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HUSMAN K, KARLI P. Clinical neurological findings among car painters exposed to
a mixture of organic solvents. Scand j work environ health 6 (1980) 33-39. A full clini­
cal neurological examination was used to study the possible effects of long-term expo­
sure to low concentrations of mixtures of organic solvents on the nervous system. The
exposed group consisted of 102 male car painters and the referents of 102 age- and sex­
matched locomotive engineers and assistants. The psychoorganic syndrome, a decrease
in the sense of light touch and pain, and an increase in the vibration threshold were
more frequent among the car painters than among the referents, and the observed
differences of these frequencies were statistically significant. The sense of vibration
had been affected in the lower extremities of 65 of the 102 car painters and in 25 of the
referents. Sensory functions seem to be the most vulnerable part of the nervous system
of workers chronically exposed to different organic solvents.

Key terms: affection of the central and peripheral nervous systems, impairment in the
sense of vibration, neurotoxicity, organic solvents.

It is well known that nervous system dam­
age can occur after exposure to organic
solvents (4). Peripheral neuropathy has re­
cently been studied extensively in typical
work environments (1, 5, 7, 14), in "sniff­
ers" (8, 17, 18, 23), and in experimental ani­
mals (21, 27, 29, 30). In such studies the
causes of neuropathy have been n-hexane
(14, 27, 33), trichloroethylene (7), and meth­
yl butyl ketone (1, 21, 29, 31). For "sniff­
ers" the etiologic agents have often been
referred to only as "volatile hydrocarbons"
(22, 32). The exposures of "sniffers" have
been high.
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Permanent central nervous system (CNS)
damage, eg, cerebral and cerebellar dys­
function after the deliberate inhalation of
toluene has also been described in one man
(8, 17). Schaumberg & Spencer (25) showed
that 2,5 hexanedione, the principal meta­
bolite of the industrial solvents n-hexane
and methyl butyl ketone, causes brain le­
sions in experimental animals, and they
suggested that prolonged, low-level expo­
sure to hydrocarbons in the work environ­
ment may cause premature deterioration
in areas of the human brain vital for per­
ception and behavior.

An extensive investigation has been car­
ried out with the objective of studying the
effects of long-term exposure to low con­
centrations of organic solvent mixtures on
the central and peripheral nervous sys­
tems (CNS and PNS, respectively). Other
phases of the study have been published
elsewhere (10, 15, 24, 28). The goal of this
part of the study was to compare the prev-
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alences of neurological signs among ex­
posed persons and referents with the aim
of identifying the parts of a full clinical
neurological examination which would dif­
ferentiate best between ,exposed persons
and referents.

Material and methods

Subjects

The subjects comprised a sample of 102
male car painters from 27 car repair ga­
rages in Helsinki in 1974. They were se­
lected from all active car painters in Hel­
sinki (N = 166) by stratified sampling so
that subjects with different exposure times
were as evenly represented as possible (14).
The exposure of the car painters to organic
solvents was about one-third of the respec­
tive Finnish administrative threshold limit
values (TLVs), which are close to those
of the American Conference of Govern­
mental Industrial Hygienists (2). The ex­
posure has been described in detail in an­
other report (15). The length of exposure
ranged from 1 to 40 a (mean 14.8, SD 8.5),
and the age from 20 to 65 a (mean 35,
SD 11).

The reference group was chosen from
locomotive engineers and assistants of the
Finnish State Railways. Half of the refer­
ence group consisted of engineers and the
other half of assistants. They were sex­
and age-matched (± 2 a) with the exposed
subjects. There were no engineers older
than 54 available, however, because their
retirement age is 55 a. Irregular shift work
and mental stress are the most important
factors of railroad work (13) which might
have an effect on the occurrence of sub­
jective symptoms among the referents.

Workers with a history of diabetes, epi­
lepsy and cerebral contusion were not ex­
cluded from the study; the reasons for in­
clusion have been discussed in another
paper (15).

Methods

The neurological examinations were per­
formed by the same neurologist (PK), who
was unavare of whether or not the sub­
ject was exposed. The subject was told
before the examination not to tell the
neurologist his occupation, and the neu-
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rologist's interview did not include the
subject's work history.

A full neurological examination was
carried out in a uniform manner, it in­
cluded the estimation of mental changes,
the examination of cranial nerves, and the
testing of motor functions, reflexes and
sensory functions.

In this study changes indicating im­
paired judgement, comprehension, memo­
ry attention, speed of response, and the
ability to give relevant answers to simple
questions (which suggest a diffuse impair­
ment of cerebral function) are called the
psychoorganic syndrome. According to the
occurrence of these features the neurolo­
gist classified the subjects into two groups,
either with or without the psychoorganic
syndrome.

The functions of all cranial nerves were
examined separately, and the findings
were registered.

The examination of the motor system
included the testing of the strength of the
muscle groups in the -extremities. The
strength of the muscle groups was graded
from 0 to 5, and atrophy and fasciculations
of the muscles were recorded. The sub­
jects' postur,e, their coordinated automatic
movements, their ability to walk along a
straight line, and their ability to make
rapid turning movements were observed
and recorded as normal, moderately atax­
ic, or severely ataxic. The Romberg test
was applied according to the standard
method, and the findings were classified
as normal, moderately pathological or
markedly pathological.

Rapidly alternating movements of the
fingers were observed, and the findings
were classified as normal, moderately
pathological, or markedly pathological. Co­
ordination was examined by the finger-to­
nose and finger-to-finger tests in the up­
per extremities, and by the toe-;finger and
heel-to-shin tests in the lower extremities.
The findings were recorded as being nor­
mal, dysmetric, or ataxic. Intentional, pos­
tural and static tremor was recorded in
the upper and lower extremities.

Deep reflexes of the biceps, triceps, fin­
ger flexors, quadriceps femoral, and gas­
trocnemius soleus muscles were examined
with the subject in a recumbent position,
and the response elicited was graded from
o to 3. Superficial reflexes, including ab-



dominal refl~xes, were graded as absent or
normal, and the plantar response (Babin­
ski's sign) was graded as normal or patho­
logical.

The sense of light touch was tested with
a wisp of cotton at the neck, the trunk,
the arms and hands, and the hands (in­
cluding also the peripheral distribution of
the radial, medial and ulnar nerves). The
lower extremities were examined with the
same method. Comparisons were made be­
tween the left and the right side and be­
tween the proximal and distal parts of the
extremities; the findings were graded as
normal, changed, or markedly impaired.

The sense of pain was examined with a
"tailor's marking wheel" (pricking wheel)
at the same areas as the sense of light
touch, and the findings were graded as
normal, changed, or markedly impaired.
In addition it was estimated whether the
changed or markedly impaired sensation
had segmental or peripheral distribution.
Thermal sense was not examined because
the afferent pathways of pain and thermal
sense are closely connected.

The sense of vibration of all the subjects
was tested with the same tuning-fork,
which had a controlled frequency of 109
Hz and a long duration of vibration. The
branches of the tuning-fork were pressed
together to touch each other and were then
suddenly let loose so that the fork vibrated
maximally. The vibrating tuning-fork was
applied to the point to be examined for
2 s. This procedure was carried out re­
peatedly at 1-s intervals until the vibra­
tion threshold was achieved. The vibration
threshold can be measured by this method
with an accuracy of 2 s (3).

The sense of vibration was examined at
the extensor side of the second phalanx
of the hallux, at the outer malleoli, and
at the middle of the tibia and the tibial
tuberosity. In the upper extremities the
sense of vibration was tested at the ex­
tensor side of the second phalanx of the
middle fingers, at the wrists, and at the
middle of the radius and elbows. The fol­
lowing classification of impairment in the
sense of vibration was used: normal, ie,
~ 11 s (class 0), slightly pathological, 6­
10 s (class 1), and clearly pathological :s; 5 s
(class 2). The values considered pathologi­
cal in this study are below the usual
ranges (3) and therefore should account for

for the fact that the sense of vibration
weakens with age (3).

Postural sensation was examined as the
subjects stood with their arms outstretched
and eyes closed; the perception of passive
movement was tested in their fingers and
toes. The findings were classified as lack·
ing, unsure, or normal.

At the end of the complete neurological
examination the examiner summarized the
main findings as psychoorganic syndrome,
cerebellar and extrapyramidal findings, or
involvement of cranial nerves. Other sen­
sory, motor, and mixed sensory motor
findings were also summarized (table 1)
and classified as normal, slightly patho­
logical or clearly pathological.

Results

A summary of the neurological findings
appears in table 1. Statistically significant
differences between the exposed subjects
and the referents occurred for the psycho­
organic syndrome and sensory findings.

Forty-three per cent of the car painters
and 17 % of the referents showed sensory
abnormalities.

The effect of age was eliminated by
means of a pairwise comparison; there­
after the differences between the groups
became even more pronounced. In 12 of
the total 102 pairs the findings for psycho­
organic syndrome were more pathological
for the car painter than his referent (ta­
ble 1). In 36 of 101 pairs the exposed sub­
ject had more pathological sensory find­
ings than his referent (table 1).

Only few pathological findings appeared,
and no statistically significant differences,
between the groups with respect to the
cerebellar and extrapyramidal system, the
cranial nerves, and peripheral motor and
sensorimotor functions.

Pathological findings (changed or marked­
ly impaired) for the sense of light touch
occurred more frequently in the exposed
group only in regard to both hands, and
not in the lower extremities or the trunk.
In order to avoid the possible effect of
traumatic lesions of peripheral nerves (eg,
entrapment neuropathy), we compared
only the findings of the left extremities. In
19 of 96 pairs the exposed subject had
damage in the sensation of light touch in



his left hand more often than his referent,
and only in two pairs was the situation
reversed (table 2).

In the pairwise comparison, 16 car
painters had a worse sense of pain in their
left hand than their referent. There was
only one referent with a worse sense of
pain than his pair (table 3).

There were few pathological findings in
the lower extremit1es and the trunk, and
no differences were found between the
exposed group and the referents.

The sense of vibration was affected in
the peripheral areas of both the upper and
the lower extremities more often in the
exposed group than among the referents.
The differences between the groups were
more pronounced in the lower than in the

upper extremities (table 4). Sixty-four per
cent of the painters and 25 Ofo of the engi­
neers and assistants had slightly or clearly
pathological findings with respect to the
sense of vibration in their left foot.

In the pairwise comparison the exposed
subjects showed more pathological find­
ings than the referents for the sense of
vibration in the left hand in 17 pairs and
in the left foot in 45 pairs (table 4).

Discussion

Dizziness, unusual tiredness, concentration
difficulties, and impaired memory are the
most commonly reported symptoms of
workers who are chronically exposed to
different organic solvents (9, 11, 12, 15, 16,

Table 1. Summary of the findings from the clinical neurological examinations of the exposed
subjects and the referents. (N = 102 pairs a)

Exposed Differences

Findings subjects b Referents b Observation in pairs C

0 2 0 2
missing

+ 2pd

Psychoorganic syndrome 89 9 4 100 2 0 12 <0.01

Cerebellar and extra-
pyramidal findings 94 7 99 3 0 3 8 NS

Findings in cranial
nerves 73 20 8 78 18 5 18 21

Sensory findings 57 44 0 84 16 1 10 36 < 0.001
(sense of vibration ex-
cluded, see table 4)

Motor findings 100 0 99 2 NS
(peripheral motor nerves)

Sensorimotor
findings 101 0 101 0

a Any pair with one or more missing observations was omitted from the statistical calculations.
b 0 = normal, 1 = slightly pathological, 2 = clearly pathological.
C + = the exposed subject had "worse" findings than his pair, - = the referent had "worse"

findings than his pair.
d Sign test; NS = not significant.

Table 2. Light touch in the left hand of the exposed subjects and the referents. (N = 102 a)

Exposed Differences

Finding SUbjects b Referents b Observation in pairs c

0 2 0 2
missing

+ 2pd

In the left hand 75 7 14 93 2 6 2 19 < 0.001

a Any pair with one or more missing observations was omitted from the statistical calculation.
b 0 = normal, 1 = changed, 2 = markedly impaired.
c + = the exposed subject had a "worse" finding than his pair, - = the referent had a "worse"

finding than his pair.
d Sign test.
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19, 20). These symptoms suggest that long­
term exposure to organic solvents has a
toxic effect on the CNS.

The diffuse cerebral findings, including
the psychoorganic features, registered by
the examiner in the present study are
compatible with the results of the earlier
neuropsychological examination (10) and
subjective symptoms (15) of this project.
These findings indicate a slight cerebral
lesion.

Schaumburg & Spencer (25) exposed cats
to a metabolite of n-hexane, 2,5-hex­
anedione, and found lesions in cerebellar
tracts. Trichloroethylene has been re­
ported to cause lesions in optic and tri­
geminal nerves (4), but there are no re­
ports in the literature of cranial nerve in­
volvements caused by exposure to other
organic solvents. However, evidence of
cranial nerve damage was rare in our
study. Because the car painters had symp­
toms, eg, dizziness and a drunken feeling
(15), which hint towards a cerebellar effect
of organic solvents, the lack of cerebellar
and extrapyramidal signs was an interest­
ing finding.

The sense of vibration is a composite
sensation comprising touch and rapid al­
terations of deep-pressure sense. The con­
duction depends on both the cutaneous and
the deep afferent fibers which ascend in
the dorsal columns of the spinal cord.
Therefore the sense of vibration is rarely
affected by lesions of single nerves, but
tends to be disturbed in cases of polyneu­
ropathy and disease of the dorsal columns,
the medial lemniscus, and the thalamus.
The senses of vibration and posture are
usually damaged together, but that of vi­
bration may be affected disproportionately.

In the present study the main sensory
deficit was that of the sense of vibration,
especially in the lower extremities. These
findings reflect a vulnerability in this
sense. The lesion may occur either in the
long sensory fibers or in selected tracts
of the CNS, especially in the spinal cord.

Impairment of light touch and pricking
pain reached a statistically significant
level in the exposed group in comparison
to the referents. This result suggests peri­
pheral neuropathy in the long sensory
fibers.

Table 3. Sense of pain in the left hand of the exposed subjects and the referents. (N = 102 a)

Exposed Differences

Finding
subjects b Referents b Observation in pairs C

0 2 0 2
missing

+ 2pd

In the left hand 78 6 12 93 2 6 16 < 0.001

a Any pair with one or more missing observations was omitted from the statistical calculation.
b 0 = normal, 1 = changed, 2 = markedly impaired.
C + = the exposed subject had a "worse" finding than his pair, - = the referent had a "worse"

finding than his pair.
d Sign test.

Table 4. Sense of vibration in the left hand and left foot of the exposed subjects and the referents.
(N = 102 a)

Exposed Differences

Finding SUbjects b Referents b Observation in pairs c

0 2 0 2
missing

+ 2pd

In the left hand 78 16 4 90 5 3 4 5 17 <0.05
In the left foot 37 43 22 77 17 8 5 45 < 0.001

a Any pair with one or more missing observations was omitted from the statistical calculation.
b 0 = normal, 1 = slightly pathological, 2 = clearly pathological.
c + = the exposed subject had a "worse" finding than his pair, - = the referent had a "worse"

finding than his pair.
d Sign test.
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In contrast to the results reported by
Yamamura (33), Cianchetti et al (5), Men­
dell et al (21), and Allenet al (1), no signs
were found that indicated lesions in the
peripheral motor system. In the other
studies the exposure was n-hexane and/or
methyl butyl ketone, and the level of ex­
posure was higher than in our investiga­
tion.

The car painters were not exposed to
n-hexane or methyl n-butyl ketone, and
their exposure to organic solvents was only
one-third of the current Finnish adminis­
trative TLVs - they were not ill in the
clinical sense. Although the exposure was
low, we found clear signs of CNS and PNS
lesions more often among the car painters
than among the I1eferents. The differences
were statistically significant and suggest
that the lesions were caused by exposure
to organic solvents.

In a recent Swedish study (6) the au­
thors observed the same type of lesions in
the CNS and PNS although the exposure
had been even lower than in our study. In
that investigation the exposed subjects had
an increased vibration threshold more fre­
quently in their lower extremities (tibial),
as we observed in our study. Therefore the
sensory functions may be the most vulner­
able part of the nervous system in workers
who are chronically exposed to organic
solvents. According to Schaumburg &
Spencer (26) light touch, pricking pain, and
temperature discrimination are more de­
creased than the sense of vibration in
toxic occupational neuropathy (26). Be­
cause pathological findings in the sense
of vibration occurred more frequently (65/
102) (table 4) than all of the other findings
of this study (12, 15, 24, 28), this sense
seems to be the most sensitive function to
suffer in long-term exposure to organic
solvents, at least in terms of the functions
studied and the methods used in the pre­
sent investigation.
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