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Arousal from sleep increases GG Activity

In many studies GG activity has been found to be increased during and following an 
arousal from sleep.

Carlson et al. JAP 1994

Jordan et al. AJRCCM 2003

Yeo et al. Sleep Biol Rhythm 2007

Cori et al. JAP 2012

Cori et al. Sleep 2017a

Cori et al. Sleep 2017b

- 1137 arousals following spontaneous respiratory events in 24 OSA patients
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Arousal induced GG activation may help achieve 
stable breathing.
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Single motor units (SMUs)

Single motor unit (SMU) recordings provide information about the pre-motor inputs to the muscle.
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Williams et al. 2020 Avraam Exp Phys 2023



The genioglossus is composed of SMUs with 5 different firing patterns.

Genioglossus single motor units (SMUs)
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Saboisky et al (2006)   Wilkinson et al (2008)
Nicholas et al (2010) Woods et al (2015)
Luu et al controls (2020)

Genioglossus
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Wilkinson Sleep 2008 and 2010

Sleep Onset (2008)

• 50% IP and IT units stopped firing 
immediately at sleep onset.

• Remaining IP and IT fired for a 
smaller % breath, but with firing 
rate unchanged.

• TT, EP and ET were unchanged.

7

Arousal (2010)

• Recruitment of new units (75% 
IP/IT) but 55% only fired for 1-2 
breaths.

• IP units fired for longer, but firing 
rate was unchanged.

• 22% of units stopped firing during 
arousal (nearly all TT, EP and ET).



Aim

To determine the genioglossus SMUs responsible for the 
persistent increase in genioglossus muscle activity on the 
return to sleep after a brief arousal.
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Methodology

34 Healthy volunteers

• EEG, EOG and EMGmas

• Mask and Pneumotachograph

• 4 intramuscular GG SMU wire 
electrodes

During stable NREM sleep auditory tones 
(50-100dB, 0.5-3s) were played to induce 
3-15s arousals from sleep.

GG SMUs were sorted before, during and 
following arousal. 9



Ventilation and GG activity increased 
following return to sleep after arousal

1089 tones were played:

➢ 323 brief arousals

➢ 98 arousals with 239 SMUs present

➢ 20 individuals (13 women) aged 23 
(4.2) years with BMI 22.5 (2.2) kg/m2.
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Recruitment and changes in firing patterns

31 new units were recruited with arousal. Most 
fired with an IP pattern.

3 units stopped firing.
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Some units changed pattern, mostly IP units 
gaining a tonic component.

Baseline Arousal/Sleep

EP 0 (0%) ↑12 intermittent

ET 40 (19%) ↑5       ↓1

TT 28 (13%) ↑3       ↓1

IP 42 (20%) ↑10     ↓1

IT 98 (47%) ↑1

Baseline Arousal/Sleep

EP 0 (0%)

ET 40 (19%) No changes

TT 28 (13%) 1 became ET for 2 breaths

IP 42 (20%) 16 became IT for between 1-8 breaths

IT 98 (47%) 2 became IP

Overall, the distribution of units was not altered on any breath post arousal. Breath P1 χ²=1.86 p=0.603
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The mean firing frequency of units active at 
baseline changed following arousal.
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Discussion

• Increased GG activity on return to sleep after arousal is a result of: 
➢ persistent firing in IP units recruited during arousal

➢ IP units gaining a tonic component

➢ increased firing frequency of already active IP, IT and TT units.

• EP/ET units appear to minimally contribute to the increased activity on 
return to sleep.

• The return to sleep after brief arousal appears to be a time of unique 
motor control of the GG that is not equivalent to the transition to sleep 
following a period of prolonged wakefulness.
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Genioglossus single motor units (SMUs)
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Wilkinson Sleep 2008 and 2010

Sleep Onset

• 50% IP and IT units stopped firing immediately 
at sleep onset.

• Remaining IP and IT fired for a smaller % 
breath, but with firing rate unchanged.

• TT and EP/ET were unchanged.
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Arousal from sleep (3 breaths all awake)

• IP units fired for a larger % of breath (40% 
becoming IT), but firing rate was unchanged.

• 22% of units stopped firing during arousal 
(nearly all TT, EP and ET).

• Significant recruitment of new units (75% IP/IT) 
but 55% only fired for 1-2 breaths.



Genioglossus (GG) muscle in OSA

The GG is the largest upper airway dilator 
muscle and the main muscle of the 
tongue. 

The sleep related reduction in GG activity 
is proposed to contribute to airway 
collapse in obstructive sleep apnea (OSA).

Increasing GG activity may reduce airway 
collapse during sleep and protect against 
OSA.
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