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1. Abstract 1 

Objective: To investigate cycling skills, cycling difficulties, fall concern, and fall history while 2 

cycling in persons with bilateral vestibulopathy.   3 

Design: Fifty-one persons with bilateral vestibulopathy and 51 healthy control subjects filled 4 

out a questionnaire about cycling abilities. This questionnaire consisted of four parts: (1) 5 

general information about audiovestibular function, vision, and physical activity, (2) general 6 

cycling abilities, history, and difficulties, (3) fall concern while cycling in various situations, and 7 

(4) fall history. 8 

Results: Out of the 51 patients, 61% found riding a bicycle difficult, 29% were not able to bicycle 9 

anymore, and 10% reported not having any problems riding a bicycle. Their mean cycling time 10 

decreased from 3.15 hours weekly before to 1.27 hours weekly after disease onset (p = 0.002). 11 

This also differed significantly from the mean cycling time of 3.51 hours weekly in control 12 

subjects (p < 0.001). The main complaints while cycling were: not being able to look behind 13 

(88%), having difficulties with visually stabilizing the environment (65%), and not being able to 14 

ride in a straight line (61%). The fall concern was significantly higher in the patient group than 15 

the control group, with falling while cycling in the dark and at dusk, and while turning their head 16 

as their main concerns (p < 0.001). Falls were reported in 50% of the participants, while 65% 17 

reported near-falls. Only the latter differed significantly from the control group. However, the 18 

number of reported falls differed significantly from the control group.  19 

Conclusions: This study demonstrates cycling difficulties in persons with bilateral 20 

vestibulopathy, related to problems with postural control and gaze stabilization. Knowledge 21 

about specific complaints and triggers is important to prevent future falls. A combination of 22 
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coping strategies and aids, with vestibular rehabilitation focused on gaze stabilization might be 23 

considered, as well as avoidance of cycling in specific cases.  24 

  25 
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2. Introduction 26 

Bilateral vestibulopathy (BV) is a chronic vestibular disorder that involves bilaterally reduced or 27 

absent vestibular function. BV can be diagnosed following the Bárány Society diagnostic 28 

criteria. These criteria include symptoms like postural imbalance and oscillopsia (gaze instability 29 

during head movement), combined with objective signs of reduced or absent horizontal 30 

vestibulo-ocular reflexes, measured by the caloric test, rotatory chair testing, and/or the video 31 

head impulse test (Strupp et al., 2017). Maintaining postural balance is based on the intricate 32 

processing of vestibular input, proprioception, visual input, and to a lesser extent auditory 33 

input, and even autonomic function (Kennedy et al., 2003). Therefore, postural imbalance may 34 

occur in cases of vestibular deficiencies, and will increase if another one of these input systems 35 

is challenged. Lucieer et al. (2020) reported an increase in balance problems in respectively 36 

100% and 61% of patients with BV in the dark and on uneven surfaces. These symptoms can 37 

also impact more general and daily life activities. For instance, an increase in vestibular 38 

symptoms while car driving was reported in 56% of these patients (Lucieer et al., 2020). Several 39 

studies assessed driving abilities in persons with dizziness and vestibular dysfunction, showing 40 

its detrimental effect on self-reported driving ability and the occurrence of car accidents 41 

(Uwents et al., 2021). Even though 94% of persons with BV report an increase of symptoms 42 

while cycling, detailed studies about cycling abilities in this population are lacking (Lucieer et 43 

al., 2020).  44 

The inability to transport oneself by bicycle can have a major impact on one’s autonomy. In 45 

Flanders, for example, 15% of all trips are done by bicycle (Nuyts & Van Hout, 2007). This skill 46 

does not only require the correct perceptual-motor processes. It also requires cognitive skills, 47 

as a cyclist should, at all times, be able to safely assess the environment (Warlop et al., 2021). 48 
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Working memory and attention were identified as critical processes to correctly interpret 49 

information about the environment, and to form correct situation awareness (Endsley, 1995). 50 

Aside from the main vestibular symptoms such as oscillopsia and postural imbalance that can 51 

impede cycling abilities, deficient cognitive processes were also identified in persons with BV. 52 

A broad spectrum of vestibular cognitive symptoms such as visuospatial dysfunction, memory 53 

loss, “brain fog”, and attentional deficits were described (Bigelow & Agrawal, 2015). 54 

Additionally, because of the loss of vestibular reflexes, constant attention would be required to 55 

obtain stable vision and postural control while cycling. This will again result in a decrease in 56 

cognitive reserve to perform other simultaneous tasks, leading to difficulties with dual-tasking 57 

and multitasking (Danneels et al., 2020). Given the importance of multitasking while cycling, 58 

this loss of reflexes may lead to hazardous situations in traffic. 59 

The objective of this study was to explore cycling skills and cycling difficulties in the BV 60 

population. Defining specific complaints and circumstances that might contribute to falls while 61 

cycling, could pave the way towards more individualized and goal-oriented vestibular 62 

rehabilitation programs. This might ultimately increase patients’ autonomy, and subsequently, 63 

their quality of life.    64 

3. Methods 65 

Study design 66 

A custom-made questionnaire about cycling, fall concern, and fall history was administered to 67 

patients diagnosed with BV and a healthy control group.  68 

Participants 69 
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Patients between 18 and 70 years old, diagnosed with BV according to the Bárány society 70 

criteria (Strupp et al., 2017), were contacted through the participating hospitals (Ghent 71 

University Hospital and Antwerp University Hospital). Healthy control subjects, without 72 

vestibular disorders or complaints, were recruited via convenience sampling and matched 73 

according to age and sex. Exclusion criteria for both groups were identical to these used in the 74 

main 2BALANCE study (Danneels et al. 2020), and included neurodegenerative disorders, 75 

neurodevelopmental disorders, and not being able to walk without assistance (e.g. walker or 76 

cane). Additionally, participants who never learned how to ride a bicycle were also excluded.  77 

Custom-made questionnaire 78 

The questionnaire is presented in the supplemental digital content, and consisted of four parts. 79 

The questions were filled out electronically via the GDPR-proof REDCap platform (Research 80 

Electronic Data Capture).  81 

Part one gathered information about audiovestibular function, vision, and physical activity. Part 82 

two concerned general cycling abilities, cycling history, and cycling difficulties. Current 83 

problems and difficulties while cycling, cycling frequency pre- and post- BV, and the specific 84 

types of complaints while cycling were investigated. The types of complaints were presented 85 

as a multiple choice question, where multiple answers were possible, and where ‘other’ 86 

complaints could be added. Coping strategies and aids were queried as an open question as 87 

follows: “Do you use specific techniques that enable you to ride your bike or that make bike 88 

riding easier?”. To analyze these open answers, the following categories were developed and 89 

all answers were allocated to one of these categories: technical adjustments and aids, adjusting 90 

the route, and adjusting cycling behavior. Part three investigated fall concern in various 91 

situations. Participants were asked to indicate their fear of falling on a scale from 1 to 4 as 92 
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follows: (1) not at all concerned, (2) somewhat concerned, (3) fairly concerned, and (4) very 93 

concerned. This scale was based on the Falls Efficacy Scale (FES-I), where the same options are 94 

presented (Tinetti et al., 1990). Part four investigated fall history, where participants were 95 

asked about the number of falls and the number of near-falls the past year and in total. 96 

Additionally, the reason for these falls and near-falls was queried. Finally, various patient-97 

reported coping strategies were investigated.  98 

Statistical analysis 99 

Descriptive parameters were established for all questionnaire outcomes. Multiple choice 100 

questions, where multiple answers were possible, led to a percentage ranging from 0 to 100 101 

on each answer possibility. To compare the patient and control group, the independent-102 

samples t-test, the Mann Whitney U test, and the chi-square test for homogeneity were 103 

respectively used for continuous, ordinal, and dichotomous data. Significance levels below 0.05 104 

were considered statistically significant. Each part of the questionnaire was presented on a 105 

different page via the REDCap platform. Each field required a response in order to go to the 106 

next part or to finish the questionnaire, which prevented missing data. In case of closing the 107 

questionnaire before finishing, only the completed parts were analyzed.  108 

Ethics and data management 109 

Approval by the ethics committee of Ghent University was obtained on July 5 2019, with 110 

registration number B670201940465. An amendment for the current questionnaire was 111 

approved on April 1 2022. The informed consent form was presented electronically and consent 112 

was given prior to filling out the questionnaire by checking a box confirming the agreement to 113 

participate in the study. This work was supported by Fonds voor Wetenschappelijk Onderzoek 114 

(FWO) with grant number 3F020219.  115 
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4. Results 116 

Participant data 117 

Fifty-two BV participants returned the questionnaire within the deadline, accounting for a 118 

response rate of 85%. One participant with congenital BV caused by CHARGE-syndrome, never 119 

learned how to ride a regular bicycle and was, therefore, excluded. Forty-eight participants 120 

filled out all four parts, while three participants only filled out part one and part two. The 121 

demographic characteristics for all participants are presented in Table 1.  122 

[INSERT TABLE 1] 123 

General physical activity 124 

Patients reported a weekly exercise time of 6.51 hours before BV onset, compared to 4.75 125 

hours at the time of the questionnaire. This decrease was not statistically significant (P=.295). 126 

The main reported activities post-BV included walking (n=38), cycling (n=23), and swimming 127 

(n=3). The following sports were solely mentioned before BV and not post-BV in several 128 

patients: soccer/football (n=5), tennis (n=4), swimming (n=4), mountain biking (n=3), 129 

motorcycling (n=2), skiing (n=2), squash (=2), climbing (n=1), surfing (n=1), volleyball (n=1), 130 

deep-sea diving (n=1), qi gong (n=1), line dancing (n=1), and running (n=1). The control group 131 

reported a weekly exercise time of 5.05 hours, which was not significantly different from the 132 

patient group before (P=.334) or after (P=.743) BV onset.  133 

General cycling abilities and problems 134 

The general cycling abilities and problems are presented in Table 2. Out of the 51 participants 135 

with BV, 92% reported difficulties when cycling, of which 32% were not able to cycle anymore. 136 

However, 40% of all participants did not cycle anymore. This included persons reporting 137 
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difficulties while cycling as well as persons not able to cycle anymore. The percentages of 138 

decrease for the various cycling purposes were as follows: sports (57%), leisure (56%), going 139 

grocery shopping (44%), and transportation to work (39%). The cycling frequency decreased by 140 

73% and 60% after BV onset (times weekly and hours weekly, P<.001 and P=.002, respectively). 141 

The cycling frequency reported by the HC subjects did not differ significantly from the reported 142 

cycling frequency before symptom onset in the BV group (times weekly and hours weekly, 143 

P=.526 and P=.554, respectively). However, it did differ significantly from the cycling frequency 144 

post BV onset (P<.001). Eight BV participants reported riding a different kind of bicycle than a 145 

regular city bike, mountain bike, or racing bike. More specifically, tandem bicycles (n=3), 146 

tricycles (n=4), a recumbent tricycle (n=1), and a cargo bicycle (n=1) were mentioned.  147 

[INSERT TABLE 2] 148 

Table 3 shows the different complaints while cycling. The main complaints were: not being able 149 

to look behind (88%), difficulties with visually stabilizing the environment (65%), and not being 150 

able to ride in a straight line (61%). Other reported complaints were the feeling of anxiety and 151 

unsafety, a distressed feeling on narrow roads, and dizziness caused by wind. Several 152 

expressions were: “I became very insecure because of a fall while cycling.”, “I don’t have 153 

enough confidence to hit the road independently, but with a lot of practice, I will.”, “Because 154 

of my fear of falling, I hold the handlebars very tightly, causing my head and muscles to ache. 155 

Cycling takes a lot of energy, which is why I often resort to walking instead of riding my bike.”, 156 

“I am very worried when riding my bike because of my balance problems. However, I encourage 157 

myself to do so, because I love cycling. The more I ride my bike, the better it goes, so I keep 158 

practicing.”   159 

[INSERT TABLE 3] 160 
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Coping strategies and aids 161 

The coping strategies mentioned by the patient group can be subdivided into three main 162 

categories: technical adjustments and aids, adjusting the cycling route, and adjusting the 163 

cycling behavior. Details can be found in Table 3. The coping strategies and aids that were 164 

mentioned most frequently, were the use of side mirrors (n=9) and getting off the bicycle when 165 

crossing the street, in case of oncoming traffic, or during turns (n=8).  166 

[INSERT TABLE 4] 167 

Fall concern 168 

The mean fall concern in various situations is presented in Figure 1 for both groups. The 169 

circumstances with a mean score higher than 3 out of a maximum of 4 for the BV group were 170 

cycling in the dark (3.59), cycling at dusk (3.41), turning the head while cycling (3.41), cycling in 171 

a busy city (3.35), cycling on a dirt road (3.22), and cycling on cobblestones (3.09). For all 172 

circumstances, the patient group was significantly more concerned than the control group 173 

(P<.001). 174 

[INSERT FIGURE 1] 175 

Fall history 176 

Forty-eight BV patients and 48 control subjects filled out the questionnaire about fall history. 177 

Twenty-four patients (50%) indicated to never have fallen while riding a bicycle as an adult, 178 

while 24 had (50%). In the healthy control group, 28 reported to never have fallen (58%), while 179 

20 had (42%). The chi-square test for homogeneity did not show statistically significant 180 

differences (P=.413). In the previous year, 15 BV patients and 10 controls had fallen while 181 

cycling (P=.250). The estimated fall rate for the patient and control group was respectively 26 182 
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and 13 over the past year (P=.048) and 96 and 49 in total (P=.022). Twelve out of the 24 fallers 183 

in the patient group (50%) were injured during one or more of these falls (muscle tear in 184 

shoulder, shoulder fracture, and bruises and abrasions in different locations with some of those 185 

needing stitches). Fifteen out of 20 healthy fallers (75%) were injured during one or more of 186 

these falls (bruises and abrasions on various locations, elbow fracture, and shoulder, rib, and 187 

knee bruising).    188 

Thirty-one BV patients reported near-falls while cycling (65%), while only 19 control subjects 189 

reported near-falls (40%), leading to a significant difference between both groups (P=.017). The 190 

number of near-falls was a lot higher than the number of falls, but an accurate estimation could 191 

not be given by many participants. The causes for falls or near-falls in the BV group included: 192 

head turns, cycling on a narrow lane and deviating towards fences, hedges, creeks or other 193 

obstacles, looking at the speedometer, crossing other cyclists and bumping into each other’s 194 

handlebars, being startled by traffic or other cyclists, being distracted and losing a visual fixation 195 

point, cycling in the dark, potholes, getting off the bicycle too quickly, sudden stops and not 196 

being able to quickly put the feet on the ground, grabbing a drinking bottle, and looking at busy 197 

visual patterns such as pillars under a bridge. Two participants reported sudden falls without a 198 

clear reason.  199 

5. Discussion 200 

This study demonstrated that 92% of all BV participants struggled with cycling. Forty percent 201 

did not ride their bicycles anymore. The main complaints while cycling were: not being able to 202 

look behind (88%), having difficulties with visually stabilizing the environment (65%), and not 203 

being able to ride in a straight line (61%). Participants were mainly concerned about falling 204 

while cycling in the dark and at dusk, while turning their head, and while cycling in a busy city.  205 
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In the BV group, general physical activity showed a non-significant decrease by 27% after the 206 

BV onset compared to before. Cycling activity showed an even greater, and significant, 207 

decrease of 73% in frequency and 60% in time. However, falls while cycling did not differ 208 

significantly between both groups. Only a significantly higher near-fall rate and number of 209 

reported falls was observed in the BV group. The similar fall history might have been caused by 210 

the large number of patients who did not ride their bicycle anymore after BV onset, and by the 211 

use of adapted bicycles. Nonetheless, the discrepancy between fall concern and the number of 212 

falls, where only the former differed significantly from the control group, is noteworthy. In 213 

order to avoid these falls and near-falls, aside from adapted bicycles, BV participants used 214 

several technical adjustments and aids such as side mirrors, and adjusted their cycling route, 215 

and their cycling behavior.  216 

Even though the patient group did not fall significantly more than the control group, anxiety 217 

and fear of falling while cycling were of great concern. Participants were mainly afraid of falling 218 

in situations where the visual input system and the vestibulo-ocular reflex were challenged, 219 

such as cycling in the dark or at dusk, and during head movements. Fear of movement that 220 

might induce symptoms often leads to maladaptive avoidance behavior in persons with 221 

vestibular dysfunction (Yardley & Redfern, 2001). This fear resulted in patients cycling less 222 

frequently than before the vestibular deficit, or less frequently than desired. This might lead to 223 

an increased dependence on public transport or relatives and friends. A decreased autonomy 224 

might affect quality of life and may lead to social isolation. Therefore, exposure to these 225 

activities and environments is necessary to evoke psychological and neuropsychological 226 

adaptation, which will lead to increased movement and return to activities (Yardley & Redfern, 227 

2001). Many of the participants expressed the perseverance to cycle, which ultimately led to 228 

gradual subjective improvement. 229 
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The results of this study highlight the importance of visual input while cycling. Vestibular 230 

rehabilitation can improve postural control, but can also focus on gaze stabilization. The latter 231 

should involve head movement and visual stimulation (Dhondt et al., 2020; Lehnen et al., 2018). 232 

Including dual-task exercises could also be valuable to increase safety on the road. As a result 233 

of vestibular and balance therapy, Honaker and Kretschmer (2014) observed an improvement 234 

in fear of falling, expressed as an increase in Activities-Specific Balance Confidence scores. 235 

Therefore, general vestibular rehabilitation might also translate to being more confident while 236 

cycling. Notwithstanding the importance of vestibular rehabilitation, it will not restore 237 

peripheral vestibular function. Therefore, in complex situations such as in darkness, on uneven 238 

surfaces, or during quick head movements, patients will keep experiencing difficulties. The 239 

importance of vision was also clear in the coping strategies listed in this study: using brighter 240 

bike lights, cycling only in daylight, and wearing sunglasses during sunset. Not only visual, but 241 

also auditory input plays an important role in safely cycling. In the current patient population, 242 

more than 50% had hearing loss and 31% reported not sufficiently hearing the surroundings 243 

while cycling. This emphasizes the importance of hearing aid or cochlear implant use, as well 244 

as frequently stepping off the bicycle to safely cross the street or to turn. One participant used 245 

a sign on the back of the bicycle indicating hearing loss, encouraging other drivers and cyclists 246 

to adjust their speed and driving and cycling style. Applying coping strategies in combination 247 

with vestibular rehabilitation focused on gaze stabilization and postural control, as well as 248 

counselling to reduce fear of falling and to regain confidence, is advised. In some cases, avoiding 249 

cycling might need to be considered.  250 

Limitations and future perspectives 251 
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This study explored various aspects of cycling in persons with BV for the first time. Thus far, this 252 

was never specifically queried, while difficulties and concerns were often expressed in clinical 253 

practice. This study has several limitations. First, only participants who were able to walk 254 

without assistance were included. Therefore, the overall BV population might be less physically 255 

active than the current cohort. Second, the reported physical and cycling activity is an 256 

estimation, which could cause recall bias. Momentary assessment could give a better 257 

estimation of the current physical activity, but would not enable comparison between pre and 258 

post BV activity (Martin et al., 2020). Third, the enrollment in vestibular rehabilitation programs 259 

was not queried in the patient group. However, it is known that in general, many BV patients 260 

are enrolled in such programs. In the future, these programs could be individualized and more 261 

goal-oriented based on the information retrieved from this study. Knowledge about specific 262 

complaints and triggers might be important to prevent future falls.  263 

6. Conclusion 264 

This study shows that 90% of persons with BV find riding a bicycle difficult or impossible. This 265 

is reflected in the mean cycling time that decreased from 3.15 hours weekly before, to 1.27 266 

hours weekly after the BV onset. Main complaints include not being able to look behind, the 267 

inability to visually stabilize the environment, and the inability to cycle in a straight line. Even 268 

though the fall frequency does not differ significantly from their healthy control subjects, BV 269 

patients’ fall concern is significantly higher. It should be noted that the lack of difference in fall 270 

history between both groups could be caused by the difference in cycling time and the use of 271 

adjusted bicycles.  272 
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8. Tables 324 

Table 1. Participant data for participants with bilateral vestibulopathy (BV) and healthy control 
subjects (HC) 
 

 BV (n=51) HC (n=51) 

Age (range) 57 (24-70) 57 (25-71) 

Female/male 26/25 26/25 

Self-reported hearing status (%) 
Good 
Unilateral hearing loss 
Bilateral hearing loss  

 
47 
8 
45 

 
88 
8 
4 

Self-reported aided or unaided visual status in static 
condition (%) 

Normal 
Aberrant  

 
 
90 
10 

 
 
94 
6 

BV etiology (%) 
Idiopatic 
DFNA9 gene mutation 
Bilateral Menière’s Disease 
Bilateral vestibular schwannoma 
CANVAS syndrome 
Bilateral vestibular neuritis 
Auto-immune disease 
Suspicion of encephalitis 

 
55 
25 
8 
4 
2 
2 
2 
2 

 
Not applicable  

BV onset (%) 
During childhood 
During adulthood 

 

 
96 
4 

 
Not applicable  

Duration symptoms BV in years (range) 
 

11.52 (7 – 20+) 
 

Not applicable  

  325 
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Table 2. General cycling abilities and problems for the bilateral vestibulopathy (BV) group before and 
after symptom onset and the healthy control group (HC).  
 

 BV group before 
symptom onset 

BV group after 
symptom onset 

HC 

Cycling purposes (%) 
Leisure 
Grocery shopping 
Transportation to work 
Sports 
Other purposes 

 
84 
55 
31 
14 
14 

 
47 
24 
12 
8 
6 

 
82 
65 
33 
22 
16 

Cycling difficulties (%) 
No difficulties 
Cycling is difficult 
Cannot cycle anymore 

 
Not applicable 

 
8 
60 
32 

 
100 
 

Cycling duration  
Times per week 
Hours per week 

 
4.90 
3.15 

 
1.3 
1.27 

 
5.46 
3.51 

  326 
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Table 3. Complaints while cycling.  327 

Type of complaint BV (%) 

I cannot look behind me while riding a bicycle 88 

I experience difficulty visually stabilizing the environment 65 

I cannot ride my bike in one straight line 61 

I cannot safely participate in traffic 39 

I am too slow to react to the environment and traffic 33 

I cannot hear the surroundings enough 29 

I cannot adjust the steering wheel fast enough 20 

Other complaints 16 

  328 
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Table 4. Coping strategies and aids 

A. Technical adjustments and aids 

1. Side mirrors (n=8)  
2. Brighter bike light (n=1) 
3. Wide tires (n=1) 
4. Lower step to get on and off of the bicycle (n=1) 
5. Bike with suspension in rear and front for optimal shock absorbing (n=1) 
6. Adjusting the firmness of the tires for optimal shock absorbing (n=1) 
7. Using a heavy bike (for stability) (n=1) 
8. Wearing sunglasses and a sun shield (n=1) 
9. Frequent technical inspection of bicycle to insure e.g. optimally working brakes (n=1) 

B. Adjusting route 

1. Only cycling on calm roads without traffic (n=2) 
2. Only cycling on asphalted roads (n=2) 

C. Adjusting cycling behavior 

1. Getting off the bicycle at crossroads, when turning, or in case of oncoming cyclists 
(n=8)  

2. Visually fixating on a spot ahead (n=3) 
3. Riding the bicycle slowly (n=2) 
4. Riding the bicycle on a steady speed (not too slowly) (n=2) 
5. Cycling at the back of a group (n=2) 
6. Riding the bicycle standing up on the paddles (n=1) 
7. Keeping the arms supple (for optimal shock absorption) (n=1) 
8. Keeping the arms straight (n=1) 
9. Slow head turns (n=1) 
10. Listening to traffic and surroundings (n=1) 
11. Listening to partner for instructions (n=1) 
12. Only cycling at daylight (n=1) 
13. Sitting upright, not bent forward like on a mountain bike (n=1) 
14. Cycling behind each other, instead of next to each other (n=1) 
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9. Figures 330 

 331 

Figure 1: fall concern in various circumstances. The mean scores are presented on the y-axis, 332 

ranging from (1) not at all concerned, (2) somewhat concerned, (3) fairly concerned, and (4) 333 

very concerned. The left bars represent the BV population, while the right bars represent the 334 

healthy control subjects. 335 
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