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Abstract

Purpose Few studies have investigated myofunctional thera-
py in patients with obstructive sleep apnea syndrome (OSAS).
The objective of this study was to evaluate the effect of
myofunctional therapy on continuous positive airway pressure
(CPAP) adherence.

Methods The study was registered at ClinicalTrials.gov
(NCTO01289405). Male patients with OSAS were randomly
divided into four treatment groups: placebo, patients
undergoing placebo myofunctional therapy (N = 24);
myofunctional therapy, undergoing myofunctional therapy
(N = 27); CPAP, undergoing treatment with CPAP (N = 27);
and combined, undergoing CPAP therapy and myofunctional
therapy (V= 22). All patients underwent evaluations before
and after 3 months of treatment evaluation and after 3 weeks
of washout. Evaluations included Epworth sleepiness scale
(ESS), polysomnography, and myofunctional evaluation.
Results The 100 men had a mean age of 48.1 + 11.2 years,
body mass index 0of27.4+4.9 kg/mz, ESS score of 12.7+3.0,
and apnea-hypopnea index (AHI) of 30.9 + 20.6. All treated
groups (myofunctional therapy, CPAP, and combined
myofunctional therapy with CPAP) showed decreased ESS
and snoring, and the myofunctional therapy group maintained
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this improvement after the “washout” period. AHI reduction
occurred in all treated groups and was more significant in
CPAP group. The myofunctional therapy and combined
groups showed improvement in tongue and soft palate muscle
strength when compared with the placebo group. The associ-
ation of myofunctional therapy to CPAP (combined group)
showed an increased adherence to CPAP compared with the
CPAP group.

Conclusions Our results suggest that in patients with OSAS,
myofunctional therapy may be considered as an adjuvant
treatment and an intervention strategy to support adherence
to CPAP.

Keywords Obstructive sleep apnea - Treatment -
Myofunctional therapy - Continuous positive airway pressure -
Polysomnography

Introduction

Obstructive sleep apnea syndrome (OSAS) is a disease with
multifactorial pathways of pathophysiology that involve ana-
tomical and functional pharyngeal changes [1, 2]. Although
the treatment of choice is the continuous positive airway pres-
sure (CPAP) device, adherence to this type of therapy has been
a limiting factor [3].

Myofunctional therapy may promote increased tongue,
pharynx, and soft palate muscle tone, through isometric exer-
cises (working with muscle tension) and isotonic exercises
(improving mobility), constituting a possible therapeutic op-
tion to OSAS [4, 5]. The myofunctional therapy treats OSAS
and could reduce pressure and improve adherence to CPAP
use. However, studies that demonstrate the effect of this treat-
ment in OSAS, particularly when associated with CPAP, re-
main scarce in the literature. One hypothesis is that by
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strengthening the muscles of the pharynx, myofunctional ther-
apy reduces the required level of CPAP and may increase
adherence to CPAP treatment. Moreover, myofunctional ther-
apy may be associated with educational support and appropri-
ate guidance to the side effects during treatment with CPAP [6,
7]. Due to the lack of studies in this field of research, the
present study evaluated the effect of myofunctional therapy
on CPAP adherence.

Methods

Consecutive men, age 25 to 65 years, body mass index
(BMI) <35 kg/m?, and with OSAS diagnosis confirmed
by clinical and polysomnographic criteria [8] were in-
cluded in this study. Exclusion criteria included the fol-
lowing: female gender since hormonal decline in the
menopausal phase could lead to loss of muscle mass,
causing a bias in the study; patients who were uncoop-
erative, illiterate, or who had a low education level that
prevented the completion of questionnaires and the un-
derstanding of the guidelines about the use of CPAP
and practice of exercises that have been written to be
practiced at home; patients with other sleep disorders or
with previous treatment for OSAS (i.e., CPAP, intraoral
device, or surgery); patients with serious or decompen-
sated clinical or psychiatric medical illnesses, such as
congestive heart failure, cardiomyopathy, chronic ob-
structive pulmonary disease, chronic active hepatitis, liv-
er cirrhosis with severe symptoms, myasthenia gravis,
demyelinating disease, motor neuron disease, depression,
schizophrenia, obsessive compulsive disorder, disorder
anxiety, bipolar disorder, eating disorder, attention defi-
cit disorder, and hyperactivity; patients who used alco-
hol, stimulants or sedatives; and patients with grade III
or IV palatine tonsils, grade II or III septal deviation, or
evident micrognathia.

The study was approved by the research ethics commit-
tee of the Universidade Federal de Sao Paulo—UNIFESP
(CEP 2002/08) and registered at ClinicalTrials.gov
(NCT01289405). All patients gave written informed consent.

Prior to treatment, the patients were divided randomly into
four groups: the placebo group, which included patients un-
dergoing placebo myofunctional therapy; the myofunctional
therapy group, which included patients undergoing
myofunctional therapy; the CPAP group, which included pa-
tients undergoing CPAP treatment without myofunctional or
placebo interventions; and the combined group, which includ-
ed patients undergoing both CPAP and myofunctional
therapy.

All patients underwent an evaluation protocol three times
during the study: before treatment, after 3 months of
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treatment, and after a 3-week washout period (Fig. 1).
During the clinical assessment, the evaluators were blinded.

Questionnaires

All patients completed the Epworth sleepiness scale (ESS) [9]
for assessment of subjective sleepiness; a visual analog scale
for subjective evaluation of snoring; and diaries from the
CPAP Clinic of the Sleep Institute for subjective adherence,
comfort, and satisfaction using the nasal CPAP treatment. A
follow-up questionnaire was also completed based on a pro-
tocol that approaches physical, psychological, cognitive, and
social conditions, relating them to possible sleep disorders. In
addition, it evaluated adherence and side effects of CPAP
treatment. The questionnaire also included fields to be filled
out with detailed data obtained within the equipment.

Myofunctional evaluation

The myofunctional status was evaluated according to proto-
cols established in the literature [10, 11] and included tongue
and soft palate strength investigation and the Modified
Mallampati Index (MMI).

Polysomnography

Full night inlab attended polysomnography (PSG) was per-
formed with a computerized system (EMBLA® S7000,
Embla Systems, Inc., Broomfield, CO, USA).

Sleep staging was performed according to the criteria pro-
posed by Rechtschaffen and Kales [12], and the arousals
followed the criteria of the American Sleep Disorders
Association [13]. The respiratory events were analyzed ac-
cording to the criteria proposed by the American Academy
of Sleep Medicine [14]. OSAS severity was defined as fol-
lows: mild = apnea-hypopnea index (AHI) from 5 to 14.9
events/h, moderate = AHI from 15 to 29.9/h, and severe =
AHI 30 or more events/h [14].

Placebo and myofunctional therapy interventions

Placebo therapy consisted of exercises without therapeutic
function (relaxation and stretching of the neck muscles), as
described by Cunali and coworkers [15]. Myofunctional ther-
apy consisted of muscular endurance exercises aimed at ton-
ing the oropharynx muscle groups; optimizing muscle tension
mobility; and adjusting the position of the soft tissues and the
suitability of the chewing, sucking, swallowing, and breathing
orofacial functions, according to previously standardized pro-
tocols [4, 16-22].

Myofunctional therapy includes soft palate, tongue, and
facial muscle exercises as well as stomatognathic function
exercises, as described in the literature [4, 23]. The patients
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Legend: PSG: Polysomnography; ESS: Epworth Sleepiness Scale; Snoring Scale: Visual Analog Scale to Subjective Evaluation
of Snoring; Quest. CPAP: Clinical Questionnaire of CPAP Clinical of the Sleep Institute in the Universidade Federal de Séo
Paulo; MFTH: Myofunctional Therapy Assessment; CONSENT.: Consent and Signed a Waiver; Ex Diary.: Exercises Diary;
Combination: CPAP+Myofunctional Therapy; PSG —CPAP: Polysomnography to adjust CPAP pressure.

Fig. 1 The experimental design

were instructed by one single speech pathologist to perform
the following tasks:

Soft palate: elevation of the soft palate and uvula while
pronounce an oral vowel intermittently /a/ (isotonic exercise)
and continuously (isometric exercise). The palatopharyngeal,
palatoglossus, uvula, tensor veli palatini, and levator veli
palatini muscle are recruited in this exercise. The isotonic
exercise also recruits pharyngeus lateral wall. These exercises
had to be repeated daily, three times a day, for 3 min and were
performed once a week under supervision to ensure adequate
effort.

Tongue: (1) Brushing the superior and lateral surfaces of
the tongue while the tongue is positioned in the floor of the
mouth (5 times each movement, three times a day); (2) push
the tip of the tongue against the hard palate and slide the
tongue backward (20 times, three times a day); (3) suck the
tongue upward against the palate, pressing the entire tongue
against the palate (20 times); and (4) tongue rotation in the oral
vestibule 10 times right and left side (5) forcing the back of the
tongue against the floor of the mouth while keeping the tip of
the tongue in contact with the inferior incisive teeth (20 times,
three times a day).

Facial: (1) recruitment of the buccinator muscle
against the finger that is introduced in the oral cavity,
pressing the buccinators muscle outward (10 times each

side, three times a day). (2) Suck air from a syringe of
20 ml (five times, three times a day).
Stomatognathic functions:

1. Suction: (1) suck the yogurt with a narrow straw.

2. Breathing and speech: (1) forced nasal inspiration
and oral expiration in conjunction with phonation
of open vowels, while sitting; and (2) balloon infla-
tion with prolonged nasal inspiration and then
forced blowing, repeated five times without taking
the balloon out of the mouth.

3. Swallowing and chewing: alternate bilateral chewing and
deglutition, using the tongue in the palate, closed teeth,
without perioral contraction, whenever feeding. This ex-
ercise aims for the correct position of the tongue while
eating and targets the appropriate functionality and move-
ment of the tongue and jaw. The patients were instructed
to incorporate this mastication pattern whenever they
were eating.

Both therapies were performed at home for 3 months with
three daily exercise sessions of 20 min each. An exercise diary
was completed. The patients were contacted weekly by the
same examiner who evaluated whether the exercises were
adequately performed and collected the diary containing
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information about the performance of the exercises. The pa-
tients from the myofunctional therapy and combined groups
received a new series of myofunctional therapy exercises and
filled out a new exercise diary every week.

Adherence to placebo and myofunctional therapy interven-
tions was assessed based on the percentage of time that the
patients performed the exercises during the 3 months of
treatment.

Continuous positive airway pressure treatment

All patients from the CPAP and combined groups underwent a
full night, attended PSG to manually determine the optimum
pressure of CPAP. The CPAP titration was performed accord-
ing to the protocol proposed by the American Academy of
Sleep Medicine [24], in order to abolish all abnormal respira-
tory events during sleep (apneas, hypopneas, arousals by in-
creased respiratory effort, limitations on airflow and snoring).
One CPAP device (REMstar® Plus; Respironics Inc.,
Murrysville, PA) with nasal mask, without humidifier, which
was set to the optimal pressure according to the PSG, was
provided to each patient. A coupled pressure hour meter was
used to objectively evaluate the time of CPAP use in hours per
day. The patients were monitored by the educational program
with regard to CPAP use and were given guidelines on the
disease in three visits (first week, first month, and third
month).

Adherence to CPAP was defined by average number of
hours of daily CPAP use. Patients who used the device for at
least 4 h per night on 70% of the nights were considered to
have good adherence.

Statistical analysis

The statistical analysis was performed using SPSS 18.0 soft-
ware and Statistic software (version 7.0; StatSoft, Inc., Tulsa,
OK, USA). The Kolmogorov-Smirnov normality test was
used. Data are presented as means and standard deviations.
For variables that were not normally distributed, the results
were standardized using the Z-score.

To compare the groups, the general linear model (GLM) of
repeated measures test was used, and when appropriate, the a
posteriori Tukey’s honest significant difference (HSD) test
was used. The results of these comparisons were controlled
for the effect of the basal AHI.

The paired samples ¢ test (Student’s 7 test) was performed.
The Spearman correlation coefficient was used to correlate
delta values between measurements.

The G*Power 3.1.10 program was used to calculate sample
sizes. With an expected difference in the hours of CPAP used
between the CPAP group and the combined group (0.40), o of
0.05 and sample size of 54 patients (27 patients in CPAP and
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27 combined group), a power of 0.85 was found. The signif-
icance level was set at 5%.

Results

The flowchart of patient selection during this study started
with 140 patients with 40 patients failing to complete the
study. The 100 patients who finished the study protocol had
been distributed to placebo group (N = 24), myofunctional
therapy group (N =27), CPAP group (N =27), and combined
group (N = 22). The final sample consisted of 100 men aged
48.1 = 11.2 years old (mean + standard deviation), with a BMI
of27.4+4.9 kg/mz, an ESS score 0of 12.7 £3.0, and an AHI of
30.9 +20.6.

The data from the patients who did not complete the study
were similar to the data from the patients in the final sample,
except for age, which was lower in the group that did not
complete the study (Table 1).

Table 2 shows that significant differences regarding age,
BMI, and neck circumference were not observed between
the groups. Compared with before treatment, the
myofunctional therapy, CPAP, and combined groups showed
improved ESS scores after treatment (p < 0.001 each) and
when compared with the placebo group (p = 0.04, p < 0.01,
and p < 0.01, respectively). After the washout period, there
was no change in subjective sleepiness in the CPAP and com-
bined groups, but the ESS score decreased in the
myofunctional therapy group. The assessment of the analog

Table1  Characteristics of patients who completed the study compared
with those of the individuals who did not complete the study

Patients Patients did P value

completed the not completed

study (n = 100) the study (n = 40)
Age (years) 48.1+11.2 39.4+10.1 <0.001
BMI (kg/m?) 274+49 28.1+3.0 0.40
ESS 12.7+3.0 121 +1.8 0.13
AHI 30.9 +£20.6 30.4 £20.2 0.89
SE (%) 84.1+9.9 81.8+13.1 0.24
S1 (%) 54+32 59+5.6 0.44
S2 (%) 57.9+9.7 56.6+12.9 0.49
S3 + S4 (%) 16.7+7.7 18.8+9.5 0.08
REM (%) 19.9+5.6 19.3+8.1 0.56
Al 274 +158 25.0+15.8 0.51
SpO, min (%) 81.9+738 83.5+6.8 0.27

Student’s ¢ test. The data are presented as the mean + standard deviation.
Significant values are shown in italics

BMI body mass index, ESS Epworth sleepiness scale, AHI apnea-
hypopnea index per sleep hour, SE sleep efficiency, S/ stage 1, S2 stage
2, 83 + §4 stages 3 plus 4, REM rapid eye movements, A/ arousal index
per sleep hour, SpO, min minimal saturation of oxyhemoglobin



Sleep Breath

g iﬁ a8 S § S % § scale of snon’pg intensity and. frequency showed sigr(ljiﬁcan:[
£ g °ce=y v v E a improvement in the myofunctional therapy, CPA?, and com
Z ) o] 2 £ bined groups after treatment (p < 0.001 each) and in the CPAP
% S % g Ej Lgﬁ) and combined groups when cqmpared with the placeb.o tngoug
g ER DA a S §o ;5 (p <0.01 each). The myoﬁln(-:tlor.lal the.rapy group main anfl:
jLE: Z|EFES = H 9 g the improvement in the snoring intensity and frequency after
§ S = - '0'2 % the washout period (p = 0.02), whereas these values returned
E u g n o *l\ f\l & s ED to levels similar to pretreatment levels in the CPAP and com-
é % y PR A é EE bined groups. S
5 el g2z <A @ = = The average adherence to treatment was 55% in the p ace
5 5 1z 8 i bo group, 63% in the myofunctional therapy group, 30% in
£ % 02\ 338 504 § = the CPAP group, and 65% in the combined group. Table 3
é é |4 A % g, shows the average hours of CPAP use. Patients in th.e com-
g 3 E SeRd <0 = § bined group spent more time using the device than patients in
§ - <+ o ¥ ¥ 0% % ‘2 the CPAP group after 1 week (p = 0.01) and after 3 months
; E 34\ : \j 3 ) S g £ 5 (p = 0.02) of treatment. Furthermore, adherence .to the CPAP
g Zlgoza = M & > device based on the number of days that the patient used the
L:: =| TR 3 g device for more than 4 h per night was evaluated; 30% of the
g o oo e i *\0 g % patients from the CPAP group and 50% of patients from the
= & 2999 3 9 S 3 combined group showed good adherence.

: AEIEEE j; 5 2 h - and post-treatment CPAP pressure
2 ElE| S carn @ o 2 g In both groups, t ¢ pre-and p : . _
E % < :r : : - == £ % values did not show s1§?lf28ant changes in therapeutic pres
2 & AN g ; sure after treatment (Table 4).

E: éﬂ E :: ; i 2 ; i é i The objective assessment of sleep by PSG (Table 5)
¢ cléjssas =~ g dﬂé showed that the groups were similar in pre-treatment. After
% = S EX% § §“ treatment, there was an improvement in AHI, minimum SpO,,
£ [ﬁ E E :j Yzad é & and arousal index (Al) in the CPAP group (p = 0.04, p = 0.02,
g A 23 =% 3 s 'ag.) p = 0.04, respectively) and in the combined group (p = 0.02,
g g § N oo % é_ p = 0.02, p = 0.02, respectively). When compared with the
g % S oot & ‘}f’] % e placebo group, the combined and CPAP groups showed a
g § - I :41 :\41 W E i i % significant reduF:ti(?n in AHI an§ A'I (p =0.04, 1; = 0502, rec—l
g = ﬁ 5 :{ § < ¥ 9 % o S spectively). A s1gn1ﬁcant reduction in AHI was a sodo sehr\;lel
g g S <Zt s é S in the myofunctional therapy group when compare with the
E E dasd 404 g 2 § L placebo group (p < 0.001). After the treatment period, the AHI
g i E Qe o i " i g -% ¢ %5 decreased by 50% in the myofunctional therapy group, 87% in
§ f #lgFas <00 —§ é & E the CPAP group, and 89% in the combined group (Elg. 2).

é Sso - = = % £ % The analysis (Table 6) of the MMI delta (normalized) and
5 2 [ R E % *N ED the delta values (increase) of the tongue muscles anq sqft
Té K sdos = 8 £ o3 *% palate strength showed a significant negative correlation in
g S :§ < &é the myofunctional therapy and combined groups.

g‘ DANIN-RCN % % % 3 5 é g

I I N IR R - B | )
!Bl 2| & ¢ T - g H 2 ; E Table 3  Hours of CPAP use for the CPAP and .comblned groups after
= s < g 2 e & 1 week, 1 month, and 3 months of use of the device

E & S o= x o E §2¢

g 2 ToTe o9 2 [/ * o Hours of CPAP Use
SlEgadis 2 s |E D2 — —
% n% Rldggd & = —03 g ?/ g«; CPAP group Combination group value
5] @ =

éﬁ g g % 4 § E; 1 week 38+2.1 53+18 0.01

2 § v 2 _ & 5 g gE 5 ° S First month 42+21 50+2.1 8(2;21
5|2 552 2 2 §§ £ 25 Thidmonh 36418 5.1+23 ,

§ é § :E:D g E % E = g é % § ;3 i::/ Student’s ¢ test. The data are presented as the mean + standard deviation

@ Springer



Sleep Breath

Table 4 The therapeutic pressures of the polysomnographic CPAP
titrations performed pre- and post-treatment in the CPAP and combined
groups

Therapeutic pressure (cm H,0)

CPAP group Combination group P value

First PSG with CPAP 9.8+22
Second PSG with CPAP 9.6 £2.0

91+22
89+ 1.6

0.25
0.21

Student’s 7 test. The data are presented as the mean =+ standard deviation
Discussion

This study compared the CPAP adherence analyzing CPAP
alone and in association with myofunctional therapy in pa-
tients with OSAS. The results showed that the myofunctional
therapy alone or added to CPAP significantly decreased ex-
cessive sleepiness, snoring, and AHI. Despite the fact that the
myofunctional therapy did not reduce the level of required
CPAP, it significantly increased adherence to CPAP treatment
and improved upper airway (UA) muscle strength.

We previously published with the same patient sample that
myofunctional therapy alone as well as in association with

CPAP might be an alternative treatment for the improvement
of the quality of life reports in patients with OSAS [5]. Other
studies have shown that myofunctional therapy alone, using
exercise protocols different than the present study, improves
snoring and AHI in patients with OSAS [4]. In the study by
Guimaraes and coworkers [4], there was a moderate associa-
tion between changes in neck circumference with changes in
AHI, suggesting that exercise can induce UA remodeling,
increasing its patency during sleep. A study by Dantas and
coworkers [25] showed increased collagen type I in patients
with OSAS when compared with a control group which
showed higher levels of collagen type III. The authors sug-
gested that the delayed response of contraction and relaxation
of pharynx muscles during the transition from inspiration to
expiration may lead to an increased collapse in the UA
region. Exercises that target the oropharynx region increase
the strength of the oropharynx muscles, thus repositioning
the tongue under anteroposterior stress, and help to reduce
the collapse of the UA muscles. Myofunctional exercises of
local muscular endurance aim to tone the muscle groups in
the oropharynx, optimizing muscle strength and mobility,
and adjust the position of the soft tissues (soft palate, pha-
ryngeal constrictor muscles, suprahyoid muscles, tip and

Table 5  Objective data on sleep using polysomnography for the placebo, myofunctional therapy, CPAP, and combination groups before treatment,

after treatment, and after washout

Parameters Placebo group (N = 24) Myofunctional therapy group CPAP group (N =27) Combination group P value
W=27) (N=22)

Before After Washout Before After Washout Before After Washout Before After Washout

AHI 278  30.6keH 978 28 13.9% 21.3 344  43% 29.7% 304 3.4%  29.6%%  <0.001
+20.3 +£21.8 +15.0 4227 +18.5 +21.4 +224 +4.0 +£254 +19.8 +2.7 £25.1

SE (%) 824 852 84.1 85.7 84.5 84.4 86.9 86.6 86.7 84.1 88.1 855 0.83
+10.2 £9.3 +124 495 +13.1 +11.5 +9.9 £78 +7.9 +9.7 +7.5  £11.7

S1 (%) 5.5 5.5 4.8 4.8 5.1 4.5 5.2 57 6 4 4.1 45 0.8
+3.7 4.6 +3.1 +3.8 +3.7 +3.8 +3.1 £3.6 +£3.8 +2.3 +2.0 £32

S2 (%) 549 53 532 61.4 56.5 57.6 531 453 529 56.5 48.1 515 0.49
+5.8  +£10.1 +7.5 +9.4 +10.2 +11.6 +11.7 493 +14.8 +10.5 113 +13.5

S3 + S4 (%) 16.5 199 19.8 14 18.5 16.9 188 252 18 18.7 254 222 0.08
+54 117 +8.5 +7.5 +11.0 +8.5 +9.0 +£74 £10.6 +8.2 +7.8  =£11.0

REM (%) 21.1 21 20.2 17.9 18 19.2 209 224 215 19.1 206 197 0.86
+5.8  £5.6 6.8 +5.4 +5.9 +7.0 +5.6  £6.5 +7.2 +5.8 +7.1 462

Al 249 267" 22.6 26.3 213 234 282 11.8* 284*¢ 277 11.7%  28.0%*  <0.001
+13.6 +16.6 +11.1 +18.7 +15.6 +16.9 +149 +£56 £20.5 +155 +53  £21.2

SpO2 mean (%) 93.8 94 94 93.9 94.2 93.9 94 95.6 94 94.1 955 939 0.08
+14  +£1.7 +1.4 +1.7 +1.5 +1.6 +14  £12 +1.5 +1.8 +1.0 +14

SpO2 min (%) 82.6  82.8 82.9 83.7 84.9 83 80.4  90.2* 81.8*%* 80.5 89.3*% 81.2%*  <(0.00]
+6.3  £6.2 +7.0 +7.7 +8.8 +8.0 +6.8 £3.6 +6.7 +11.0 +4.1 83

The data are expressed as the mean + standard deviation. Repeated measures ANOVA with Tukey’s posteriori. The results were controlled for the effect

of the apnea-hypopnea index. Significant values are shown in italics

AHI apnea-hypopnea index per sleep hour, SE sleep efficiency, S1 stage 1, S2 stage 2, S3 + S4 stages 3 and 4, REM rapid eye movement, A/ arousal index

per sleep hour, SpO, min minimal saturation of oxyhemoglobin, SpO, mean mean saturation of oxyhemoglobin

*Before vs. after p < 0.001; **after vs. washout p < 0.001; ***placebo group (after) vs. myofunctional therapy group (after) p < 0.001; * placebo group
(after) vs. CPAP group (after) p = 0.04; * placebo group (after) vs. combination group (after) p = 0.02
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base of the tongue, cheeks, lips) and orofacial functions of
chewing, sucking, swallowing, and breathing. These exer-
cises may therefore reduce snoring and decrease the sever-
ity of OSAS [4].

Indirectly, an improvement in the MMI classification was
observed in our study; this improvement was correlated with
the increased strength of the tongue and soft palate during
myofunctional evaluation, which was observed during wake-
fulness. This correlation could explain the improved objective
sleep parameters that were observed during the night in pa-
tients with OSAS.

Our results suggest that there was an objective improve-
ment in adherence to CPAP treatment as a benefit of
myofunctional therapy. A limitation of this interpretation is
that the myofunctional therapy and the combined groups were
monitored more frequently than the CPAP group, which may
have favored adherence. However, a recent study evaluated
the influence of physical activity on adherence to CPAP use in
patients with OSAS [26]. Ackel-D’Elia and coworkers [26]
observed that during 2 months of treatment, there was no
significant difference regarding adherence between the group
that only used CPAP (4.7 h/night) and the group that used
CPAP + exercises (4.2 h/night). In that study, the authors
had the same limitation that the present study had. The

CPAP + exercises group was monitored three times a week,
whereas the CPAP group was monitored only three times dur-
ing the study; however, this difference did not influence ad-
herence to the use of the device. Comparing the present study
and the study by Ackel-D’Elia and coworkers [22], we as-
sume that the effect of exercises that target the UA was the
decisive factor for adherence to CPAP. Moreover, the patients
were participating in an exercise program, which may have
encouraged them to care more about their health and to be
more attentive to the use of CPAP. This increased adherence
in association with a series of specific exercises for the treat-
ment of OSAS was observed in the present study during the
first week of CPAP treatment. These data confirm previous
findings suggesting that efforts to increase CPAP acceptance
and use are performed mainly in the first 15 days of treatment
because early acceptance and use determines the long-term
use of this treatment [24].

The results of the present study showed that after
myofunctional therapy with muscle exercises in the oropha-
ryngeal region, there were no significant changes in CPAP
therapeutic pressure when compared with the optimal CPAP
pressure measured before treatment. This result could contra-
dict the assumption that UA muscles would be strengthened
by myofunctional therapy. Some authors associate the optimal

Table 6  Spearman correlation coefficient between the Modified Mallampati Index measures and tongue and soft palate muscle strength in the placebo,

myofunctional therapy, CPAP, and combination groups

Delta after-before treatment

Delta washout-before treatment

MMI vs. tension of tongue MMI vs. tension of soft palate  MMI vs. tension of tongue MMI vs. tension of soft palate

Placebo group RHO -0.321 (»p=0.13)  RHO 0.094 (p = 0.66)

Myofunctional therapy RHO -0.759 (»p < 0.001) RHO —0.716 (p < 0.001)
Ggoup

CPAP group RHO -0.192 (»p =0.34) RHO —0.302 (p = 0.12)

Combination group RHO —0.998 (» < 0.001)

RHO —0.987 (p < 0.001)

RHO 0.00 (p = 0.99)
RHO —-0.32 (p = 0.10)

RHO 0.36 (p =0.12)
RHO -0.17 (p = 0.37)

RHO 0.12 (p = 0.59)
RHO —0.24 (p = 0.27)

RHO —0.002 (p = 0.99)
RHO —-0.36 (p = 0.09)

MMI Modified Mallampati Index, RHO correlation coefficient »
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CPAP pressure with the craniofacial aspects of patients with
OSAS [27-29], and few studies have investigated the UA
muscle response to CPAP. These results suggest that CPAP
therapeutic pressure therapy depends on several complex and
multifactorial conditions, and the myofunctional therapy ap-
proach addresses only a portion of these factors. The present
study demonstrated that myofunctional therapy, alone or com-
bined with CPAP, and CPAP treatment are all significantly
effective in improving subjective sleepiness during the first
month of treatment. Until now, the literature did not show
any association between AHI and sleepiness [29]. However,
the degree of excessive sleepiness is one of the components
that determine OSAS severity [8, 14]. According to Kushida
and coworkers [24], CPAP is indicated to improve subjective
sleepiness in patients with OSAS. The present study showed
that myofunctional therapy significantly reduced AHI and
sleepiness and can be considered as an alternative OSAS
treatment.

The subjective evaluation of snoring intensity and frequency
showed significant improvement in the myofunctional therapy,
CPAP, and combined groups when compared with the placebo
group. The findings of the present study corroborate the
previously described evidence. Complete abolition of snor-
ing due to CPAP use is widely documented [24], and the
subjective snoring improvement resulting from the use of
exercises that increase UA muscle tone has also been de-
scribed [4, 30-32]. However, after approximately 3 weeks
without any intervention, the myofunctional therapy was
more effective in maintaining the subjective improvement
in snoring, although the reduced snoring frequency and
intensity were greater in the CPAP and combined groups.
The CPAP group would be expected to show no improve-
ment in snoring after treatment withdrawal because this
group did not receive specific muscle training.

The present study also evaluated the effect of
myofunctional therapy and CPAP treatment on objective sleep
parameters. As expected, both treatments, alone or combined,
significantly decreased AHI when compared with the placebo
group. These results support previous reports that showed
positive AHI effects in response to CPAP treatment [26] and
myofunctional therapy [4] when evaluated separately. The
results did not, however, show an additional improvement in
objective sleep patterns in patients with OSAS when
myofunctional therapy was associated with conventional
treatment, such as CPAP.

Myofunctional therapy is a therapeutic option for reducing
the severity of apnea through exercises to tone the muscles of
the oropharynx [4, 23], especially in mild to moderate cases.
In severe cases, myofunctional therapy may give educational
support and appropriate guidance as to the side effects during
treatment with positive airway pressure devices [6, 7].

Our study has some limitations: (1) lack of objective
assessment of orofacial muscles, as a magnetic resonance

@ Springer

imaging to evaluate the impact of the myofunctional ex-
ercises program on anatomy of UA; (2) limited duration
of myofunctional therapy, since a longer time could show
greater benefits in the objective sleep parameters; and (3)
the exclusion of women in the group, since this popula-
tion may also benefit from myofunctional therapy.

In summary, our study showed that after 3 months of train-
ing with a muscle exercise program that targeted the orophar-
ynx of patients with OSAS, the sleepiness, frequency, and
intensity of snoring and the apnea severity were decreased.
Furthermore, when performed in association with CPAP, there
was a significant increase in adherence to the use of the CPAP
device during the first week of treatment. Thus, myofunctional
therapy in OSAS patients may be considered as an alternative
treatment and as an adjuvant intervention strategy for adher-
ence to CPAP.
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