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eMethods 
Assessing vestibular function in participants with BVP 
Once enrolled in the study, the participants’ diagnoses of BVP was confirmed on the day of the measurements, 
since some participants’ diagnoses were evaluated some time before the study. This was done using the results 
from three tests in accordance with the Bárány criteria1,2 as follows: imbalance and/or oscillopsia during walking or 
head movements, along with a reduced bithermal caloric response (total bithermal maximal peak slow-phase 
velocity <6°/s bilaterally at 30 and 44 °C, 300 ml in 30 s) and/or a bilaterally reduced video-head impulse test (vHIT) 
gain of <0.6, and/or a VOR gain ≤0.1 during the torsion swing test. The horizontal vHIT, along with the vHIT in the 
Right-Anterior-Left-Posterior (RALP) and Left-Anterior-Right-Posterior (LARP) canal planes, was conducted using the 
vHIT3,4 with the vHIT device from Otometrics (Otometrics, Taastrup, Denmark). The testing procedure has been 
previously described5,6. Briefly, the assessor stood behind the seated participant, firmly holding their head without 
touching the goggles. The participant was instructed to maintain visual fixation on a stationary target positioned 2 
meters away. Head impulses consisted of rapid, unpredictable, low-amplitude (±20°) movements in the horizontal 
plane (peak velocity >150°/s) and in the RALP and LARP planes (peak velocity >100°/s). The Otometrics system 
calculated the VOR gain as the ratio of the area under the eye velocity curve to the area under the head velocity 
curve, measured from the onset of the impulse until the head velocity returns to zero3. Bithermal caloric testing7 
was conducted on both ears while participants were in a supine position with their heads inclined forward at 30°. 
Each irrigation lasted 30 seconds, using at least 250 mL of water at temperatures of 30°C (cold) and 44°C (warm), 
with a 5-minute interval between stimulations (Variotherm Plus device, Lenzkirch, German). Eye movements were 
recorded via electronystagmography using self-adhesive electrodes (Blue Sensor, Ambu, Denmark). The maximum 
peak slow-phase eye velocity at the culmination phase (°/s) was measured  (KingsLab 1.8.1, Maastricht University, 
Maastricht, The Netherlands). Finally, the torsion swing test was conducted with participants seated in a servo-
controlled rotatory chair in complete darkness with their eyes open (Ekida GmbH, Buggingen, Germany). Sinusoidal 
rotatory stimulation was applied at a frequency of 0.1 Hz with a peak velocity of 60°/s. Eye movements were 
recorded using electronystagmography with self-adhesive electrodes (Blue Sensor, Ambu, Denmark). The vestibulo-
ocular reflex (VOR) gain was determined as the ratio of peak eye velocity to peak head velocity (KingsLab 1.8.1, 
Maastricht University, Maastricht, The Netherlands)8,9. 

 
 
eResults 
BVP Etiologies 
For the etiology of 41 cases of BVP, the distribution was as follows: idiopathic (n=18, of which 6 cases associated 
with migraine); genetic (n=7); ototoxic (n=7); auto-immune (n=6); meningitis and radiotherapy (n=1); other ear 
pathology (n=3, of which 1 case with Menière's Disease, and 2 cases with bilateral labyrinthitis); neurodegenerative 
related disease (n=1). 

 
 

eTable 1. Descriptives of BVP vHIT ,caloric test, torsion swing test (n=41) 
  vHIT_ 

gain_RL 
vHIT_ 
gain_LL 

vHIT_ 
gain_RP 

vHIT_ 
gain_LA 

vHIT_ 
gain_RA 

vHIT_ 
gain_LP 

Caloric 
right 
(°/s) 

Caloric 
left(°/s) 

Torsion 
swing 
gain(%)   

Torsion swing  
phase (°) 

Mean  0.31 0.31 0.21 0.36 0.38 0.30 1.44    1.93    3.76 47.24 

Median  0.25 0.25 0.17 0.28 0.38 0.25     

Standard 
deviation 

 0.20 0.25 0.15 0.22 0.20 0.19 2.73 4.15 4.14 152.76 
 

Minimum  -0.01 -0.18 0.03 0.09 0.00 0.03 0 0   

Maximum  0.89 0.95 0.60 0.91 0.82 0.93 11 20   

vHIT gains: for the leftward and rightward directions in the lateral plane, as well as for the upward and downward 
directions in right anterior—left posterior and left anterior—right posterior planes. 
The caloric test's: outcome: sum of bithermal max peak slow phase caloric induced nystagmus 
The torsion swing test was conducted by the velocity-controlled rotatory chair. Outcome parameters are VOR gain. 
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eTable 2. Decade of drop out (n=41) 
   Decade of Age (y) 

   19-29 30-39 40-49 50-59 60-69 70-79 

BVP n 1 2 5 15 11 7 

Dropout (n) 
4km/h & 6km/h 0 0 0 0 0 1 

6km/h 0 0 0 1 2 3 

Healthy n 1 3 4 12 14 7 

Dropout (n) 
4km/h & 6km/h 0 0 0 0 0 1 

6km/h 0 0 0 1 3 1 

 
 
Post hoc analysis excluding participants using the handrails 
Due to the significant impact of handrail use on DVAL, we decided to repeat our analyses with only the participants 
with BVP who did not use the handrails and their corresponding healthy age-sex-matched participants. Briefly, the 
re-analysis of dropout rate was limited by the fact that only one participant dropped out (a healthy participant at 
6km/h), though this confirms our previous result of no effect of BVP on dropout, since no participant with BVP in 
this analysis dropped out. Contrary to the previous analysis, age was not found to be a significant factor, probably 
due to the fact that the re-analysis was underpowered, since only one participant dropped out. The re-analysis of 
DVAL followed the same model building process, as described in the statistical analyses section, and resulted in a 
marginal model with unstructured covariance matrix of the residuals. No significant Group*Speed interaction effect 
on DVAL was observed  (F2,43.84=1.204, p=0.310) and no effect of age on DVAL was found (F1,40.73=0.057, p=0.813). 
Following the top-down procedure, these terms were removed from the model and the final model found 
significant effects of group (F1,42.85=51.35, p<0.001) and speed (F1,41.33=5.30, p=0.009) on DVAL (eFigure 1). 

 

 
eFigure 1. DVAL at the three walking speeds in participants with no handrail BVP (green) and healthy age-sex-matched participants (blue). 

Box: lower quartile, median, upper quartile. Whiskers: minimum and maximum values.  
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eTable 3.  Participant demographic data (n=22) 
 BVP Range N Healthy  Control N Range t(df) P 

Age, years 49.9(9.8) 25-62 22 49.4(9.8) 22 25-62 t(42) = 0.18 p=0.855 
Male (%) 59.09%  13 59.09% 13    
Height, cm 174.3(10.0) 152.0-196.0 22 173.7(11.5) 22 158.0-202.5 t(42) = 0.16 P=0.875 
Body weight, kg 79.7(21.2) 40.1-130.0 22 74.3(11.5) 22 60.0-104.0 t(42) = 1.06 P=0.297 
BMI 25.9(5.0) 17.4-36.8 22 24.6(2.8) 22 19.3-29.6 t(42) = 1.05 P=0.298 

 
 
eTable 4. Drop out rate BVP patients without handrail use (n=22) 

factor B SE df  P    

age 0.091 0.159 1 0.565 

group 18.162 8332.366 1 0.998 

 
 
eTable 5. Decade of drop out (n=22) 

   Decade of Age (y) 

   19-29 30-39 40-49 50-59 60-69 70-79 

BVP n 1 2 5 12 2 0 

Dropout (n) 
4km/h & 6km/h 0 0 0 0 0 1 

6km/h 0 0 0 0 0 0 

Healthy n 1 3 4 10 4 0 

Dropout (n) 
4km/h & 6km/h 0 0 0 1 0 0 

6km/h 0 0 0 0 0 0 

 
 
Dynamic visual acuity loss (without using the handrail ,n=22) 
The model building, as described in the statistical analyses section, resulted in a marginal model with unstructured 
covariance matrix of the residuals. DVA loss was the outcome at any given speed point in both groups. Main effects 
included group, age, speed and an interaction between group and speed (Group*Speed). This revealed no 
significant Group*Speed interaction effect (F2,43.84=1.204, p=0.310) on DVA loss. Age did not have a significant effect 
on the DVA loss (F1,40.73=0.057, p=0.813). Top-down procedure was performed in the model building. Group 
(F1,42.85=51.35, p<0.001) is significantly different in DVAL, and speed (F1,41.33=5.30, p=0.009) as well.  

 
 
eTable 6. Main factor results of DVAL model (n=22) 

factor Numerator df Denominator df F p 

group 1 40.855 48.564 .000 

speed 2 43.214 .206 .815 

age 1 40.727 .057 .813 

group *speed 2 43.836 1.204 .310 

speed * age 2 43.471 .701 .502 
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eTable 7. main factor results of final DVAL model building (n=22) 
factor Numerator df Denominator df F p 

group 1 42.847 51.346 .000 

speed 2 41.330 5.301 .009 

 
 
Post hoc analysis of associations between vestibular tests and DVAL 
Our results indicate different effects of age-related differences and differences related to the presence of BVP. To 
further explore and better understand our results, we conducted some additional exploratory analyses on the 
associations between the DVAL in our participants with BVP, and their test results on the vHIT, caloric test, and 
torsion swing test to explore if there was an association with the severity of vestibular loss. To do this, we 
performed Pearson correlations between all vestibular test scores and DVAL at all three speeds, for both the 
complete BVP data set and for the no handrail use data set. Supplement Tables 8 and 9 display the 60 correlations 
run (30 for all 41 participants and 30 for the 22 participants who did not use the handrails), only 5 were significant 
(approximately in alignment with the false-positive rate) and only 1 vestibular test outcome was significantly 
correlated with the DVAL in both samples (torsion swing phase and DVAL at 6km/h). Therefore, we did not observe 
any evidence for a strong relationship between DVAL and the extent of vestibular loss. 
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eTable 8. Correlation of vestibular test (vHIT, caloric chair and torsion swing test) and DVAL 
(n=41) 

    2km 4km 6km 

vHIT_gain_LL  Pearson's r  -0.04  -0.02  0.21   

   p-value  0.828  0.912  0.245   

vHIT_gain_RP  Pearson's r  0.02  -0.09  0.25   

   p-value  0.918  0.578  0.165   

vHIT_gain_LA  Pearson's r  0.12  0.19  0.43   

   p-value  0.445  0.252  0.013   

vHIT_gain_RA  Pearson's r  0.07  -0.01  0.20   

   p-value  0.680  0.952  0.253   

vHIT_gain_LP  Pearson's r  0.05  -0.11  0.18   

   p-value  0.758  0.485  0.307   

vHIT_gain_RL  Pearson's r  0.13  -0.01  0.26   

   p-value  0.423  0.971  0.142   

CALORIC_LEFT_SUM  Pearson's r  0.00  0.08  0.14   

   p-value  0.977  0.637  0.435   

CALORIC_RIGHT_SUM  Pearson's r  0.19  0.16  0.13   

   p-value  0.240  0.322  0.476   

TORSION_SWING_PHASE_(°)  Pearson's r  -0.05  -0.06  0.20   

   p-value  0.740  0.703  0.262   

TORSION_SWING_GAIN_(%)  Pearson's r  0.14  0.26  0.35   

   p-value  0.378  0.106  0.046   
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eTable 9. Correlation of vestibular test (vHIT, caloric chair and torsion swing test) and DVAL 
(n=22) 

    2km 4km 6km 

vHIT_gain_LL  Pearson's r  0.02  0.05  0.14  

   p-value  0.937  0.817  0.546  

vHIT_gain_RP  Pearson's r  -0.16  -0.10  0.27  

   p-value  0.464  0.673  0.228  

vHIT_gain_LA  Pearson's r  0.16  0.21  0.30  

   p-value  0.464  0.348  0.184  

vHIT_gain_RA  Pearson's r  -0.02  -0.03  0.09  

   p-value  0.927  0.901  0.711  

vHIT_gain_LP  Pearson's r  -0.15  -0.15  0.14  

   p-value  0.499  0.503  0.537  

vHIT_gain_RL  Pearson's r  0.05  0.06  0.20  

   p-value  0.814  0.786  0.388  

CALORIC_RIGHT_SUM  Pearson's r  0.00  0.32  0.07  

   p-value  0.992  0.153  0.777  

CALORIC_LEFT_SUM  Pearson's r  -0.13  0.13  0.05  

   p-value  0.578  0.554  0.815  

TORSION_SWING_GAIN_(%)  Pearson's r  0.15  0.43  0.23  

   p-value  0.501  0.044  0.308  

TORSION_SWING_PHASE_(°)  Pearson's r  0.17  0.43  0.45  

   p-value  0.446  0.048  0.042  
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