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Role of Static Posturography in Fatigue Assessment due to Flight TasksLoad*
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ABSTRACT Objective: To explore the role of static posturography in the assessment of fatigue due to flight tasks. Methods:
Thirtymale college students were asked to perform simulated flight tasks consecutively forfour hours. Meanwhile their static
posturography and tasks performance would be repeatedly measured during the task-load at end of every hour. Based on the changed
significantly parameters, the static balance index would be built by principle component analysis. Then its correlation with task-load level
would be further analyzed by curve estimation. Results: Static postural control declined significantly under effect of simulated flight
tasks. With task load sustaining, static balance index increased significantly and correlated linearly with duration of task load (R*=0.949).
Besides, there was quadratic relationship between the change of multi-tasks performance and duration of task load (R>=0.968). And
correlation of multi-tasks performance with static standing balance level also had been proved to be quadratic (R=0.976). Conclusions:
Static posturography correlated linearly with flight task-load level, which could reflect fatigue level caused by task load.
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Table 1 Change of parameters of static postural control under the effect of task-load(Meant SD)

2h 3h 4h

Parameters Oh 1h
F,(0.01~0.1Hz) 0.753% 0.292 0.980% 0.515°
Fy(0. 1~0.25Hz) 0.410% 0.193 0.400% 0.159
F;(0.25~0.35Hz) 0.278+ 0.120 0.326% 0.136
F,0.35~0.5Hz) 0.183% 0.045 0.227+ 0.084°
F5(0.5~0.75Hz) 0.147+ 0.070 0.139+ 0.054
F40.75~1.0Hz) 0.086% 0.026 0.095+ 0.029
F,(1.0~3.0Hz) 0.037+ 0.011 0.040% 0.013

Fy(3.0Hz) 0.019+ 0.006 0.022+ 0.008

WDLH (%) 0.235% 0.068 0.249+ 0.064

WDLT (%) 0.257+ 0.063 0.257+ 0.056

WDRH (%) 0.232+ 0.070 0.218% 0.059

WDRT (%) 0.276% 0.065 0.278% 0.065

EA(10° cm?) 22.240+ 5.592 29.240+ 15.001*

WPL(cm) 1.976x 0.407 1.914+ 0.339

Mx(cm) 0.508+ 0.052 0.493% 0.038
My(cm) 0.536% 0.119 0.536x 0.107
SDx(cm) 0.011% 0.004 0.011% 0.007
SDy(cm) 0.019+ 0.007 0.028+ 0.019a

1.053+ 0.547° 1.100+ 0.417° 1.104+ 0.512°

0.408+ 0.194 0.434+ 0.140 0.497+ 0.311
0.318+ 0.153 0.334+ 0.124° 0.377+ 0.240°
0.234+ 0.141 0.248+ 0.091° 0.274+ 0.138°
0.143+ 0.074 0.148+ 0.066 0.160+ 0.139
0.092+ 0.034 0.111% 0.049* 0.125% 0.046°
0.042+ 0.017 0.043% 0.015 0.048+ 0.021°
0.021+ 0.010 0.022+ 0.008 0.023+ 0.010°
0.246+ 0.075 0.218+ 0.081 0.209+ 0.078*
0.258+ 0.064 0.286% 0.072° 0.297% 0.070b
0.215% 0.065 0.206% 0.068 0.204+ 0.061a
0.280+ 0.063 0.282+ 0.072 0.288+ 0.074

27.640% 10.464* 30.440+ 12.104b 30.240% 13.627b

1.909+ 0.315 2.047+ 0.531 2.090% 0.553
0.494+ 0.046 0.493+ 0.049 0.497+ 0.041
0.540+ 0.115 0.570% 0.125 0.585+ 0.129°
0.014+ 0.007* 0.011+ 0.008 0.012+ 0.010

0.024+ 0.013 0.028+ 0.012° 0.027+ 0.012°

Note: Frequency domain parameters

(F1 ~F8) in this table respectively showed the intensity of body sway at corresponding frequency band. The

distribution ratio of whole body weight on the left heel, left toes, right heels and right toes were represented respectively with WDLH, WDLT, WDRH and

WDRT. Meanwhile, the symbols “a” and “b” were considered as “P<0.05” and “P<0.01” when the parameters at different times (1, 2, 3 and 4h) were

compared with basic data (oh).
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Table 2 Principle component analysis-total variance explained

Initial Eigen values

Extraction Sums of Squared Loadings

Component
Total % of Variance Cumulative % Total % of Variance Cumulative %

Z1 3.855 55.065 55.065 3.855 55.065 55.065

72 1.294 18.482 73.547 1.294 18.482 73.547

zZ3 0.873 12.466 86.013 0.873 12.466 86.013

74 0.469 6.697 92.710 0.469 6.697 92.710
zZ5 0.275 3.925 96.635

Z6 0.180 2.568 99.203

z7 0.056 0.797 100.000

Note: The related information aboutextracted seven components was represented in the left part of Table 2, such as the eigen value (Total), contribution

rate of variance (% of Variance) and rate of cumulative contribution (Cumulative%); While the eligible four principle components were showed in the

right part, which could explain 92.710% of all components.

B ARSI SO0 57 2 AR S ™ HE AR S M Y A
TRATHESS A [l X S S A IR AR T ANFIRE IR . BpA
HLL A BT RS Sl R B T B RS S TERT S O 1) LR, R R
FIERAEIEE G 5 SRR AL, S5
RHZRAETT SRR BROC T SN R S = ) i 2 A BT

RAARSAER 3] BB I — R BN X - A8 —
PRAPRNE o SRR R AT RE -5 RO BT 905 A% I RR R A5 A A
Ko IXEELE AL 7R H ) I A1 A 078 S A A i A OG5
] BESEA B (.

TEARSZ R, R ST LA HIRAG R 3 A S P 4 K



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol17 NO.22 AUG.2017

-+ 4257 -

60.007 54007 o Observed
3 —Linear
KRR
° x — Quadratic
£ *AR )
b 56.007 2 5200~ °
L p
§ " " g
. s
©
= 50007 8
£ £
[=] >
.E 5
o 46007 =
£ »
S
(7]
40.00- >
T | T | T 46.007 T T T T
0 1 2 3 4 0 1 2 3 4
Duration of taskload (h) Duration of taskload(h)
B 1 BETUTES AERm T, S T EE LT Es
Fig.1 Linear change of static upright balance index under effect of simulated flight task-load
Note: Compared with basic data, "**P<0.01" and "***P<0.001". Zoom: 60%.
650
6s0- ° Observed © Observed
-+ Linear - Linear
— Quadratic Qua dratic °
° @ 600 -
ﬁ .
[ <
g p
g S
E E 550
= -
£ ®
; 5
S @ 500
7
4501 T T T T

Duration of taskload(h)

E 2 SEESHESESARKEMESSTEEEMELEE

Fig.2 Curve estimation between tasks performance and static balance level

46.00

48.00
Static upright balance index

50.00 52.00 54.00

Note: Independent variables were duration of taskload and static upright balance index. Zoom: 60%.

EEA LU IR 55—, 24 10 J5UR -7 2 B0
e, INTTTA A AT REBEA T RS O BE 5 %gﬁﬁﬁﬁtﬁ&ﬂmﬁ?}%,
TS R T EARE T7 22 SRR A TR, A A I 38 2 AL
AR ﬁlﬁ‘%ﬂ%&u&ﬂ@ﬂ%*%ﬁﬁiﬁu
P E’\Jé“ﬁlf;m‘zﬂo {114, Forsman P45 FH 70 73 i
DA AR RSP HOR & 0 B0, JF R B B2 5 H Atk
SR EE, 0 B HRR <5 SN AU (R, Ry 1 R A s S (-
W DrRE g PP, BATORE 1AL A0 3 A 25, R
PR Tl X SeURS B — DB WG TR E
h T RS AS S AL B D RE AT LA S BRAT: 55 56 B B0 55
ARZS BB, AT B 11 P 5 TR R AR X W AR LG
Fo — I, FRASTAERERCS A 55 SR KT S B R G
Fo T—Ir, ZHEAL WSS LS UK Z B 4
A, ME S Z 0 1 R W2 BRI ER . ez
() ARRL B4 1 240G 2R A1 RS 1 i A5 Al S B9 4T 55 B /K
W2 LR PE R R
AW AFE LT AN AL G , WS SL - 1R R f
55 VR BRI 55 S 7K AR L DG 2R A 70 BT o A S TR AR AL
ARG A L, MAE BLIERY RATIE S SR, LS RATTE
EHFSEATAEARZ AN E I FE BG P 2 |, M T ALl QAT 55

IRV AR T S 2 — o R RV T Ol 7R S

N % AT RRIE

/\’A‘ —

THAERTEEAT T —%E A2k~ , (EAL 55 RS 0 T A2 0 o a2 e

ARFHBOREAGR , T2 AR 55 S T35 AT 55 S far i [l £

SRR, WP AR S A 5 R K P R LG 2R AT E 2o

WIHf . (HSZ BEBRRR] , 125250 AR SR ) 5 2 A1 BEAY

TN
B ARSI GRS T HAS S AP BT D) RE AT ATEAE:

S5 ST TR 55 Al h R R

£ % 3L Wk (References)

[1] Morad Y, Azaria B, Avni I, et al. Posturography as an indicator of
fatigue due to sleep deprivation [J]. Aviat Space Environ Med, 2007,
78(9): 859-863

[2] Rowland L M, Thomas M L, Thorne D R, et al. Oculomotor responses
during partial and total sleep deprivation [J]. Aviat Space Environ
Med, 2005, 76(7 Suppl): C104-C113

[3] Aguiar S A, Barela J A. Adaptation of sensorimotor cou pling in
postural control is impaired by sleep deprivation[J]. PLoS One, 2015,
10(3): €122340

[4] Rakitin B C, Tucker A M, Basner R C, et al. The effects of stimulus
degradation after 48 hours of total sleep deprivation [J]. Sleep, 2012,
35(1): 113-121

[S] Yamada S, Miyake S. Effects of long term mental arithmetic on

physiological parameters, subjective indices and task performances[J].



-+ 4258 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.22 AUG.2017

JUOEH, 2007, 29(1): 27-38

[6] Yurko Y'Y, Scerbo M W, Prabhu A S, et al. Higher mental workload is
associated with poorer laparoscopic performance as measured by the
NASA-TLX tool[J]. Simul Healthc, 2010, 5(5): 267-271

[7] Mazur L M, Mosaly P R, Jackson M, et al. Quantitative assessment of
workload and stressors in clinical radiation oncology [J]. Int J Radiat
Oncol Biol Phys, 2012, 83(5): e571-e576

[8] Dey A, Mann D D. Sensitivity and diagnosticity of NASA-TLX and
simplified SWAT to assess the mental workload associated with
operating an agricultural sprayer[J]. Ergonomics, 2010, 53(7): 848-85 7

[91 Avni N, Avni I, Barenboim E, et al. Brief posturographic test as an
indicator of fatigue[J]. Psychiatry Clin Neurosci, 2006, 60(3): 340-346

[10] Widyanti A, de Waard D, Johnson A, et al. National culture
moderates the influence of mental effort on subjective and
cardiovascular measures[J]. Ergonomics, 2013, 56(2): 182-194

[11] Mal, Yao Y J, Ma R M, et al. Effects of sleep deprivation on human
postural control, subjective fatigue assessment and psychomotor
performance[J]. J Int Med Res, 2009, 37(5): 1311-1320

[12] Patel M, Gomez S, Berg S, et al. Effects of 24-h and 36-h sleep
deprivation on human postural control and adaptation [J]. Exp Brain
Res, 2008, 185(2): 165-173

[13] Nam H S, Park D S, Kim D H, et al. The relationship between muscle
fatigue and balance in the elderly [J]. Ann Rehabil Med, 2013, 37(3):
389-395

[14] Akkaya N, Akkaya S, Atalay N S, et al. Assessment of the
relationship between postural stability and sleep quality in patients
with fibromyalgia[J]. Clin Rheumatol, 2013, 32(3): 325-331

[15] Ek, Bk, IRAVH), 5. H 8 AR § 4757 8 A 9 57 *8# &F #F
B h B Feall] MR EF S E S T4, 2012, 25(04): 251-255
Wang Bin, Ma Jin, Zhang Li-li, et al. Effects of mental fatigue
induced by continuous workload on posturographic changes[J]. Space
Medicine & Medical Engineering, 2012, 25(4): 251-255

[16] A2, Byitt, FME R, . AWM RATAES S AT AT AR E S I H Y
e [J]. AR A B it &, 2015, 15(09): 1735-1739

Cheng Shan, Ma Jin, Sun Ji-cheng, et al. The effect of simulated flight
tasks on postural control [J]. Progress in Modern Biomedicine, 2015,
15(9): 1735-1739

[17] Barozzi S, Soi D, Gagliardi C, et al. Balance function in patients with
Williams syndrome[J]. Gait Posture, 2013, 38(2): 221-225

[18] Hill M W, Oxford S W, Duncan M J, et al. The effects of arm crank
ergometry, cycle ergometry and treadmill walking on postural sway in
healthy older females[J]. Gait Posture, 2015, 41(1): 252-257

[19] Ceyte H, Lion A, Caudron S, et al. Does calculating impair postural
stabilization allowed by visual cues?[J]. Exp Brain Res, 2014, 232(7):
2221-2228

[20] Kanakis I, Hatzitaki V, Patikas D, et al. Postural leaning direction
challenges the manifestation of tendon vibration responses at the
ankle joint[J]. Hum Mov Sci, 2014, 33: 251-262

[21] Janssens L, Brumagne S, McConnell A K, et al. Proprioceptive
changes impair balance control in individuals with chronic
obstructive pulmonary disease[J]. PLoS One, 2013, 8(3): €57949

[22] Wiggermann N, Keyserling W M. Effects of anti-fatigue mats on
perceived discomfort and weight-shifting during prolonged standing
[J]. Hum Factors, 2013, 55(4): 764-775

[23] Putilov A A, Donskaya O G, Verevkin E G. Quantification of
sleepiness through principal component analysis of the electroence-
phalographic spectrum[J]. Chronobiol Int, 2012, 29(4): 509-522

[24] Putilov A A. Principal components of electroencephalographic
spectrum as markers of opponent processes underlying ultradian sleep
cycles[J]. Chronobiol Int, 2011, 28(4): 287-299

[25] Krisciukaitis A, Simoliuniene R, Tamosiunas M, et al. Efficiency
evaluation of autonomic heart control by using the principal
component analysis of ECG P-wave [J]. Methods Inf Med, 2010, 49
(2): 161-167

[26] Forsman P, Haeggstrom E, Wallin A E, et al. Principal component
analysis detects sleepiness-related changes in balance control[J]. Gait

Posture, 2010, 32(3): 419-421

(3% 4206 TT)

[27] Berry D, Kuzyk O, Rauch I, et al. Intestinal Microbiota Signatures
Associated with Inflammation History in Mice Experiencing
Recurring Colitis[J]. Frontiers in Microbiology, 2015, 6

[28] Rooks M G, Veiga P, Wardwell-Scott L H, et al. Gut microbiome
composition and function in experimental colitis during active disease
and treatment-induced remission [J]. The ISME journal, 2014, 8(7):
1403-1417

[29] El Aidy S, Derrien M, Aardema R, et al. Transient inflammatory-like
state and microbial dysbiosis are pivotal in establishment of mucosal

homeostasis during colonisation of germ-free mice [J]. Beneficial

Microbes, 2014, 5(1): 67-77

[30] Berry D, Schwab C, Milinovich G, et al. Phylotype-level 16S rRNA
analysis reveals new bacterial indicators of health state in acute
murine colitis[J]. The ISME journal, 2012, 6(11): 2091-2106

[31] Zackular J P, Rogers M A M, Ruffin M T, et al. The human gut
microbiome as a screening tool for colorectal cancer [J]. Cancer
Prevention Research (Philadelphia, Pa.), 2014, 7(11): 1112-1121

[32] Zhang C, Zhao L. Strain-level dissection of the contribution of the gut
microbiome to human metabolic disease[J]. Genome Medicine, 2016,

8(1): 41



