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SYSTEMATIC REVIEW
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ABSTRACT
Objective: To review the evolution of sleep medicine and surgical management of obstructive 
sleep apnea (OSA), focusing on anatomy-based and individualized treatment strategies.
Methods: This narrative review was developed by an expert panel of otolaryngologists and sleep 
medicine specialists. Landmark studies, consensus statements, and clinically relevant investiga
tions were analyzed. Surgical approaches were classified according to anatomical target and 
functional mechanism, with particular attention to drug-induced sleep endoscopy (DISE), patient 
phenotyping, and multimodal treatment strategies.
Results: Sleep surgery has progressed from highly invasive procedures to minimally invasive, 
function-preserving, and multilevel approaches. Advances in understanding upper airway anatomy 
and collapse mechanisms have enabled targeted interventions, including barbed pharyngoplasty, 
transoral robotic surgery, maxillomandibular advancement, and hypoglossal nerve stimulation. DISE 
has improved identification of obstruction patterns and individualized surgical planning. Current OSA 
management increasingly combines surgical, dental, behavioral, and medical therapies within per
sonalized care pathways.
Conclusion: Modern sleep surgery has evolved toward precision-based, multidisciplinary manage
ment. Individualized anatomical and functional assessment is central to treatment selection, while 
emerging diagnostic and therapeutic innovations may further improve outcomes.
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Introduction

Sleep medicine and sleep surgery are highly specialized 
interdisciplinary fields  that have undergone substantial 
development over the past decades. Initial surgical 
approaches to obstructive sleep apnea (OSA) were largely 
empirical and frequently associated with significant mor
bidity. Advances in the understanding of upper airway 
anatomy, collapse mechanisms, and sleep-related physiol
ogy have progressively reshaped surgical strategies. As 
a result, contemporary sleep surgery is increasingly char
acterized by targeted, function-preserving interventions 

guided by objective diagnostic tools and integrated within 
personalized treatment pathways. While non-surgical and 
dental approaches are briefly discussed to provide inter
disciplinary context relevant to CRANIO readership, the 
primary focus of this review is the evolution of surgical 
strategies for OSA.

Materials and methods

This manuscript was developed as a narrative state-of-the- 
art review by an expert panel of national and international 

CONTACT Rosario Marchese-Ragona rosario.marcheseragona@unipd.it Department of Neurosciences, University-Hospital of Padova, Via Giustiniani, 2, 
Padua 35128, Italy

CRANIO®: THE JOURNAL OF CRANIOMANDIBULAR & SLEEP PRACTICE 
https://doi.org/10.1080/08869634.2026.2687674

© 2026 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted 
Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0001-6269-961X
http://orcid.org/0000-0002-2419-364X
http://orcid.org/0000-0002-3026-2082
http://orcid.org/0009-0003-7255-4619
http://orcid.org/0000-0003-2645-1793
http://orcid.org/0000-0002-9802-7716
http://orcid.org/0000-0002-9561-0850
http://orcid.org/0000-0002-4352-3085
http://orcid.org/0000-0002-6181-8194
http://orcid.org/0000-0002-0184-7460
http://orcid.org/0000-0001-7835-574X
http://orcid.org/0000-0001-7753-4615
http://orcid.org/0000-0002-3076-3901
http://orcid.org/0000-0003-1781-2809
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/08869634.2026.2687674&domain=pdf&date_stamp=2026-06-22


otolaryngologists and sleep medicine specialists. The lit
erature was selected based on its relevance to the historical 
evolution, technical development, and clinical outcomes of 
surgical treatments for OSA. Landmark studies, consensus 
statements, and high-quality clinical investigations were 
preferentially considered. No formal systematic search 
strategy or quantitative synthesis was undertaken, in accor
dance with the narrative review design. Given the state-of- 
the-art nature of the review, surgical techniques were 
organized into dedicated subsections according to anato
mical target and surgical principle, including palatal, lateral 
pharyngeal wall, tongue base, hypopharyngeal, epiglottic, 
skeletal, and neurostimulatory approaches. This structure 
was intentionally adopted to reflect both the historical and 
conceptual evolution of sleep surgery, to enhance clarity 
for the reader, and to enable a systematic yet non- 
quantitative comparison of techniques characterized by 
distinct indications, mechanisms of action, and clinical 
roles. Such anatomical and functional categorization is 
consistent with contemporary diagnostic frameworks, 
including drug-induced sleep endoscopy (DISE) and phe
notypic classification of upper airway collapse. In addition, 
a historical – conceptual framework was deliberately incor
porated to contextualize the evolution of surgical strategies 
within the broader development of sleep medicine. Key 
milestones in sleep physiology, diagnostic methodology, 
and pathophysiological understanding were therefore con
sidered integral to the interpretative approach of this 
review, allowing surgical innovations to be analyzed in 
relation to advances in sleep medicine rather than as iso
lated technical developments.

● Sleep medicine

Although sleep and its disorders have been recog
nized for centuries, it was not until the mid-20th 
century that sleep was systematically classified using 
modern research techniques, particularly through the 
discovery of the electrophysiological basis of human 
sleep. In 1953, Aserinsky and Kleitman, in a landmark 
paper published in Science, described for the first time 
the presence of rapid eye movements during specific 
phases of sleep, in what is now known as REM sleep 
[1]. In 1957, Dement and Kleitman further differen
tiated REM and non-REM (NREM) sleep, identifying 
cyclical patterns that repeat throughout the night, an 
essential model that remains relevant today [2]. In 
1960, Jouvet and Michel discovered that REM sleep 
is characterized by muscle atonia, a key feature in 
understanding sleep physiology [3]. Burwell et al., in 
1956, described the “Pickwickian” syndrome, 

characterized by obesity-associated hypoventilation 
and hypersomnia. For several years, alveolar hypo
ventilation was thought to explain the excessive day
time sleepiness seen in Pickwickian patients. This 
view shifted in 1966, when Gastaut documented 
alterations in electroencephalographic activity occur
ring before and after apnea events in obese subjects, 
a phenomenon termed “respiratory-related arousal” 
[4]. In 1965, Jung and Kuhlo, neurologists at the 
University of Freiburg, demonstrated that weight 
reduction in obese, somnolent patients led to signifi
cant improvements in sleep and respiratory function, 
although the syndrome itself did not completely 
resolve [5]. Kuhlo et al. also reported a case of 
a Pickwickian patient who exhibited progressive and 
sustained decline in consciousness, requiring emer
gency tracheostomy. The intervention led to marked 
improvement in daytime alertness and elimination of 
respiratory pauses during sleep [6]. In 1970, Lugaresi 
et al. reported that tracheostomy in patients with 
hypersomnia and periodic breathing effectively 
resolved hypersomnia and normalized systemic and 
pulmonary blood pressures, as well as arterial blood 
gas levels [7]. Between 1970 and the early 1980s, 
tracheostomy emerged as the primary surgical treat
ment for individuals with severe OSA unresponsive to 
medical therapy. Around the same period, Kurtz and 
Lonsdorfer in Strasbourg identified  a subset of 
patients who exhibited partial apnea events, later 
termed “hypopneas” [8]. In May 1972, a symposium 
held in Rimini, Italy, brought together neurologists 
and pulmonologists to classify the spectrum of sleep- 
related breathing disorders. During this meeting, 
three polygraphic patterns of sleep apnea, central, 
obstructive, and mixed, were identified,  along with 
an additional incomplete obstructive pattern referred 
to as “hypopnea” [9]. Lugaresi and colleagues pro
posed that chronic snoring might represent 
a precursor to OSA [10]. In the 1970s, French 
researcher Christian Guilleminault joined the 
Stanford Sleep Clinic. Guilleminault and colleagues 
coined the term “obstructive sleep apnea syndrome” 
(OSAS) to describe sleep apnea in non-obese indivi
duals, thereby challenging the prevailing belief that 
OSA was exclusive to obese patients. He also reported 
the first pediatric cases of OSA and helped define the 
emerging field  of “sleep medicine”. Together with 
William Dement, Guilleminault helped establish the 
apnea – hypopnea index (AHI), a key metric still used 
in the diagnosis and classification  of OSA [11]. He 
also co-founded the journal Sleep, serving as its 
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editor-in-chief until 1998. In 1974, Dr. Jerome 
Holland, also part of the Stanford group, introduced 
the term “polysomnography,” which would become 
the standard term for the comprehensive sleep 
study [9].

● Non-surgical therapies

Although not the primary focus of this historical review, 
numerous non-surgical therapies play a central role in 
the treatment of sleep apnea either as stand-alone inter
ventions or as part of multimodal treatment strategies. In 
1981, Australian pulmonologist Colin Sullivan demon
strated that continuous positive airway pressure (CPAP) 
could effectively prevent upper airway collapse in patients 
with sleep apnea. Since then, CPAP has become the first- 
line and most widely used treatment for OSA [12]. In 
1982, a clinical study evaluating a tongue-retaining device 
reported outcomes comparable to those of uvulopalato
pharyngoplasty (UPPP) [13]. In 1985, Soll and George 
described the successful use of a mandibular advance
ment oral appliance in a patient with Class II malocclu
sion and severe OSA [14], laying the foundation for an 
important approach for non-surgical treatment that has 
been well studied in the past forty years [15–18]. In 1984, 
Cartwright described the influence of sleep position on 
OSA severity, noting that symptoms worsened in the 
supine position compared to side-sleeping, and that this 
effect was inversely related to body weight [19]. That 
same year, a brief correspondence in the Chest Journal 
reported the benefits  of a simple positional therapy 
method: placing a plastic ball in a sewn pocket on the 
patient’s back to discourage supine sleeping [20]. 
Myofunctional therapy (MFT) has also shown potential 
in improving muscle tone and reducing upper airway 
collapse in sleep-disordered breathing. In 2007, 
Guimarães et al. were the first  to report the use of tar
geted oropharyngeal muscle exercises as a therapeutic 
approach [21]. Behavioral therapies, such as physical 
activity and proper nutritional intake, represent simple, 
globally accessible strategies that are widely recognized 
and primarily aimed at promoting weight loss [22–24]. 
Finally, pharmacological therapies have been proposed to 
address various aspects of OSA, including weight and 
visceral fat reduction, modulation of respiratory rate, 
and preservation of upper airway dilator muscle tone 
during sleep [25,26]. All these medical developments 
have contributed to make OSA a well-known condition 
with imbricated interests in several disciplines, such as, 
among the others, otorhinolaryngology, maxillofacial 
surgery, neurology, psychology, internal medicine, and 
dentistry.

Concerning dentistry, increasing attention has been 
directed toward sleep bruxism and its relationship with 
sleep-disordered breathing [27–29]. Seminal contribu
tions by Lavigne and colleagues, subsequently expanded 
by Lobbezoo and Manfredini, have clarified  the multi
faceted interactions between bruxism, arousal mechan
isms, circadian regulation, and OSA [30–45].

Evolution of surgery

This state-of-the-art review outlines the historical devel
opment of OSA surgery, highlighting key innovations, 
the role of anatomical understanding, and the emer
gence of precision surgical approaches. Emphasis is 
placed on the transition from isolated oropharyngeal 
surgeries to multilevel and neurostimulation strategies. 
The aim is also to highlight the most significant surgical 
strategies developed for the treatment of OSA, many of 
which remain clinically relevant today. It also outlines 
the key milestones in sleep surgery over recent decades, 
reflecting on the challenges encountered, the lessons 
learned, and the ongoing contribution to the growing 
body of knowledge available to surgeons treating 
patients with OSA.

Before the 1980s, tracheostomy was the only surgical 
option available for treating OSA [6]. In 1981, Fujita 
et al. introduced uvulopalatopharyngoplasty (UPPP) for 
the surgical management of OSA, an adaptation of 
a technique originally described by Ikematsu in Japan 
in 1964 for treating snoring. Over time, UPPP fell out of 
favor due to its significant postoperative side effects and 
relatively low long-term efficacy in resolving OSA 
[46,47]. Growing awareness of the serious health con
sequences of untreated OSA has driven exponential 
growth in research and the development of new surgical 
techniques over recent decades. This evolution has 
marked a shift from predominantly ablative procedures 
toward functional surgeries that better preserve phar
yngeal anatomy, thanks in part to technical innovations 
such as barbed sutures, robotic-assisted approaches, and 
neurostimulation, many of which have been adapted 
from other medical and surgical fields.  Technological 
advances aimed at preventing upper airway collapse 
during sleep have played a central role in shaping the 
current and evolving landscape of sleep surgery.

Uvulopalatopharyngoplasty (UPPP)

Uvulopalatopharyngoplasty (UPPP) was initially 
described by Ikematsu in 1964 as a surgical treatment 
for snoring [46]. In 1981, Fujita et al. introduced the 
technique in the United States as a surgical option for 
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managing OSA [47]. Fujita’s original UPPP technique 
involved complete tonsillectomy combined with exci
sion of the palatine arches and uvula. Over the following 
three decades, numerous variations of the procedure 
were developed to improve outcomes, primarily aimed 
at increasing the lateral dimensions of the oropharyn
geal airway. Subsequent refinements expanded upon the 
classical approach. In the early 2000s, Han proposed 
a revised version that preserved the uvula, a method 
that remains in use today and has demonstrated favor
able outcomes [48]. Further advancements in modified 
UPPP techniques emerged in Australia, notably with 
Robinson’s approach, which demonstrated effectiveness 
in multilevel treatment protocols when combined with 
coblation-assisted tongue base surgery [49]. However, 
despite improvements in clinical symptoms, the use of 
UPPP has declined in recent years due to significant 
postoperative pain, a high complication rate, and lim
ited long-term efficacy in controlling OSA [50]. 
Although historically pivotal, traditional UPPP high
lighted the limitations of non-selective palatal surgery, 
reinforcing the need for anatomically and functionally 
targeted approaches based on collapse pattern and 
patient-specific characteristics.

Laser-assisted uvulopalatoplasty (LAUP)

In the 1980s, the introduction of advanced technologies 
such as the CO2 laser paved the way for the development 
of new surgical techniques, including Laser-Assisted 
Uvulopalatoplasty (LAUP) [51]. The widespread adop
tion of UPPP during the same period contributed to the 
refinement  of LAUP techniques throughout the 1990s 
and early 2000s. However, clinical outcomes demon
strated only partial efficacy, primarily in cases of snoring 
and mild OSA, with benefits  often diminishing over 
time. These limitations prevented LAUP from gaining 
widespread adoption despite initial enthusiasm [52]. To 
date, LAUP remains unapproved by the American 
Academy of Sleep Medicine for the treatment of OSA, 
although it has shown efficacy comparable to UPPP in 
the management of snoring [53].

Radiofrequency and palatal implants

Radiofrequency was introduced in the late 1990s as 
a form of interstitial thermotherapy targeting the soft 
palate, offering a minimally invasive approach with 
a low complication rate [54]. While effective in reducing 
snoring, radiofrequency is generally not recommended 
for patients with severe sleep-disordered breathing 
(SDB). The technique can be applied to both the soft 
palate and the tongue base to reduce tissue vibration 

during sleep. Its safety and efficacy in the treatment of 
mild to moderate OSA have been supported by rando
mized controlled trials (RCTs) demonstrating short-term 
improvements in snoring, apnea severity, and daytime 
sleepiness [55,56]. In 2006, Romanow introduced palatal 
implants as a method to stiffen the anterior portion of the 
soft palate [57]. Made of biocompatible materials, these 
implants have shown efficacy in reducing snoring and 
alleviating daytime symptoms in patients with mild to 
moderate OSA. An additional advantage is that they can 
be inserted under local anesthesia. However, the use of 
palatal implants remains controversial due to limited 
medium- and long-term data on their efficacy and toler
ability, as well as the risk of implant extrusion. This is 
particularly relevant considering newer and more effec
tive techniques offering comparable procedural risks. 
Despite these limitations, palatal implants are still used 
in select centers for the treatment of snoring and mild to 
moderate OSA [58]. They remain a theoretically valid 
option in cases where other treatments are contraindi
cated or less feasible.

Anterior pharyngeal wall surgery

Numerous variants of palatal surgery have been devel
oped, marking a conceptual shift from aggressive 
resection of the palate and uvula to functional, recon
structive techniques aimed at improving pharyngeal 
function by reshaping its structure. Following anato
mical and physiological investigations into palatal col
lapse, Ellis introduced the “anterior palatal stiffening 
operation” in 1994, a technique considered a precursor 
to modern anterior palatoplasty [59]. It involved 
removing a rectangular section of mucosa from the 
uvular and anterior palatal region. Around the year 
2000, Mair refined  the technique by introducing the 
cautery-assisted palatal stiffening operation (CAPSO) 
[60]. Pang subsequently adapted the procedure for use 
in an office-based setting, initially renaming it the 
modified  CAPSO technique [61]. In 2009, Pang for
mally introduced the term “anterior palatoplasty” to 
describe the modified  CAPSO technique [62]. Today, 
anterior palatoplasty remains a valid option for the 
personalized treatment of simple snoring and mild to 
moderate OSA, particularly in cases of isolated anterior 
soft palate collapse or as part of multimodal or multi
level surgical strategies. LAUP, radiofrequency-based 
procedures, and palatal implants underscored the 
importance of balancing minimal invasiveness with 
durable clinical efficacy, ultimately accelerating the 
transition toward function-preserving and multilevel 
surgical concepts.
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Lateral pharyngeal wall surgery

In 2003, Cahali described lateral pharyngoplasty, 
a surgical technique aimed at stabilizing the lateral 
pharyngeal walls through microdissection of the super
ior pharyngeal constrictor muscle, thereby reducing lat
eral wall collapse [63]. In 2007, Pang and Woodson 
further introduced expansion sphincter pharyngoplasty, 
a procedure involving tonsillectomy, rotation of the 
palatopharyngeus muscle, partial uvulectomy, and clo
sure of the anterior and posterior tonsillar pillars to 
generate lateral wall tension [64]. In 2008, Hur proposed 
the “sling snoreplasty with a permanent thread” (SST), 
a three-dimensional retention suture technique applied 
to redundant segments of the soft palate, typically in 
triangular, tetragonal, or pentagonal configurations, 
designed to shorten and anteriorly elevate the soft 
palate, thereby widening the oral cavity and nasophar
yngeal space [65]. In 2012, Sorrenti and Piccin refined 
the approach with functional expansion pharyngo
plasty, in which the cranial portion of the palatophar
yngeal muscle is suspended to the pterygoid hamulus 
using resorbable sutures placed through a submucosal 
tunnel [66]. In 2016, Pang et al. proposed combining 
anterior pharyngoplasty with lateral expansion pharyn
goplasty for patients exhibiting concentric pharyngeal 
collapse [67]. Also in 2012, Mantovani et al. introduced 
the velo-uvulo-pharyngeal lift, also known as the 
“Roman blinds” technique. This procedure involves 
anchoring the palatopharyngeal fibromuscular  tissue 
and the soft palate to bony landmarks, the posterior 
nasal spine and the pterygoid hamulus bilaterally, 
using a continuous transmucosal suture along 
a semicircular path from the uvula to the posterior 
tonsillar pillars [68].

Pharyngeal barbed snore surgery

A major innovation in palatal surgical techniques came 
in 2013, when Mantovani et al. introduced the use of 
barbed sutures, which allow for knotless tissue fixation. 
Barbed sutures offer improved tension distribution and 
enable anchoring to rigid anatomical structures such as 
the pterygoid hamulus, palatine aponeurosis, and pter
ygomandibular raphe. Several pharyngoplasty techni
ques incorporating barbed sutures have since been 
developed. In 2014, the barbed anterior pharyngoplasty 
(BAPh) procedure was introduced. This technique inte
grated barbed sutures and newly defined  anatomical 
landmarks within the framework of anterior pharyngo
plasty [69]. In 2015, Vicini et al. modified  the Roman 
blinds technique into what they termed “barbed reposi
tion pharyngoplasty” (BRP), expanding its indications 

to include patients with moderate to severe OSA and 
concentric collapse patterns. The procedure begins with 
bilateral tonsillectomy, followed by the insertion of 
a barbed suture through the center of the soft palate. 
The suture is then advanced laterally around the pter
ygomandibular raphe using continuous submucosal zig
zag stitching toward the tonsillar bed, where it 
incorporates the palatopharyngeal muscle and exits 
through the mucosa of the posterior pillar [70]. In 
2017, the Alianza pharyngoplasty technique was intro
duced as a combination of anterior and lateral pharyn
goplasty using barbed sutures. After tonsillectomy, 
a rectangular mucosal area is excised to expose the 
muscular plane. The posteroinferior nasal spine and 
pterygoid hamulus serve as anchor points, and 
a palatal suture, similar to that used in BRP, is placed 
without transecting or isolating the palatopharyngeal 
muscle [71].

Tongue base surgery

The base of the tongue is a common site of airway 
obstruction in OSA, but it presents significant  chal
lenges for surgical access and intervention. In 1999, 
Chabolle proposed open tongue base resection; how
ever, due to the high risk of complications, its use was 
limited and largely replaced by less invasive, although 
less effective, techniques such as radiofrequency [72]. In 
2010, Vicini et al. demonstrated the feasibility of tongue 
base reduction via transoral robotic surgery (TORS) in 
patients with moderate to severe OSA [73]. Indications 
for the procedure included airway obstruction due to 
anteroposterior collapse caused by hypertrophy of the 
lingual tonsils or by epiglottic collapse. The robotic 
approach offers enhanced visualization of the surgical 
field, enabling precise transoral resection of the tongue 
base and the mucosa overlying the lingual surface of the 
epiglottis. This procedure can be combined with tonsil
lectomy and barbed pharyngoplasty during the same 
surgical session [74]. In addition to TORS, tongue base 
reduction using coblation was also described as early as 
2010 [75]. Both coblation and TORS have demonstrated 
comparable surgical outcomes and similar rates of post
operative complications, making them viable alterna
tives for addressing tongue base hypertrophy.

Hypopharyngeal collapse

The hypopharynx is a complex site of upper airway 
collapse, posing significant challenges for both accurate 
diagnosis and effective surgical management. In 1986, 
Riley et al. first  proposed hyoid suspension surgery, 
performed in combination with mandibular osteotomy 
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and myotomy of the infrahyoid muscles, as a treatment 
for hypopharyngeal obstruction [76]. In 2004, Hörmann 
and Baisch introduced a less invasive variation of hyoid 
suspension, which could be performed under local 
anesthesia. Their technique involved anchoring the 
hyoid bone to the thyroid cartilage using a steel wire 
[77]. In 2005, den Herder introduced hyoidthyropexy, 
a technique involving anterocaudal mobilization of the 
hyoid bone followed by its fixation to the thyroid carti
lage, resulting in increased retrolingual space. 
Compared to Riley’s original approach, hyoidthyropexy 
was less invasive while achieving comparable effects on 
the hypopharyngeal airway [78]. In 2013, Piccin et al. 
described a modified  hyoid suspension technique that 
employed a titanium miniplate to reinforce the thyroid 
cartilage [79].

Epiglottic collapse

At the hypopharyngeal level, epiglottic collapse is 
a frequently underrecognized cause of airway obstruc
tion. Its prevalence among patients with OSA is esti
mated to range from 27% to 44%, particularly among 
those with poor CPAP adherence or failed upper airway 
surgeries [80]. DISE enables more accurate diagnosis of 
epiglottic collapse by allowing direct visualization of the 
collapse during obstructive events and identification of 
specific collapse patterns [81].

Epiglottoplasty – Laser or robotic

Various strategies have been proposed for the treatment of 
epiglottic collapse. These include reducing the size of the 
epiglottis through partial epiglottectomy, stabilizing it by 
anchoring to adjacent structures with suture wires, and 
stiffening it through demucosalization and cauterization of 
its lingual surface combined with demucosalization of the 
corresponding area of the tongue base. Total or partial 
epiglottectomy was the earliest strategy adopted. However, 
total epiglottectomy was soon abandoned due to post
operative swallowing difficulties, including aspiration. 
Partial epiglottectomy, involving the removal of either 
one half of the epiglottis or a midline V-shaped section, 
remains an option, although newer techniques that pre
serve anatomy while maintaining efficacy are increasingly 
preferred [82]. In 2018, Roustan et al. proposed a transoral 
glossoepiglottopexy using a CO2 laser to stiffen the lingual 
surface of the epiglottis, which was then stabilized with 
a transcutaneous suture [83]. This technique proved effec
tive and safe, with minimal impact on swallowing and 
phonatory function, and is currently considered a valid 
option for managing epiglottic collapse. In 2019, 
Salamanca et al. introduced the Epiglottic Stiffening 

Operation (ESO), a minimally invasive technique per
formed under microlaryngoscopy. ESO involves cauteriza
tion of the lingual surface of the epiglottis using an 
aspirator and cauterizer, while preserving both the free 
margin and anatomical integrity of the epiglottis [84].

Skeletal surgery

The first study to evaluate the effectiveness of maxilloman
dibular advancement (MMA) for treating OSA was con
ducted in 1986 by Riley et al. Despite its invasiveness, the 
unmatched efficacy of this technique contributed to its 
success, and it remains a valid therapeutic option today 
[85]. For many years, MMA has been considered the most 
effective surgical treatment for OSA. Since the develop
ment of the Stanford protocol, it has served as a second- 
line intervention for patients unresponsive to palatal and 
nasal surgical techniques. In 1993, the Stanford group 
introduced a staged surgical protocol for dynamic upper 
airway reconstruction based on OSA severity. Phase I, 
a conservative approach, includes UPPP, mandibular 
osteotomy with genioglossus advancement, hyoid myot
omy and suspension, tonsillectomy, and nasal surgery. 
Patients with persistent OSA following Phase I are con
sidered candidates for Phase II, which includes maxillo
mandibular advancement and temperature-controlled 
radiofrequency ablation of the tongue base. The surgical 
success rate for Phase I was 61%, while Phase II achieved 
a reported success rate of 100% [86]. Recognition of the 
interplay between anatomical and dynamic factors in 
upper airway collapse during sleep has sustained interest 
in skeletal surgery as a valuable therapeutic option. In 
2017, the Stanford group introduced a new technique: 
Distraction Osteogenesis Maxillary Expansion (DOME). 
This approach has shown effectiveness in treating patients 
with a narrow maxilla and high-arched palate, a phenotype 
often associated with OSA. Patients undergoing DOME 
have demonstrated improvements in nasal obstruction, 
a reduction in apnea events, and decreased levels of exces
sive daytime sleepiness [87].

Hypoglossal nerve stimulation (HNS)

The first clinical application of hypoglossal nerve stimu
lation (HNS) in patients with OSA dates back to 2011 
[88]. In 2014, results from the first clinical trial, known 
as the STAR trial, demonstrated the objective and sub
jective effectiveness of HNS in treating OSA. These 
findings  laid the foundation for the adoption of HNS 
as a second-line therapy to CPAP in carefully selected 
patients following thorough diagnostic evaluation [89]. 
Today, long-term follow-up data are available from 
patients treated with HNS, allowing assessment of its 
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medium- to long-term efficacy. The sustained reduction 
in apneas and the low incidence of complications even 
years after implantation support HNS as a feasible and 
effective treatment that merits increasing consideration 
in the management of OSA [90]. HNS, along with other 
surgical interventions targeting the nose, tongue base, 
palate, and maxillomandibular skeleton, represents part 
of a broad spectrum of surgical therapies currently 
available for OSA. These evolving options call for 
a revision of the original Stanford protocol to align it 
with the current therapeutic landscape. Such a revision 
is essential in modern clinical practice, which increas
ingly emphasizes personalized treatment strategies tai
lored to the individual patient’s characteristics [91].

The role of drug induced sleep endoscopy (DISE)

Any surgical or prosthetic decision-making should be 
preceded by a sleep endoscopy evaluation. Sleep nasen
doscopy was first  introduced by Croft and Pringle in 
1991 as a tool to assess upper airway (UA) collapse in 
patients with OSA during drug-induced sleep. 
Originally referred to as sleep nasendoscopy, the proce
dure is now commonly known as DISE. DISE enables 
real-time assessment of the various levels of airway 
collapse, including their severity and collapse patterns, 
and is typically performed in the operating room or 
endoscopy suite using standard anesthetic equipment. 
After inducing sleep with agents such as Midazolam, 
Propofol, or Dexmedetomidine, a flexible endoscope is 
inserted through the patient’s nostril to visualize the 
different levels of the upper airway (soft palate, tonsils, 
tongue base, and epiglottis) during sleep-related phe
nomena such as snoring and apneas. Several DISE- 
based scoring and classification  systems have been 
described in the literature, with the VOTE classification 
currently being the most widely used. The information 
obtained through DISE is essential for guiding the ther
apeutic approach and, when applicable, for tailoring 
medical or surgical planning in accordance with the 
principles of personalized medicine [16].

Future perspectives in targeting surgical therapy for 
OSA

The pathogenesis of OSA is closely linked to upper air
way collapse, a phenomenon that clearly has an anato
mical basis. In 2013, Eckert et al. identified  four key 
contributors to the pathophysiology of OSA. The first, 
critical closing pressure (Pcrit), reflects the anatomical 
tendency of the upper airway to collapse. The remaining 
three are arousal threshold, loop gain, and muscle 
responsiveness. Based on the predominance of specific 

pathophysiological traits in each patient, individualized 
profiles can be established. This has led to the emergence 
of patient “endotyping” and “phenotyping,” enabling the 
targeting of both surgical and non-surgical therapies. The 
PALM classification was introduced for this purpose [92]. 
Widespread adoption of this classification  is currently 
limited by the challenges involved in measuring its defin
ing parameters. The gold standard requires polysomno
graphic evaluation in a controlled setting using advanced, 
and often invasive, monitoring technologies available 
primarily in highly specialized research centers. To 
address this limitation, several surrogate indices have 
been proposed [93]. Currently, the treatment of OSA 
involves a variety of options that can be delivered either 
as standalone therapies or in combination, depending on 
the patient’s endotype, phenotype, and disease severity. 
Therapies targeting anatomical traits include CPAP, 
weight loss, mandibular advancement devices (MADs), 
and positional therapy. In contrast, treatments addres
sing non-anatomical traits include pharmacotherapy, 
MFT, and HNS. Multimodal treatment strategies and 
precision diagnostics for preoperative planning are 
becoming increasingly integrated into clinical practice, 
though they remain under ongoing development. 
Surgical therapy for OSA primarily aims to reduce 
upper airway collapsibility. Some data in the literature 
suggest that surgical outcomes may vary depending on 
the patient’s Pcrit values [94]. Furthermore, three poten
tial outcomes following surgical treatment have been 
described in relation to the patient’s PALM classification: 
complete resolution of OSA, a significant  improvement 
in collapsibility resulting in mild residual disease, or, in 
the worst case, no significant  improvement and persis
tence of OSA. This variability in surgical outcomes 
underscores the importance of evaluating a patient’s 
endotypic and phenotypic traits before proposing 
a surgical approach. While this approach is still under 
investigation, future developments may include new 
assessment tools and improved use of surrogate indices. 
Broader implementation of preoperative DISE could 
enhance patient selection by identifying characteristic 
patterns or abnormal sites of airway collapse amenable 
to surgical intervention [95]. In the future, DISE may be 
complemented, or even surpassed, by minimally invasive 
tools such as real-time sleep videomanometry. This tech
nique involves inserting a catheter equipped with pres
sure, temperature, and video sensors directly into the 
patient’s upper airway during sleep studies [96]. Other 
advanced imaging modalities, such as dynamic MRI, 
have also been proposed to aid in surgical planning 
[97]. Recent advances in artificial  intelligence (AI) and 
machine learning (ML) have shown promising potential 
in improving the diagnosis and management of OSA. It is 
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plausible that soon, large-scale validation of AI-based 
diagnostic systems will further enhance their reliability 
and integration into clinical workflows, ultimately 
improving patient selection and fostering the develop
ment of precision medicine in sleep surgery and sleep 
medicine [98,99].

Synthesis

The reviewed literature demonstrates a progressive 
transition from isolated palatal and skeletal procedures 
toward multilevel and precision-based surgical 
approaches. Less invasive techniques, including barbed 
suture pharyngoplasty, transoral robotic surgery, and 
neuromodulation procedures represent highly effective 
options in carefully selected patients, particularly when 
guided by anatomical and functional assessment for the 
treatment of OSA. Diagnostic refinement through DISE 
has enabled improved identification  of upper airway 
collapse patterns, thereby supporting more accurate 
patient selection. Neuromodulation and skeletal 
advancement remain highly effective therapeutic 
options in carefully selected patients.

Discussion

Sleep apnea surgery has evolved from empirical and 
often invasive procedures into a sophisticated field 
guided by detailed anatomical and physiological under
standing. The integration of DISE, emerging concepts of 
endotyping and phenotyping, and multimodal treatment 
strategies has redefined  the role of surgery within con
temporary OSA management. Rather than representing 
a standalone intervention, surgical therapy is now best 
viewed as one component of individualized care, aimed 
at reducing upper airway collapsibility while comple
menting non-surgical treatments. Despite significant 
progress, heterogeneity in outcome measures and limited 
long-term data for some newer techniques remain 
important limitations. Ongoing advances in diagnostics, 
imaging, and artificial intelligence are expected to further 
refine patient selection and optimize surgical outcomes. 
In this context, sleep surgery should be regarded not as 
an isolated intervention, but as one component of an 
integrated, multidisciplinary care pathway that includes 
dental, behavioral, and medical expertise.

Take-home message

From a practical standpoint, contemporary sleep surgery is 
increasingly driven by patient selection rather than proce
dural choice alone. Tools such as DISE, combined with 
phenotypic and endotypic assessment, currently play 

a central role in guiding surgical decision-making and 
tailoring interventions within multimodal treatment 
strategies.

Acknowledgments

Rosario Marchese-Ragona conceived and supervised the 
study, coordinated the expert panel, and led manuscript draft
ing and revision.

Author contributions

CRediT: Rosario Marchese-Ragona MD, PhD: 
Conceptualization, Supervision, Writing – original draft, 
Writing – review & editing; Elia Biancoli MD: Writing – 
original draft; Fabrizio Salamanca MD: Conceptualization, 
Writing – original draft; Michel B. Cahali MD, PhD: Writing 
– original draft, Writing – review & editing; Giovanni 
Cammaroto MD, PhD: Conceptualization, Formal analysis; 
Stefano Carraro MD: Writing – review & editing; Manuele 
Casale MD, PhD: Supervision, Writing – review & editing; 
Robson Capasso MD: Conceptualization, Methodology; 
Andrea De Vito MD, PhD: Conceptualization, 
Visualization, Writing – review & editing; Luca Guarda- 
Nardini MD, DDS: Writing – review & editing; Rodolfo 
Lugo MD: Writing – original draft, Writing – review & edit
ing; Daniele Manfredini DDS, PhD: Conceptualization, 
Supervision, Writing – original draft, Writing – review & 
editing; Antonio Moffa MD: Writing – review & editing; 
Nico de Vries MD, PhD: Writing – review & editing; 
Ottavio Piccin MD: Writing – original draft, Writing – 
review & editing; Matteo Pollis DDS: Writing – review & 
editing; Claudio Vicini MD: Conceptualization, 
Methodology, Writing – review & editing; Domenico A. 
Restivo MD, PhD: Conceptualization, Writing – review & 
editing; Giannicola Iannella MD, PhD: Conceptualization, 
Writing – review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the 
work featured in this article.

ORCID

Rosario Marchese-Ragona MD, PhD http://orcid.org/ 
0000-0001-6269-961X
Elia Biancoli MD http://orcid.org/0000-0002-2419-364X
Giovanni Cammaroto MD, PhD http://orcid.org/0000- 
0002-3026-2082
Manuele Casale MD, PhD http://orcid.org/0009-0003- 
7255-4619
Robson Capasso MD http://orcid.org/0000-0003-2645- 
1793

8 R. MARCHESE-RAGONA ET AL.



Andrea De Vito MD, PhD http://orcid.org/0000-0002- 
9802-7716
Luca Guarda-Nardini MD, DDS http://orcid.org/0000- 
0002-9561-0850
Daniele Manfredini DDS, PhD http://orcid.org/0000- 
0002-4352-3085
Antonio Moffa MD http://orcid.org/0000-0002-6181-8194
Ottavio Piccin MD http://orcid.org/0000-0002-0184-7460
Matteo Pollis DDS http://orcid.org/0000-0001-7835-574X
Claudio Vicini MD http://orcid.org/0000-0001-7753-4615
Domenico A. Restivo MD, PhD http://orcid.org/0000- 
0002-3076-3901
Giannicola Iannella MD, PhD http://orcid.org/0000-0003- 
1781-2809

References

[1] Aserinsky E, Kleitman N. Regularly occurring periods 
of eye motility, and concomitant phenomena, during 
sleep. Science. 1953;118(3062):273–274. doi: 10.1126/ 
science.118.3062.273

[2] Dement W, Kleitman N. Cyclic variations in EEG dur
ing sleep and their relation to eye movements, body 
motility, and dreaming. Electroencephalogr Clin 
Neurophysiol. 1957;9(4):673–690. doi: 10.1016/0013- 
4694(57)90088-3

[3] Jouvet M, Michel F. Sur Les Voies Nerveuses Responsables 
De Lactivite Rapide Corticale Au Cours Du Sommeil 
Physiologique Chez Le Chat-(Phase Paradoxale). 
C R Seances Soc Biol Fil. 1960;154(5):995–998.

[4] Huon LKA, Guilleminault C. A succinct history of sleep 
medicine. Adv Otorhinolaryngol. 2017;80:1–6. doi: 10. 
1159/000470486

[5] Jung R, Kuhlo W. Neurophysiological studies of abnor
mal night sleep and the Pickwickian syndrome. Prog 
Brain Res. 1965;18:140–159. doi: 10.1016/s0079- 
6123(08)63590-6

[6] Kuhlo W, Doll E, Franck MC. Successful management 
of Pickwickian syndrome using long-term 
tracheostomy. Dtsch Med Wochenschr. 1946. 1969;94 
(24):1286–1290. doi: 10.1055/s-0028-1111209

[7] Lugaresi E, Coccagna G, Mantovani M, et al. Effects of 
tracheotomy in hypersomnia with periodic respiration. 
Rev Neurol (Paris). 1970;123(4):267–268.

[8] Kurtz D, Meunier-Carus J, Bapst-Reiter J, et al. 
Problèmes nosologiques posés par certaines 
formes d’hypersomnie. Rev Electroencéphalographie 
Neurophysiol Clin. 1971;1(2):227–230. doi: 10.1016/ 
S0370-4475(71)80069-2

[9] Chokroverty S, Billiard M. Sleep medicine: 
a comprehensive Guide to its development, clinical 
milestones, and advances in treatment. New York; 
Berlin: Springer; 2015.

[10] Lugaresi E, Coccagna G, Farneti P, et al. Snoring. 
Electroencephalogr Clin Neurophysiol. 1975;39 
(1):59–64. doi: 10.1016/0013-4694(75)90127-3

[11] Guilleminault C, Cummiskey J, Dement WC. Sleep 
apnea syndrome: recent advances. Adv Intern Med. 
1980;26:347–372.

[12] Sullivan CE, Issa FG, Berthon-Jones M, et al. Reversal of 
obstructive sleep apnoea by continuous positive airway 

pressure applied through the nares. Lancet Lond Engl. 
1981;1(8225):862–865. doi: 10.1016/s0140-6736(81) 
92140-1

[13] Cartwright RD, Samelson CF. The effects of 
a nonsurgical treatment for obstructive sleep apnea. 
The tongue-retaining device. JAMA. 1982;248 
(6):705–709. doi: 10.1001/jama.1982.03330060045032

[14] Soll BA, George PT. Treatment of obstructive sleep 
apnea with a nocturnal airway-patency appliance. 
N Engl J Med. 1985;313(6):386–387. doi: 10.1056/ 
NEJM198508083130612

[15] Guarda-Nardini L, Manfredini D, Mion M, et al. 
Anatomically based outcome predictors of treatment 
for obstructive sleep apnea with intraoral splint devices: 
a systematic review of cephalometric studies. J Clin 
Sleep Med. 2015 Nov 15;11(11):1327–1334.

[16] Marchese-Ragona R, Manfredini D, Mion M, et al. Oral 
appliances for the treatment of obstructive sleep apnea 
in patients with low C-PAP compliance: a long-term 
case series. Cranio. 2014 Oct;32(4):254–259. doi: 10. 
1179/2151090314Y.0000000003

[17] Ciavarella D, Campobasso A, Cazzolla AP, et al. The 
efficacy of a modified  mandibular advancement device 
for OSA treatment in a group of adult patients. Cranio. 
2025 Jul;43(4):613–620. doi: 10.1080/08869634.2023. 
2242061

[18] Fernandez-Vial D, Boggero I, Pasha S, et al. Efficacy of 
the NOA® mandibular advancement device in the man
agement of obstructive sleep apnea: a cohort study. 
Cranio. 2026 Jan;44(1):123–132. doi: 10.1080/ 
08869634.2025.2461657

[19] Cartwright RD. Effect of sleep position on sleep apnea 
severity. Sleep. 1984;7(2):110–114. doi: 10.1093/sleep/7. 
2.110

[20] Patient’s Wife Cures His Snoring. Chest. 1984;85 
(4):582. doi: 10.1378/chest.85.4.582c

[21] Guimarães KC, Drager LF, Genta PR, et al. Effects of 
oropharyngeal exercises on patients with moderate 
obstructive sleep apnea syndrome. Am J Respir Crit 
Care Med. 2009;179(10):962–966. doi: 10.1164/rccm. 
200806-981OC

[22] Huang W, Lai H. Effect of exercise versus mandibular 
advancement device in moderate obstructive sleep apnea 
patients with mandibular retrognathia: a randomized clin
ical trial. Cranio. 2024 Sep;22(6):1–10. doi: 10.1080/ 
08869634.2024.2401643

[23] Chaves Junior CM, Adriano Araújo VM, 
Estanislau IMG, et al. A retrospective study of the 
influence of obesity on polysomnography and cephalo
metric parameters in males with obstructive sleep 
apnea. Cranio. 2024 Jul;42(4):387–393.

[24] Sangalli L, Gilmore GR, Moreno-Hay I, et al. 
Feasibility of brief behavioral telehealth interventions 
for sleep and pain in adults with chronic musculoske
letal orofacial pain: an idiographic clinical trial. 
Cranio. 2025 Mar;17(2):1–20. doi: 10.1080/08869634. 
2025.2476606

[25] Liu J, Yang X, Li G, et al. Pharmacological interventions 
for the treatment of obstructive sleep apnea syndrome. 
Front Med (Lausanne). 2024 Mar 1;11:1359461. doi: 10. 
3389/fmed.2024.1359461

CRANIO®: THE JOURNAL OF CRANIOMANDIBULAR & SLEEP PRACTICE 9

https://doi.org/10.1126/science.118.3062.273
https://doi.org/10.1126/science.118.3062.273
https://doi.org/10.1016/0013-4694(57)90088-3
https://doi.org/10.1016/0013-4694(57)90088-3
https://doi.org/10.1159/000470486
https://doi.org/10.1159/000470486
https://doi.org/10.1016/s0079-6123(08)63590-6
https://doi.org/10.1016/s0079-6123(08)63590-6
https://doi.org/10.1055/s-0028-1111209
https://doi.org/10.1016/S0370-4475(71)80069-2
https://doi.org/10.1016/S0370-4475(71)80069-2
https://doi.org/10.1016/0013-4694(75)90127-3
https://doi.org/10.1016/s0140-6736(81)92140-1
https://doi.org/10.1016/s0140-6736(81)92140-1
https://doi.org/10.1001/jama.1982.03330060045032
https://doi.org/10.1056/NEJM198508083130612
https://doi.org/10.1056/NEJM198508083130612
https://doi.org/10.1179/2151090314Y.0000000003
https://doi.org/10.1179/2151090314Y.0000000003
https://doi.org/10.1080/08869634.2023.2242061
https://doi.org/10.1080/08869634.2023.2242061
https://doi.org/10.1080/08869634.2025.2461657
https://doi.org/10.1080/08869634.2025.2461657
https://doi.org/10.1093/sleep/7.2.110
https://doi.org/10.1093/sleep/7.2.110
https://doi.org/10.1378/chest.85.4.582c
https://doi.org/10.1164/rccm.200806-981OC
https://doi.org/10.1164/rccm.200806-981OC
https://doi.org/10.1080/08869634.2024.2401643
https://doi.org/10.1080/08869634.2024.2401643
https://doi.org/10.1080/08869634.2025.2476606
https://doi.org/10.1080/08869634.2025.2476606
https://doi.org/10.3389/fmed.2024.1359461
https://doi.org/10.3389/fmed.2024.1359461


[26] Tai JE, Phillips CL, Yee BJ, et al. Obstructive sleep 
apnoea in obesity: a review. Clin Obes. 2024;14(3): 
e12651. doi: 10.1111/cob.12651

[27] Thomas DC, Colonna A, Manfredini D. Obstructive sleep 
apnoea, sleep bruxism and gastroesophageal reflux - 
mutually interacting conditions? A literature review. 
Aust Dent J. 2024 Jun;69 Suppl 1(Suppl 1):S38–S44.

[28] Pollis M, Lobbezoo F, Val M, et al. Sleep bruxism and 
GERD correlation in a general population convenience 
sample. Cranio. 2024 Dec;18(1):1–7. doi: 10.1080/ 
08869634.2024.2443697

[29] Manfredini D. The evolution of a field: a challenge and 
an opportunity. Cranio. 2024 May;42(3):251–252. doi:  
10.1080/08869634.2024.2320624

[30] Lavigne G, Kato T, Herrero Babiloni A, et al. Research 
routes on improved sleep bruxism metrics: toward 
a standardised approach. J Sleep Res. 2021 Oct;30(5): 
e13320.

[31] Manfredini D, Ahlberg J, Lavigne GJ, et al. Five years 
after the 2018 consensus definitions of sleep and awake 
bruxism: an explanatory note. J Oral Rehabil. 2024 
Mar;51(3):623–624. doi: 10.1111/joor.13626

[32] Colonna A, Guarda-Nardini L, Ferrari M, et al. 
COVID-19 pandemic and the psyche, bruxism, tem
poromandibular disorders triangle. Cranio. 2024 Jul;42 
(4):429–434. doi: 10.1080/08869634.2021.1989768

[33] Manfredini D, Ahlberg J, Lobbezoo F. Bruxism defini
tion: past, present, and future - what should 
a prosthodontist know? J Prosthet Dent. 2022 Nov;128 
(5):905–912.

[34] Colonna A, Lobbezoo F, Gravili G, et al. Effects of 
orthodontic aligners on 24-hour masseter muscle activ
ity: a multiple-day electromyographic study. Cranio. 
2024 Jun;5(5):1–10. doi: 10.1080/08869634.2024. 
2357054

[35] Saracutu OI, Manfredini D, Bracci A, et al. Awake 
bruxism behaviors frequency in a group of healthy 
young adults with different psychological scores. 
Cranio. 2024 Jun;7(5):1–8. doi: 10.1080/08869634. 
2024.2357199

[36] Colonna A, Bracci A, Manfredini D. Bracing: the hid
den side of the moon. Cranio. 2025 Mar;3:1–3. doi: 10. 
1080/08869634.2025.2472087

[37] Ferreira GF, Gama LT, Rodrigues Garcia RCM. Effect 
of occlusal appliances on the sleep of individuals with 
bruxism: a systematic review and meta-analyses. 
Cranio®. 2024;44(1):1–12. doi: 10.1080/08869634.2024. 
2444712

[38] Colonna A, Cerritelli L, Lombardo L, et al. Manfredini 
D.Temporal relationship between sleep-time masseter 
muscle activity and apnea-hypopnea events: a pilot 
study. J Oral Rehabil. 2022 Jan;49(1):47–53.

[39] Manfredini D, Guarda-Nardini L, Marchese-Ragona R, 
et al. Theories on possible temporal relationships 
between sleep bruxism and obstructive sleep apnea 
events. An expert opinion. Sleep Breath. 2015 Dec;19 
(4):1459–1465. doi: 10.1007/s11325-015-1163-5

[40] Sangalli L, Scott-LeBlanc A, Alessandri-Bonetti A, et al. 
Savoldi F.Sleep medicine education in predoctoral den
tal programs of the United States: a nationwide 
cross-sectional survey. Cranio. 2025 Jun;17(2):1–14. 
doi: 10.1080/08869634.2025.2518707

[41] Selimoğlu Şen H, Çetin Yilmaz S, Tekin V, et al. Apnea- 
hypopnea duration may be a better choice rather than 
apnea-hypopnea index for forecasting complications in 
OSAS. Cranio. 2024 Dec 22:1–9. doi: 10.1080/ 
08869634.2024.2441529

[42] Mungia R, Lobbezoo F, Funkhouser E, et al. 3rd, 
Verhoeff MC, Gilbert GH. National practice-based 
research network collaborator group.Dental practi
tioner approaches to bruxism: preliminary findings 
from the national dental practice-based research 
network. Cranio. 2025 May;43(3):480–488. doi: 10. 
1080/08869634.2023.2192173

[43] Toptas G, Doluoglu S, Altas M, et al. Saylam G.A 
comparison of the outcomes of tonsillectomy and 
expansion sphincter pharyngoplasty operations in 
patients with obstructive sleep apnea. Cranio. 2024 
Jul 20;43(6):1–6. doi: 10.1080/08869634.2024.2381811

[44] Huang Y, Yang Q. Apert syndrome and obstructive 
sleep apnea: timing for midface surgery. Cranio. 2024 
Sep;12:1–12. doi: 10.1080/08869634.2024.2398739

[45] Liao FC, Zhang T, Huang XP, et al. Zhou N.Correlation 
analysis of upper airway morphology in patients with 
obstructive sleep apnea and anatomically small 
retruded mandibles. Cranio. 2023 Sep;41(5):416–422. 
doi: 10.1080/08869634.2020.1864165

[46] Ikematsu T. Study of snoring, 4th report. J Jpn 
Otorhinolaryngol. 1964;64:434–445.

[47] Fujita S, Conway W, Zorick F, et al. Surgical correction 
of anatomic abnormalities in obstructive sleep apnea 
syndrome: uvulopalatopharyngoplasty. Otolaryngol 
Head Neck Surg Off J Am Acad Otolaryngol-Head 
Neck Surg. 1981;89(6):923–934. doi: 10.1177/ 
019459988108900609

[48] Han D, Ye J, Lin Z, et al. Revised uvulopalatopharyn
goplasty with uvula preservation and its clinical study. 
ORL J Oto-Rhino-Laryngol Its Relat Spec. 2005;67 
(4):213–219. doi: 10.1159/000087390

[49] MacKay SG, Carney AS, Woods C, et al. Modified 
uvulopalatopharyngoplasty and coblation channeling 
of the tongue for obstructive sleep apnea: a 
multi-centre Australian trial. J Clin Sleep Med JCSM 
Off Publ Am Acad Sleep Med. 2013;9(2):117–124. doi:  
10.5664/jcsm.2402

[50] Bahgat A, Alkan U, Carrasco Ilatas M, et al. 
International palate surgery questionnaire. Sleep 
Breath Schlaf Atm. 2023;27(2):569–590. doi: 10.1007/ 
s11325-022-02631-0

[51] Remacle M, Betsch C, Lawson G, et al. A new technique 
for laser-assisted uvulopalatoplasty: decision-tree ana
lysis and results. Laryngoscope. 1999;109(5):763–768. 
doi: 10.1097/00005537-199905000-00015

[52] Camacho M, Nesbitt NB, Lambert E, et al. Laser- 
assisted uvulopalatoplasty for obstructive sleep apnea: 
a systematic review and meta-analysis. Sleep. 2017;40 
(3). doi: 10.1093/sleep/zsx004

[53] Littner M, Kushida CA, Hartse K, et al. Practice para
meters for the use of laser-assisted uvulopalatoplasty: 
an update for 2000. Sleep. 2001;24(5):603–619. doi: 10. 
1093/sleep/24.5.603

[54] Powell NB, Riley RW, Troell RJ, et al. Radiofrequency 
volumetric tissue reduction of the palate in subjects 

10 R. MARCHESE-RAGONA ET AL.

https://doi.org/10.1111/cob.12651
https://doi.org/10.1080/08869634.2024.2443697
https://doi.org/10.1080/08869634.2024.2443697
https://doi.org/10.1080/08869634.2024.2320624
https://doi.org/10.1080/08869634.2024.2320624
https://doi.org/10.1111/joor.13626
https://doi.org/10.1080/08869634.2021.1989768
https://doi.org/10.1080/08869634.2024.2357054
https://doi.org/10.1080/08869634.2024.2357054
https://doi.org/10.1080/08869634.2024.2357199
https://doi.org/10.1080/08869634.2024.2357199
https://doi.org/10.1080/08869634.2025.2472087
https://doi.org/10.1080/08869634.2025.2472087
https://doi.org/10.1080/08869634.2024.2444712
https://doi.org/10.1080/08869634.2024.2444712
https://doi.org/10.1007/s11325-015-1163-5
https://doi.org/10.1080/08869634.2025.2518707
https://doi.org/10.1080/08869634.2024.2441529
https://doi.org/10.1080/08869634.2024.2441529
https://doi.org/10.1080/08869634.2023.2192173
https://doi.org/10.1080/08869634.2023.2192173
https://doi.org/10.1080/08869634.2024.2381811
https://doi.org/10.1080/08869634.2024.2398739
https://doi.org/10.1080/08869634.2020.1864165
https://doi.org/10.1177/019459988108900609
https://doi.org/10.1177/019459988108900609
https://doi.org/10.1159/000087390
https://doi.org/10.5664/jcsm.2402
https://doi.org/10.5664/jcsm.2402
https://doi.org/10.1007/s11325-022-02631-0
https://doi.org/10.1007/s11325-022-02631-0
https://doi.org/10.1097/00005537-199905000-00015
https://doi.org/10.1093/sleep/zsx004
https://doi.org/10.1093/sleep/24.5.603
https://doi.org/10.1093/sleep/24.5.603


with sleep-disordered breathing. Chest. 1998;113 
(5):1163–1174. doi: 10.1378/chest.113.5.1163

[55] Bäck L, Palomäki M, Piilonen A, et al. Sleep-disordered 
breathing: radiofrequency thermal ablation is a promising 
new treatment possibility. Laryngoscope. 2001;111 
(3):464–471. doi: 10.1097/00005537-20010300-00016

[56] Blumen MB, Vezina JP, Bequignon E, et al. Snoring 
intensity after a first  session of soft palate radiofre
quency: predictive value of the final  result. 
Laryngoscope. 2013;123(6):1556–1559. doi: 10.1002/ 
lary.23800

[57] Romanow JH, Catalano PJ. Initial U.S. pilot study: 
palatal implants for the treatment of snoring. 
Otolaryngol Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 2006;134(4):551–557. 
doi: 10.1016/j.otohns.2005.12.009

[58] Khasawneh L, Odat H, Khassawneh BY, et al. Efficacy of 
pillar implants to reduce snoring and daytime 
sleepiness. Future Sci OA. 2021;7(6):FSO701. doi: 10. 
2144/fsoa-2021-0020

[59] Ellis PD. Laser palatoplasty for snoring due to palatal 
flutter: a further report. Clin Otolaryngol Allied Sci. 
1994;19(4):350–351. doi: 10.1111/j.1365-2273.1994. 
tb01245.x

[60] Mair EA, Day RH. Cautery-assisted palatal stiffening 
operation. Otolaryngol Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 2000;122(4):547–556. 
doi: 10.1067/mhn.2000.106475

[61] Pang KP, Terris DJ. Modified  cautery-assisted palatal 
stiffening operation: new method for treating snoring 
and mild obstructive sleep apnea. Otolaryngol Head 
Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg. 
2007;136(5):823–826. doi: 10.1016/j.otohns.2006.11.014

[62] Pang KP, Tan R, Puraviappan P, et al. Anterior palato
plasty for the treatment of OSA: three-year results. 
Otolaryngol Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 2009;141(2):253–256. 
doi: 10.1016/j.otohns.2009.04.020

[63] Cahali MB. Lateral pharyngoplasty: a new treatment for 
obstructive sleep apnea hypopnea syndrome. 
Laryngoscope. 2003;113(11):1961–1968. doi: 10.1097/ 
00005537-200311000-00020

[64] Pang KP, Woodson BT. Expansion sphincter pharyn
goplasty: a new technique for the treatment of obstruc
tive sleep apnea. Otolaryngol Head Neck Surg Off J Am 
Acad Otolaryngol-Head Neck Surg. 2007;137 
(1):110–114. doi: 10.1016/j.otohns.2007.03.014

[65] Hur J. A new treatment for snoring: sling snoreplasty with 
a permanent thread. Acta Otolaryngol (Stockh). 2008;128 
(12):1381–1384. doi: 10.1080/00016480801968500

[66] Sorrenti G, Piccin O. Functional expansion pharyngo
plasty in the treatment of obstructive sleep apnea. 
Laryngoscope. 2013;123(11):2905–2908. doi: 10.1002/ 
lary.23911

[67] Pang KP, Piccin O, Pang EB, et al. Combined expansion 
pharyngoplasty and anterior palatoplasty for the treat
ment of OSA. Indian J Otolaryngol Head Neck Surg. 
2016;68(4):528–533. doi: 10.1007/s12070-016-1020-2

[68] Mantovani M, Minetti A, Torretta S, et al. The velo- 
uvulo-pharyngeal lift or “roman blinds” technique for 
treatment of snoring: a preliminary report. Acta 
Otorhinolaryngol Ital. 2012;32(1):48–53.

[69] Salamanca F, Costantini F, Mantovani M, et al. Barbed 
anterior pharyngoplasty: an evolution of anterior 
palatoplasty. Acta Otorhinolaryngol Ital. 2014;34 
(6):434–438.

[70] Vicini C, Hendawy E, Campanini A, et al. Barbed reposi
tion pharyngoplasty (BRP) for OSAHS: a feasibility, safety, 
efficacy and teachability pilot study. “We are on the giant’s 
shoulders. Eur Arch Oto-Rhino-Laryngol. 2015;272 
(10):3065–3070. doi: 10.1007/s00405-015-3628-3

[71] Mantovani M, Carioli D, Torretta S, et al. Barbed snore 
surgery for concentric collapse at the velum: the alianza 
technique. J Craniomaxillofac Surg. 2017 Nov;45 
(11):1794–1800. doi: 10.1016/j.jcms.2017.08.007

[72] Chabolle F, Wagner I, Blumen MB, et al. Tongue base 
reduction with hyoepiglottoplasty: a treatment for severe 
obstructive sleep apnea. Laryngoscope. 1999;109 
(8):1273–1280. doi: 10.1097/00005537-199908000-00017

[73] Vicini C, Dallan I, Canzi P, et al. Transoral robotic 
tongue base resection in obstructive sleep 
apnoea-hypopnoea syndrome: a preliminary report. 
ORL J Oto-Rhino-Laryngol Its Relat Spec. 2010;72 
(1):22–27. doi: 10.1159/000284352

[74] Vicini C, Montevecchi F, Pang K, et al. Combined trans
oral robotic tongue base surgery and palate surgery in 
obstructive sleep apnea-hypopnea syndrome: expansion 
sphincter pharyngoplasty versus uvulopalatoph 
aryngoplasty. Head Neck. 2014;36(1):77–83. doi: 10.1002/ 
hed.23271

[75] Babademez MA, Ciftci B, Acar B, et al. Low- 
temperature bipolar radiofrequency ablation (cobla
tion) of the tongue base for supine-position-associated 
obstructive sleep apnea. ORL. 2010;72(1):51–55. doi:  
10.1159/000298945

[76] Riley RW, Powell NB, Guilleminault C. Inferior sagittal 
osteotomy of the mandible with hyoid 
myotomy-suspension: a new procedure for obstructive 
sleep apnea. Otolaryngol Neck Surg. 1986;94 
(5):589–593. doi: 10.1177/019459988609400510

[77] Hörmann K, Baisch A. The hyoid suspension. 
Laryngoscope. 2004;114(9):1677–1679. doi: 10.1097/ 
00005537-200409000-00033

[78] den Herder C, van Tinteren H, de Vries N. 
Hyoidthyroidpexia: a surgical treatment for sleep 
apnea syndrome. Laryngoscope. 2005;115(4):740–745. 
doi: 10.1097/01.mlg.0000156464.37681.BF

[79] Piccin O, Scaramuzzino G, Martone C, et al. Modified 
hyoid suspension technique in the treatment of multi
level related obstructive sleep apnea. Otolaryngol Head 
Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg. 
2014;150(2):321–324. doi: 10.1177/0194599813514532

[80] Kim AM, Keenan BT, Jackson N, et al. Tongue fat and 
its relationship to obstructive sleep apnea. Sleep. 
2014;37(10):1639–1648. doi: 10.5665/sleep.4072

[81] Dieleman E, Veugen CC a. FM, Hardeman JA, 
Copper MP. Drug-induced sleep endoscopy while 
administering CPAP therapy in patients with CPAP 
failure. Sleep Breath Schlaf Atm. 2021;25(1):391–398. 
doi: 10.1007/s11325-020-02098-x

[82] Kanemaru S ichi. Fukushima H, Kojima H. A case of 
floppy epiglottis in adult: a simple surgical remedy. 
Auris Nasus Larynx. 2007;34(3):409–411. doi: 10.1016/ 
j.anl.2007.01.009

CRANIO®: THE JOURNAL OF CRANIOMANDIBULAR & SLEEP PRACTICE 11

https://doi.org/10.1378/chest.113.5.1163
https://doi.org/10.1097/00005537-20010300-00016
https://doi.org/10.1002/lary.23800
https://doi.org/10.1002/lary.23800
https://doi.org/10.1016/j.otohns.2005.12.009
https://doi.org/10.2144/fsoa-2021-0020
https://doi.org/10.2144/fsoa-2021-0020
https://doi.org/10.1111/j.1365-2273.1994.tb01245.x
https://doi.org/10.1111/j.1365-2273.1994.tb01245.x
https://doi.org/10.1067/mhn.2000.106475
https://doi.org/10.1016/j.otohns.2006.11.014
https://doi.org/10.1016/j.otohns.2009.04.020
https://doi.org/10.1097/00005537-200311000-00020
https://doi.org/10.1097/00005537-200311000-00020
https://doi.org/10.1016/j.otohns.2007.03.014
https://doi.org/10.1080/00016480801968500
https://doi.org/10.1002/lary.23911
https://doi.org/10.1002/lary.23911
https://doi.org/10.1007/s12070-016-1020-2
https://doi.org/10.1007/s00405-015-3628-3
https://doi.org/10.1016/j.jcms.2017.08.007
https://doi.org/10.1097/00005537-199908000-00017
https://doi.org/10.1159/000284352
https://doi.org/10.1002/hed.23271
https://doi.org/10.1002/hed.23271
https://doi.org/10.1159/000298945
https://doi.org/10.1159/000298945
https://doi.org/10.1177/019459988609400510
https://doi.org/10.1097/00005537-200409000-00033
https://doi.org/10.1097/00005537-200409000-00033
https://doi.org/10.1097/01.mlg.0000156464.37681.BF
https://doi.org/10.1177/0194599813514532
https://doi.org/10.5665/sleep.4072
https://doi.org/10.1007/s11325-020-02098-x
https://doi.org/10.1016/j.anl.2007.01.009
https://doi.org/10.1016/j.anl.2007.01.009


[83] Roustan V, Barbieri M, Incandela F, et al. Transoral 
glossoepiglottopexy in the treatment of adult obstructive 
sleep apnoea: a surgical approach. Acta Otorhinolaryngol 
Ital. 2018;38(1):38–44. doi: 10.14639/0392-100X-1857

[84] Leone F, Marciante GA, Bianchi A, et al. Epiglottis 
stiffening operation for epiglottis collapse in OSAS: 
standardization, tips and tricks. Laryngoscope. 
2022;132(7):1455–1458. doi: 10.1002/lary.30089

[85] Riley RW, Powell NB, Guilleminault C, et al. Maxillary, 
mandibular, and hyoid advancement: an alternative to 
tracheostomy in obstructive sleep apnea syndrome. 
Otolaryngol Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 1986;94(5):584–588. 
doi: 10.1177/019459988609400509

[86] Riley RW, Powell NB, Guilleminault C. Obstructive 
sleep apnea syndrome: a surgical protocol for dynamic 
upper airway reconstruction. J Oral Maxillofacial Surg. 
1993;51(7):742–747; discussion 748–749. doi: 10.1016/ 
s0278-2391(10)80412-4

[87] Liu SYC, Guilleminault C, Huon LK, et al. Distraction 
osteogenesis Maxillary expansion (DOME) for adult 
obstructive sleep apnea patients with high arched 
palate. Otolaryngol Neck Surg. 2017;157(2):345–348. 
doi: 10.1177/0194599817707168

[88] Eastwood PR, Barnes M, Walsh JH, et al. Treating 
obstructive sleep apnea with hypoglossal nerve 
stimulation. Sleep. 2011;34(11):1479–1486. doi: 10. 
5665/sleep.1380

[89] Strollo PJ, Soose RJ, Maurer JT, et al. Upper-airway 
stimulation for obstructive sleep apnea. N Engl J Med. 
2014;370(2):139–149. doi: 10.1056/NEJMoa1308659

[90] Costantino A, Rinaldi V, Moffa A, et al. Hypoglossal 
nerve stimulation long-term clinical outcomes: 
a systematic review and meta-analysis. Sleep Breath 
Schlaf Atm. 2020;24(2):399–411. doi: 10.1007/s11325- 
019-01923-2

[91] Liu SYC, Awad M, Riley R, et al. The role of the revised 
Stanford protocol in today’s precision medicine. Sleep 
Med Clin. 2019;14(1):99–107. doi: 10.1016/j.jsmc.2018. 
10.013

[92] Eckert DJ, White DP, Jordan AS, et al. Defining  phe
notypic causes of obstructive sleep apnea. Identification 
of novel therapeutic targets. Am J Respir Crit Care 
Med. 2013;188(8):996–1004. doi: 10.1164/rccm. 
201303-0448OC

[93] Edwards BA, Redline S, Sands SA, et al. More than the 
sum of the respiratory events: personalized medicine 
approaches for obstructive sleep apnea. Am J Respir 
Crit Care Med. 2019;200(6):691–703. doi: 10.1164/ 
rccm.201901-0014TR

[94] Gold AR, Schwartz AR. The pharyngeal critical pres
sure. The whys and hows of using nasal continuous 
positive airway pressure diagnostically. Chest. 
1996;110(4):1077–1088. doi: 10.1378/chest.110.4.1077

[95] De Vito A, Carrasco Llatas M, Ravesloot MJ, et al. 
European position paper on drug-induced sleep endo
scopy: 2017 update. Clin Otolaryngol Off J ENT-UK Off 
J Neth Soc Oto-Rhino-Laryngol Cervico-Facial Surg. 
2018;43(6):1541–1552. doi: 10.1111/coa.13213

[96] Wall AJ, Arkwright JW, Reynolds K, et al. A multi
modal optical catheter for diagnosing obstructive sleep 
apnea. In:Proc. SPIE 10872, Optical Fibers and Sensors 
for Medical Diagnostics and Treatment Applications 
XIX; 2019. p. 1087203. doi: 10.1117/12.2506567

[97] Volner K, Chao S, Camacho M. Dynamic sleep MRI in 
obstructive sleep apnea: a systematic review and 
meta-analysis. Eur Arch Otorhinolaryngol. 2022;279 
(2):595–607. doi: 10.1007/s00405-021-06942-y

[98] Kara M, Lakner Z, Tamás L, et al. Artificial intelligence 
in the diagnosis of obstructive sleep apnea: a scoping 
review. Eur Arch Oto-Rhino-Laryngol Off J Eur Fed 
Oto-Rhino-Laryngol Soc EUFOS Affil Ger Soc Oto- 
Rhino-Laryngol - Head Neck Surg. [cited 2025 Apr 
12];282(10):4967–4978. doi: 10.1007/s00405-025- 
09377-x

[99] Giorgi L, Nardelli D, Moffa A, et al. Advancements in 
obstructive sleep apnea diagnosis and screening 
through artificial  intelligence: a systematic review. 
Healthc Basel Switz. 2025;13(2):181. doi: 10.3390/ 
healthcare13020181

12 R. MARCHESE-RAGONA ET AL.

https://doi.org/10.14639/0392-100X-1857
https://doi.org/10.1002/lary.30089
https://doi.org/10.1177/019459988609400509
https://doi.org/10.1016/s0278-2391(10)80412-4
https://doi.org/10.1016/s0278-2391(10)80412-4
https://doi.org/10.1177/0194599817707168
https://doi.org/10.5665/sleep.1380
https://doi.org/10.5665/sleep.1380
https://doi.org/10.1056/NEJMoa1308659
https://doi.org/10.1007/s11325-019-01923-2
https://doi.org/10.1007/s11325-019-01923-2
https://doi.org/10.1016/j.jsmc.2018.10.013
https://doi.org/10.1016/j.jsmc.2018.10.013
https://doi.org/10.1164/rccm.201303-0448OC
https://doi.org/10.1164/rccm.201303-0448OC
https://doi.org/10.1164/rccm.201901-0014TR
https://doi.org/10.1164/rccm.201901-0014TR
https://doi.org/10.1378/chest.110.4.1077
https://doi.org/10.1111/coa.13213
https://doi.org/10.1117/12.2506567
https://doi.org/10.1007/s00405-021-06942-y
https://doi.org/10.1007/s00405-025-09377-x
https://doi.org/10.1007/s00405-025-09377-x
https://doi.org/10.3390/healthcare13020181
https://doi.org/10.3390/healthcare13020181

	Abstract
	Introduction
	Materials and methods
	Evolution of surgery
	Uvulopalatopharyngoplasty (UPPP)
	Laser-assisted uvulopalatoplasty (LAUP)
	Radiofrequency and palatal implants
	Anterior pharyngeal wall surgery
	Lateral pharyngeal wall surgery
	Pharyngeal barbed snore surgery
	Tongue base surgery
	Hypopharyngeal collapse
	Epiglottic collapse
	Epiglottoplasty – Laser or robotic
	Skeletal surgery
	Hypoglossal nerve stimulation (HNS)
	The role of drug induced sleep endoscopy (DISE)
	Future perspectives in targeting surgical therapy for OSA

	Synthesis
	Discussion
	Take-home message
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	ORCID

