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Rapid screening for 
peripheral neuropathy: 

A field study with 
the Optacon 

Article abstract-The modified Optacon, a simple battery-powered 
device that measures fingertip vibration sensation, was used by para- 
professionals to screen 257 acrylamide-exposed individuals. Consistent 
data were obtained on repeated testing of individuals, and there was 
an age-related linear decrease in vibration sensitivity within the pop- 
ulation. Subclinical peripheral neuropathy was detected in two indi- 
viduals, one acrylamide-related and the other nutritional-alcoholic. This 
study establishes the use of the modified Optacon as a screening device 
for some types of peripheral nerve dysfunction. 
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Early detection of peripheral neuropathy is a 
paramount concern for persons repeatedly exposed 
to exogenous neurotoxins or those who have met- 
abolic disorders such as diabetes or uremia. A 
technique tha t  assesses tactile and vibration 
thresholds from distal-most limb points would assist 
in early detection, because many toxic and met- 
abolic neuropathies are heralded by distal sym- 
metric sensory dysfunction.’ - 4  Such high vulner- 
ability of vibration sense in early acrylamide 
neuropathy may reflect the exquisite vulnerability 
of pacinian corpuscles and distal axons in the gracile 
fasciculus to this ~ h e m i c a l . ~ . ~  The modified Optacon, 
a portable and readily available electronic device, 
enables paraprofessionals repeatedly to screen 
vulnerable individuals for peripheral neuropathy 
in the clinic7 We describe an 18-month field trial 
of the modified Optacon in evaluating workers 
from two chemical plants manufacturing acryl- 
amide monomer. 

Methods and subjects. A total of 257 workers 
were tested on two or more occasions, using the 
Optacon. (Since the completion of this study, Te- 
lesensory Systems, Palo Alto, CA, has introduced 
a variation of the Optacon, Optacon Tactile Tester 
(OTT). The OTT is wholly contained and designed 
to facilitate sensory testing.) Subjects ranged in 
age from 19 to 65 years and were divided between 
two diversified chemical plants (A and B). The age 
distribution of workers a t  the two plants was sim- 
ilar, with a mean age of 36.9 years a t  plant A and 
36.1 at plant B. All tested subjects worked in the 
acrylamide facility of each plant, where work en- 
vironments are carefully controlled and in com- 
pliance with the standards of the American Con- 
gress of Government and Industrial Hygienists. 

Apparatus. The Optacon tactile stimulator is a 
portable, battery-powered unit. It was originally 
designed for use in concert with a camera module 
to enable blind individuals to read independently 
of Braille.* The stimulator consists of 144 miniature 
rods organized into a 24 x 6 matrix, with a 2-mm 
horizontal and a 1-mm vertical interrod spacing. 
Each rod protrudes through a contoured plastic 

plate and contacts a discrete portion of the skin. 
The rods vibrate continuously at  230 Hz; the height 
the rods extend above the plate and the amplitude 
of vibration vary as a function of voltage. 

Procedure. Testing was done at each plant by 
local nurses trained by J.C.A. Absolute thresholds 
for the detection of vibration of the entire matrix 
were determined, using the ascending and de- 
scending method of limitsag The left index finger 
was positioned within the Optacon so that ap- 
proximately 1.5 square centimeters of the ventral 
surface of the finger pad contacted the vibrating 
surface. Before testing, subjects were given a period 
of suprathreshold stimulation to familiarize them 
with the stimulus characteristics. Five ascending 
and five descending series were used to determine 
a single threshold. The highest and lowest scores 
of the 10 trials were removed before averaging. 
During testing, the subjects wore radio earphones 
with a continuous white noise; this reduced the 
ambient sounds and masked the voltage-dependent 
noise from the Optacon. Timing of ascending and 
descending trials was varied to avoid temporal 
cues, and subjects were prevented from seeing the 
intensity knob or voltmeter. In approximately one- 
fifth of the trials per subject, a “sham” series was 
run, during which a stimulus was not delivered. 
Thresholds were determined in a testing period of 
less than 5 minutes. Repeat tests were administered 
at  3- or 1-month intervals. 

Results. Population data. The mean threshold score 
of the entire population of tested workers at plant 
A, averaged across age groups, is 4.33 V. The 
equivalent score at plant B is 4.15 V. The standard 
deviations of the data a t  A and B are 1.07 and 
1.12 V, respectively. The means and standard de- 
viations of the data at each facility do not signif- 
icantly differ a t  the 0.05 level from the normal 
p ~ p u l a t i o n . ~  The table represents a summary of 
the data for each group. The population data at 
both plants were remarkably consistent for each 
quartile investigated. 

At both facilities, increasing age closely corre- 
lates with an  increase in threshold voltage. This 
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Table. Means and standard deviations for the entire 
population of tested individuals at two chemical 
plants and a control normal population 

Plant Plant Nonchemical 
A B workers 

- 
X 4.33 4.15 4.54 

S D  1.07 1.12 1.09 
N 132 125 100 

The data for the nonchemieal workers were obtained in a 
previous study. ’ 

age-related decrease in vibration sensitivity is ap- 
proximately linear and exists across the entire age 
range examined (figure). There is a concurrent 
increase in variability of threshold scores for older 
subjects when these are calculated separately for 
each decade. 

To determine whether any job classification is 
at greater risk, data were grouped into four job 
categories: (1) assistant operator, (2) operator, ( 3 )  
checker clerk, and (4) supervisor. It was not feasible 
to  compare mean scores directly across groups be- 
cause of an uneven age distribution (eg, assistant 
operators are generally younger than supervisors). 
To compensate, each individual was scored as above 
or below the mean for the appropriate decade value 
of the entire population. Job categories were sub- 
sequently evaluated to determine numbers of 
above- or below-average individuals. There are no 
significant differences in job categories at the 0.05 
level. 

Between 8 and 10% of all subjects tested were 
initially classified as having an elevated sensory 
threshold. This classification was based on one of 
the following criteria: (1) a n  elevation in the sub- 
jects’ scores with reference to the pool of age- 
matched co-workers and controls, (2) a high degree 
of trial-to-trial variability in the ascending and 
descending series or, (3) a substantial change in 
threshold compared with previous scores for that 
individual. All subjects classified as “elevated’ were 
retested at 1-month intervals for three successive 
test periods. During retesting, the index finger of 
the opposite hand was also assessed, and relevant 
medical and environmental factors were evaluated. 
After retesting, approximately 3% of the subjects 
(eight individuals) had persistent elevated or var- 
iable thresholds. This small group was screened 
by the local medical personnel for additional signs 
of neural dysfunction. 
Case reports. Two asymptomatic individuals, one 43 
and one 38 years old, displayed a pattern of scores on 
the Optacon and a preliminary clinical profile, deter- 
mined by plant physicians, that indicated further eval- 
uation at the Neurotoxicology Clinical Center at the 
Albert Einstein College of Medicine by H.H.S. At this 
evaluation, each displayed signs of distal symmetric 
sensory polyneuropathy: absent ankle tendon reflexes, 

severely diminished vibration sensitivity (measured with 
a 128-cps tuning fork) in all limbs, and moderately di- 
minished touch, pin, and cold sensation in a symmetric 
stocking-and-glove distribution. 

The 38-year-old man is a poorly nourished, chronic 
alcoholic subject who has minimal occupational exposure 
to acrylamide. He has physical and laboratory evidence 
of liver dysfunction, normal skin, and slowed sural nerve 
conduction. Subclinical peripheral neuropathy in this 
individual is most likely due to a combination of alcohol 
abuse or poor nutrition. The 43-year-old subject appears 
in good health and has experienced no weight loss. His 
general physical examination was unremarkable save 
for normal-colored but excessively smooth and slick palms 
and finger pads. This dermal alteration is a characteristic 
finding in individuals who have experienced previous 
heavy skin exposure to acrylamide monomer. Extensive 
laboratory evaluation, family history, and a review of 
nutritional status revealed no endogenous cause for 
neuropathy. Motor and sensory nerve conduction ve- 
locities and visual evoked responses were normal. This 
subject is currently a supervisor with little direct contact 
with acrylamide, but 2 years previously he had had 
continuous direct exposure to acrylamide, including 
handling the monomer. Subclinical sensory neuropathy 
in this individual most likely stems from his past ac- 
rylamide exposure. 

After neurologic evaluation, both workers were 
counseled about avoiding future exposure to 
acrylamide monomer and repositioned within the 
plants to ensure against this possibility. The re- 
maining six subjects with abnormal thresholds have 
to date displayed no clinical symptoms. These six 
individuals are considered “at risk” for neuropathy, 
and are being frequently monitored with the Op- 
tacon and periodically examined by plant medical 
staff. 

As a validity check for the sensitivity of the 
Optacon in detecting acrylamide polyneuropathy, 
we tested a n  additional five individuals who had 
sustained past significant exposure to acrylamide 
monomer as municipal sewer workers (grouters) 
or in manufacturing facilities. Each had experi- 
enced dermal changes and characteristic neurologic 
signs that ranged from subtle sensory impairment 
to severe ataxia. Optacon scores in excess of 2 SD 
units above the age-matched control were recorded 
from each individual. The mean score for this group 
is 8.74 V. Two of these subjects have been repeatedly 
tested over a 1-year period, and their threshold 
scores remain consistently elevated for each quar- 
tile investigated. 

Discussion. Acrylamide neurotoxicity, as the 
principal cause of neural dysfunction, was evident 
in only 1 of the 257 potentially vulnerable indi- 
viduals tested. It is almost certain that at this 
time none exists in the remaining workers at these 
facilities, since in our experience the Optacon and 
other vibratory testing devices have proved ex- 
tremely sensitive in detecting acrylamide neurop- 
athy. Three percent of the tested subjects have 
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Figure. The means and standard deviations of 
chemical workers calculated separately for each age 
decade at each plant. Note the steady and linear 
decrease in sensitivity as a function of age. Voltage at 
threshold is plotted on the ordinate, because this 
represents a reliable and simple measure correlated 
with vibration intensity that can be determined under 
field condition. Standard deviations are not plotted for 
the 60 to 69 group because of the limited number of 
scores in  this set. 

elevated sensory thresholds and may have asymp- 
tomatic neuropathy. This figure is consistent with 
estimates of the prevalence of neuropathy in the 
general population within the examined age range. 

Our study establishes that the modified Optacon 
enables paraprofessionals to  screen individuals 
repeatedly for peripheral nerve dysfunction in the 
field. Consistent longitudinal data can be collected 
rapidly irrespective of the subject’s age, and the 
procedure causes no discomfort to  the subject. In- 
dividuals with elevated thresholds are readily 
identified, removed from their working environ- 
ment, and given detailed neurologic evaluation. 
Thus, the Optacon appears most ideally suited for 
longitudinally monitoring workers with potential 
exposure to  certain neurotoxins. In addition, it 
may prove useful in preemployment screening to 
detect individuals with subclinical sensory dys- 
function associated with conditions such as dia- 

betes, uremia, and neurotoxic pharmaceutical 
agents. Such individuals may be especially vul- 
nerable to certain peripheral neurotoxins and 
should be advised to avoid occupational exposure 
to  these agents. 

The modified Optacon may also be of value in 
repeated field screening of certain other large vul- 
nerable populations, eg: (1) individuals in oncology 
clinics receiving neurotoxic medications associated 
with sensory dysfunction such as vincristine, cis- 
platinum, and adriamycin, (2) patients in clinical 
trials designed to evaluate medication or therapy 
for diabetic or other metabolic neuropathies, and 
(3) as part of a battery of testing procedures in 
previously unstudied groups who are exposed to 
certain potential neurotoxins (industrial accidents 
or chemical disposal sites). Future clinical expe- 
rience with this instrument may identify other 
conditions that it can readily detect. Clearly, there 
are neurotoxic situations where it would be of little 
value; eg, an individual exposed to trichloroeth- 
ylene would experience disabling cranial neurop- 
athy,1° but probably display normal Optacon scores. 
Furthermore, there are peripheral neuropathies, 
eg, Guillain-Barre and type I1 hereditary motor 
and sensory neuropathy, that are primarily motor 
and, in our experience, have not been consistently 
associated with elevated Optacon sensory thresh- 
olds. 

Finally, although the Optacon is most useful for 
rapidly surveying large populations for sensory 
loss, it is clearly not as sensitive as the elaborate 
computer-assisted devices currently employed in 
some centers to detect dysfunction of specific sen- 
sory systems,11J2 and due to intersubject variability 
is no substitute for a careful examination by a 
neurologist.l3 It is probably best used, as in the 
present study, as a first-stage screening test in 
longitudinal studies to select a small number of 
possibly affected individuals for further careful 
evaluation. 

Acknowledgments 

The authors thank Ms. Monica Bischoff and Ms. Nancy Brennen 
for technical assistance and Ms. Laurel1 Edwards for typing 
the manuscript. 

From the Departments of Neuroscience (Dr. Arezzo), Neurology (Dr. 
Schaumburg), Pathology (Neuropathology) (Dr. Schaumburg), and In- 
stitute of Neurotoxicology (Dr. Schaumburg), Albert Einstein College 
of Medicine, Bronx, NY, and Medical Division (Dr. Petersen), American 
Cyanamid Company, Wayne, NJ. 
This work was supported by USPHS grants Nos. OH 00535, OH 00851, 
and ES 02168. 

Accepted for publication July 12, 1982 
Address correspondence and reprint requests to Dr. Arezzo, Albert Ein- 
stein College of Medicine, Rose F. Kennedy Center, Room 322, 1300 
Morris Park Avenue, Bronx, NY 10461. 

628 NEUROLOGY 33 May 1983 



References 

1. Conomy JP,  Barnes KL. Quantitative assessment of CU- 
taneous sensory function in subjects with neurologic disease. 
J Neurol Sci 1976;30:221-5. 

2. Feldman RG, Niles CA, Kelley-Hayes M, et al. Peripheral 
neuropathy in arsenic smelter workers. Neurology (NY) 

3. Nielsen VK. The peripheral nerve function in chronic renal 
failure: an analysis of the vibratory perception threshold. 
Acta Med Scand 1972;191:287-96. 

4. Schaumburg HH, Spencer PS. Toxic neuropathies. Neurology 
(NY) 1979;29:429-31. 

5. Schaumburg HH, Wisniewski HS, Spencer PS. Ultrastruc- 
tural studies of the dying-back process: I. Peripheral nerve 
terminal and axonal degeneration in systemic acrylamide 
intoxication. J Neuropathol Exp Neurol 1974;32:260-85. 

6. Spencer PS, Schaumburg HH. Ultrastructural studies of 
the dying-back process: IV. Differential vulnerability of 
PNS and CNS fibers in experimental central-peripheral 
distal axonopathies. J Neuropathol Exp Neurol 1977;36:300- 
20. 

7. Arezzo JC, Schaumburg HH. The use of the Optacon as a 
screenine device: a new technique for detecting sensory 

1979;29:939-44. 

loss in individuals exposed t o  neurotoxins. J Occupat Med 
1980;22:461-4. 

8. Mims F. Sensorv aids for blind persons. New outlook for ~ ~~~~ ~ 

the blind. 1973;67:407-14. 
9. Corso JF. The experimental psychology of sensory behavior. 

New York: Holt Rinehart and Winston, 1967:189-354. 
10. Lawrence WH, Partyka EK. Chronic dysphagia and tri- 

geminal anesthesia after trichloroethylene exposure. Ann 
Intern Med 1981;95:710. 

11. Dyck PJ, Lambed EH, Nichols PC. Quantitative mea- 
surement of sensation related to compound action potential 
and number and sizes of myelinated and unmyelinated 
fibers in sural nerve in health, Friedreichs ataxia, hereditary 
sensory neuropathy and tabes dorsalis. In: Cobb WA, ed. 
Handbook of electroencephalography and clinical neuro- 
physiology, vol 9. Amsterdam: Elsevier, 1971233. 

12. Maurissen JPJ,  Weiss B. Vibration sensitivity as an index 
of somatosensory function. In: Spencer PS, Schaumburg 
HH, eds. Experimental and clinical neurotoxicology. Bal- 
timore: Williams and Wilkins, 1980:769. 

13. Bleeker M. The Optacon: a new screening device for pe- 
ripheral neuropathy. In: Gillioli R, ed. Neurobehavioral 
methods in occupational health. Oxford: Pergamon Press 
(in press). 

Acute myopathy 
associated with 

gasoline sniffing 

Article abstract-Acute myopathy and  myoglobinuria with markedly 
elevated creatine kinase (CK) activity developed i n  an 18-year-old boy 
on two occasions after gasoline sniffing. No s igns of C N S  involvement 
were seen, and  the symptoms receded in a few days. The  amount  of 
lead in  blood and ur ine  exceeded t h e  reference value for subjects with 
occupational exposure. The component of gasoline that w a s  responsible 
for the myopathy remains unknown. Acute myoglobinuria appears to 
be a rare complication of gasoline sniffing. 
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Gasoline sniffing is usually a habit of children 
and young adults from low socioeconomic back- 
ground. I t  may cause acute  or chronic 
encephalopathy' or peripheral neuropathy,2 some- 
times with fatal outcome. In two previous 
a concomitant muscle damage may have been 
present, although clinical signs of myopathy were 
not detected. We report a patient with severe re- 
current myopathy and myoglobinuria after gasoline 
sniffing. 

Case report. The pat ient  was an 18-year-old boy with 
no professional t ra ining and  no permanent  dwelling. 
He had  been working temporarily i n  various fields with 
no occupational exposure to organic solvents. His alcohol 
consumption was  considered moderate, a n d  he  denied 
any  use of narcotics. He had been sniffing gasoline vapors 
irregularly for a year. The usual amount  was  1 to 1.5 
liters at a time. During t h e  pas t  6 months, he had ex- 
perienced pain i n  the upper extremities lasting about  
5 days af ter  gasoline sniffing. O n  admission on June 
26, 1980, he complained of aching pain i n  the muscles 
of t h e  extremities and  the back. Muscle strength was  
slightly reduced, a n d  gait was  difficult, mainly because 
of the pain. There was  no sign of generalized infection, 
alcohol intoxication, or d r u e  abuse. Slight dysar thr ia  

and  a tax ia  may have been present on admission, bu t  
neurologic examination carried out 2 days later revealed 
no sign of C N S  or peripheral nervous system involve- 
ment. The patient, however, complained of muscle pain 
and weakness, a n d  he could not turn i n  bed or move 
his  extremities i n  a normal way. The symptoms receded 
spontaneously i n  a few days, a n d  he left the hospital 
on J u l y  1 without permission. The results of the labo- 
ratory examinations are shown i n  the table. 

He was  rehospitalized on J u l y  22, 1980, after a few 
days' history of worsening muscle pain i n  all extremities. 
He had  sniffed about  a l i ter  of gasoline on J u l y  15. He 
w a s  aga in  confined to  bed for the first two hospital days 
because of muscle weakness a n d  pain. Neurologic ex- 
aminat ion on J u l y  24 was  normal except for proximal 
muscle weakness i n  lower extremities a n d  tenderness 
of calf and  thigh muscles on palpation. E E G  showed 6- 
to  8-Hz activity with an amplitude of 15 to 30 pV. EMG 
carried out  on J u l y  29 revealed potentials of low am- 
plitude without fibrillations or  signs of neuropathy. He 
was  discharged asymptomatic on August  4, 1980. 

In fall 1980, h e  was  sentenced t o  prison for criminal 
activities. O n  control examination i n  May 1981, when 
still i n  prison, he w a s  asymptomatic with normal neu- 
rologic examination. He denied having sniffed gasoline 
since summer 1980. E M G  showed a few polyphasic po- 
tent ia ls  without other  signs of myopathy. The E E G  was  
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