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Objectives The diagnosis of solvent-induced chronic toxic encephalopathy is commonly based on case 
histories of exposure to solvents, symptoms, and deficits on psychometric tests. It has previously been demon- 
strated that long-term solvent-exposed workers have disturbances of the equilibrium system. The correlation 
between these disturbances and the diagnosis of chronic toxic encephalopathy has been analyzed in the present 
study. 
Materials and methods Sixty men, consecutively admitted due to the suspicion of this syndrome, were 
investigated and classified into 3 groups - solvent-induced chronic toxic encephalopathy, incipient chronic 
toxic encephalopathy and nonchronic toxic encephalopathy. They were all examined using an otoneurological 
test battery, including analysis of saccades, smooth pursuit, visual suppression of the vestibular ocular reflex, 
and dynamic posturography. 
Results Compared with healthy referents several of the subjects, even in the nonchronic toxic encephalopathy 
group, showed a reduced visual suppression ability, a prolonged latency of saccades, and pathological posturo- 
graphic results. Some otoneurological tests col~elated with the duration of exposure and the results of psycho- 
metric tests representing memory and perceptual skills. Nevertheless, there was no significant group correlation 
between the otoneurological findings and the diagnosis of chronic toxic encephalopathy. 
C O ~ C ~ U S ~ O ~  Disturbances revealed by an otoneurological investigation have so far not been considered in the 
diagnosis of chronic toxic encephalopathy. Our results indicate that an otoneurological test battery adds 
worthwhile information about lesions within the brainstem-cerebellar complex not revealed by a psychometric 
investigation. 

Key terms chronic toxic encephalopathy, dynamic posturography, optoocular motor system, psychoorganic 
syndrome, saccades, smooth pursuit, solvents, vestibuloocular motor system, visual suppression. 

Long-term occupational exposure to solvents may cause 
a neurotoxic syndrome commonly named chronic toxic 
encephalopathy. Symptoms related to chronic toxic en- 
cephalopathy are neurasthenic symptoms, changes in per- 
sonality, tiredness, increased irritability, sleeping prob- 
lems, and impairment in memory and learning skills. 
Other associated symptoms are feelings of unsteadiness 
and vertigo. The diagnosis of chronic toxic encephalo- 
pathy is usually based on symptoms, history of intensity, 
and duration of exposure to solvents, clinical neuro- 
logical examination, and neuropsychological investiga- 
tion (1). 

S o  far neurophysiological tests have not usually been 
included in the clinical examination, even though patho- 
logical results have been reported to occur on a group 
level in electroencephalography, sensory evoked re- 
sponse, and the vestibulooptoocular motor system (1). 
Especially regarding the vestibulooptoocular motor sys- 
tem, there have been several reports demonstrating dis- 
turbances in the vestibular and optoocular motor reflex 
system, both in animals and in humans, during acute 
exposure and after long-term inhalation of different sol- 
vents (2-9). Investigation of the vestibular and opto- 
ocular motor reflex system may be a valuable comple- 
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ment to the traditional clinical investigation used in the 
diagnosis of chronic toxic encephalopathy. 

The aim of the present investigation was (i) to con- 
firm previous suggestions and findings on disturbances 
of the central vestibular system in long-term exposure to 
solvents and (ii) to evaluate whether such disturbances, 
revealed by an otoneurological test battery, are related to 
the diagnosis of chronic toxic encephalopathy according 
to the aforementioned criteria. 

Description of groups 

Solvent group. Male workers in the age range of 26-65 
(mean 48, SD 10) years and admitted between 1992 and 
1994 from industrial health care units or regional social 
insurance offices because of psychiatric or neurological 
symptoms after exposure to organic solvents were con- 
secutively included in the study. The investigation was 
continued until each of 3 severity categories in the final 
clinical diagnosis included approximately 20 workers. 
Subjects with other significant disorders of the central 
nervous system were excluded from the study. One sub- 
ject with previous meningitis without sequelae, 1 subject 
with diabetes, and 1 subject with commotio cerebri with- 
out sequelae were included. Twenty-two of the 60 work- 
ers included were smokers and 2 consumed more than 
37 cl of strong spirits per week (no one was considered 
to abuse the use of alcohol). Prior to the investigation 
16 subjects had been free of solvent exposure for 1- 
3 weeks, 10 subjects had not been exposed for 1- 
6 months, and for 34 subjects exposure had not taken 
place for 1-20 years. The total duration of exposure 
ranged from 4 to 45 (mean 19, SD 10) years. Four major 
occupational groups were represented among the exposed 
workers (7 repairmen, 11 house painters, 19 spray paint- 
ers, and 6 printers). Other categories included industrial 
workers (paint, degreaser, and plastic and petroleum 
product workers), car mechanics, and floor layers. The 
most common solvents involved were white spirits, thin- 
ner, toluene, and xylene (78% of all solvents). All sub- 
jects underwent a clinical examination at the occupation- 
al medicine clinic, and the general vestibular and special 
otoneurological tests were carried out at the oto- 
rhinolaryngology clinic. 

Reference group. Twenty-seven industrial workers in the 
age range of 30-66 (mean 45, SD 11) years and free of 
exposure to solvents were used as the reference group. 
None of the men had any history of central nervous 
disturbances. Eleven were smokers, and 26 used alcohol 
moderately (not exceeding 37 cl of spirits per week). 
They had been used as a reference group in previous 
studies concerning solvent exposure (6, 7) and had all 
undergone a general vestibular and special otoneurologi- 
cal examination. Twenty-three workers [mean 51 

(SD 11) years of age] underwent the dynamic posturo- 
graphic tests 6 years after the other otoneurological tests. 

Methods 

History, neuropsychiatric investigation and diagnosis 

Solvent exposure was assessed from a thorough inter- 
view to identify agent(s), duration, and intensity of expo- 
sure, and data on the monitored intensity of the solvent 
exposure at the workplace were collected, if available. 
Exposure intensity was primarily grouped into 6 cate- 
gories from 0 (unexposed) to 5 (highest exposed). De- 
greasers, tank-cleaners, and floor layers are examples of 
the 5th category. Construction painters and spray paint- 
ers belonged to category 4, unless they had consequently 
used respirators. If so, they belonged to category 3, to- 
gether with printers, repairmen, and industrial cleaners. 
Printers at especially well ventilated shops, aircraft me- 
chanics, and artistic painters are examples of occupations 
in category 2. No subjects of categories 0 and 1 for 
example, kindergarten teachers, were included in this 
study. Subjects belonging to categories 4 and 5 were 
merged into a high-exposure group [N = 36, mean age 
50 (SD 9) years], whereas exposure categories 2 and 3 
were combined into a low-intensity group [N = 24, mean 
age 44 (SD 10) years]. The duration of exposure was 
classified into the 3 groups of 4-10, 11-20, and 21- 
45 years of exposure. (For the mean age of the groups 
see figure 1 .) 
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Control group, mean age 51(SDll) years, N=23 
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Figure 1. Dynamic posturography: mean latency of reaction time (ms) 
t 1SD of backward large movements of the platform. (Reference and 
solvent groups on the left and solvent groupsplit into groups represent- 
ing different durations of exposure on the right; MC = movement 
coordination; * *  P 5 0.01) 
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The patients answered a validated questionnaire (1) 
on their symptoms, including fatigue, deterioration of 
memory, personality changes of aggressive or depres- 
sive type, and frequency of headache and sexual ac- 
tivity. A psychometric examination was performed of 
all the patients according to the TUFF battery (10). It 
included tests measuring cognitive functions, perceptual 
speed and accuracy, psychomotor speed, and memory 
and learning abilities (10, 11). The results of the tests 
with known sensitiveness for chronic toxic encephalo- 
pathy were classified into 4 groups (no, mild, moderate, 
or severe impairment). For the diagnosis of chronic tox- 
ic encephalopathy, the following requirements had to be 
met: (i) relevant symptoms and presence of pathologi- 
cal findings in the psychometric functions tests, (ii) a 
duration of exposure of at least 7 years and consider- 
able intensity of exposure. For incipient chronic toxic 
encephalopathy no clearly pathological results were 
present in the psychometric examination, but the symp- 
toms of the subjects were essentially the same as for 
manifest chronic toxic encephalopathy. A minimum ex- 
posure of 5 years was compatible with this diagnosis, as 
was a considerable intensity of exposure. For the non- 
chronic toxic encephalopathy group only vague and in- 
adequate symptoms but no functional impairment in the 
psychometric examinations was present (12). The afore- 
mentioned test data were unknown to the investigators 
at the otorhinolaryngology clinic until all 60 subjects 
had participated in the otoneurological tests. 

General vestibular tests 

All the subjects (except 1 referent) participated in the 
tests routinely performed when vertigo and balance dis- 
orders are evaluated (table 1). The tests generated no 
numeric values but assessed the occurrence or nonoccur- 
rence of different phenomena. 

Special otoneurological tests 

Saccade test. Fast voluntary eye movements were ana- 
lyzed in the saccade test. The subject looked at 2 ran- 
domly alternating light-emitting diodes 20 degrees apart. 

Table 1. Individuals with pathology in the general vestibular tests. 

Pathological finding Solvent-exposed Reference 
group group 

(N = 60) (N = 26) 

Caloric hyperreactivity 17 1 
Caloric hyporeactivity 1 1 
Caloric asymmetry 3 2 
Caloric visual suppression 5 0 
Spontaneous nystagmus 3 2 
Positional nystagmus 22 10 
Saccadic accuracy 2 0 
Square waves 22 1 
Gaze nystagmus 3 0 

The latency (in milliseconds), accuracy, and maximum 
velocity (in degrees per second) were calculated (6). 

Smooth pursuit tests. The ability of the subject to follow 
a moving object with his gaze was tested. A laser dot in 
front of the subject moved in sinusoidal frequency 
sweeps at 0.2-2.0 Hz with maximum velocities of 
20 degreesls (smooth pursuit test 50) and 40 degreesls 
(smooth pursuit test 51) or in a pseudorandomized pat- 
tern at 0.2-2.0 Hz with a maximum velocity of 40 de- 
greesls (smooth pursuit test 56). Gain was calculated as 
the ratio between eye velocity and target velocity as a 
function of frequency (6). 

Visual suppression tests. The ability to suppress eye 
movements, elicited by the vestibuloocular reflex, was 
tested. The subject was placed in a rotatory chair and 
instructed to fixate on a laser dot on a frame mechanical- 
ly fixed to the chair. The movement patterns were sinu- 
soidal frequency sweeps at 0.25-3.25 Hz (visual sup- 
pression test 30) and pseudorandomized oscillations at 
0.25-3.75 Hz (visual suppression test 35) with a maxi- 
mum velocity of 65 degreesls. Gain was calculated as the 
ratio between the eye velocity and target velocity as a 
function of frequency. Low gain values indicated good 
visual suppression ability (6). 

Dynamic posturography (body sway tests). The used 
body sway test (EquiTestm) measures postural stability. 
It comprises 2 main parts. In the sensory organization 
tests the central integration of the vestibular, visual, and 
somatosensory inflow is evaluated. The movement co- 
ordination tests add information of the afferent-efferent 
regulation of postural control. In the sensory organiza- 
tion part of the test the subject stands on a platform 
enclosed by a visual surrounding. Both the platform and 
the visual surrounding can move as a result of antero- 
posterior sway of the subject and thus enable distur- 
bances of the equilibrium. The platform recorded the 
vertical forces between the feet and ground due to the 
position of the swaying body. The sensory organization 
part was divided into 3 separate tests, each lasting 20 s 
and repeated 3 times. In these tests the support surface 
was always referenced to the patient's sway. The visual 
surrounding was either stable (sensory organization 4), 
not present (eyes closed) (sensory organization 5), or 
referenced to the patient's sway (sensory organization 
6). The sway patterns were quantified on a scale of 100 
to 0, no sway of the platform being given a score of 
100, and sway of more than 12.5 degrees (or fall) being 
scored as zero. 

In the movement coordination test, the platform made 
active movements in 4 separate tests, medium and large, 
forward and backward translations. These platform 
movements were performed with the eyes open to simu- 
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late backward and forward falling. The latencies of the 
reaction time (in milliseconds) were calculated (13). 

with the subgroups as regards to the intensity and dura- 
tion of exposure, psychometric evaluation, and diagnosis 
of chronic toxic encephalopathy. 

The Spearman partial rank correlation coefficient was 
used in the analysis of associations between the otoneu- 
rological and psychometric tests. For the smooth pursuit 
tests and visual suppression tests, a significant correla- 
tion was judged to exist if at least 2 of the middle fre- 
quencies were significantly related to the psychometric 
tests. P 5 0.05 was considered significant for all the tests. 

Statistics 
The results of the special otoneurological tests were ana- 
lyzed both for the individual subjects and as group com- 
parisons. 

Individual pathology. The values from each subject (both 
the exposed and reference subjects) were regarded as 
pathological if the values exceeded the means + 2 SD of 
the reference group. For the tests for which the values 
from several frequencies were analyzed (smooth pursuit 
tests and visual suppression tests), the results were re- 
garded as pathological if the values of 4 or more of the 
frequencies exceeded the means f 2 SD of the reference 
group. 

The results of the general vestibular tests of the exposed 
subjects and the referents are presented in table 1. Square 
waves (fast involuntary eye movements) and hyperreac- 
tivity during the caloric testing occurred much more fre- 
quently in the solvent-exposed group than in the refer- 
ence group. 

The results of the special otoneurological tests are 
summarized in table 2. The latency of the voluntary 

Comparison of groups using numeric values. The un- 
paired 2-tailed Student's t-test and factorial or repeated 
measures of variance (ANOVA) were used for the statis- 
tical analysis of the otoneurological tests in comparison 

Table 2. Correlation of the otoneurologic test results between the referents and exposed workers and between the referents and sub- 
groups according to clinical diagnosis. The significance values refer to the numeric values of the different tests. (CTE = chronic toxic 
encephalopathy, NS = not significant). 

Otoneurologic test Results of Results of reference Results of reference group versus results of groups of different 
reference group versus results clinical diagnosis 

groupa of solvent groupb 

Number of Number P-value Non-CTEd Incipient CTEe CTE1 
persons with of patients 

significant with Number P-value Number P-value Number P-value 
pathologyC significant of patients of patients of patients 

pathologyC with with with 
significant significant significant 
pathologyC pathologyC pathologyC 

Saccade latency 
Saccade velocity 
Smooth pursuit (SP) 

SP 50 (gain)y 
SP 51 (gain)s 
SP 56 (gain)Q 

Visual suppression (VS) 
VS 30 (gain)g 
VS 35 (gainp 

Sensory organization (SO) 

Movement coordination 
Forward medium 
Forward large 
Backward medium 
Backward large 

a N = 27; mean age 45 (SD 11) years, except for sensory organization and movement coordination (N = 23); mean age = 51 (SD 11) 
N = 60, mean age = 48 (SD 10) years. 
SD 2 of mean values of the referents. 
N = 19, mean age = 44 (SD 10) years. 
N = 21, mean age = 50 (SD 9) years. 

I N = 20, mean age = 48 (SD 9) years. 
Q See the methods section for an explanation of the variables. 

years. 
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saccade was prolonged (but not the velocity and accura- 
cy of the saccades) and the visual suppression ability of 
the vestibuloocular reflex was reduced (expressed as 
higher gain values) at increased frequencies in the sol- 
vent group when compared with the reference group. 
Data from 1 of the visual suppression tests (visual sup- 
pression tests 35) are illustrated in figure 3. 

In dynamic posturography the sensory organization 
tests revealed larger sway patterns (expressed as lower 
scores) for the solvent group than for the reference group 
(table 2 and figure 2). Seven workers showed pathologi- 
cal results in all 3 tests. In the movement coordination 
test a longer reaction time was found in the solvent group 
than in the reference group (table 2 and figure 1). Twenty 
workers presented pathological results, 3 of them on all 
the tests, 2 of them on the forward medium and large 

Figure 2. Dynamic posturography: mean equilibrium score +I SD as 
the percentage of optimal stability tested on a sway referenced platform 
with the eyes open [sensory organization (SO) 41 and the eyes closed 
(SO 5) and on a sway-referenced platform with asway referenced visual 
surrounding (SO 6). (M = reference group, N = 23; = solvent group, 
N = 60; * P 2 0.05; * *  P 5 0.01) 

Visual suppression (VS 35) 

Figure 3. Results of thevisual suppression test. Mean gain* 1 SD of eye 
movements as afunction of a pseudorandomized sinusoidal frequency 
sweep (0.25-3.75 Hz) of the chair. The subjectsfixated on a dot on t h e  
frame mechanically fixed to the chair (VS = visual suppression; = 
reference group, N = 27; 0 = solvent group, N = 60; * * *  P 2 0.001) 

movement coordination tests, and 5 of them on the back- 
ward medium and large movement coordination tests. 

There were no significant differences (ANOVA) be- 
tween the special otoneurological numeric test values 
within the solvent group on one hand and the intensity 
and the duration of exposure, the psychometric evalua- 
tion and the clinical diagnosis on the other. An increased 
duration of exposure was however significantly cor- 
related with a lowered capacity to follow a moving ob- 
ject in 2 of the smooth pursuit tests (smooth pursuit test 
51 and smooth pursuit test 56) (P 5 0.01 and P 5 0.05, 
respectively) and prolonged reaction time in 1 of the 
movement coordination tests (large backward movement) 
(P 5 0.01) (figure 1). No other correlations were found. 

The correlation between the special otoneurological 
numeric test values and the different psychometric tests 
of the solvent group were analyzed using the Spearman 
partial rank correlation. The results are illustrated in ta- 
ble 3. It can be seen that there is a correlation between 
the smooth pursuit and sensory organization test results 
and several of the psychometric test results. 

Discussion 

The otoneurological investigation included an analysis 
of the vestibular and optoocular motor reflex system and 
also the postural control system. The function of the 
vestibular and optoocular motor reflex system is to main- 
tain a steady view of the environment on the retina dur- 
ing movements of the head or the environment. Stimula- 
tion of the vestibular part of the vestibular and optoocu- 
lar motor reflex system is elicited by the labyrinths. Im- 
pulses from the vestibular organs reach the eye muscles 
via the vestibular and oculomotor nuclei in the vestibu- 
loocular motor reflex (VOR). Stimulation of the visual 
part of the vestibular and optoocular motor reflex system 
is elicited by a retinal signal. Such signals develop when 
the environment is moving (the optokinetic reflex), when 
the subject looks at a slowly moving target (the smooth 
pursuit, smooth pursuit tests) or when the vestibuloocu- 
lar reflex elicits incomplete or erroneous eye movements 
during simultaneous movements of the head and envi- 
ronment (visual suppression, visual suppression tests). 
The retinal signals are conveyed to the vestibular nuclei 
in the brainstem via polysynaptic pathways. Fast eye 
movements (saccades) are generated in a region proba- 
bly located primarily in the brainstem. Voluntary sac- 
cades are elicited when the subject shifts the gaze from 1 
target of interest to another. The vestibular, the retinal, 
and the saccade signals are integrated in a structure lo- 
cated close to the vestibular nuclei. There is a strong 
connection between the cerebellum and the vestibular 
nuclei. The postural control is influenced by the vestibu- 
lar and optoocular motor reflex system through vestibu- 
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Table 3.  Correlation between the psychometric and otoneurological test results. Correlation coefficient (r )  and value of significance (P) 
are shown. (NS = not significant) 

Perceptual accuracy and speed Memory Psychornotor Cognitive 

Dots Digit Identical Benton visual Cylinders Synonyms Figure Block 
symbols numb& retention classi- design 

fication 
Accuracy Speed Correct Error 

Saccade latency (SD) NS r = 0.32 NS NS NS NS NS NS NS NS 
P 5 0.05 

Smooth pursuit (SP) 

SP 56 0.28 5 r 5 0.34 0.26 5 r 5 0.29 
0.01 5 P 5 0.05 P 5 0.05 

Visual suppression (VS) 
VS 30 NS NS 
VS 35 NS NS 

Sensory organization (SO) 
SO 4 NS r = 0.27 

P 5 0.05 
SO 5 NS r = 0.28 

P 5 0.05 
SO 6 NS NS 

Movement coordination 
Forward NS NS 
Backward NS NS 

lar and ocular spinal reflex systems including brainstem- 
cerebellar connections (14, 15). 

The otoneurological findings of the solvent group 
showed a high degree of caloric hyperreactivity and 
square waves, a prolonged latency of the fast voluntary 
eye movement, a reduced visual suppression ability and 
pathology in the dynamic posturography tests when com- 
pared with the corresponding results of the reference 
group. These findings confirm previous reports (4-9, 
13, 16). They indicate lesions primarily in basic reflexes 
of the brainstem and cerebellum (17-20). To some ex- 
tent these neurophysiological indications of the location 
of the lesions are supported by structural findings in 
magnetic resonance imaging patients with chronic toxic 
encephalopathy and autopsy results of toluene abusers 
(2 1-24). 

The correlation between the otoneurological test re- 
sults in the present study and the history of exposure was 
poor. There was a significant group correlation between 
some of the test results and the duration of exposure 
(figure 1). However, the increasing duration of exposure 
with increasing age of the subject may have contributed 
to this significance. There are several reasonable expla- 
nations for the poor correlation. The intensity of expo- 
sure is very difficult to evaluate, and therefore the degree 
of approximation is high. Exposure sometimes included 
a variety of different solvents, and the individual toxicity 
may have differed quantitatively and qualitatively. Such 
differences in the vestibular and optoocular motor reflex 
system have been observed in rats acutely exposed to 
different aromatic and aliphatic hydrocarbons (2). Vary- 

ing regional morphological alterations of glia cells and 
neuronal cells in long-term exposed animals have been 
found for different solvents (25), and therefore different 
mechanisms of action are possible. The sensitivity of the 
equilibrium system to solvents may also be related to 
factors other than duration, intensity, and type of solvent 
exposure, as, for instance, to hereditary factors and com- 
bination with other conditions. 

Even though otoneurological tests primarily involve 
basic reflexes, the results are surely dependent on activi- 
ties in many regions of the central nervous system, such 
as the reticular formation and the subcortical and cortical 
regions (14, 15,26). It is thus not surprising that psycho- 
metric test results, which are sensitive to diffuse organic 
brain damage (1 1 ,  27), correlate with some otoneurolog- 
ical test results. We have demonstrated that the saccade 
and the smooth pursuit test results, as well as those of the 
sensory organization 4 test of the posturography, were 
significantly related to behavioral test results concerning 
memory and perceptual skills (table 3). These tests refer 
to problems of attention, which may also influence some 
otoneurological tests. 

On the other hand, the visual suppression tests and 
the movement coordination tests in the posturography, 
which are significantly impaired in workers exposed to 
solvents, did not seem to be related to any of the psycho- 
metric test modalities. Evidently these otoneurological 
tests do not reveal the same disturbances in the central 
nervous system that psychometric tests do. 

It is well known that patients with diseases that give 
otoneurological test results similar to those described in 
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this report complain of a sensation of unsteadiness in 
everyday situations, which may sometimes be disabling 
(14). The same symptoms are described by workers ex- 
posed to solvents (28, 29). The deficits in the central 
nervous system, confirmed by the present investigation, 
thus seem to be relevant to the subjective symptoms 
experienced by long-term solvent-exposed people. 

Regarding chronic toxic encephalopathy, the final 
diagnosis in the group of men exposed to solvents in our 
study did not correlate with the otoneurological findings. 
Even in the nonchronic toxic encephalopathy group there 
were many persons with disturbances in the equilibrium 
tests. This discrepancy can be explained by the fact that 
the psychometric test results had a high degree of signifi- 
cance for the diagnosis of chronic toxic encephalopathy. 
Even though there may be some overlapping, the psy- 
chometric tests do not reflect the same functions of the 
central nervous system as otoneurological investigations 
do. Furthermore, solvents should not be considered 
one entity; individual solvents may affect different func- 
tions and structures of the central nervous system. 

It has previously been proposed that impairment of 
the vestibulocerebellar system, revealed by otoneurolog- 
ical tests, should be included in the diagnosis of chronic 
toxic encephalopathy (30). At least the results of the 
present, and also previous reports (5-9, 13, 16), imply 
that the investigation of people exposed to solvents 
should include otoneurological tests if unsteadiness is 
described by the subjects. These tests may contribute to 
balanced information on different disturbances in the 
central nervous system after long-term exposure to sol- 
vents. 
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