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= Abstract =
Performance Ranges of the Neurobehavioral Core Test Battery
among Female Workers Occupationally Not Exposed to Neurotoxic
Agents in Manufacturing Industries

Kyung-Jae Lee, Se-Hoon Lee, Hyoung-Ah Kim, Won-Chul Lee, Seong-Sil Chang,
Chung-Yill Park, and CheeKyung Chung

Department of Preventive Medicine, Catholic University of Medical College

With increased use of neurotoxic agents in manufacturing industries, hazardous effects of
neurotoxic agents pose significant problems in protecting health of workers who work in these
industries. A normal range of neurobehavioral performance is required to study hazardous effects
of neurotoxic agents among workers. However, such reference for Korean population is not
available yet. The objective of this study is to estimate a normal range of neurobehavioral test
performance of female workers in Korea.

Data for neurobehavioral test performance developed by the World Health Organization were
obtained from 165 female workers. Study subjects, 140 production workers and 25 clerks, who
voluntarily participated in this study were not occupationally exposed to neurotoxic agents. The
mean age and the mean education years of them were 32 years and 10.9 years, respectively.
Santa Ana dexterity, pursuit aiming, digit symbol, simple reaction time, and Benton visual
retention tests among the Neurobehavioral Core Test Battery(NCTB) were included in the

evaluation. Subjects were interviewed by a trained interviewer for their detailed occupational
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history.

Mean(+SD) performance of the participants were: 45.74+-7.1 and 41.91+6.4 in the Santa Ana

dexterity test of the preferred and non-preferred hands; 191.9+38.6 in correct dot of the pursuit

aiming test; 57.7+16.0 in the digit symbol test; 274.84+-44.6 msec in the mean simple reaction

time and 70.5+69.0 msec in the mean standard deviation of it; and 7.841.7 in the Benton

visual retention test. Most neurobehavioral performance scores were correlated significantly with

age and educational level. Educational level was found to be a significant independent variable

which was associated with all test scores. Age was significantly associated with scores of pursuit

aiming and digit symbol tests.

Key Words : NCTB, Healthy female workers, Normal range of neurobehavioral performance
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Table 1. General characteristics AABAZTANA 1986 Aukat T71x 9] AAYE

Characteristics Group Number(%) HAWF Zol| A B Ao £8A7] 71| ZA 35
Age(years) <25 65(39.4) ol thek 3582 i 29 2o}
26~35 39(23.6) Ab AN ANE B RE oA 457+
36~45 40(24.2) defoht DEGAME B aE BN 45757
246 21(12.8) (SDYH, Hhohd 20ll4) 41.9+6.474% k. S =7
Education(years) < 6 19(11.5) = LulaA He Aol 191.9+38.67], ETiA B2 A
ST~ 30(18.2) 0] 22.8+31.37/0 2 Vehtth £7} 7] 28k 57.7+16.0
10~12 110(66.7) ! Nz eRet 27 7125
>13 6( 3.6) N, SEurgAIZre] WA FE ZEAA B
} o
Drinking No 106(64.2) 7}z 274.8444.6(SD)msecet 70.5+69.0 msecSich.
Yes 59(35.8) A7) A3 7.8+ 17703k
Smoking No 162(98.2)
e 318) 3. ZZXte] SAY AAUSHAL S5
Noise exposure No 95(57.9)
Yes 69(42.1) 1) Az Aol
Vibration exposure  No 151(92.1) )\PE}O}L} AR 2 Al &3} v oA
Yes 13( 7.9
(79 & 26~354 0] Z+2t 49.14+7.170, 45.0+5.670 = 7}
Place of residence  Seoul 52(31.7) 4 o Ao
Kyungki-do  72(43.9) 4 el BT 2 olF AFol S71) met
Kwangju city 34(20.7) .40} | S CHP=0.000). 524 7| gulas|

A
Others 6( 3.7) Aol AL 26~35420] 208.6:£29.17) 2 743 v

‘E‘ Ey}'g] _?“‘_\:‘ Dg, H]%}?J}*‘E‘ 95“';171 0]2/1:11’ ;d% /,1'_'11 ] 03}330] __7}_3]_011 E]'E}- Tag;g 7}_ ‘IT-/]
o Z2H1 glE 22A} 139, v Z2A7) 15190 &
1

A 2 THP=0.000). 22U Sl A F+

AehzHz 1382 B-S5)GE 1) E Ao mE atol7t JATHP=0.091). 57} 7158
, = 254018ko] 65.6+ 109702 7} wo] Sup2 A

2. AAYE LAY S-S 7153l e o] 7kl utet SutEA 7153}

3 37} 898 ZAEHITHP=0.000). HF dut

Table 2. Mean performance score of the neurobehavioral core test battery (N=1665)

Performance Mean = SD Minimum Maximum

Santa Ana dexterity

Preferred hand 457+ 71 230 69.0

Non-preferred hand 419+ 64 23.0 57.0
Pursuit aiming

Correct dot 191.9+ 38.6 74.0 286.0

Wrong dot 228+ 313 0 267.0
Digit symbol 577+ 160 12.0 90.0
Simple reaction time(msec)

Mean 2748+ 44.6 206.0 513.0

SD 705+ 690 240 465.0

Fastest time 1959+ 28.1 101.0 312.0

Slowest time 545.7+ 273.7 307.0 916.0
Benton visual retention 78+ 1.7 20 10.0
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Table 3. Mean performance score of the neurobehavioral core test battery by age group

Age(years)
Performance <25 26~35 36~45 > 46 P
(n=65) (n=39) (n=40) (n=21)

Santa Ana dexterity )

Preferred hand 447+ 6.6 491+ 7.1 464+ 6.5 410+ 7.1 0.000

Non-preferred hand 411+ 6.8 450+ 5.6 427+ 5.1 370+ 5.6 0.000
Pursuit aiming

Correct dot 2029+ 29.1 208.6+ 29.1 1828+ 374 139.1+ 375 0.000

Wrong dot 199+ 29.0 199+ 15.6 220+ 247 3894+ 58.1 0.091
Digit symbol 656+ 10.9 63.0+ 109 505+ 149 347+ 135 0.000
Simple reaction time(msec)

Mean 269.7+ 29.6 259.24 253 2785+ 53.9 3123+ 66.8 0.000

SD 69.7+ 755 69.84+ 783 63.7+ 56.1 80.8+ 54.1 0.840

Fastest time 1935+ 250 189.04 189 1974+ 312 2132+ 379 0.011

Slowest time 506.8+ 185.6 562.6 1 341.9 511.14221.2 697.1 + 388.2 0.035
Benton visual retention 81+ 13 83+ 13 7.6+ 1.6 6.1% 2.6 0.000

Table 4. Mean performance score of the neurobehavioral core test battery by education

Education (years)

Performance <6 7~9 10~12 < 13 P
(n=19) (n=30) (n=110) (n=6)
Santa Ana dexterity
Preferred hand 416+ 7.2 446+ 64 464+ 71 512+ 59 0.008
Non-preferred hand 378+ 65 424+ 49 422+ 6.6 463+ 4.0 0.011
Pursuit aiming
Correct dot 1442+ 305 178.8 & 40.1 201.5+ 32.8 2157+ 312 0.000
Wrong dot 256+ 272 241+ 251 224+ 338 150+ 276 0.900
Digit symbol 342+ 110 458+ 163 643+ 10.8 635+ 9.6 0.000
Simple reaction time(msec) .
Mean 3180+ 772 2745+ 51.2 267.7+ 28.9 2680+ 452 0.000
SD 823+ 60.6 588+ 28.1 70.8+ 79.0 61.2+ 199 0.689
Fastest time 216.6 = 40.9 195.5+ 305 19314+ 215 180.8+ 52.8 0.004
Slowest time 716.6 + 4420  533.3+240.3 517.1 4 238.2 595.2+ 198.6 0.030
Benton visual retention 62+ 25 73+ 20 81+ 13 88+ 038 0.000
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Table 5. Mean performance score of the neurobehavioral core test battery by alcohol drinking

Alcohol drinking

Performance No Yes P
(n=106) (n=59)
Santa Ana dexterity
Preferred hand 4561 6.8 459+ 7.7 0.753
Non-preferred hand 41.6+ 6.0 423+ 71 0.507
Pursuit aiming
Correct dot 189.2+ 353 196.6 = 43.7 0.238
Wrong dot 192+ 19.0 29.2+ 45.0 0.107
Digit symbol 566+ 154 59.7+ 169 0.232
Simple reaction time(msec)
Mean 27554% 453 273.6x 437 0.795
SD 69.0+ 69.6 73.2+ 683 0.714
Fastest time 196.1+ 29.1 195.6 + 26.7 0.913
Slowest time 542.24270.3 551.8+281.8 0.831
Benton visual retention 77 18 79+ 1.6 0.406

+ Student's t-test between the response of Yes and No.
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Table 6. Mean performance score of the neurobehavioral core test battery by vibration exposure

Vibration exposure

*

Performance Yes No P
(n=13) (n=151)
Santa Ana dexterity
Preferred hand 448+ 79 457+ 7.1 0.675
Non-preferred hand 413x 6.1 419+ 65 0.761
Pursuit aiming
Correct dot 1973+ 299 1913+ 394 0.593
Wrong dot 39.6+ 44.1 215+ 29.8 0.171
Digit symbol 618+ 89 5744+ 164 0.137
Simple reaction time(msec)
Mean 2753+ 340 2750+ 455 0.978
SD 799+ 519 69.0+ 70.5 0.599
Fastest time 196.5+ 25.0 196.0+ 28.5 0.956
Slowest time 715.4 1 435.6 532.5+254.8 0.178
Benton visual retention 7.7+ 1.8 78L& 1.7 0.862

-Student's T-test between the response of Yes and No.

Table 7. Correlation matrix of the test scores of the volunteers

Age Edu WD Alc Slp SAp SAn PAC PAW DS SRTm  SRTs
Edu -.602""
wD 3257 - 307
Alc 005 -.019 094
Slp -.087 -.000 -.43 -.101
SAp —.119 2337 -062 014 -.067
SAn -.118 205" -054 061 -.124 669"
PAC -.491" 475 ~.138 .001 077 35577 318
PAW 153 -.057 1790 108 —.005 -.009 -.037 -.251"

DS -.6277 6467 -306" .005 016

SRTm 257 -.303" ~.008 -.03¢ -.030 -.376
SRTs —-.003 -.013 .022 .009 .119 -.026

Ben —.336" 3597 -.012 016 012

338"

323"

253" 6337 - .149

T -3417 - 2977 - 122 - 4007 .
-.091 -.018 006 -—.004 .248

32377 422 - 083 458" - .388™"

.003

- p<0.05
« p{0.01
++» p{0.001
Abbreviation ; Edu : Education
WD : Work duration
Alc : Alcohol drinking

Slp : Sleeping hours during the last night
SAp : Preferred hand(Santa Ana dexterity)
SAn : Non-preferred hand(Santa Ana dexterity)

Arte) & 2E £(r= 0.233, P=0.003)3} ¥HH &=
0.205, P=0.009), Zvt=2A 3 EH A7]|(t= 0.475,
P=0.000) 2 =3} 7]153Hr= 0.646, P=0.000), A|Z}7]
A4 AHr= 0359, P=0.000)9}2] Alololli= R-olat kel
FEAAE AR B FEkSAIZ(=-0.303, P=
0.000)2h= |4AdAZE At 2&dsE e

PAC : Pursuit aiming(Correct dot)
PAW : Pursuit aiming(Wrong dot)
DS  :Digit symbol

SRTm : Simple reaction time(mean)
SRTs : Simple reaction time(S.D.)
Ben : Benton visual retention

= Sy |
oFe] EAAY, 24 71 58Hr=— 0.306, P=0.000)

She] Atololjie Sl @3B} ARTHE 7).
82 9] BAT B Q7oA Alde 478

$HAte] 2k g2 3he) Alolo] BB TN
3

s Hel WeE R B AR S

[
X=X
Els
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Table 8. Statistical significant variables and its beta coefficients of the neurobehavioral core test battery by
multiple regression

Dependent’ Independent -

vl;riable vafiable B S.E. P
SAp Intercept 37.825 2.843 0.000
Education 0.731 0.257 0.005.
SAn Intercept 36.052 - 2.605 0.000
Education 0.532 0.235 0.025
PAC Intercept 168.322 23.084 0.000
Age -1.083 0.288 0.000
Education 5.269 1.502 0.001
DS Intercept 40.236 8.074 0.000
Age -0.542 0.101 0.000
Education 3.169 0.525 0.000
SRTm Intercept 0.314 0.031 0.000
Education -0.005 0.002 0.013
Ben Intercept 6.091 1.121 0.000
’ Age -0.021 0.014 0.141
Education 0.219 0.073 0.003

Abbreviation; SAp : Preferred hand(Santa Ana dexterity)

SAn

DS : Digit symbol

SRTm : Simple reaction time(mean)

PAC : Pursuit aiming(Correct dot)
PAW : Pursuit aiming(Wrong dot)
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gt ©@] 7]l2(short-term memory)S &4 5= Azt
71 ke m&dgte] ks W 202 el
A o2 £ o AR wseEe BE AARE
oA Fog JF MR FE3dn dHe 54
A7l $221 7158 9 L7 AAL] 4 bR
Zhg-8ta AATHAE 8).
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fr

s
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-

K
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AAjo] tershA LUy 47] 84S v e Al

: Non-preferred hand(Santa Ana dexterity)

b

Ben : Benton visual retention
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1992).

glo] 2 F7NA o|gsieid] Z2d 22AE
Ao 2 & AT (Hinninen, 1971)¢}, AH52}e} Mt =
AZg oz g dF(Bleecker 5, 1991; Daniell
T, 1993), A% =439 HEAZ 37 224 o
Aoz g A7 (Fidler S, 1987; Baker 5, 1988; Letz
T 199004 F2go] HZETd HlE AT
(cognitive function), ©7] 7]98, X)Zd&s 2 HAl$
%71 (psychomotor performance)e] #|3lEo] i
Husta it t&o] H&Ex olate] {7184 %
22% vk2-A[7H(reaction time), ©7]| 7]<](short-term
memory), X Zt< 5 (perceptional speed) 52] 7]%50] A
stethe B30} Slth(Echeverria 5, 1991).

Ak WIER2 Qs AAEA Fio] s
2ol e e =o] et HEFxE olate f714
Ao Z2eo|x Aed U2 WAL S| fis]
Aoks Bt dert 39, Aek A7 EZAA
Ehbe ARSEE AR EAV mEIzkR Q)
8 bt Zoleta M Ads UckCheny 5,
1985; Gade -, 1988; van Vliet -, 1989; Bolla %,
1990). Hinninen S(1976) 47184 %2 22z}
AAREE 48 gefs] Y% Adsa = &
ol AR wAw Ut} gona My
Atel $-83HA o] &8 4 kot 22y A1
P/ 23S Hgs] jMetn zARE Tl 1]
© ARJAAE A3 ujA|stok at=tl, B AT
e £ a7 A7l 2 Fo g A9ASAA A
S QA7 2l wet ARFEHA
Ao M ol wAIAE viAEkA}L 31

2

oo 2

2 A7E I 8AE HIRT A=A B2 Z=2
A dn ABAE] AAHo| gl ARG A4
2EAS WEE s AAEAY B4 F2Td g
zae) WEYEHA} FE S Bzt sl
AAwe A FEEAAD FARE DT (Leest
Lee, 1993; M3 5, 1993; AF8 5, 1994)) Hjs
B G LEANE gdeR & AFCIHAE F,

1995)eh= ¥ %8 Adch. 7 HAlebRe) AL of
AE 5(1995)2] A7 Hlw o oA 2 {ARE 7he
B0, 7t AAGEE 2 A W Aeloh} wlHA
sk A7 E S 2 g e
o}, BNk eAIZEe AR w3 AFS Bl v,
gutzs) @ AW Hrl9 221 7 ashe At o
we AL BYw S @ 24d AsldMe &
57k AR o de Ago] YAt ol AL A}
2AsN AL, ekt 7147 AF w2o] e
AN $912 Hole v, oale dojsH
Al A $98 Holthe 78 (Heaton 5,
1986)2 7447 $(1993)0] A7} Y] sh= ARAct.

B Agola AANSHA 2 FEE v)H = <
e WESEOIQY}. BEEFL AT 245
Zol A 7l thek olalet HgHE ol ES ojn|
g (Fidler 5, 1987). £ AN & Atetoh} 9134
AN} 24 Bl gulzA & A, 221 7158,
kS AIZE, Al Z AL B 7] 3R R
A SRS B8SFo] GFL vAE Ao ek
ot SRS BEFEE 7 AL ST Alo)
o feold ABBALE Bk =AM B F gul=
A B A2 Adstns sdAe AR 85E
o] Z} AAFEZRY] FRAST() A= T #A ve
U 585Fe] gl o F Aoz ¥tk 9zl
AT BEFEL FOlF AABUA(=-0.602, P=
0.000F Y= R oz vepdch Wat 22ake) 399
vwet o si7iRte] wesETt 7 AL A
A@) Frol Hlad e A ¥ oMt ¢
AT} BgAe] mEEFe] o Qe W Ao
Hztget.

B AFelA Z8FET I A S7AN] 2
FE ujxE ke Aot} & 22044 75
of HiREe Ayl 27tk A 75| AsHne
2 Bke) ajelut Balo) wieA] AL wejal
of @t} oln] B ATEoN Fzo] AARFAA}
of me 94 nidm Ba =
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(1986)2 Aol me} 713 A5 HAle S5 ol
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o Fag A5 N4 eEEd e a5k AAkR
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AW ohjet AT LEFFA BE I e A

g 22AE IO R & oA S(1995)) AT
o vlmd o dAske 2e dRelAE AT Z2d]
et 257 A7le) fasel $ele o]t gl
Aoz Uertes, ok A% L2} 139(79%)°.
2 479(385%)% WA hAel wlal E=a} 4714
2 A 2 Aow Hol} g% o AFsolob
g Aoz 449

7RI ANE AARA7I T AFPELA
Ho| FPPNE F78nA s £ d79 5
F ANGES ANG 712 7L B dn &
Tl B ArzAlshe Aol7t gloiA 712 dTE
o) Aztg B 2AS vlmeke dole ol gl do
U, B A7E AR5 230 2294 91 Az
Ao FAleta e @4 TEAVE Yoz JE
Aol el ¥lmd Be el ta) A3FEH
AFE Ak 1 sEE e 24 AT eA 217
=4 240 Z2gE Yokl Y 2T A8E o
daluA siict weh AAEY 236 Zase
Zzze) Aust vimd & e A4 999 7124
B2 AH8E F slvta A€o

2 7ol AggozE 1) 3 Ax=l dia ®
W8] ZAklRA SR oM A%l AN BAE &
Qe AZEY 22 U 1EH E2 S
Fsdm, 4% olelel YT SolA Mo
229 5 e 7Fede 9Asl viAE 5 glod, 2)
Mg, A7), 3% 5o e gAY RA & A
of TP BES MARRAY A BZE )

£3 o] 71X A wigoll Er F HA AR £
3 oha A 9HQ] AFe] 9len, 3) 771X NCTB
2 Z HAel Qlojr] Fsl - Aol zje]s} A
T = POMSS} ALQI7e] AgHE A17E %3 7714
28 2% A7l o5 A 5& malsld]
71A] FERHE AXEATH FF B AN tEx]
Z¢ POMS$} digit span AL WA= A&l 2
271 dvkn AztEct

2 o

718419 22 WS B2 F297] 42 A
ZYA 94 Z2AE dqEeE AAEVTFY
Neurobehavioral Core Test Battery(NCTB) 77}A] ZA}
5 F AR A0S aeiste et 1134314
g EAA A7), &2} 7158}, denhS Azt A7
A F T FES AARAZ T REWE okt
AN, ABFY EdERR Q% AR FEA
&S Prlskr] A Az A8E vidstas 2
A5 Aldstdtt

B st £3 WU &2 detoht WPYHAL
P e 74z} 457471 2 4194647, 2HH A7)
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