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ABSTRACT
Introduction: Oral appliance therapy (OAT) for obstructive sleep apnea (OSA) is a complex and 
dynamic intervention that requires efficient tools to evaluate treatment response and monitor ther
apeutic outcomes.
Area covered: This review aims to provide a structured overview of current techniques for OAT 
monitoring, with a particular focus on mandibular jaw movement (MJM) analysis – a promising yet 
underutilized approach. Literature searches were conducted in PubMed, Scopus, and the Cochrane 
Library databases up to February 2025. Fifty-six studies were examined, encompassing morphometric 
and physiological measurements applied at different stages of OAT management in OSA patients. 
A wide range of measurement techniques were identified and categorized into three groups based on 
clinical utility.
Expert opinion: The clinical relevance of any monitoring technique depends on its dynamic or static 
properties, the clinical setting (in sleep or wakefulness) and alignment with the specific clinical 
objectives within the OAT workflow. While static imaging and endoscopic-based methods offer anato
mical and functional insights, only sleep-based assessments can capture treatment efficacy in clinically 
meaningful terms. Among alternative technologies for sleep testing, MJM analysis stands out as 
a promising approach for continuous and reliable monitoring, with ability to evaluate the dynamic, 
synchronized mechanisms underlying OAT efficacy.

ARTICLE HISTORY
Received 19 October 2025  
Accepted 8 January 2026  

KEYWORDS
home sleep apnea testing; 
obstructive sleep apnea; oral 
appliance therapy; 
mandibular jaw movements; 
monitoring techniques; 
upper airway

1. Introduction

Oral appliance therapy (OAT) is currently recommended as an 
alternative for patients with obstructive sleep apnea (OSA) 
who cannot tolerate or refuse positive airway pressure (PAP) 
therapy [1]. The therapy involves a multi-stage protocol, 
requiring close collaboration between qualified dentists (QD) 
and sleep medicine physicians [2]. While OAT has demon
strated comparable effectiveness to PAP in improving OSA 
health outcomes [3], the clinical response in terms of apnea- 
hypopnea index (AHI) is highly variable among patients. Only 
50% of patients achieve complete resolution (AHI <5 events·h
−1), approximately one-third of OSA patients are unresponsive 
to OAT [4], and individual treatment responses vary signifi
cantly [5]. These uncertainties underscore the need for perso
nalized approaches to mitigate the risks of delayed 
appropriate interventions and inefficient allocation of health
care resources [6].

Consequently, a critical challenge in clinical practice is to 
predict treatment response to OAT which involves predicting 
favorable outcomes or identifying non-responders [7]. OAT is 
a dynamic and non-deterministic process [8] with complex 

clinical response patterns, emphasizing the need for objective 
and continuous monitoring to determine the effective protru
sion level early and identify non-responders to therapy. 
Comprehensive and precise monitoring methods are neces
sary to guide therapeutic decision-making effectively. 
Moreover, the monitoring techniques must be accessible for 
routine clinical practice, cost-effective, and practical for dental 
offices or sleep disorders centers.

Common strategies include evaluating the predictive 
values of baseline patient phenotypes, such as craniofacial 
structures [9], OSA endotypes [10], upper airway (UA) mor
phology and collapsibility [11]. More advanced strategies 
involve modeling [12] or experimentally evaluating the effect 
of a mandibular advancement device (MAD) on UA morphol
ogy and collapsibility [13], either prior to therapy or during the 
initial phase of treatment. Others evaluate incremental MAD 
protrusion levels to determine the effective mandibular posi
tion [14].

While diverse measurement techniques have been 
employed in clinical studies to investigate the OAT mechan
isms [15], each study typically employs a distinct method with 
its own capabilities and constraints, allowing only partial 
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insights into OAT efficacy [7]. The lack of a structured classifi
cation of these monitoring methods – with respect to their 
mechanisms, strengths, limitations and clinical utilities – com
plicates their practical use. The diversity and fragmentation of 
available measurement techniques pose challenges to select
ing effective and clinically appropriate methods, ultimately 
restricting the research, interdisciplinary collaboration, and 
clinical outcomes.

Recent advances in biosensor technologies and data analy
tics have introduced novel sleep monitoring techniques, yet 
their application in dental sleep medicine remains limited [15]. 
A pertinent example is the mandibular jaw movement (MJM) 
analysis, a dentistry-derived method that efficiently explores 
the dynamic interplay of mandibular jaw movements, UA 
muscle activity, and respiratory drive during sleep [16]. 
Although clinically validated in real-life OAT [17–19], the 
MJM analysis is not yet widely used within the dental sleep 
medicine community.

Given the lack of a structured classification of monitoring 
techniques for OAT and under-recognition of emerging meth
ods like MJM analysis, this review aims to: (1) Provide 
a structured overview of potential measurement techniques, 
with a particular focus on MJM analysis, and (2) Critically 
evaluate the strengths, limitations, and clinical utilities of 
these techniques for assessing and monitoring the effective
ness of OAT in patients with OSA.

2. Methods

Our review employed a narrative synthesis approach. This 
method was adopted to balance factual data with critical 
insights derived from the reviewers’ experiences, and to 
address the clinical complexity and methodological diversity 
in the field.

2.1. Search strategy and database

A non-exhaustive search was performed on PubMed, 
Cochrane Library and Scopus databases, covering publications 
from January-1st, 2017, to February-15th, 2025. Search terms 
included ‘oral appliance,’ ‘mandibular advancement device,’ 
‘obstructive sleep apnea’ and ‘sleep disordered breathing’ 
combined using logical operators (AND/OR). Initial screening 
based on titles, abstracts, and keywords focused on three 

predefined main review questions. Search results were 
exported into a reference management tool (Endnote X9.3.3, 
Clarivate, Philadelphia, U.S.A.). Duplicate results were excluded 
based on matching authors, title, and journal. Full-text screen
ing was conducted independently by four reviewers to assess 
eligibility according to predefined inclusion and exclusion 
criteria. The identification and selection procedures are sum
marized in Figure 1.

2.2. Inclusion/Exclusion criteria

Studies were included for literature analysis and data extraction 
if they were peer-reviewed, published in English, involved adult 
patients with OSA undergoing OAT, employing any suitable 
design, including randomized or observational, retrospective or 
prospective, repeated measures or single-point assessments. 
Eligible studies had to address objectives such as validating 
new measurement techniques, evaluating oral appliance (OA) 
impacts on UA anatomical structure and ventilatory function, 
predicting clinical response, guiding the titration process or 
monitoring adherence to treatment. Clinical outcomes were 
required to include at least one conventional sleep study 
method (polysomnography (PSG) or polygraphy (PG)), com
bined with additional assessments such as imaging, nasophar
yngoscopy, airflow dynamics, or biosignal monitoring.

Studies were excluded if they were non-original studies 
(e.g. reviews, meta-analyses), studies with insufficient content, 
non-English language publications, purely technical or physio
logical studies lacking a clinical context.

Only studies meeting the inclusion criteria were included 
for further analysis, with additional relevant articles identified 
through reference list examination.

2.3. Literature synthesis

During the initial appraisal, a taxonomy (Annex, Table S1) was 
developed to classify eligible articles according to the clinical 
problem, evaluated parameters, and other technical attributes. 
A structured data extraction was performed, focusing on both 
clinical and technical aspects. Key elements included the clin
ical context, targeted outcomes, technical aspects of the mea
surement methods, clinical significance and applicability. 
Findings from clinical and technical analyses were integrated 
to create a coherent narrative addressing the review ques
tions, providing an overview of potential techniques and 
their clinical applications in OA treatment.

Comprehensive details on the literature search, screening 
and selection criteria, and the literature review framework are 
available in the supplemental document (Annex, Section I).

3. Clinical context of OAT

3.1. Integrated mechanisms of action of OAT

To accurately understand the role of anatomical and physio
logical measurement techniques in OAT, it is important to 
recognize that the effectiveness of OA in mitigating OSA 
symptoms is achieved through multifaceted mechanisms of 
action [7,20].

Article highlights

● This review provides a structured overview of potential monitoring 
techniques applicable to oral appliance therapy (OAT).

● Static imaging and endoscopic methods provide valuable anatomical 
and functional insights but are limited in their ability to capture 
treatment efficacy. By contrast, sleep-based assessments yield more 
clinically meaningful evaluations.

● Mandibular jaw movement analysis emerges as a promising approach 
for continuous and reliable monitoring in OAT, with ability to capture 
the dynamic and synchronized interplay among factors underlying 
the therapeutic mechanisms of oral appliances.
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Typically, OAT implies two main types of mandibular 
advancement devices (MAD): non-custom made and custom- 
made MADs, with varying efficacy between them. A higher 
treatment success rate [21] and better adherence could be 
achieved with custom MADs [22], while non-custom MADs 
could be similarly effective in reducing AHI but with more 
side effects [23]. Custom MADs are categorized into monobloc 
and duo-bloc designs, with studies showing mixed results: 
while some reported better patient preference and fewer 
side effects with duo-bloc MADs [24,25], others found higher 
treatment success with monobloc MADs [26]. Overall, non- 
custom MADs remain a cost-effective option for initiating 

therapy but custom MADs are preferable for long-term OSA 
management [22].

Custom MADs incorporate midline traction or bilateral thrust 
titration mechanisms to gradually advance the mandible. While 
midline traction MADs show better short-term outcomes and 
treatment success rates [27], other studies reported similar effi
cacy for both types [28]. Midline traction MADs might be asso
ciated with higher dropout rates and potentially greater anterior 
teeth stress [27]. Novel MADs, digitally designed and manufac
tured with interchangeable advancement straps, have shown 
improved AHI reduction and treatment success compared to 
traditional bilateral thrust devices [29].

Figure 1. PRISMA flowchart summarizing the process of identification, screening and selection of articles.
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The primary mechanism involves repositioning the mand
ible forward, thereby increasing the UA volume, especially in 
the velopharyngeal and oropharyngeal regions [30,31]. MADs 
also generate tension on surrounding soft tissues (tongue 
base, soft palate, and palatoglossal arch) [7,32], further stabi
lizing the pharyngeal walls and reducing UA collapsibility [33]. 
The mandibular advancement also repositions the hyoid bone 
and tongue [32], enhancing airway patency by decreasing the 
risk of airway collapse.

In addition to direct anatomical changes, muscle activa
tion and neuromuscular coordination are also central to the 
mechanism of action of OAT. By advancing the mandible, 
the device optimizes the length, orientation and tone of 
muscle fibers such as genioglossus and geniohyoid, thereby 
reducing the effort required to maintain airway patency 
during sleep [31]. This leads to decreased activity of the 
genioglossus and other peri-pharyngeal muscles, which in 
turn lowers the critical UA closing pressure and enhances 
airflow dynamics [5,34]. Furthermore, prolonged forward 
positioning induces adaptive changes in the muscle- 
tendon units and ligaments, promoting long-term stability 
and resistance to airway collapse through tissue remodel
ing [30].

Beyond beneficial anatomical and neuromuscular effects, 
concerns have been raised regarding potential side effects of 
MADs on the temporomandibular system. However, systematic 
evidence indicates that MADs do not exacerbate temporoman
dibular disorder (TMD) symptoms, and preexisting TMD should 
not be considered a routine contraindication to OAT, particularly 
when careful and individualized titration strategies are 
applied [35].

Moreover, OAT has been shown to modulate not only 
respiratory events but also sleep bruxism intensity [36]. This 
observation further supports the concept of a close functional 
interaction between respiratory drive, mandibular motor activ
ities, and upper airway stability during sleep, suggesting that 
OAT acts on an integrated physiological system rather than on 
isolated anatomical structures.

Based on these mechanisms, we recognize that each mea
surement technique has distinct application value, depending 
on the targeted elements – whether anatomical, mechanical 
or physiological. Furthermore, an ideal and clinically mean
ingful evaluation method must assess the dynamic, integrated 
effects of OAT within the interactions among various ele
ments, rather than being confined to a single element.

3.2. OAT workflow and potential measurements

An OAT protocol can be initiated through two distinct path
ways [6]. In the most common scenario, a patient with 
a confirmed OSA diagnosis is referred by a respirologist or 
sleep physician to a QD for OAT as a first-line treatment option 
or following failure or refusal of PAP therapy. In the second 
pathway, the patient initially consults with a QD through 
a screening consultation. This involves assessing the patient’s 
primary complaints, utilizing validated questionnaires, and 
performing a clinical examination to evaluate oral and UA 

risk factors. These assessments include evaluating the maxillo
mandibular relationship, tongue size, posterior pharyngeal 
crowding, UA morphometry, and collapsibility. However, it is 
important to note that screening tools cannot replace 
a diagnostic sleep apnea test. Depending on the circum
stances and in compliance with applicable regulations, the 
QD may prescribe a home sleep apnea test (HSAT) using 
a reliable method, ranging from level 2 to 4 devices (e.g. 
pulse oximetry, respiratory PG, or wearable sleep testing 
devices) [2]. Alternatively, the patient may be referred to 
a sleep laboratory for standard PSG.

In both cases, prior to initiating OAT, it is recommended to 
conduct a comprehensive dental sleep medicine (DSM) exam
ination for determining the suitability for OAT and selecting 
the appropriate appliance [2]. QDs are responsible for evaluat
ing the patient’s oral health, focusing on dentition stability, 
jaw alignment, temporo-mandibular joint (TMJ) function, and 
other relevant factors to confirm OAT suitability. Selecting the 
appropriate MAD involves considering craniofacial structures, 
specific anatomical and functional requirements necessary to 
maintain UA patency during sleep [34]. Before treatment 
initiation, consensus should be reached among the QD, 
patient and sleep physician regarding the treatment plan 
and measures of success [2,34]. In practice, mandibular posi
tioning is exploratory with initial levels ranging from 25–75% 
[2]. At this stage, a key concern is determining the optimal 
initial mandibular position (IMP) to balance the time required 
to achieve an effective advancement level and side effects. It is 
generally accepted that the optimal therapeutic position is 
within the range of 50%-80%, but highly dependent on the 
individual characteristics and OSA severity [37].

Following the MAD insertion, the patient enters the titra
tion process. Within 30 days and at regular intervals as 
needed, the patient’s clinical status is reevaluated using the 
same methods as during the initial examination. The MAD can 
be advanced in increments of 0.25 to 1 mm upon persistence 
or worsening of OSA symptoms, until the targeted therapeutic 
position is achieved [2]. However, combining symptomatic 
data with objective measurements might lead to better clinical 
outcomes [38].

In both research and clinical practice, the definition of 
treatment success for OAT in OSA remains heterogeneous, as 
no standardized post-treatment AHI threshold has been well 
established. Instead, the practitioners have adopted several 
criteria which are driven by pragmatic clinical consensus. 
Commonly applied criteria include: (i) a complete response 
or resolution defined as a residual AHI <5 events·h−1, reflect
ing a normalization of OSA; (ii) optimal relative response, 
typically defined as a ≥ 50% reduction in AHI from baseline, 
acknowledging clinically meaningful improvement despite 
residual OSA; (iii) a combined criterion, which is the most 
widely adopted, requiring both ≥50% reduction in AHI and 
achievement of a post-treatment AHI below a pre-defined 
absolute threshold (typically <5 or <10 events·h−1) [39].

For long-term management, regular follow-up is essential 
to reinforce adherence, maintain effectiveness, and ensure 
ongoing treatment success. Patients are typically reevaluated 

4 J.-B. MARTINOT ET AL.



Table 1. Summary of the reviewed articles.

Author Year
Sample 

size Measurement technique Monitoring points
Anatomy/ 
Geometry Mechanical Physiological Static Dynamic Reference

Remmers JE et al 2017 131→48 Feedback-controlled 
mandibular positioner

Intermittent, 2 
points

N N Y N Y [40]

Sutherland K et al 2017 40 Feedback-controlled 
mandibular positioner

Intermittent, 2 
points

N N Y N Y [41]

Gjerde K et al 2018 80 Intra-oral sensor Continuous (HSAT) N N N N N [42]
Sutherland K et al 

(A)
2018 80 Awake nasopharyngoscopy Single point Y Y N Y Y (awake) [88]

Sutherland K et al 
(B)

2018 142 Nasopharyngoscopy Intermittent, 2 
points

Y Y Y Y N [43]

Martinot JB et al 2018 56 MJM analysis (manual) Intermittent, 2 
points

N N Y N Y [17]

Chen H et al 2019 64 CBCT scan, spirometry Intermittent, 2 
points

Y N N Y N [44]

Op de Beeck S et 
al

2019 100 DISE Intermittent, 2 
points

Y Y N N Y [11]

Marques M et al 2019 25 Nat sleep endoscopy, Pcrit 
(separated)

Single point Y Y Y Y Y [45]

de Vries GE et al 2019 40 Intra-oral sensor Continuous, tele N N N N N [46]
Bamagoos A et al 

(A)
2019 12 Pcrit, genioglossus EMG, PEP Intermittent, 2 

points
N Y Y N Y [5]

Bamagoos A et al 
(B)

2019 93 PSG endotypes Intermittent, 2 
points

N N Y N Y [13]

Metz E et al 2019 101 HRPO Intermittent, 3 
points

N N Y N Y [47]

Mostafiz WR et al 2019 33 CBCT scan Single point Y N N Y N [48]
Song BL et al 2019 8 Functional CT, CFD Intermittent, 2 

points
Y Y Y Y Y (awake) [49]

Opsahl UL et al 2020 120 Acoustic pharyngometry Intermittent, 2 
points

Y N N Y N [50]

Van de Perck E 
et al

2020 100→65 Awake nasopharyngoscopy Single point Y Y N Y Y (awake) [51]

Tong BK et al 2020 39 Awake nasal resistance Intermittent, 2 
points

N Y Y Y N [14]

Martínez A et al 2020 6 MDCT, CFD Single point Y Y Y Y Y (sim) [52]
Lu RJ et al 2020 30 CBCT scan Intermittent, 2 

points
Y N N Y N [53]

Ma Y et al 2020 42→22 MRI, rhinospirometry, 
rhinomanometry

Intermittent, 3 
points

Y Y Y Y N [54]

Marco-Pitarch R 
et al

2020 41 CBCT scan Intermittent, 2 
points

Y N N Y N [30]

Ishiyama H et al 2021 27 Cephalometric radiograph, 
IOS

Single point Y Y Y Y N [56]

Park JW et al 2021 48 Hypoxic burden (oximetry) Intermittent, 2 
points

N N Y N Y [57]

Stern J et al 2021 28 Intra-oral sensor Intermittent, 2 
points

N N N N N [58]

Sutherland K et al 2021 58 Intra-oral sensor Continuous (HSAT) N N N N Y [30]
Xu L et al 2021 89→43 Intra-oral sensor Continuous (HSAT) N N N N N [60]
Camañes-Gonzalvo 

S et al
2021 45 CBCT scan Intermittent, 2 

points
Y N N Y N [61]

Op de Beeck S 
et al

2021 72 PSG endotypes Intermittent, 2 
points

N N Y N Y [62]

Suga H et al 2021 15 CT scan, CFD Intermittent, 2 
points

Y Y N Y Y [63]

Antonaglia C et al 2022 32 PSG endotypes Intermittent, 3 
points

N N Y N Y [64]

Gjerde K et al 2022 77 Intra-oral sensor Continuous (HSAT) N N N N N [65]
Gogou E et al 2022 50 DISE Single point N Y Y Y N [30]
Kazemeini E et al 2022 10→7 DISE Continuous, 4 points Y N Y Y N [30]
Kwon JS et al 2022 40 Intra-oral sensor Continuous, tele N N N N N [30]
Van Gaver H et al 2022 71 CT scan, CFD Intermittent, 2 

points
Y Y Y Y Y (sim) [30]

Vena D et al 2022 61 PSG derived surrogates Intermittent, 2 
points

Y Y Y N Y [69]

Ferraz PD et al 2022 60 Teleradiography Intermittent, 2 
points

Y N N Y N [70]

Ishida E et al 2022 15 Cephalometric radiograph Intermittent, 2 
points

Y N N Y N [71]

Jugé L et al 2022 71 MRI Intermittent, 2 
points

Y Y N Y N [72]

Mosca EV et al 2022 61 Mandibular repositioning 
during sleep

Intermittent, 2 
points

N Y Y N Y [30]

Venema J et al 2023 85→50 Orofacial examination Single point Y Y N Y N [30]

(Continued )
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every six months during the first year and annually thereafter 
to monitor treatment efficacy, adherence, structural integrity, 
and side effects [2]. Therefore, the subsequent stages of the 
OAT protocol require the use of monitoring techniques which 
can provide clinically relevant data, while also allowing for 
repeated measures over time.

Although conclusive evidence of effectiveness has yet to be 
established, the concepts of identifying responders or predict
ing treatment success may be implemented at this stage. Such 
procedure relies on anatomical and physiological parameters 
derived from various measurement techniques.

4. A structured overview of measurement 
techniques

Out of 211 records initially identified, 191 studies were 
screened and evaluated in full-text for eligibility. Ultimately, 
56 studies were included for literature review. Relevant infor
mation addressing the review’s objective was extracted and 
summarized in Table 1.

Through the literature synthesis, we have identified a wide 
range of measurement techniques that have been employed 
across various stages during OAT protocols [5,8,9,11–14,17– 
19,28,40–84]. These techniques exhibit a considerable diversity 
in technical mechanisms while being specialized in their func
tionalities and the parameters investigated. A summary of the 

reviewed studies and techniques is presented in Table 1, with 
comprehensive details provided in the Annex.

Within the scope of this review, we concentrated on ana
lyzing several principal techniques, including imaging, naso
pharyngoscopy, and sleep apnea testing with a focus on MJM 
analysis. A detailed description of the operating mechanisms, 
implementation process, measured parameters, and 
a synthesis of relevant findings for each technique are pro
vided in the Annex (Section II).

For a structured and hierarchical overview, the measure
ment methods can be categorized into three groups, each 
representing an ascending level of clinical utility and compris
ing methods with similar technical features and clinical sig
nificance. Figure 2 provides a schematic overview of how 
those three groups of monitoring techniques could be applied 
across the different stages of the OAT workflow.

Group 1 comprises various imaging modalities, such as cepha
lometric radiography [9,56,70,71], computed tomography (CT) 
[75], cone-beam CT (CBCT) [17,28,48,53,55,61,77,78,83] and mag
netic resonance imaging (MRI) [54,72,75,80]. These techniques are 
primarily intended to quantify changes in UA dimensions induced 
by OAT. Each modality has its own advantages in terms of resolu
tion, soft tissue contrast or ability in 3D reconstruction.

Although these imaging-based measurements have 
improved our understanding of the anatomical mechanisms 
by which OAT enhances UA patency in OSA, their overall 
clinical relevance remains limited.

Table 1. (Continued). 

Author Year
Sample 

size Measurement technique Monitoring points
Anatomy/ 
Geometry Mechanical Physiological Static Dynamic Reference

Chand P et al 2023 29 CT scan Intermittent, 2 
points

Y Y N Y N [30]

Ma Y et al 2023 29 MRI, CT Continuous, 
multiple

Y N N Y N [30]

Gurgel M et al 2023 17 CBCT scan Intermittent, 2 
points

Y Y N Y Y (awake) [77]

Shi X et al 2023 31 CBCT scan Intermittent, 2 
points

Y N N Y N [30]

Venza N et al 2023 22 CBCT scan Intermittent, 2 
points

Y N N Y N [28]

Van den Bossche K 
et al

2023 56 DISE Intermittent, 3 
points

Y Y N Y N [30]

Attia AAMM et al 2024 39 MRI Intermittent, 2 
points

Y N N Y N [30]

Fernández-Sanjuán 
P et al

2024 104 DISE, VOTE scale Single point Y Y N Y N [81]

Navarro RE et al 2024 46 Cephalometric radiograph Single point Y N N Y N [9]
Pépin JL et al 2024 135→93 MJM analysis (automated) Continuous (2 in-lab 

/4 HSAT)
N N Y N Y [30]

Papenfuß GS et al 2024 20 HSAT Continuous, 3 points N N Y N Y [82]
Özköylü G et al 2024 25 CBCT scan Intermittent, 2 

points
Y Y N Y N [83]

Gogou ES et al 2024 59 DISE Single point Y Y N N Y [84]
Pépin JL et al 2025 93 MJM analysis (automated) Continuous, 4 points N N Y N Y [19]

Sample size: number of patients (n1→n2) corresponding to the sample at baseline and at protocol completion. 
Measurement techniques: CBCT for cone-beam computed tomography; DISE for drug-induced sleep endoscopy; HRPO for high resolution pulse oximetry; IOS for 

impulse oscillometry; ldCT for low-dose computed tomography scan; MJM for mandibular jaw movements; MDCT for multidetector helicoidal computed 
tomography; Pcrit for upper airway critical pressure. 

Monitoring points: type of monitoring (single point, intermittent/continuous) with number of evaluation points. 
Anatomy/Geometry: specifies whether the technique provides measurement of anatomical/geometrical features. 
Mechanical: specifies whether the technique provides measurement of mechanical features of airflow. 
Physiological: specifies whether the technique provides measurement of physiological functions. 
Static: specifies whether the technique provides a static measurement. 
Dynamic: specifies whether the technique provides a dynamic assessment (sim means generated by simulation). 
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Despite being a standard and cost-effective imaging mod
ality in dentistry, cephalometric radiography shows limited 
utility at the screening stage due to its poor discriminatory 
performance. Indeed, case-control analyses have reported no 
significant differences in lateral cephalometric indices 
between habitual snorers and non-snoring individuals [85].

MRI-based research has consistently demonstrated that 
mandibular advancement results in notable UA expansion, 
particularly in the oropharyngeal region, with the magnitude 
of expansion correlating with the degree of mandibular pro
trusion, suggesting a dose-dependent effect [72,75]. Similarly, 
multiple studies using CT and CBCT have reported increases in 
UA volume, cross-sectional area, and diameter after OAT 

[28,53,55,61,75,77], usually accompanied by improvements in 
the AHI and oxygen saturation levels [53,61]. Nevertheless, not 
all findings are concordant, as several studies failed to identify 
significant differences in UA morphology between responders 
and non-responders to OAT [44,78], and one study reported 
no statistically significant association between anatomical air
way changes and AHI reduction [55].

Beyond these inconsistencies, CBCT-derived volumetric 
and cross-sectional airway measurements are sensitive to 
post-processing workflow. Heterogeneity in segmentation 
software and thresholding method can lead to systemati
cally different results, even under standardized acquisition 
protocol [86].

Figure 2. Positioning of the three groups of monitoring techniques across the different stages of the OAT workflow. HSAT: home sleep apnea testing, OA: oral 
appliance, OAT: oral appliance therapy, PSG: polysomnography, PG: polygraphy, FCMP: feedback-controlled mandibular positioner, MJM: mandibular jaw movement 
analysis, DISE: drug-induced sleep endoscopy, *: selective use.
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The variability in treatment response across individuals 
further complicates the interpretation [76]. Baseline craniofa
cial phenotype and sex represent a potential source of inter- 
individual variability [87,88]. Patients with lower or average 
mandibular plane angles appear to experience more favorable 
UA enlargement and achieve better AHI reduction, while those 
with a higher mandibular plane angle would require greater 
mandibular protrusion to achieve a satisfactory response [76]. 
The hyoid-mandibular plane distance may also be clinically 
informative by reflecting sex-specific associations with OSA 
severity [88], though this metric may not necessarily correlate 
with airway volume [87]. Airway constriction due to maxillofa
cial disproportions, rather than solely soft tissue obstruction, 
may also predict better treatment outcomes [48].

Longitudinal radiographic studies further indicate that 
although OAT induces beneficial airway expansion, prolonged 
use is associated with mild but progressive dental and alveolar 
bone remodeling. However, these skeletal changes were con
sidered clinically negligible [71].

In summary, the reviewed studies have predominantly 
focused on evaluating the direct anatomical effect of oral 
appliances and were restricted to the initiation phase. 
Furthermore, these techniques are limited to static measure
ments taken during wakefulness and therefore fail to capture 
dynamic UA behaviors during sleep or to establish connec
tions between anatomical and neuromuscular factors. Most 
studies attempted to establish a correlation between anato
mical metrics and treatment success, without proving the 
benefit of those techniques, such as determining whether 
the oral appliance titration time could be reduced. No study 
showed that imaging examinations could help identify the 
appropriate therapeutic position.

Group 2 encompasses a diverse array of techniques inte
grating anatomical and physiological measurements. These 
include the computational fluid dynamics (CFD) simulations 
[8,12,15,52,63], awake nasopharyngoscopy [8,51] and drug- 
induced sleep endoscopy (DISE) [11,66,67,79,81,84], as well 
as measurements of UA critical pressure – defined as the 
intraluminal pressure at which the UA (e.g. velopharynx or 
oropharynx) collapses during sleep – resulting in flow limita
tion or complete cessation of airflow [13,45,69].

The CFD technique overcomes limitations of static imaging 
by creating virtual models of the UA based on imaging data, 
then performing numerical simulations of the airflow 
dynamics through this reconstructed geometry. Such 
approach allows to quantify both anatomical and aerody
namic parameters. Across the reviewed studies, the consistent 
finding is that OAT significantly improves the total UA volume, 
often with specific emphasis on the velopharyngeal or palato
pharyngeal region [12,49]. Other insights gained from CFD 
studies include modifications in airflow velocity [52] and pres
sure drop within the UA [49,63] under OAT. However, Gaver 
et al. emphasized that improvement in total UA volume 
expansion is instrumental, but this factor alone may not 
entirely predict the clinical success of OAT [12]. Some patients 
demonstrated increased velopharyngeal volume yet showed 
limited improvement in AHI, suggesting that in addition to 
volume expansion, other physiological factors such as tissue 

compliance, muscle tone, or neuromuscular reflexes may mod
ulate OAT efficacy.

Data from studies using awake nasopharyngoscopy, natural 
sleep endoscopy, and DISE converge on several key points. 
Anatomical features such as soft palate, or tongue base posi
tion, and pharyngeal crowding have emerged as potential 
predictors of OAT success or deterioration [11,13,51]. Certain 
collapse patterns observed during DISE may be indicative of 
different treatment responses.

While fixed protrusion levels (70–75% of maximal comfor
table advancement) are frequently used in clinical practice, 
emerging evidence underscores the non-uniform nature of 
the dose-response effect on pharyngeal collapsibility among 
different patient subgroups. The study by Bamagoos et al. 
(2019) demonstrated that mandibular advancement can 
improve pharyngeal collapsibility in a dose-responsive man
ner, though this improvement pattern differed notably 
between MAD responders and non-responders [13]. Another 
study showed that patients with posteriorly located tongues 
and less severe collapsibility gained more significant reduc
tions in AHI [45]. Some studies also revealed residual collapses 
at different levels of the airway, even after achieving maximal 
mandibular protrusion [81]. Such heterogeneity in clinical 
response suggests that combined interventions and/or more 
sophisticated titration approaches should be considered for 
specific anatomical subtypes. Recent development of quanti
tative scoring and phenotyping methods has shown promise 
in providing objective measurement of airway collapsibility 
and better predictive ability [8,79].

Overall, these findings underscore that baseline anatomical 
positioning and collapsibility greatly influence therapeutic suc
cess. However, DISE-guided titration has shown no clear advan
tage in comparison with subjective or PSG-based approaches [67].

Instead of capturing only anatomical aspects, Group 2 offers 
a significant enhancement in physiological relevance and 
extended capability to conduct more specialized and complex 
investigations. These include a real-time assessment of UA func
tion during sleep, a direct observation of UA collapse and 
obstruction, as well as localized access to specific muscles. 
These approaches provide more insights into physiological 
mechanisms like muscular function and mechanical ventilation. 
However, it remains uncertain whether observations from naso
pharyngoscopy can be translated into physiological outcomes 
measured by PSG or HSAT. The complexity and invasiveness of 
DISE limit its applicability in routine practice.

Group 3 represents the highest level of clinical significance, 
encompassing techniques that enable the assessment of the 
true efficacy of OAT on the clinical manifestations of OSA. This 
group comprises standard PSG [13,62,69], HSAT with PG 
[40,56,58] or any alternative methods [12,18,19,47,82] that 
allow for dynamic monitoring of sleep quality, oxygen desa
turation and sleep-disordered breathing (SDB) events.

Only the measurements within this group provide practical 
and effective solutions to the clinical challenges in OAT, 
including initial mandibular positioning [2,10,15], predicting 
responsiveness [5,11], and long-term follow-up [18,19,82].

PSG remains the standard method for diagnosing OSA, 
classifying its severity, and guiding therapeutic decisions 
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[1,89]. At the conclusion of the MAD titration process, the PSG 
also served as the benchmark tool for objectively assessing 
treatment outcomes. Beyond its conventional role, PSG pro
vides a comprehensive range of physiological parameters for 
an in-depth assessment of clinical outcomes. Non-pharyngeal 

endotypic features derived from PSG such as loop gain, arou
sal threshold, ventilatory response to arousal [13,62] or 
hypoxic burden [51] can independently or mutually contribute 
to OSA pathogenesis at varying degrees. These markers have 
shown potential for guiding personalized titration of oral 

Figure 3. MJM signal recording and its anatomical aspects. Upper: A 3-minute fragment of the SpO2, snore, thermal flow, and MJM signals recorded by the Sunrise 
technology (Sunrise, Namur, Belgium), showing episodes of apneas/hypopneas accompanied by desaturations, during which the trigeminal drive increases (as 
evidenced by an increase in the rotational speed of the mandible(MJM_Gyr)), and the accelerometric position of the mandibular jaw (MJM_Acc) changes (the mouth 
opens) until an arousal occurs, leading to mouth closure and a peak in airflow.
Lower/Left: The integrated sensor unit affixed to the chin. 

Lower/Right: In humans, the pharyngeal airway is surrounded by soft, highly compliant tissues, requiring active forces from pharyngeal dilator muscles to maintain openness during 
breathing. During wakefulness, reflex activation of these muscles prevents pharyngeal collapse, a process disrupted in sleep, resulting in obstructive sleep apnea (OSA) due to reduced 
dilator muscle tone. Four key muscles originating from the jaw – genioglossus, geniohyoid, mylohyoid, and the anterior belly of the digastric – insert onto the hyoid bone. These muscles 
contribute significantly to maintaining pharyngeal stability during sleep by exerting a leveraging effect on the pharyngeal tissues. Their activation is associated with neural drive to the jaw 
musculature, as confirmed through electromyography (EMG) studies, which show these muscles’ impact on airway patency. Jaw positioning influences the effect of these muscles on the 
pharyngeal airway. For example, closing the jaw with muscles like the masseter, which exerts tension on these dilator muscles, stabilizes or expands the pharyngeal airway. However, if the 
jaw opens excessively due to activation of the chin depressor muscles, it might move the jaw downward rather than stabilize the airway. 
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appliances and for predicting responsiveness to OAT [13,62]. 
However, the high cost and complexity of PSG limit its acces
sibility and practicality for continuous monitoring or guiding 
oral appliance titration. HSAT with PG also has drawbacks, 
including the missing or altered sleep data, underestimation 
of OSA severity due to overestimated sleep time, and limited 
reliability in patients with sleep disorders or cardiovascular 
comorbidities.

While evidence-based evaluation has not yet been con
ducted, the American Academy of Dental Sleep Medicine 
(AADSM) task force acknowledges the emerging trend of new 
technologies and highlights their potential for applications in 
OAT [15]. Among the most prominent technologies is the con
cept of integrating various biosensors and/or a feedback-control 
mechanism into the MAD to provide both therapeutic and tele
monitoring features [90]. While appealing, miniaturizing and 

Figure 4. Impact of MAD protrusion on MJM signal patterns and clinical outcomes. A) Overnight trends of MJM signals acquired from the same patient across four 
levels of MAD protrusion. From top to bottom: baseline (without MAD), initial MAD position (60% maximal protrusive range (MPR)), intermediate MAD position 
(67.7% MPR), and final MAD position (75.4% MPR). These positions highlight the temporal relationship between mandibular displacements, derived from the 
mandibular rotational speed recorded by the gyroscope, and the scored events, including residual respiratory disturbances, arousals, and awakenings. Additionally, 
periods of persistent respiratory effort, such as respiratory effort-related arousals (RERAs), are marked by a sustained increase in respiratory drive, as evidenced by 
MJM signals. A progressive improvement in AHI, arousal index, and respiratory effort burden was observed. The titration was guided by self-reported OSA symptoms 
and patient comfort. B) A 6-minute fragment of the MJM signal captured at the basal level of respiration during sleep (located by the yellow arrow in A), showing 
a significant reduction in MJM amplitude as the MAD protrusion level increased.
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incorporating multiple sensors within the constrained space and 
fixed OA structure pose significant technical challenges and 
potentially compromise the flexibility and robustness of OAs. 
Currently, only two applications – adherence monitoring by 
intra-oral thermosensor [46,58,60,65,68] and initial mandibular 
positioning using feedback-controlled mandibular positioner 
(FCMP) [40,41,73] – are supported by evidence from clinical 
validations. Most other concepts remain in the research and 
development phase [90].

5. MJM analysis as a promising monitoring tool in 
OAT

Among the alternative technologies within Group 3, MJM 
analysis has emerged as a promising tool for monitoring 
OAT efficacy in OSA patients. MJM represents a distinct phy
siological signal that captures the dynamic interplay among 
mandibular motion, UA muscle activity, and respiratory drive. 
Respiratory MJM, although subtle in amplitude, plays a crucial 
role in maintaining pharyngeal stability during sleep. 
Functioning as an instrumental mobile structure, the mandible 
fine-tunes the oropharyngeal structures by recruiting pharyn
geal and genioglossus muscles, thereby maintaining UA 
patency and reducing airway collapsibility (Figure 3). 
Additionally, the mandibular jaw acts as a sensitive instru
ment, synchronizing with respiratory movements under the 
regulation of respiratory centers. Variations in MJM amplitude 
and frequency reflect subtle changes in the tempo and 

rhythm of neural activities across different sleep stages and 
episodes of respiratory disturbance. As a peripheral signal, 
MJM provides insights into central respiratory drive and UA 
muscle dynamics, functioning like an internal brainstem 
sensor.

Initially studied in dentistry since 1990s, the MJM signal 
was used to assess anatomical and motor functions during 
sleep [91]. Over the following decades, clinical relevance of 
MJM has been established through extensive research [16]. 
Key milestones include the significant correlation between 
MJM patterns and SDB events [92], the causal relationship 
between mandibular motion and UA ventilation regulation 
during sleep [93], the strong association between MJM and 
sleep respiratory effort (RE) [94], and validation of MJM analy
sis as an alternative to PSG for diagnosing OSA [95,96].

Since 2012, the MJM signal has been incorporated into PSG 
as a surrogate respiratory measure for OSA diagnosis and 
therapeutic assessment [97]. Initially, the magnetometric tech
nology (Nomics, Liège, Belgium) was employed to capture 
mandible position and vertical displacement via paired reso
nant circuits placed on the forehead and chin [92,97]. In 2019, 
a more advanced technology was introduced: a system inte
grating a tri-axial accelerometer and gyroscope into a single- 
point contact sensor (Sunrise, Namur, Belgium), allowing 
a comprehensive analysis of mandibular motion, encompass
ing its acceleration and rotational speed. Supported by 
machine-learning-based automated analysis, the system pro
vides a full range of conventional clinical metrics, including 
TST, sleep stage proportions, AHI and arousal index.

Table 2. Summary of key studies on MJM-based analysis applied to OAT.

Information Martinot et al. 2018 [17] Pépin et al. 2024 [18] Pépin et al. 2025 [19]

Study design Prospective cohort Prospective cohort Prospective cohort
Sample size n = 56 n = 135 (105 completed follow-up) n = 93
Targeted 

study 
question

Mandibular movement analysis for assessing 
OAT clinical response

Agreement of MJM analysis with PSG and PG for AHI 
measurement; efficacy for OAT response 
evaluation

Dose-response effect on AHI and 
respiratory effort (RE) burden

Primary 
outcome(s)

Respiratory event index AHI AHI and respiratory effort (RE) burden

Oral 
appliance 
type & 
titration

Herbst appliance; 1 mm incremental 
advancement; 16 weeks

Bi-bloc custom-made MAD; 60% MPR initial position; 
1–2 mm incremental advancement; 4–6 months

Bi-bloc custom-made MAD; 60% MPR 
initial position; 1–2 mm incremental 
advancement; 4–6 months

Clinical 
settings

In-lab (baseline), HSAT (post) In-lab & HSAT HSAT

Monitoring 
schedule

Pre/post single evaluations: 
Baseline (in-lab PSG); endpoint (HSAT with PG 
+MJM)

Multiple testing: 
Pre-treatment (1 in-lab PSG+MJM, 1 HSAT by 
MJM); end of titration (1 in-lab PG+MJM, 1 HSAT 
by MJM)

Continuous: 
4 HSATs by MJM at 4 protrusion levels

Reference 
method

PSG & PG PSG & PG N/A

Sensor 
technology

Magnetometry Inertial sensors Inertial sensors

Interpretation Manual (blinded), based on specific signal 
patterns

Automated (blinded) Automated (blinded)

Overall 
quality 
(NIH 
criteria)*

Low to moderate risk of bias Low risk of bias Low risk of bias

Key findings MJM provides comprehensive evaluation of 
clinical response to OAT; consistent OAT 
effects on respiratory event-related indices

MJM analysis demonstrates strong agreement with 
PSG and PG for AHI measurement; consistent AHI 
improvement across different settings

Dose-response relationship between 
oral appliance protrusion level and 
improvements in RE burden and AHI

AHI: Apnea-Hypopnea Index; HSAT: Home Sleep Apnea Test; MAD: Mandibular Advancement Device; MPR: Maximal Protrusion Range; PG: Polygraphy; PSG: 
Polysomnography; ODI: Oxygen Desaturation Index. (*): The results and rationale of the quality assessment are detailed in Table S3 (Annex). 
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In addition to these advantages, MJM-based monitoring 
exhibits other benefits, including a straightforward interpreta
tion and the preservation of signal validity in the presence of 
cardiovascular comorbidities [16]. The primary drawbacks of 
this approach are that it does not provide morphometric and 
anatomical information, and that research data on neuromus
cular pathological conditions affecting the mandibular mus
cles remain limited.

At present, MJM analysis using this inertial sensor technol
ogy (Sunrise, Namur, Belgium) is recommended by the 
National Institute for Health and Care Excellence (NICE, UK) 
as a cost-effective HSAT option for diagnosing and assessing 
OSA severity in individuals aged 16 years and older [98].

Several studies have explored the benefits of MJM for 
assessing OAT efficacy in real-world clinical settings [17–19]. 
A study by Martinot et al. first utilized the MJM technology 
alongside PSG to assess OAT outcomes in 56 patients, intro
ducing specific MJM-derived patterns linked to RE and 
a surrogate respiratory event index comparable to PSG-based 
AHI. This approach also offers clinical insights beyond PSG- 
based metrics, validating OAT efficacy and laying the founda
tion for AI-supported MJM analysis [17].

In 2024, Pépin et al. conducted a prospective study on 135 
patients [18], employing advanced technology featuring inte
grated inertial sensors and AI-supported analysis. MJM mon
itoring showed a high level of agreement with PSG/PG for AHI 
measurement. Study data also demonstrated high reliability of 
MJM monitoring in unsupervised settings, with no technical 
failures recorded, consistent improvements in AHI in both 
sleep lab and home conditions, and high patient compliance. 
Figure 4 illustrates how MJM signals capture the improvement 
in RE following OAT. A subsequent analysis [19] further 
revealed a dose-dependent response in both AHI and RE 
burden with increasing MAD protrusion, highlighting MJM’s 
utility in continuous monitoring at home.

Key details of these studies [17–19], including methodol
ogy, technical aspects and overall quality assessment, are 
summarized in Table 2.

From a clinical perspective, MJM analysis provides physiolo
gical indices that are functionally equivalent to those obtained 
from conventional PSG, including the residual AHI which is the 
key therapeutic target. As such, MJM-derived post-treatment 
AHI can be interpreted using the same criteria commonly 
applied in PSG-guided clinical practice. However, the heteroge
neity in AHI thresholds emphasizes the need to interpret OAT 
efficacy within a broader clinical context, integrating residual 
AHI, symptom improvement, and patient-centered outcomes.

Beyond AHI, the MJM analysis also enables quantification 
of respiratory effort burden (REMOV), a pathologically 
meaningful parameter that captures the cumulative impact 
of residual upper airway instability under OAT and responds 
to mandibular advancement in a dose-dependent manner 
[19]. A preliminary threshold for treatment success, defined 
as a residual REMOV <14%TST, has been proposed, suggest
ing potential utility as a supplemental outcome to refine 
therapeutic assessment [19]. While promising, this cutoff 
requires further validation for routine clinical adoption.

While the body of research continues to grow, the con
vergence of findings from current studies provides robust 

evidence supporting MJM analysis as a reliable and clinically 
effective alternative to PSG/PG for monitoring OAT out
comes. Importantly, MJM analysis offers a distinct advan
tage over standard PSG by enabling repeated, unsupervised 
home-based assessments, which aligns closely with current 
recommendations emphasizing the need for continuous 
monitoring during OAT. This capability supports earlier 
identification of treatment success or failure and facilitates 
timely adjustment of MADs. Nevertheless, the current evi
dence base needs to be expanded to define validated MJM- 
AHI or REMOV change thresholds for titration guidance. 
Establishing such decision thresholds and demonstrating 
the cost-effectiveness of MJM-guided workflows compared 
with PSG-centered pathways represent a clear priority for 
future research.

Looking ahead, a more comprehensive research pathway 
on the extended applications of MJM analysis in OAT is antici
pated, exploring its role in initial MAD positioning and titration 
guidance, ultimately promoting a broader integration of MJM 
technology in dental sleep medicine.

6. Limitations and mitigation measures

This review has several limitations that should be acknowl
edged. First, as a narrative review, it does not follow 
a systematic or quantitative synthesis and is therefore inher
ently exposed to risks of selection bias and subjective inter
pretation. The literature search was non-exhaustive and 
restricted to the most recent publications, which may have 
led to the omission of older relevant data. Second, the avail
able literature is unevenly distributed across techniques, with 
limited high-quality evidence for several emerging technolo
gies, and heterogeneity in monitoring protocols, which 
restricts a direct comparability among those techniques. 
Finally, interpretation of findings may be influenced by differ
ences between experimental and real-world clinical settings.

To mitigate these potential risks, several methodological 
measures were implemented. The review was guided by clearly 
defined clinical questions, broad inclusion criteria, structured 
taxonomy and a transparent, predefined screening strategy 
across multiple databases. Literature analysis and synthesis 
were performed independently by multiple reviewers, integrat
ing both clinical- and technical-oriented approaches to reduce 
individual interpretative bias. Rather than prioritizing positive 
findings, techniques were critically appraised with explicit dis
cussion of their strengths, limitations, and clinical applicability 
within the OAT workflow. A detailed analysis of the strengths, 
weaknesses, and potential applications of all techniques includ
ing MJM analysis is presented in Table S3 (Annex).

Together, these measures aimed to ensure a balanced, 
structured and clinically meaningful overview that supports 
both clinical decision-making and future research directions.

7. Conclusion

In this review, we provide a structured overview of potential 
measurement techniques applicable to a standard OAT proto
col and emphasize the need for objective and continuous 
monitoring techniques with high clinical relevance. The 
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central message is that monitoring methods for OAT should 
be considered by their physiological relevance – aligning with 
the integrated mechanisms of action of MADs, feasibility for 
repeated use, and ability to provide actionable information 
across the entire care pathway – from screening and titration 
to long-term follow-up.

Our review has also facilitated the rediscovery of MJM – an 
original physiological signal, closely tied to the field of den
tistry while offering the ability to capture the dynamic and 
synchronized interplay among factors underlying the thera
peutic mechanisms of MADs. Findings from the reviewed 
studies on MJM analysis highlight its promise as an innovative 
solution for continuous monitoring in OAT-related procedures.

8. Expert opinion

Drawing on practical experience and a synthesis of current 
literature, we argue that the clinical significance and utility of 
any OAT monitoring technique depend on following consid
erations: (i) its technical properties – including the anatomical, 
biomechanical, or physiological relevance of the measured 
parameters, and whether the assessment is static or dynamic; 
(ii) the implementation context (e.g. awake vs. asleep; with vs. 
without the MAD in place; in-laboratory vs. home-based); (iii) 
its position within the OAT workflow (screening, baseline 
assessment, treatment initiation, titration, or long-term follow- 
up); and (iv) the specific clinical question being addressed (e.g. 
upper airway morphometry, physiological function, the inte
grated effect of the MAD, or outcomes related to sleep quality 
and SDB events). Recognizing the strengths and limitations of 
each technique enables clinicians and researchers to select the 
most effective approach for specific clinical objectives or 
research questions in OAT.

Supported by a solid physiological foundation and artificial 
intelligence-supported analysis, MJM monitoring is straightfor
ward to implement and reduces staffing demands. The MJM 
analysis is therefore a promising tool for optimizing OAT out
comes and enabling personalized treatment strategies in clin
ical practice. Despite validation in specific sensor-based 
implementations [17–19], MJM should be understood as 
a physiological signal and an analytical framework rather 
than a device-dependent feature. Its physiological relevance 
and clinical value extend across a range of analytical 
approaches, including manual, visually comprehensive 
human analysis. At scale, MJM-based monitoring could 
shorten time to effective protrusion, reduce non-responder 
drift, and allow earlier confirmation of treatment success or 
failure – each with downstream benefits for clinical outcomes, 
safety, and resource utilization.

Nevertheless, we do not dismiss the practical value of 
Group 1 and Group 2 techniques. Although these techniques 
may not, on their own, provide direct and decisive clinical 
benefits, they retain complementary roles in research and 
specific phenotypes. For example, geometric parameters 
from static imaging can inform MAD design and fabrication, 
computational fluid dynamics can advance physiological 
research, and thermosensor-based adherence monitoring can 
support behavioral interventions. In this context, MJM analysis 

and endoscopy-based exploration (such as DISE) should not 
be viewed as competing or isolated tools, but rather as com
plementary steps within an adaptive MAD titration process. 
While the MJM analysis is valuable for multiple clinical objec
tives, particularly the home-based longitudinal follow-up, DISE 
could be selectively applied to patients who present persistent 
UA obstruction despite good adherence and maximal man
dibular advancement, to identify complex, site-specific UA 
collapse patterns or not remediable patterns with OAT. Such 
complementary approach can bridge the gap between anato
mical/mechanistic phenotypes and clinically meaningful sleep 
outcomes, inform the needs for adjunctive or alternative inter
ventions, therefore enhancing both personalization and effi
ciency of OAT management.

Despite the growing interest in novel HSAT technologies, 
including the MJM analysis, their integration into the OAT 
workflow should be regarded as a complementary refinement 
for longitudinal monitoring and iterative clinical decision- 
making, rather than a universal substitute for PSG. The choice 
between PSG- and HSATbased monitoring should be guided 
by the clinical context, including the specific diagnostic or 
follow-up objectives and patient access to the technique. 
PSG remains essential for diagnosis confirmation and compre
hensive phenotyping in complex clinical cases (e.g. patients 
with neuromuscular or cardiovascular comorbidities) where 
the clinical question extends beyond the assessment of 
obstructive respiratory events alone.

In a near future, we anticipate that the current OAT work
flow will evolve from a slow, prolonged titration process to an 
accelerated, continuous and adaptive monitoring. This transi
tion would be enabled by home sleep testing with alternative 
technologies – such as MJM analysis that support real-time 
decision-making, shorten iteration cycles, and ultimately 
improve efficiency and patient outcomes.

However, achieving these benefits requires overcoming 
several pragmatic barriers to the widespread adoption of 
modern sleep-monitoring technologies, including MJM analy
sis. These include under-recognition among clinicians and 
insufficient training in MJM signal interpretation; the lack of 
standardized MJM-guided titration protocols and decision- 
making algorithms; legacy reliance on PSG-driven AHI as pri
mary endpoint; heterogeneous reimbursement for novel 
home sleep-testing modalities; and finally, an incomplete evi
dence base on the comparative cost-effectiveness of new 
strategies.

A coordinated, multisector effort is essential to address 
these challenges, engaging QDs, sleep physicians, medical 
device providers, and health-insurance policy makers. This 
collaboration should align the research,development, imple
mentation, and clinical validation to ensure efficient transla
tion of evidence into practice. Priority actions include: (i) 
conducting optimally designed clinical trials on a large scale 
to evaluate the effectiveness of an initial home-based assess
ment pathway and the cost-effectiveness of MJM-guided 
titration process compared with the standard PSGbased 
pathway; and (ii) establishing standardized protocols and 
decision algorithms for case selection and titration that flex
ibly integrate in-laboratory, symptoms and home-based 
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assessments, formally recognize validated alternatives such 
as MJM-based sleep testing, and imply continuous 
monitoring.
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