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Improving effects of motion sickness acclimatization training of vertical oscillation simulation combined with visual
virtual swell stimulation on cognitive performance
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[ Abstract | Objective To explore the improving effects of motion sickness acclimatization training methods,
namely sinusoidal vertical oscillation stimulation and sinusoidal vertical oscillation stimulation combined with visual
virtual reality (VR) swell stimulation, on cognitive performance of individuals with extremely severe motion sickness.
Methods A total of 90 individuals with extremely severe motion sickness screened by the Graybiel score during 6 h
navigation were randomly divided into vertical group, vertical+-VR group, and control group (2=30). The abilities of
vigilance, memory, rapid calculation, information processing and visual manipulation were evaluated before and after the
acclimatization training using a self-developed cognitive performance evaluation software. Results On the 1* day of
training, the numbers of missed targets of the vertical group and vertical VR group were increased in the vigilance test; the
reaction time was prolonged in the short-term memory, rapid calculation, information processing and visual manipulation
tasks; and the efficiency of rapid calculation was reduced. After acclimatization training, the numbers of missed targets were
reduced to the baseline level in the vertical and vertical + VR groups, and the reaction time in the short-term memory, rapid

calculation, information processing and visual manipulation tasks and the efficiency of rapid calculation were improved.
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Conclusion Motion sickness caused by vertical oscillation stimulation or vertical oscillation combined with visual VR swell

stimulation can decrease vigilance, short-term memory, rapid calculation, information processing and visual manipulation

abilities. Motion sickness acclimatization training can significantly improve the above cognitive abilities.
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Tab 1 Baseline characteristics of participants with
extremely severe motion sickness in different
training groups
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Vertical +VR

Ch: teristi Vertical Control
aracteristic ~ Vertical group aroup ontrol group

Agelyear 22.944+2.74 23.63+3.36 23.79+4.10
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Body weight’kg ~ 69.06+6.59 69.20+8.03 70.17+7.88
BMI/(kgem %)  22.56+1.88 22464257 22.66+2.09
Graybiel score 17.23+£2.39 17.73£3.31 17.24+2.43

VR: Virtual reality; BMI: Body mass index.
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Fig1 Missed target number of extremely severe motion
sickness participants in vigilance test before and after
acclimatization training
Baseline: The data before training; First day: The data on
the first day of training; Last day: The data on the last day of
training. ~"P<C0.01 vs the baseline in the same group; ““P<
0.01 vs the first day in the same group. n=30, x =s. VR: Virtual

reality.
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Fig2 Reaction time of extremely severe motion sickness participants in graphic memory tasks before and after

acclimatization training

A: Reaction time of graphic sequence memory; B: Reaction time of graphic matching memory. Baseline: The data before training;

First day: The data on the first day of training; Last day: The data on the last day of training. ~P<<0.01 vs the baseline in the same

group; ““P<<0.01 vs the first day in the same group; “*P<C0.01 vs control group on the same day. 7=30, x=+s. VR: Virtual reality.
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Fig3 Reaction time and arithmetic efficiency of extremely severe motion sickness participants in rapid calculation

tasks before and after acclimatization training

A: Reaction time of rapid arithmetic; B: Rapid arithmetic efficiency. Baseline: The data before training; First day: The data on the

first day of training; Last day: The data on the last day of training. "P<<0.05, "P<C0.01 vs the baseline in the same group; “P<0.05,

A4P<0.01 vs the first day in the same group. n=30, x%s. VR: Virtual reality.
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Fig4 Reaction time of extremely severe motion sickness
participants in information processing tasks before and
after acclimatization training
Baseline: The data before training; First day: The data on
the first day of training; Last day: The data on the last day of
training. ~P<0.01 vs the baseline in the same group; “P<<0.05,
A4P<0.01 vs the first day in the same group. n=30, X*s. VR:

Virtual reality.
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Fig5 Reaction time of extremely severe motion sickness
participants in visual manipulation tasks before and
after acclimatization training
Baseline: The data before training; First day: The data on the first
day of training; Last day: The data on the last day of training.
“P<C0.01 vs the baseline in the same group; AP<0.05 vs the first

day in the same group. =30, x £ s. VR: Virtual reality.

3 3t it

SERE— EIEMIEE . ALK UL 55 B
RPBIHMERT, HAML 2 FHEUARE TR, 252 miA
FITRE T L FEPUR AR AE PRI ) R R
WY JRSBRT, Bl 3 > I ke B s 2 shie
AR AR 2 W) SR . (HAE Bl 2= B > I
AR 2N BN DR 15 22 32 BRI AR WLAH
s A TUEA AR A O A AT R
DEIAE . IR R S0 BT R T 35 0
PO K B BAE . ILE READLTR TR S A A e By 22 Bl
WNZRRCRAITTE, LS Sz 52 v Ul S A2 L R AU
TR S AR GE VI 2 ] 57 2 S ~J A e 3l
TEAEAR 11 AR IV P T AL I M
HE LT TR AR GU T e By 2 shh ) IR I, E— 20 DAl
I MRINGRIE R 2 AL BE T

IWHIIRE M Z NN, EAEEET . id
1277, EHHER . PUTIIRE . TEEIIRE . IR

SN TR B A B —
PG AN RS AR 29 T 0 BE, ARl
NIRRT B F N A . SRS WA I ka0
TR L ARBRSERA E EIF R AL A
TIFEMEA T R AU AE 55 OGN Y, PP
Pk CtC . PRETRRE ST . (R EALEEE T
SEPRAEE T RE I SN REARSC AR R, 4 2R 3R,
SEINE 52 B 3 A T 1 5 L o B AU TR
R, AR 5 DN B F AR A B S b it e
FIArEa 2, D235 A0 8 e e e 2 3 RS W
BFFE, WirE—TR = [ s s g AT
SERIEOTTE D, 2 Sl O B R R R T AR
BRAESZ 1 A 45 S g A T A1 5 A S 7 i ]
KRRAEA, 100 % bR A B0 W AR
WFEAGE, SR R CIZ TRt R BA A
HIFE, 7E1E %3 Sl S B0 2 ahie h 2 2L, /I
SRR EAE, THARE A CIZRE T2 b
%120 o AHRIE R R & R, T 35 RO T Bz
N R 7 A R i B RLIC A2 T R, b2
IRV SRR R &S G VA RN AD {STFTIS S S
ORI, R BlE S AR oy BB A S AN
1155 SRS HORY , ABFh BA %
B0 35 0 9 2 %ot 1 2 A BRI B B8 1 s ol I A %
PRSI, fEX 2 N rp 32 IR 4 BN R ] R A
K, Ul B R R R {5 B AL BERE T IR
il e J AT AR o

S BIPAE XA D RE 152 R © A B SR IE, 2
TS AE T BRI ZR AR A R T I, AR 44
A, B BE > IR ZRR AR TlL BE T R i 5
HORGEATHGE . EABEIT, BRI Sl
M 72N B RE g, {EfRpak S 52 2 T R
BT AT LAY B3z 1135 2R H s 2 shie ~ IR AE 1, b XS
FENRRALRE S A R RCR . S 3 fil iU Z I
A AUE IR  F AR B, PR RACR
WA TGS, TR R RI4e%, mEICZ ). fE
EARBRRE ST . PSR BN ) L 2 ] LUK A
YNGR A BERRR, AL IG5k
BALSE HEAULTR SR GE VI G L B — T S O 2% A
TR RE ) B BGERCR BULE, 5 R PRiETH A e
JIBIBEERCR s TG RO 255 PR R
LI ] B A 2, (HANRESE KR, G A
‘it REAULI VR R eI 2 m] il 52 )1 35 p R e ik



WFELER AR 202448 H, 4545 %

< 941 -

S EYNGRATKF. X ATRES VR IIZRxHA R BE
THEGEE A . RENIFEERM, FT VR AYIA
TN ZAefe BEA RIDIRERE R J7 L HA AR RIS,
FFRER T 81Ty JEYEERAE . e as R
PATIRESE >

g5 BT, e REORN I 5 G I K LI TR
R By 22 B > RN ZRIRS 2138 B et . Jd
WhCAZ T REIHRRE DT (R B AL BERE Sy P
BAELETRIRE I SN REAT — E R BEE ], HaE
DS L E READLR TR ) > IRV R8O m] BEBE HL
L BAEADTE D, T2 e T2
Di. sg BT REAAAE—E 22, RENRERS
XINZRd P AA IR RE A RIS 2, it
s AR SEWF Tt — AR

(£ % C k]

[1] PAN L, XIAO S, XU Z, et al. Orexin-A attenuated
motion sickness through modulating neural activity in
hypothalamus nuclei[J]. Br J Pharmacol, 2024, 181(9):
1474-1493. DOI: 10.1111/bph.16307.

[2]  KESHAVARZ B, GOLDING J F. Motion sickness: current
concepts and management[J]. Curr Opin Neurol, 2022,
35(1): 107-112. DOI: 10.1097/WC0.0000000000001018.

[3] LAGAMI D, GUTKOVICH Y E, JAMISON A, et al.
Seasickness susceptibility and the vestibular time
constant: a prospective study[J]. Exp Brain Res, 2024,
242(1): 267-274. DOL: 10.1007/s00221-023-06745-z.

[4] LAESSOE U, ABRAHAMSEN S, ZEPERNICK S,
et al. Motion sickness and cybersickness—sensory
mismatch[J]. Physiol Behav, 2023, 258: 114015. DOI:
10.1016/j.physbeh.2022.114015.

[5] MAIN L C, MCLOUGHLIN L T, FLANAGAN S D,
et al. Monitoring cognitive function in the fatigued
warfighter: a rapid review of cognitive biomarkers[J].
J Sci Med Sport, 2023, 26(Suppl 1): S54-S63. DOI:
10.1016/j.jsams.2023.04.009.

[6] MUTH E R. The challenge of uncoupled motion:
duration of cognitive and physiological aftereffects[J].
Hum Factors, 2009, 51(5): 752-761. DOI: 10.1177/
0018720809353320.

[7]  TAYS G D, MCGREGOR H R, LEE J K, et al. The
effects of 30 minutes of artificial gravity on cognitive
and sensorimotor performance in a spaceflight analog
environment[J]. Front Neural Circuits, 2022, 16:
784280. DOI: 10.3389/fncir.2022.784280.

[8] DAHLMAN J, SJORS A, LINDSTROM J, et al.
Performance and autonomic responses during motion
sickness[J]. Hum Factors, 2009, 51(1): 56-66. DOI:

(9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

(18]

[19]

10.1177/0018720809332848.

QI R R, XIAO S F, SU Y, et al. Sea voyage training
and motion sickness effects on working ability and life
quality after landing[J]. Aerosp Med Hum Perform,
2021, 92(2): 92-98. DOI: 10.3357/AMHP.5614.2021.
KHALID A, PRUSTY P P, ARSHAD 1, et al.
Pharmacological and non-pharmacological countermeasures
to space motion sickness: a systematic review[J]. Front
Neural Circuits, 2023, 17: 1150233. DOI: 10.3389/fncir.
2023.1150233.

ZHANG L L, WANG J Q, QI R R, et al. Motion
sickness: current knowledge and recent advance[J].
CNS Neurosci Ther, 2016, 22(1): 15-24. DOIL: 10.1111/
cns.12468.

BT, WA, A BT IR s SR R
B R AR AR AL 2 il 19 S L R LT ] A i 75 B o
7%,2020,45(3):298-303. DOI: 10.11855/j.issn.0577-
7402.2020.03.12.

i} AR IU 22 W, 55 RE DL VR R 0 2 Sl e B 4 K
WIGRBCRIIIET] R B2 S R 2E T AR, 2020,33( 4 ):
327-330. DOI: 10.16289/j.cnki.1002-0837.2020.04.007.

QI R R, XIAO S F, PAN L L, et al. Profiling of
cybersickness and balance disturbance induced by
virtual ship motion immersion combined with galvanic
vestibular stimulation[J]. Appl Ergon, 2021, 92: 103312.
DOI: 10.1016/j.apergo.2020.103312.

GRAYBIEL A, WOOD C D, MILLER E F, et al.
Diagnostic criteria for grading the severity of acute
motion sickness[J]. Aerosp Med, 1968, 39(5): 453-455.
TAMURA A, IWAMOTO T, OZAKI H, et al. Wrist-
worn electrodermal activity as a novel neurophysiological
biomarker of autonomic symptoms in spatial
disorientation[J]. Front Neurol, 2018, 9: 1056. DOI:
10.3389/fneur.2018.01056.

VOINESCU A, PETRINI K, STANTON FRASER D.
Presence and simulator sickness predict the usability of
a virtual reality attention task[J]. Virtual Real, 2023, 27:
1967-1983. DOI: 10.1007/s10055-023-00782-3.
GRESTY M A, GOLDING J F, LE H, et al. Cognitive
impairment by spatial disorientation[J]. Aviat Space
Environ Med, 2008, 79(2): 105-111. DOI: 10.3357/
asem.2143.2008.

XGRS, W &S, BT A, 55 SNE LS 1 X 2
B AE Fy AR B B AL RELT ] . o A7 R Rl
2024,45(8):929-934.DOIL: 10.16781/j.CN31-2187/
R.20240054.

LIU Z, PAN L, MAO Y, et al. Predictive efficacy
of peripheral blood gastrointestinal hormones on
susceptibility to motion sickness[J]. Acad J Naval Med
Univ, 2024, 45(8): 929-934. DOI: 10.16781/j.CN31-
2187/R.20240054.



© 942 .

MR R 2024 4R 8 H, 45 %

[20]

(21]

[22]

(23]

(24]

[25]

GALLOU-GUYOT M, MANDIGOUT S, COMBOURIEU-
DONNEZAN L, et al. Cognitive and physical impact
of cognitive-motor dual-task training in cognitively
impaired older adults: an overview[J]. Clin
Neurophysiol, 2020, 50(6): 441-453. DOI: 10.1016/
j-neucli.2020.10.010.

LEE T L, DING Z, CHAN A S. Can transcranial
photobiomodulation improve cognitive function? A
systematic review of human studies[J]. Ageing Res Rev,
2023, 83: 101786. DOI: 10.1016/j.arr.2022.101786.
FALKENRECK J M, KUNKLER M C, OPHEY A, et al.
Effects of the multicomponent cognitive training
program BrainProtect in cognitively healthy adults: a
randomized controlled trial[J]. J Alzheimers Dis, 2023,
94(3): 1013-1034. DOI: 10.3233/JAD-220619.

Hh s BRI 2 2 N RHEE D G325, IR 25 [ 95
B AN b E R (2022 40 (] ihAREE
%2%ik,2022,102( 37 ):2918-2925. DOI: 10.3760/cma.
j.en112137-20220606-01256.

HAR B2 S I 252 03 2 R G NI RE RS 242, A
Bery ik L 53R B AR AT ik [
Z (2023 ) [J] . R EZ4E,2023,103( 9 ): 640-
647. DOI: 10.3760/cma.j.cn112137-20221121-02441.
TAL D, GONEN A, WIENER G, et al. Artificial

horizon effects on motion sickness and performance[J].

[26]

[27]

[28]

[29]

Otol Neurotol, 2012, 33(5): 878-885. DOI: 10.1097/
MAO.0b013e318255ddab.

MATSANGAS P, MCCAULEY M E, BECKER W.
The effect of mild motion sickness and sopite
syndrome on multitasking cognitive performance[J].
Hum Factors, 2014, 56(6): 1124-1135. DOI: 10.1177/
0018720814522484.

TORTORA C, CROSTA A D, MALVA P L, et al. Virtual
reality and cognitive rehabilitation for older adults with
mild cognitive impairment: a systematic review[J].
Ageing Res Rev, 2024, 93: 102146. DOI: 10.1016/].
arr.2023.102146.

LIU Q, SONG H, YAN M, et al. Virtual reality
technology in the detection of mild cognitive
impairment: a systematic review and meta-analysis[J].
Ageing Res Rev, 2023, 87: 101889. DOI: 10.1016/;.
arr.2023.101889.

YAN M, ZHAO Y, MENG Q, et al. Effects of virtual
reality combined cognitive and physical interventions
on cognitive function in older adults with mild cognitive
impairment: a systematic review and meta-analysis[J].
Ageing Res Rev, 2022, 81: 101708. DOI: 10.1016/j.
arr.2022.101708.

[(AXHmE] BT



