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Abstract 

 

Title of Dissertation: Genioglossus EMG Activity in Pediatric Obstructive Sleep Apnea 

Patients 

 

Thomas Dongbyung Chae, Master of Science, 2015 

 

Dissertation Directed by:  Eung-Kwon Pae, Director/Chair, Department of Orthodontics  

and Pediatric Dentistry 

 

Obstructive sleep apnea (OSA) is a common condition in childhood and can result in 

severe complications if left untreated. Genioglossus electromyography (EMG) signals 

were obtained from ten children during quiet breathing, deep breathing, and maximum 

protrusion. We expected similar EMG readings during quiet breathing; but when there is 

increased respiratory drive during deep breathing, EMG recordings should be higher. 

Moreover, OSA patients fatigue more easily so we expected lower EMG readings during 

maximum protrusion. The OSA group had quiet breathing EMG signal of 0.192 mV.s 

(S.D. ±0.92) versus control 0.213 mV.s (S.D. ±0.112). During deep breathing, OSA 

children had higher EMG signals of 0.532 mV.s (S.D. ±0.317) compared to control 0.218 

mV.s (S.D. ±0.096).  OSA children had lower genioglossus activity at 0.171 mV.s (S.D. 

±0.044) compared to control 0.247 mV.s (S.D. ±0.059). In conclusion, EMG provides an 

additional tool to differentiate patients with various types of sleep disordered breathing. 
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I. Introduction:  

 

Obstructive sleep apnea OSA is a common condition in childhood and can result 

in severe complications if left untreated (Marcus et al 2012). In 2012, the American 

Academy of Pediatrics defined obstructive sleep apnea syndrome in children as a 

“disorder of breathing during sleep characterized by prolonged partial upper airway 

obstruction and/or intermittent complete obstruction (obstructive apnea) that disrupts 

normal ventilation during sleep and normal sleep patterns” (American Thoracic Society 

1996), accompanied by symptoms or signs. (Marcus et al 2012) 

Symptoms include habitual snoring (often with intermittent pauses, snorts, or 

gasps), disturbed sleep, and daytime neurobehavioral problems. Daytime sleepiness may 

occur, but is uncommon in young children (Marcus et al 2012). OSA is associated with 

neurocognitive impairment, behavioral problems, failure to thrive, hypertension, cardiac 

dysfunction, and systemic inflammation (Marcus et al 2012). Risk factors include 

adenotonsillar hypertrophy, obesity, craniofacial anomalies, and neuromuscular disorders. 

(Marcus et al 2012)  

Three studies (Bixler et al 2009, Li et al 2010 and O’Brien et al 2003) that had 

large sample sizes from the general pediatric population reported OSA prevalence rates 

of 1.2 to 5.7% but some studies using more liberal criteria have shown rates as high as 

24% (Goodwin et al 2005). Nevertheless, the preponderance of evidence suggests a 

prevalence of OSA in the range of 1 % to 5% making this a relatively common disease 

that would be encountered by most clinicians in primary practice (Marcus et al 2012) 

Three studies (Sogut et al 2005, Wing et al 2003, Sanchez-Armengol et al 2001) 

found an equal prevalence between males and females while two studies found an 
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increased prevalence in males (Li et al 2010, Goodwin et al 2005). Two studies reported 

an increased risk in children of ethnic minorities (Bixler et al 2009, Rosen et al 2003). 

Four studies found an increase risk in obese patients (Li et al 2010, Wing et al 2003, 

Beebe et al 2007, Xu et al 2008). Moreover, obesity increases the risk of insulin 

resistance, dyslipidemia, and other metabolic abnormalities in children (Velhulst et al 

2007). Screening of obese children who have OSA for markers of metabolic syndrome 

should be considered, especially in the adolescent age group. Verhulst et al studied 104 

overweight /obese children and adolescents with Tanner staging, overnight PSG, oral 

glucose tolerance testing, lipid profile, and blood pressure (BP) measurements and saw 

findings consistent with metabolic syndrome in 37% of subjects. (Velhulst et al 2007) 

Attention-deficit/hyperactivity disorder (ADHD) or ADHD symptoms, 

hypersomnolence, somatization, depression, atypicality, aggression, and abnormal social 

behaviors were most frequently reported behavioral abnormalities associated with sleep 

disordered breathing in children. (Marcus et al 2012)  In two studies examining brain 

function, neuronal injury of the brain (Halbower et al 2006) and altered cerebral blood 

flow (Hogan et al 2008) were found in children who had sleep disordered breathing 

compared with normal controls and were associated with behavior and cognitive 

problems. In a recent study by Minoguchi et al (2007), brain MRI was used to compare 

the percentage of silent brain infarctions in subjects with and without OSA. Remarkably, 

25% of individuals with severe sleep apnea had infarctions. In contrast, only 7% of obese 

matched nonapneics had infarcts evident. These findings indicated the possibility of 

preexisting medical problems causing the development of OSA or alternatively, OSA 

causing brain injury.  
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Moreover, hypoxia is a characteristic feature of OSA. An apnea-hyopnea index 

AHI >1.5 /hr is considered statistically abnormal in children. (Uleil et al 2004) In 

children, AHI is also used to categorize the severity of OSA; AHI up to 1.5 events/hr is 

classified as mild, 1.5–5.0 events/hr as moderate, and >5.0 events/hr as severe. This is in 

contrast to adults, where the corresponding values are 5–15 events/hr, 15–30 events/hr, 

and >30 events/hr (Narang et al 2012). Chronic intermittent hypoxia has been shown to 

have deleterious effects on the physiologic control of upper airway patency. Recent 

studies illustrate that the respiratory control system is subject to significant plasticity 

(Gelfi et al 2011). For instance, the genioglossus muscle plays a major role in 

maintaining the patency of the anterior limit of airway. Genioglossus activity protrudes 

the tongue, resulting in increased size and decreased collapsibility of the airway (Katz et 

al 2006). However, rats subjected to intermittent hypoxia start to reduce the number of 

type I slow twitch fibers (high endurance) into type II fast twitch fibers (low endurance) 

in the genioglossus muscle. A switch to a higher proportion of low endurance muscle 

fibers would cause more difficulty maintaining upper airway patency, especially during 

sleep when neuromuscular control is required (Smirne et al. 1991; Series et al. 1995, 

1996; Carrera et al. 1999;)  

However, oximetry alone was found to be not adequate for the diagnosis of OSA. 

In our study, all OSA patients were previously diagnosed using polysomnography or PSG. 

To date, a PSG is required to diagnose OSA because children may have OSA that results 

in arousals and sleep fragmentation but little desaturation. In addition children tend to 

move a lot during sleep which can result in movement artifact. Most studies found that 

clinical evaluation was not predictive of OSA on PSG. Godwin et al 2005 performed a 
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large (N =480), population based study of 6- to 11-year old children. The study included 

use of a standardized history, some clinical parameters, and ambulatory full PSG. They 

concluded that the sensitivity of any individual or combined clinical symptoms was poor. 

Certain parameters such as snoring, excessive daytime sleepiness and learning problems 

had a high specificity. Van Someren et al (2000) compared history and clinical 

examination by a pediatrician or otolaryngologist with abbreviated PSG. Both the 

sensitivity and specificity of the clinician’s impression of moderate/severe OSA were low 

(59% and 73% respectively). In a similar number of cases, the clinician’s underestimated 

(17%) and overestimated (16%) the study results. Thus, nocturnal, attended PSG is 

considered the gold standard for diagnosis of OSA because it provides and objective, 

quantitative evaluation of disturbances in respiratory and sleep patterns. (Marcus et al 

2012) 

 Current recommendations are that (1) All children/adolescents should be screened 

for snoring, (2) Polysomnography should be performed in children/adolescents with 

snoring and symptoms/signs of OSA; if polysomnography is not available, then 

alternative diagnostic tests or referral to a specialist for more extensive evaluation may be 

considered, (3) Adenotonsillectomy is recommended as the first-line treatment of patients 

adenotonsillar hypertrophy, (4) High risk patients should be monitored as inpatients 

postoperatively, (5) Patients should be reevaluated postoperatively to determine whether 

further treatment is required. Objective testing should be performed in patients who are 

high risk or have persistent symptoms/signs of OSA after therapy. (6) Continuous 

positive airway pressure is recommended as treatment if adenotonsillectomy is not 

performed or if OSA persists postoperatively. (7) Weight loss is recommended in 
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addition to other therapy in patients who are overweight or obese. (8) Intranasal 

corticosteroids are an option for children with mild OSA in whom adenotonsillectomy is 

contraindicated or for mild postoperative OSA.  (Marcus et al 2012) 

 In summary, in developing children, early diagnosis and treatment of pediatric 

OSA may improve a child’s long term cognitive and social potential and school 

performance. There is demonstrated benefit in terms of behavior, attention, and social 

interactions, as well likely improvement in cognitive abilities. As previous studies found 

there is a decreased level of growth hormone and/or insulin-like growth factor-1 in 

children with OSA which increased significantly after adenotonsillectomy. (Selimoglu et 

al 2003)  

This current study aimed to implement surface electromyography (EMG) of the 

genioglossus as an additional evaluation tool for pediatric patients with OSA. 

Electromyography (EMG) is an electrodiagnostic medicine technique for evaluating and 

recording the electrical activity or electrical potential produced by skeletal muscles. 

(Kamen et al 2004) There are two kinds of EMG: surface EMG and intramuscular EMG. 

Surface EMG assesses muscle function by recording muscle activity from the surface 

above the muscle on the skin. Surface electrodes are able to provide a limited assessment 

of the muscle activity but for human studies remain most appropriate due to less 

invasiveness and easy access. Surface EMG can be recorded by a pair of electrodes or by 

a more complex array of multiple electrodes. More than one electrode is needed because 

EMG recordings display the potential difference (voltage difference) between two 

separate electrodes.  
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Due to considerable technical challenges associated with recording from muscles 

of the upper airway, much of the experimental work conducted in human subjects has 

centered on recording respiratory related activities of the extrinsic tongue protrudor 

muscle, the genioglossus. (Bailey et al 2011)  In 1970, Sauerland and Mitchell obtained 

some of the earliest recordings of whole muscle and single motor unit genioglossus EMG 

activity. They described rhythmic, inspiratory activation of the genioglossus in normal 

subjects in upright posture (Sauerland and Mitchell 1975) and noted that in supine, the 

muscle displayed inspiratory augmenting or “phasic” activity and continuous or “tonic” 

activity that persisted throughout inspiration and expiration (Sauerland and Harper, 1976). 

Both phasic and tonic components evident in waking were robustly maintained in stable 

NREM sleep (Bailey et al 2007) but in REM sleep activities were strikingly different, 

characterized instead by profound EMG hypotonia (Sauerland and Harper, 1976). 

These early recordings proved to be of considerable clinical interest because they 

revealed a role for genioglossus activity in the regulation of pharyngeal aperture and 

suggested that genioglossus dysfunction may contribute to events associated with 

obstructive sleep apnea. This clinical interest culminated in the landmark study by 

Remmers and colleagues (Remmers et al, 1978) in which it was hypothesized that the 

genioglossus modulates oropharyngeal aperture and counterbalances the collapsing force 

exerted on the upper airway by contraction of inspiratory pump muscles. In more recent 

years, pharyngeal airway defense is attributed to the co-activation of multiple pharyngeal 

airway muscles (Fregosi and Fuller 1997, Katz et al 2006, Malhotra et al 2002, McSharry 

et al 2012).   
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The genioglossus is one of eight muscles that invest the human tongue. All eight 

muscles are innervated by the hypoglossal nerve. (Abd-El-Malek, 1939). One basic 

function of EMG is to see how well a muscle can be activated. The most common way 

that can be determined is by performing a maximal voluntary contraction (MVC) of the 

muscle that is being tested (Behm et al 2002) Katz et al 2006 discussed that children with 

OSA have an increased genioglossus EMG during wakefulness compared with normal 

children. Many studies have confirmed that EMG activity seems be higher in OSA 

patients than the normal population average during wakefulness. This is probably the 

results of compensatory effort to maintain a patent breathing passage (Mezzanotte et al 

1992), which may be modulated by negative pharyngeal pressure (Malhotra et al 2002) 

and airway resistance (Popovic et al 1995). Previous studies hypothesized that this 

compensatory activity is associated with a low hyoid bone position in OSA patients (Van 

Lunteren et al 1987) (Pae et al 1997) and suggested that whereas the muscles attached to 

the hyoid bone work to maintain the patency of the pharyngeal airway, the infrahyoid 

muscles overpower the suprahyoid muscles. (Pae et al 2004) However, Saboisky et al 

also reports that an increased EMG signal may be caused by a number of factors. These 

include increased ‘premotoneuronal’ or ‘motoneuronal’ drive (leading to higher 

discharge rates of motor units and/or recruitment of additional motor units) and 

peripheral changes due to increased size of motor unit action potentials in the active 

muscle fibers. (Saboisky et al 2007) Saboisky et al goes further and found no difference 

in EMG activity during quiet breathing but only during deep inspiratory breathing due to 

increased respiratory drive.  
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Moreover, OSA patients may be vulnerable to fatigue of upper-airway dilator 

muscles, which could contribute to disease progression. Eckert et al found that maximal 

tongue protrusion was greater in OSA patients versus controls but task failure occurred 

more rapidly. (Eckert et al 2011) As mentioned before, muscles display plasticity and this 

may explain why we hypothesize that OSA patients will display more fatigability but 

greater tongue protrusion values. Furthermore, we hypothesize that we will find that 

during quiet breathing, we expect similar EMG values for OSA and control groups 

according to results found by Saboisky, but for deep breathing EMG values will be 

higher.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9v 

 

II. Aim  

With the knowledge derived from the procedures of this pilot study, we aim to 

better understand the genioglossus muscle activity during quiet breathing, deep breathing, 

and maximal tongue protrusion in children with OSA. The preliminary EMG data will be 

used as a model to test and develop non-invasive evaluation tools for OSA and other 

sleep breathing disorders. 
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III. Hypothesis 

We hypothesize that OSA and control patients will display similar EMG activity 

during quiet breathing but, during deep breathing, OSA patients will display overall 

higher EMG values. During maximal tongue protrusion, we expect that EMG activity 

will be lower in OSA patients. OSA patients will display/show overall higher 

genioglossus muscle fatigability.  
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IV. Materials and Methods: 

 

Participants 

Ten subjects ages 7-12 years old were recruited from the University of Maryland 

Medical Center Department of Otolaryngology and the University of Maryland Dental 

School Department of Orthodontics and Pediatric Dentistry. Parent/guardians filled out a 

pediatric sleep questionnaire for their child. Consent and assent forms (HP-00054857) were 

explained to parent/guardian and subject, respectively. Participants were selected based 

on the following inclusion criteria of having an in-lab polysomnogram, between ages 7-

12, and otherwise healthy children who are being treated in the primary care setting. Any 

of the following conditions were excluded: patients with Down syndrome, craniofacial 

anomalies, neuromuscular disease (including cerebral palsy), chronic lung disease, sickle 

cell disease, metabolic disease or laryngomalacia.  

OSA patients were previously diagnosed using the in-lab polysomnogram study at 

various sleep center facilities. Control patients were screened and ruled out of any SBD 

using the pediatric sleep questionnaire. Five OSA patients (3 males, 2 females) and five 

control patients (2 males, 3 females) were recruited. However, one female OSA patient 

and one female control patient was excluded because of previous history of menses onset 

which would confound the data. The average age of the OSA group was 11.0 years and 

the average age of the control group was 8.3 years as seen in Table 1 below. 

The protocol was approved by the UMB Institutional Review Board. 

Table 1. OSA Versus Control Demographics 

Patient Age Gender Height Weight BMI BMI Diagnosis AHI 

OSA 1 10 M 4'8'' 98 22.0 normal weight N/A 

OSA 2 10 F 4'6'' 128 30.9 obese 4.5 

OSA 3 12 M 4'9'' 83 18.0 underweight N/A 

OSA 4 12 M 5'0'' 180 35.1 obese 3.3 



12v 

 

Table 1 Continued 
     control 1 7 F 4'5'' 61 15.3 underweight 

 control 2 8 M 4'11' 67 13.5 underweight 

 control 3 9 M 5'0'' 100 19.5 normal weight 

 control 4 9 F 4'5'' 60 15.0 underweight 

  

On clinical inspection, children in the OSA group were on average more 

overweight than controls even when adjusting for age. According to BMI, OSA2 and 

OSA4 were obese. OSA 1 was noted to have gained “considerable weight recently” by 

his grandmother although his BMI indicates he is of normal weight. 

 

 

EMG Acquisition 

 

Upon arrival to the University of Maryland Dental School Department of 

Orthodontics and Pediatric Dentistry Clinic, subjects were familiarized with the study 

process. They were trained to push their tongue maximally without bending it against the 

force transducer and to look for start/stop signals at different time points of the procedure. 

The force transducer was positioned on the dental control panel and the patient’s head 

was stabilized on the dental chair headrest to minimize the patient from leaning forward. 

They were asked to breathe quietly through their nose in a relaxed manner that was 

comfortable for them. They were asked to take deep breaths for the deep breathing task. 

All EMG data was collected with the patient in the dental chair in the upright position. 

For tongue protrusion, subjects were asked to stick their tongue out as hard as they could 

on the force transducer and hold it there. This measurement was recorded and all 

subsequent force recordings were normalized to this baseline measurement set at 100%. 

Patients were asked to continue with maximum protrusion until patients could no longer 
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sustain 60% maximum protrusion (for >20 seconds). The time lapse between force 

readings that rose above and fell below 60% of the maximum tongue protrusion was 

defined as fatigability. Because surface EMG recordings produce more noise, we chose 

60% as our definition of fatigability in this study to reduce sensitivity when collecting 

data measurements. (Fatigability has previously been defined as 70% of maximum 

protrusion by Pae et al 2004.) Three segments of fatigability were measured to give an 

average fatigability for each particular subject.   

 EMG signals were obtained using surface electrodes attached with surgical glue 

to the dried lateral border of the tongue. An EMG data acquisition system (PowerLab 8.0, 

AD Instruments, Colorado Springs, CO) was used for data acquisition, conversion, 

storage, and analysis of signals. Recordings were collected at a rate of 1k/s using a digital 

filter (50 Hz Low-pass). An abdominal waist band (AD Instruments) was used 

throughout data collection to monitor respiration during the three tasks: quiet breathing, 

deep breathing and maximum protrusion. Four channels were setup in the Powerlab 

module to monitor respiration, force transduction of the genioglossus, unintegrated EMG 

signals of the genioglossus, and integrated EMG signals of the genioglossus (Figure 1).  
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Figure 1. Powerlab Channel Setup 
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V. Data Analysis:  

For all three tasks, filtered EMG signals were sampled and integrated according to 

the following setup in PowerLab 8.0. Peaks were detected when minimum peak height 

was 0.5 S.D. Baseline was set to automatic and peak heights were measured from the 

baseline. See Figure 2 below. 

 

Figure 2. Powerlab Peak Height Detection Settings 

                  

  

 

 EMG data was recorded within 5 seconds of establishing a stable respiratory 

pattern for quiet and deep breathing. Ten of the most representative EMG peaks were 

averaged during a 30 second data collection interval to give us an average EMG reading 

for quiet breathing and an average EMG reading for deep breathing. See Figure 3, 4 

below: during the 30 second time frame, ten peaks were selected and numbered. 
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Figure 3. Quiet Breathing Peak Heights 

 

Figure 4. Deep Breathing Peak Heights 
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EMG peak measurements during tongue protrusion were taken when values were 

consistently above the 60% mark. Eight of the most representative peaks were collected 

during three segments (MaxP seg1, MaxP seg2, MaxP seg3) since time intervals were 

short (on the order of a few seconds). These three segments at which tongue force values 

remained above 60% were only taken during a two minute data collection interval. See 

Figure 5 below. 

 

Figure 5. Maximum Protrusion EMG Peak Heights 
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VI. Results: 

 

Quiet breathing: The OSA group had an average quiet breathing EMG signal of 0.192 

mV.s (S.D. ±0.92) which is slightly lower when compared to 0.213 mV.s (S.D. ±0.112) 

in the control group. This represents a 9.9% difference. 

 

Deep breathing: Evidenced a significant difference between OSA and control group. 

During deep breathing, patients with OSA showed a significantly higher EMG signal of 

0.532 mV.s (S.D. ±0.317) when compared to 0.218 mV.s (S.D. ±0.096) for control.  

This represents a 143.9% difference. 

 

Max Protrusion: However, during maximum genioglossus protrusion, OSA children had 

less average genioglossus activity at 0.171 mV.s (S.D. ±0.044) compared to control 

children who evidenced an average EMG activity of 0.247 mV.s (S.D. ±0.059).  (Table 

1)  The average EMG activity of the control group was 30.5% higher than the OSA 

group. During quiet breathing, OSA3 had a very high EMG value of 0.398 mV.s, while 

during deep breathing OSA2 and OSA4 (both obese patients) had significantly higher 

values of 0.904 mV.s and 0.784 mV.s than OSA 1 and 3 values of 0.176 mV.s and 0.263 

mV.s, respectively. Control 1 consistently had high values during quiet and deep 

breathing, 0.346 mV.s and 0.361 mV.s respectively when compared to other controls. 

 

Average EMG values are shown below in Table 2.  
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Table 2. Average EMG Values 

 

    

QuietB 

(mV.s) 

DeepB 

(mV.s) 

MaxP 

(mV.s) 

OSA group         

OSA 1   0.115 0.176 0.188 

OSA 2   0.149 0.904 0.123 

OSA 3   0.398 0.263 0.236 

OSA 4   0.105 0.784 0.138 

  Average 0.192 0.532 0.171 

  St dev 0.120 0.317 0.044 

     Control group         

Control 1   0.346 0.361 0.205 

Control 2   0.090 0.155 NA 

Control 3   0.158 0.192 NA 

Control 4   0.257 0.165 0.288 

  Average 0.213 0.218 0.247 

  St dev 0.112 0.096 0.059 

 

 

EMG measurements during maximum tongue protrusion for control patients #2 

and #3 were excluded from study because fatigability (at which force values were above 

60%) could not be defined. Control patient #2 the force transducer malfunctioned and 

control patient #3 the force levels did not stay above the 60% mark for any significant 

measurable time interval.  

The OSA group (n=4) showed significantly more fatigability (less time above 

60% maximal force) when comparing the average of 3.54s (S.D. ±1.28) versus control 

group (n=2) average fatigability of 5.44s (S.D. ±1.46). Fatigability data is shown below 

in Table 3. 
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Table 3: Average Fatigability 

Fatigability seconds 

OSA 1 1.93 

OSA 2 4.40 

OSA 3 4.73 

OSA 4 3.10 

average  3.54 

S.D. 1.28 

  control 1 6.47 

control 4 4.40 

average 5.44 

S.D. 1.46 

 

  

OSA patients exhibited 9.9% less EMG activity than controls during quiet 

breathing, 143.9% greater muscle tonicity than controls during deep breathing, and 

30.5% lower EMG readings during maximum protrusion. The differences in percent 

change are noted in Table 4. 

 

Table 4: Percent Change of EMG Average Values 

 

  OSA  Control 

Percent 

Change 

QuietB (mV.s) 0.192 0.213 -9.9% 

DeepB (mV.s) 0.532 0.218 143.9% 

MaxP (mV.s) 0.171 0.247 -30.5% 
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VII. Discussion: 

 

 In agreement with our hypothesis, the OSA group had higher EMG activity 

during deep breathing than controls, 0.532 mV.s (S.D. ±0.317) versus 0.218 mV.s (S.D. 

±0.096). Because OSA patients lack proper neuromuscular control during sleep, we 

believe a compensatory mechanism is in place such that the genioglossus would display 

higher activity during wakefulness. Many studies have confirmed that EMG activity is 

known to be higher in OSA patients than the normal population average during 

wakefulness. This is probably the results of compensatory effort to maintain a patent 

breathing passage (Malhotra et al 2002) and airway resistance (Popovic et al 1995, Pae 

and Song, 2001). Previous studies hypothesized that this compensatory activity is 

associated with a low hyoid bone position in OSA patients (Van Lunteren et al 1987) 

(Pae et al 1997) and suggested that whereas the muscles attached to the hyoid bone work 

to maintain the patency of the pharyngeal airway, the infrahyoid muscles overpower the 

suprahyoid muscles. (Pae et al 2004)  

The OSA group had similar EMG signals when compared to controls, 0.192 mV.s 

(S.D. ±0.92) versus 0.213 mV.s (S.D. ±0.112) during quiet breathing which is what we 

expected and is in accordance with Sabiosky’s studies. However, because the statistical 

power of the data set is low (n=8), the statistical significance is inconclusive. During 

normal breathing, the onset discharge frequencies of the genioglossus motor units for the 

various populations were similar for the control and OSA subjects in the Sabiosky 

studies, and, hence, there does not appear to be a major compensatory increase in drive to 

the genioglossus in OSA subjects during quiet breathing. (Sabiosky et al 2007)  
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During maximum genioglossus protrusion, OSA children had significantly less 

genioglossus activity at 0.171 mV.s (S.D. ±0.044) compared to control children who 

evidenced an average EMG activity of 0.247 mV.s (S.D. ±0.059). Our hypothesis that the 

OSA group (n=4) would have greater fatigability (less time above 60% maximal force) 

than controls (n=2) was supported in this study. When comparing the average of 3.54s 

(S.D. ±1.28) versus control group (n=2) average fatigability of 5.44s (S.D. ±1.46), it 

could be said that OSA children have tongues that fatigue more quickly than their 

healthier counterparts. Because EMG and protrusion data are closely related (Gonzalez et 

al 2011), we can make the inference that because OSA group had higher fatigability that 

they also had lower EMG activities. Moreover, McSharry et al studied maximum 

voluntary tongue protrusion in 9 OSA subjects and 9 controls during wakefulness. This 

group measured the rate of decline in muscle fiber conduction velocity (MFCV) during 

an isometric fatiguing contraction. It was demonstrated that there is a significantly greater 

decrease in MFCV in OSA subjects compared to control subjects (29.2 ± 20.8% [mean ± 

SD] versus 11.2 ± 20.8%; p=0.04). Hence, these data support increased fatigability of the 

genioglossus muscle in OSA subjects which may be important in the pathophysiology of 

OSA.  (McSharry et al 2012) 

Several factors need to be taken into account when analyzing data. Foremost, 

because this is a pilot study, one needs to account for the small sample size (n=8), 

especially after eliminating two of the controls (#2 and #3) for the maximum protrusion 

EMG measurements. This means that before generalizations can be made with averages 

in each group, each individual should be assessed on a case by case basis to avoid small 

sample size bias.  
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Moreover, several other confounding variables are present when collecting 

electromyography data from the present subjects. The average age of the OSA group was 

11.0 years while the average age of the control group was 8.3 years. This difference in 

age may explain the significantly higher EMG readings of the OSA group during deep 

breathing (i.e. larger kids have stronger tongues). However, at the same time, this age gap 

may underscore the difference that was seen in recordings during maximum protrusion. 

Perhaps if controlled for age, the recordings seen in the control group during maximum 

protrusion may have been significantly higher than the OSA group.  

Other clinical features must be taken into account such as BMI, airway size, and 

other variables that were not listed in the exclusion criteria. The subjects OSA2 and 4 

were considered obese with BMI scores of 30.9 and 35.1 respectively. OSA2’s sleep 

study revealed a total sleep time of 438.5 min, sleep latency of 26.0 min, and sleep 

efficiency of 93.7%. An AHI of 4.5, RDI 4.5. Oxygen desaturation levels 94%, and 

highest end tidal CO2 of 48mmHg was noted. OSA4’s total sleep time was 433.5 min, 

sleep latency 32.0 min, sleep efficiency 89%, AHI 3.3, RDI 3.3, oxygen desaturation 

level 96%, and highest end tidal CO2 of 51mmHg. OSA1 was noted to have gained 

considerable weight recently by his grandmother. OSA 1 had a sleep study done when he 

was 3 years of age but RDI of 1.1, oxygen desaturation 93%, highest end tidal CO2 of 

52mmHg. OSA3 had a sleep study done at 3 months of age.  

It is not surprising to find the OSA group with higher BMI because OSA and 

obesity are associated. A recent population-based study involving 400 children between 2 

and 8 years of age found that obesity was the most significant risk factor for OSA with an 

odds ratio of 4.69 (95% CI 1.58–13.33). Further analysis suggested that for each unit 
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increase in BMI, there was a 12% higher risk of OSA. (Redline et al 1999) Moreover, 

when visualizing fatty tissue under MRI around the airway in obese children, it envelopes 

the surrounding the pharynx makes it difficult for obese children to breathe and hence 

may cause muscle and skeletal structures to become compensated. This may ultimately 

disturb neuromuscular control and lead to eventual hypopnea or apneic events. (Narang et 

al 2012)(Dempsey et al 2010). None of the control children were considered overweight 

according to their BMI. OSA 3 was actually underweight and had a sleep study done at 3 

months of age. Recordings at that time indicated a oxygen desaturation level of 82% on 

0.7L, 77% on 0.9L, and 79% on 1 Lpm. Impressions at that time were obstructive apnea.  

OSA 4 had the most severe malocclusion of all subjects studied with 3 mm open 

bite and narrow maxilla nearing posterior crossbite. Perhaps his accompanying open 

bite/tongue thrust habit could have contributed to his high EMG measurement of 0.784 

mV.s.  during deep breathing. One study found that in East Africans with anterior open 

bite tended to show more electromyographic activity in the muscles of the balancing side 

than East Africans without anterior open bite (Huang et al 2010). During clenching 

however, anterior open bite subjects exhibited lower EMG activity. Anterior open bite 

subjects also had greater anterior tongue pressure during swallowing. (Pae et al. 2010) 

Furthermore, other patients did not have transverse problems nor did they present with 

any pressing overbite or overjet issues like OSA4. Perhaps rapid maxillary expansion 

could be proposed as a treatment alternative to alleviate the signs and symptoms seen in 

OSA4. Rapid maxillary expansion has recently been used to treat OSA in select pediatric 

populations. One study described 31 patients selected from an orthodontic clinic. 4 

months after surgery, all patients had normalized AHI. There were significant 
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improvements in signs and symptoms of OSA as well as polysomnographic parameters 

(Guilleminault et al 2004). Thus, OSA4’s malocclusion and resulting habits could be 

another factor that may have affected the data/results.  

In addition, gender differences were not completely controlled for as the OSA 

group had 3 males to one female while the control group had 2 males to 2 females. When 

eliminating control #2 and #3 for maximum protrusion EMG recordings and fatigability 

data, the control group only consists of two females. Three studies (Sogut et al 2005, 

Wing et al 2003, Sanchez-Armengol et al 2001) found an equal prevalence between 

males and females while two studies found an increased prevalence in males (Li et al 

2010, Goodwin et al 2005), therefore there may be a predisposition for males to develop 

OSA compared to females. 

Additional factors such as race and low socioeconomic status, which is related to 

obesity, may play a role. (Chervin et al 2003) Tarasuik et al 2002 found that health care 

costs were 226% higher in children with OSA before diagnosis compared with control 

children and that health care costs decreased by one-third in children who underwent 

adenotonsillectomy. 

Inherent limitations of the surface EMG approach are the fact that surface 

electrode recordings are restricted to superficial muscles, are influenced by the depth of 

the subcutaneous tissue at the site of the recording which can be highly variable 

depending of the weight of a patient, and cannot reliably discriminate between the 

discharges of adjacent muscles. Many of studies such as the Sabiosky studies were done 

using needle electrodes which were able to focus on single motor units. The data 

available also indicate that there a number of architectural features of motor units and 
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their constituent muscle fibers that can affect their output. This includes differences in the 

shape of the muscle fibers (e.g. tapered or non tapered), the special density of motor unit 

fibers within a cross-section of the muscle, and the fraction of muscle length over which a 

motor unit is distributed (Monti et al 2001)  
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VIII. Conclusion:  

Further study is needed with a larger sample size to validate our hypothesis that 

sleep apnea patients should have normal EMG activity during quiet breathing but when 

respiratory drive increases during deep breathing, EMG values rise over controls. The 

fact that EMG activity was lower during maximum protrusion in the OSA group was 

expected as well since the OSA group had higher fatigability. Perhaps using EMG as a 

way to help evaluate diagnosed pediatric OSA patients provides an additional tool to 

further differentiate patients with various types of sleep disordered breathing. Also, we 

confirmed our hypothesis that OSA children would have increased fatigability but this 

data set also needs a larger sample size to be supported by statistical significance. 

However, our findings may pique the interest of the scientific sleep community and help 

raise awareness of sleeping disorders in general.  
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IX. Appendix:  
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