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Abstract
Background
Myofunctional therapy (MT) is a therapeutic option with demonstrated efficacy for treating sleep-disordered breathing. We assessed the clinical application of a newly developed m-Health App, which aimed to allow patients with OSAHS (obstructive sleep apnea/hypopnea syndrome) to perform oropharyngeal exercises only by interacting with their smartphone without no other devices.

Methods
We offered to treat the OSAHS of 20 patients with the App for 90 sessions. Inclusion criteria were adult patients diagnosed with OSAHS who rejected, or could not tolerate or afford treatment for their OSAHS with other modalities. The App was used by 15 patients, while 5 were noncompliant and then were used as a control group. Polygraphy was performed at the beginning of the study, and after 90 sessions in the App group or after 3 months in the control group. Data for adherence to treatment, sex, body mass index (BMI), age, O2MIN (oxygen minimal saturation) and apnea–hypopnea index (AHI) were collected for both groups.

Results
15 (75%) patients showed adherence to the treatment as measured as performing the exercises daily 5 days a week. In patients who performed the exercises, AHI decreased from 25.78 ± 12.6 to 14.1 ± 7,7 (p = 0.002), Epworth changed from 18,2 ± 1,98 to 14,2 ± 7,7(p = 0,002) and (O2MIN) changed from 84,87 ± 7.02 to 89,27 ± 3,77 (p = 0.0189). In the control group, there was no significant change.

Conclusions
To our knowledge, this is the first study reported where a mHealth App based on MT could be by itself a therapeutic option in selected patients with OSAHS.
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Background
Obstructive sleep apnea/hypopnea syndrome (OSAHS) has become one of the more serious health problems worldwide.(Mendes et al. 2014) Because of its relationship with obesity, its prevalence and incidence have been increasing and it is associated with severe morbidities such as cardiovascular and cerebrovascular diseases. The classic treatment of this disease is based on dietary measures, losing weight, and exercise, and the use of a continuous positive airway pressure (CPAP) machine, a device that reduces collapsibility of the upper airway by emitting a flow of air. Other options are upper airway surgery, treating the obstacle of the airway or correcting the muscles that do not perform their function properly, and mandibular advancement devices (MAD), which protrudes the tongue forward to avoid it falling backward and collapsing the airway. The success rates and indications for all treatments depend on the adherence to the treatment and severity of the disease.(Mendes et al. 2014)
Myofunctional therapy (MT) has become one of the newest treatments for sleep-disordered breathing.(Camacho et al. 2015a) MT is based on daily exercises using oropharyngeal muscles in an attempt to strength them and facilitate opening of the airway. OSAHS originates from the lack of an optimal function of the dilator muscles of the airway. Therefore, MT is a therapy designed theoretically to deal with the underlying mechanism of this disease.(Korhan et al. 2015) MT is based on oropharyngeal exercises described by diagrams, videos, and instructions from a myofunctional therapist on a weekly basis. The patient is instructed to perform the exercises regularly, for at least 3 months, between 20 to 40 min daily. In some cases, patients perform exercises by themselves at home without substantial feedback and without giving an exact information to the therapist about their performance of the exercises.(O’Connor Reina et al. 2018)
Most existing mHealth Applications for OSAHS patient focus on diagnosis of snoring or OSAHS(Isetta et al. 2017), while a few are designed to promote adherence to treatment to CPAP(Camacho et al. 2015b). So far, to our knowledge, there are none focused in the treatment of OSAHS. However mobile technology could be especially valuable in treating OSAHS patient because of its potential to promote patient empowerment and self-management(Iftikhar et al. 2017).
One of the best treatments for OSAHS is performing exercises and reducing weight.(KCC 2009) Because time is limited, we consider that there will be a greater probability of patients performing the exercises if they are able to do so while sitting comfortably and watching television. Therefore, we designed and developed a novel mHealth Application software (App) to promote oropharyngeal exercises while interacting with a smartphone. In this article, we introduce this APP and we present results regarding adherence to the App and its effectiveness in a group of patients with OSAHS.

Methods
Application function, and availability
This App is a smartphone App created in a collaboration between the Sleep Units of Hospital Quirónsalud Marbella and Campo de Gibraltar and their Engineering Informatics Departments and developed by Apnea Bye company. It was presented last November 2018.
We can think of this App as a portable gym with athletes instead of patients and trainers instead of therapists. The novelty of this App is that it is the first in the health-care market where the patient can interact directly with the smartphone without any other device, which provides feedback about the efficacy of the exercises performed and focused on sleep apnea disease. There are nine exercises based on MT that attempt to enhance the tonicity of the various muscles involved in the pathogenesis of OSAHS. Before every exercise, there is an animated gif demonstration that shows the patient how to perform the exercise (Figs. 1a–c). App’s users can follow the development of their activity daily over time (Figs. 2a–c). At the conclusion of each exercise, the patient receives feedback about the success of their performance with a point score (Fig. 3). When the patient finishes the exercises, they are saved on networked online storage (in the Cloud) and a therapist (Fig. 4) can evaluate the performance of the exercises and achievements. A chat function is available where the patient can contact the therapist directly. There is a reminder every 5 days if the patient “forgets” to perform the exercises. The English-language version of this App is now available on Android and the iOS platform via Google Play and the App Store, respectively. Full information about the App is provided in a Web Page https://​airwaygym.​App/​. Therapists can use it to enroll and follow up their patients.
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Fig. 1a–c Exercise snake where patient should touch with his tongue the screen press it with suitable rhythm and strength and receive a positive sound of feedback.
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Fig. 2a–c Evolution of the performing of the exercises during the week with proper information to the patient with the degree of accuracy
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Fig. 3Score achieved by patient after performing exercise
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Fig. 4Information obtained by Therapist about the accuracy and adherence of the performance of the exercises performed by patient




This App was developed with the most cutting-edge technologies (e.g., Ionic, Angular provided by Google and TypeScript by Microsoft) and the most consolidated software languages (such as HTML5, CSS3, and PHP). The App takes advantage of 3D Touch technology, a capacity available in the latest Apple devices to accurately measure the pressure that is produced on the mobile screen. This App complies with regulation 2002/58/CE and (UE) 2016/679 about Data protection.
The main objective of these exercises was to increase the tone of the extrinsic muscles of the tongue (genioglossus,hyoglossus,styloglossus and palatoglossus).
The exercises are based on those described by Guimaraes in 2009(KCC 2009), adapted to obtain a feedback with the phone.
Due to hygienical reasons we recommend to cover the screen with cling film or a hypoallergenic plastic wrap in all exercises.
Exercise 1. Snake
With your elbows touching your body, hold the phone with both hands as you do when holding a mirror in front of your face.
Stick your tongue out and press the screen with it for 5 s and release. The tongue should not touch your teeth or lips.
Repeat the exercise 15 times.

Exercise 2. Pressure with your chin
Fit your jaw 2 finger above the center of your phone. If you’ve got a beard place your finger between your phone and your jaw.
Open your mouth and keep pushing the screen for 5 s, close your mouth and rest. While doing the exercise say /a/.
Repeat the exercise 15 times.

Exercise 3. Chameleon up
Place the phone at a certain distance in front of you, as if it were a mirror.
Stick out your tongue and press on the square at the bottom. The tongue must not touch your teeth or lips.
Put your tongue up and keep the pressure on the screen 5 s, close your mouth and rest.
Repeat the exercise 15 times.

Exercise 4. Chameleon down
Due to hygienical reasons we recommend to cover the screen with cling film or a cleaning wipe.
Place the phone at a certain distance in front of you, as if it were a mirror.
Stick out your tongue and press on the square at the bottom. The tongue must not touch your teeth or lips.
Put your tongue down and keep pressing the screen for 5 s, close your mouth and rest.
Repeat the exercise 15 times.

Exercise 5. Tongue left cheek
Press with the tip of your tongue the inside of the left cheek. Allow the screen of your phone to touch gently your cheek.
Contract the muscles of your cheek while pushing with the tongue towards the cheek. Keep the pressure for 5 s.
Repeat the exercise 15 times.

Exercise 6. Tongue right cheek
Press with the tip of your tongue the inside of the right cheek. Allow the screen of your phone to touch gently your cheek.
Contract the muscles of your cheek while pushing with the tongue towards the cheek. Keep the pressure for 5 s.
Repeat the exercise 15 times.

Exercise 7. Pressure under chin
Hold the phone with both hands with the screen facing up. If you’ve got a beard place your finger between your phone and your jaw.
Sitting upright put the phone under your chin so there is no contact with the chin.
Bend your head forward like you are going to drink from a cup and contact your chin on the phone.
Keep the contact and move your head from side to side during 10 s with your mouth closed. Lift your head and rest.
Repeat the exercise 15 times.

Exercise 8. Left mandibular pressure
Bring the phone closer to the origin of the jaw on the left side. As if you were talking on the phone but with the screen to the outside.
Turn your jaw towards the phone and keep the pressure with your index finger on the screen for 5 s. Say /i/ while doing it.
Release the pressure and rest. Repeat the process 15 times.

Exercise 9. Right mandibular pressure
Bring the phone closer to the origin of the jaw on the right side. As if you were talking on the phone but with the screen to the outside.
Turn your jaw towards the phone and keep the pressure with your index finger on the screen for 5 s. Say /i/ while doing it.
Release the pressure and rest. Repeat the process 15 times.


Patients and methods
This preliminary cross-sectional study Approved by the local Ethics Committee AWGAPN-2019-01. Study started January 2019 and all patients were studied in a comparable frame of time. The inclusion criteria were adult patients diagnosed with OSAHS by poligraphy and were non-compliant with any therapy and had a mobile. The exclusion criteria were patients with previous surgery in the UA, UA malformation (i.e., significant tongue tie). All patients gave informed consent.
Data including sex, age, body mass index (BMI), Epworth Sleepiness Scale (ESS), Minimal Oxigen Saturation (O2MIN) and apnea–hypopnea index (AHI) obtained by poligraphy (Sleep & Go, Sibelmed 2018) .
All sleep studies were manually interpreted by a sleep technician according to the standard criteria of the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and Associated Events and were reviewed by certified physicians (Adams et al., n.d.). Apnea was defined as an absence of airflow for a period lasting at least 10 s and hypopnea was defined as at least a 30% reduction in airflow associated with a 4% or greater decrease in oxygen saturation. The AHI was defined as the number of episodes of apnea and hypopnea per hour of Total Sleep Time (American Academy of Sleep Medicine 2007). Finally, the adherence to treatment (those who performed the exercise at least 5 days a week) were collected. Then, patients were reevaluated after 90 sessions with the App with the same tests, or after 3 months in the control group by the same physician who blindly evaluated the results achieved from each group. All patients were instructed by the same therapist about the use of the App prior to enroll in the study.

Statistical analysis
Quantitative variables were assessed by calculating the arithmetic mean and standard deviation and group of differences were assessed using a two-sample paired t test, or using a Mann–Whitney rank sum test if the variable was not normally distributed. P < 0.05 was considered significant. IBM SPSS Statistics for Windows software (version 20; IBM Corp, Armonk, NY, USA) was used for statistical analysis.


Results
We enrolled 20 consecutive patients diagnosed with OSAHS by physicians in our Sleep Unit. These patients had no treatment for their disease because 10 patients could not tolerate CPAP, 5 patients could not afford a MAD, and 5 patients could not tolerate CPAP or MAD, and rejected surgery. None had the option of a weekly visit to a myofunctional therapist because of geographical remoteness. The App was used by 15 patients who complied with its functions. Reasons for rejection of the App included problems with the temporomandibular joint (1 case), irritation of the tongue (1 case), and fatigue (3 cases).
The study population was mostly male, middle-aged, and overweight. Twelve male (80%) and three women had adherence to the treatment, meanwhile three women (60%) and two men (40%) were non-compliant. The average aged of the compliant group were 36 ± 13,5, on the other hand, 53,2 ± 7 years had the non-adherence group. There were no significant differences in the IMC of both groups (24,8 ± 2,8 to 24,7 p = 0,42, 25,3 ± 2,7 to 26,3 ± 3,3 p = 0,07 respectively).
In the patients who performed the exercises the AHI decreased from 25.78 ± 12.6 to 14.1 ± 7,7 (p = 0.002) t = 0,83, Epworth changed from 18,2 ± 1,98 to 14,2 ± 2,7(p = 0,002) t = 4,9 and (O2MIN) changed from 84,87 ± 7.02 to 89,27 ± 3,77 (p = 0.0189) t = − 2,7. In the control group, there was no significant change in the AHI (31.460 ± 12.6 to 32.90 ± 12.8, p = 0.4065) t = 0,92 or (O2MIN) 83,9 ± 9 to 82 ± 9.4, (p = 0.29)t = 1 or Epworth 18,8 ± 1,1 to 19,4 ± 1,95, (p = 0.208) t = − 1,5. The data are summarized in Tables 1 and 2 and Fig. 5.
Table 1All results obtained in both groups pre and post use the app


	Patient
	Age
	Sex
	BMI (pre)
	BMI (post)
	AHI (pre)
	AHI (post)
	SatO2 Min
	Sat O2Min (post)
	ESS
	ESS (POST)
	ADH

	1
	23
	M
	24.2
	25.1
	17.8
	14.2
	83%
	85%
	16
	14
	Y

	2
	19
	F
	23.1
	22.9
	16.2
	13.5
	93%
	94%
	18
	13
	Y

	3
	34
	M
	26.2
	26
	21.9
	21
	85%
	84%
	19
	21
	Y

	4
	37
	M
	31.8
	32
	14.5
	10.4
	92%
	93%
	18
	14
	Y

	5
	17
	M
	23.2
	21.9
	12.6
	9.3
	89%
	91%
	16
	13
	Y

	6
	41
	F
	21.3
	20.9
	13.2
	12.1
	92%
	92%
	17
	16
	N

	7
	28
	M
	26
	26.2
	15.7
	9.1
	91%
	90%
	17
	12
	Y

	8
	32
	M
	24.3
	24.1
	28.8
	17.7
	86%
	90%
	19
	13
	Y

	9
	29
	M
	21.9
	21.5
	15.4
	12.3
	88%
	88%
	18
	15
	Y

	10
	25
	M
	22.1
	22
	40.2
	15,9
	74%
	92%
	21
	15
	Y

	11
	46
	M
	25,5
	24,5
	42,2
	24,5
	69%
	86%
	20
	14
	Y

	12
	50
	M
	22,1
	22
	26,6
	18,3
	88%
	89%
	15
	14
	Y

	13
	62
	F
	25,5
	24,5
	17,8
	3,1
	91%
	93%
	16
	16
	Y

	14
	55
	M
	24
	24.2
	24.1
	4.5
	87%
	92%
	19
	10
	Y

	15
	43
	M
	23.2
	24.5
	55
	7
	78%
	91%
	21
	11
	Y

	16
	47
	F
	30
	29.5
	38
	32
	79%
	81%
	21
	18
	Y

	17
	52
	M
	28
	29.9
	24
	31
	87%
	86%
	19
	20
	N

	18
	56
	M
	24.3
	26.2
	37
	35.2
	84%
	85%
	20
	21
	N

	19
	62
	F
	25.3
	26.7
	39
	41
	81%
	80%
	19
	20
	N

	20
	55
	F
	27.6
	28.2
	44.1
	45.2
	68%
	67%
	19
	20
	N




Table 2Main grouped results


	PATIENT
	SEX
	AGE
	BMI PRE
	BMI POST
	IAH PRE
	IAH POST
	SAT O2 MIN PRE
	SAT O2 MIN POST
	ESS PRE
	ESS POST

	AD (15)
	3 F,12 M (80%)
	36 ± 13,5
	24,8 ± 2,83
	24,7 ± 2891
P = 0,42 T = 0,831
	25.78 ± 12.6
	14.1 ± 7,7 (p = 0.002)
T = 0,83
	84,87 ± 7.02
	9,27 ± 3,77 (p = 0.0189)
T = -2,7
	18,2 ± 1,98
	14,2 ± 2,7(p = 0,002) T = 4,92

	NON AD (5)
	3F,2M
(40%)
	53,2 ± 7,7
	25,3 ± 2,7
	26,3 ± 3,3
P = 0,07
T = -2,45
	31.460 ± 12.6
	32.90 ± 12.8, (p = 0.4065) T = -0,927
	83,9 ± 9
	82 ± 9.4, (p = 0.29)
T = 1
	18,8 ± 1,1
	19,4 ± 1,95, (p = 0.208). T = -1,5


Age years, M male, F female, BMI BODY MASS INDEX, AHI APNEA HIPOAPNEA INDEX, O2 Min Minimal o2 adherence, ESS Epworth Sleepiness scale, ADH ADHERENCE
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Fig. 5Box plot showing statistical significant differences between study and control groups





Discussion
As the prevalence of obesity increases worldwide, OSAHS increases proportionally. We live in a world where effort and involvement are being forgotten. OSAHS treatments that aim for the comfort of the patient overlook that this disease is associated with sedentarism and passivity. Exercise is one of the best treatments for this disease(Iftikhar et al. 2017). Time is limited; therefore, this App was provided in an attempt to employ time effectively to resolve this disease. People spend a significant amount of time using their smartphones (Andrews et al. 2015) as they are an excellent companion and allow communication with social media but also the use of Apps may allow better use of a person limited time, in this case by the performance of MT exercise.
Understanding the reasons why some people with OSAHS have poor muscle effectiveness are incomplete. However, poor coordination of the neural drive to the various upper airway muscles during sleep, mechanically inefficient muscle fibre orientation (due to excess fat or muscle hypertrophy), or muscle fiber type changes resulting in greater propensity for fatigue could all be contributing factors. In general, people with OSAHS have poorer muscle effectiveness than non-OSAHS controls (Dotan et al. 2015).
Apps for smartphones and tablets have become indispensable, especially for young generations; however, increasing use of Apps in the middle-aged and elderly population is observed, thus arguing for a common use across generation borders. The estimated number of mobile devices will exceed 2.16 billion in 2016. Over 2.2 million Apps are available in the Google Play store®, and about 1.8 million Apps are available in the Apple App Store®. Google and Apple distribute nearly 70,000 Apps each in the category Health and Fitness, and about 33,000 and 46,000 each in medical Apps. The WHO defines these tools under the label “mHealth” or “eHealth” as “medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants, and other wireless devices”(Vogel et al. 2017).
The results of the present study can be compared with other therapeutic options currently available.(Iftikhar et al. 2017) This App has the advantage of being affordable worldwide as a smartphone App and treats the etiology of the disease. For patients who cannot afford other treatment for their disease, this App presents an affordable option. While it may not substitute for established treatments, in those patients where there is no other choice, it presents a reasonable alternative. For patients who are unable to attend weekly sessions with a myofunctional therapist, the App provides a practical substitute.
We have to point out that some patients have a small variation in their results and that could be considered as a night-to-night intra-individual variability due the small sample of this study. This could generate a bias that should be corrected in future investigations with larger samples.
In our series, patients 10, 11, 13,14 and 15 showed a significant improvement in their IAH. We are working with IOPI(Adams et al., n.d.) as a tool to measure the tongue strength prior to use the App. These patients present the lowest values of all the group. We hypothesize that hypotonia is the main phenotype of their OSAHS as suggested by Carberry et al.(Carberry et al. 2018). In our most recent manuscript, we showed a correlation between low IOPI tongue scores and the presence of tongue collapse showed in the DISE of severe OSA patients (O’Connor Reina n.f.). We believe that patient with lowest IOPI scores are the best candidates for our App. Under our experience, improving IOPI scores obtained using our App is the best guideline that exercises are being done correctly. We are performing a clinical trial to assure this matter.
Despite our small sample it is significant the age difference between the two groups, we think it could be associated with the prevalence of the use of smartphones between young people.
Adherence to the described treatment is reasonable and can be compared to another reported series.(Hevener and Hevener 2016) There may be selection bias because other therapeutic options have failed for these patients. We are conducting now a study with general population of patients with severe OSAHS. This treatment also may increase compliance with other established treatments as has been reported previously for MT.(Diaféria et al. 2017) A limitation of this study is that the patient must have a smartphone.
The future treatment and diagnosis of this disease will be based on the use of Apps(Lim and Pack 2017), as shown by Kim et al. (2019) We currently recommend that our patients use the App simultaneously with other daily diagnosis tools(Camacho et al. 2015b) to provide objective feedback of their progress in their activity. One of the great advantages of this App is the possibility of contacting a therapist who can observe the daily evolution of the patients’ exercises. This provides substantial information for therapeutic decisions based on the evolution of their disease. These exercises are based in those presented in the literature and adapted to interact with the phone(KCC 2009). The duration of the study and the frequency of exercises are based in other myofunctional studies (Guimarães et al. 2009; Ieto et al. 2015; Nemati et al. 2015). We understand there is not enough evidence to validate any exercise due the reduced literature about this matter(Camacho et al. 2015a).
One of the negative points of using MT to treat sleep-disordered breathing is that patients need to perform the exercises beyond a 3-month period and if they stop the exercises, AHI might return to previous levels.(Guimarães et al. 2009) Daily CPAP or MAD treatments do not alter the AHI of patients with OSAHS if the patient is not adherent to the treatment, and similarly AHI might return to previous levels if therapy is stopped. In our present series, patients did not show any difficulty changing their entire nights’ treatment for 20 min a day of oropharyngeal exercises. Their feedback is that they slept much better when they use the App. We have seen in these patients that improvement in their AHI increased if they maintain exercises beyond 3 months. Further investigations are needed to support this point.
There are serious concerns for ethical, security, privacy, and connectivity issues surrounding Apps that promise to cure diseases(De La Vega and Miró 2014) in the mHealth realm. This App is focused on helping patients to perform exercises with their oropharyngeal muscles with the aim of increasing their tone. This study is anecdotal compared with the evidence existing for other therapeutic options. The present study is preliminary, but quantitative improvement of OSAHS may be supported with further reports on the use of this App. It is difficult to present an App as a new therapeutic option for OSAHS, but considering the prevalence of noncompliance with standard treatments,(Burks et al. 2016) we consider this report worthwhile.
Reasons for rejection of the App included problems with the temporomandibular joint (1 case), irritation of the tongue (1 case), and fatigue (3 cases). We do not recommend this App in patients with temporomandibular joint disorders because they can worsen with the exercises. On the other side, we always recommend to use an hypoallergenic plastic wrap to cover the screen before contacting with the tongue in order to avoid adverse reactions.
Goswami et al.(Goswami et al. 2019) reported recently a randomized controlled trial with snorer patients using a smartphone-based delivery with oropharyngeal exercises created during vocalization. They excluded patients with OSAHS. They present significant reduction in snoring and ESS after 8 weeks of using the device.
We have recently reported(O’Connor Reina et al. 2019) the first case of a OSAHS patient with a floppy trap door epiglottis cured using this App. His initial ESS was 22, AHI was 31.2 and minimal O2 saturation was 81.3%. After 90 sessions with the App, AHI was reduced to 17.2, minimal O2 saturation improved to 85.1%, and his Epworth sleepiness scale improved to 15. The floppy epiglottis disappeared as was confirmed by final DISE. Being the first case reported of a floppy epiglottis Apparently cured using an MT-based smartphone App, we do not have a clear scientific reason to explain our finding. We understand that MT increases tone in the muscles of the tongue, also achieving a reduction in its fat content.
These changes are supposed to “tense” the glossoepiglottic folds, and this tension might act like suspenders that prevent the collapse of the epiglottis. Further studies are needed to support this suggestion.

Conclusion
To our knowledge, this is the first study reported where an mHealth App based on MT could be by itself a therapeutic option for selected patients with OSAHS. Randomized-controlled trials and cost-effectiveness investigations are needed to support this concept.
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