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Abstract: Aim: Obstructive sleep apnea (OSA) is the most prevalent sleep-related breathing disorder.
OSA affects approximately 2 million Italians, although only 3% receive a diagnosis and correct
treatment. This review aims to provide an overview to guide clinical decision making, ensuring
that patients receive the most appropriate treatment for their specific condition. Material and
Methods: This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and registered at PROSPERO under
the ID CRD42024593760. A search on PubMed, Scopus, and Web of Science was performed to find
papers that matched the topic, using the following Boolean keywords: (“obstructive sleep apnea”
OR “OSA” OR “sleep apnea, obstructive”) AND (“surgery” OR “surgical” OR “surgical techniques”
OR “surgical treatment” OR “operative” OR “surgical procedures”) AND (“treatment” OR “therapy”
OR “management”). Result: The electronic database search found 20337 publications. After the
screening and eligibility phase, 15 papers were chosen for the qualitative analysis. Conclusions:
Adenotonsillectomy (AT) significantly improves secondary outcomes like behavioral issues and
quality of life, compared to watchful waiting with supportive care (WWSC). Alternative approaches
such as tonsillotomy and adenopharyngoplasty (APP) offer promising results, with less postoperative
discomfort and lower complication rates. However, further large-scale studies are needed to refine
surgical techniques, assess long-term outcomes, and optimize individualized treatment strategies
for OSA.

Keywords: obstructive sleep apnea; OSAS; surgical treatment; tonsillectomy; pediatric OSA

1. Introduction

Sleep apnea is a condition characterized by pauses in breathing during sleep that last
more than ten seconds and can vary in duration (Figure 1) [1–8].

There are three types of sleep apnea:

Obstructive Sleep Apnea (OSA): OSA is characterized by the blockage of the upper airway
despite ongoing respiratory efforts. This leads to a stop in oro-nasal airflow while thoracic
and abdominal respiratory movements persist [9–19].
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Figure 1. Graphic representation of the difference in airflow during normal breathing in sleep versus
obstructive sleep apnea.

Central Sleep Apnea (CSA): This type occurs when there is a cessation of airflow with-
out any respiratory effort due to a temporary lack of neural signals to the respiratory
muscles. It is marked by a simultaneous halt in oro-nasal airflow and thoraco-abdominal
respiratory movements [9,20–28].
Mixed or Complex Apnea: This type starts with a cessation of airflow without respiratory
effort, similar to central apnea, but progresses with increasing respiratory effort [29–37].

OSA is the most prevalent sleep-related breathing disorder. First described in 1965,
OSA affects approximately 2 million Italians, although only 3% receive a diagnosis [38–42].
The syndrome is identified by two key features: numerous prolonged apneas exceeding
15 events per hour throughout sleep and reduced blood oxygen saturation [43–47]. The
diagnosis of OSA is typically made when there is a combination of significant blood oxygen
desaturation and an apnea–hypopnea index (AHI) greater than 10.

Hypopnea is defined as a partial reduction in airflow during sleep, resulting in a
decrease in respiratory effort of at least 30% for a duration of at least 10 s, accompanied by
a reduction in oxygen saturation of 3% or more, or arousal from sleep. It represents a less
severe form of airway obstruction compared to apnea, where there is a complete cessation
of airflow.

OSA severity can be classified based on the AHI and the lowest oxygen saturation
level (Nadir SpO2) reached during sleep [48–51]. Common symptoms include snoring and
daytime sleepiness, which can impact both social and family life due to decreased cognitive
performance. Statistical studies indicate a higher incidence of car accidents caused by
drowsiness among patients with OSA. This is attributed to the non-restorative sleep they
experience, characterized by frequent micro-awakenings, leading to persistent fatigue
throughout the day [52–57]. In children, who can also suffer from this syndrome often due
to adeno-tonsillar obstruction, symptoms may include learning difficulties, restlessness,
aggression, and poor academic performance [58–63]. The condition can be exacerbated,
particularly in obese individuals, by severe complications affecting vital organs, especially
the cardiovascular and central nervous systems [64–66].

1.1. Diagnosis

Diagnosing OSA involves a comprehensive clinical evaluation and specific instrumen-
tal assessments [67–72].

Otolaryngological evaluation is used to determine the location and extent of upper
airway obstruction.

Polysomnography is a multi-channel recording of physiological signals during sleep
to evaluate sleep architecture and diagnose sleep disorders [73]. It typically includes the
continuous monitoring of electroencephalography, electrooculography, electromyography,
electrocardiography, respiratory effort, airflow, oxygen saturation (SpO2), and leg move-
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ments. The purpose of PSG is to observe and quantify various physiological parameters
during sleep [74–77].

Specialist consultations in cardiology, pulmonology, neurology, endocrinology, pe-
diatrics, sexology, dentistry, and psychology may be necessary to evaluate and manage
complications related to OSA [78–88].

1.2. Treatment

Treatment involves a multidisciplinary approach, encompassing both medical and
surgical interventions.

1.2.1. Medical Therapy

The first step includes lifestyle changes to reduce factors that contribute to snoring,
such as alcohol, smoking, sedatives, and overeating. Weight loss is crucial to reduce fat
deposits in the throat structures. Limited pharmacological options are available, mainly
aimed at improving nasal ventilation [74,89–91].

1.2.2. Positional Therapy

Positional therapy is a non-invasive treatment option for patients. This therapy aims to
prevent or reduce apnea events by encouraging the patient to sleep in non-supine positions,
such as on their side or stomach, often using devices like positional pillows or vests. It is
particularly beneficial for mild-to-moderate cases but is less effective for severe OSA or
multi-level airway obstructions. Positional therapy is commonly used in combination with
other treatments [92].

1.2.3. Mechanical Therapy

Among mechanical treatments, oxygen therapy improves oxygen saturation but does
not reduce the number or duration of apneas. The most effective non-surgical treatment is
the use of a continuous positive airway pressure (CPAP) device, which maintains continu-
ous airflow through a nasal mask during the night, preventing apnea episodes. CPAP is
recommended even in conjunction with surgical procedures in severe cases [93–96].

1.2.4. Oral Appliance Therapy

Particularly useful for habitual snorers with significant positional (supine) compo-
nents, this involves using portable orthodontic devices at night to reposition the mandible
and tongue, thereby enlarging the airway space. These appliances can be used alone
or in combination with surgery and CPAP, with their use being determined through
sleep endoscopy [94,97–100].

1.2.5. Surgical Therapy

Various surgical procedures aim to improve nasal ventilation and correct anatomical
abnormalities associated with snoring. The choice of surgery depends on the clinical profile
and site of obstruction [101–105].

Adenoidectomy, with or without tonsillectomy (TC), is often sufficient in
children [106–111].

TC, with or without additional palate surgery, is recommended for adults with large,
obstructive tonsils [112–116].

Adenotonsillectomy (AT) involves the removal of both the tonsils and adenoids, which
are often enlarged and contribute to airway obstruction. In the context of OSA, early AT
is typically performed in young children, usually before the age of 3–4, especially those
with severe or refractory symptoms, such as recurrent infections or significant nocturnal
hypoxia or apnea, which may affect their growth and development.

Routine AT is generally performed at an older age, typically during childhood or
adolescence, for children with moderate OSA or recurrent episodes of upper airway infec-
tions. This approach is planned and performed when the child’s symptoms become chronic
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or recurrent, with the goal of improving quality of life and reducing the frequency of
OSA episodes [117].

Septoplasty is the realignment of a deviated nasal septum to restore nasal patency,
often combined with turbinectomy or turbinate reduction surgery [118–120].

Another approach is the use of minimally invasive surgery for the soft palate, uvula,
and base of the tongue.

Techniques like radiofrequency ablation, snoreplasty, and pillar implants aim to stiffen
or retract the soft palate, reducing snoring and vibration. These procedures are reserved
for simple snoring or mild OSAS [121].

Anterior or lateral pharyngoplasty remodels the soft palate and uvula without tissue
removal, reducing the risks associated with older uvulopalatoplasty techniques.

Laryngeal surgery includes procedures like epiglottidectomy or hyoid suspension,
which are performed under general anesthesia for cases involving epiglottic obstruction or
lateral pharyngeal collapse [122].

The array of surgical options ensures that treatment can be tailored to the individual
patient’s needs and the specific nature of their airway obstruction [123–126].

The purpose of this systematic review is to analyze the best surgical techniques for
treating OSA in pediatric patients. Additionally, it aims to determine whether surgical
intervention is truly necessary or if less invasive alternatives could provide similar benefits.
Given the delicate nature of pediatric patients, it is crucial to identify therapeutic approaches
that maximize clinical efficacy while minimizing risks and complications. The goal is to
provide a comprehensive, evidence-based overview to guide clinical decision making,
ensuring that patients receive the most appropriate treatment for their specific condition.

2. Materials and Methods
2.1. Protocol and Registration

The protocol was registered at PROSPERO with the ID CRD42024593760, and the
systematic review was carried out in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

2.2. Search Processing

Papers related to the surgical management of OSA in pediatric patients were found by
searching PubMed, Scopus, and Web of Science between 1 January 2009 and 1 June 2024.
“Obstructive sleep apnea” OR “OSA” OR “sleep apnea, obstructive” AND “surgery” OR
“surgical” OR “surgical techniques” OR “surgical treatment” OR “operative” OR “surgical
procedures”) AND (“treatment” OR “therapy” OR “management”) were the Boolean
keywords utilized in the search strategy (Table 1).

Table 1. Full search strings for each database.

PubMed
(“obstructive sleep apnea” OR “OSA” OR “sleep apnea, obstructive”) AND (“surgery” OR “surgical”
OR “surgical techniques” OR “surgical treatment” OR “operative” OR “surgical procedures”) AND
(“treatment” OR “therapy” OR “management”)

Scopus
(“obstructive sleep apnea” OR “OSA” OR “sleep apnea, obstructive”) AND (“surgery” OR “surgical”
OR “surgical techniques” OR “surgical treatment” OR “operative” OR “surgical procedures”) AND
(“treatment” OR “therapy” OR “management”)

Web of Science
(“obstructive sleep apnea” OR “OSA” OR “sleep apnea, obstructive”) AND (“surgery” OR “surgical”
OR “surgical techniques” OR “surgical treatment” OR “operative” OR “surgical procedures”) AND
(“treatment” OR “therapy” OR “management”)

2.3. Inclusion Criteria

The following were the inclusion criteria: (1) open access studies; (2) studies that
examined the use of surgery to treat OSA in children; (3) randomized clinical trials, retro-
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spective studies, case–control studies, and prospective studies; (4) English language; and
(5) full-text studies.

Papers that did not match the above criteria were excluded.
The review was conducted using the following PICOS criteria:

Participants: children, both male and female;
Interventions: use of surgery in the treatment of OSA;
Comparisons: alternative approach to watchful waiting with supportive care;
Outcomes: AT remains a cornerstone in the treatment of pediatric OSA caused by adeno-
tonsillar hypertrophy (ATH);
Study: randomized clinical trials, retrospective studies, case–control studies, and prospec-
tive studies.

2.4. Exclusion Criteria

The following were the exclusion criteria: (1) animal research; (2) unrelated topics;
(3) reviews, case reports, case series, correspondence, or remarks; and (4) language other
than English.

2.5. Data Processing

Based on the selection criteria, three reviewers (M.G., I.P., and R.M.) independently
searched the databases to gather the studies and assessed their quality. Version 6.0.15
(Corporation for Digital Scholarship, Vienna, VA, USA) was used to download the chosen
articles. A senior reviewer (F.I.) was consulted in order to resolve any disagreements among
the three writers.

2.6. Quality Assessment

The quality of the included papers was assessed by three reviewers—M.G., I.P., and
R.M.—using the ROBINS tool [127].

A degree of bias was assessed for each of the seven points that were evaluated. If
there was dispute, a third reviewer (F.I.) was consulted until a consensus was reached. The
following appeared among the domains assessed by ROBINS:

- confounding bias;
- bias resulting from exposure measurement;
- bias in a study’s participant selection;
- bias resulting from post-exposure intervention;
- bias resulting from missing data;
- bias resulting from outcome measurement,
- bias in the presentation of the results.

3. Results
3.1. Study Selection and Methodological Features

The electronic database search provided 20,337 publications in total (Scopus N = 7644,
PubMed N = 7097, and Web of Science N = 5596); the manual search yielded no articles.

After duplicates (N = 2457) were eliminated, 17,880 studies’ titles and abstracts were
evaluated for screening. Out of these, 16,126 papers did not meet the inclusion criteria
(14,881 off-topic, 1214 reviews, and 31 animal studies), leaving 1754 records to be selected
for the review. Out of these, 1702 reports were removed for not meeting the inclusion
criteria (1413 off-topic, 289 reviews), and 37 records could not be collected. After being
determined to be eligible, fifteen records were selected for qualitative analysis. The selection
process is shown in Figure 2, and the summary of the records that were chosen is shown
in Table 2.
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Figure 2. Literature search following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram and database search indicators.

Table 2. Descriptive summary of item selection.

Author (Year) Study Design Number of
Patients

Average Age and
Gender Surgical Technique Outcomes

Redline et al., 2023 [128] RCT 459
Mean age,
6.1 years;

230 female (50%)

Adenotonsillectomy
(AT)

Improvements in
behavior, sleepiness,

symptoms, quality of life,
blood pressure, and

reduced AHI progression.

Marcus et al., 2013 [129] RCT 464 children 5 to 9 years; gender
not specified Early AT

Significant improvements
in behavior, quality of life

and polysomnography,
with 79% normalization

in the AT group.

Kevat et al., 2023 [130] RCT 190 children
Aged 3–5 years;

gender not
specified

AT (early or routine)

AT temporarily increased
body mass index (BMI)
and weight in children,

with no final BMI
difference between early

and routine
surgery groups.

Liu et al., 2018 [131] RCT 354 children Not specified Early AT vs. WWSC

Early AT significantly
reduced monotonous

heart rate patterns during
quiet sleep.
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Table 2. Cont.

Author (Year) Study Design Number of
Patients

Average Age and
Gender Surgical Technique Outcomes

Paramasivan et al.,
2012 [132]

Prospective
comparative

study
100 children

5 to 12 years;
gender not
specified

Coblation AT versus
dissection method

Coblation AT was
associated with a shorter

operative time, less
intraoperative blood loss,

and reduced
postoperative pain

compared to the
dissection method.

Friedman et al., 2012 [133]

Prospective
randomized,
single-blind,
controlled

60 patients
(25 completed

standard tonsil-
lectomy(TC) and
adenoidectomy;

19 completed
pillar closure

Mean
age: 9.0 ± 4.3 years

(standard T&A);
8.9 ± 3.8 years

(pillar closure); 16
male and 14 female

per group

Cold-steel TC and
adenoidectomy with
or without tonsillar
pillar closure using
3.0 chromic suture

Higher cure rate
observed in pillar closure

group, but not
statistically significant.

Liu et al., 2017 [134]
Randomized

controlled trial
(RCT)

353 children
Mean age:
6.6 years;
49% male

Complete bilateral
TC and

adenoidectomy using
standard surgical

techniques

Spontaneous AHI
normalization observed

in 40% of the WWSC
group, but with

persistent inspiratory effort.

Redline et al., 2011 [135]
Randomized

controlled trial
(RCT)

464 children
Mean age:
7.0 years;

mixed gender
Early AT

Significant improvements
in attention, executive

functioning, and
polysomnography indices.

Cao et al., 2018 [136]
Two-center
randomized

controlled trial

72 children
(36 study group,
36 control group)

Study group:
5.3 ± 1.4 years;
20 males and

16 females.
Control group:
5.2 ± 1.3 years;
21 males and

15 females

Low-temperature
plasma TC (study

group) vs. traditional
tonsil-pecking

method (control group)

The plasma group had
lower postoperative pain
and improved BMI and
cognitive function, with

no differences in immune
response markers.

Sjölander et al., 2022 [137]
Prospective

single-center
randomized trial

79 Age: 2–6 years;
gender: 53 M26 F

Comparison between
AT and

adenotonsillotomy
(ATT)

After 5 years of follow-up,
ATT could be effective in
treating pediatric OSA.

Fehrm et al., 2018 [138] RCT 83

Mean age:
36.6 months;

gender: 49 males
(59%) and

34 females (41%)

Comparison between
AT and

Adenopharyngo-
plasty (APP)

No significant difference
between the groups.

Shu et al., 2018 [139] RCT 603

Group APP+TC:
328 (138 F, 190 M),

mean age:
4.9 ± 2.1 years.

TC group:
275 (108 F, 167 M),

mean age
5.13 ± 2.4 years

Comparison between
APP and

TC vs. TC alone

APP combined with TC
shortened the healing
period and decreased
blood loss but did not
result in an increase in

postoperative problems.

Vlastos et al., 2011 [140] RCT 52 Mean age 4.5 years;
56% M, 44% F

Group one received
adenoidectomy plus
tympanostomy tube

insertion, while
group two received
adenoidectomy plus

myringotomy

Six months post surgery,
OM-6 scores improved

significantly in both
groups, with no

differences in
audiological outcomes.
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Table 2. Cont.

Author (Year) Study Design Number of
Patients

Average Age and
Gender Surgical Technique Outcomes

Fehrm et al., 2020 [141] Prospective RCT 60

2 to 4 years ATE
group—52% male;

WWSC
group—61% male

ATE involving blunt
extracapsular

dissection for tonsils
and adenoid removal

with a ring knife
or coblation

Significant improvements
in quality of life, sleep
disturbance, and VAS

quality of life

Guilleminault et al.,
2011 [142]

Preliminary
randomized

study
31 Average age 6.5;

14 M and 17 F

ATE and rapid
maxillary expansion

(RME) or
bimaxillary
expansion

Significant improvement
in clinical symptoms and

polysomnography
findings after

both treatments.

AT remains effective for moderate-to-severe pediatric OSA, improving neurocognitive,
behavioral, and quality-of-life outcomes, particularly in obese children. However, in mild
OSA cases, spontaneous AHI normalization has raised questions about the necessity of
surgery. The impact of AT on cognitive function varies, with some studies showing benefits
for sleep quality but limited effects on higher cognitive functions.

Studies on AT techniques have shown mixed results. Some report no significant
impact on growth, while others have found higher cure rates with modifications like
tonsillar pillar closure, although the differences are not statistically significant. Alternative
techniques, such as coblation, have been shown to reduce operative time and postoperative
pain without affecting long-term outcomes. In terms of comorbidities, improvements in
cardiac autonomic function have been noted, though their clinical significance remains
uncertain. Alternatives to AT, like ATT, offer faster recovery but higher recurrence rates.
Some studies report a 15% recurrence rate in patients with ATT. The combination of APP
and AT has been shown to result in less postoperative bleeding and faster healing, without
affecting speech. Comparisons of AT and APP have shown similar reductions in AHI,
with AT being preferred for more severe cases. Additionally, combining RME with AT
has demonstrated benefits in cases with maxillary constriction, though further research is
needed to optimize treatment sequencing.

3.2. Study Characteristics

The results from these 15 studies on pediatric obstructive sleep apnea syndrome (OSA)
reveal a range of significant improvements across various outcomes. Behavioral changes,
sleepiness, symptoms, quality of life, blood pressure, and a reduction in the progression of
the apnea–hypopnea index (AHI) were noted. In particular, the adenotonsillectomy (AT)
group showed notable improvements, with 79% of patients achieving normalization in
behavior, quality of life, and polysomnography indices. Early AT significantly reduced
monotonous heart rate patterns during quiet sleep and temporarily increased the body
mass index (BMI) and weight in children, although no final difference in BMI was observed
between early and routine surgery groups.

Coblation AT was associated with shorter operative times, less intraoperative blood
loss, and reduced postoperative pain compared to traditional dissection methods. While
a higher cure rate was observed in the pillar closure group, this was not statistically
significant. Spontaneous AHI normalization occurred in 40% of the WWSC group, though
persistent inspiratory effort remained. Improvements in attention, executive functioning,
and polysomnography indices were also reported. The plasma group experienced lower
postoperative pain and improvements in BMI and cognitive function, with no significant
differences in immune response markers.

Long-term follow-up data (5 years) suggested that ATT could be effective in treating
pediatric OSA, while no significant differences between the groups were observed in some
outcomes. The combination of APP and TC resulted in a shortened healing period and re-
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duced blood loss without increasing postoperative complications. Six months post surgery,
the OM-6 scores improved significantly in both groups, though no differences were ob-
served in audiological outcomes. Overall, both treatments led to significant improvements
in clinical symptoms, polysomnographic findings, and quality of life, including reductions
in sleep disturbances and improvements in VAS quality-of-life scores.

3.3. Quality Assessment and Risk of Bias of Included Articles

In the analysis of the 15 studies, the overall risk of bias varied significantly: 5 studies
showed low risk, 4 presented some concerns, 5 had high risk, and 1 study demonstrated a
very high risk of bias. When analyzing the individual domains, bias due to confounding
was predominantly high, with eight studies classified as high risk, four having some
concerns, two presenting low risk, and one study providing no information. The bias
arising from the measurement of exposure generally showed a low risk, with 10 studies
assessed as low risk, 1 study having some concerns, and 4 studies presenting a high risk.
Regarding the bias in the selection of participants, most studies (10) presented a low risk,
while 1 showed some concerns, and 4 exhibited a high risk of bias. For the bias due to post-
exposure interventions, two studies had a low risk, seven studies showed some concerns,
four had a high risk, and two were rated as very high risk. The bias due to missing data was
mostly low, with 10 studies classified as low risk and 5 showing some concerns. Bias arising
from the measurement of the outcomes was more evenly distributed, with six studies rated
as low risk, three with some concerns, and six presenting a high risk. Lastly, the bias in the
selection of the reported results showed six studies with low risk, four with some concerns,
and five with high risk (Figure 3).

Figure 3. Bias assessment [61–75].
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4. Discussion
4.1. Efficacy of AT

AT is considered the primary treatment for moderate-to-severe pediatric OSA, but
uncertainties remain regarding its long-term efficacy, especially in mild cases. The CHAT
trial by Redline et al. (2011) demonstrated significant improvements in neurocognitive,
behavioral, and quality-of-life parameters in children undergoing early AT, particularly
among obese individuals and those from ethnic minorities [135]. However, other studies,
such as Liu et al. (2017), reported that the spontaneous normalization of AHI may occur
without surgical intervention, raising the question of whether AT is necessary for all
children with mild OSA [134].

Subsequent studies highlighted the variable efficacy of AT. Kevat et al. observed a
temporary increase in BMI during the first postoperative year, followed by normalization in
the second year, with no significant impact on height growth between children undergoing
early or delayed intervention [130]. Furthermore, Friedman et al. (2012) explored the effect
of tonsillar pillar closure during AT, reporting higher cure rates (89.5% vs. 72%) compared
to the standard technique. However, this difference was not statistically significant, empha-
sizing the need for larger-scale studies [133]. Additionally, Paramasivan et al. compared
the coblation technique to traditional dissection, identifying advantages of coblation in
terms of shorter operative times, reduced blood loss, and lower postoperative pain, while
maintaining comparable long-term safety and outcomes [132].

4.2. Outcomes of AT

AT provides benefits in reducing OSA severity and improving quality of life, but its
effects on other comorbidities and physiological parameters are variable. Liu et al. (2017)
reported that, while AT reduces thoraco-abdominal asynchrony across all sleep phases,
it does not always lead to clinically significant improvements compared to WWSC in the
long term [134]. The CHAT trial demonstrated significant improvements in neurocogni-
tive and behavioral parameters in children with OSA following AT, although the efficacy
was not uniform across all higher cognitive functions [135]. Regarding neurocognitive
outcomes, studies by Redline et al. and Marcus et al. showed that, while AT significantly
benefits quality of life and behavior, it does not consistently improve higher cognitive
functions compared to conservative management [128,129]. Cao et al. (2018) highlighted
that the use of low-temperature plasma tonsillectomy reduces postoperative pain and im-
proves cognitive and social parameters without compromising the immune response [136].
The impact of AT on OME, however, remains controversial. Previous studies reported
that adenoidectomy can improve middle ear function and reduce the need for ventila-
tion tubes, but findings regarding improvements in OME and hearing are inconsistent.
This underscores the importance of further research in this area [131,140]. In terms of
cardiac function, Liu et al. demonstrated improvements in heart rate variability modu-
lation in children with OSA following AT. However, it remains unclear whether these
benefits have long-term clinical significance, as similar improvements were observed in the
WWSC group [134].

4.3. Alternatives to AT

Among alternatives to AT, ATT stands out for its faster recovery times and lower
postoperative pain, although it carries a higher risk of OSA recurrence. A prospective
study conducted at the Karolinska University Hospital reported that 15% of patients
undergoing ATT required reintervention due to recurrences, highlighting the need for long-
term follow-up [137]. APP combined with AT represents another viable option. A study at
the Children’s Hospital of Chongqing Medical University found that patients undergoing
APP with AT had lower rates of postoperative hemorrhage (0.91% vs. 4.36%) and faster
healing times compared to standalone AT, without adverse effects on velopharyngeal
function or speech [139]. RME has also proven effective in cases of OSA associated with
reduced maxillary width, especially when combined with AT. A study demonstrated that
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both techniques contribute to symptom resolution, suggesting a sequential approach for
complex cases [142]. Finally, a study at the Karolinska University Hospital compared AT
and APP, finding similar reductions in AHI (88% for AT and 91% for APP) six months
postoperatively. Both techniques are effective, but AT remains the preferred treatment for
more severe cases [138,141]. Emerging surgical techniques for pediatric OSA, such as low-
temperature plasma tonsillectomy and coblation, show promise in reducing complications
and improving recovery, but their long-term effects and risks, like residual OSA or tonsillar
regrowth, require further study. Techniques like APP combined with TC have demonstrated
benefits, including lower hemorrhage rates and faster healing, though larger trials are
needed to confirm their role in clinical practice.

For children with mild OSA, spontaneous improvement in respiratory symptoms
and AHI is common, especially in younger patients. While early surgery can improve
quality of life and behavior, the CHAT trial suggests that not all children with mild OSA
require immediate intervention. Identifying which patients benefit most from surgery
versus conservative management remains crucial for optimizing outcomes.

5. Limitations

The limitations of this systematic review involve several aspects. First, the small
sample sizes may not have been sufficient to detect significant differences in cure rates or
functional recovery, indicating the need for larger studies to validate the findings. Addition-
ally, the variability in outcomes, such as AHI normalization and behavioral improvements,
highlights the complexity of predicting patient responses to AT versus WWSC, suggesting
that the results may not be universally applicable. Although some studies reported serious
adverse events related to surgery, the low percentage of affected children limits the ability
to generalize these risks to broader populations. Another area of uncertainty concerns the
optimal sequence of combined treatments, such as using AT with RME, pointing to the need
for further research to determine the best approach for individual patients. Finally, mixed
results regarding the impact of adjuvant therapies, such as adenoidectomy on conditions
like OME effusion, suggest that additional studies are needed to better understand their
role and effectiveness in conjunction with AT.

6. Conclusions

AT is an effective solution for moderate-to-severe pediatric OSA, with clear benefits
in terms of symptom reduction, quality of life, and behavioral parameters. However, its
efficacy in mild cases and younger children remains an area of investigation. Surgical
alternatives, such as ATT, APP, and RME, offer advantages for specific patient subgroups
but require careful treatment personalization. Coblation and low-temperature plasma
tonsillectomy appear to be promising options for reducing complications and improving
postoperative recovery. Optimizing therapeutic strategies for pediatric OSA necessitates
further large-scale studies to balance the benefits of surgery against associated risks and the
potential for spontaneous improvement, ensuring personalized, evidence-based treatments.
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Abbreviations

AHI Apnea–hypopnea index
APP Adenopharyngoplasty
AT Adenotonsillectomy
ATH Adenotonsillar hypertrophy
ATT Adenotonsillotomy
BMI Body mass index
CHAT Childhood adenotonsillectomy trial
CPAP Continuous positive airway pressure
CSA Central sleep apnea
OME Otitis media with effusion
OSA Obstructive sleep apnea
RME Rapid maxillary expansion
TAA Thoraco-abdominal asynchrony
TC Tonsillectomy
WWSC Watchful waiting with supportive care
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4. Zasadzińska-Stempniak, K.; Zajączkiewicz, H.; Kukwa, A. Prevalence of Obstructive Sleep Apnea in the Young Adult Population:

A Systematic Review. J. Clin. Med. 2024, 13, 1386. [CrossRef]
5. Qiu, Y.; Wang, W. Novel advances in assessment and treatment of obstructive sleep apnea. Zhonghua Jie He He Hu Xi Za Zhi 2024,

47, 781–784. [CrossRef]
6. Cassano, M.; Russo, G.; Granieri, C.; Ciavarella, D. Modification of Growth, Immunologic and Feeding Parameters in Children

with OSAS after Adenotonsillectomy. Acta Otorhinolaryngol. Ital. 2018, 38, 124–130. [CrossRef]
7. Di Bello, F.; Napolitano, L.; Abate, M.; Collà Ruvolo, C.; Morra, S.; Califano, G.; Capece, M.; Creta, M.; Scandurra, C.; Muzii, B.;

et al. Nocturia and Obstructive Sleep Apnea Syndrome: A Systematic Review. Sleep Med. Rev. 2023, 69, 101787. [CrossRef]
8. Konecny, T.; Kuniyoshi, F.H.S.; Orban, M.; Pressman, G.S.; Kara, T.; Gami, A.; Caples, S.M.; Lopez-Jimenez, F.; Somers, V.K.

Under-Diagnosis of Sleep Apnea in Patients after Acute Myocardial Infarction. J. Am. Coll. Cardiol. 2010, 56, 742–743. [CrossRef]
9. Bower, C.M.; Gungor, A. Pediatric Obstructive Sleep Apnea Syndrome. Otolaryngol. Clin. N. Am. 2000, 33, 49–75. [CrossRef]
10. Lv, R.; Liu, X.; Zhang, Y.; Dong, N.; Wang, X.; He, Y.; Yue, H.; Yin, Q. Pathophysiological Mechanisms and Therapeutic Approaches

in Obstructive Sleep Apnea Syndrome. Signal Transduct. Target. Ther. 2023, 8, 218. [CrossRef]
11. Harding, S.M. Complications and Consequences of Obstructive Sleep Apnea. Curr. Opin. Pulm. Med. 2000, 6, 485–489. [CrossRef]

[PubMed]
12. Redondo Ventura, F.; Guerrero Gilabert, D.; Reina García, P.; López Aguado, D. Serum immunoglobulin levels in tonsillectomized

patients. An unsolved mystery. Acta Otorrinolaringol. Esp. 2000, 51, 403–406. [PubMed]
13. Cantani, A.; Bellioni, P.; Salvinelli, F.; Businco, L. Serum Immunoglobulins and Secretory IgA Deficiency in Tonsillectomized

Children. Ann. Allergy 1986, 57, 413–416. [PubMed]
14. Friday, G.A.; Paradise, J.L.; Rabin, B.S.; Colborn, D.K.; Taylor, F.H. Serum Immunoglobulin Changes in Relation to Tonsil and

Adenoid Surgery. Ann. Allergy 1992, 69, 225–230.
15. Finkelstein, Y.; Talmi, Y.P.; Nachmani, A.; Hauben, D.J.; Zohar, Y. On the Variability of Velopharyngeal Valve Anatomy and

Function: A Combined Peroral and Nasendoscopic Study. Plast. Reconstr. Surg. 1992, 89, 631–639. [CrossRef]
16. Cassano, P.; Gelardi, M.; Cassano, M.; Fiorella, M.L.; Fiorella, R. Adenoid Tissue Rhinopharyngeal Obstruction Grading Based on

Fiberendoscopic Findings: A Novel Approach to Therapeutic Management. Int. J. Pediatr. Otorhinolaryngol. 2003, 67, 1303–1309.
[CrossRef]

17. Chan, J.; Edman, J.C.; Koltai, P.J. Obstructive Sleep Apnea in Children. Am. Fam. Physician 2004, 69, 1147–1154.
18. Marcus, C.L.; Carroll, J.L.; Koerner, C.B.; Hamer, A.; Lutz, J.; Loughlin, G.M. Determinants of Growth in Children with the

Obstructive Sleep Apnea Syndrome. J. Pediatr. 1994, 125, 556–562. [CrossRef]
19. Guilleminault, C.; Lee, J.H.; Chan, A. Pediatric Obstructive Sleep Apnea Syndrome. Arch. Pediatr. Adolesc. Med. 2005, 159, 775–785.

[CrossRef]
20. Eckert, D.J.; Jordan, A.S.; Merchia, P.; Malhotra, A. Central Sleep Apnea. Chest 2007, 131, 595–607. [CrossRef]

https://doi.org/10.3345/kjp.2010.53.10.863
https://www.ncbi.nlm.nih.gov/pubmed/21189956
https://doi.org/10.1136/adc.71.1.74
https://www.ncbi.nlm.nih.gov/pubmed/8067797
https://doi.org/10.1007/s41105-021-00353-6
https://www.ncbi.nlm.nih.gov/pubmed/38469064
https://doi.org/10.3390/jcm13051386
https://doi.org/10.3760/cma.j.cn112147-20240123-00045
https://doi.org/10.14639/0392-100X-1380
https://doi.org/10.1016/j.smrv.2023.101787
https://doi.org/10.1016/j.jacc.2010.04.032
https://doi.org/10.1016/S0030-6665(05)70207-3
https://doi.org/10.1038/s41392-023-01496-3
https://doi.org/10.1097/00063198-200011000-00004
https://www.ncbi.nlm.nih.gov/pubmed/11100957
https://www.ncbi.nlm.nih.gov/pubmed/11000681
https://www.ncbi.nlm.nih.gov/pubmed/3789468
https://doi.org/10.1097/00006534-199204000-00006
https://doi.org/10.1016/j.ijporl.2003.07.018
https://doi.org/10.1016/S0022-3476(94)70007-9
https://doi.org/10.1001/archpedi.159.8.775
https://doi.org/10.1378/chest.06.2287


Life 2024, 14, 1652 13 of 17

21. Blum, W.F.; Albertsson-Wikland, K.; Rosberg, S.; Ranke, M.B. Serum Levels of Insulin-like Growth Factor I (IGF-I) and IGF
Binding Protein 3 Reflect Spontaneous Growth Hormone Secretion. J. Clin. Endocrinol. Metab. 1993, 76, 1610–1616. [CrossRef]
[PubMed]

22. Furlanetto, R.W. Insulin-like Growth Factor Measurements in the Evaluation of Growth Hormone Secretion. Horm. Res. 1990, 33
(Suppl. S4), 25–30. [CrossRef] [PubMed]

23. Cooper, B.G.; White, J.E.; Ashworth, L.A.; Alberti, K.G.; Gibson, G.J. Hormonal and Metabolic Profiles in Subjects with Obstructive
Sleep Apnea Syndrome and the Acute Effects of Nasal Continuous Positive Airway Pressure (CPAP) Treatment. Sleep 1995, 18,
172–179. [PubMed]

24. Singer, L.P.; Saenger, P. Complications of Pediatric Obstructive Sleep Apnea. Otolaryngol. Clin. N. Am. 1990, 23, 665–676.
25. Stradling, J.R.; Thomas, G.; Warley, A.R.; Williams, P.; Freeland, A. Effect of Adenotonsillectomy on Nocturnal Hypoxaemia, Sleep

Disturbance, and Symptoms in Snoring Children. Lancet 1990, 335, 249–253. [CrossRef]
26. Williams, E.F.; Woo, P.; Miller, R.; Kellman, R.M. The Effects of Adenotonsillectomy on Growth in Young Children. Otolaryngol.

Head Neck Surg. 1991, 104, 509–516. [CrossRef]
27. Bar, A.; Tarasiuk, A.; Segev, Y.; Phillip, M.; Tal, A. The Effect of Adenotonsillectomy on Serum Insulin-like Growth Factor-I and

Growth in Children with Obstructive Sleep Apnea Syndrome. J. Pediatr. 1999, 135, 76–80. [CrossRef]
28. Savini, S.; Ciorba, A.; Bianchini, C.; Stomeo, F.; Corazzi, V.; Vicini, C.; Pelucchi, S. Assessment of Obstructive Sleep Apnoea (OSA)

in Children: An Update. Acta Otorhinolaryngol. Ital. 2019, 39, 289–297. [CrossRef]
29. McNicholas, W.T.; Pevernagie, D. Obstructive Sleep Apnea: Transition from Pathophysiology to an Integrative Disease Model.

J. Sleep Res. 2022, 31, e13616. [CrossRef]
30. Juul, A.; Bang, P.; Hertel, N.T.; Main, K.; Dalgaard, P.; Jørgensen, K.; Müller, J.; Hall, K.; Skakkebaek, N.E. Serum Insulin-like

Growth Factor-I in 1030 Healthy Children, Adolescents, and Adults: Relation to Age, Sex, Stage of Puberty, Testicular Size, and
Body Mass Index. J. Clin. Endocrinol. Metab. 1994, 78, 744–752. [CrossRef]

31. Nieminen, P.; Löppönen, T.; Tolonen, U.; Lanning, P.; Knip, M.; Löppönen, H. Growth and Biochemical Markers of Growth in
Children with Snoring and Obstructive Sleep Apnea. Pediatrics 2002, 109, e55. [CrossRef] [PubMed]

32. Palacio, A.C.; Pérez-Bravo, F.; Santos, J.L.; Schlesinger, L.; Monckeberg, F. Leptin Levels and IgF-Binding Proteins in Malnourished
Children: Effect of Weight Gain. Nutrition 2002, 18, 17–19. [CrossRef] [PubMed]

33. Childers, N.K.; Powell, W.D.; Tong, G.; Kirk, K.; Wiatrak, B.; Michalek, S.M. Human Salivary Immunoglobulin and Antigen-
Specific Antibody Activity after Tonsillectomy. Oral Microbiol. Immunol. 2001, 16, 265–269. [CrossRef] [PubMed]

34. Jung, K.Y.; Lim, H.H.; Choi, G.; Choi, J.O. Age-Related Changes of IgA Immunocytes and Serum and Salivary IgA after
Tonsillectomy. Acta Otolaryngol. Suppl. 1996, 523, 115–119.

35. Kirstilä, V.; Tenovuo, J.; Ruuskanen, O.; Suonpää, J.; Meurman, O.; Vilja, P. Longitudinal Analysis of Human Salivary Im-
munoglobulins, Nonimmune Antimicrobial Agents, and Microflora after Tonsillectomy. Clin. Immunol. Immunopathol. 1996, 80,
110–115. [CrossRef]

36. Zielnik-Jurkiewicz, B.; Jurkiewicz, D. Implication of Immunological Abnormalities after Adenotonsillotomy. Int. J. Pediatr.
Otorhinolaryngol. 2002, 64, 127–132. [CrossRef]

37. Beebe, D.W.; Ris, M.D.; Kramer, M.E.; Long, E.; Amin, R. The Association between Sleep Disordered Breathing, Academic
Grades, and Cognitive and Behavioral Functioning among Overweight Subjects during Middle to Late Childhood. Sleep 2010, 33,
1447–1456. [CrossRef]

38. Spilsbury, J.C.; Storfer-Isser, A.; Rosen, C.L.; Redline, S. Remission and Incidence of Obstructive Sleep Apnea from Middle
Childhood to Late Adolescence. Sleep 2015, 38, 23–29. [CrossRef]

39. Hnatiak, J.; Zikmund Galkova, L.; Winnige, P.; Batalik, L.; Dosbaba, F.; Ludka, O.; Krejci, J. Obstructive Sleep Apnea and a
Comprehensive Remotely Supervised Rehabilitation Program: Protocol for a Randomized Controlled Trial. JMIR Res. Protoc.
2023, 12, e47460. [CrossRef]

40. Brunetti, L.; Rana, S.; Lospalluti, M.L.; Pietrafesa, A.; Francavilla, R.; Fanelli, M.; Armenio, L. Prevalence of Obstructive Sleep
Apnea Syndrome in a Cohort of 1,207 Children of Southern Italy. Chest 2001, 120, 1930–1935. [CrossRef]

41. Brunetti, L.; Tesse, R.; Miniello, V.L.; Colella, I.; Delvecchio, M.; Logrillo, V.P.; Francavilla, R.; Armenio, L. Sleep-Disordered
Breathing in Obese Children: The Southern Italy Experience. Chest 2010, 137, 1085–1090. [CrossRef] [PubMed]

42. Inchingolo, F.; Inchingolo, A.M.; Riccaldo, L.; Morolla, R.; Sardano, R.; Di Venere, D.; Palermo, A.; Inchingolo, A.D.; Dipalma,
G.; Corsalini, M. Structural and Color Alterations of Teeth Following Orthodontic Debonding: A Systematic Review. J. Funct.
Biomater. 2024, 15, 123. [CrossRef] [PubMed]

43. Abtahi, S.; Witmans, M.; Alsufyani, N.A.; Major, M.P.; Major, P.W. Pediatric Sleep-Disordered Breathing in the Orthodontic
Population: Prevalence of Positive Risk and Associations. Am. J. Orthod. Dentofac. Orthop. 2020, 157, 466–473.e1. [CrossRef]
[PubMed]

44. Nguyen, B.H.M.; Murphy, P.B.; Yee, B.J. Chronic Obstructive Pulmonary Disease and Obstructive Sleep Apnea Overlap Syndrome:
An Update on the Epidemiology, Pathophysiology, and Management. Sleep Med. Clin. 2024, 19, 405–417. [CrossRef]

45. Springford, L.R.; Griffiths, M.; Bajaj, Y. Management of Paediatric Sleep-Disordered Breathing. Br. J. Hosp. Med. 2024, 85, 1–6.
[CrossRef]

46. Meliante, P.G.; Zoccali, F.; Cascone, F.; Di Stefano, V.; Greco, A.; de Vincentiis, M.; Petrella, C.; Fiore, M.; Minni, A.; Barbato, C.
Molecular Pathology, Oxidative Stress, and Biomarkers in Obstructive Sleep Apnea. Int. J. Mol. Sci. 2023, 24, 5478. [CrossRef]

https://doi.org/10.1210/jcem.76.6.7684744
https://www.ncbi.nlm.nih.gov/pubmed/7684744
https://doi.org/10.1159/000181580
https://www.ncbi.nlm.nih.gov/pubmed/2245967
https://www.ncbi.nlm.nih.gov/pubmed/7610313
https://doi.org/10.1016/0140-6736(90)90068-G
https://doi.org/10.1177/019459989110400415
https://doi.org/10.1016/s0022-3476(99)70331-8
https://doi.org/10.14639/0392-100X-N0262
https://doi.org/10.1111/jsr.13616
https://doi.org/10.1210/jcem.78.3.8126152
https://doi.org/10.1542/peds.109.4.e55
https://www.ncbi.nlm.nih.gov/pubmed/11927728
https://doi.org/10.1016/S0899-9007(01)00690-6
https://www.ncbi.nlm.nih.gov/pubmed/11827758
https://doi.org/10.1034/j.1399-302x.2001.016005265.x
https://www.ncbi.nlm.nih.gov/pubmed/11555302
https://doi.org/10.1006/clin.1996.0103
https://doi.org/10.1016/S0165-5876(02)00042-3
https://doi.org/10.1093/sleep/33.11.1447
https://doi.org/10.5665/sleep.4318
https://doi.org/10.2196/47460
https://doi.org/10.1378/chest.120.6.1930
https://doi.org/10.1378/chest.09-1529
https://www.ncbi.nlm.nih.gov/pubmed/20139225
https://doi.org/10.3390/jfb15050123
https://www.ncbi.nlm.nih.gov/pubmed/38786634
https://doi.org/10.1016/j.ajodo.2019.05.015
https://www.ncbi.nlm.nih.gov/pubmed/32241353
https://doi.org/10.1016/j.jsmc.2024.04.003
https://doi.org/10.12968/hmed.2023.0275
https://doi.org/10.3390/ijms24065478


Life 2024, 14, 1652 14 of 17

47. Rosen, C.L.; Larkin, E.K.; Kirchner, H.L.; Emancipator, J.L.; Bivins, S.F.; Surovec, S.A.; Martin, R.J.; Redline, S. Prevalence and Risk
Factors for Sleep-Disordered Breathing in 8- to 11-Year-Old Children: Association with Race and Prematurity. J. Pediatr. 2003, 142,
383–389. [CrossRef]

48. Gottlieb, D.J.; Vezina, R.M.; Chase, C.; Lesko, S.M.; Heeren, T.C.; Weese-Mayer, D.E.; Auerbach, S.H.; Corwin, M.J. Symptoms of
Sleep-Disordered Breathing in 5-Year-Old Children Are Associated with Sleepiness and Problem Behaviors. Pediatrics 2003, 112,
870–877. [CrossRef]

49. Inchingolo, A.M.; Dipalma, G.; Inchingolo, A.D.; Palumbo, I.; Guglielmo, M.; Morolla, R.; Mancini, A.; Inchingolo, F. Advancing
Postoperative Pain Management in Oral Cancer Patients: A Systematic Review. Pharmaceuticals 2024, 17, 542. [CrossRef]

50. Patano, A.; Malcangi, G.; De Santis, M.; Morolla, R.; Settanni, V.; Piras, F.; Inchingolo, A.D.; Mancini, A.; Inchingolo, F.; Dipalma,
G.; et al. Conservative Treatment of Dental Non-Carious Cervical Lesions: A Scoping Review. Biomedicines 2023, 11, 1530.
[CrossRef]

51. Marcus, C.L.; Omlin, K.J.; Basinki, D.J.; Bailey, S.L.; Rachal, A.B.; Von Pechmann, W.S.; Keens, T.G.; Ward, S.L. Normal
Polysomnographic Values for Children and Adolescents. Am. Rev. Respir. Dis. 1992, 146, 1235–1239. [CrossRef] [PubMed]

52. Azarbarzin, A.; Labarca, G.; Kwon, Y.; Wellman, A. Physiological Consequences of Upper Airway Obstruction in Sleep Apnea.
Chest 2024, 166, 1209–1217. [CrossRef] [PubMed]

53. Belkhode, V.; Godbole, S.; Nimonkar, S.; Nimonkar, P.; Pisulkar, S. Comparative Evaluation of the Efficacy of Customized
Maxillary Oral Appliance with Mandibular Advancement Appliance as a Treatment Modality for Moderate Obstructive Sleep
Apnea Patients-Protocol for a Randomized Controlled Trial. Trials 2022, 23, 159. [CrossRef] [PubMed]

54. Fregosi, R.F.; Quan, S.F.; Kaemingk, K.L.; Morgan, W.J.; Goodwin, J.L.; Cabrera, R.; Gmitro, A. Sleep-Disordered Breathing,
Pharyngeal Size and Soft Tissue Anatomy in Children. J. Appl. Physiol. 2003, 95, 2030–2038. [CrossRef] [PubMed]

55. Kang, J.M.; Kang, S.-G.; Cho, S.-J.; Lee, Y.J.; Lee, H.-J.; Kim, J.-E.; Shin, S.-H.; Park, K.H.; Kim, S.T. The Quality of Life of Suspected
Obstructive Sleep Apnea Patients Is Related to Their Subjective Sleep Quality Rather than the Apnea-Hypopnea Index. Sleep
Breath. 2017, 21, 369–375. [CrossRef]

56. Sullivan, C.E.; Issa, F.G.; Berthon-Jones, M.; Eves, L. Reversal of Obstructive Sleep Apnoea by Continuous Positive Airway
Pressure Applied through the Nares. Lancet 1981, 1, 862–865. [CrossRef]

57. Wu, H.; Yuan, X.; Wang, L.; Sun, J.; Liu, J.; Wei, Y. The Relationship Between Obstructive Sleep Apnea Hypopnea Syndrome
and Inflammatory Markers and Quality of Life in Subjects with Acute Coronary Syndrome. Respir. Care 2016, 61, 1207–1216.
[CrossRef]

58. Xu, Z.; Wu, Y.; Tai, J.; Feng, G.; Ge, W.; Zheng, L.; Zhou, Z.; Ni, X. Risk Factors of Obstructive Sleep Apnea Syndrome in Children.
J. Otolaryngol. Head Neck Surg. 2020, 49, 11. [CrossRef]

59. Imanguli, M.; Ulualp, S.O. Risk Factors for Residual Obstructive Sleep Apnea after Adenotonsillectomy in Children. Laryngoscope
2016, 126, 2624–2629. [CrossRef]

60. Zhang, X.; Zhou, H.; Liu, H.; Xu, P. Role of Oxidative Stress in the Occurrence and Development of Cognitive Dysfunction in
Patients with Obstructive Sleep Apnea Syndrome. Mol. Neurobiol. 2024, 61, 5083–5101. [CrossRef]

61. Liu, X.; Ma, Y.; Ouyang, R.; Zeng, Z.; Zhan, Z.; Lu, H.; Cui, Y.; Dai, Z.; Luo, L.; He, C.; et al. The Relationship between
Inflammation and Neurocognitive Dysfunction in Obstructive Sleep Apnea Syndrome. J. Neuroinflamm. 2020, 17, 229. [CrossRef]

62. Inchingolo, F.; Inchingolo, A.D.; Latini, G.; Trilli, I.; Ferrante, L.; Nardelli, P.; Malcangi, G.; Inchingolo, A.M.; Mancini, A.; Palermo,
A.; et al. The Role of Curcumin in Oral Health and Diseases: A Systematic Review. Antioxidants 2024, 13, 660. [CrossRef]
[PubMed]

63. Lam, Y.; Chan, E.Y.T.; Ng, D.K.; Chan, C.; Cheung, J.M.Y.; Leung, S.; Chow, P.; Kwok, K. The Correlation among Obesity,
Apnea-Hypopnea Index, and Tonsil Size in Children. Chest 2006, 130, 1751–1756. [CrossRef] [PubMed]

64. Polytarchou, A.; Moudaki, A.; Van de Perck, E.; Boudewyns, A.; Kaditis, A.G.; Verhulst, S.; Ersu, R. An Update on Diagnosis and
Management of Obstructive Sleep Apnoea in the First 2 Years of Life. Eur. Respir. Rev. 2024, 33, 230121. [CrossRef]

65. Brockbank, J.C. Update on Pathophysiology and Treatment of Childhood Obstructive Sleep Apnea Syndrome. Paediatr. Respir.
Rev. 2017, 24, 21–23. [CrossRef]

66. Malcangi, G.; Patano, A.; Ciocia, A.M.; Netti, A.; Viapiano, F.; Palumbo, I.; Trilli, I.; Guglielmo, M.; Inchingolo, A.D.; Dipalma, G.;
et al. Benefits of Natural Antioxidants on Oral Health. Antioxidants 2023, 12, 1309. [CrossRef]

67. Marcus, C.L.; Brooks, L.J.; Draper, K.A.; Gozal, D.; Halbower, A.C.; Jones, J.; Schechter, M.S.; Sheldon, S.H.; Spruyt, K.; Ward, S.D.;
et al. Diagnosis and Management of Childhood Obstructive Sleep Apnea Syndrome. Pediatrics 2012, 130, 576–584. [CrossRef]

68. Tardov, M.V.; Sturov, N.V.; Rusanova, E.I.; Boldin, A.V. Modern view on the effectiveness of surgical methods for treating
obstructive sleep apnea syndrome. Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova 2024, 124, 53–57. [CrossRef]

69. Aurora, R.N.; Casey, K.R.; Kristo, D.; Auerbach, S.; Bista, S.R.; Chowdhuri, S.; Karippot, A.; Lamm, C.; Ramar, K.; Zak, R.; et al.
Practice Parameters for the Surgical Modifications of the Upper Airway for Obstructive Sleep Apnea in Adults. Sleep 2010, 33,
1408–1413. [CrossRef]

70. Inchingolo, F.; Tatullo, M.; Abenavoli, F.M.; Marrelli, M.; Inchingolo, A.D.; Villabruna, B.; Inchingolo, A.M.; Dipalma, G. Severe
Anisocoria after Oral Surgery under General Anesthesia. Int. J. Med. Sci. 2010, 7, 314–318. [CrossRef]

71. Inchingolo, F.; Tatullo, M.; Marrelli, M.; Inchingolo, A.M.; Tarullo, A.; Inchingolo, A.D.; Dipalma, G.; Podo Brunetti, S.; Tarullo, A.;
Cagiano, R. Combined Occlusal and Pharmacological Therapy in the Treatment of Temporo-Mandibular Disorders. Eur. Rev.
Med. Pharmacol. Sci. 2011, 15, 1296–1300. [PubMed]

https://doi.org/10.1067/mpd.2003.28
https://doi.org/10.1542/peds.112.4.870
https://doi.org/10.3390/ph17040542
https://doi.org/10.3390/biomedicines11061530
https://doi.org/10.1164/ajrccm/146.5_Pt_1.1235
https://www.ncbi.nlm.nih.gov/pubmed/1443877
https://doi.org/10.1016/j.chest.2024.05.028
https://www.ncbi.nlm.nih.gov/pubmed/38885898
https://doi.org/10.1186/s13063-022-06070-w
https://www.ncbi.nlm.nih.gov/pubmed/35172870
https://doi.org/10.1152/japplphysiol.00293.2003
https://www.ncbi.nlm.nih.gov/pubmed/12897029
https://doi.org/10.1007/s11325-016-1427-8
https://doi.org/10.1016/s0140-6736(81)92140-1
https://doi.org/10.4187/respcare.04571
https://doi.org/10.1186/s40463-020-0404-1
https://doi.org/10.1002/lary.25979
https://doi.org/10.1007/s12035-023-03899-3
https://doi.org/10.1186/s12974-020-01905-2
https://doi.org/10.3390/antiox13060660
https://www.ncbi.nlm.nih.gov/pubmed/38929099
https://doi.org/10.1378/chest.130.6.1751
https://www.ncbi.nlm.nih.gov/pubmed/17166992
https://doi.org/10.1183/16000617.0121-2023
https://doi.org/10.1016/j.prrv.2017.06.003
https://doi.org/10.3390/antiox12061309
https://doi.org/10.1542/peds.2012-1671
https://doi.org/10.17116/jnevro202412405253
https://doi.org/10.1093/sleep/33.10.1408
https://doi.org/10.7150/ijms.7.314
https://www.ncbi.nlm.nih.gov/pubmed/22195362


Life 2024, 14, 1652 15 of 17

72. Beri, A.; Pisulkar, S.G.; Dubey, S.A.; Sathe, S.; Bansod, A.; Shrivastava, A. Appliances Therapy in Obstructive Sleep Apnoea: A
Systematic Review and Meta-Analysis. Cureus 2023, 15, e48280. [CrossRef] [PubMed]

73. Kapur, V.K.; Auckley, D.H.; Chowdhuri, S.; Kuhlmann, D.C.; Mehra, R.; Ramar, K.; Harrod, C.G. Clinical Practice Guideline for
Diagnostic Testing for Adult Obstructive Sleep Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline.
J. Clin. Sleep Med. 2017, 13, 479–504. [CrossRef] [PubMed]

74. Berik Safçi, S. The Prevalence and Polysomnographic Characteristics of Treatment-Emergent Central Sleep Apnea with Obstructive
Sleep Apnea. Sleep Breath. 2024, 28, 1245–1250. [CrossRef] [PubMed]

75. Medical Advisory Secretariat. Polysomnography in Patients with Obstructive Sleep Apnea: An Evidence-Based Analysis. Ont.
Health Technol. Assess. Ser. 2006, 6, 1–38.

76. Inchingolo, A.M.; Malcangi, G.; Piras, F.; Palmieri, G.; Settanni, V.; Riccaldo, L.; Morolla, R.; Buongiorno, S.; de Ruvo, E.;
Inchingolo, A.D.; et al. Precision Medicine on the Effects of Microbiota on Head-Neck Diseases and Biomarkers Diagnosis. J. Pers.
Med. 2023, 13, 933. [CrossRef]

77. Malcangi, G.; Patano, A.; Guglielmo, M.; Sardano, R.; Palmieri, G.; Pede, C.; Ruvo, E.; Inchingolo, A.; Mancini, A.; Inchingolo, F.;
et al. Precision Medicine in Oral Health and Diseases: A Systematic Review. J. Pers. Med. 2023, 13, 725. [CrossRef]

78. Smith, I.; Lasserson, T.J.; Wright, J. Drug Therapy for Obstructive Sleep Apnoea in Adults. Cochrane Database Syst. Rev.
2006, CD003002. [CrossRef]

79. Malcangi, G.; Patano, A.; Morolla, R.; De Santis, M.; Piras, F.; Settanni, V.; Mancini, A.; Di Venere, D.; Inchingolo, F.; Inchingolo,
A.D.; et al. Analysis of Dental Enamel Remineralization: A Systematic Review of Technique Comparisons. Bioengineering 2023,
10, 472. [CrossRef]

80. Inchingolo, F.; Inchingolo, A.D.; Palumbo, I.; Trilli, I.; Guglielmo, M.; Mancini, A.; Palermo, A.; Inchingolo, A.M.; Dipalma, G.
The Impact of Cesarean Section Delivery on Intestinal Microbiota: Mechanisms, Consequences, and Perspectives-A Systematic
Review. Int. J. Mol. Sci. 2024, 25, 1055. [CrossRef]

81. Cho, S.H.; Jeon, J.-Y.; Jang, K.-S.; Kim, S.Y.; Kim, K.R.; Ryu, S.; Hwang, K.-G. Gender-Specific Cephalometric Features Related
to Obesity in Sleep Apnea Patients: Trilogy of Soft Palate-Mandible-Hyoid Bone. Maxillofac. Plast. Reconstr. Surg. 2019, 41, 58.
[CrossRef] [PubMed]

82. Gabbay, I.E.; Lavie, P. Age- and Gender-Related Characteristics of Obstructive Sleep Apnea. Sleep Breath. 2012, 16, 453–460.
[CrossRef] [PubMed]

83. Resta, O.; Carpanano, G.E.; Lacedonia, D.; Di Gioia, G.; Giliberti, T.; Stefano, A.; Bonfitto, P. Gender Difference in Sleep Profile of
Severely Obese Patients with Obstructive Sleep Apnea (OSA). Respir. Med. 2005, 99, 91–96. [CrossRef] [PubMed]

84. Subramanian, S.; Hesselbacher, S.; Mattewal, A.; Surani, S. Gender and Age Influence the Effects of Slow-Wave Sleep on
Respiration in Patients with Obstructive Sleep Apnea. Sleep Breath. 2013, 17, 51–56. [CrossRef]

85. Yukawa, K.; Inoue, Y.; Yagyu, H.; Hasegawa, T.; Komada, Y.; Namba, K.; Nagai, N.; Nemoto, S.; Sano, E.; Shibusawa, M.; et al.
Gender Differences in the Clinical Characteristics among Japanese Patients with Obstructive Sleep Apnea Syndrome. Chest 2009,
135, 337–343. [CrossRef]

86. Zhang, Z.; Cheng, J.; Yang, W.; Zou, H.; Su, C.; Miao, J. Gender Differences in Clinical Manifestations and Polysomnographic
Findings in Chinese Patients with Obstructive Sleep Apnea. Sleep Breath. 2020, 24, 1019–1026. [CrossRef]

87. Young, T.; Palta, M.; Dempsey, J.; Skatrud, J.; Weber, S.; Badr, S. The Occurrence of Sleep-Disordered Breathing among Middle-
Aged Adults. N. Engl. J. Med. 1993, 328, 1230–1235. [CrossRef]

88. Quan, S.F.; Howard, B.V.; Iber, C.; Kiley, J.P.; Nieto, F.J.; O’Connor, G.T.; Rapoport, D.M.; Redline, S.; Robbins, J.; Samet, J.M.; et al.
The Sleep Heart Health Study: Design, Rationale, and Methods. Sleep 1997, 20, 1077–1085.

89. Udwadia, Z.F.; Doshi, A.V.; Lonkar, S.G.; Singh, C.I. Prevalence of Sleep-Disordered Breathing and Sleep Apnea in Middle-Aged
Urban Indian Men. Am. J. Respir. Crit. Care Med. 2004, 169, 168–173. [CrossRef]

90. Peppard, P.E.; Young, T.; Barnet, J.H.; Palta, M.; Hagen, E.W.; Hla, K.M. Increased Prevalence of Sleep-Disordered Breathing in
Adults. Am. J. Epidemiol. 2013, 177, 1006–1014. [CrossRef]

91. Budhiraja, R.; Budhiraja, P.; Quan, S.F. Sleep-Disordered Breathing and Cardiovascular Disorders. Respir. Care 2010, 55, 1322–1332;
discussion 1330–1332. [PubMed]

92. Yingjuan, M.; Siang, W.H.; Alvin, T.K.L.; Poh, H.P. Positional Therapy for Positional Obstructive Sleep Apnea. Sleep Med. Clin.
2020, 15, 261–275. [CrossRef] [PubMed]

93. Aboussouan, L.S.; Bhat, A.; Coy, T.; Kominsky, A. Treatments for Obstructive Sleep Apnea: CPAP and Beyond. Cleve Clin. J. Med.
2023, 90, 755–765. [CrossRef]

94. Medical Advisory Secretariat. Oral Appliances for Obstructive Sleep Apnea: An Evidence-Based Analysis. Ont. Health Technol.
Assess. Ser. 2009, 9, 1–51.

95. Beecroft, J.; Zanon, S.; Lukic, D.; Hanly, P. Oral Continuous Positive Airway Pressure for Sleep Apnea: Effectiveness, Patient
Preference, and Adherence. Chest 2003, 124, 2200–2208. [CrossRef]

96. Inchingolo, F.; Patano, A.; Inchingolo, A.M.; Riccaldo, L.; Morolla, R.; Netti, A.; Azzollini, D.; Inchingolo, A.D.; Palermo, A.;
Lucchese, A.; et al. Analysis of Mandibular Muscle Variations Following Condylar Fractures: A Systematic Review. J. Clin. Med.
2023, 12, 5925. [CrossRef]

97. Chiang, J.-K.; Lin, Y.-C.; Yu, H.-C.; Lu, C.-M.; Kao, Y.-H. Long-Term Benefits of a New Oral Appliance on Adult Snoring: A Trend
Analysis. Multidiscip. Respir. Med. 2022, 17, 824. [CrossRef]

https://doi.org/10.7759/cureus.48280
https://www.ncbi.nlm.nih.gov/pubmed/38058324
https://doi.org/10.5664/jcsm.6506
https://www.ncbi.nlm.nih.gov/pubmed/28162150
https://doi.org/10.1007/s11325-024-02999-1
https://www.ncbi.nlm.nih.gov/pubmed/38308750
https://doi.org/10.3390/jpm13060933
https://doi.org/10.3390/jpm13050725
https://doi.org/10.1002/14651858.CD003002.pub2
https://doi.org/10.3390/bioengineering10040472
https://doi.org/10.3390/ijms25021055
https://doi.org/10.1186/s40902-019-0242-0
https://www.ncbi.nlm.nih.gov/pubmed/31879661
https://doi.org/10.1007/s11325-011-0523-z
https://www.ncbi.nlm.nih.gov/pubmed/21499842
https://doi.org/10.1016/j.rmed.2004.05.014
https://www.ncbi.nlm.nih.gov/pubmed/15672855
https://doi.org/10.1007/s11325-011-0644-4
https://doi.org/10.1378/chest.08-1414
https://doi.org/10.1007/s11325-019-01943-y
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1164/rccm.200302-265OC
https://doi.org/10.1093/aje/kws342
https://www.ncbi.nlm.nih.gov/pubmed/20875159
https://doi.org/10.1016/j.jsmc.2020.02.012
https://www.ncbi.nlm.nih.gov/pubmed/32386700
https://doi.org/10.3949/ccjm.90a.23032
https://doi.org/10.1378/chest.124.6.2200
https://doi.org/10.3390/jcm12185925
https://doi.org/10.4081/mrm.2022.824


Life 2024, 14, 1652 16 of 17

98. Rengasamy Venugopalan, S.; Allareddy, V.; Yadav, S. Interdisciplinary Role of Orthodontist in Screening and Managing Obstruc-
tive Sleep Apnea in Children and Adults. Dent. Clin. N. Am. 2024, 68, 475–483. [CrossRef]

99. Ferati, K.; Bexheti-Ferati, A.; Palermo, A.; Pezzolla, C.; Trilli, I.; Sardano, R.; Latini, G.; Inchingolo, A.D.; Inchingolo, A.M.;
Malcangi, G.; et al. Diagnosis and Orthodontic Treatment of Obstructive Sleep Apnea Syndrome Children-A Systematic Review.
Diagnostics 2024, 14, 289. [CrossRef]

100. Inchingolo, A.M.; Patano, A.; De Santis, M.; Del Vecchio, G.; Ferrante, L.; Morolla, R.; Pezzolla, C.; Sardano, R.; Dongiovanni, L.;
Inchingolo, F.; et al. Comparison of Different Types of Palatal Expanders: Scoping Review. Children 2023, 10, 1258. [CrossRef]

101. Luca, C.; Pasquale, C.; Caterina, T.; Antonio, M.; Federico, L.; Annalisa, P.; Riccardo, A.; Giuditta, M.; Gennaro, R.; Giovanni, C.
Barbed Palatal Surgery: Single Stage or Multilevel Setting-a Systematic Review by the Young Otolaryngologists of the Italian
Society of Otolaryngology. Eur. Arch. Otorhinolaryngol. 2023, 280, 3905–3913. [CrossRef] [PubMed]

102. Paulussen, C.; Claes, J.; Claes, G.; Jorissen, M. Adenoids and Tonsils, Indications for Surgery and Immunological Consequences
of Surgery. Acta Otorhinolaryngol. Belg. 2000, 54, 403–408. [PubMed]

103. Sainz, M.; Gutierrez, F.; Moreno, P.M.; Muñoz, C.; Ciges, M. Changes in Immunologic Response in Tonsillectomized Children. I.
Immunosuppression in Recurrent Tonsillitis. Clin. Otolaryngol. Allied Sci. 1992, 17, 376–379. [CrossRef] [PubMed]

104. Böck, A.; Popp, W.; Herkner, K.R. Tonsillectomy and the Immune System: A Long-Term Follow up Comparison between
Tonsillectomized and Non-Tonsillectomized Children. Eur. Arch. Otorhinolaryngol. 1994, 251, 423–427. [CrossRef] [PubMed]

105. Amorós Sebastiá, L.I.; Ferrer Ramírez, M.J.; López Mollá, C.; Carrasco Llatas, M.; Plá Mochilí, A.; Díaz Ruiz, M.; Estellés Ferriol,
J.E.; López Martínez, R. Changes in immunoglobulin levels following adenoidectomy and tonsillectomy. Acta Otorrinolaringol.
Esp. 2004, 55, 404–408. [CrossRef]

106. Gileles-Hillel, A.; Bhattacharjee, R.; Gorelik, M.; Narang, I. Advances in Sleep-Disordered Breathing in Children. Clin. Chest Med.
2024, 45, 651–662. [CrossRef]

107. Bradley, T.D.; Floras, J.S. Obstructive Sleep Apnoea and Its Cardiovascular Consequences. Lancet 2009, 373, 82–93. [CrossRef]
108. Drager, L.F.; McEvoy, R.D.; Barbe, F.; Lorenzi-Filho, G.; Redline, S.; INCOSACT Initiative (International Collaboration of Sleep

Apnea Cardiovascular Trialists). Sleep Apnea and Cardiovascular Disease: Lessons from Recent Trials and Need for Team Science.
Circulation 2017, 136, 1840–1850. [CrossRef]

109. Newman, A.B.; Nieto, F.J.; Guidry, U.; Lind, B.K.; Redline, S.; Pickering, T.G.; Quan, S.F.; Sleep Heart Health Study Re-
search Group. Relation of Sleep-Disordered Breathing to Cardiovascular Disease Risk Factors: The Sleep Heart Health Study.
Am. J. Epidemiol. 2001, 154, 50–59. [CrossRef]

110. Khan, A.; Patel, N.K.; O’Hearn, D.J.; Khan, S. Resistant Hypertension and Obstructive Sleep Apnea. Int. J. Hypertens. 2013,
2013, 193010. [CrossRef]

111. O’Connor, G.T.; Caffo, B.; Newman, A.B.; Quan, S.F.; Rapoport, D.M.; Redline, S.; Resnick, H.E.; Samet, J.; Shahar, E. Prospective
Study of Sleep-Disordered Breathing and Hypertension: The Sleep Heart Health Study. Am. J. Respir. Crit. Care Med. 2009, 179,
1159–1164. [CrossRef] [PubMed]

112. Ajith, A.; Balu, R.; Kumar, M.; Panikkar, S. The Impact of Adenotonsillectomy on Sleep and Behavior of Children with Obstructive
Sleep Apnea. Indian. J. Otolaryngol. Head Neck Surg. 2022, 74, 329–333. [CrossRef] [PubMed]

113. Mitchell, R.B.; Archer, S.M.; Ishman, S.L.; Rosenfeld, R.M.; Coles, S.; Finestone, S.A.; Friedman, N.R.; Giordano, T.; Hildrew, D.M.;
Kim, T.W.; et al. Clinical Practice Guideline: Tonsillectomy in Children (Update)-Executive Summary. Otolaryngol. Head Neck
Surg. 2019, 160, 187–205. [CrossRef] [PubMed]

114. Inchingolo, F.; Tatullo, M.; Abenavoli, F.M.; Marrelli, M.; Inchingolo, A.D.; Inchingolo, A.M.; Dipalma, G. Comparison between
Traditional Surgery, CO2 and Nd:Yag Laser Treatment for Generalized Gingival Hyperplasia in Sturge-Weber Syndrome: A
Retrospective Study. J. Investig. Clin. Dent. 2010, 1, 85–89. [CrossRef] [PubMed]

115. Inchingolo, F.; Ferrara, I.; Viapiano, F.; Ciocia, A.M.; Palumbo, I.; Guglielmo, M.; Inchingolo, A.D.; Palermo, A.; Bordea, I.R.;
Inchingolo, A.M.; et al. Primary Failure Eruption: Genetic Investigation, Diagnosis and Treatment: A Systematic Review. Children
2023, 10, 1781. [CrossRef]

116. Inchingolo, F.; Tatullo, M.; Abenavoli, F.M.; Marrelli, M.; Inchingolo, A.D.; Corelli, R.; Inchingolo, A.M.; Dipalma, G. Surgical
Treatment of Depressed Scar: A Simple Technique. Int. J. Med. Sci. 2011, 8, 377–379. [CrossRef]

117. Jaensch, S.L.; Cheng, A.T.; Waters, K.A. Adenotonsillectomy for Obstructive Sleep Apnea in Children. Otolaryngol. Clin. N. Am.
2024, 57, 407–419. [CrossRef]

118. Woodson, B.T. Changes in Airway Characteristics after Transpalatal Advancement Pharyngoplasty Compared to Uvu-
lopalatopharyngoplasty (UPPP). Sleep 1996, 19, S291–S293. [CrossRef]

119. Dong, J.; Ye, J.; Zhang, J.; Cao, X.; Tan, J. Upper airway changes in obstructive sleep apnea suffers after H-uvulopalatopharyngoplasty
and H-uvulopalatopharyngoplasty combined with transpalatal advancement pharyngoplasty. Zhonghua Er Bi Yan Hou Tou Jing
Wai Ke Za Zhi 2013, 48, 289–294.

120. Inchingolo, F.; Inchingolo, A.M.; Latini, G.; Ferrante, L.; Trilli, I.; Del Vecchio, G.; Palmieri, G.; Malcangi, G.; Inchingolo, A.D.;
Dipalma, G. Oxidative Stress and Natural Products in Orthodontic Treatment: A Systematic Review. Nutrients 2023, 16, 113.
[CrossRef]

121. Patel, A.; Kotecha, B. MinimallyInvasive Radiofrequency Surgery in Sleep-Disordered Breathing. Healthcare 2019, 7, 97. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.cden.2024.03.005
https://doi.org/10.3390/diagnostics14030289
https://doi.org/10.3390/children10071258
https://doi.org/10.1007/s00405-023-08018-5
https://www.ncbi.nlm.nih.gov/pubmed/37227471
https://www.ncbi.nlm.nih.gov/pubmed/11082777
https://doi.org/10.1111/j.1365-2273.1992.tb01677.x
https://www.ncbi.nlm.nih.gov/pubmed/1458616
https://doi.org/10.1007/BF00181969
https://www.ncbi.nlm.nih.gov/pubmed/7857631
https://doi.org/10.1016/S0001-6519(04)78544-1
https://doi.org/10.1016/j.ccm.2024.03.004
https://doi.org/10.1016/S0140-6736(08)61622-0
https://doi.org/10.1161/CIRCULATIONAHA.117.029400
https://doi.org/10.1093/aje/154.1.50
https://doi.org/10.1155/2013/193010
https://doi.org/10.1164/rccm.200712-1809OC
https://www.ncbi.nlm.nih.gov/pubmed/19264976
https://doi.org/10.1007/s12070-021-02593-x
https://www.ncbi.nlm.nih.gov/pubmed/36213472
https://doi.org/10.1177/0194599818807917
https://www.ncbi.nlm.nih.gov/pubmed/30921525
https://doi.org/10.1111/j.2041-1626.2010.00020.x
https://www.ncbi.nlm.nih.gov/pubmed/25427262
https://doi.org/10.3390/children10111781
https://doi.org/10.7150/ijms.8.377
https://doi.org/10.1016/j.otc.2024.02.025
https://doi.org/10.1093/sleep/19.suppl_10.S291
https://doi.org/10.3390/nu16010113
https://doi.org/10.3390/healthcare7030097
https://www.ncbi.nlm.nih.gov/pubmed/31426606


Life 2024, 14, 1652 17 of 17

122. Calvo-Henriquez, C.; Boronat-Catala, B.; Rivero-Fernández, I.; Cammaroto, G.; Ibrahim, B.; Lechien, J.R.; Martínez-Capoccioni, G.;
Carrasco-Llatas, M.; Capasso, R.; Martin-Martin, C. Safety of Tongue Base Procedures for Sleep Apnoea in Adults: A Systematic
Review and Metanalysis from the YO-IFOS Study Group. Acta Otorrinolaringol. Esp. Engl. Ed. 2022, 73, 384–393. [CrossRef]
[PubMed]

123. Sutherland, K.; Lee, R.W.W.; Chan, T.O.; Ng, S.; Hui, D.S.; Cistulli, P.A. Craniofacial Phenotyping in Chinese and Caucasian
Patients with Sleep Apnea: Influence of Ethnicity and Sex. J. Clin. Sleep Med. 2018, 14, 1143–1151. [CrossRef] [PubMed]

124. Malhotra, A.; Huang, Y.; Fogel, R.B.; Pillar, G.; Edwards, J.K.; Kikinis, R.; Loring, S.H.; White, D.P. The Male Predisposition to
Pharyngeal Collapse: Importance of Airway Length. Am. J. Respir. Crit. Care Med. 2002, 166, 1388–1395. [CrossRef]

125. Piper, A. Obesity Hypoventilation Syndrome: Weighing in on Therapy Options. Chest 2016, 149, 856–868. [CrossRef]
126. Young, T.; Peppard, P.E.; Gottlieb, D.J. Epidemiology of Obstructive Sleep Apnea: A Population Health Perspective. Am. J. Respir.

Crit. Care Med. 2002, 165, 1217–1239. [CrossRef]
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