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Abstract—Research into the causes of Parkinson disease (PD) has accelerated recently with the discovery of novel gene
mutations. The majority of PD cases, however, remain idiopathic and in those cases environmental causes should be
considered. Several recent reports have focused on welding and manganese toxicity as potential risk factors for parkinson-
ism and some have even proposed that welding is a risk factor for PD. The controversy has stimulated this review, the
primary aim of which is to critically and objectively examine the evidence or lack of evidence for a relationship among
welding, manganese, parkinsonism, and PD.
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Parkinson disease (PD) is one of the most common
neurodegenerative disorders, affecting approxi-
mately 1 million Americans and 1 to 2% of those over
age 60 worldwide.1-3 With the lifetime risk of 2% and
an increasing incidence with age, coupled with aging
of the population, the prevalence of PD is expected to
triple over the next 50 years.

Despite the growing number of newly identified
genetic causes of parkinsonism,4,5 in the majority of
cases the cause is unknown, hence the enormous
interest in the role of environmental factors in vari-
ous parkinsonian disorders.6,7 While numerous tox-
ins have been found to produce nigrostriatal
degeneration in experimental animals,8 there is no
evidence that any environmental toxin causes PD. A
variety of environmental and occupational expo-
sures, however, have been implicated in the etiology
of PD. These include exposure to well water, pesti-
cides, herbicides, rural living, certain metals, fuel oil,
magnetic fields, and employment in the steel/alloy
industry, wood/pulp plants, farming, carpentry,
cleaning, orchards, planer mill, forestry, logging,
mining, as well as certain occupations such as body
and fender repairmen, auto painters, railroad and
car shop mechanics, and workers in oil and gas
fields.9-17 In the recent past, several reports have also
suggested that welders may be at a higher risk for

developing parkinsonism, and some have even pro-
posed that welding is a risk factor for PD.18,19 These
claims have entered the legal system and numerous
lawsuits have been filed on behalf of welders alleging
that toxic fumes generated by the welding rods have
caused not only parkinsonism, but also PD. In this
review, we intend to examine the evidence for and
against a relationship among welding, manganese,
parkinsonism, and PD.

With the discovery of new causes of parkinsonism
and with the recognition that the same etiology (e.g.,
a single gene mutation) can be associated with mark-
edly diverse pathology, the traditional view that
pathologic examination is the gold standard in the
diagnosis of PD has been recently challenged.20,21 In
this review, unless a specific etiologic cause is identi-
fied, we will define PD based on clinical-pathologic
criteria.22 This approach is supported by several
studies demonstrating that when PD is diagnosed
clinically by expert parkinsonologists, the autopsy
confirms the diagnosis in over 90% of the cases.23,24

What is the role of manganese in health? Man-
ganese, the 12th most common element in the
earth’s crust, is abundantly present in our environ-
ment and food, including nuts, grains, tea, legumes,
and other foods, which provide an average daily
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intake of about 5 mg/kg. Besides serving as a cofac-
tor for various enzymes including arginase and glu-
tamine synthetase, manganese is an essential
constituent of the mitochondrial enzyme manganese-
superoxide dismutase, and as such it plays a critical
antioxidant role in a wide variety of cells, including
neurons of the CNS. Although manganese does not
promote the Fenton reaction to form hydroxyl radi-
cals, as a transitional metal it can exist in multiple
valence states and thus may promote redox reactions
and form cytotoxic free radicals. Thus, there is evi-
dence both for and against antioxidant and cytopro-
tective effects of manganese. Manganese deficiency
may be associated with abnormal carbohydrate and
lipid metabolism, impaired bone development, re-
duced fertility, birth defects, and other disorders, in-
cluding epilepsy.25 Therefore, manganese is
recommended in dietary intake (2 to 5 mg/day), and
manganese is included in parenteral nutrition.26

Only 2 to 5% of ingested manganese is absorbed
while the rest is excreted in feces, and a much
smaller proportion is excreted in urine.27,28 Normal
levels of manganese range from 4.2 to 16.5 mcg/L in
blood, 0.40 to 0.85 mcg/L in serum, and 1 to 2 mcg/g
of dry weight in the brain (with the highest concen-
tration in the globus pallidus).29 Manganese levels in
urine and feces my be used as a marker for exposure
to manganese within the previous few hours,
whereas manganese can be detected in blood for days
to weeks after exposure ceases.30 Although present
occupational standards for exposure levels for man-
ganese in total dust causing neurologic effects have
been estimated to be approximately 0.2 mg/m3, this
threshold limit value (TLV) has never been validated
by well-designed scientific studies.31 Manganese-
induced neurotoxicity has been reported to occur
only after chronic exposure to high levels of manga-
nese,26 usually above the permissible exposure limit
ceiling at 5 mg/m3 set by the Occupational Safety
and Health Administration.32

Besides ingestion, inhalation is another means of
entry of manganese into the body, but the bioavail-
ability (whether manganese actually gets from the
lung to the blood) is dependent on the size, form, and
solubility of the particle. About 80% of all inhaled
small (0.1 to 2 �m) particles is cleared by exhala-
tion.33 Larger particles are cleared by expectoration
and swallowing. Olfactory nerve is another, yet un-
proven, entry of manganese in the brain.34 The con-
centration of manganese in the body is narrowly
controlled by regulating its excretion from liver to
bile.35 Because manganese homeostasis is so effective
and because of competition with iron for availability
of transferrin to transport manganese across the
blood–brain barrier,25,36 manganese neurotoxicity is
quite rare. Patients with compromised liver function,
however, particularly when exposed to excessive con-
centrations of manganese dust or when receiving to-
tal parenteral feedings, are potentially vulnerable to
manganese toxicity.37

What are the manifestations of manganese tox-
icity? Neurologic consequences of manganese tox-
icity have been recognized since 183738 when five
workers in a manganese ore grinding plant in
France developed a variety of symptoms such as
low-volume speech, drooling, and loss of facial ex-
pression. The two patients described in detail had
a characteristic unsteady and propulsive gait,
without apparent cognitive impairment and no im-
provement of symptoms even after up to 7 years
after removal from the environment. Since that
time clusters of toxic manganese exposure have
been reported from many regions of the world,39

but the best studied series have been the Chilean
miners40-42 and Taiwanese manganese alloy
smelters.43-45 In the Taiwanese outbreak in the late
1980s, six workers in the ferromanganese smelting
plant developed the typical symptoms of
manganese-induced parkinsonism, attributed to
malfunctioning ventilating system, raising ambi-
ent levels of manganese to toxic levels (in excess of
27 mg/m3).43-45 In addition to occupational expo-
sure, as in manganese miners, workers in manga-
nese smelter plants, and those involved in
manufacturing of dry batteries, chronic parenteral
nutrition and ingestion of potassium permanga-
nate have been reported to cause manganese toxic-
ity. Public health concerns also have been raised
about methylcyclopentadienyl manganese tricar-
bonyl (MMT), increasingly used as an octane-
improving additive to unleaded gasoline, as a
possible source of manganese neurotoxicity.26,46

MMT, however, has not yet been documented to
cause parkinsonism in humans, although it does
produce behavioral, motor, and neuropathologic
changes in experimental animals. While exposure
to toxic levels of manganese may be associated
with parkinsonism, it does not increase the risk of
essential tremor,47 sometimes associated with PD.48

Based on documented series and anecdotal re-
ports, a characteristic constellation of clinical fea-
tures is observed in patients with manganese
poisoning. Within a few hours or days after acute
exposure to toxic levels of manganese patients may
experience cough and shortness of breath and head-
aches. This early phase is also manifested by nonspe-
cific symptoms such as asthenia, somnolence,
insomnia, anorexia, and loss of sexual drive as well as
behavioral manifestations, characterized by irritability,
impulsiveness, belligerence, obsessive-compulsive be-
havior, hallucinations, and other psychiatric symptoms
(“manganese madness”). Other psychiatric abnormali-
ties include pseudobulbar affect with emotional incon-
tinence manifested by inappropriate laughing and
crying. Later, hypomimia, action tremors, dystonia,
myoclonus, speech, gait and balance problems, and
other parkinsonian features emerge (table). A variety
of neuropsychological abnormalities have been re-
ported, even in early stages of manganese poisoning,
but no consistent pattern of behavioral or cognitive
abnormalities has emerged.31
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How is the diagnosis of manganese-induced par-
kinsonism confirmed? The clinical, imaging, and
pathologic features of manganese-induced parkin-
sonism are so characteristic that the differentiation
of this syndrome from PD should pose no problem for
an experienced clinician (see table). In addition to
the history of exposure to toxic levels and typical
clinical features, the diagnosis of manganese-
induced parkinsonism is aided by laboratory and im-
aging studies.49 These ancillary studies may be
helpful during the acute phase of manganese toxic-
ity, but they are not generally useful in confirming
the diagnosis in chronic cases. Concentrations of
manganese in blood, urine, and hair are usually in-
creased within a few days or weeks after exposure,
but the levels may return to normal at the time
when the patient comes to medical attention. Provoc-
ative test with the chelating agent dimercaptosuccinic
acid (DMSA) has negligible effect on manganese in
urine and blood.50

MRI typically shows increased signal intensity in
the globus pallidus on T1-weighted images, but this
abnormality may resolve and even be absent at the
time the patient still exhibits neurobehavioral symp-
toms. In one series of workers with alleged occupa-
tional exposure to manganese, 46% showed typical

signal changes in the globus pallidus, even though
there were no observable neurologic symptoms or
signs.51 Other studies suggested that these MRI find-
ings are indicative of striatal-pallidal degeneration
correlating with the clinical picture of atypical par-
kinsonism manifested chiefly by axial features, such
as dysarthria, gait and balance problems, absence of
rest tremor, and poor or no response to levodopa.
Elevated blood manganese levels may also correlate
with high signal intensities in the globus pallidus on
T1-weighted MRI in patients with liver cirrhosis.52-54a

Besides atypical parkinsonism and hepatocerebral
disease, other disorders associated with T1 pallidal
hyperintensity include hyperglycemia, Wilson’s dis-
ease, abnormal calcium metabolism, neurofibromato-
sis, hypoxia, and a sequelae of cerebral hemorrhage.
Among the Taiwanese smelting plant workers fluoro-
dopa PET remained normal for more than 5 years
after they were removed from the toxic environment,
suggesting that the nigrostriatal system is spared in
manganese-induced parkinsonism.55 Although previ-
ous PET studies have indicated that striatal dopa-
mine transporter density is normal in manganese-
induced parkinsonism (whereas it is decreased in
PD), Kim et al.56 showed a severe reduction in
[(123)I]-(1r)-2beta-carboxymethoxy-3beta-(4-iodo-
phenyl)tropane(beta-CIT), a ligand for dopamine
transporter, by SPECT in two patients with “a long
history of occupational manganese exposure.” Be-
cause of some atypical features, the authors con-
ceded that the two patients may have had idiopathic
PD rather than manganese-induced parkinsonism.
Using raclopride as a ligand for D2 receptors, PET
studies of individuals exposed to manganese showed
a reduction of binding, consistent with the loss of
postsynaptic striatal dopaminergic projections.55

Degeneration of dopamine-producing neurons in
the substantia nigra zona compacta, Lewy bodies, in-
tracytoplasmic inclusions that stain for �-synuclein,
ubiquitin, and a variety of other proteins, and a loss of
striatal dopamine are the pathologic hallmarks of PD.
PD is also associated with degeneration and Lewy bod-
ies in other regions including the locus coeruleus, the
dorsal motor nucleus of the vagus, the nucleus basalis
of Meynert, and selected neurons of the cerebral cortex,
spinal cord, and peripheral nervous system.57 In con-
trast, postmortem neuropathologic examination of
patients with documented manganese-induced parkin-
sonism usually shows predominant involvement of the
basal ganglia with neuronal degeneration and gliosis in
the globus pallidus, and to lesser extent putamen, cau-
date, and thalamus, and degeneration in the substan-
tia nigra pars reticularis, with sparing of the
nigrostriatal system and other regions typically af-
fected in PD58 (see table). At the time of death, which
may be years after the exposure, the brain manganese
levels may be normal. Similar pathologic changes and
preservation of normal striatal dopamine levels have
also been demonstrated in experimental animals ex-
posed to toxic concentrations of manganese.59-62 It is not
clear why manganese is most highly concentrated in

Table Typical features of manganese-induced parkinsonism

1. Onset of neurobehavioral manifestations after (weeks or
months) and during exposure to toxic levels of manganese

2. Bilaterally simultaneous onset and symmetric impairment

3. Early appearance of personality changes and emotional
lability

4. Visual and auditory hallucinations

5. Low amplitude, rapid postural tremor (usually no rest
tremor)

6. Early appearance of hypokinetic-hypophonic dysarthria

7. Early appearance of gait and balance abnormalities (with
propulsion or retropulsion)

8. “Cock-like” gait (trunk extended and arm flexed, toe walking)

9. Dystonia in limbs (flexion of ankles and toes), trunk, and
face (grimace)

10. Action myoclonus

11. Hyperreflexia and extensor plantar responses

12. Poor or no sustained response to levodopa without levodopa-
related motor or psychiatric complications

13. Initial rapid progression followed (usually after 2 years) by a
stable course with occasional spontaneous partial remission
(may be delayed by several years)

14. Initial and transient elevations of levels of manganese in
blood, urine, and hair

15. MRI: Bilateral hyperintensities in globus pallidus and
substantia nigra on T1-weighted images (may be transient)

16. F-DOPA PET is usually normal, but raclopride uptake is
reduced

17. Pathology: degeneration and gliosis of globus pallidus, no
Lewy bodies
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the globus pallidus in normal brains and why manga-
nese preferentially accumulates and causes damage in
this nucleus following toxic exposure to manganese in
humans and animals. The pattern of selective accumu-
lation of metal in the globus pallidus is similar to that
in two human diseases: Wilson’s disease and neurode-
generation with brain iron degeneration, frequently as-
sociated mutations in the pantothenate kinase 2
(PANK2) gene.63

What is the treatment and outcome of manganese-
induced parkinsonism? The most important step in
the management of manganese toxicity is to prevent
it. If removed from the exposure within few weeks or
months, the behavioral and neurologic signs often
resolve or improve, and within 2 years stabilize, al-
though in some cases spontaneous, usually partial
remission, has been described several years after ini-
tial exposure.64 However, if the exposure continues,
the syndrome becomes irreversible. In nearly all the
occupational clusters the work environment is
described as heavily laden with a manganese-
containing dust that coats the workmen’s clothes.65

The degree and duration of exposure in relationship
to the risk of manganese-induced parkinsonism has
not been well studied, but based on a study of 39
cases, Edsall et al.66 determined that over 4 months
of exposure to 9 to 12% levels of manganese was
required to produce “permanent” deficits. The
marked decline in reports of manganese neurotoxic-
ity are probably due to improvements in environ-
mental workplace, including enhanced ventilation
and a change in mining procedures to wet drilling.

While it would be desirable to remove deposited
manganese from the brain, chelation with agents
such as edetate calcium disodium (EDTA) is of lim-
ited benefit. When used in the early phases of the
poisoning EDTA, however, may prevent severe neu-
rologic damage.36,67 Cotzias, a pioneer in levodopa
therapy of PD, attempted to treat the Chilean min-
ers with levodopa, but despite initial short-term
benefit, long-term trials of levodopa were disappoint-
ing.68,69 Similar response was noted in the Taiwanese
workers. Although initially some of the patients were
reported to have subjective improvement, this was
later thought to be in part a placebo response and a
subsequent double-blind trial of levodopa in the
same cohort showed no benefit.70 The postsynaptic
nature of manganese parkinsonism is suggested not
only by the lack of benefit of levodopa, but also by
the absence of motor and psychiatric complications of
levodopa therapy, commonly encountered in patients
with PD.71

Is manganese a risk factor for PD? Because of
the recognized association of manganese toxicity and
parkinsonism, many studies have attempted to link
manganese exposure to increased risk of PD. For
example, a survey of food habits of 250 patients with
PD compared with 388 controls found that a high
intake of iron, especially in combination with high
manganese intake, doubled the risk for PD.72 This
finding, even if confirmed, probably has no relevance

to the pathogenesis of PD because, as noted before,
the body’s effective homeostatic regulation of dietary
manganese would not allow for manganese from food
diet to ever reach toxic levels in the brain. Further-
more, nearly all epidemiologic studies have failed to
establish a cause-effect relationship between manga-
nese and PD. Several studies have suggested that
exposures to aluminum, copper, and lead are risk
factors for PD,10,73,74 but no such link has been found
for manganese.10,12,74-80 In one study conducted in
southern Quebec (Canada), involving 42 parkinso-
nian patients compared with a group of 84 matched
controls, a slightly increased risk for PD was found
to be associated with occupational exposure to man-
ganese, iron, and aluminum, but this association did
not reach statistical significance.81 In a study of
WWII Twins Cohort, involving 163 twin pairs, in
which a blinded industrial hygienist estimated life-
time occupational manganese exposure intensity and
duration, twins with PD were less likely to have ever
been exposed to manganese than their control twin
(OR � 0.36) and had a shorter average duration of
manganese exposure than did controls.79

These epidemiologic studies are supported by
clinical-pathologic studies. Based on autopsies of 27
brains of patients with PD and 34 controls, Dexter et
al.82 found that manganese levels were similar in
case and control substantia nigra, globus pallidus,
and other brain structures and that PD brains had
20% lower manganese levels in the striatum than
controls. Thus, there is currently no evidence that
manganese causes PD.

Can welding cause manganese neurotoxicity?
Although invented in the 19th century, welding was
first used commercially prior to World War I, and
became widely applied during World War II, espe-
cially in the shipyards where it replaced riveting as
the primary method for joining metals. Since 90% of
welding fume particles are less than 2 �m in diame-
ter, approximately 80% of the particles are exhaled
and not deposited in the respiratory system.33 The
remaining 20% of inhaled particles may be deposited
in the lung alveolar regions and eventually cleared
by macrophages. In contrast to relatively low concen-
trations of manganese in the welding fumes in the
breathing zone of the welder (�1 mg/m3), manganese
particles found in manganese dust generated in min-
ing and ore crushing operations are much larger and
may reach high concentrations (450 to 900 mg/m3).83

These large particles tend to deposit in the nose and
upper airways and when swallowed become available
to the liver. If this excretion mechanism, however, is
overwhelmed because of extreme manganese dust
exposure or because of impaired liver function, man-
ganese can be carried into blood and cause brain
toxicity. Furthermore, manganese can readily disso-
ciate from these large particles to yield free manga-
nese. In contrast, fumes during welding are formed
by the vaporization of metals under conditions of
extreme heat (2,000 to 3,000 centigrade tempera-
tures) and the subsequent condensation with iron
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results in a tightly bound, non-soluble, iron-
manganese amalgam, making transportation of any
free manganese across blood–brain barrier unlike-
ly.84 These and other studies lead to the conclusion
that despite attempts linking welding to manganese
neurotoxicity, there is little or no evidence that weld-
ing fumes contain sufficient amounts of free and sol-
uble manganese to actually enter the blood and
brain, strongly arguing against any neurotoxic ef-
fects of manganese from welding.

Can welding cause PD? Several epidemiologic
studies have attempted to address the question
whether welding is a risk factor for PD or other
neurologic disorders. A 1947 health survey of 4,650
shipyard workers, three-quarters of whom were
welders, found no evidence that these workers had
an unusually high occurrence of parkinsonism or any
other neurologic disease.85 Welders, included in the
“machine trades” category of the Dictionary of Occu-
pational Titles of the United States Department of
Labor and in the “manufacturing” sector of the Stan-
dard Industrial Classification (SIC) Manual of the
Office of Budget and Management, actually were
found to have a slightly lower incidence of PD than
the control subjects.86 In a study involving the World
War II Veteran Twins Cohort, in which 142 twin
pairs were identified where one twin had PD, weld-
ing was not associated with PD.87 Several mortality
surveys of large populations of welders found ele-
vated rates of digestive tract cancer, accidental
trauma, stroke, lung cancer, cirrhosis, suicide, and
heart disease, but not of PD or any other neurologic
disease.88

A comparison of welders with other populations
using various psychological and neurologic tests has
yielded conflicting results. A recent study of 100
male manganese alloy plant workers found no differ-
ence in performance of various neuropsychological
tests between the workers and controls.89 One of the
most cited studies is that of Bowler et al.,90 who
evaluated 76 welders, with occupational history of 25
years, and compared them to 42 controls. The two
groups performed similarly on tests of verbal skills,
verbal retention, and auditory spans, but welders
performed worse than controls on tests of verbal
learning, working memory, cognitive flexibility,
visuomotor processing speed, and motor efficiency.
Furthermore, welders had more complaints related
to emotional and physical well-being. This study,
however, has been criticized because of many meth-
odologic problems, including the fact that welders
had a lower educational background than controls.91

Also, no attempt was made to correlate the abnormal
neuropsychological findings with dose or duration of
exposure. Furthermore, there was an obvious selec-
tion bias as the welders were recruited into the study
because they filed civil and Workman’s Compensa-
tion litigation claiming that their symptoms were
related to occupational welding. For these and other
reasons, there is no justification for the conclusion

that “neuropsychological testing is an effective
means for assessing manganese toxicity.”90

The debate about a possible relationship between
welding and PD was fueled by the report of Racette
et al.,18 who surveyed 953 parkinsonian patients
seen in their neurology specialty clinic between 1996
and 2000 and found that the mean age of 15 welders
with PD was 17 years younger (46 years) as com-
pared to PD patients who were not welders (63
years). Although the study did not provide any evi-
dence that welders were more likely to develop PD
than the general population, the authors suggested
that welding acted to accelerate the onset of PD.
There are, however, many methodologic problems
with the study, making any interpretation difficult.
For example, the patients were not randomly se-
lected and there was no evidence that the welders in
the study were representative of all welders. It is not
clear whether they were coworkers and how they
were referred to the specialty clinic. The study was
conducted in a tertiary center specializing in parkin-
sonian disorders, therefore raising the possibility of
a referral bias as patients referred to such specialty
clinics are more atypical than the general population
of PD patients. The majority (8/15) of the welders in
the study had a family history of PD, a rate much
higher than the 15% reported in unselected PD pa-
tients.92 The high frequency of family history is sim-
ilar to young-onset PD cases, many of whom have a
Parkin mutation.93 It is likely, therefore, that genetic
factors rather than welding were the major risk fac-
tor in these relatively young patients with PD who
happened to be welders.94 Therefore, despite the title
of the article, “welding-related parkinsonism,” the
report provides no convincing evidence that welding
is a risk factor for PD. In a subsequent report, Rac-
ette et al.19 described their findings in 1,423 welders
from Alabama referred by attorneys for medical-legal
evaluation. The prevalence of parkinsonism (preva-
lence ratio of 10.2; 5.8% had a diagnosis of “definite
PD”) among the welders was significantly higher
than the estimated prevalence in the general popula-
tion, based on published data from a 1985 epidemio-
logic study of Copiah county.95 There are, however,
many methodologic flaws in this study such as the
obvious bias by a study sample consisting entirely of
potential litigants, the use of unvalidated video pro-
tocol rather than complete neurologic examination to
establish the diagnosis, absence of blindness, using
historical controls rather than true control popula-
tion examined by the same methods as the welders,
and a claim that part III (motor examination) of the
Unified PD Rating Scale was used even though this
would require actual physical examination, which
was performed in less than 7.9% of a “pseudo-
random group” of subjects. Furthermore, although
they state that that some of the welders had symp-
toms “consistent with manganese exposure,” the au-
thors provide no evidence for the implied link
between welding and manganese exposure.

Despite the lack of evidence, other reports also
June (2 of 2) 2005 NEUROLOGY 64 2025



attempt to make the association between welding
and manganese and parkinsonism. For example,
Koller et al.96 described a group of welders as having
“manganese-induced parkinsonism,” even though
there is no evidence to support the diagnosis. The
authors state that “presumptive diagnosis of
manganese-induced parkinsonism . . . was based
solely on the presence of parkinsonian signs and a
history of long-term exposure to manganese in weld-
ing rods.” They cite lack of response to levodopa (up
to 900 mg per day) in 13 welders as evidence for
“manganese-induced parkinsonism.” The subjects
were apparently “randomly selected” for the study,
but it is not clear how many welders were actually
screened. All patients were still working despite a
mean lapse of nearly 8 years since the onset of symp-
toms. Other atypical features for manganese-induced
parkinsonism included asymmetric presentation in
six, rest tremor in five, and absence of dystonia (see
table). Finally, the authors failed to disclose the
source of their support for the study, specifically
their relationship to the plaintiff’s attorneys, or why
the welders were being “examined for possible neuro-
toxicity.” They also failed to respond to questions
addressed to them regarding the validity of the diag-
nosis of manganese-induced parkinsonism and the
lack of qualifications of the diagnosing physician.97,98

Other studies of occupations in PD patients have
found no evidence of an increased risk of PD among
workers in metal processing plants, construction,
machine-related occupations, and other technical
workers, which would have included welders.14,99

These negative findings are consistent with those of
a previous study involving 489 mine workers with
“medium and low occupational manganese expo-
sures”100 and 509 workers at a manganese smelter
plant.101

The studies by Racette and colleagues18,19 high-
light the pitfalls in accepting the notion that coexist-
ence implies a cause-and-effect relationship. This is
exemplified by the case of a 48-year-old man who
had welded 2 hours per day for 8 years, followed by
10 hours per day for 2 years.102 While his parkinson-
ism was attributed to welding, despite unilateral in-
volvement, presence of rest tremor, lack of gait
difficulty, and modest improvement with levodopa,
reduced fluorodopa uptake on PET in the left puta-
men, contralateral to his symptoms, was much more
consistent with the diagnosis of PD rather than
manganese-induced parkinsonism.102 The only case
report suggesting a possible link between welding
and manganese and parkinsonism is that by Sadek
et al.,103 in which a young welder presented with a
2-year history of cognitive difficulties, tremor, and
propulsive gait with tendency to walk on toes. Al-
though the dosage was not stated, there was appar-
ently no response to levodopa. His T1-weighted MRI
showed increased signal in the area of globus palli-
dus, consistent with deposition of manganese. One
month after his last day of work his serum and urine
manganese levels were mildly elevated. Besides this

case, another single case report, a 17-year-old boy
who welded for about 2 years, suggested that myoc-
lonus may be a manifestation of welding-associated
manganese poisoning.104 Although this patient had
elevated levels of manganese in the blood and hair,
and his MRI showed the typical T1 hyperintensities
in the globus pallidus, there were some atypical fea-
tures including the unilateral nature of the involun-
tary movement. Chelation with EDTA was
associated with resolution of the myoclonus and ab-
normal MRI.

Epidemiologic, experimental, or other studies, or
standard textbooks of PD and of other movement
disorders,16,74 do not provide any convincing evidence
that welding is a significant risk factor for PD or for
parkinsonism or that manganese-induced parkinson-
ism shares any pathogenetic mechanisms with PD.
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