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Yawning background

« Yawning has received minimal attention as a research topic

« Common amongst most mammals, amphibians, and reptiles
— Ubiquitous human function
— Neural mechanisms of yawning are not understood

* Itis unknown why we yawn:
« Oxygenation of brain?
» Cooling of brain?
« Maintaining arousal?
« Foetal airway and lung development?
— Psychological component of yawning is not part of the study




Cerebrospinal fluid (CSF) and blood flow ~ $tevra &
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« Cardiac and respiratory cycles affect CSF and blood * Cranial volume is fixed
volumes — Blood volume entry and exit must be

balanced by CSF flow

« Jaw kinematics can also affect the intracranial
circulation.



Aims of study

« Characterise yawning CSF and blood flow
« Using MRI (SAG RT, phase contrast)

« Measuring respiratory effects of yawning using Spirometry
« Determine if there is a unique effect of yawning on CSF and blood flow

* Look for reproducibility of yawns amongst individuals

Hypothesis:
Yawning (in terms of CSF and blood flow) is the same as a gaping deep breath




Methods

RT-SAG (Real Time)
 Show real time anatomical movement

PC-MRI at mid-C3 (Phase Contrast)
* Fluid flow

Respiration band
« Thoracic displacement

Respiratory manoeuvres

*  Yawn, stifled yawn, swallow, deep breath with gaping
(mimicking yawn)

 Yawns triggered by a video of yawning

«  Minimum 3 repeats of each respiratory event

Healthy Volunteers
N=10 (F:M=6:4)
Goal is 20
Age =22 — 74, Weight = 42 — 95 kg
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CSF and blood flow - Yawning

In F (12 out of 15 yawns)
In M (3 out of 10 yawns) (2 subjects yawn and gaping deep breath the same)
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What does this all mean? — CSF and BE  ®Nevka &

Inspiration Yawn
: : : oL i O Inspiration
 During sharp yawning inspiration there was Qcsr = Rostral

iIncreased venous return to the heart and caudal
CSF flow.

* During expiration, both venous blood and CSF
flowed rostrally.
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Forced Exhale/Cough

CSF

. Respir_atory CSF flow in the spine is largely driven by abdominal and Venous blood
thoracic pressures (Lloyd et al. 2020)




What does this all mean? — CPG  %Neuwra =

Stifled yawn
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Unique yet consistent tongue movement

Once triggered cannot stop

Is yawning controlled by a CPG?

» CPGs are neural circuits located on the central nervous
system

* Responsible for certain rhythmic motor patterns



Conclusions

* Yawning has a different effect on CSF
and blood flow than a deep breath

* Yawning has hallmarks of a CPG
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Deep breathing flow and respiration

YAWN1014 | |
0 A
& — 6000
o)
=3 — 4000
= =
z I=]
= 4 B
0 — 2000 &
g 2 OPEN
m -5~ { &
Is
BF : N | 0
F o5l
T -2000
8L | | | | | L1 4000
100 200 300 400 500 600
500 frames (50 seconds total)
Deep breathing flow and respiration
o= I I —] 8000
-1
— 6000
2 4
0 } YAWN
E3 — 4000
j
o
= £
2 s — 2000 %
@ [id
Sl
2 —0
e
- — -2000
S \ | | | |
100 200 300 400 500 600

500 frames (50 seconds total)

StYAWN



CSF

Total CSF flow (ml/s)

15

=
o

o

S
w

|
-

YAWN flow and Respiration

8000

4000

2000

-2000

-4000

-6000

50 100 150 200 250 300 350 400 450 500

500 frames (50 seconds total)

Respiration



Results - Yawning
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Air flow

Splrometry YAWN
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Air flow

Stifled Yawn
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Spirometry
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Spirometry
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Inhale

CSF

Venous blood

Lloyd et al. 2020

Forced Exhale/Cough

Pressures in the thorax and
abdomen are transmitted into
the spinal canal via the \ g
epidural veins, displacing

blood volume into and out of
the spinal canal, and driving
CSF to accommodate these ;... |
volume changes e

Nerve root

I 4
Intercostal v

Respiratory CSF flow in the
spine is largely driven by
abdominal and thoracic
pressures, via epidural venous
blood movements

Borg et al, AJNR 2022
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