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    Abstract
Objectives: Among different theories about pathogenesis of obstructive sleep apnea syndrome (OSAS), dysfunction of upper airway muscles still awaits to be delineated. The aim of this study is to examine differences in motor unit potential (MUP) parameters of upper airway muscles between OSAS patients and healthy controls. Methods: Ten male patients diagnosed as OSAS by whole-night polysomnography were analyzed for MUP parameters of genioglossus (GG) muscle, palatoglossus muscle (PG), palatopharyngeus muscle, and uvular (U) muscle. Eight healthy volunteer men matched by age were enrolled as a control group. Results: In PG muscle parameters, the mean MUP area was significantly smaller (P = 0.040) in OSAS patients than those in controls. On the other hand, U muscle parameters showed a significantly larger mean MUP area (P = 0.022) in OUAS patients compared to those in the control group. In OSAS patients, the percentages of polyphasic MUPs of GG and PG muscles were significantly high (P < 0.001 and P = 0.05, respectively). Body mass index was positively correlated with number of phases of GG muscle (rs = 0.63, P < 0.05) and duration of U muscle (rs = 0.71, P < 0.05) in OSAS patients. Other MUP parameters of palatal muscles were similar between the two groups. Conclusion: Our results showed that, although mild in severity, structural neurogenic and myogenic changes characterized as mild and nonuniform MUP changes may co-exist in OSAS patients. These changes in palatal muscles may be attributed to compensatory adaptation of muscle fibers to other precipitating factors in OSAS.
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    Introduction


    Obstructive sleep apnea syndrome (OSAS) is characterized by episodic occurrence of hypopneas and/or apneas during sleep secondary to repeated episodes of partial and/or complete obstruction of the upper airway in the oropharyngeal region, possibly precipitated by sleep-related atonia in upper airway muscles.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3] The retropalatal airway, which is the area behind the soft palate and base of the tongue, is the major site of narrowing in OSAS. The retropalatal airway is controlled by soft palate muscle activity and constitutes the most vulnerable part of the upper airway, as it lacks substantial bony or rigid support.[bookmark: ft4][4] Reduced palatal muscle activity during sleep and negative pressure within the upper airway lumen will result in increased resistance in the retropalatal airway,[bookmark: ft5][5] which is a common site of occlusion in OSAS.[bookmark: ft6][6] Upper airway muscles known to be responsive to negative pressure within the upper airway lumen are genioglossus (GG),[bookmark: ft7][7],[bookmark: ft8][8] palatoglossus (PG),[bookmark: ft9][9] and palatopharyngeus (PP) muscles.[bookmark: ft10][10]


    Reflex activation of upper airway muscles by upper airway negative pressure [bookmark: ft8][8],[bookmark: ft9][9] and changes in the activity of palatal muscles with route of respiration [bookmark: ft9][9] showed that upper airway muscles are important modulators in the maintenance of upper airway patency. Laryngeal adductor activity was also shown to be prominent accompanying increased upper airway pressure during hypopnea. Multiunit electromyography (EMG) activity of GG muscle, which is the primary protrudor of the tongue, was found to be greater in OSAS patients.[bookmark: ft11][11] Some other structural abnormalities, changes in neural drive, and/or disturbed properties of the endurance of upper airway muscles have been shown in patients with OSAS.[bookmark: ft12][12] Needle EMG studies have previously demonstrated partial denervation in oropharyngeal muscles in OSAS.[bookmark: ft13][13]


    On this basis, studies in this area have long focused on upper airway muscles relevant to the pathogenesis of OSAS, investigating motor unit potentials (MUPs) of these muscles. However, there is still an ongoing debate whether and to what extent neuromuscular alterations contribute to upper airway occlusion.[bookmark: ft14][14] In this study, we aimed to analyze MUP parameters of GG, PG, PP, and uvular (U) muscles in patients with OSAS and to compare our results with those obtained in the healthy control group.


    Methods


    Ten male patients with OSAS and age-matched eight healthy volunteer men as a control group [bookmark: ft15][15] were prospectively enrolled. All participants underwent a thorough medical evaluation to exclude neurological disorders, or other disorders affecting the upper airway, or sleep disorders other than sleep apnea. None of the participants was on any medication known to affect muscle activity, such as antidepressants or benzodiazepines. Demographic data were recorded including age, gender, body mass index (BMI), neck circumference, and disease duration of OSAS. Our study was approved by a local ethical committee (with a number of 17/09/2003-22161), and a written informed consent form was obtained from all participants.


    All patients with OSAS had a whole-night polysomnography (PSG), which was applied with central, frontal, and occipital electroencephalography placed on the scalp according to international 10–20 system, right and left electrooculography, surface EMG on the chin and bilateral legs, electrocardiography, oronasal thermistor, nasal airflow, thoracal and abdominal respiratory efforts, oxygen saturation, and body position. Synchronized video recording was done all through the night. Evaluations of PSG were done according to the American Academy of Sleep Medicine Manual for the scoring of sleep and associated events.[bookmark: ft16][16] The diagnosis of OSAS was established as 15 or more abnormal respiratory events per 1 h of sleep.[bookmark: ft17][17] All participants in the control group were evaluated clinically in detail, and OSAS was excluded using the Berlin questionnaire.[bookmark: ft18][18]


    EMG investigations of untreated OSAS patients and controls were obtained 2 h after awakening in the morning. Throughout the procedure, participants were told to lay down comfortably, relax in supine position, breathe quietly, and remain awake. The skin temperature was maintained at 32°C. Filter settings were arranged as 10 kHz for high cut and 5 Hz for low cut. Sweep speed was 5 ms/div, and gain was 100 μV/division.


    For MUP analysis, a 4-channel EMG device (Keypoint Natus, USA) was used in the electrophysiology laboratory. Instruments were calibrated before the collection of data. MUP analysis was made with a computer-supported analyzing method of the same device. Two types of concentric needle electrodes (26 G, 37 mm, recording area of 0.07 mm 2 and 23 G, 75 mm, recording area of 0.67 mm 2, Alpine Biomed) were used. A ground electrode was placed over the right clavicle during EMG procedures.


    GG, PG, PP, and U muscles were investigated using multi-MUP analysis. All procedures were explained to participants before testing. Needle insertion was performed percutaneously for GG and through an intraoral approach for the other muscles. Lidocaine spray (40 mg, Xylocaine, AstraZeneca) was topically applied to oropharynx structures through an intraoral approach, and an anesthetic cream (Emla, AstraZeneca) was topically applied on the skin under the chin at least 30 min before EMG recordings through a percutaneous approach. For GG recordings, concentric needle electrode was inserted 3 mm lateral to the frenulum bilaterally and into 15–20 mm deep into the body of GG muscle.[bookmark: ft6][6] For recordings from PG muscle, electrodes were inserted 5 mm deep into the anterior arch of the pharyngeal fauces. Needle insertion areas were the posterior arch of the pharyngeal fauces for PP muscle and uvula for U muscle.


    Confirmation of examined muscles under investigation was made by the use of muscle-specific maneuvers and by observation of MUPs on screen associated with appropriate sounds through loudspeaker simultaneously. At first, spontaneous activity was tested in resting muscles. Then, MUPs were studied in muscles at slight voluntary effort. MUPs were collected, and 25 MUPs with good quality were selected for each muscle for the final analysis. Among MUP parameters, amplitude, duration, area, rise time, thickness (area divided by amplitude), and number of phases and/or turns were calculated. MUP amplitudes were calculated from peak to peak amplitude (in μV), duration was measured from onset of the first to offset of the last deviation from baseline (in ms), area was calculated as the sum of MUP values (in mV ms) multiplied by sampling interval, rise time was the time between initial positive peak and subsequent negative peak (in μs), the number of MUP phases was counted as baseline crossings − 1, and a turn was the change in the direction of MUP amplitude for at least 25 mV.[bookmark: ft19][19],[bookmark: ft20][20],[bookmark: ft21][21] All MUP parameters were done and interpreted by one investigator using the above-mentioned methods.


    Statistical analysis


    SPSS (Statistical Package for the Social Sciences, Chicago, IL, USA) 16. 0 for Windows package program was used for statistical analysis. Numerical variables were given as mean ± standard deviation, and categorical variables were expressed as numbers and/or percentages. EMG variables between patients with OSAS and healthy volunteers were compared using Mann–Whitney U-test. Spearman's correlation was used to detect the presence of any correlation between EMG parameters and clinical data. The threshold level was established to <0.05 for statistical significance.


    Results


    The mean age of patients with OSAS was 43.5 ± 10.7 years (between 26 and 58 years), and the mean age of controls was 40.2 ± 9.1 years (between 27 and 50 years, P = 0.592). The mean disease duration was 9.2 ± 6.2 years (ranging between 3 and 20 years), and the mean respiratory disturbance index was 41.2 ± 11.5/h (between 15 and 85/h) in OSAS patients. The mean BMI was higher in OSAS patients compared to those in healthy controls (33.29 ± 4.05 vs. 23.64 ± 2.51 kg/m 2, respectively, P = 0.0004). The mean neck circumference was significantly higher in the patient group (45.00 ± 3.71 vs. 36.75 ± 2.49 cm, respectively; P = 0.0004). The demographic data of patients and controls are given in [Table - 1].
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        	Table 1: Demographical variables of the study population
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    In EMG analysis, insertional activity was normal in all muscles analyzed, and no spontaneous activity was observed. The MUP analysis data of four muscles are given in [Table - 2], [Table - 3], [Table - 4], [Table - 5]. The mean MUP area of PG muscle was smaller in OSAS patients (198.6 ± 135.3 μV ms) compared to those in controls (399.0 ± 236.8 μV ms), which was statistically significant (P = 0.040). The MUP area of U muscle was also significantly larger in patients with OSAS than those in the control group (322.2 ± 262.2 μV ms versus 131.5 ± 57.3 μV ms correspondingly, P = 0.022). The polyphasic MUP ratio was significantly increased in GG muscle (P < 0.001) and in PG muscle (P = 0.05) in OSAS patients compared to those in healthy controls. Other MUP parameters were found similar between the two groups [Table - 2], [Table - 3], [Table - 4], [Table - 5].


    
      
        	[image: ]

        	Table 2: The comparison of electromyographic characteristics of genioglossus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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        	Table 3: The comparison of electromyographic characteristics of palatoglossus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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        	Table 4: The comparison of electromyographic characteristics of palatopharyngeus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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        	Table 5: The comparison of electromyographic characteristics of uvular muscle between patients with obstructive sleep apnea syndrome and healthy controls
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    In correlation analysis, mean age, mean neck circumference, disease duration, and respiratory disturbance index were found not to be significantly correlated with EMG data in the OSAS group. The sentence was revised by fragmenting into two as follows: In the control group, there was a positive correlation between neck circumference and mean number of MUP phases (rs= 0.76, P < 0.05), MUP duration (rs= −0.72, P < 0.05) and MUP thickness (rs= −0.71, P < 0.05) of PP muscle. There was also a positive correlation between neck circumference and mean number of MUP phases of U muscle (rs= 0.76, P < 0.05). In the patients with OSAS, there was a positive correlation between BMI and mean MUP rise time of GG muscle (rs= 0.69, P < 0.05), mean number of MUP phases of GG muscle (rs= 0.63, P < 0.05), and mean MUP duration of U muscle (rs= 0.71, P < 0.05). In healthy controls, there was also a positive correlation between BMI and mean number of MUP phases of PP muscle (rs= 0.75, P < 0.05) and mean number of MUP phases of U muscle (rs= 0.77, P < 0.05). Other variables failed to show any correlation with anthropological measures Other variables failed to show any correlation with anthropological measures [Table - 2], [Table - 3], [Table - 4], [Table - 5].


    Discussion


    Our study showed that the mean MUP area of U muscle was significantly larger in OSAS patients, but the MUP area of PG muscle was smaller, contrary to what is expected. The polyphasic MUP ratio was significantly high in GG and PG muscles in OSAS patients. We also found that there was a positive correlation in OSAS patients between BMI and number of phases of GG muscle and mean duration of U muscle. In controls, a positive correlation was present between BMI and mean number of MUP phases of PP and U muscles. Furthermore, in controls, neck circumference showed a positive correlation with the mean number of MUP phases, duration and thickness of PP muscle, and mean number of MUP phases of U muscle.


    MUPs represent the sum of synchronously firing activity of a muscle or some fibers of a motor unit. This constitutes a basic structure of a motor unit with well-known parameters as diameter, distribution, or number of muscle fibers. For this reason, any structural abnormality in a motor unit will result in alterations in MUP parameters. Quantitation of MUP parameters is, therefore, being used to define neuromuscular disorders since EMG was first introduced.[bookmark: ft22][22]


    In myopathic conditions, duration and amplitude of MUPs decrease, whereas larger duration and higher amplitude than normal potentials appear in neuropathic conditions. Similarly, area measurements may also help to differentiate neuropathy from myopathy. Duration is the reflection of number and diameter of fibers, which contributes to form MUP activity. Duration is increased when there is an increase in number of fibers, especially of those with large diameter. This shows the presence of denervation in skeletal muscles with collateral sprouting and reinnervation.[bookmark: ft19][19],[bookmark: ft20][20],[bookmark: ft21][21],[bookmark: ft22][22]


    The maximum temporal dispersion of MUP is defined by increased number of phases and duration. In patients with neuropathy and myopathy, there is an increased incidence of polyphasic MUPs, and this abnormal parameter is thus nonspecific. Differentiation between myopathy and neuropathy is done by a combination with other parameters.[bookmark: ft23][23],[bookmark: ft24][24]


    In the literature, there are many studies investigating the EMG characteristics of GG, PG, and PP muscles.[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft13][13],[bookmark: ft25][25] In a recent study, MUP parameters of tongue protrudor muscles were reported to be significantly larger in OSAS patients compared to controls, independent of patient characteristics, severity of sleep breathing disorder, or its duration.[bookmark: ft26][26] The authors emphasized the role of denervation injury, which occurred secondary to vibrations in upper airways, but they also mentioned the need for further well-designed studies. Studies on neuromuscular function of the soft palate and uvula muscle showed the presence of neuropathy characterized by diffuse inflammation and aberrant neural structures.[bookmark: ft27][27] It was also demonstrated that more severe snoring and/or sleep apnea had a correlation with worse dysfunction in sensory nerves together with atrophy in both nerves and muscle fibers of soft palate and uvula. On this basis, it was concluded upon recent evidences that neurogenic pathology may explain the loss of muscular tone in the soft palate and/or uvula in parallel with evolving obstructive sleep apnea from snoring.


    Upper airway patency mainly relies on the dilating and stabilizing forces generated by the sustained muscle activity in the upper airway, particularly the GG muscle.[bookmark: ft11][11],[bookmark: ft28][28] It is widely accepted that the GG muscle has significantly increased resting activity in both inspiration and expiration in OSAS compared to controls.[bookmark: ft11][11],[bookmark: ft25][25],[bookmark: ft28][28] It was demonstrated that MUPs obtained from GG muscle are of longer duration in patients with OSAS, suggesting neurogenic changes secondary to neural injury associated with obstructive sleep apnea.[bookmark: ft25][25]


    On the other hand, different results have been reported in the literature on GG endurance times, recovery times, or basal tonic activity.[bookmark: ft29][29],[bookmark: ft30][30] These authors observed no difference in baseline (tonic) palatal muscle EMG activity between OSAS patients and normal controls, but they reported that PG muscle had decreased EMG reflex responses to negative pressure in the upper airway in OSAS patients compared to those in healthy controls. They have concluded that there may be an altered upper airway neuromuscular function and impairment of EMG reflex responses in OSAS, which may have a significant role in the development of upper airway narrowing and obstruction during sleep.


    Motor neuron pathologies such as spontaneous activity, polyphasic potentials of increased duration, or reduced interference pattern were also reported in patients with OSAS.[bookmark: ft13][13],[bookmark: ft15][15] In our study, the mean MUP area or amplitude of GG muscle was similar between OSAS patients and controls; however, the polyphasic MUP ratio was significantly high in GG and PG muscles. The mean MUP area of U muscle was also significantly larger in patients with OSAS. Large mean MUP areas in U muscle and small mean MUP areas in PG muscle together with increased polyphasic potentials in GG and PG muscles were interpreted as mild and nonspecific neurogenic and/or myogenic MUP changes in our study because there was no any other associated MUP changes. However, although mild and nonspecific, these changes may be accepted as accompanying or worsening factors in addition to other precipitating conditions of OSAS.


    Because all OSAS patients were overweight or obese (with a mean BMI of 33.2 kg/m 2), different risk factors and mechanisms are likely to be present in obese and nonobese OSAS patients versus those with craniofacial abnormalities. Dilator muscle activation was shown to correlate less well with BMI, but anatomical factors in craniofacial structures were reported to be important in defining upper airway anatomy independent of body weight.[bookmark: ft31][31] Activation in upper airway muscles was strongly related to the collapsibility of the upper airway, more than to BMI, which shows that obesity is not the main factor in the pathogenesis of OSAS, but several other factors may determine OSAS. In addition, BMI was associated only with small reductions in neurophysiological EMG parameters such as amplitude or velocity of sensory and/or mixed nerves, and a consistent association between BMI and amplitudes or latencies of MUP parameters has not been proven yet.[bookmark: ft32][32] Anatomically fat pads in the parapharyngeal area were shown to increase together with increasing age, which was documented to be independent of overall body fat ratio or neck circumference.[bookmark: ft33][33]


    Among the limitations of our study, we could not perform MUP analysis during sleep because of the lack of implantable EMG electrodes. GG muscle activity was demonstrated to reduce sleep onset following the alpha-theta transition both in healthy individuals and OSAS patients.[bookmark: ft34][34],[bookmark: ft35][35] Second, only male patients were evaluated here, and the number of participants was small. We could not perform electrophysiological and histopathological correlation due to the lack of biopsy specimens. In the literature, inconclusive results have been reported on oropharyngeal muscle histopathology; some were ascribed to myopathy, postulated to result from activity-induced injury, interpreted to be of unclear in etiology, or attributed to mixed etiology composed of neurogenic and myopathic causes.[bookmark: ft27][27],[bookmark: ft36][36] Biopsy studies from GG muscle showed an increase in type II muscle fibers in patients with OSAS compared to healthy controls, while other findings showed evidence for partial denervation in motor nerves.[bookmark: ft37][37],[bookmark: ft38][38] Finally, we did not repeat our evaluations after the effective treatment of OSAS. In the literature, a small number of studies have investigated whether these changes in the upper airway muscle in OSAS are reversible upon efficient treatment of OSAS with positive airway pressure therapy, but those histopathological changes were not present in patients with treated OSAS.[bookmark: ft39][39],[bookmark: ft40][40] Prospective, placebo-controlled, randomized studies with large number of participants are still needed to demonstrate changes in the upper airway muscle in the pathophysiology of OSAS, and the effect of OSAS treatment should be analyzed.
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  Table 1: Demographical variables of the study population
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  Table 2: The comparison of electromyographic characteristics of genioglossus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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  Table 3: The comparison of electromyographic characteristics of palatoglossus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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  Table 4: The comparison of electromyographic characteristics of palatopharyngeus muscle between patients with obstructive sleep apnea syndrome and healthy controls
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  Table 5: The comparison of electromyographic characteristics of uvular muscle between patients with obstructive sleep apnea syndrome and healthy controls
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index (/h)
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OSAS: Obstructive sleep apnea syndrome
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Electromyographic data OSAS patients (n=10) Control group (n=8) i2s

Genioglossus muscle Mean+SD  Median Minimum-maximum  Mean+SD  Median Minimum-maximum

Amplitude 613.0£458.6  488.0 159.0-1804.0 533.9+£325.2  500.75 236.5-1233.0 0.859
Rise 0.87+0.28 0.9 0.4-1.2 0.92+0.35 1.0 0.4-1.4 0.685
Duration 2.73+0.83 28 1.7-44 2.77+0.51 27 22-38 0.858
Area 458.9£312.5  388.25 88.0-1026.0 484.5+325.5  373.5 151.0-1225.0 0.722
Thickness 0.80=0.24 Lt 0.49-1.20 0.94+0.37 0.89 0.54-1.60 0.423
Number of phases 1.60£0.45 175 1.0-2.0 1.3120.45 10 1.0-2.0 0.193
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Number of turns 1.15:033 1.0 1.02.0 1.18+0.53 1.0 05-2.0 0910
*Mann-Whitney U-test. OSAS: Obstructive sleep apnea syndrome, SD: Standard deviation
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Electromyographic data OSAS patients (1=10) Control group (n=8) P*

Palatoglossus muscle Mean+SD  Median Minimum-maximum _ Mean+SD  Median Minimum-maximum

Amplitude 300.0£133.9  253.0 92.0-549.0 528.04283.1  476.0 164.0-907.0 0.130
Rise time 0.73+0.42 0.55 0.4-1.7 0.77+0.40 0.7 0.4-1.6 0.684
Duration 2.25+0.71 = 1.6-4.1 2.48+0.57 22 1.8-3.5 0.257
Area 198.6+135.3 167.0 48.0-453.0 399.0+236.8  366.5 89.0-810.0 0.040
Thickness 0.68+0.48 0.53 0.27-2.00 0.74£0.25 0.68 0.49-1.20 0.182
Number of phases 1.4£0.51 1.0 1.0-2.0 1.62+0.44 175 1.0-2.0 0.328
Percentage of phases 33.5+28.0 10.0-73.0 28.1=15.1 6.0-55.0 0.050
Number of turns 1.20+0.63 1.0 0-2.0 1.25+0.75 1.25 0-2.0 0.849

*Mann-Whitney U-test. OSAS: Obstructive sleep apnea syndrome, SD: Standard deviation
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Electromyographic data OSAS patients (n=10) Control group (n=8) IBE
Palatopharyngeus muscle ~ Mean+SD _ Median _Minimum-maximum _ MeanSD __Median _Minimum-maximum
Amplitude 33001619 3150 124.0-609.5 2915£1414 2580 112.0-554.5 0.563
Rise 0.69£0.36  0.65 077:032 08 02-12 0.531
Duration 258:0.67 255 238£0.52 25 1.4-3.1 0.623
Area 268.0£155.8 2495 66.5-544.5 224.6£1623 1545 86.5-551.5 0.504
Thickness 079:021 084 0.46-1.09 0.77:027  0.82 0.34-1.08 1.000
Number of phases 1.350.47 1.0 1.02.0 1252046 1.0 1.02.0 0.591
Percentage of phases 29.0+15.9 10.0-50.0 30.9+15.3 14.0-47.0 0246
Number of turns 1.500.84 15 0-3.0 1125064 1.0 0-2.0 0308

*Mann-Whitney U-test. OSAS: Obstructive sleep apnea syndrome, SD: Standard deviation
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Electromyographic data OSAS patients (n=10) Control group (n=8) BN
Uvular muscle MeanSD _ Median _Minimum-maximum _ Mean+SD__ Median _ Minimum-maximum
Amplitude 455522414 3505 203.0-916.0 2545965 2200 128.0-359.0 0.124
Rise 062£035 0.7 02-13 0.440.36 03 02-12 0213
Duration 225:0.54 24 1.63.1 2.05£0.32 20 1.82.6 0.592
Area 322242622 2335 136.5-947.0 13155573 127.0 50.0-226.0 0.022
Thickness 0.62£027 058 037-129 053£031 041 038-1.24 0221
Number of phases 1612048 2.0 1.02.0 1.64+0.47 20 0.905
Percentage of phases 35.0£21.0 15.0-57.0 3454227 0312
Number of turns 144046 15 1.02.0 1.570.53 2.0 0.601

*Mann-Whitney U-test. OSAS: Obstructive sleep apnea syndrome, SD: Standard deviation






