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The Bignificance of Increased Signal Intensity in
MR Imaging among Male Welders

Dong Mug Kang, Ho Chu Park, Hye Sook Son,
Jun Han Park®, Young Joon Lee**

Department of Occupational Medicine,
Department of Preventive Medicine®, Department of Radiology"”,
College of Medicine, Inje University

A purpose of present study is to provide basic information evaluating the utility of
Magnetic Resonance imaging as a biological marker estimating manganese effects to cen-
tral nervous system among welders, which is conducted by comparing urinary and blood
manganese concentrations and signal intensities of brain MR images between exposed
group and non-exposed group, evaluating the objectivity of subjective grading estimated
by correlations between Pallidal signal intensity index (P.I) and subjective grades among
exposed group, and comparing the difference of signal intensities according to presence of
neurologic symptoms, signs and exposure variables among the exposed group.

The exposed group is composed of 11 welders complaining severe symptoms or showing
neurological signs, and the non-exposed group is composed of 5 patients who admitted a
hospital.

Urinary manganese concentrations and signal intensities in T1-weighted MR images
among exposed group were higher than those of the nen-exposed group significantly,
which exhibits that increased signal intensities in Tl-weighted MR image represent the
effect of manganese exposure,

P.Is among the exposed group revealed relatively high correlations with subjective
grades (r=0. 63, p=0.037), which suggests the objectivity of subjective grade.

Signal intensity in globus pallidus was a suitable single variable representing the effect
of manganese accumulation in C.N.S system appropriately, which was verified as follows:



Increased signal intensities among the exposed group had the highest frequency and
intensity in the globus pallidus, and the P.I. had a relatively high correlation coeffi
cient (=0. 62, p=0.044) with total score of subjective gradesi/ Signal intensity with subjective
grading in globus pallidus represented very high correlation(=0.97, p=0.00) with total
score of subjective grades, and had a similar correlation coefficient with many variables.
It is hard to argue that signal intensities are markers representing pathologic change in
C.N.S system or can be used as a diagnostic tool for manganese intoxication, because sig-
nal intensities had no difference between the exposed group and the non-exposed group

according to presence of neurological signs,

Key Words : Pallidal signal intensity index(P.1), Biological marker, Magnetic resonance
imaging (M. R.]), Manganese exposure.
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22 JeMe F2 23S B4 £3
B AxYEE YAste 44 ¢ 12 o BTHIY
Aol LrEz L AR WG AFEo] o] Fo
A gtoni (LAY 5, 1991 HAE F, 1994; o
d& 5, 1995, A AW HAdNAq &4

o3t PHFFo] YFd Anos JqPFEL ¥
2 A% UER e tFEEsbedel o

A7} gastA A Folr,

QA AT EL 2o wHsle APH E=
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Hele Aez g2 o (WHO, 1986; Cook
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thalamus), %4 (substantia nigra) R 97
(tectum) 5°l% 43¥ 4 Utz a3 e
U, f4o] ¢ dides ¢ 24 d7Ee
AT E WL dEAQ] FHUHA 442 9
ZAHAE Faw B33n U (Newland %,
1989). v, EAZAA Y AFEL G479 4E
ZE7t o1 MRS YNEAF FHHow g
sheAlo] tiE ol REF el G AT
=g A% dY AEE A gl

T A FER G FT AAY 2
{(paramagnetic effect) W 2o Velde H7144
o] pAFREI ded] Yite] &S gfvjdle
Z 22 7 (exposure marker) 92 Huje] zz|eH3
Q WEE Zdgste YERAEQA HIAA X (biologi-
cal effective marker)R12lel Waise RS
vit} 7] dE ZAH& AAlsln gtk (Newland
%, 1989; Pujol %, 1993; Nelson &, 1993;
Krieger %, 1995: Shinotoh %, 1995).
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44,74, ¥F $HA™HL 17.2¢°1U03, #4339
&F BT TRADE olEn Bag 1He
A 10804 1041l FE2F 55 %7} 40
tolw], #32e 15904 19de] 9455 %)

Table 1, General characteristics of the exposed

group

Items Frequency(%) Mean(SD)
Age (years) 44.7(4.6)

35-39 2 (19

40-49 6 (55)

50-55 3 (2n
Welding duration(years) 17.2(4.9)

5 9 1(9

10 14 1(9

15-19 6 (55)

20 24 3@n
Work time(hours/day) 9.91(0.3)

9 1(9

10 10 (91
Total 11100}
3 (Table 1). FREFFEETE ZAAIRL Ao
CO, &34l

Z23F GEFR|Y AWNAFTE, FREA,
ANHClE, HEE, 4 7379"]"4' qE 5 FTFATEA
Zolu} oA ML FETE e 5 Us A
o] AL °i°i" Bhe] = 2 e 2
F e AP g P gt =g Wi
o ZAEHN EEY o e A AE H¥F
F2r @ &F, AN dzh oEg, ¥, APAM
4, wael o] WaE ¢ldn
uwEg ey La pulgiel Jugas wite
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F Sle AN AT R FA4EN E¥EE ¥
U ’3#}«1 #HAHo| gli, ¢e Hd % £
e £ 9l AN EF ol gle 5% A=A

23 ﬂ]%i?% 25 99 HW%@!%Z}S’&I o,
v EZFe] ¥ Jdele 5042, FR2IEGD ¥R
 Fel @ atole YA (p=0.780).
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ACS-NT. Philips) & AF88t] T1 Z2x<
(TR/TE 650/20) 2 T2 7z

(TR/TE 3300/100) & 2th.

37 2537 =2 ¥ (Pallidal Signal Intensity
Index) & A71FRAAEAE AaUe Tz 4ol
;\1 dil:,l._J § E.E z{c\d,] uug A]i7l—£§
UE 4o 1002 Fsled ot (Krieger %,
1995) (Fig. 1). &=279 =
A% dZolM, v EZE2 7 e W] gle F
F2&oA FF AU

AT 9 09 f94 e A3
hAMEEd e A58 0 99U 40 2
S 1, H9Auch 42 2718 498 2 =93

m WA B 298 3 Ak FAY A
g 42 Ssith 8 SIS wRT, A7, o

@, Jme, Agd, AAdetR, 23 ¢

A el AEREE Sty gAY
UAFE ojidel F&ol dis] YR JgE Kol

£ Gradient EchoZ<9-& HA3l 344549 o

sroand norse

Ofotine

ot

Fig, 1. Axial T1 weighted MR image for measurement

of signal intensity in the globus pallidus and
frontal subcortical white matter for calculation
of pallidal signal intensity index



Bol A7 Relel BAR viagoom AET
A Ee] Hul WEEe HAH PR E 4
B33, $EE £4H @B o8 Ay APy &
# (magnetic susceptibility artifact)®] # - 52
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5) EAN wy

Zzay) &2y dol, Yoty 9 Ajze}
A QAL 4% 2 8% Wes, FRTAELEA
F R 8<HH FF9 vae 4z gEE I
242 AZHA Wilcoxon rank-sum test& ©|-§
st T8 2ol glo AAHRH F4, FF
fiol wE BT % 4 799 UdA i s
ol Hlne Zizte] HHdE 73lo] Wilcoxon rank-
sum test@ ol-83tqch.

HBAFATAEANE, BT 408 F8, &<
A $F P EXEE PG AL AXZED 4@
#AE v 244 YyQl Spearman's correlation
coefficient® 3] Htr}, ‘

z o
1. HOHSIR| 90 MSISIA ZAl

Zed B PAAE 152 mg/ 1 0193, BF
A2 (12-17.5 mg/ 1) Al AAG, F2F U]
3 ASTE HF 26.7 U/ olglen, 2% I3
A ((B0IT) el sldch ¥% ALTE 3BT 27 U/
12 198elA 56 U/ 2 F7HE &74E& B
g3 »-GTPE T 43.8 U/ 1 o)0eni, 2%eiA
101, 152 1U/ 19 718 A7 & 29k 23

L H|E2FM €3 AST, ALT 9 »-GTP %
F71A ol HRAE slejve A |EYA @
dth, v EZZ o] EzFo vy e ®€HY
AST(p=0.776), ¥% ALT(p=0.609), 8% 7r-
GTP(p=0.391) +A& ngleu, FAAHA #2A4
< 2125 (p>0. 050) (Table 2).

2 E27 Y v|1BRTe 2F, ¥F YUsx

im]

Z279 8% UL BEE YUH 418 /I B
HE 2 Fofl ulsf ovIA wolon], X3P P
D7t BEe Tl 2.00 m/dR B ER T v
oot BAHQ fej4de itk (Table 3).

3 E2F Y BRI PISHIUY MUEHE
H|0

TIZZ HAAZIFEIHE dehd 333 A5

E ARE E2FM BTl 108.9, HZ2FAA
€ W@l 98. 701, FFNY AxAEE vl

Table 2, Com, arisun of iaboratory test results
between exposed and non-exposed group

Exposed Non -exposed

group group
Age(years) 44.7 { 4.6) 50.0 (19.8)
Hemoglobin (mg/d!) 15.2 (1.1 13.9 (1.3
ASTIU/L)® 28.4 ( 8.5) 27.2 (1.9
ALT{IC/L)* 27.9 (12.0) 23.4 (12.0)
-GTPUU/L) *** 43.3 (44.5) 24.7 (21.4)
Mean (SD)

* AST ' Aspartate amionotransferase
** ALT : Alanine amionotransferase
*** v GTP @ gamma-Glutamy! transferase

Table 3, Urine and bicod manganese concentriations in exposed and non-exposed group

Exposed group Non-exposed group p-value
UMn(mg/t)* 4,18(2.06) non-detectable 0.01
BMn (mg/dl)** 2.00(1.64) 0.91(1.03) 0.48
Mean (SD}

* UMn : Manganese concentration in urine
** BMn : Manganese concentration in blood



© zelE HAG(p=0.002). T27%x Hz7iddd  olojdA =hcH(Table 4).
444 yebhd 937 A3 ABe E2PA 3
To] 124.3, BIZR TN HFe] 125.008 F3
Atolel 2lvisle Abole HolAl @¥strh{p=0.777).
LA FHFY £33 vzl A (p=0.003), Moz 25F oS AIAEI} 718 Ao
Aol R- (p=0.050), EA(p=0.010)o14 EZFo] =2 HSE uwj, FJ7, AAsRE, A, HApd, 3

4. BRI T AUZUEXE ¥ RN 53
Clim]

Table 4, Pallidal indices and subjective grades between exposed and non-exposed groups.

Exposed Non-exposed p-value*
Pallidal index (T1) 108.9 (8.0) 98.7 ( 1.8) 0.002
Pallidal index (T2) 124.3 (6.5) 125.0 (13 1 0.777
Globus pallidus 21 (1.4 0.0 . 0) 0.003
Hypothalamus L4 (1.5) 0.0 ( 0 0 0. 050
Substantia nigra L2 ©0.1) 0.0 (0.0 0.013

Mean(S. D)
* p-value by Wilcoxon rank-sum test

Fig. 2. Axial Tl weighted MR image at the basal Fig. 3. Axial T1 weighted MR image at the midbrain

ganglia level shows increased signal intensity level shows increased signal intensity in sub-
in the globus pallidus stantia nigra and Tectum
G Giobus pallidus P! Putamen S: Substantia nigra T: Tectum



Table 5, Frequencies of subjective grading of signal intensity in T1-weighted MR images

Mﬂ 0
Site

2 3 4
Globus Pallidus 1(9 4 (36) 1(9 3 @n 2 (18
Hypothalamus 5 ( 46) 1(9 2 (18) 2 (18) 1(9
Substantia nigra 3(27 3@n 5 (46) 0(0 0(0
Anterior commisure 6 ( 55 2 (18 2 (18 1(9 0(0
Putamen 6 ( 55) 3 @D 1(9 1(9 0 (0
Tectum 9 (82 1(9 1(9 0(0 0o(0
Caudate nucleus 11 (100} 0CQ 0(Q {URE1) 00
Internal capsule 11 100) 0(0 0(0 0(0 0(0

Frequency (percent)

Table 6, Spearman’s correlation coefficients
between objective and subjective inten-
sity indices

Subjective grades

Total score* Globus pallidus
Pallidal index 0.62(0.044) 0.63(0.037)
Total score 0.97(0.000)

*

: sum of signal intensities measured with sub-
jective grades

z}, 69N FollN 2 ER=7 Yebted (Fig.
2, 3), &<¢4H TFe A AT MR Eel
2,008, o #H8 AdER(1.38), ¥$32(1.18),
AaA.81), HZH0.73), 2HEM0.271Y ol
2itH(Table 4).

pNEREe] %7l M) wA ¥E8 e £
FATR EEFY 55 %A JEebm, olejA 4]
28245 %), EHAE45 %), ARA(27 %), A
(18 %), QN9 %) ol vdd %
Aot Mg RNFAE7 B8E5R sttt (Table
5). Z2Fd Slol AIAEE BF HE dAHA
274E ¥y

E239 TIA2Yd AT A3%ds AEe @
FolA 23 {<¢H SFue ¥Ry ¥ 49
#AE 2 daAs 0.63, p=0.037, |¥IH
39 FPAE we AUBAE Rt (@EAS
0.62, p=0.044), |79 &ty Fd& {UH

Table 7. Frequencies of symptoms and signs
among exposed group

Item Frequency Percentage
Headache 8 73
Weakness 9 82
Drowsiness 6 55
Agitation 9 82
Memory disturbance 6 86
Hallucination 2 18
Sw::;;,:gtiz; axcessive 6 55
Stumbling 5 45
Moot;)rf idﬂx:::rbance 9 82
Arthralgia 8 73
Myalgia 5 45
Gait disturbance 5 45
Urination difficulty 3 27
Sexua!l dysfunction 5 45
Postural tremor 6 55
Terminal tremor 0 0
Rigidity 1 9
Bradykinesia 0 0
Myerson's sign 0 0
Palmomental reflex 5 45

39 Fdvke 28ASF 0.97 (p=0.000)2 ©H+¥
& 4TVAE 23K (Table 6).
Gradient Echo#%9- el FHolA 7] 1z



3 ool g&TalA Uehgedl, o9 fFo uig
AT AZAEA R (p=0.157), 79 §4H F
(p=0.329), &¢tH F&9 F(p=0.405 R =43
5L AuidE &olg HolA &3ttt (p0.05).

ot o aoft

5. AAEH 47, ¥E xE WEZ S B2
ol 7| SHGA MEZEES] ATRA

Z2 oA AN F4e A4 DA (pos-
tural tremor)°] 6% (55 %)~ @AHUH, pal-
momental reflex?} 5% (45% )l #HHUY. o]
£% 199 %)X 233 (ngidity) & 29em, F
2 21 (terminal tremor), Myerson' s sign< #
A2 gotth H2FAe FUH o V¥
o]

ZoR (86 %), FHBEB2 %), TEE®2 %), T4

$ENB2 %), FE(13 %), BHE &L 8% (73
%), EQ(5 %), A= ¢ T JEL G5 %),
IHEUS %), SHEFMES %), BEFANU5 %), A
715 Fld5 %) ¢l dRFL FETAH
22 AR ST (Table 7).

FRH F4E UM, FFF AEREAEE
Az It 9 FEFNM EANR FostA
egon (p=0.045), FA9 EEFANM AAH
o4 2¥n(p=0.059), BFT A §F
< £A9 EF N4 (p=0.030), &NH FF9
T2 FA9 FE5FHolA (p=0.030) #4T Aol
Btk (Table 8). ZAF ¥HHL B37 AZRx
AE AR {AH FFEANAM {3 Aol E

HolA] ¥ATH(p0.05).

Table 8. Probability values of Wilcoxon rank-sum test for comparisons between means of MR signal

intensities, symptoms and signs

PI Total GP Put AC Hypo SN Tect
Symptom
Headache 0.307 0.410 0.526 0,500  0.093" 0.830  0.049"* 0.364
Weakness 1.000 0.234 0.329 0.516 0.796 0.214 0.614 0.484
" Drowsiness 0.465  0.527  C.850  0.012** 0.193 0.178  0.55¢  0.104
Agitation 0.480  0.812 0,903  0.9060 079  0.709  0.801  0.484
Hallucination 0.814  0.812 0625 0.194 0518 0.709  0.845  0.484
Excessive sweating n1ree 0969 0.298  0.546  0.764  0.149  0.434  0.176
or salivation
Stumbling 0.273 0,407 0508 0920 0.317 0501  0.434  0.176
Motor disturbance 0.059° 0.032° 0.028"" 0,194  0.518 0.106  0.827  0.162
of finger
Arthralgia 0,307 0.122 0169 0500 0.179  0.451  0.827  0.364
Myulgia 0.584  0.461  0.777 0,035 0.072° 0.441 0171  0.176
Gait, disturbance 0.273  0.927  0.850  0.841  0.484 0.630  1.00  0.787
Urination difficulty ~ 0.540  0.410  0.526  0.500  0.737  0.914  0.662  0.545
Sexual dysfunction ~ 0.465  0.167  0.208  0.546  0.617  0.290  0.558  1.000
Sign
Postural tremor 0.715  0.097* 0.130  0.763  0.617  0.200  0.558  1.000
Palmomental reflex  0.361 0927  0.777  0.311  0.841  0.923  0.558  0.787
*p0l ** . p<0.05 *** 1 p0.01

PI : Pallidal Index
GP : Globus Pallidus
Hypo @ Hypothalamus

Put : Putamen

SN : Subtantia Nigra

Total : sum of subjective grades of 9 portions

AC © Anterior Commisure
Tect : Tectum



AR FAske FPBANME S4A FEe
o] A WMt AAH FAAAM 2vlE Bl
A fele uile 4BdAE 7e A8AsE
2R A i

Ezgel del, A7, dFF ARARY %
MARZT oo g FREHAME BRF
AER=ARE uidle 4FBAR RolA w3k
I, 379 &AR 59 % §94 $E9 YL
volst FAA dHAM ejvlE 7HET

YEH ANE2 AHEE €5 $ 27 PUEE
ste] B@EM flolAd, FATY KA ¥F R
<3 a9 FHe €F3YLE=s we dud
AE 2o &4y Fae FHA HRT FIL
RE UFEOM e WA H&@ 4BAST
€ 2t (Table 9).

L

e 32, A F% g A4 EAE ¥
Hdd A 3T AR ois] Agsw, TR}
ZNA 4% =g odle HAHE VR
dtH(Hauser 5, 1994). Yty o s T1 olgAjt
7% (relaxation time shortening) 2.2 A% T1
Az HA7|3RY4Y B E e £ 3l
€t A52e 2% 9% methemoglobin, A¥=
A, 7, 3 F 42 a9gd, a8a adwy
Fog ¢#A Uck(Nelson §, 1993). °1F %3

o A" BN TiZE GdelN Fades
¥ A& UHiEe A9 04 dRE, %
713t A9 ¥(Parenteral nutrition)§ 2 ¢
A, #AE, AB4REF (Neurofibromatosis) 2
2 ¥ UAcHOsborn, 1984).

HE® A F+E3 Yol ¥ J%E s
WZisis) A4 Felot el F$E AvE™, P9
H&HL Wilsondg& 4ol 4 Ued, o A%
T2ZZA3 V37352 F7kEa H7149, A3
R B39 {&HE Hol1 (Starosta-Rubinstein ¥,
1987), 9 H&x 28 Q% Hallervorden-Spatz
e “TFol ¥ (eye of the tiger sign) 22 £
' ERA AP ¥ A5t §3TFIA
FAHEA HYRA Holg g AuAx)o] T2
739434 Jebdtt(Adams §, 1997; Savolardo
%, 1993), tge2 282 Jd% methemoglo-
bin, A% % nodd & vgAED £F 9 A
A5 g9l doldez Asl (Nelson F, 1993 %
i, 1997), ABERETF A¥e HrIAREY
ohe} A4, WA, HA4F F E¥Y £ U
FAegchs 4 (Osborn, 1994) 014 W&z F¥
o] gtk EF AFoz ¥ Ao Ay UF
T334 A 37350} Fashd BE% dE5s
(30-40 %)M ANEACE He Aoz U8A
Ren, ol FF HjAAIAY FFoly FIAL
F(mass effect) & Yehdle A (Nelson ¥, 1993)
B T2%ZGANN g A3z s Jehdoe

Table 9, Spearman’s correlation coefficients of selected variables in exposed group

PI Total GP Put AC Hypo SN Tect
Age(years) 0.04 0.56* 0.54" 0.20 0.50 0.27 0.67** -0.18
Tenure(years) -0, 05 0.14 0.13 0.06 0.27 0.36 0.16 0.30
Work time thours/day) -0.30 -0.45 -0.47 0.28 -0.55 -0.16 -0. 32 0.15
PPE 0.39 -0.13 -0.35 -0.32 -0.18 -0.14 -0.35 0.29
UMn (ug/ 1) -0.70 0.13 0.07 -0,26 0.58* 0.01 0.10 -0 28
BMn (ug/d!) 0.19 0.72** 0.66* 0.20 0.41 0.46 0.33 0.11
*pdot ** : pL0.05 *** : pd0.01
Pl: Pallidal Index Total: sum of subjective grades of 9 portions
GP: Globus Pallidus Put: Putamen AC: Anterior Commisure

Hypo: Hypothalamus
UMn: Urine Manganese concentration
PPE: Personal Protective

SN: Subtantia Nigra
BMn: Blood Managanese concentration
Equipment : No, Sometimes, Always

Tect: Tectum
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