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ARTICLE INFO ABSTRACT

Handling Editor: Monica Andersen Pediatric obstructive sleep apnea (OSA) is a common yet often underdiagnosed condition, partly due to limited
access to polysomnography. Mandibular jaw movement (MJM) analysis offers a promising alternative to con-

Keywords: ventional home sleep apnea testing in children, capturing the dynamic interactions between respiratory drive

Objtmcnve sleep apnea and upper airway musculature, enabling accurate identification of, and critical insights into, sleep-disordered

Pediatric

breathing events.

This technical and practical review provides a structured framework for understanding and interpreting MJM
signals during sleep in pediatric patients. It begins with the physiological basis and technical aspects of using a
single-point contact device with integrated inertial sensors. It offers step-by-step instructions for interpreting
MJM signals, from distinguishing sleep stages to identifying obstructive and central apneas, hypopneas, and
respiratory effort-related arousals. The review is accompanied by an atlas of 30 annotated examples that illus-
trate key MJM signal patterns across scoring tasks.

Key findings from several clinical studies on the utility of MJM analysis in pediatric OSA are also summarized.

As the demand for accessible and accurate home-based diagnostic tools grows, MJM analysis stands out as an
effective option for both the diagnosis and monitoring of pediatric OSA, with the potential to transform routine
clinical practice and improve patient access to care.
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(continued)
RIP Respiratory inductance plethysmography
RMMA Rhythmic masticatory muscle activity
SOL Sleep onset latency
SpO2 Peripheral capillary oxygen saturation
T™MJ Temporomandibular joints
TST Total sleep time
WASO Wake after sleep onset

1. Introduction

Obstructive sleep apnea (OSA) is not only prevalent in adults but also
commonly affects children across all age groups, including infancy and
early childhood. The prevalence of pediatric OSA is estimated to be as
high as 5.7 % [1] and is increasingly recognized due to the rising inci-
dence of obesity in young children [2].

Like in adults, untreated OSA in children is associated with cardio-
vascular and metabolic disorders [3,4]. In addition, pediatric OSA can
lead to age-specific adverse outcomes such as neurobehavioral impair-
ments that hinder academic performance [5-7], as well as a heightened
risk of infections and asthma exacerbations [1,3].

Despite its impact, a significant proportion of children with OSA—up
to one-third—remain untreated, revealing a critical gap in the compre-
hensive management of pediatric OSA [8]. A major contributing factor
to this gap is underdiagnosis, largely due to the high cost and limited
availability of in-laboratory polysomnography (PSG). These barriers
often delay or prevent timely diagnosis, particularly in children with
suspected OSA, thereby increasing the likelihood of untreated cases.
This situation underscores the need for broader adoption of home sleep
apnea testing (HSAT) as a more accessible and scalable diagnostic
alternative for pediatric populations [9-11]. Although the validity and
accuracy of HSAT in children remain under debate due to limited sup-
porting evidence [12], recent advances in sleep monitoring technology
have expanded its potential application in pediatric sleep medicine.
Proposed alternatives include type III and IV devices [2], overnight
oximetry [13], nasal cannula transducers [14], and advanced analytic
technologies leveraging novel bio-signals [15-17]. However, compared
to adult populations, research on wearable HSAT technologies in chil-
dren [18,19] remains scarce, with limitations in study quantity, vali-
dation quality, and technical transparency.

In this context, mandibular jaw movement (MJM) analysis has
recently emerged as a promising technology that offers a simple,
convenient, yet reliable and effective approach for diagnosing OSA in
children. MJM signals provide valuable insights into respiratory drive
during sleep, supporting detailed scoring of sleep architecture, conti-
nuity, and the differentiation between central and obstructive respira-
tory events. The clinical utility of MJM analysis has been validated in
pediatric populations [20-22]. However, current signal interpretation
guidelines for MJM remain largely based on adult data [23,24], with no
publications to date specifically addressing pediatric populations. As a
result, MJM analysis is still emerging as a tool within pediatric sleep
medicine and is not yet widely adopted in routine practice.

This technical and practical review seeks to address this gap by
providing a comprehensive guide for interpreting MJM signals in the
pediatric population. It aims to equip clinicians and sleep technicians
with the knowledge and tools necessary to effectively apply MJM
analysis in the diagnosis and monitoring of pediatric OSA.

2. Overview of the anatomical and physiological foundation of
the MJM signal

The lower jaw, or mandible, as part of the stomatognathic system, is
a mobile structure articulated at the bilateral temporomandibular joints
(TMJs). This structure includes the mandibular condyle and its articular
disc. MJMs rely on the coordinated masticatory muscles — innervated
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by the mandibular branch of the trigeminal nerve and governed by the
corticobulbar motor pathway — while the respiratory centers in the
brainstem superimpose a phasic drive that synchronizes jaw muscle tone
with the breathing cycle to maintain upper-airway patency. Among the
involved muscles, the lateral pterygoid muscle plays a key role in
mandibular motion, including elevation, depression, lateral excursion,
and protrusion [25]. Other muscles are functionally grouped into
mandibular elevators—such as the temporalis, masseter, and medial
pterygoid—and mandibular depressors, including the mylohyoid, gen-
iohyoid, and digastric muscles (see Fig. 1).

MJMs comprise two primary actions of the condyle: (1) rotational
(hinge-like) motion between the disc and condylar head, and (2)
translational (gliding) motion between the disc and the temporal surface
of the joint [26]. These movements are not only essential for mastication
during wakefulness but also play a critical role in maintaining upper
airway patency during sleep [27]. As muscle tone decreases during
sleep, the mandible tends to drop and shift posteriorly, which can in-
fluence upper airway patency. The upper airway musculature, including
muscles linked to the mandible, coordinates a range of vital func-
tions—breathing, swallowing, speech, and mastication—with the
mandible serving as a central structural element [28,29].

During wakefulness, MJMs are typically rapid, variable in amplitude
and frequency, and unpredictable. In contrast, MJMs during sleep reflect
a more regulated pattern relying on a delicate dynamic balance. Spe-
cifically, the mandible acts as a mechanical lever, helping to stiffen and
increase the rigidity of the pharyngeal walls just a few tenths of milli-
seconds before diaphragmatic contraction. The MJM signal thus cap-
tures the neuromuscular engagement of jaw muscles involved in
ventilatory drive, providing key insights into the biomechanics of
airflow through the upper airway during sleep [30-34].

Under normal respiratory conditions, MJM signals closely mirror
airflow patterns [24]. These movements, regulated by the brainstem’s
respiratory centers during sleep, occur at frequencies corresponding to
the respiratory rate (0.15-0.60 Hz), indicating a predominantly
brainstem-driven process. The motor nucleus of the trigeminal nerve’s
motor branch—located in the mid-pons—innervates both the agonist
and antagonist muscles of the mandible. The rhythmic MJMs observed
during non-rapid eye movement (NREM) are driven by interactions
between the motor trigeminal nerves and respiratory centers in the
brainstem. A similar neuroanatomical relationship exists between the
hypoglossal nucleus, which controls tongue movement during sleep, and
the spinal respiratory motor neurons associated with diaphragmatic and
accessory muscle activity [35,36].

The stiffening of the pharynx prior to diaphragmatic contraction is
crucial to prevent dynamic airway collapse caused by negative intra-
thoracic pressure. This negative pressure reflex likely involves recruit-
ment of trigeminal motoneurons, resulting in MJMs. The central
coordination of this activity, involving direct and indirect connections
between the mandible, hyoid bone, and upper airway muscles, un-
derpins the role of MJMs as a functional indicator of pharyngeal stability
and respiratory drive during sleep.

3. Technical aspects of MJM signal recording
3.1. Overview of MJM monitoring technologies

MJMs can be studied using distinct technologies: from the complex
historical magnetometry to optical jaw movement tracking device [20,
2.3,37-39], and more recently, with a single-point sensor incorporating
both accelerometer and gyroscope components, which allows for less
invasive recording during sleep [21,22]. While these approaches aim to
capture the same jaw movements, they differ significantly in terms of
sensor design and physical properties, measured quantities and the
physiological interpretation of the signals.

This review focuses on the interpretation of sleep-related MJM sig-
nals acquired through the recent technology using a single sensor
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Fig. 1. Anatomical and physiological basis of MJM monitoring
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Legend: A) Schematic illustration of the neural and muscular mechanisms regulating the mandibular jaw movements (MJMs) during sleep. The brainstem (1) co-
ordinates the activation of the elevator and depressor muscles (2), generating rotational motion at the temporomandibular joint (4). The mandible (3) acts as a
mechanical lever to stiffen pharyngeal muscles, thereby maintaining upper airway patency. An integrated inertial sensor unit affixed to the chin (5) captures the
acceleration and rotational speed of the mandible. B) A 4-minute fragment of polysomnography (PSG) recording with integrated MJM signals from a child, illus-
trating specific patterns of MJM signals associated with obstructive and central hypopneas during N2 sleep. Abbreviations: MJM_Acc/MJM_Gyr: MJM signals
recorded via the accelerometer or gyroscope embedded in the sensor; FlowPr: nasal airflow pressure; FlowTh: oro-nasal thermal flow; Snore: snoring sound recorded
via microphone; Pleth: plethysmography; C4:Al: electroencephalogram; RIP Abd & RIP Thx: abdominal and thoracic respiratory inductive plethysmography; SpO2:

pulse derived oxyhemoglobin saturation.

equipped with a gyroscope (MJM_Gyr) and an accelerometer
(MJM_Acc). However, to provide context, we briefly describe the tech-
nical principles of magnetometric recordings and highlight key differ-
ences between the two approaches.

3.2. Magnetometric-based recording: principles and limitations

The magnetometric sensor (Nomics, Liege, Belgium) was commonly
used in early MJM research (2008-2019) [23,37-42]. This technique
relies on two coupled resonant circuits: a transmitter and a receiver
positioned on the forehead and the chin, respectively. This technique
measures vertical displacement by detecting changes in the distance
between the two circuits, enabling the determination of the jaw’s posi-
tion. The electronic module of the sensor converts the measured distance
into a voltage signal, typically sampled at a rate of approximately 10 Hz.
The output voltage is directly proportional to the vertical separation
between the transmitter and receiver, meaning that movements such as
mouth opening generate measurable changes in signal amplitude. These
changes can be expressed either in millimeters of displacement or as a
normalized percentage based on an individual calibration range.

Despite its initial contribution to establishing the physiological basis
of MJM in sleep medicine, magnetometric technology presents several
limitations compared to integrated inertial sensor systems. Key draw-
backs include a loss of precision due to potential misalignment of the
magnetometers and discomfort related to the size and configuration of
the sensors—issues particularly problematic in pediatric populations.
These factors significantly limit the feasibility of magnetometric systems
in home-based sleep studies. Additionally, magnetometric emitters may
interfere with pulse oximetry, disrupting concurrent physiological
measurements.

Magnetometry also captures only a single dimension of mandibular
movement—vertical displacement—while lateralized or complex mo-
tions, such as those associated with sleep-related bruxism, remain un-
detectable. Moreover, this technology measures only the distance
between two fixed points rather than providing a comprehensive anal-
ysis of the mandible’s motion dynamics. Consequently, while magne-
tometry offers valuable information on mouth opening, it does not
capture the full range of mandibular movements, and thus limits its
effectiveness in certain clinical contexts.

3.3. Inertial sensor-based MJM monitoring: a modern approach

Introduced in 2019, the latest MJM monitoring technology (Sunrise,
Namur, Belgium) marked a significant advancement in sleep research
and OSA diagnosis [20-22,24,43]. This technology employs a
single-point contact sensor attached to the chin, integrating a tri-axial
accelerometer and a tri-axial gyroscope (see Fig. 1). The accelerometer
measures both gravitational acceleration and acceleration of the
mandible (in mm/sz), providing information on mandibular position,
while the gyroscope captures rotational velocity (in °/s), quantifying the
angular displacement of the mandible around the temporomandibular
joint. Together, these two components generate six independent chan-
nels (3 MJM_Acc channels and 3 MJM_Gyr channels), enabling the
three-dimensional characterization of MJMs during sleep. MJM signals
are sampled at 25 Hz and filtered within the 0.15-0.60 Hz range,
aligning with respiratory cycle frequencies and ensuring a faithful

representation of sleep-related ventilatory activity.

While tri-axial accelerometers have been widely used in actigraphy-
based sleep monitoring [44], the application of this technology to the
lower mandible produces fundamentally different signals. This diver-
gence stems not only from anatomical and physiological differences but
also from the interpretation of MJM signal. Furthermore, MJM_Acc
differs from intraoral accelerometers embedded in oral appliances [45],
which are designed primarily for monitoring adherence to oral appli-
ance therapy. These intraoral systems lack the specificity and resolution
required to accurately assess respiratory activities or support sleep
staging and sleep-disordered breathing (SDB) event detection.

The integration of accelerometer and gyroscope data provides crit-
ical advantages in terms of dimensionality, signal resolution, and
interpretability. Unlike magnetometric measurements, the amplitude of
MJM_Acc and MJM_Gyr signals is independent of mandibular length,
making them more robust to anatomical variability across age groups
[46]. The MJM signal captures the interplay between the central res-
piratory drive (mediated by the trigeminal motor nucleus in the pons),
brainstem respiratory centers, and modulatory influences from higher
brain centers involved in sleep-stage regulation. It also reflects the ac-
tivity of muscles anchored to the mandible that maintain pharyngeal
patency during sleep.

Importantly, MJM_Acc and MJM _Gyr signals complement one
another. Information on mandibular positioning from MJM _Acc en-
hances the interpretation of amplitude variations in MJM_Gyr, particu-
larly under specific physiological conditions. Conversely, MJM_Gyr
provides necessary information to MJM_Acc signal, supporting full sleep
staging, something not achievable with MJM_Acc alone.

3.4. Technical reliability of inertial sensor-based MJM recording

The high technical failure rates of pediatric sleep tests using type-3
and type-4 devices [2] remain a major challenge to implementing this
approach in children. In a previous clinical study assessing the reliability
of MJM analysis via inertial sensors for diagnosing pediatric OSA, the
failure rate was only 3.4 % (5/145 recordings), primarily due to wireless
connection issues [21]. Notably, recent clinical studies involving both
adults [47,48] and children [22] have not reported technical failures
with the latest generation of the MJM sensor.

3.5. Integrity of MJM signal across adverse conditions

As MJMs represent a physiologically essential and robust activity
involved in maintaining upper airway patency during both wakefulness
and sleep, their acquisition is minimally affected by adverse conditions,
including systemic pathology, pharmacological treatment, or positional
changes. MJM-based monitoring can be reliably performed in patients
under antihypertensive treatment [49]. Head position, including
side-lying with facial pressure against a pillow, has not been shown to
compromise the integrity of the MJM signal. Mandibular motion is
supported by the activity of the masticatory muscles, which are among
the strongest muscles in the human body [50]. Secure placement of the
sensor on the jaw ensures reliable signal acquisition across all head
positions. The only clinical conditions that may affect MJM signal
acquisition involve structural abnormalities of the temporomandibular
joint (e.g., condylar malformations in Pierre Robin sequence). In rare
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neuromuscular disorders such as Steinert’s disease [51], MJM amplitude
may be reduced due to impaired muscle function. While validation data
in such populations remain limited, clinical experience indicates that
MJM signals remain observable and clinically interpretable. Empirical
support for this observation comes from recordings in REM-related
muscle atonia, where the MJM signal has been shown to be detectable
and clinically meaningful [52].

3.6. Interpretability of MJM signal

MJM signals offer clear and straightforward interpretation rules for
detecting OSA-related events. Physiological data show that MJM oscil-
lations closely mirror esophageal pressure (OeP) with high synchrony
[43]. During cortical arousals, while esophageal pressure trends toward
barometric levels, MJM signals indicate mouth closure, marking the

Manual scoring

MJM recording
(Acc-Gyr)

Sleep staging

!
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moment of flow restoration. The MJM signal remains unaffected by
thoracic volume shifts and directly reflects respiratory trigeminal drive,
resulting in clear and interpretable signal patterns. Notably, MJM re-
tains high predictability even during elevated respiratory effort.

Evidence from magnetometric MJM recordings confirmed this
robustness in adults, with a mean inter-scorer agreement of 90.7 % for
detecting apneas, hypopneas and RERAs [23]. However, equivalent data
in pediatric OSA are lacking, reflecting the ongoing integration of MJM
analysis in pediatrics and the absence of standardized scoring protocols.
This highlights the need for future studies in pediatric patients to eval-
uate inter-scorer agreement, for which the guidelines proposed here may
serve as a foundation.

Calculation

WASO,
Awk index

i REM sleep |

: 1 TST, SEff

i : SOL

i e * | NREM/REM
Sleep measurement Light sleep : Light/Deep

i NREM |

i i REM latency

i sleep i

: Deep sleep 1

i Sleep epoch :

SDB events

detection . .
OSA diagnosis

Others
Apnea/
7 Periodic hypopnea
breathing

Fig. 2. Algorithm for manual interpretation of MJM signal

Central
events

o] - »

Central
events

Obstructive
events

Legend: Acc: accelerometer; Gyr: gyroscope; WASO: wake after sleep onset; Awk: awakening; TST: total sleep time; SOL: sleep onset latency; NREM: non-REM; REM:
rapid-eye movement; RERA(I): respiratory effort-related arousal (index); SDB: sleep-disordered breathing; SEff: sleep efficiency; OAHI/CAHI: obstructive/central
apnea-hypopnea index; (O)RDI: (obstructive) respiratory disturbance index; RMMA: rhythmic masticatory muscle activity.



J.-B. Martinot et al.
4. Principles of MJM signal interpretation

MJM signal recordings can be performed either independently or in
combination with standard sleep studies, such as conventional PSG or
multichannel polygraphy (PG), using type IIl or IV devices in accordance
with established protocols, in sleep laboratories or in-home settings. In
clinical practice, MJM signals can be interpreted in several ways:
through manual scoring [20,23,39], automated analysis using artificial
intelligence-based algorithms [21,22], or as an additional channel in-
tegrated into the manual PSG scoring framework [20,39].

Fig. 2 presents a hierarchical algorithm designed to guide MJM
signal interpretation in pediatric sleep studies. Fundamentally, the
interpretation of MJM signals follows principles similar to those used for
conventional physiological signals. The interpretation workflow is
structured to address multiple clinical objectives, including the evalu-
ation of sleep architecture and the identification of respiratory even-
ts—such as apneas, hypopneas, and respiratory effort-related arousals
(RERAs)—as well as distinguishing between obstructive and central
events.

In this guide, we demonstrate how each of these tasks can be per-
formed entirely through the visual analysis of MJM_Gyr and/or
MJM_Acc signals. The main principle involves analyzing the behavior of
MJM signals and applying predefined interpretation rules to recognize
specific patterns associated with a targeted event, such as distinct sleep
stages, arousals, obstructive or central respiratory events. By integrating
the outcomes of all scoring tasks, conventional clinical indices can be
generated from MJM recordings. These include total sleep time (TST),
sleep onset latency (SOL), wake after sleep onset (WASO), apnea-
hypopnea index (AHI), respiratory disturbance index (RDI), or arousal
index (ArI) (see Fig. 2).

Beyond conventional hourly indices, the cumulative duration of
obstructive respiratory events (also known as REMOV, expressed as % of
TST) can be a valuable metric for assessing the burden of respiratory
effort and its impact on sleep continuity. The clinical relevance of
REMOV has been demonstrated in both adult and pediatric populations
[39,48,53].

4.1. A visual guide to interpreting MJM signals

The companion atlas included with this review provides a compre-
hensive visual reference for interpreting MJM signal patterns, with 30
representative examples covering various scoring tasks (Supplementary
Document, Figures S1-S30). In each example, MJM_Acc and MJM_Gyr
signals are displayed in synchrony with conventional physiological
signals—including abdominal/thoracic respiratory inductance plethys-
mography (RIP), airflow, SpO,, electroencephalography (EEG), and
electrooculography (EOG)—to support comparative analysis and
enhance interpretability. Figures S1A, S1B, and S2 first illustrate the
fundamental principle of MJM signal recording, clearly demonstrating
the dynamic interaction between mandibular movement and respiratory
drive during a prolonged period of respiratory effort.

4.2. Interpreting sleep structure

Accurate differentiation between wakefulness and various sleep
stages is critical for evaluating sleep architecture and duration. In
Figure S3, as a child transitions from wakefulness to sleep, MJM patterns
become more stable, contrasting with the larger, more erratic dis-
placements seen during wakefulness.

Figure S4 illustrates how MJM signals change across NREM stages.
There is a clear incremental rise in the angular speed of the mandible as
the child progresses into deeper sleep. During N1, ventilatory control is
more unstable, and subtle alterations in jaw position often coincide with
variable EEG patterns. During N3, increased respiratory drive is re-
flected in larger jaw rotations, likely in response to heightened upper
airway resistance.
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Figure S5 captures the transition from N2 to REM sleep. During REM
sleep, MJM remains active, unlike the reduced electromyographic ac-
tivity of the genioglossus muscle, suggesting that the mandible plays a
key role in maintaining airflow during this stage. Mandibular jaw
behavior in REM exhibits stochastic variations in both frequency and
amplitude, features that aid in visually identifying REM sleep
(Figures S5, S6 and S7). Conversely, Figure S8 depicts the transition
from REM to N2, where MJM amplitude and frequency stabilize,
aligning with the typical characteristics of N2 and a reduction in rapid
eye movements.

Figures S9A and S9B further illustrate the mandibular twitch —a
brief, phasic burst of muscle activity typical of REM sleep—and show
how these twitches are temporally aligned with corresponding changes
in EEG and EOG signals.

4.3. Identifying sleep-disordered breathing events during sleep

Once sleep periods are accurately identified, the next interpretation
involves classifying respiratory events, such as apneas, hypopneas, flow
limitations, and RERAs.

Figure S10 presents a period of quiet, stable breathing with low
mandibular rotational velocity during sleep, serving as a reference
baseline against which variations observed in SDB events can be
compared.

The angular velocity and displacement of the mandible serve as
sensitive and reliable markers of respiratory efforts (RE), as shown in
Figures S11, S12A, S12B and S13. Periods with increased RE are indi-
cated by elevated peak-to-peak angular velocities (MJM_Gyr) typically
exceeding the 75th percentile (2.57°/s), and closely synchronized with
the respiratory rate. The higher mandibular angular velocity reflects
greater upper airway muscle engagement and often corresponds with
escalating airflow as the ventilatory drive intensifies from normal or
reduced levels to more active conditions near the arousal threshold. This
phenomenon, known as drive-dependent OSA, demonstrates compen-
satory increases in airflow as a function of upper airway resistance.
These episodes, typically lasting at least 10 s and rarely exceeding 1 min,
are often accompanied by airflow reductions classified as hypopneas or
apneas.

Several examples show differentiation between obstructive
(Figure S14) and central events (Figures S15 and S16) based on the
presence or absence of respiratory drive captured by MJM Gyr,
respectively. Obstructive events display a characteristic pattern of
increasing MJM_Gyr amplitude (Figure S12), reflecting sustained res-
piratory effort against a blocked airway. In contrast, central events are
marked by minimal or absent respiratory drive, often with angular ve-
locities falling below the 25th percentile (0.63°/s), potentially occurring
in cyclic patterns with intermittent periods of respiratory command. For
example, Figure S15 highlights successive central hypopneas, each
lasting at least 20 s and accompanied with nearly zero mandibular
rotation speed. Mouth opening, while also associated with RE, may
occur in both obstructive and central hypopneas, as shown in
Figure S16.

Some hypopneas may display both central and obstructive origins
and are thus classified as mixed events. Mixed apneas or hypopneas
typically begin with reduced MJM velocity, followed by a resurgence of
centrally driven velocity before arousal, possibly indicating a phase of
elevated loop gain, as shown in Figure S17.

Beyond apneas and hypopneas, MJM signals are sensitive enough to
capture mild elevations in RE during RERAs and flow limitations.
Figures S12A and S12B highlight a prolonged period of increased res-
piratory effort terminating in an arousal (RERA). Similarly, Figure S18
illustrates a crescendo of respiratory effort, also ending with arousal,
emphasizing how MJM signals track these effort escalations. Figure S19
depicts how MJM signals capture subtle yet persistent RE increases
during a long episode of flow limitation. Figure S20 shows how a brief
awakening may destabilize ventilatory control, potentially inducing a
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sequence of central events due to CO5 washout and elevated loop gain.
In Figure S21, flow-limited breaths occur at low levels of drive, as
demonstrated by reduced mandibular jaw rotations and less rounded
pressure-flow curves.

Several examples underscore the utility of MJM analysis in moni-
toring respiratory instability during sleep, especially after arousals or
following transitions between sleep stages. For example, Figure S22
outlines a sequence involving RERA, central apnea, and obstructive
episodes, illustrating how one event may precipitate another under
conditions of heightened loop gain. Likewise, Figure S23 captures cen-
tral apneas after an arousal in a cyclic pattern, suggesting that COy
washout can quickly swing the respiratory control system into periodic
breathing. The cyclical breathing patterns are also captured in
Figures S24A and 24B through both MJM_Acc and MJM_Gyr signals.

Furthermore, during rhythmic masticatory muscle activities
(RMMA) or sleep bruxism, the mandible moves at a higher frequency
(~1 Hz) and greater amplitude compared to baseline respiratory
movements (Figures S25A & S25B). These episodes, typically occurring
after arousals, are easily identifiable due to their distinct frequency and
amplitude characteristics. Such events often lead to forced ventilation
and may contribute to CO, washout, resulting in subsequent reductions
in respiratory and trigeminal drive.

4.4. Identifying cortical and subcortical arousals

Throughout the visual companion guide, MJM signals demonstrate
effectiveness in detecting arousal events (Figures S3, S8-10, S15,
§18-21, S23, §25-30). Arousals are typically marked by prominent MJM
peaks, characterized by angular, non-gravitational acceleration at the
chin exceeding the 75th percentile threshold (0.14 m/s%), clearly dis-
tinguishing them from baseline sleep periods. Mandibular displacement
becomes more pronounced when mouth closure is accompanied by head
movements, and the MJM signal is often amplified in the presence of
scorable cortical arousals, likely due to cortico-bulbar reflex activation.

Importantly, MJM signals also allow for sensitive detection of subtle
arousals and differentiation between cortical and subcortical arousals.
For instance, Figure S20 shows how a cortical arousal triggers an in-
crease in airflow along with a noticeable shift in mandibular position. In
contrast, subcortical arousals manifest as distinct jaw movements
without corresponding prominent changes in scalp EEG.

Figures S28 and S29 depict scenarios where jaw movements and
sympathetic activations (evidenced by limb movements) mark arousals
that remain below the conventional EEG cortical scoring threshold.
These subcortical arousals may either terminate disordered breathing
episodes or occur spontaneously, reflecting intrinsic brainstem mecha-
nisms. In Figure S28, a second subcortical arousal even precedes a brief
central apnea, linking the transition from deeper subcortical drive to
temporary cessation of respiratory effort.

Finally, Figure S30 offers a visual comparison between a high-
amplitude jaw displacement (associated with a cortical arousal) and
smaller-amplitude jaw movements (subcortical arousals).

5. Clinical applications of MJM analysis in pediatric OSA

In 2015, a clinical study was conducted on 33 children (median age:
5.0 years; range: 2.0-15.0) with snoring and OSA symptoms [20]. The
aim was to determine whether MJM signals alone, recorded via
magnetometry and integrated into PSG as the jaw activity channel,
could assess RE in pediatric OSA. While prior investigations [37,38]
explored MJM’s potential in sleep/awake and apnea/hypopnea event
detection, this study was the first to clinically apply MJM analysis in
children.

Building on empirical observations, the authors identified specific
MJM patterns indicative of RE during sleep, including large, singular,
and prolonged mouth openings. These MJM patterns correlated strongly
with airflow and other standard PSG signals, highlighting their
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relevance in evaluating OSA severity. The study emphasized the inter-
pretability of MJM data, making it well-suited for both manual scoring
and the development of transparent, physiology-based algo-
rithms—offering an alternative to ’black box’ approaches, prioritizing
interpretability and physiological relevance.

In 2017, a second study investigated MJM’s utility in tracking re-
sidual RE after adenotonsillectomy (AT) in children with OSA [39].
Using the same manual scoring process described by Martinot et al.
(2015) [20], mandibular movement signal was compared with con-
ventional PSG signals in 25 children (mean age: 5.9 years; range:
1.7-13.0). The study highlighted two pivotal insights. First, it confirmed
MJM'’s capability to quantify clinical response to treatment, underlining
its potential in managing pediatric OSA over time—from OSA screening
and diagnosis to post-treatment follow-up. Second, the MJM signal
provides information beyond PSG conventional indices, more accurately
reflecting overall respiratory burden during sleep, especially for events
not included in AHI like RERAs. Notably, these pediatric findings
aligned with those observed in adult OSA populations.

Following its validation in adult OSA [54], the inertial sensor-based
technology was also evaluated in a pediatric population in 2021 [21]. In
this study, 140 children (median age: 6.9 years; range: 3.0-17.0) un-
derwent in-lab PSG with simultaneous MJM recording via a single-point
tri-axial accelerometer/gyroscope sensor. Automated scoring algo-
rithms generated an MJM-derived RDI that was compared to
PSG-derived RDI. MJM-RDI showed strong correlation with PSG-RDI
(Pearson’s r = 0.84; ICC = 0.79), indicating that MJM-based indices
track respiratory events consistently across a wide range of OSA sever-
ities. Bland-Altman analysis confirmed good agreement (median bias:
+1.57 events/hour; no proportional bias). When compared with stan-
dard PSG-AHI thresholds of 1, 5, and 10 events/hour, MJM-RDI
demonstrated good diagnostic performance, with area-under-the-curve
(AUCQ) values of 0.75, 0.90, and 0.98, respectively. These findings vali-
dated the accuracy and clinical relevance of MJM analysis for pediatric
OSA detection and supported its introduction into home-based testing. It
not only compares favorably to other HSATs (pooled AUC of 0.89), as
reported by Gao et al. (2021) [18], but also matches the most recent
meta-analytic estimates for portable devices (pooled AUC of 0.93) by
Touhuti et al. (2023) [19]. However, due to the limited number of
available clinical studies and the significant heterogeneity in device
architectures, scoring algorithms, and reference thresholds, direct
comparative evaluation remains premature.

More recently, Cassibba et al. (2022) evaluated the reliability of
automated MJM analysis in children undergoing noninvasive ventila-
tion (NIV) or continuous positive airway pressure (CPAP) therapy [22].
The study included 15 children (median age: 12.0 years; range:
5.0-18.0) with severe residual OSA, eight of whom had congenital upper
airway syndromes. Simultaneous in-lab PSG and MJM monitoring
demonstrated strong agreement for residual AHI measurement, with a
median bias of —0.25 events/hour (95% CI: -3.40 to +2.04), indicating
near-parallel results. After three months of treatment, follow-up MJM
recordings at home revealed significant reductions in residual AHI.
These findings underscored MJM’s potential for both clinical and home
settings, offering a versatile tool for evaluating therapeutic effectiveness
in real-world environments.

In summary, MJM analysis has emerged as a practical, accurate, and
physiologically grounded tool for pediatric OSA assessment. Its strong
agreement with PSG-derived indices supports its clinical integration for
screening, diagnosis, treatment evaluation, and follow-up in children
with sleep-disordered breathing.

6. Discussion

This review has outlined the technical, practical, and clinical rele-
vance of the MJM signal, along with a comprehensive guide for visual
operator-based interpretation in the context of pediatric OSA diagnosis.

Interpreting MJM signals allows for the identification of key
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physiological mechanisms underlying respiratory disturbances in OSA.
For example, the role of mandibular-related muscles in stabilizing the
pharynx under inspiratory load—much like how the rib cage supports
the lungs during diaphragmatic contraction—highlights the pivotal
function of mandibular dynamics in maintaining upper airway patency
during sleep. Simultaneous monitoring of jaw movements and muscle
activation across various sleep stages enables the assessment of both the
respiratory drive responsible for keeping the upper airway open and the
neuromuscular compensation mechanisms that modulate this process.

Mandibular dynamics and trigeminal motor engagement are best
quantified via parameters such as displacement velocity and accelera-
tion, rather than mere positional changes. Variations in respiratory
drive—reflected by shifts in airflow amplitude and nasal pressure
waveforms—are closely associated with changes in trigeminal motor
control during SDB. This relationship is evident in mandibular behavior
during episodes of airflow disturbance and subsequent recovery phases,
which are influenced by regulatory inputs from higher brain centers that
vary by sleep stage. Consequently, MJM signals serve as critical in-
dicators of airway stability and the presence of sleep-related breathing
disorders.

Beyond their utility for manual scoring, the identification of specific
MJM signal patterns and standardized interpretation rules forms the
foundation for developing and validating artificial intelligence-based
algorithms, including explainable approaches. Clinical studies have
already demonstrated the feasibility, reliability, and accuracy of auto-
mated MJM analysis for pediatric OSA detection and monitoring.

The implementation of a portable, single-point MJM sensor presents
several practical advantages over conventional sleep studies, particu-
larly in pediatric populations. These include improved access to home
sleep apnea testing (HSAT), reduced costs, increased comfort, lower
technical failure rates, and shorter time to diagnosis and intervention.
Notably, the MJM signal’s sensitivity to subtle, RE-related dis-
turbances—often missed by conventional signals—has important im-
plications for both therapeutic evaluation and a more accurate
assessment of OSA burden.

While the clinical utility and physiological relevance of MJM anal-
ysis in pediatric OSA have been increasingly recognized, the evidence
base is still modest and originates primarily from early-adopter research
centers. Future research should focus on large-scale, multi-center vali-
dation studies to confirm the robustness and generalizability of MJM-
based monitoring across broader pediatric populations.

7. Conclusion

In conclusion, MJM recordings and analysis provide a technically
simple, physiologically robust, and clinically meaningful approach for
detecting and monitoring pediatric OSA. As sleep medicine increasingly
embraces patient-centered, cost-effective solutions, MJM technology
stands out as a highly promising tool in the management of pediatric
sleep-disordered breathing.

Practical points

1 Mandibular jaw movement (MJM) analysis is a reliable, practical alternative to
polysomnography for diagnosing pediatric OSA, capturing respiratory drive and
upper airway muscle activity.

2 Astructured atlas supports MJM interpretation, illustrating typical MJM patterns in
respiratory events, sleep bruxism, arousals, and sleep stages.

Research agenda

1 Further pediatric-specific validation should investigate MJM analysis in diverse
cohorts across ages, phenotypes, and comorbidities.

2 Prospective studies should assess how MJM-based diagnosis and monitoring impact
long-term outcomes in pediatric OSA management.
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