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Fig. 1. MR images of a 56-year-old male welder with 6 years of working history and without any neurological signs.
Tl-weighted images (TR/TE 650/20, axial view ; TR/TE 500/20, sagittal view) show high signal intensity (arrows) at the
globus pallidus (a, d), the substantia nigra (¢, e) and the pituitary (f). However, T2-weighted images (TR/TE 2250/90) of
the same welder shows no demonstrable abnormality (b).
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Fig. 2. MR images of a 45-year-old
male welder with 8 years of occu-
pational history and without any
neurological signs. Tl-weighted
images (TR/TE 650/20) show a
slightly increased signal intensity
(arrows) at the globus pallidus (a)
and the substantia nigra (b).
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Fig. 3. Tl-weighted images of MR
of a 35-year-old male welder. High
signal intensities (arrows) were ob-
served in the globus pallidus (a).
Follow-up MR imaging taken 7
months after cessation of exposure
to welding fume shows markedly
decreased signal intensity at the
globus pallidus, demonstrating “n-
ormal” findings. (b).
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Fig. 4. Positron emission tomography (PET) finding of a chronic manganism case, a case of idiopathic parkmsomsm
with a long-term history of welding, and a normal control. In chronic manganism case (a), normal uptake of '*[F]dopa
is observed in the basal ganglia compared to a control (arrows) (b}. In an idiopathic parkinsonism case, however, up-
take of '®[Fldopa is markedly decreased in the both basal ganglia (arrows) (c).

* Source : Kim JW, et al., 1997; Kim YH, et al., 1997
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Table 1. Positive Rate of High Signal Intensities by the Region of Brain

~ Subjects ] Positive rate of high signal intensity(%)
Reports No. of Age Duration Globus Substantia Caudate _ |
Job . of exposure Total . . Pituitary Putamen
subjects (years) pallidus  nigra nucleus
(years)
Kim, et al.,

1997 Welders 18 36%£5*16(7-32)% 944 944 88.9 — 16.7 88.9
Kim, 1997 Welders 19 39+ 38 Y5 68.4 - — — - —
Lim et al.,

1997 Welders 35 48 + 6 21 + 6 77.1 - — — - —
Cheong et al., Welders 37 +9 8(2* 19) 46.7 46.7 40.0 6.7 70.4

1997 Controls, 0 3748 - 0.0 0.0 8.0 0.0 0.0 B
Hong, 1997 Welders 53 66.0 — — — —
Dietz et al., Dry battery

1997 factory workers 100 0.0 N - - o B
Kim, 1997 Total 121 34.7 33.9 22.3 0.0 6.6 17.6

Welders 34 73.5 70.5 52.9 0.0 17.6 2.6
Mn alloy workers 39 38.5 38.5 23.1 0.0 5.1
Welding rod 16 0.0 0.0 0.0 0.0 0.0
Non-Mn
production 16 12.5 6.3 0.0 0.0 0.0
workers
Clerical 16 0.0 0.0 0.0 0.0 0.0
* mean =+ standard deviation © median(range)
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Table 2. Correlation between Signal Index and Blood Manganese

Signal index

Substantia Caudate

Reports Subjects(age in years) subjects Glo.bus
pallidus nigra nucleus
Krieger et al., 1995  Liver cirrhosis patients(25 —58) 10 0.8** — —
Kim et al., 1997 Welders(39 + 8) 18 0.48** - —
Dietz et al., 1997 Dry battery factory workers(36 = 8) 48 0.41 *** — —
Cheong et al., 1997  Welders(37 + 8) 30 0.28** 0.30 0.62**

*p(0.05, **p(0.01

(range) or (mean * standard deviation)

Table 3. Correlation between Signal Index and Urine Manganese

Signal index

No. of
Reports Subjects(age in years) subiects Globus Substantia Caudate
) pallidus  nigra  nucleus
Kim et al., 1997 Welders(39 + 8) 18  0.10 o~ —
Dietz et al., 1997 Dry battery factory workers(36 + 8) 59 N.S. — —
* *
Cheong et al., 1997  Welders(37 + 8) 30 ?65;9**) 0.16 0.54**

*p(0.05 **p(0.01

(range) or (mean =+ standard deviation)
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Fig. 5. Serial signal changes of the
basal ganglia on Tl-weighted im-
ages (TR/TE=500/15) in a New Ze-
aland rabbit before administration
of manganese (a), 0 week after ad-
ministration of cumulative dose of
40 mg/kg manganese chloride (b),
4 weeks after completion of the
manganese administration (c), and
8 weeks after completion of the
manganese administration (d). The
signal intensity of the basal gan-
glia peaked at 0 week after com-
pletion of the manganese admini-
stration (arrows) (b), and returned
to near normal range at 8 weeks
after completion of manganese ad-
ministration (d).

* Source : Kim SH, 1998
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Fig. 6. MR imaging and pathologic findings at 0 week and 8 weeks after completion of manganese administration.
T1-weighted image (@, TR/TE=500/15) at O week after completion of manganese administration shows bright high sig-
nal intensity in the basal ganglia (arrows). Microscopic examination (b, H&E, X100} at the same time shows some scat-
tered ischemic neurons in the globus pallidus (arrows). Tl-weighted image (¢, TR/TE=500/15) at 8 weeks after com-
pletion of manganese administration shows no abnormal signal intensity in the basal ganglia. Microscopic examination
(b, H & E, X 100) at the same time shows some scattered ischemic neurons (arrows) and activated microglial cells in the

in the globus pallidus (arrow head).
* Source : Kim SH, 1998
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Fig. 7. Diagrammatic presentation of the relationships be-
tween exposure and health effect of manganese in vari-
ous type of exposure.
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months, only MRI can provide an evidence on the
manganese exposure (arrow b).

MRI: magnetic resonance imaging, Mn-B: blood manga-
nese concentration.
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Significance of Brain Magnetic Resonance Imaging (MRI) in the
Assessment of Occupational Manganese Exposure
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Manganese is an essential element in the body. It is mainly deposited in the liver and to a
lesser degree in the basal ganglia of the brain and eliminated through the bile duct. Rapid
turnover of manganese in the body makes it difficult to evaluate the manganese exposure in
workers, especially in those with irregular or intermittent exposure, like welders. Therefore,
conventional biomarkers, including blood and urine manganese can provide only a limited in-
formation about the long-term or cumulative exposure to manganese.

Introduction of magnetic resonance imaging (MRI) made a progress in the assessment of
manganese exposure in the medical conditions related to manganese accumulation, e. g.,
hepatic failure and long-term total parenteral nutrition. Manganese shortens spin-lattice(T1)
relaxation time on MRI due to its paramagnetic property, resulting in high signal intensity
(HSD on T1-weighted image(T1WI) of MRI. Manganese deposition in the brain, therefore, can
be visualized as an HSI in the globus pallidus, the substantia nigra, the putamen and the pitu-
itary.

Clinical and epidemiologic studies regarding the MRI findings in the cases of occupational
and non-occupational manganese exposure were reviewed. Relationships between HSI on
TIWI of MRI and age, gender, occupational manganese exposure, and neurological dysfunc-
tion were analysed. Relationships between biological exposure indices and HSI on MRI were
also reviewed. Literatures were reviewed to establish the relationships between HSI, manga-
nese deposition in the brain, pathologic findings, and neurological dysfunction.

HSI on TIWI of MRI reflects regional manganese deposition in the brain. This relationship
enables an estimation of regional manganese deposition in the brain by analysing MR signal
intensity. Manganese deposition in the brain can induce a neuronal loss in the basal ganglia
but functional abnormality is supposed to be related to the cumulative exposure of manganese
rather than to the exposure of a relatively short time period. As biologic half-life of manganese
is relatively too short to reflect the long-term cumulative exposure of manganese in the brain,
use of brain MRI for the assessment of exposure in a group of workers seems to be hardly
rationalized, while it can be a useful adjunct for the evaluation of manganese exposure in the
cases with suspected manganese-related health problems.

Index words: Manganese ; Magnetic resonance imaging or MRI ; ‘
High signal intensity ; Occupational exposure ;
Exposure assessment ; Welding
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