activities without physical 
restriction six weeks postoperatively.  
Patients are regularly seen for postoperative follow-up consults at the out-patient clinic 
at one week, two weeks, six weeks, three months, 6 months, and 12 months 
postoperatively. However, patients are often checked yearly up until at least two years 
postoperatively. However, this can vary depending on patients’ postoperative recovery. 
Usually, postoperatively radiographs and/or CT or CBCT are made. An overnight PSG is 
typically planned for three to six months after MMA, to evaluate therapeutic efficacy. 

Outcome of maxillomandibular advancement 

The efficacy of MMA has been thoroughly investigated through the years, since the first 
report of MMA by Riley et al. in 198697. This evident by the many publications on MMA 
outcome over the past three and a half decade. There have also been a few systematic 
reviews and meta-analysis published on MMA outcome, including two which are part of 
this thesis, viz. chapter 2 and 3. Nevertheless, two key systematic reviews and meta-
analysis published on MMA outcome are by Holty et al in (2010) and Zaghi et al. in 
(2016)121,122. Holty et al. reported a mean AHI decreased – in 627 adults with OSA – 
from 63.9 events/hour to 9.5 events/hour after MMA. The surgical success rate and 
surgical cure was found to be 86% and 43%, respectively. Additionally, they also 
showed that the mean ESS improved from 13.2 to 5.1 after MMA121. Zaghi et al. 
reported similar highly effective results for MMA, with a mean reduction of AHI and RDI 
of 47.8 events/hour and 44.4 events/hour, respectively. They reported success of 
85.5% and cure rates of 38%. The mean ESS improvement was found to be 10.3 122. 
Thereby, illustrating that to date MMA can be considered the most effective surgical 
treatment for OSA – not taking tracheostomy in to account of course – with results 
parallel to that of PAP. A different meta-analysis by Camacho et al. exhibited that MMA 
is not only effective in the short-term, but it is also still effective in the long-term with a 
mean AHI reduction of 65.8 events/hour to 7.7 events/hour in the long term (>8 years). 
Patients that were followed up for >12 years, did however have an increase of AHI to 
moderate OSA122. It has been proposed that possibly extensive weight gain, skeletal 
relapse, and aging many years after MMA counteract the benefit of MMA, which 
results in residual AHI increase123. 

Facial esthetics after maxillomandibular advancement 

As MMA advances the maxilla and mandible significantly, it is not inconceivable that 
the patients’ face undergoes an alteration. With the lower two thirds of the face 
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becoming more pronounce. This of course is an issue that is of specific concern to the 
patient which is contemplating MMA as a therapeutic option of their OSA. Multiple 
papers have investigated the issue of facial esthetics and MMA. Most papers have 
looked in to the general appearance of the patients face124–127. These have found that 
healthcare professionals – e.g., surgeons and orthodontist –, patients, and also 
laypeople are generally neutral to positive about the facial esthetics change after MMA. 
Patients often are of the opinion that they have gained a more youthful profile after 
MMA125. When it comes to their facial aesthetics, 79% of patients responded 
affirmatively when asked whether they would recommend the surgical treatment to 
others128. 
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surgery in OSA patients, specifically examining the advancement and counter clockwise 
rotation of the maxilla and mandible. 



 General introduction 

43 

1 

References 

1.  Malhotra A, White DP. Obstructive sleep apnoea. Lancet 2002;360(9328):237-245.  
2.  Kimoff RJ. Sleep fragmentation in obstructive sleep apnea. Sleep 1996;19(9 Suppl):S61-6.  
3.  Veasey SC, Rosen IM. Obstructive Sleep Apnea in Adults. N Engl J Med 2019;380(15):1442-1449.  
4.  Braley TJ, Dunietz GL, Chervin RD, Lisabeth LD, Skolarus LE, Burke JF. Recognition and Diagnosis of 

Obstructive Sleep Apnea in Older Americans. J Am Geriatr Soc 2018;66(7):1296-1302.  
5.  Laratta CR, Ayas NT, Povitz M, Pendharkar SR. Diagnosis and treatment of obstructive sleep apnea in 

adults. CMAJ 2017;189(48):E1481-E1488.  
6.  Stansbury RC, Strollo PJ. Clinical manifestations of sleep apnea. J Thorac Dis 2015;7(9):E298-310.  
7.  Sateia MJ. International classification of sleep disorders-third edition highlights and modifications. 

Chest 2014;146(5):1387-1394.  
8.  Schwengel DA, Dalesio NM, Stierer TL. Pediatric obstructive sleep apnea. Anesthesiol Clin 

2014;32(1):237-261.  
9.  Senaratna C V, Perret JL, Lodge CJ, et al. Prevalence of obstructive sleep apnea in the general 

population: A systematic review. Sleep Med Rev 2017;34:70-81.  
10.  Benjafield A V, Ayas NT, Eastwood PR, et al. Estimation of the global prevalence and burden of 

obstructive sleep apnoea: a  literature-based analysis. Lancet Respir Med 2019;7(8):687-698.  
11.  Watson NF. Health Care Savings: The Economic Value of Diagnostic and Therapeutic Care for 

Obstructive Sleep Apnea. J Clin Sleep Med 2016;12(8):1075-1077.  
12.  Yeghiazarians Y, Jneid H, Tietjens JR, et al. Obstructive Sleep Apnea and Cardiovascular Disease: A 

Scientific Statement From the American Heart Association. Circulation 2021;144(3):e56-e67.  
13.  McNicholas WT, Pevernagie D. Obstructive sleep apnea: transition from pathophysiology to an 

integrative disease model. J Sleep Res 2022;31(4):e13616.  
14.  Lal C, Ayappa I, Ayas N, et al. The Link between Obstructive Sleep Apnea and Neurocognitive 

Impairment: An Official American Thoracic Society Workshop Report. Ann Am Thorac Soc 
2022;19(8):1245-1256.  

15.  Marshall NS, Wong KKH, Liu PY, Cullen SRJ, Knuiman MW, Grunstein RR. Sleep apnea as an independent 
risk factor for all-cause mortality: the Busselton Health Study. Sleep 2008;31(8):1079-1085. 

16.  Eckert DJ, Jordan AS, Merchia P, Malhotra A. Central sleep apnea: Pathophysiology and treatment. 
Chest 2007;131(2):595-607.  

17.  Rana AM, Sankari A. Central Sleep Apnea. In: Treasure Island (FL); 2023. 
18.  Randerath W, de Lange J, Hedner J, et al. Current and Novel Treatment Options for OSA. ERJ Open Res 

2022:00126-02022.  
19.  Casale M, Pappacena M, Rinaldi V, Bressi F, Baptista P, Salvinelli F. Obstructive sleep apnea syndrome: 

from phenotype to genetic basis. Curr Genomics 2009;10(2):119-126.  
20.  Slowik JM, Sankari A, Collen JF. Obstructive Sleep Apnea. In: Treasure Island (FL); 2023. 
21.  Chang JL, Alt JA, Alzoubaidi M, Ashbrook L. International Consensus Statement on Obstructive Sleep 

Apnea 2023;(August 2022):1-422.  
22.  Amra B, Rahmati B, Soltaninejad F, Feizi A. Screening Questionnaires for Obstructive Sleep Apnea: An 

Updated Systematic Review. Oman Med J 2018;33(3):184-192.  
23.  Rundo JV, Downey R 3rd. Polysomnography. Handb Clin Neurol 2019;160:381-392.  
24.  Natsky AN, Vakulin A, Coetzer CLC, McEvoy RD, Adams RJ, Kaambwa B. Economic evaluation of 

diagnostic sleep studies for obstructive sleep apnoea: a systematic review protocol. Syst Rev 
2021;10(1):104.  

25.  Berry RB, Brooks R, Gamaldo C, et al. AASM Scoring Manual Updates for 2017 (Version 2.4). J Clin Sleep 
Med 2017;13(5):665-666.  

26.  Malhotra RK, Kirsch DB, Kristo DA, et al. Polysomnography for Obstructive Sleep Apnea Should Include 
Arousal-Based Scoring:  An American Academy of Sleep Medicine Position Statement. J Clin sleep Med  
JCSM  Off Publ Am Acad Sleep Med 2018;14(7):1245-1247.  

27.  Malhotra A, Ayappa I, Ayas N, et al. Metrics of sleep apnea severity: beyond the apnea-hypopnea index. 
Sleep 2021;44(7).  







Chapter 1 

46 

71.  Woodson BT, Nelson L, Mickelson S, Huntley T, Sher A. A multi-institutional study of radiofrequency 
volumetric tissue reduction for  OSAS. Otolaryngol neck Surg  Off J Am Acad  Otolaryngol Neck Surg 
2001;125(4):303-311.  

72.  Handler E, Hamans E, Goldberg AN, Mickelson S. Tongue suspension: an evidence-based review and 
comparison to hypopharyngeal  surgery for OSA. Laryngoscope 2014;124(1):329-336.  

73.  den Herder C, van Tinteren H, de Vries N. Hyoidthyroidpexia: a surgical treatment for sleep apnea 
syndrome. Laryngoscope 2005;115(4):740-745.  

74.  Bowden MT, Kezirian EJ, Utley D, Goode RL. Outcomes of hyoid suspension for the treatment of 
obstructive sleep apnea. Arch Otolaryngol Head Neck Surg 2005;131(5):440-445.  

75.  O’Malley BWJ, Weinstein GS, Snyder W, Hockstein NG. Transoral robotic surgery (TORS) for base of 
tongue neoplasms. Laryngoscope 2006;116(8):1465-1472.  

76.  Lin H-C, Friedman M, Chang H-W, Gurpinar B. The efficacy of multilevel surgery of the upper airway in 
adults with obstructive sleep apnea/hypopnea syndrome. Laryngoscope 2008;118(5):902-908.  

77.  Torre C, Camacho M, Liu SY-C, Huon L-K, Capasso R. Epiglottis collapse in adult obstructive sleep apnea: 
A systematic review. Laryngoscope 2016;126(2):515-523.  

78.  Kwon OE, Jung SY, Al-Dilaijan K, Min J-Y, Lee KH, Kim SW. Is epiglottis surgery necessary for obstructive 
sleep apnea patients with epiglottis obstruction? Laryngoscope 2019;129(11):2658-2662.  

79.  Pillar G, Shehadeh N. Abdominal fat and sleep apnea: the chicken or the egg? Diabetes Care 2008;31 
Suppl 2(7):S303-9.  

80.  Wong A-M, Barnes HN, Joosten SA, et al. The effect of surgical weight loss on obstructive sleep apnoea: 
A systematic review and meta-analysis. Sleep Med Rev 2018;42:85-99.  

81.  Kuhlo W, Doll E, Franck MC. [Successful management of Pickwickian syndrome using long-term 
tracheostomy]. Dtsch Med Wochenschr 1969;94(24):1286-1290.  

82.  Camacho M, Certal V, Brietzke SE, Holty J-EC, Guilleminault C, Capasso R. Tracheostomy as treatment 
for adult obstructive sleep apnea: a systematic review and meta-analysis. Laryngoscope 2014;124(3): 
803-811.  

83.  Yu MS, Ibrahim B, Riley RW, Liu SY-C. Maxillomandibular Advancement and Upper Airway Stimulation: 
Extrapharyngeal Surgery for Obstructive Sleep Apnea. Clin Exp Otorhinolaryngol 2020;13(3):225-233.  

84.  Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc 2008;5(2): 
136-143.  

85.  Hershey HG, Stewart BL, Warren DW. Changes in nasal airway resistance associated with rapid 
maxillary expansion. Am J Orthod 1976;69(3):274-284.  

86.  Ozbek MM, Memikoglu UTT, Altug-Atac AT, Lowe AA. Stability of maxillary expansion and tongue 
posture. Angle Orthod 2009;79(2):214-220.  

87.  Iwasaki T, Yoon A, Guilleminault C, Yamasaki Y, Liu SY. How does distraction osteogenesis maxillary 
expansion (DOME) reduce severity of  obstructive sleep apnea? Sleep Breath 2020;24(1):287-296.  

88.  Buck LM, Dalci O, Darendeliler MA, Papadopoulou AK. Effect of Surgically Assisted Rapid Maxillary 
Expansion on Upper Airway Volume: A  Systematic Review. J oral Maxillofac Surg  Off J Am  Assoc Oral 
Maxillofac Surg 2016;74(5):1025-1043.  

89.  Abdullatif J, Certal V, Zaghi S, et al. Maxillary expansion and maxillomandibular expansion for adult 
OSA: A systematic  review and meta-analysis. J cranio-maxillo-facial Surg  Off Publ Eur Assoc Cranio-
Maxillo-Facial Surg 2016;44(5):574-578.  

90.  Noller MW, Guilleminault C, Gouveia CJ, et al. Mandibular advancement for pediatric obstructive sleep 
apnea: A systematic review  and meta-analysis. J cranio-maxillo-facial Surg Off Publ Eur Assoc Cranio-
Maxillo-Facial Surg 2018;46(8):1296-1302.  

91.  Salman SO. Modern Management of Obstructive Sleep Apnea. 2019. doi:10.1007/978-3-030-11443-5 
92.  Kuo PC, West RA, Bloomquist DS, McNeil RW. The effect of mandibular osteotomy in three patients 

with hypersomnia sleep  apnea. Oral Surg Oral Med Oral Pathol 1979;48(5):385-392.  
93.  Noller MW, Guilleminault C, Gouveia CJ, et al. Mandibular advancement for adult obstructive sleep 

apnea: A systematic review and meta-analysis. J Craniomaxillofac Surg 2017;45(12):2035-2040.  
94.  Liu SYC, Awad M, Riley RW. Maxillomandibular Advancement: Contemporary Approach at Stanford. 

Atlas Oral Maxillofac Surg Clin North Am 2019;27(1):29-36.  





Chapter 1 

48 

118.  Opperer M, Cozowicz C, Bugada D, et al. Does Obstructive Sleep Apnea Influence Perioperative 
Outcome? A Qualitative Systematic Review for the Society of Anesthesia and Sleep Medicine Task Force 
on Preoperative Preparation of Patients with Sleep-Disordered Breathing. Anesth Analg 
2016;122(5):1321-1334.  

119.  Chung F, Memtsoudis SG, Ramachandran SK, et al. Society of Anesthesia and Sleep Medicine Guidelines 
on Preoperative Screening and Assessment of Adult Patients With Obstructive Sleep Apnea. Anesth 
Analg 2016;123(2):452-473.  

120.  Ravesloot MJL, de Raaff CAL, van de Beek MJ, et al. Perioperative Care of Patients With Obstructive 
Sleep Apnea Undergoing Upper Airway Surgery. JAMA Otolaryngol Neck Surg 2019;145(8):751-760.  

121.  Holty J-EC, Guilleminault C. Maxillomandibular advancement for the treatment of obstructive sleep 
apnea: a systematic review and meta-analysis. Sleep Med Rev 2010;14(5):287-297.  

122.  Zaghi S, Holty JEC, Certal V, et al. Maxillomandibular advancement for treatment of obstructive sleep 
apnea ameta-analysis. JAMA Otolaryngol - Head Neck Surg 2016;142(1):58-66.  

123.  Pottel L, Neyt N, Hertegonne K, et al. Long-term quality of life outcomes of maxillomandibular 
advancement osteotomy in patients with obstructive sleep apnoea syndrome. Int J Oral Maxillofac Surg 
2019;48(3):332-340.  

124.  Liu S, Yi H, Guan J, Chen B, Wu H, Yin S. Changes in facial appearance after maxillomandibular 
advancement for severe obstructive sleep apnoea hypopnoea syndrome in Chinese patients: a 
subjective and objective evaluation. Int J Oral Maxillofac Surg 2012;41(9):1112-1119.  

125.  González MB, Casellas JB, Fernández Mondragón MP, Nuño VC, Amezaga JA, De Carlos Villafra F. 
Clinical, esthetic, and quality of life outcomes after telegnathic surgery in Caucasian OSAS patients. 
Cranio 2022;40(5):425-432.  

126.  Curran J, Shimizu M, Tassi A. Evaluation of Facial Profile Esthetics After Maxillomandibular 
Advancement Surgery for the Treatment of Obstructive Sleep Apnea. J Oral Maxillofac Surg 
2022;80(1):174-184.  

127.  de Ruiter MHT, Apperloo RC, Milstein DMJ, de Lange J. Facial esthetics and subjective impairment 
assessed after maxillomandibular advancement surgery for patients with obstructive sleep apnea. 
Cranio 2023;41(1):16-21.  

128.  Ubaldo ED, Greenlee GM, Moore J, Sommers E, Bollen A-M. Cephalometric analysis and long-term 
outcomes of orthognathic surgical treatment for obstructive sleep apnoea. Int J Oral Maxillofac Surg 
2015;44(6):752-759.  

 







 

 
PART I 

 
ISSUES RELATED TO INDICATIONS AND OUTCOME 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 





























































































































































































































































































































Chapter 7 

210 

Abstract  

The primary aim of this study was to assess the association between clinical efficacy 
outcomes (i.e., polysomnography (PSG) results) of maxillomandibular advancement 
(MMA) and surgeons’ experience. The second aim was to assess the association 
between the occurrence of postoperative complications of MMA and surgeons’ 
experience. Patients treated with MMA for moderate to severe obstructive sleep apnea 
(OSA) were enrolled in this retrospective study. The patient population was divided into 
two groups based on two different surgeons performing MMA. The associations 
between surgeons’ experience on the one hand and PSG results and postoperative 
complications on the other hand were investigated. A total of 75 patients were 
included. There was no significant difference in baseline characteristics between the 
two groups. The reductions in apnea-hypopnea index and oxygen desaturation index 
were both significantly greater in group-B than group-A (P=0.015 and 0.002, 
respectively). The overall success rate after MMA was 64.0%. There was a negative 
correlation between surgeon experience and surgical success (odds ratio: 0.963 [0.93, 
1.00], P=0.031). No significant association was found between surgeon experience and 
surgical cure. Additionally, there was no significant association between surgeon 
experience and the occurrence of postoperative complications. Within the limitations 
of this study, it is concluded that surgeon experience may have little to no influence on 
the clinical efficacy and safety of MMA surgery in OSA patients. 
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