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We read with great interest the article by Oh and coworkers about “Visuospatial cognition

in acute unilateral peripheral vestibulopathy” in the September edition of this journal

Frontiers in Neurology (Section Neuro-Otology). The authors tested visuospatial perception

by the Visual Object and Space Perception (VOSP) battery established by Warrington and

James (1), validated by Rapport et al. (2), and visuospatial memory by the Block design test

(3) and the Corsi block-tapping test (4) within the first 2 days (acute phase) and 4 weeks

(recovery phase) after symptom onset of acute unilateral vestibulopathy (UVF).

There are several animal studies showing that unilateral experimental vestibular

lesions elicit signs of spatial memory and visuospatial deficits which have been related to

vestibulo-cortical projections, in particular to the hippocampal formation (5–7). However,

these findings have not convincingly been confirmed in patient studies yet (8–12) but there is

some-though not consistent (13–15)-evidence that patients with bilateral vestibular failure

reveal visuospatial deficits or even path navigation impairments in addition to volumetric

changes of the hippocampus (8, 16, 17).

Based on this background, the study by Oh et al. investigated visuospatial perception

and memory in a large cohort (n = 72) of patients with UVF. As a main result, the

patients showed normal visuospatial functions in the acute and recovery phase of the disease

according to the normal reference values established by the standardization sample of

the test founders. It is important to realize that the statistical differences between healthy

subjects and patients were found within normal limits. This needs to be kept in mind

when the authors speculate on the potential origin of visuospatial perception and spatial

memory impairments.

We felt encouraged to point out the readers’s risk of misunderstanding these results

since at least two related studies also interpreted values within the normal reference range to

be pathological:

First, Ayar et al. (12) used the Judgement of Line Orientation test (JLO) (18) to test

visuospatial function in 21 patients with acute UVF (mean disease duration: 15.6 days).

Patients and healthy control subjects revealed normal values according to the normal

reference range. Patients had significantly lower but normal values (21 to 26, normal: >19)

and yet their data were considered as a pathological sign of visuospatial function, even

despite the fact that the significant difference disappeared when depression and anxiety

scores were taken into account (multiple regression analysis).
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Second, very recently, Obermann et al. (19) compared cognitive

functions in 65 patients with UVF and healthy subjects, including

the JLO test (18). Patients had lower (23.7 vs. 26.4) but normal

values (>19) in the JLO test 5 months after symptom onset, i.e.,

at a time when the visuospatial group differences in the study by

Oh et al. had already resolved.

UVF usually persists over a few months which unfortunately

was not tested in the follow-up examination by Oh et al. (20). This

could have helped to elucidate if the group differences are related to

the vestibular system, in particular since JLO values decreased with

greater semicircular canal paresis in the study by Ayar et al. (12).

In all three studies, the significant group differences were

interpreted as signs of visuospatial impairment. Since they refer

to the normal reference range of the original test studies (1, 18)

they lack convincing evidence that unilateral vestibulopathy elicit

visuospatial perception and memory impairments. Based on the

large cohort sizes of these UVF studies it appears rather unlikely

that these particular cognitive functions are altered inUVF patients.

These analytic approaches raise the question whether statistical

differences within the numeric range defined as being “normal” or

“healthy” in the studies establishing these neuropsychological tests,

should be used for a pathological interpretation, in particular when

the differences cannot be confirmed by a follow-up examination of

the same tests (20).

Investigations on subthreshold or premanifesting disorders

have been found to be a valuable approach to distinguish trait and

state signs in several neurogenetic and neurodegenerative disorders

(21, 22) but group differences within normal limits are usually

classified as state signs only when they turn pathological during

follow-up investigations. In contrast, the group differences in the

study by Oh et al. resolved after 4 weeks. We recommend follow-

up studies on vestibular and visuospatial function to investigate

whether the group differences within the normal reference

range have any pathological, e.g. neurodegenerative meaning. We

consider this an important clarification to reduce the readers’ risk

of misunderstanding and potential inappropriate citations of these

important data.

Author contributions

CH: Writing – original draft. AF: Formal analysis,

Methodology, Validation, Writing – review & editing. AS:

Methodology, Validation, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Warrington EK, James M. VOSP: The Visual Object and Space Perception Battery.
Bury St Edmunds: Thames Valley Test Company (1991).

2. Rapport LJ, Millis SR, Bonello PJ. Validation of the Warrington theory of visual
processing and the visual object and space perception battery. J Clin Exp Neuropsychol.
(1998) 20:211–20. doi: 10.1076/jcen.20.2.211.1169

3. Schorr D, Bower GH, Kiernan RJ. Stimulus variables in the block design task. J
Consult Clin Psychol. (1982) 50:479. doi: 10.1037/0022-006X.50.4.479

4. Kessels RP, van Zandvoort MJ, Postma A, Kappelle LJ, de Haan EH. The corsi
block-tapping task: standardization and normative data. Appl Neuropsychol. (2000)
7:252–8. doi: 10.1207/S15324826AN0704_8

5. Hitier M, Besnard S, Smith PF. Vestibular pathways involved in cognition. Front
Integr Neurosci. (2014) 8:59. doi: 10.3389/fnint.2014.00059

6. Smith PF. The vestibular system and cognition. Curr Opin Neurol. (2017) 30:84–
9. doi: 10.1097/WCO.0000000000000403

7. Nguyen TT, Nam GS, Kang JJ, Han GC, Kim JS, Dieterich M, et al.
The differential effects of acute right- vs. left-sided vestibular deafferentation
on spatial cognition in unilateral labyrinthectomized mice. Front Neurol. (2021)
12:789487. doi: 10.3389/fneur.2021.789487

8. Popp P, Wulff M, Finke K, Ruhl M, Brandt T, Dieterich M. Cognitive
deficits in patients with a chronic vestibular failure. J Neurol. (2017) 264:554–
63. doi: 10.1007/s00415-016-8386-7

9. Dordevic M, Sulzer S, Barche D, Dieterich M, Arens C, Muller NG. Chronic,
mild vestibulopathy leads to deficits in spatial tasks that rely on vestibular input
while leaving other cognitive functions and brain volumes intact. Life. (2021)
11:1369. doi: 10.3390/life11121369

10. Grabherr L, Cuffel C, Guyot JP, Mast FW. Mental transformation abilities in
patients with unilateral and bilateral vestibular loss. Exp Brain Res. (2011) 209:205–
14. doi: 10.1007/s00221-011-2535-0

11. Borel L, Redon-Zouiteni C, Cauvin P, Dumitrescu M, Deveze A, Magnan J, et al.
Unilateral vestibular loss impairs external space representation. PLoS ONE. (2014)
9:e88576. doi: 10.1371/journal.pone.0088576

12. Ayar DA, Kumral E, Celebisoy N. Cognitive functions in acute unilateral
vestibular loss. J Neurol. (2020) 267:153–9. doi: 10.1007/s00415-020-09829-w

13. Gottlich M, Jandl NM, Sprenger A, Wojak JF, Munte TF, Kramer UM, et al.
Hippocampal gray matter volume in bilateral vestibular failure. Hum Brain Mapp.
(2016) 37:1998–2006. doi: 10.1002/hbm.23152

14. Jandl NM, Sprenger A, Wojak JF, Gottlich M, Munte TF, Kramer
UM, et al. Dissociable cerebellar activity during spatial navigation
and visual memory in bilateral vestibular failure. Neuroscience. (2015)
305:257–67. doi: 10.1016/j.neuroscience.2015.07.089

15. Bosmans J, Gommeren H, zu Eulenburg P, Gilles A, Mertens G, Van Ombergen
A, et al. Is vestibular function related to human hippocampal volume? J Vestib Res.
(2023) 1−11. doi: 10.3233/VES-230076

Frontiers inNeurology 02 frontiersin.org

https://doi.org/10.3389/fneur.2023.1334277
https://doi.org/10.1076/jcen.20.2.211.1169
https://doi.org/10.1037/0022-006X.50.4.479
https://doi.org/10.1207/S15324826AN0704_8
https://doi.org/10.3389/fnint.2014.00059
https://doi.org/10.1097/WCO.0000000000000403
https://doi.org/10.3389/fneur.2021.789487
https://doi.org/10.1007/s00415-016-8386-7
https://doi.org/10.3390/life11121369
https://doi.org/10.1007/s00221-011-2535-0
https://doi.org/10.1371/journal.pone.0088576
https://doi.org/10.1007/s00415-020-09829-w
https://doi.org/10.1002/hbm.23152
https://doi.org/10.1016/j.neuroscience.2015.07.089
https://doi.org/10.3233/VES-230076
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Helmchen et al. 10.3389/fneur.2023.1334277

16. Brandt T, Schautzer F, Hamilton DA, Bruning R, Markowitsch HJ, Kalla R, et al.
Vestibular loss causes hippocampal atrophy and impaired spatial memory in humans.
Brain. (2005) 128:2732–41. doi: 10.1093/brain/awh617

17. Schöberl F, Pradhan C, Grosch M, Brendel M, Jostes F, Obermaier K, et al.
Bilateral vestibulopathy causes selective deficits in recombining novel routes in real
space. Sci Rep. (2021) 11:2695. doi: 10.1038/s41598-021-82427-6

18. Benton AL, Varney NR, Hamsher KD. Visuospatial judgment. a clinical test.Arch
Neurol. (1978) 35:364–7. doi: 10.1001/archneur.1978.00500300038006

19. Obermann M, Gebauer A, Arweiler-Harbeck D, Lang S, Seilheimer B,
Kleinschnitz C, et al. Cognitive deficits in patients with peripheral vestibular
dysfunction. Eur J Neurol. (2023). doi: 10.1111/ene.15907

20. Oh SY, Nguyen TT, Kang JJ, Kirsch V, Boegle R, Kim
JS, et al. Visuospatial cognition in acute unilateral peripheral
vestibulopathy. Front Neurol. (2023) 14:1230495. doi: 10.3389/fneur.2023.12
30495

21. Machner B, Sprenger A, Behrens MI, Ramirez A, Bruggemann N, Klein C, et al.
Eye movement disorders in Atp13a2 mutation carriers (Park9). Mov Disord. (2010)
25:2687–9. doi: 10.1002/mds.23352

22. Mertin R, Diesta C, Brüggemann N, Rosales RL, Hanssen H, Westenberger
A, et al. Oculomotor abnormalities indicate early executive dysfunction in
prodromal X-linked dystonia-parkinsonism (Xdp). J Neurol. (2023) 270:4262–
75. doi: 10.1007/s00415-023-11761-8

Frontiers inNeurology 03 frontiersin.org

https://doi.org/10.3389/fneur.2023.1334277
https://doi.org/10.1093/brain/awh617
https://doi.org/10.1038/s41598-021-82427-6
https://doi.org/10.1001/archneur.1978.00500300038006
https://doi.org/10.1111/ene.15907
https://doi.org/10.3389/fneur.2023.1230495
https://doi.org/10.1002/mds.23352
https://doi.org/10.1007/s00415-023-11761-8
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Normal visuospatial function in unilateral vestibulopathy: on the challenge of group differences within normal reference data
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


