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Background: The key to treating Obstructive Sleep Apnea-Hypopnea Syndrome (OSAHS) by mandibular advancement device (MAD) lies in determining the optimal mandibular advancement, but current subjective titration methods are time-consuming and have poor compliance. Therefore, this study proposes an objective titration scheme based on a Remotely Contactless Intelligent Sleep Monitoring System (RCISMS) to optimize the MAD titration process, improve treatment efficiency, and enhance patient comfort.

Methods: This study enrolled 60 OSAHS patients, randomly divided into a RCISMS-guided titration group (n = 30) and a subjective titration group (n = 30). Patients in the RCISMS-guided titration group used RCISMS at home to monitor AHI, which was transmitted in real-time to clinicians online for remote guidance on MAD adjustments. The subjective titration group required adjustments based on patient self-reports during clinic visits. The primary endpoint was the reduction in AHI, and secondary endpoints included titration time efficiency and improvements in subjective symptoms (Epworth Sleepiness Scale, Snoring Scale).

Results: Both RCISMS-guided and subjective titration significantly reduced AHI (by 73.7 and 69.0%, respectively), with no significant difference in final AHI levels between the two groups (p = 0.0828). RCISMS-guided titration significantly shortened the titration cycle (27.00 ± 2.12 days vs. 45.07 ± 8.25 days, p < 0.0001), saving 40.01% of the time compared to subjective titration. There were no significant differences between the two groups in ESS reduction (RCISMS group 3.0 ± 1.2 vs. subjective titration group 3.3 ± 1.5, p = 0.3943) and Snoring VAS scores reduction (RCISMS group 3.8 ± 0.5 vs. subjective titration group 3.9 ± 0.5, p = 0.3306).

Conclusion: The RCISMS-guided MAD titration scheme can achieve the same therapeutic effect as traditional subjective titration methods in a shorter time, while reducing the number of patient visits, improving treatment convenience and compliance, and demonstrating significant potential for clinical application.
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1 Introduction

Obstructive Sleep Apnea-Hypopnea Syndrome (OSAHS) is a respiratory disorder characterized by the repeated occurrence of complete (lasting ≥10 s) and/or partial hypoventilation events during sleep (1, 2). Typical clinical manifestations of the condition include nocturnal snoring, excessive daytime sleepiness, and cognitive dysfunction. OSAHS has emerged as a global health concern affecting both adults and children (3, 4). Accumulating evidence indicates that OSAHS is a multifactorial disease associated with various risk factors including hypertension, vitamin D levels (5), obesity (6), insulin resistance (7), and age. Recent studies have identified congenital craniofacial anomalies as contributing factors in pediatric OSAHS (8, 9). Furthermore, sleep disturbances following the COVID-19 pandemic may exacerbate OSAHS pathogenesis (10, 11). Long-term chronic course of OSAHS can lead to irreversible damage to multiple organ systems, including the heart, brain, and kidneys (12, 13), and significantly increases the risk of severe complications such as cardiovascular diseases and metabolic syndrome (14, 15).

In clinical treatment strategies, Continuous Positive Airway Pressure (CPAP) is considered the gold standard non-surgical therapy for moderate to severe OSAHS patients (16). However, for patient’s intolerance to CPAP, the Mandibular Advancement Device (MAD) has become an important alternative treatment. MAD is commonly employed in the correction of Class II malocclusion to augment airway dimensions (17). It encompasses fixed functional appliances such as the Herbst appliance (18) and the MALU appliance (19). MAD works by progressively advancing the lower jaw to enlarge the airway space, effectively improving airway obstruction (20, 21). Compared to CPAP, MAD offers significant advantages in treatment adherence and patient tolerance, and it has become an essential approach in OSAHS management (22, 23).

The core of MAD treatment lies in determining the optimal mandibular advancement, a process achieved through titration. This involves gradually advancing the mandible as the patient adapts, until the maximum therapeutic effect is achieved or the patient cannot tolerate further adjustments (24). The traditional “subjective titration” approach relies on patient-reported symptom feedback for progressive adjustment, but it has multiple limitations: frequent clinic visits reduce adherence, and the lack of objective assessment indicators can lead to excessive titration, ultimately affecting long-term treatment efficacy (25, 26). As a result, clinical exploration has focused on titration techniques based on objective indicators, primarily including two modes: (1) Drug-Induced Sleep Endoscopy (DISE)-assisted titration, during which experienced otolaryngologists use RCMP devices under real-time endoscopic monitoring to dynamically assess airway morphology changes; (2) Polysomnography (PSG)-guided titration, combining overnight PSG monitoring with remote RCMP adjustment for precise intervention of respiratory events (16, 27). However, these methods present notable limitations: firstly, the rapid titration process lacks an adaptation phase, resulting in jaw discomfort; secondly, both approaches necessitate specialized equipment and require the involvement of trained professionals for their implementation.

Recent advancements include the development of the Sunrise system by Jean-Louis Pépin’s team, which uses a tri-axial gyroscopic chin sensor for at-home AHI monitoring. This system combines a 6-month remote doctor-patient interaction to complete MAD titration (28, 29). However, the chin sensor used in this system may interfere with patient comfort and sleep architecture, limiting its clinical application potential.

Building on this foundation, this study innovatively proposes a non-contact objective titration approach. The research team has previously developed a Remotely Contactless Intelligent Sleep Monitoring System (RCISMS), which integrates an under-mattress sleep monitor (SC-500™, Boshi Linkage Technology, Beijing, China) with an artificial intelligence analysis platform. This system can capture vital signs such as heart rate and respiration in real-time and generate detailed sleep reports that include AHI and sleep pattern. Clinicians remotely guide MAD adjustments via a cloud platform based on AHI dynamics and patient feedback until optimal efficacy thresholds or tolerance limits are achieved. This study aims to systematically evaluate the clinical application value and feasibility of RCISMS-guided objective titration in MAD treatment for OSAHS patients.



2 Materials and methods


2.1 Subjects

A total of 60 volunteers who underwent polysomnography (PSG) monitoring in the Department of Otorhinolaryngology, Beijing Jishuitan Hospital, Capital Medical University, from March to June 2024 were consecutively enrolled. General information of the participants was recorded, including age, gender, body mass index (BMI), Epworth Sleepiness Score (ESS) and Snoring VAS. This study was approved by the Medical Ethics Committee of Beijing Jishuitan Hospital, Capital Medical University (Approval No. K2023-364-00), and all participants signed informed consent forms. The severity of OSAHS is traditionally assessed using the Apnea-Hypopnea Index (AHI), which defines AHI as the number of apneas and hypopneas per hour of sleep. Based on AHI, OSAHS severity is classified as mild (5 ≤ AHI < 15/h), moderate (15 ≤ AHI < 30/h), and severe (AHI ≥ 30/h). To ensure accurate diagnosis, all patients underwent baseline PSG before the initiation of any treatment. Ear, nose, and throat (ENT) examinations, dental screenings, and assessments for inclusion and exclusion criteria were conducted. All patients were randomized to undergo one of two titration procedures: the subjective titration procedure or the new objective titration procedure using RCISMS.

Inclusion Criteria: OSAHS patients with AHI ≥ 15; Age between 18 and 70 years; Ability to provide informed consent; Refusal or non-adherence to CPAP or unwillingness to undergo upper airway surgery; No abnormalities in periodontal and temporomandibular joints (TMJ).

Exclusion Criteria: Active periodontal issues, including tooth mobility; Active temporomandibular joint dysfunction; Inadequate dental occlusion or dentition to support MAD; Patients with severe, unstable systemic diseases or mental health disorders; Enlarged tonsils (Friedman grade IV tonsils).



2.2 Sample size calculation

The sample size was calculated based on the primary outcome measure of AHI reduction. We anticipated an AHI reduction of approximately 70% with MAD therapy. To detect a clinically meaningful difference of 15% in AHI reduction between the RCISMS-guided and subjective titration groups, with a standard deviation of 8%, a power of 90%, and a two-sided alpha level of 0.05, a minimum of 25 participants per group was required. Accounting for a potential dropout rate of 20% during the 60-day study period, we aimed to enroll 30 participants per group, for a total of 60 participants. The sample size calculation was performed using the following formula:

n = 2(Zα/2 + Zβ)2 × σ2/Δ2. Where: n is the required sample size per group, Zα/2 = 1.96 (for α = 0.05, two-sided), Zβ = 1.28 (for 90% power), σ = 8 (estimated standard deviation of AHI reduction percentage), Δ = 15 (minimum clinically important difference in AHI reduction percentage). This calculation yielded 24.37 participants per group, which was rounded up to 25 and then adjusted for potential dropouts to arrive at the final sample size of 30 per group.

Ultimately, this study enrolled a total of 60 patients. Thirty patients were randomly assigned to the RCISMS-guided titration program, and 30 patients were assigned to the subjective titration program.



2.3 Construction of RCISMS

The system consists of an under-mattress sleep monitor SC-500™ (Identifier No. 20182071457, Boshi Linkage Technology, Beijing, China), a signal transmission network, a cloud platform, an information storage and processing workstation, an artificial intelligence analysis system, a visualization system, and an external pulse oximeter. The sleep monitor SC-500™ with a built-in electret condenser microphone (EM246ASSTM; Hakujitsu Technology Co., Tokyo, Japan) can detect and collect 0.01–10 kHz frequency domain signals. The signals can be separated accurately of vital sign information such as heart rate (0.8–1.5 Hz) and respiration (0.2–0.8 Hz), ballistocardiogram (BCG, 0.6-20 Hz) and snoring (100–500 Hz). The collected raw signals are processed using our patented comb filtering technology [Patent No. CN201310157508.8], enabling accurate separation of cardiac, respiratory, and body movement signals. Through respiratory waveform analysis and feature annotation, we identify sleep-related respiratory events while developing an intelligent computational model for the AHI. By continuously comparing with gold-standard PSG measurements and employing iterative deep learning optimization, we progressively enhance the accuracy of the AHI algorithm. The sleep pattern is based on the algorithm of BCG and consists of the total sleep time (TST), deep sleep time (DST), light sleep time (LST), rapid eye movement sleep time (REMST), the sleep efficiency and AHI (30, 31). Previous studies have proven the accuracy of this sleep monitor, using PSG as the gold standard (32, 33), and we have validated the consistency between RCISMS and PSG monitoring for AHI. When PSG diagnosed patients with moderate OSAHS, RCISMS demonstrated good agreement with PSG (Cohen’s kappa = 0.67, p = 0.04). For severe OSAHS cases diagnosed by PSG, RCISMS showed excellent agreement (Cohen’s kappa = 0.842, p = 0.001). But for mild OSAHS cases diagnosed by PSG, the consistency between RCISMS and PSG was weaker (Cohen’s kappa = 0.340, p = 0.046). Additionally, a signal transmission network, cloud platform, information storage and processing workstation, and visualization system are further developed, allowing sleep data from OSAHS patients undergoing MAD treatment to be remotely collected, uploaded in real-time, intelligently analyzed, and automatically generating sleep reports. The results are simultaneously presented to both the doctor and the patients.



2.4 Mandibular advancement device

Qualified dental specialists will conduct comprehensive assessments to determine patient suitability for MAD therapy. Key anatomical features, including mandibular protrusive capacity and temporomandibular joint function, will be evaluated. The patient will begin with habitual occlusion and then be asked to protrude the lower jaw maximally, known as the maximum protrusion (MP). Afterward, the patient will gradually retract the lower jaw and then slowly protrude again. This step is repeated three times until the position of discomfort is reached, known as the maximal comfortable protrusion (MCP). All patients in this study will receive customized, titratable MAD (Identifier No. 20232140393, Zhuhai Hanzhimei Health Technology Co., Ltd., China) treatment. The MAD used in this study is a two-piece, custom-made adjustable acrylic device that includes a calibrated micro-adjustment mechanism, with each graduation representing a 0.25 mm advancement increment. Each adjustment moves the lower jaw forward by 0.25 mm. The MAD fitting will be defined as the study starting point (0 mm mandibular advancement, baseline, Day 1), when baseline characteristics are collected. Patients will be asked to complete a Snoring visual analog scale (VAS) and ESS.



2.5 Subjective titration procedure

This procedure is based on the evolution of the patient’s self-reported symptoms and physical limits. Patients will be recalled to the hospital every 1–2 weeks. Depending on the patient’s responses to the family questionnaire regarding subjective changes including snoring, daytime sleepiness, tooth pain, temporomandibular joint pain, the clinician will adjust the MAD by increasing the degree of mandibular advancement by 0.5–1 mm each time, until reaching MCP, or until the patient can no longer tolerate any further mandibular advancement. The titration period will last up to 60 days.



2.6 RCISMS-guided titration procedure

This procedure is based on AHI data provided by the RCISMS. Patients will utilize the SC-500™ device for nightly sleep monitoring at home. This contactless under-mattress sensor continuously collects sleep-related parameters, with automated daily reports quantifying AHI values transmitted in real-time to clinicians via a secure cloud interface. Clinicians will conduct remote consultations every 3–7 days to guide MAD adjustments (0.25–1.0 mm increments) based on AHI trends and patient feedback (symptom evolution and physical limits).

In general, the degree of mandibular advancement will gradually increase until reaching MCP, or until the patient can no longer tolerate further progression. Each patient will receive individual guidance and training to make actual adjustments to the MAD at the beginning of the study. The titration period will last up to 60 days (Figure 1).
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FIGURE 1
 RCISMS-guided titration procedure. (A) The process of RCISMS-Guided titration. (B) The period of RCISMS-Guided titration.




2.7 Outcome measures

At the completion of MAD adjustment, all patients were recalled to the hospital for PSG monitoring.

Primary Outcome: reduction in AHI based on PSG from baseline.

Secondary Outcomes: titration time efficiency and improvement in subjective symptoms. Titration time efficiency refers to the percentage of time saved within the specified period, with the specified period being 60 days. Improvement in subjective symptoms will be assessed using the ESS and snoring visual analog scale (VAS).

The ESS will be used to assess the degree of daytime sleepiness. The ESS is a self-administered questionnaire that evaluates subjective daytime sleepiness in everyday situations. The score ranges from 0 to 24, with higher scores typically indicating sleep apnea patients, suggesting a tendency for sleepiness. Details of ESS are shown in Supplementary Table S1.

The severity of snoring will be assessed using the VAS. For patients who have bed partners able to report snoring intensity, the bed partner will use a standard 10-point VAS to assess snoring. This VAS ranges from 0 to 10, where 0 means no snoring, and 10 means the bed partner leaves the room or sleeps separately. Severe snoring will be defined as a VAS snoring index of at least 7.



2.8 Statistical analysis

Continuous variables will be presented as mean ± standard deviation. Paired two-tailed t-tests will assess within-group changes using SPSS 26.0 (IBM Corp.). Statistical significance threshold: p < 0.05.




3 Results


3.1 Demographic and anthropometric data

The detailed information was presented in Table 1. The subjective titration group exhibited a mean age of 44.5 (73.3% male), with an average BMI of 27.9 and pre-titration apnea-hypopnea index (AHI) of 30.4 events/h. The RCISMS-guided titration group exhibited a mean age of 45.6 (76.7% male), with an average BMI of 28.8 and pre-titration AHI of 31.4.


TABLE 1 Baseline AHI measured by RCISMS and baseline AHI measured by PSG.


	Items
	Subjective titration
	RCISMS-guided titration
	p-value

 

 	Age 	44.5 ± 11.3 	45.6 ± 9.4 	0.7307


 	Gender


 	Male 	22 	23 	–


 	Female 	8 	7 	–


 	BMI 	27.9 ± 5.0 	28.8 ± 2.4 	0.1993


 	AHI 	30.4 ± 8.2 	31.4 ± 8.8 	0.6574




 



3.2 RCISMS-guided titration and subjective titration have no significant difference in reducing AHI

The subjective titration group demonstrated a baseline AHI of 30.4 ± 8.2, which decreased to 9.5 ± 2.9 post-titration, yielding a reduction of 69.0 ± 1.6%. In contrast, the RCISMS-guided titration group exhibited a baseline AHI of 31.4 ± 8.8, which was substantially reduced to 8.1 ± 3.3 post-intervention, achieving a clinically significant decrease of 73.7 ± 10.1%. There was no significant difference in the AHI before (p = 0.6574) and after (p = 0.0828) titration and in both groups. Both protocols achieved comparable post-titration AHI levels. Furthermore, the RCISMS-guided titration showed a higher percentage reduction (p = 0.0154) in AHI (73.7 ± 10.1%) compared to subjective titration (69.0 ± 1.6%), underscoring the therapeutic potential of RCISMS-guided titration as a viable alternative for OSAHS management (Table 2).


TABLE 2 AHI changes in subjective titration and RCISMS-guided titration.


	Items
	Subjective titration
	RCISMS-guided titration
	p-value

 

 	AHI before titration (events/h) 	30.4 ± 8.2 	31.4 ± 8.8 	0.6574


 	AHI after titration (events/h) 	9.5 ± 2.9 	8.1 ± 3.3 	0.0828


 	AHI reduction (%) 	69.0 ± 1.6 	73.7 ± 10.1 	0.0154




 



3.3 RCISMS-guided titration significantly reduces the time required for titration

During the titration period, an average of 4.4 adjustments were required in the RCISMS-guided group compared to 4.7 in the subjective titration group. As shown in Table 3, for the first MAD adjustment, the subjective titration group took 9.20 ± 2.33 days, while the RCISMS-guided titration group took 6.40 ± 1.07 days (p < 0.0001). For the second MAD adjustment, the subjective titration group took 12.30 ± 1.82 days, while the RCISMS-guided titration group wore the MAD for 6.90 ± 0.99 days (p < 0.0001). For the third MAD adjustment, the subjective titration group took 9.30 ± 1.93 days, while the RCISMS-guided titration group took 4.83 ± 0.46 days (p < 0.0001). For the fourth MAD adjustment, the subjective titration group took 7.73 ± 2.38 days, while the RCISMS-guided titration group took 4.67 ± 0.71 days (p < 0.0001). For the fifth MAD adjustment, the subjective titration group took 6.53 ± 1.98 days, while the RCISMS-guided titration group took 4.20 ± 1.88 days (p < 0.0001). The RCISMS-guided titration group was able to adapt and proceed to the next adjustment in a shorter time after each MAD adjustment. Additionally, the total titration time for the RCISMS-guided titration group was significantly shorter than that of the subjective titration group. Over a 60-day period, the subjective titration program saved only 24.89 ± 13.76% of the time, while the RCISMS-guided titration program saved 55.00 ± 3.53% of the time (p < 0.0001).


TABLE 3 The adaptation time required for each adjustment of MAD during titration.


	Number of adjustments
	Subjective titration
	RCISMS-guided titration
	p-value

 

 	1 	9.20 ± 2.33 	6.40 ± 1.07 	<0.0001


 	2 	12.30 ± 1.82 	6.90 ± 0.99 	<0.0001


 	3 	9.30 ± 1.93 	4.83 ± 0.46 	<0.0001


 	4 	7.73 ± 2.38 	4.67 ± 0.71 	<0.0001


 	5 	6.53 ± 1.98 	4.20 ± 1.88 	<0.0001


 	Total titration days 	45.07 ± 8.25 	27.00 ± 2.12 	<0.0001


 	Time saved (%) 	24.89 ± 13.76 	55.00 ± 3.53 	<0.0001




 



3.4 RCISMS-guided titration and subjective titration have no significant difference in the improving ESS scores and snoring VAS

The ESS was used to assess the level of daytime sleepiness, and the snoring VAS was used to evaluate the severity of snoring. As shown in Table 4, both titration protocols demonstrated statistically significant reductions in ESS scores post-intervention (RCISMS-guided titration: p < 0.0001; Subjective titration: p < 0.0001). Significant reductions were similarly observed in the snoring VAS following both titration procedures (RCISMS-guided titration: p < 0.0001; Subjective titration: p < 0.0001). But there was no significant difference between the subjective titration program and the RCISMS-guided titration program in terms of reducing ESS (p = 0.3943) and snoring VAS (p = 0.0.3306).


TABLE 4 ESS scores and snoring VAS changes in subjective titration and RCISMS-guided titration.


	Items
	Subjective titration
	RCISMS-guided titration
	p-value

 

 	ESS


 	Before 	9.8 ± 3.0 	9.7 ± 3.6 	>0.9999


 	After 	6.8 ± 1.9 	6.4 ± 2.3 	0.7325


 	p-value 	<0.0001 	<0.0001 	


 	Reduction 	3.0 ± 1.2 	3.3 ± 1.5 	0.3943


 	Snoring VAS


 	Before 	7.6 ± 1.8 	7.6 ± 1.5 	>0.9999


 	After 	3.8 ± 1.9 	3.7 ± 1.8 	0.7822


 	p-value 	<0.0001 	<0.0001 	


 	Reduction 	3.8 ± 0.5 	3.9 ± 0.5 	0.3306




 




4 Discussion

According to the latest guidelines (34), CPAP remains the first-line treatment for OSAHS patients, particularly for those with moderate-to-severe disease severity as determined by respiratory event frequency during sleep. However, concerns persist regarding CPAP adherence. As alternative therapeutic options, Class II occlusal correction devices including MADs demonstrate significant appeal for primary snorers and CPAP-intolerant patients (35, 36). Compared with maxillomandibular advancement surgery, these orthodontic devices offer distinct advantages of minimally invasive nature and higher patient acceptability (37). MAD has been confirmed as an effective treatment for OSAHS (38, 39), and the key factor in MAD therapy is determining the optimal mandibular advancement, which needs to be achieved through the MAD titration process (40). Currently, MAD titration often uses the traditional “subjective titration protocol” (41), which requires several months, multiple hospital visits, and MAD adjustments based on patient feedback. This process is not only time-consuming but also relies on the patient’s subjective judgment, which can easily lead to over-adjustment or under-adjustment, thus affecting treatment outcomes (42). In contrast, the RCISMS-guided titration utilizes a contactless under-mattress sleep monitor (SC-500™), which continuously monitors the patient’s AHI at home. The real-time data is uploaded to the clinician’s system, allowing for remote guidance to accurately adjust the MAD advancement, thereby avoiding over-adjustment and patient discomfort.

In recent years, several objective titration procedures have been developed, such as RCMP-based DISE-assisted titration, RCMP-based PSG-guided titration, and titration based on an automatic mandibular jaw movement (MJM) monitoring and analysis system. RCMP-based DISE-assisted titration and PSG-guided titration complete the MAD titration in a single visit (43), which saves a significant amount of time, but patients do not gradually adapt, inevitably causing noticeable mandibular discomfort. The titration method based on the automatic MJM monitoring and analysis system allows remote monitoring of the patient’s AHI and provides titration guidance, with the titration process completed at home (28). However, patients must wear a tri-axial gyroscopic chin sensor during sleep, which may affect their sleep comfort.

Currently, the internationally recognized “gold standard” for diagnosing and assessing the efficacy of OSAHS is PSG. Preliminary studies demonstrated that SC-500™ achieved comparable accuracy to PSG in monitoring the AHI, suggesting its reliability as a guidance system for MAD titration (30, 31). Furthermore, like the MJM monitoring and analysis system, RCISMS can remotely monitor the patient’s AHI data and transmit it to clinicians (44). However, RCISMS only requires placing the sleep monitor under the mattress to complete the monitoring of physiological signals, offering the advantages of convenience, comfort, and unobtrusiveness. Based on this, we propose a RCISMS-guided titration procedure. The sleep monitor is sent to the patient, RCISMS monitors and analyzes the AHI, which is synchronized in real time to the clinician. The clinician contacts the patient by phone every 3–7 days to remotely guide them in adjusting the MAD based on the AHI and patient feedback, until AHI significantly improves, symptoms resolve, or the patient is unable to tolerate further adjustments. Compared to the traditional subjective titration procedure, our results showed that the RCISMS-guided titration achieves the same level of AHI improvement without requiring patients to visit the clinic repeatedly, making MAD titration more home-based and improving patient convenience.

We also compared the time spent on both titration procedures. Patients in the subjective titration group typically choose to visit the clinic for further MAD adjustments after adapting for 7–14 days, whereas RCISMS-guided titration patients have their AHI monitored in real-time by clinicians and typically undergo the next MAD adjustment within 7 days. Whether for a single adjustment or the total titration period, RCISMS-guided titration significantly saves treatment time compared to subjective titration. The ESS and Snoring VAS before and after titration were also recorded. Both RCISMS-guided titration and subjective titration methods effectively improved ESS and Snoring VAS, further demonstrating that RCISMS-guided titration achieves the same therapeutic effect as subjective titration in about half the time.

To ensure optimal treatment adherence, a balance must be found between effective titration time, patient tolerance, and patient comfort. Compared to subjective titration and the three reported objective titration methods, RCISMS-guided titration not only does not require the wear of sensors and can be completed at home, but also allows for real-time adjustments based on feedback, ensuring that patients can gradually adapt to the treatment within a comfortable and tolerable range, greatly improving treatment tolerance and adherence, and shortening treatment time. This method can better meet the treatment needs of patients, especially for those with limited time or those who are unable to visit the clinic frequently for other reasons, making it highly appealing.

However, the current study still has limitations. Blinding design was not implemented in the trial due to the characteristics of the intervention (RCISMS requires patients to actively operate the device, and subjective titration necessitates frequent follow-up visits). Although the AHI was measured via an automated Monitoring System to reduce human bias, patient-reported outcomes (ESS/VAS) could still be affected by participants’ awareness of group assignment. Future research could optimize design through the following approaches: (1) designating an endpoint adjudication committee for blinded analysis of all data; (2) implementing a remote system with a masked interface (neither patients nor physicians have access to the actual grouping), displaying only neutral instructions. And the current study is unable to evaluate the long-term stability of MAD therapy and its potential side effects (such as chronic stress on the temporomandibular joint, temporomandibular joint disorder). Therefore, we intend to conduct a 1- to 2-year follow-up study to systematically monitor AHI, periodontal health, and quality of life, with particular emphasis on assessing relapse rates.

In summary, RCISMS-guided MAD titration procedure is an innovative, non-invasive, comfortable, and efficient treatment option that can significantly improve the treatment experience for OSAHS patients and may become one of the mainstream methods for MAD treatment in the future.



5 Conclusion

This study pioneers a novel RCISMS-guided MAD titration protocol, representing a paradigm shift in Obstructive Sleep Apnea-Hypopnea Syndrome (OSAHS) management. The innovative system demonstrates clinical superiority over conventional titration approaches through its integrated capacity for continuous respiratory event monitoring and artificial intelligence-enhanced real-time AHI analysis. This technological synergy enables precise dose–response calibration of MAD positioning, effectively circumventing subtherapeutic under-titration while preventing discomfort from excessive mandibular protrusion.

The automated biofeedback mechanism of RCISMS ensures therapeutic efficacy optimization through dynamic treatment parameter adjustment, concurrently addressing two critical clinical challenges: (1) mitigating treatment-abandonment risks associated with device-related discomfort, and (2) maintaining sustained therapeutic adherence through patient-centric comfort preservation. Particularly advantageous for CPAP-intolerant populations, this titration system establishes a new standard for non-invasive OSAHS intervention, offering a scientifically validated pathway for personalized precision medicine in sleep-disordered breathing management.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Beijing Jishuitan Hospital, Capital Medical University (Approval number: K2023-364-00). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

HL: Conceptualization, Writing – original draft, Writing – review & editing. SZ: Conceptualization, Writing – original draft, Writing – review & editing. JY: Conceptualization, Writing – original draft, Writing – review & editing. YL: Conceptualization, Writing – original draft, Writing – review & editing. ZW: Conceptualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Beijing Hospitals Authority Clinical medicine Development of special funding support (YGLX202316).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1631296/full#supplementary-material



References
	 1. De Backer, W. Obstructive sleep apnea/hypopnea syndrome. Panminerva Med. (2013) 55:191–5.
	 2. Akashiba, T, Inoue, Y, Uchimura, N, Ohi, M, Kasai, T, Kawana, F , et al. Sleep apnea syndrome (SAS) clinical practice guidelines 2020. Respir Investig. (2022) 60:3–32. doi: 10.1016/j.resinv.2021.08.010 
	 3. Lo Bue, A, Salvaggio, A, and Insalaco, G. Obstructive sleep apnea in developmental age. A narrative review. Eur J Pediatr. (2020) 179:357–65. doi: 10.1007/s00431-019-03557-8 
	 4. Fietze, I, Laharnar, N, Obst, A, Ewert, R, Felix, SB, Garcia, C , et al. Prevalence and association analysis of obstructive sleep apnea with gender and age differences – results of SHIP-trend. J Sleep Res. (2019) 28:e12770. doi: 10.1111/jsr.12770 
	 5. Kanclerska, J, Wieckiewicz, M, Nowacki, D, Szymanska-Chabowska, A, Poreba, R, Mazur, G , et al. Sleep architecture and vitamin D in hypertensives with obstructive sleep apnea: a polysomnographic study. Dental Med Prob. (2024) 61:43–52. doi: 10.17219/dmp/172243 
	 6. Wyszomirski, K, Walędziak, M, and Różańska-Walędziak, A. Obesity, bariatric surgery and obstructive sleep apnea-a narrative literature review. Medicina. (2023) 59:1266. doi: 10.3390/medicina59071266 
	 7. Paschou, SA, Bletsa, E, Saltiki, K, Kazakou, P, Kantreva, K, Katsaounou, P , et al. Sleep apnea and cardiovascular risk in patients with prediabetes and type 2 diabetes. Nutrients. (2022) 14:4989. doi: 10.3390/nu14234989 
	 8. Dowgierd, K, Pokrowiecki, R, Myśliwiec, A, and Krakowczyk, Ł. Use of a fibula free flap for mandibular reconstruction in severe craniofacial Microsomia in children with obstructive sleep apnea. J Clin Med. (2023) 12:1124. doi: 10.3390/jcm12031124 
	 9. Paradowska-Stolarz, AM, Ziomek, M, Sluzalec-Wieckiewicz, K, and Duś-Ilnicka, I. Most common congenital syndromes with facial asymmetry: a narrative review. Dental Med Prob. (2024) 61:925–32. doi: 10.17219/dmp/186086 
	 10. Bhat, S, and Chokroverty, S. Sleep disorders and COVID-19. Sleep Med. (2022) 91:253–61. doi: 10.1016/j.sleep.2021.07.021 
	 11. Huang, Y, Chen, D, Fietze, I, and Penzel, T. Obstructive sleep apnea with COVID-19. Adv Exp Med Biol. (2022) 1384:281–93. doi: 10.1007/978-3-031-06413-5_17
	 12. Friedman, M, Ibrahim, H, and Joseph, NJ. Staging of obstructive sleep apnea/hypopnea syndrome: a guide to appropriate treatment. Laryngoscope. (2004) 114:454–9. doi: 10.1097/00005537-200403000-00013 
	 13. Wang, C, Zhang, Z, Zheng, Z, Chen, X, Zhang, Y, Li, C , et al. Relationship between obstructive sleep apnea-hypopnea syndrome and osteoporosis adults: a systematic review and meta-analysis. Front Endocrinol. (2022) 13:1013771. doi: 10.3389/fendo.2022.1013771 
	 14. Mao, Z, Zheng, P, Zhu, X, Wang, L, Zhang, F, Liu, H , et al. Obstructive sleep apnea hypopnea syndrome and vascular lesions: an update on what we currently know. Sleep Med. (2024) 119:296–311. doi: 10.1016/j.sleep.2024.05.010 
	 15. Wu, ZH, Yang, XP, Niu, X, Xiao, XY, and Chen, X. The relationship between obstructive sleep apnea hypopnea syndrome and gastroesophageal reflux disease: a meta-analysis. Sleep Breat. (2019) 23:389–97. doi: 10.1007/s11325-018-1691-x 
	 16. Dieltjens, M, Braem, MJ, Op de Beeck, S, Vroegop, A, Kazemeini, E, Van de Perck, E , et al. Correction to: remotely controlled mandibular positioning of oral appliance therapy during polysomnography and drug-induced sleep endoscopy compared with conventional subjective titration in patients with obstructive sleep apnea: protocol for a randomized crossover trial. Trials. (2020) 21:339. doi: 10.1186/s13063-020-04313-2
	 17. Tahmasbi, S, Seifi, M, Soleymani, AA, Mohamadian, F, and Alam, M. Comparative study of changes in the airway dimensions following the treatment of class II malocclusion patients with the twin-block and Seifi appliances. Dent Med Probl. (2023) 60:247–54. doi: 10.17219/dmp/142292 
	 18. Hosseini, HR, Ngan, P, Tai, SK, Andrews, LJ, and Xiang, J. A comparison of skeletal and dental changes in patients with a class II relationship treated with clear aligner mandibular advancement and Herbst appliance followed by comprehensive orthodontic treatment. Am J Orthod Dentofacial Orthop. (2024) 165:205–19. doi: 10.1016/j.ajodo.2023.08.015 
	 19. Candir, M, and Kerosuo, H. Mode of correction is related to treatment timing in class II patients treated with the mandibular advancement locking unit (MALU) appliance. Angle Orthod. (2017) 87:363–70. doi: 10.2319/071316-549.1 
	 20. Brajer-Luftmann, B, Trafas, T, Mardas, M, Stelmach-Mardas, M, Batura-Gabryel, H, and Piorunek, T. The automatic algorithm of the auto-CPAP device as a tool for the assessment of the treatment efficacy of CPAP in patients with moderate and severe obstructive sleep apnea syndrome. Life. (2022) 12:1357. doi: 10.3390/life12091357 
	 21. Uniken Venema, JAM, Rosenmöller, B, de Vries, N, de Lange, J, Aarab, G, Lobbezoo, F , et al. Mandibular advancement device design: a systematic review on outcomes in obstructive sleep apnea treatment. Sleep Med Rev. (2021) 60:101557. doi: 10.1016/j.smrv.2021.101557
	 22. Anitua, E, Mayoral, P, Almeida, GZ, Durán-Cantolla, J, and Alkhraisat, MH. A multicenter prospective study on the use of a mandibular advancement device in the treatment of obstructive sleep apnea. Dentistry J. (2023) 11:247. doi: 10.3390/dj11110247 
	 23. van der Hoek, LH, Rosenmöller, B, van de Rijt, LJM, de Vries, R, Aarab, G, and Lobbezoo, F. Factors associated with treatment adherence to mandibular advancement devices: a scoping review. Sleep Breath. (2023) 27:2527–44. doi: 10.1007/s11325-023-02862-9 
	 24. Lo Giudice, A, La Rosa, S, Palazzo, G, and Federico, C. Diagnostic and therapeutic indications of different types of mandibular advancement design for patients with obstructive sleep apnea syndrome: indications from literature review and case descriptions. Diagnostics. (2024) 14:1915. doi: 10.3390/diagnostics14171915 
	 25. Pépin, JL, Raymond, N, Lacaze, O, Aisenberg, N, Forcioli, J, Bonte, E , et al. Heat-moulded versus custom-made mandibular advancement devices for obstructive sleep apnoea: a randomised non-inferiority trial. Thorax. (2019) 74:667–74. doi: 10.1136/thoraxjnl-2018-212726 
	 26. Lo Giudice, A, La Rosa, S, Ronsivalle, V, Isola, G, Cicciù, M, Alessandri-Bonetti, G , et al. Indications for dental specialists for treating obstructive sleep apnea with mandibular advancement devices: a narrative review. Int J Dentistry. (2024) 2024:1007237. doi: 10.1155/2024/1007237 
	 27. Kazemeini, E, Op de Beeck, S, Vroegop, A, Van Loo, D, Willemen, M, Verbraecken, J , et al. A pilot study on comparison of subjective titration versus remotely controlled mandibular positioning during polysomnography and drug-induced sleep endoscopy, to determine the effective protrusive position for mandibular advancement device therapy. Sleep Breath. (2022) 26:1837–45. doi: 10.1007/s11325-022-02569-3 
	 28. Pépin, JL, Cistulli, PA, Crespeigne, E, Tamisier, R, Bailly, S, Bruwier, A , et al. Mandibular jaw movement automated analysis for Oral appliance monitoring in obstructive sleep apnea: a prospective cohort study. Ann Am Thorac Soc. (2024) 21:814–22. doi: 10.1513/AnnalsATS.202312-1077OC 
	 29. Pepin, JL, Le-Dong, NN, Cuthbert, V, Coumans, N, Tamisier, R, Malhotra, A , et al. Mandibular movements are a reliable noninvasive alternative to esophageal pressure for measuring respiratory effort in patients with sleep apnea syndrome. Nat Sci Sleep. (2022) 14:635–44. doi: 10.2147/NSS.S346229 
	 30. Mitsukura, Y, Sumali, B, Nagura, M, Fukunaga, K, and Yasui, M. Sleep stage estimation from bed leg ballistocardiogram sensors. Sensors. (2020) 20:5688. doi: 10.3390/s20195688 
	 31. Liu, Y, Wu, F, Zhang, X, Jiang, M, Zhang, Y, Wang, C , et al. Associations between perioperative sleep patterns and clinical outcomes in patients with intracranial tumors: a correlation study. Front Neurol. (2023) 14:1242360. doi: 10.3389/fneur.2023.1242360 
	 32. Kurihara, Y, and Watanabe, K. Sleep-stage decision algorithm by using heartbeat and body-movement signals. IEEE Transactions on Systems, Man, and Cybernetics - Part A: Systems and Humans. (2012) 42:1450–9. doi: 10.1109/TSMCA.2012.2192264
	 33. Ding, F, Cotton-Clay, A, Fava, L, Easwar, V, Kinsolving, A, Kahn, P , et al. Polysomnographic validation of an under-mattress monitoring device in estimating sleep architecture and obstructive sleep apnea in adults. Sleep Med. (2022) 96:20–7. doi: 10.1016/j.sleep.2022.04.010
	 34. Patil, SP, Ayappa, IA, Caples, SM, Kimoff, RJ, Patel, SR, and Harrod, CG. Treatment of adult obstructive sleep apnea with positive airway pressure: an American Academy of sleep medicine clinical practice guideline. J Clin Sleep Med. (2019) 15:335–43. doi: 10.5664/jcsm.7640 
	 35. Gambino, F, Zammuto, MM, Virzì, A, Conti, G, and Bonsignore, MR. Treatment options in obstructive sleep apnea. Intern Emerg Med. (2022) 17:971–8. doi: 10.1007/s11739-022-02983-1 
	 36. Martynowicz, H, Wieczorek, T, Macek, P, Wojakowska, A, Poręba, R, Gać, P , et al. The effect of continuous positive airway pressure and mandibular advancement device on sleep bruxism intensity in obstructive sleep apnea patients. Chron Respir Dis. (2022) 19:14799731211052301. doi: 10.1177/14799731211052301 
	 37. Dicus Brookes, CC, and Boyd, SB. Controversies in obstructive sleep apnea surgery. Oral Maxillofac Surg Clin North Am. (2017) 29:503–13. doi: 10.1016/j.coms.2017.07.005 
	 38. Ng, JH, and Yow, M. Oral appliances in the Management of Obstructive Sleep Apnea. Sleep Med Clin. (2020) 15:241–50. doi: 10.1016/j.jsmc.2020.02.010 
	 39. Uniken Venema, JAM, Doff, MHJ, Joffe-Sokolova, D, Wijkstra, PJ, van der Hoeven, JH, Stegenga, B , et al. Long-term obstructive sleep apnea therapy: a 10-year follow-up of mandibular advancement device and continuous positive airway pressure. J Clin Sleep Med. (2020) 16:353–9. doi: 10.5664/jcsm.8204 
	 40. Remmers, J, Charkhandeh, S, Grosse, J, Topor, Z, Brant, R, Santosham, P , et al. Remotely controlled mandibular protrusion during sleep predicts therapeutic success with oral appliances in patients with obstructive sleep apnea. Sleep. (2013) 36:25a:1517–25. doi: 10.5665/sleep.3048
	 41. Johal, A, Gill, G, Ferman, A, and McLaughlin, K. The effect of mandibular advancement appliances on awake upper airway and masticatory muscle activity in patients with obstructive sleep apnoea. Clin Physiol Funct Imaging. (2007) 27:47–53. doi: 10.1111/j.1475-097X.2007.00714.x 
	 42. Almeida, FR, Parker, JA, Hodges, JS, Lowe, AA, and Ferguson, KA. Effect of a titration polysomnogram on treatment success with a mandibular repositioning appliance. J Clin Sleep Med. (2009) 5:198–204. doi: 10.5664/jcsm.27485 
	 43. Sutherland, K, Ngiam, J, and Cistulli, PA. Performance of remotely controlled mandibular protrusion sleep studies for prediction of Oral appliance treatment response. J Clin Sleep Med. (2017) 13:411–7. doi: 10.5664/jcsm.6492 
	 44. Leonhard, AG, and Donovan, LM. Remote titration of mandibular advancement devices: what outcomes should we target? Ann Am Thorac Soc. (2024) 21:703–5. doi: 10.1513/AnnalsATS.202402-219ED 


Copyright
 © 2025 Lei, Zhu, Yang, Lai and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A new objective titration procedure using Remotely Contactless Intelligent Sleep Monitoring System for the treatment of mandibular advancement device in OSAHS patient



		1 Introduction



		2 Materials and methods



		2.1 Subjects



		2.2 Sample size calculation



		2.3 Construction of RCISMS



		2.4 Mandibular advancement device



		2.5 Subjective titration procedure



		2.6 RCISMS-guided titration procedure



		2.7 Outcome measures



		2.8 Statistical analysis









		3 Results



		3.1 Demographic and anthropometric data



		3.2 RCISMS-guided titration and subjective titration have no significant difference in reducing AHI



		3.3 RCISMS-guided titration significantly reduces the time required for titration



		3.4 RCISMS-guided titration and subjective titration have no significant difference in the improving ESS scores and snoring VAS









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-16-1631296-g001.jpg
A

Paticnts b\l g

AHl data
transmission

Y

Guide MAD A }’
titration

_ e

Automatic

‘waveform analysis Adjust at home

Doctor  Doctor  Doctor  Doctor  Doctor -
e E

contact  contact

& &
e ‘::“&
\F‘v o

At-home titration with guide from deotors

60 Days






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

A new objective titration
procedure using Remotely
Contactless Intelligent Sleep
Monitoring System for the
treatment of mandibular
advancement device in OSAHS
patient












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






