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Ves bulo-ocular reflex

The rota onal ves bulo-ocular reflex (rVOR) stabilizes vision 
during head rota ons

ves bular 
nucleus

oculomotor 
nuclei

Head rota on

Head rota on

Semicircular canals

Key features of rVOR
• Eyes rotates at the same velocity of the head
• Very fast (10 ms latency)
• It stabilizes the en re re na (ideally gain=1)
• Not ideal for stabilizing vision during slow 

movements

• Works around 3 rota on axis – 6 
“gyroscopes” (the semicircular canals)

• Integrated with vision and propriocep on 
(Cerebellar control)
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Ves bulo-ocular reflex in flight

Two types of head rota on
1. Head on body (ac ve natural head movements)
2. Passive, whole body (aircra  rota ons)

rVOR is correct: 
• For stabiliza on of external target (both types)
• For stabiliza on of cockpit targets (only type 1)

In addi on, GIA lts, high-g and 
complex combina on of head 
rota on s muli (e.g. cross-coupling)  
may influences rVOR func on
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Research ques on 

• Ves bulo-ocular reflex (VOR) is not func onal when 
looking at cockpit targets (e.g. instruments)

• Head movements during passive aircra  mo on induces 
conflicts with perceived ver cal (g-direc on) 

• Tac cal, High-performance aircra s have 
• high rate of turns  Strong inappropriate VOR
• high g-load  high ves bular-otolith conflicts 

• Does the ves bulo-ocular reflex changes with prolonged 
exposure?



6Schweizer Armee
Luftwaffe Fliegerärztliches Institut FAI, Dr. med. Denis Bron

Conflic ng reports (1/2)
Higher Gain in pilots than non pilot controls
• Schwarz U, Henn V.; Ves bular habitua on in student 

pilots. Aviat Space Environ Med (1989)
• Lee MY, Kim MS, Park BR; Adapta on of the Horizontal 

Ves buloocular Reflex in Pilots. Laryngoscope (2004)

No difference between pilots than non pilot 
controls
• Ahn SC. Short-term ves bular responses to repeated 

rota ons in pilots. Aviat Space Environ Med (2003)
• Kuldavletova O, Tanguy S, Denise P, Quarck G.; Ves bulo-

Ocular Responses, Visual Field Dependence, and Mo on 
Sickness in Aeroba c Pilots. Aerosp Med Hum Perform 
(2020)
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Conflic ng reports (2/2)
These studies used rota ng chairs and focused on «low frequency» 
responses (0.01-0.32 Hz).

Func onal gaze stabiliza on through VOR works higher frequencies 
(0.5 – 5 Hz) 
• Clinically, the VOR is tested with « head impulses» 

Only one study used the Head Impulse Test

Finding: Gain reduc on in a single ver cal canal
Limita ons: Small number of subjects, mixed flight exposures and 
experience 



8Schweizer Armee
Luftwaffe Fliegerärztliches Institut FAI, Dr. med. Denis Bron

Experimental ques on
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Conflic ng reports (2/2)
Clinical video Head Impulse Test (vHIT)
• Rapid head rota on in the plane of a canal
• Tracking of compensatory eye movement with video-oculography 
• measures canal-specific gains of the ves bulo-ocular reflex (VOR)
• detects covert catch-up saccades

“positive”“negative” “false negative”

MacDougall, Weber et al. 2008-2013

250 Hz or more

eye: video
head: accelerometer
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Results Study 1 (1/2)
Lower rVOR gains in High-performance Group compared to Trainee 
and Non-high performance for at least 3 ver cal canals  
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Results Study 1 (2/2)
Sta s cally higher incidence of pathological results of the video 
Head impulse Test in for the ver cal canals in High-performance 
Group

 
 

Group 1 
(Trainee Group)
n=68

Group 2 
(High-performance 
Group)
n= 15

Group 3 
(Non-High-performance 
Group)
n= 7

Pathological
in at least 1 
Vertical SCC

12/68 (18%)* 8/15 (53%)* 0/7 (0%)*
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Results Study 2 (1/3)
A significant reduc on was observed only for the ver cal canals.

 Time 1 Time 2 Time 3  p-value 

(for the 
effect of 
time 
points ) 

Flight 
experience

<300 h;
no aerobatic;
no F/A 18

>300 & <2000 h;
aerobatic;
no F/A 18

>2000 h;
aerobatic;
F/A 18

Horizontal 
Left Lateral

0.855 (0.825; 0.89) 0.84   (0.82; 0.875)       
 

0.815 (0.775; 0.845)    
     

0.105      

Horizontal
Right Lateral

0.94   (0.905; 0.955)     
    

0.98   (0.945; 0.99)       
  

0.96   (0.945; 0.97)      
    

0.257

Vertical
Left Anterior

1.115 (1.09; 1.16)       1.12   (1.04; 1.15)         0.775 (0.76; 0.83)        
 

0.038*

Vertical 
Right 
posterior

1.215 (1.195; 1.32)       
    

1.155 (1.095; 1.23)       
 

0.715 (0.675; 0.785)    
     

0.038*

Vertical
Left Anterior

1.18   (1.14; 1.185)       
  

1.03   (0.955; 1.085)     
   

0.87   (0.79; 0.905)      
   

0.013*

Vertical
Right 
Anterior

1.295 (1.25; 1.39)         
  

1.05   (0.915; 1.095)     
   

0.895 (0.83; 0.965)      
   

0.038*
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Results Study 2 (2/3)
A consistent significant reduc on was observed only for the third 

me point.
Two pilots had results below the threshold (green do ed line) at 

me point 3.
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Results Study 2 (3/3)
In the pilot with the strongest reduc on, covert and overt saccades 
are visible in the ver cal semicircular canals a er >2000h of flight 
and exposure to F/A 18

>2000 h; aeroba c; F/A 18<300 h; no aeroba c; no F/A 18
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Conclusions
Our findings suggest: 
1. rVOR gain to head impulses decreases in pilots exposed to

• high number of flight-hours (>2000 h)
AND
• tac cal, high-performance flight condi on

2. This decrease may lead to borderline pathological outcome of 
clinical vHIT

3. This decrease may reflect an adapta on to aberrant rVOR in 
flight when focus on cockpit target is needed
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Ques ons?


