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Improvement of Graybiel’s scoring system for grading of motion sickness in hot-humid environment
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[Abstract] Objective To observe the possible bias in Graybiel”s scoring system caused by change of complexion and
sweating for grading of motion sickness in hot-humid environment, so as to make improvement to the system. Methods A total
of 567 subjects received Collis rotating chair tests in room temperature environment, hot temperature environment, and hot-
humid environment. The severity of motion sickness was graded by Graybiel’s scoring system. Paired design was done among 4
groups (calculated with pallor and sweating. no pallor. no sweating. and no pallor no sweating). Results Graybiel’s scores
were significantly different under 3 different environments, either calculated with pallor and sweating, or without pallor,
without sweating, or without both (P<C0. 01). The corresponding grades of Graybiel’s score were also significantly different
when calculated without sweating and without both pallor and sweating, but not when calculated without pallor.
Conclusion Our findings suggest that changes of complexion should not be considered when calculating Graybiel’s score in hot-
humid environment so as to simplify the evaluating process.

[Key words] motion sickness; Graybiel’s scoring criteria; hot-humid environment

[Acad J Sec Mil Med Univ.2014,35(6) :684-688]

[KFBH] 2013-12-09 [EZFHB] 2014-03-25

[E&®EN] sk FH,FIBEN. E-mail:ra_eagle@hotmail. com; i 25, P fi. E-mail: zgmj{@126. com

A FE[R] 55 —4E # (Co-first autohrs).

* il {5 VE# (Corresponding authors). Tel:025-80832620, E-mail : xqk79@ sina. com; Tel:021-81871066, E-mail:13386277079@163. com



6.5k BLE BRI T EIHITS Graybiel AR

+ 685 -

M R ER BT S5 S5 A i 4 L LA e v T M X
i, H AR 38, 0~ 46, 3°C LB E N
79.12% ~82.32 % (MEHE K A B KR . 7EX
P AR BT T, 2 Bl 0 & AR R R ™ R B R
MR Bl — X B S B 0 R 8 o
B — RIIANTE R LR AR, EHEELT, %}J
WSRO 4 b R B AR |
TN L%ﬁﬁtﬂﬂnﬁnm{?mﬁfﬁﬂiwﬁiﬂm
Ak AL A B L | BRI R AR
kg S SRS HAEMR, Graybiel 32 H AT
M 2l H 7 3 R T O O O IR
PB4 0 E B 43 ST I 4, BRI 5 16 43 4
M N0 M1 178 MIIB.2~3 70 s MIT A, 4~
79 MI.8~15 433 F,16 40 X UL b, Forp W i 3 i
Ik E] 8 4. T 0 B AR I B R Ak B 8 4y, i 7E IR
AT, BN & A 2 3l T 8 ek A8 R0 KR & fR VT
WIS WA R, XSRS Graybiel ¥ 09 R F 1
JARG 777 ASBIEFE B A £ BE X Graybiel 4 761 44
T8 T 1 o #EAT B RS

1 MRFFEE

L1 MEAEE HEYPEHRE. M 123 25
3 m, AT A0 40 N UNZk, il HA . R A b i | 55 1K
HL I A S 5 TO0H Ol B T vk, R E B TR R
46°C , ZAb 43 2 TR B2 RN 2% L 7T 48 1] B 45 0 B AR E A
BB IS B N . PR BT N . el H B ok 2% 7RO B T
% 28 S A AR A AR U A L S o T A
AT AR S L R e RN 90% ., S
I R A A B R AR | P B AR S e R
AT AL L AP R A R EE BT i
TR . i e SR 2Rk B 2 B (H R L A5
Z1. 200510025017, 3™, & & 0] [ w47 4 A Y25k
FRr ), 75 F5 56 S R 1 45 R AT 7 AR I T B s AT
B TR RIS T 22 TG Oy ikt
L2 %RX% EHEK 567 24 F MM HFE KL
(18~23 % .15 20.5 %), HEERFRMEALSS . (DB
ANTE G H R TR LI B s (O AN BAEE (D3 A
H 2 5 HAB G K55 (4) 259 301 RS i

(5) 0> i L8 T fEAS 42 (6) BE Rl A RE Ml 3k R & 4% .
T AT 3238 3 2 05 1 41 45 260 nT BE Y A1 G JRURS: F 3K 25

HRBEEZMHERES,

1.3 SRt ARSI MR R, B2 I E
WA IR 5 R (UK 101, 3 kPa, R (20 £
0.5)C R 50+ %] Rai @R HIE T [E
101. 3 kPa, & JE (38+0. 5)C, {8 & (50+1) %) H1
IR EE T [E 101, 3 kPa, i ¥ (38+0. 5)°C , i
JE(80£ 1) %o 1 H 32 Tig ki ik

AR S B SR A2 4 A e R A 52 T e I 3 (OB 3R
30 #% /min, F¥ 22 180 ), MK RE L 32 3038 2R
PRFFEL T A BT H T AR BOR AT 2 s/ 42 3k B
PELLFE A3 il . 52 3K 38 Bl SR P R L LA B J o A
DC 5| A 1 O 5 o X LA 5 B ) 2 foff P 38 Ol R B2 3
75
L4 WMEHFE g aid 1A A mEsE R,
BRTEWAED 2 d, WAZRAEW R T L8, R
H Graybiel X 5 38 09 & 3R R B 47 9F 93 3F o0
G, MR A AL KPR 45 R
b1 R QTR R DN N - T S BN N e N e |
G N = QTR TR SO G s ml = AL AR [
SYVUHE S BRG0 BR I H R KA R S 1 4 A
L 18] 530 3% 0 i 40 s 4 9, AR AR e Dl . (D) R

T, 439 N0 43) M T (14  MIITB(2 40,

MII A(3~543) MII(6~11 48 F(12 43 & LA 1) 5
) AT IR, 4398 NCo 43) M T (140,
MIIB(2~3 %) MILA4~6 43) MII(7~13 43)
F(14 43 K UL b 5 (3) BN 55 i € A H ) 1 43
N4 MT A4 MIIBQ@ 40 MIAGB~
455 M1 (5~9 43) F(10 48 & LA b, 434 i 3R
5N A AL T X Graybiel ¥F 40 #1453 9 45 3 19 5%
i, JE XTI IREE T Graybiel ¥F43r TR,
1.5 Mmx FafReshir BRIR.EMNZ
TR W BEDL % HE AR AR AT — B4 B AT — R L Bl
PLEFE i SAS 8.0 BT REMLAE B, Uk 55 56 1 1]
B 1A R A YT A Bl A A 3 S RN

FHREE, LRI EARAS 5L, B
LI B R 4 34 FR A OC Tl R 2 N B 5E AR L R T
Bl 2 /20t 2 4 B AE I ST DA L Y I 43 B
FE 5 AR Y B AR AT 2 WROVE 4 IR I R I 4
GE RN Ry e BB

JIT A B R AR S A AR B P L O
H 2 255 3 T geit N LT 28 LSt it

1.6 it a2 KM SAS 8. 0 BFHITH I



+ 686 -

R KR 2014 4F 6 L5 35 &

i, 3 dHIE AR F Kruskal-Wallis /56, 79 P9 H
Bk H Wilcoxon £ 5 Bk 4, £ 40 K #E (o) A
0.05,

2.1 BAFKKET @ EF BT Graybiel #49 4 R
agem R 1AL, R S RN A 3 bR
BT 2R E R Graybiel BAPE 22 F A G248 X
(P<20. 01, WA TH3R A4l A T3 T4 MR
TR AT 110 Graybiel TE A RIHFBE T
LRI G E L (P<0.01), HTHE>NER

OB AT G IR A, o vk AT — R b B O3 b
PRI R ] Wilcoxon A5 Bk 4 56 2547 9 99 1L 45, 45 2R
o BT HAA I 6 RN M) A AN TF AR T 6 2 RS T
FRTFALLE 3 PSS T 1) Graybiel W43 1 0 L35 2% 5+
VISt 5 L (P<<0. 01) s ¥R TH5 (i @/ )
ZH P, IR AN AR IR PR R 1Y Graybiel ¥4 22 570
S e = AN R T RTE 2 B 20 LTI SR = R BT 2
W8 M 1Y Graybiel 7Fr 22 7 A G it ¢ B X (P <
0.05), BB 3 MEREE T A A 0E A A T
1) Graybiel ¥F-435 B3 3H 5 CHRLE AN ) 2H 10 22 10 i 3
AR S T 2 AN 3530 I €2 R EE T ) 2 DU A 2 5

£ 1 AEIET Garybiel o4& RHLLE

n=>567

2 57 R 5 Tks z 1 95%CI rh B Pk -1 Pl

¥+ 5 G e AL T 241 698. 50 <0.000 1
R IR 3.24+3.79 (2.93,3.55) 2. 00
ol IR A5 8.65+4.75 (8.25,9.04)* 8. 00
TS B 7% 11.73+4.37 (11.37.12.09) * =44 12. 00

ANTHE T 4L 768. 68 <0.000 1
IR 2.10+2. 80 (1.87,2.33) 1.00
B2l R R 6.70+3.99 (6.37,7.03) %" 8. 00
1B PR BT 9.34+3.36 (9.06,9.62) " * AL 8. 00

N E R TA 97. 24 <<0.000 1
LR RZ% 2.57+3.31 (2.29,2.84) 2. 00
Bl 55 R B 3.66+3.68 (3.36,3.96) " * 2. 00
RIg B2 4,343, 38 (4.05,4.61) % * A0 4. 00

I N N QTR VRGO E 7.08 0.029 0
H ORI 1.4342.43 (1.23,1.63) 1.00
B4l Y PR 1.7242.81 (1.49,1.95) 0. 00
g B 1. 9442, 40 (1.74,2.14) & 1.00

Garybiel 43 7E 3 FlERBE T Bk 22 5 19 H 8 R Kruskal-Wallis ;56 , 9 9 F 48 R H Wilcoxon f7 5 #L K 38, * P<C0. 05,
*P<<0.01 HEIRBIET S P<<0. 05,44 P<C0. 01 5 54l i IR IR 5% L %

2.2 RMAFRBT & & F i 5 Graybiel F R4 R
aFen TR S AIBR T 4 T E e R S BR
T H $5 KB 7R 43 A L 8 5 O R R
STARAE, FHIEL T AT UL 4% BRORT 0 bR o L 7R R A R
T4 HFER AL, PR T A
THR AR, Graybiel 594 A 5 #4115 i €4 F
T EE R AL AT BT s AR (i
) B, Graybiel 5589 40 1 16 0 80T 2048,
fa B IR T HE BB &, O b T LR
FJG PR S 05 2 B g, JLRE IR S 9 o A K A T
AR ) B T Tl R AF . SR Wilcoxon 455 Bk A 5

JONCRITEZS A N RTS8 e N < b = N QTR ARG B
FUAS T30 10T €5 24 1) 55 90 40 A BEAT B, 45 R s 228
S TG FE L CHIRFE T . Z=0.240 2,P=
0.810 2; B MIFHE T . Z=0.080 3,P=0.936 0),

2.3 IRMIRBL T Graybiel ¥ AR &4 ik
50 ARSI (D AR 8, L Graybiel 143
TG A3 A A B8 L DR AT 2% R B Bk e 300 H L A
1117 a7 A 7E 1 AR BE o B Graybiel 22847 % 3% 1°F
45 (O ARIFE A H Graybiel ¥4 34 2048, H X}
INE 55 43 A A WY S A RO L 2R R R L A3 o L
e AR R S W e S A T ) o ] T = A



6. ok WL BB T E R IES Graybiel ISR

+ 687 -

AR AR S o 0505 (3) R H 55 T R (L
Graybiel W43 FIAE 9 53 A1 B4 B8 A HERE R 47 M0
FRfRifbiz B, 2 2 M3 3 WA it B iR A R 5%
T Graybiel 395 Fl o3 AR E

300 ¢

o b Sl T )20
250 | B A g
o 1‘“i;f||il|1ir-?-i
g 2001 WAL AT 4R
=
w150 b
-1
100 |
a0 b ’—a_i
0
MIIB  MIA  MIII F
400
350
300
* 250
200
150
100
50
0

Ml MIB MIA MO F
B 1 EiR(A)FEH(B)IRET Graybiel 5 R & R B LR

X2 BRERHGEMAIREZETL101.3 kPa, (38+0.5)C,
(80+1) % ]Graybiel %3 4 R

I AR 147 24y 4 4y 8 4y 16 43
BTN I 8 &8 I 15 # (=333 PEE O TR
&bt il N Nl AR 1t
HF - 7RE o Gig: -
MV 43 1 - B U Gigis -
& [ - E=353 oz Gigis
3] Sk

RO B - : ] )

#£3 MRAEMIFETI101.3 kPa, (381+0.5)C,
(80%1) % JGraybiel ;% 4> R iR

Graybiel 7% Graybiel 1843

N 043
M 14
MII B 2 4y
MIl A 3~5 4
MIl 6~11 4%

F =124

3 3 i

2 295 0 R 2= A AT R B A, H Rk L PR
A P R RAN I K RE A B G 03 T R R i )
B8 3 AR A A R R SZ B IR A TR AR

ST HE AT R R R AR O AL R T Bk
A7 5 JR 7 i 05 B 9 ) B I P £ S A R L = B
) & A B g B T b 3R R E Y i 28 B8R TR IS 51
10, BER BN [ T B 4l g 3l B B R I R B
Hjﬁ‘%ﬁﬂviﬁ&iﬁﬁ—ﬁw R R 2 H 78 &k i
R 30K 3 S0 g B HLR s K T, s
%ﬂ”ﬁ i Y 28 BB R AR L i BB b 52 RS
NGRS TGRS i ot 3i SRR I 0| N1 9K %
A PR O AR AR B T AR AR W B R AE L
Fh M R B M OR A AR, T e g B R 3R kA
T M AR o3 K FLAE B9 R N &L X TR A2 1 R
BT 55 k= s B BE T E 0 A,

SIS T S Sl A0 I 5 3 R AE AR N TR
B AT . HOIR 8 AR AR AR KRR IR B A X

JE W P KPS D T PR AR AL T I = SR A
s R IE K AR AT I, SR Y

R L B E AR A TR AR T
PR, ééﬁ%i%é%ﬁ]ﬁﬁﬁﬁiﬁ%ﬂjff%u
B SR A A A B U B N AT L an 38 [ I KR
(NASA) & Z 2 i 1Y Graybiel 1‘?%%‘(1968) |
% # Reason and Brand 4 i 1% 3l & B 1] 10 7
41 Reason and Brand Motion Sickness Suscepti-
bility Questionnaire ( MSSQ), 1975 ], Kennedy
SEUOT SR Y Bl By M 1) 0] 2 % (Motion Sick-
ness Susceptibility Questionnaire, MSSQ, 1990) .
e = T OV R R0 B R B R Golding £ 43t JL
AR TR A LR BT A9 Kennedy 4 3% &) 8%
PRI ) 4 28 (1998) 1 K itk — 2B 7 Ak (1) 1] %L 2 3
5 I ] 4] B % (Short Motion Sickness Suscepti-
bility Questionnaire, MSSQ-Short, 2003)"*!_ fif 2%
TNO A& F R #F 58 BT % 5K $2 1 1Y Misery Scale
(MISC) 11 Zr 8 M o R AVE 4375 (1992) %) He [5 7
3 K (South-Ampton) 5 #r 45 S 3l 77 3¢ 1=
(Strathclyde) K2 /48 P 8F (Glasgow) K 2% I fif 24
TNO A& ZWE5E BT 19 BF 55 N B8 IF 56 30 28 1)
A7 WS 52 07 995 310 1] 4 2% (2007) 1Y, AT A UL R i
GRIRBE AN S 50 M 2 Bl ) P i HGE L LR HE
B T AE s o 0 T 35 AT B A SR 1 X S 56 Bl g O
SRR
FEATAEWE 58 A [6] PR 85 v 2 IR ol 38 2 3 s B 1Y
TR, 1 E) SR A BT R anfe] 4 8 5 Bl T R A



+ 688 -

BOFEERF¥M 2014 4E 6 AL 35 &

THE (1 TR 2L B 7R 38°C i Bk 38°C L 80 %6 AH X Vi J& 5
ik v 4 PR e, e A e e o B 2 e B B0 B
YL AZ 3N DL S8 DR O s R BT 210 L 3 T
Yo T AR 324 DR i i = B0 B & TR i s B Bl
iR BE A PEAE . R R e e ok BRAY 3Z2 0K 3 L B T &
T 0, 50 A2 44 SRR 384 o oxo T AR ) 48 25 1) 32 KA 1 2
SFAE AR DT 43 A s 6 52 Bl e R o sz K
Graybiel PF43 123 & 5y AN 1K 1 2 3 i 72 1 B, 78
HEAE X 43 J T T B T € A AR R R T ARG R
S| % 2 st e R ISR B 4 B e 3R AT
K 23 Graybiel $F 431 . % sl i R AR AE
P18 T 505 B Bk 2 € R A ¥ VR 2 TR BT A 4R A L
e T LAk B 8 43 I 38 B2 ik i €2 Fi 8 43 AT
FERE SR VR4 (9 S 43 v o A R T A AL AT S
B4 B i AR,

AT GE % 16 B A6 1 AR R BT T 9050 M 2R
Graybiel ¥4 v & B R0 A ¥ 7T 2 TP O3 A
725 I TR T R £ 45 1 AT B0 R T IR T A L
773 LA DX 4322 3l 0 35 I 4 5 Al 3l B 22 )i 22 5]
DR b 2 3 500 63k sk 98 R PR 19 3 43 i BE AT S 140 AT
2ot b 3RS, 45 3R W15 2 5 R T 68, 2l X A7 3
BRI VT (0 S S8 Ve M 2 R ST MR
H UG, AT DA% JECE T AR B8 N 64T 42 Bl ) IR 5
T 52 A T Bl R R I B B T € e —
T, DT 15 A A ae A 5 L 3k i £

4 FEEHZR
JIt A VR P AR SO 88 BAT AR 55 0 5
[Z % X W]

(1] B ®.% kK & BEE . XNE R T,

WA IRBE X 5 2 R I sZ e [, 588 R R
#i2,2010,31. 612-615.
Fang X,Luo L,Zhang L..Qi H X.,Liu X D,Zhu J,et al.
Effect of high environmental temperature and humidity
on incidence of motion sickness[J]. Acad J Sec Mil Med
Univ,2010,31;: 612-615.

[2] Graybiel A,Wood C D,Miller E F,Cramer D B. Diag-

nostic criteria for grading the severity of acute motion

sickness[J]. Aerospace Med,1968,39; 453-455.

[3] AWA. —Fh ot Ry shim g 3% & kW P]. hiE .
Z1. 200510025017, 3. 2007-05.

(4] BAZ @EE. & F.5 M, LRSS,
S5 I 0k 1007 2 AR 28 R AP A (). i8R T 26 T B = 2
Z¢i&,2006,24; 179-182

[5] Bos J E,;MacKinnon S N,Patterson A. Motion sickness
symptoms in a ship motion simulator: effects of inside,
outside,and no view [ ]J]. Aviat Space Environ Med,
2005,76. 1111-1118.

[6] Oman C M. Motion sickness: a synthesis and evalua-
tion of the sensory conflict theory[]J]. Can J Physiol
Pharmacol,1990,68: 294-303.

[7] Warwick-Evans L. A, Symons N, Fitch T, Burrows L.
Evaluating sensory conflict and postural instability.
Theories of motion sickness[]]. Brain Res Bull, 1998,
47, 465-469.

[8] Ventre-Dominey J, Luyat M, Denise P, Darlot C. Mo-
tion sickness induced by otolith stimulation is correla-
ted with otolith-induced eye movements [ J]. Neuro-
science,2008,155; 771-779.

[9] Reason J T, Brand J J. Motion sickness [ M ]. New
York: Academic Press Inc,1975:38-81,174-209.

[10] Kennedy R S,Dunlap P,Fowlkes J E. Prediction of mo-
tion sickness susceptibility[ M ]//Crampton G H. Mo-
tion and space sickness. Boca Raton, FL.; CRC Press
Inc. ,1990:179-215.

[117] Golding J F. Motion sickness susceptibility question-
naire revised and its relationship to other forms of sick-
ness[JJ. Brain Res Bull,1998,47.507-516.

[12] Golding J F. Predicting individual differences in motion
sickness susceptibility by questionnaire. Personality
and individual differences,2006,41.:237-248.

[13] Wertheim A H,Ooms J,De Regt G P, Wientjes C J E.
Incidence and severeness of sea sickness: validation of a
rating scale. Report 1ZF-1992-A-41[R]. TNO Human
Factors Research Institute, Soesterberg,1992.

[14] Bos J E,Damala D, Lewis C,Ganguly A, Turan O. Sus-
ceptibility to sea sickness[]J]. Ergonomics, 2007, 50
890-901.

[(AxHE] H &



