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Impaired nerve conduction in the carpal tunnel of platers
and truck assemblers exposed to hand-arm vibration
by Tohr Nilsson, MD,l Mats Hagberg, MD,2Lage Burstrorn , PhD,3Steve Kihlberg, MSc2

NILSSON T, HAGBERG M, BURSTROM L, KIHLBERG S. Impaired nerve conduction in the car
pal tunnel of platers and truck assemblers exposed to hand-arm vibration. Scand J Work Environ Health
1994;20:189-99.

OBJECTIVES - The goal of this study was to assess the relative risks of sustaining impaired nerve
conduction in the hands among vibration-exposed persons as opposed to nonvibration-exposed refer
ents.
METHODS- In a cross-sectional study design platers and truck assembly workers were contrasted to
office workers. The 4-h frequency-weighted vibration was 4.6 m . S- 2 and 1.0 m . S- 2 for the platers
and assemblers, respectively. The ergonomic factors were measured as forced grip time. The conduc
tion velocity, distal latency time, and amplitude of the median nerve were measured for both hands.
RESULTS - The sensory nerve conduction velocity was slower in the right hand than in the left. An
increased risk of prolonged latency time was found for the platers and assemblers when contrasted to
the office workers. The relative risks (rate ratios) of impaired nerve conduction for the carpal tunnel
segment varied between 1.4 and 2.0 for the distal latency and between 0.9 and 1.7 for the nerve con
duction velocity. The rate ratios were generally higher for the left-hand side than for the right-hand
side. The risks were not proportional to either the weighted or unweighted vibration exposure.
CONCLUSIONS - The contributions from vibration and ergonomic factors to impaired nerve conduc
tion velocity were inseparable in this study. Ergonomic factors such as forceful gripping and extreme
positions, apart from vibration exposure, may be strong determinants of impaired nerve conduction in
the carpal tunnel area.

KEY TERMS - carpal tunnel syndrome, cross-sectional study, electrophysiology, epidemiology, neu
ropathy, neurophysiology, risk.

Manual wo rk invol ving vibrating power tools is co n
sidered to be assoc iated wi th adverse health effect s
in peripheral micro circulation, the periph eral nerv
ous sys tem, and the mu sculoskelet al sys tem ( 1).
These effects have been summarized as the hand-arm
vibration sy ndro me, irrespective of the fact that le
sions to the different structures can develop either
co ncorda ntly or independently (2) .

The vascular di sorder , cold-induced vasospas m or
"vibration white fingers," has so far been the most
thoroughly invest igated of the hand-arm vibration
symptoms. Recently, mo re interest has be en focu sed
on the neural impact of vibra tion. Neural sy mptoms
and signs (eg , numbness, pare sth esia, tingling , pain ,
reduced se nsi tivi ty, and manual dexterity) indicate
a deranged neural function at the level of the recep
tors or the axons. The re sults from measurements of
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temperature and vibro tactile perception thres holds
and two-point discrimination te st s are interpreted as
ev ide nce of the se nsory neural impact of vibra tion
at the level of the receptors (3- 5) . Measurements
supporting the view of a neurological vibration
effe ct on the axon are found in nerve conduction
studies (6) .

The aim of the present investigation was to assess
the rel ative risks of vibration-ex posed per sons con
tracting impaired nerve conduc ti on as opposed to
nonvibration-exposed referents.

Subjects and methods

Study groups

The investigation was a cross-sectional study of a
cohort (N = 179) of platers, truck assemblers, and
office wo rkers (figure 1) . The criteria for inclusion
in the exp osure or reference category were as fol
lows: (i) job title (pla ter, ass embler, or office work
er) , (ii) gender (male), (ii i) age (54 years or less),
and (iv) work (employed as a plater, assembler, or
office worker and working as such ). From the total
source population of 112 platers listed on the em
ployee roster s, 89 were currently at work and were
included in the study population (figure I ). Of the
tru ck assemblers, 70 were randomly admitted from
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Job title

Source
population

Study group

Neurophysiological
~ "h h " '- • test population

* Former vibration exposure

** Not currently exposed to vibration

Figure 1. Job titles and the numbers of subjects in the source population and the final study population when the nerve
conduction measurements were made.

a source population of 114. Of the 500 office work
ers, 61 were randomly admitted. The neurophysio
logical parameters were measured for all 61 office
workers and the first 60 consecutively examined plat
ers and 58 assemblers. An analysis of former and
present work revealed that 16 office workers had pre
viously used vibrating tools and four platers currently
had no exposure to vibration. The mean age was
32.4 (SD 9.6) years for the plater category, 24.6
(SD 6.4) years for the truck assemblers, and 37.4
(SD 9.8) years for the office workers.

Exposure

The mean number of years involving exposure to
work with hand-held vibrating tools was 12.2 (SD
8.2) years for the platers currently exposed to vibra
tion. For the platers with earlier exposure to hand
held vibrating tools the mean exposure time was 10.1
(SD 8.2) years, for the office workers with earlier
exposure it was 10.3 (SD 7.8) years, and for the as
semblers it was 4.1 (SD 4.6) years.

Ergonomic work load. The platers' work tasks con
sisted mainly of welding and plating on iron and
stainless steel. The work tasks also included finish
ing the product by grinding. The mean daily time the
platers used different repetitive and forced grips was
determined from the observation of 12 subjects. The
mean percentage of the total worktime involving
forced gripping was calculated for the left and right
hands separately. The platers used a forced grip
12 min (mean) for the right hand and 9 min (mean)
for the left hand per day, which corresponds to 9.8%
of the total daily worktime for the right hand and
9.5% for the left.
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The truck assemblers carried out the mechanical
assembly of trucks, using both manual tools and vi
brating power tools. The length of time involving dif
ferent grips was measured for each subject during
18 min with a sample every second minute. These
18 min represented a balance on the assembly line,
which the workers repeated throughout the whole
day. The mean percentage of the total worktime in
volving the left and right hands in a forceful grip was
calculated. The truck assemblers used a forced grip
105 min (mean) for the right hand and 82 min (mean)
for the left hand per day, which corresponds to 22.2%
and 17.3%, respectively, of the daily worktime.

Among the reference group various appointments
within office work were represented, such as man
ager, construction engineer, instructor, and postal
clerk. The work content of the reference group var
ied from engineering construction at a desk to su
pervision and selling. The main task comprised of
fice work at a desk. Light repetitive manual tasks
were present, but forceful grips were not anticipated
and thus were not measured.

Vibration exposure. Vibration exposure was assessed
under normal work conditions from measurements
of the magnitude of the vibration acceleration and
the exposure time for each of the tools in use. The
tool vibration acceleration was measured at all rele
vant job stations. The measurements and analyses
were carried out in accordance with the ISO 5349
protocol (7), but with different designs for the plat
ers and the assemblers. For the platers measurements
were made for 17 grinders, 16 hammers, and 3 die
grinders (constituting 13% of the total number of
hand-held vibrating tools in use at the company). For
the assemblers vibration was measured for seven nut



runners, three impact wrenches, two screw drivers,
and two wrenches. The accelerometers were glued
with a cyano acrylate cemen t onto suitable clamps
which were mounted on the tools as close as possi
ble to the operator's hand . The data analysis con
sisted of determining the frequency-weighted and fre
quency-unweighted levels for the center frequencies
of the one-third octave band from 6.3 to 1250 Hz.

The vibra tion exposure differed between the
platers and the assemblers (table I). The mean lev
els of the vibration acceleration varied for the dif
ferent tools between 1.4 and 10.3 m . S-2 (frequency
weighted) and between 9.8 and 82.4 m . S-2 (frequen
cy-unweighte d),

The daily length of vibration exposure was as
sessed by means of a subjective rating and by an ob
jective measurement of the time each type of hand
held tool was used. The objective measurements were
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made by observation. Following the company's job
analysis for platers (14 853 observations), we stud
ied the tasks demanding the use of hand-held power
tools when vibration expos ure could be expected.
The observation periods lasted 60 s and the obser
vation time for each operator varied between 120 and
265 min with a mean observation time of 151 (SD
54) min. The observer noted the kind of tool the op
erator was handling, whether the machine was work
ing, and which hand was exposed. Twelve right 
handed male platers were observed during act ive
worktime. The data obtained was recalculated ac
cording to the data on the frequency of utilization.
For the assemblers the frequency study permitted 43
assemblers to be observed every minute for 18 min.
The subjecti ve ratings for the length of vibration ex
posure were collected for the 12 platers observed and
for all of the assemblers. The length of vibration ex-

Table 1. Mean fr equency-weighted and trequ ency-unwelqnted vib rati o n exposure magnitude and m ean vibration ex posure time
measured by th e subjective rat in g o f the SUbj ects and by the objec t ive m easu rem en t of t he tools u se d by the pla t ers (g ri nders,
hammers an d di e g ri nders) an d assem bl ers (n ut run ners w it h and w it ho ut reacti o n bar , screw drivers and impact w re nc hes).
The res ulting total da ily ac ce leration level and corres po nd ing 4·h values are present ed .

Vibration t ime
Vibrat ion Objective measurementmagnitude Subjective
(m 's-2j rating (min · d- ')

Exposed group (min 'd-'j Right hand Left hand Both hands

Mean SO Mean SO Mean SO Mean SO Mean SO

Platers

Tools

Grinders

Frequency·weighted 5.5 1.9 74 62 86 56 81 56 83 55
Frequency·unweighted 82.4 44.1

Hammers

Frequency·we ighted 10.3 2.9 29 31 31 19 14 17 22 16
Frequency·unweight ed 76.0 25.2

Die Grinders

Frequency·weighted 1.5 0.3 0 3 6 2 2 3
Frequency·unweighted 21.5 4.5

Total

Exposure t ime 103 120 96 107
Frequency-weighted (m . s-2j 7.2 2.2 7.0 2.2 6.4 2.0 6.8 2.1
Frequency-unweighted acceleration (m . s-2j 80.7 39.2 79.8 39.1 81.1 41.4 80.4 40.2
4·hour trequency-welqhted (m . s-2j 4.7 1.4 5.0 1.5 4.0 1.3 4.6 1.4
4-h frequency-unwelghted acceleratio n (m . s-2j 52.8 25.8 56.4 27,7 51.3 26.2 53.7 26.8

Assemblers

Tools

Nut runner

Frequency-weighted 1.4 0.5 20 17
Frequency -unweighted 9.8 2.0

Wrench

Frequency-weighted 1.5 0.5 15 9
Frequency-unweighted 29.9 8.6

Impact wrench

Frequenc y-welphted 2.9 0.8 2 5
Frequency-unweighted 37.0 7.2

Screw driver

Frequency-weiqhted 4.0 0.5 3 11
Frequency·u nwelghted 19.5 3.2

Total

Exposure time for vibration 40 40 41 40
Exposure time for tools where vibration
might occur 40 37
Frequency-weiqhteo (m . s-2j 1.9 0.5 2.4 0.6
Frequency-unweighted acceleration (m . s-2j 21.9 5.7 22.2 5.0
4·h frequency -weighted (m . s-2j 0.8 1.0 1.0 0.3
4·h frequency-unweighted accelerati on (m . s-2j 9.0 2.3 9.3 2.1
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posure, expressed in minutes for each tool, was rated
by the subject for the workday that preceded the day
of the observation measurement. All of the subjects
in the study population answered a questionnaire on
vibration exposure. Information was collected about
the onset of vibration exposure, the duration of ex
posure per day, and the number of years of such ex
posure. The subjectively and objectively measured
expos ure duration agreed well (table I). The corre
sponding frequency- unweighted accelerations were
53.7 and 10.5 m . S 2, respectively.

The frequency-weighted energy equivalent acce l
eratio n for the period of 4 h (7) in plating was 4.6
and 1.0 m . S- 2 for the assembly workers when cal
culated as the mean of the objec tively measured ex
posure time for both hands (table I).

Measurement ofnerve conduction

The median nerve conduction measurements were
performed with a Neuromatic" 2000 C (two-channel
neurograph). The stimulation and recording elec
trodes were bipolar surface electrodes of saline
soaked felt (diameter 7 mm, spaci ng 23 mm). Nerve
distances were measured from the center of the cath
ode to the active registration electrode. The temper
ature was care fully controlled and kept above 28°C.

All of the nerve conduction measurements were
measured by the same neurophysiological technician
using the same technical setup.

The distal latency time for the median motor nerve
was measured after stimulation at the cubital fossa
and the wrist with the recording electrode placed on
the abductor pollicis brevis muscle. A grounding
electr ode was set between the stimulation electrode
and the recording electrode. The conduction veloci
ty of the median sensory nerve was measured after
antidrome percutaneous stimulation. The recordings
were fractionated for the carpal tunnel segment and
the segmen t dista l to the palm. The stimu lation elec
trode was placed 2 ern proximal to the distal wrist
crease and in the palm. The recording electrode was
attached to the ulnar side of the third digi t (on the
second for the assembler group) . The recording elec
trodes were placed with one of the two felt electrodes
proximal and the other distal to the proximal inter
phalangeal joint. The measurement of the amplitude
for the sensory nerve was recorded for the hand seg
ment from the wrist and for the distal segment from
the palm to the digit. The case definition of abnor
mal nerve conduction was based on the 95% confi
dence interva l (95% CI) of the mean (table 2) in the
nonvibration-exposed portion of the office worker
group with no hand symptoms (N = 4 1).

Table 2. Mean median motor and sensory nerve conduction velocity , distal latency time, and amplitude measures for the symptom-
free, nonvib ration-e xpos ed port ion of the reference group, case definit ion and correlat ion coefficient (r) wi th age, height, and
weight. (95% CI = 95% confid ence interval)

Mean Mean Case criteria Age Heigh t WeightMedian nerve ampli tud e velocit y 95% CI
IItV) (m ' S-1) (mean) (r) (r) (r)

Motor

Condu ct ion veloc ity

Right arm 61.9 < 60.3 -0.19 - 0.21 - 0.21
Left arm 61.6 < 59.7 - 0.39' -0.31 ' -0.41 '

Dist al latency time

Right arm 3.60 > 3.74 0.21 0.33' 0.37*
Left arm 3.59 > 3.73 0.28 0.24 0.05

Sensory

Conduction velocity

Wrist-digit

Righ t 52.3 <50.9 -0.35 -0.05 - 0.23
Left 54.6 <53.2 - 0.31' -0.27 -0.21

Palm-digil

Right side 53.5 <51.4 -0.21 0.02 - 0.19
Left side 58.1 < 55.5 - 0.22 0.09 - 0.09

Wri st-palm

Right side 52.7 < 50.0 - 0.36' - 0.09 - 0.19
Left side 53.0 < 50.1 - 0.09 -0.27 -0.09

Amplitude

Wrist-d igit

Right side 14.2 < 12.6 - 0.44' - 0.10 -0.23
Left side 15.2 <13.7 - 0.29 - 0.22 - 0.04

Palm-dig it

Right side 11.3 < 9.8 - 0.36 ' - 0.02 -0.13
Left side 12.6 11.1 - 0.05 - 0.04 - 0.30

, P<0.05.
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All of the subjec ts in the study popul ation were
examined and interviewed by a physician (TN). This
examination was performed to identify and check for
other diseases, special attention being paid to poly
neuropath y and cervical radiculopathy. No subjects
were identified and excluded due to presumed alco
holic neurop athy or abnorm al clinical findings. The
subjects provid ed demographic data through a ques
tionnaire. The questions covered, for examp le, age,
work, years at work, exposure, and use of nicotine.

Statis tics
Frequency measures were computed as point preva
lence rates given in percentages. The unpaired t-test
was used for testing the mean differences between
groups and the paired t-test for the difference be
tween the left and right hands. Correlations between
the nerve conduction measures and the anthropomet
ric values have been given as the Pearson correla
tion coeffici ent. The choice of the outcome measure,
as well as the measure of association , is controver
sial in cross-sec tional studies. The prevalence rate is
regarded by some authors as not ideal as a measure
of morbidi ty because of the composite nature of the
prevalence (8). Odds ratio as the measure of associ
ation, as advocate d by, for example, Checkoway et
al (9), is questioned when there are high prevalences.
We used rate ratios (relative risk) as the measure of
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association between effect and exposure. Odds ratios,
when presented for comparison, were obtained by
computing age-standardized odds ratios according to
Mantel-Haenszel techniques. Confidence interva ls
for rate ratios were calculated according to the Tay
lor series. An unconditional multiple logistic regres
sion model (10) was used (Epilog) for analyzing in
teracti on effects. The predictors in the multiple lo
gistic regression model were assessed from the var
iables thought to be of biological importance and re
duced to age, consumption of nicotine, vibration ex
posure, and presence of plating or assembling. Age
and years of vibration exposure were treated as con
tinuous variables, while consumption of nicotine and
presence of plating or assembling were treated as di
chotomous variables. In the logistic regression model
the regression coefficients were used to calculate the
odds ratios .

Results

There were negative correlations between the ampli
tude and the sensory nerve conduction velocities in
relation to age, height , and weight (except for con
duction velocity in the distal hand segment and
height) (table 2). The distal latency time correlated
positively with age, height, and weight.

Minor differences were found between the platers
and assemblers (table 3). Only the conduction veloc-

Table3. Mean median motor and sensory nerve conduct ion velocity, distal latency time, and amplitude measures for the platers,
assemblers, and office workers and the 95% conf idence interval (95% Gil for the mean d ifference between the values for the
platers and the assemblers.

Difference
Platers Asse mblers Office workers

Median nerve (N=56) (N=56) (N=6 1) Platers- Platers- Assemblers-
office workers ass emblers office workers

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Motor

Conduction velocity

Right arm 62.1 60.5-63.7 62.1 60.9-63.3 62.0 60.6-63.4 0.10 - 2.05- 2.17 0.00 - 1.99- 2.00 0.10 - 1.91- 1.80
Left arm 63.2 61.4-64.8 61.9 60.5-63.3 61.2 59.7- 62.5 2.00 0.00-4.18 1.30 - 0.76- 3.45 0.70 - 2.71- 1.21

Distal latency time

Right arm 3.65 3.54-3.76 3.73 3.62-3.84 3.59 3.49-3.70 0.06 - 0.09-0.21 -0.08 - 0.23- 0.07 0.14 - 0.29- 0.01
Left arm 3.75 3.65-3.84 3.66 3.56-3.77 3.59 3.50- 3.70 0.16 0.01-0.29 0.09 - 0.06- 0.22 0.07 - 0.21- 0.08

Sensory

Conduc tion velocity

Wrist-digit

Right side 51.8 50.5-53.1 50.5 49.0-52.1 52.5 51.2-53.8 ·-0.70 -2.51-1.12 1.30 - 0.74- 3.34 - 2.00 0.02-3.98
Left side 54.4 53.1-55.8 54.0 52.6-55.4 54.5 53.7-56.3 - 0.10 - 2.40- 1.26 0.40 -1.53-2.36 - 0.50 -0.90-2.87

Palrn-dlqit

Right side 55.1 53.3-56.8 50.9 49.4-52.4 54.2 52.5- 55.9 0.90 - 1.58-3.23 4.20 1.91-6.46 - 3.30 1.07-5.63
Left side 59.9 57.7-62.1 55.6 53.8-57.3 57.9 55.8-60.0 2.00 - 0.97-4.97 4.30 1.57- 7.10 - 2.30 - 0.36-5.03

Wrist-palm

Right side 49.3 47.2- 51.4 51.0 48.3-53.6 52.4 50.0-54.8 - 3.10 - 6.21- 0.16 - 1.70 - 4.96- 1.71 - 1.40 -2.11- 4.91
Left side 50.1 47.7-52.5 53.4 50.6-56.3 53.5 51.1-55.9 -3.40 - 6.76- -·0.03 - 3.30 -7.02-0.36 -0.10 -3.58-3.71

Amplitude

Wrist·digit

Right side 14.8 13.2-16.3 16.2 14.8-17.6 14.4 13.1- 15.6 0.40 - 1.55- 2.35 -1 .40 -3.52- 0.64 1.80 - 3.67--0.02
Left s ide 14.0 12.4-15.7 15.6 14.0-17.1 15.5 14.2- 16.8 - 1.50 - 3.48- 0.64 - 1.60 - 3.73- 0.77 0.10 - 2.08- 1.96

Palm-digit

Right side 11.9 106-13.1 11.3 10.0-12.7 11.5 10.4-12.7 0.40 - 1.35-2.09 0.60 -1.35- 2.41 - 0.20 - 1.60-1.92
Left s ide 12.2 10.9-13.5 13.0 11.6-14.3 13.6 12.2-14.9 -1.40 -3.14- 0.45 -0.60 -2.56-1 .05 - 0.60 - 1.26-2.45
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ity of the sensory nerve for the palm-to-digit segment
showed a difference of 4.2 m . S-I (95% CI 1.91
6.46) for the right hand and 4.3 m· S-I (95% CI
1.57-7.10) for the left hand between the two groups.
For the plater and assembler categories the distal la
tencies over the carpal tunnel segment of the arm
were prolonged compared with the latencies for the
office worker group. The corresponding (wrist-palm
segment) sensory nerve conduction velocities were
also reduced in comparison with the velocities for
the office workers (table 3).

The conduction velocities of the sensory nerve
were slower for the right hand than for the left. When
the conduction velocities were fractionated for the
wrist-digit segment, the difference between the right

and left hands was -2.6 m . S-I (95% CI -3.45 to
-1.76) for the platers, -3.5 m· S-I (95% CI -4.76 to
-2.23) for the assemblers, and -2.5 m . S-I (95% CI
-3.55 to -1.43) for the office workers.

The highest prevalences for impaired nerve con
duction were found for the platers. The prevalence
for a prolonged distal latency was higher for the vi
bration-exposed categories than for the office worker
group (table 4). A long latency time was more prev
alent among the platers than among the assemblers.
In the plater group a long latency time was more
prevalent for the left hand than for the right. For the
assemblers a slightly higher prevalence of prolonged
distal latency time was found for the right hand than
for the left. The prevalence of impaired nerve con-
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Table 5. Log-likelihood, constant exposure, and odds ratios f ro m unconditional mult iple logistic reg ress io n models of prolonged
d istal latenc y lime over the carpal tu n ne l segm ent of t he arms. (RR = ra te ra tio)

Model 1 Model 2 Model 3 Model 4 Model 5

Variable RR' RR' RRa RRa RR-

Right hand Left hand Right hand Left hand Right hand Left hand Right hand Left hand Right hand Left hand

Log·likelihood -1 16.10 -117.68 -106.69 -107.42 -91 .46 - 93.21 -90.38 -92.60 - 104.85 -104.41

Constant exposure (0) 0.515 0.445 0.467 0.317 0.587 0.554 1.011 0.412 0.171 0.104
(0.186- (0.162- (0.154- (0.105- (0.159- (0.154- (0.126- (0.050- (0.033- (0.019-
1.425) 1.222) 1.413) 0.964) 2.175) 1.998) 8.1117) 3.381) 0.895) 0.570)

Age (number of years) 1.002 1.009 1.007 1.020 0.986 0.992 0.973 0.998 1.022 1.034
(0.972- (0.979- (0.975- (0.968- (0.947- (0.954- (0.922- (0.946- (0.983- (0.994-
1.033) 1.039) 1.040) 1.052) 1.027) 1.032) 1.028) 1.053) 1.063) 1.076)

Nicotine (nonconsumers
or ex-consumers versus
active smokers or
snuff users) 1.015 1.176 0.912 0.916 0.979 0.933 0.913 1.008

(0.538- (0.622- (0.448- (0.454- (0.475- (0.458- (0.471- (0.519-
1.924) 2.223) 1.858) 1.848) 2.019) 1.899) 1.771) 1.958)

Vibration number of
years with vibration

1.093exposure 1.068 1.079 1.121
(1.016- (1.026- (1.024- (0.999-
1.123) 1.135) 1.228) 1.195)

Assembling 0.786 1.422 2.369 2.573
(0.223- (0.400- (0.863- (0.920-
2.767) 5.048) 6.501) 7.193)

Plat ing 0.389 0.821 2.108 2.839
(0.075- (0.172- (0.879- (1.177-
1.603) 3.917) 5.055) 6.847)

• 95% confide nce interval in parentheses.

duction over the carpal tunnel and a reduced ampli
tude were more prevalent among the platers and the
assemblers than among the referents for the right
hand but not for the left hand for the assemblers.

Rate ratios (RR) of 104-2.0 were found for im
paired nerve conduction over the carpa l tunnel seg
ment for the distal latency and 0.9-1 .7 for the nerve
conduction velocity (table 4). The rates were gener
ally higher for the left-hand side than for the right
hand side. For the arm and for the palm-to-finger seg
ments the risks of impaired nerve conduction were
not increased. The highest rate ratios were found for
the distal latency. An increased risk for a prolonged
distal latency, reduced nerve conduction velocity, and
decreased amplitude was found for the platers and
the assemblers when contrasted to the office work
ers (table 4). An increased risk was also found when
the vibration-exposed workers, irrespective of job ti
tle, were contrasted to nonvibration-exposed office
workers. The correspondi ng magnitudes of the risk
were higher when the contrast was based on job ti
tle than when the contrast was based only on expo
sure to vibration. The risks were generally higher for
the left-hand side than for the right-hand side. The
rate ratios were generally higher for the platers than
for the assemblers.

In a logistic regression model controlling for age,
nicotine use, and years of vibratio n exposure, it was
found that the duration of vibration exposure was a
predictor of prolonged distal latency. An increased
risk (RR 1.12, 95% CI 1.02-1.23 for the right hand;
RR 1.09, 95% CI 1.00-1.20 for the left hand) for
prolonged distal latency remained when the model

" " -_..._-- - -

was expanded to control for assembling and plating
(table 5).

Discussion

Exposure

The study groups had a vibration exposure distr ibu
tion of low to moderate. The vibration exposure from
plating work was moderate ly high (4.6 m . S-2) when
compared with the recommen ded 4.0 m . S· 2 thresh
old level suggested by the American Confere nce of
Governmental Industrial Hygienists ( I I). The plat
ers ' exposure values were lower than the 4-h equiv
alent vibration exposure reported for stone drillers
and stone cutters (22.7 m . S·2) (12) but higher than
the level found in riveting (2.8 m . S· 2) (13). The vi
bration exposure in the plater group came exclusively
from power tools. High-impulse vibration exposure
originating from the mechanical components of plat
ing work shown by Starck et al (14) was negligible
in our study when compared with the contribution
from the power tools. In the truck assembly group
the mean 4-h frequency-weighted acceleration was
very low (1.0 m . S·2). The vibration exposure of this
group was of the same magnitude as that of the
"manual task group" used as a reference group by
Burdorf et al (13) and lower than the exposure of Jap
anese sewing machine operators ( IS). Most of the
vibration exposure among the platers and assemblers
was of low to medium frequency; thus the loss of
information from frequency-weighting should be of
minor significance.
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The durat ions of vibration exposure were compar
able for the left and right hands, albeit with a small
predominance for the right hand. This finding indi
cates the frequently used double-handed grip of the
power tools.

The hand-transmitted vibration exposure was con
founded by ergonomic work factors. The jobs involv
ing use of vibrating tools also involved a consider
able use of the upper limbs and therefore also ergo
nomic stress due to execut ed force, repetitiveness,
posture, contact stress, and cold temperature (16). A
high level of forced grip is one of several ergonom
ic factors (together with extension and flexion pos
tures and repetitiveness) associated with an increased
risk of carpal tunnel syndrome ( 17). In this investi
gation we only measured one of these factors, the
fraction of the worktime when the forced grip was
used. The outcome showed that the duration of
forced grip was twice as long for the assembler group
than for the plater group . This result is in agreement
with the more pronounced manual aspects of assem
bly work compared with plating. There was a pre
dominance of a forced grip for the right hand among
the assemblers which was not found for the platers.
This outcome can be interpreted as further evidence
of the manual character of assembly work.

There is a bilateral interaction between exposure
from ergonomic work factors and vibration. Ergo
nomic work factor s can adversely affect vibration
transmission and exposure. Vibration can influence
the average grip force (16), while, at the same time,
forceful gripping can result in increased vibration
transfer to the hands due to impro ved coupling (18).

Effect measures
Special interest has been focused on neurophysiolog
ical findings in the wrist segment of the arm, as the
susceptibility of the axon is increased where the
nerves and tendons pass through the narrow carpal
tunnel. Neuropathy caused by compression of the
median nerve at the carpal tunnel accompanied by
characteristic symptoms make up the carpal tunnel
syndrome (19). The severity of the syndrome rang
es from mild symptoms with only nocturnal paresthe
sia and normal electro neurophysiological findings to
severe symptoms and complete nerve conduction
block (20).

We found the highest risks of impaired nerve con
duction for the carpal tunnel in compariso n with the
other segments of the arm. There was no increment
in the risk for the palm-finger segment or for the arm
wrist segment. This localized effect on the median
nerve at the carpal tunnel segment is consistent with
the findin gs of earlier investigations (2 1, 22), al
though there are also conflicting results (6).

Exposure effect
In spite of different jobs, tasks, and exposures no
major differences were found between the mean
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nerve conduction measures for the assemblers and
platers, except for the palm-digit parameter. The re
duced peripheral conduction velocity for the palm
digit segment among the assemblers may have been
due to a difference in the measurement procedure.
The conduction velocity was recorded from the sec
ond digit for the assemblers but from the third digit
for the other groups.

Investigators of nerve conduction have often stud
ied the effect from exposure in one single type of job
(23,24), or in case series (25), and only to a less ex
tent have the results been compared with the results
of reference groups . Among the publications in
which reference groups have been used (6, 22), there
have been no detailed descriptions of the work tasks
of the reference groups, and this situation hampers
the possibility of comparing the results.

The risk of impaired nerve conduction was high
er for the platers than for the assemblers when these
groups were contrasted to the office workers. The
strength of the association between exposure and re
sponse expressed as the magnitude of the relative risk
was only moderately increased in our study, the rate
ratios not exceeding 2.0 with a corresponding age
standardized odds ratio of 3.2 (95% CI 1.4-7.0).
The differences in the rate ratios between the plat
ers and the assemblers were of the magnitude of 0.5,
when compared with the fivefold wider confidence
intervals. Our magnitude of risk is comparable with
the 2.3 odds ratio (95% CI 1.4-3.7) recalculated by
Hagberg et al ( 17) from the results of a cross-s ec
tional study in which assembly workers were con
trasted to administrative personnel (26).

When the contrast was based on vibration expo
sure alone, a reduced rate ratio was found in com
parison with the corresponding values for the job ti
tles platers and assemblers. This finding can be in
terpreted as dilution due to former vibration expo
sure in the office worker group. The highest rate ra
tios were found for the platers when contras ted to
the office workers, and this findin g is compatible
with the distribution of the highest vibration expo
sure to this group. The outcome showed that the plat
ers' exposure to work with vibrating tools was twice
the duration of that of the assemblers, and it was of
a higher intensity, but the corresponding risk was
only slightly increased and not consistently so. The
risks of impaired nerve conduction were generally
higher for the left hand than for the right despite the
slightly higher vibration exposure and the higher du
ration of forced grips for the right hand. The differ
ence in vibration expo sure between the platers and
assemblers was even larger when the exposure was
unweighted rather than frequen cy-weighted. In our
study there was no evidence of a relationship be
tween cumulative vibration exposure and the sever
ity of nerve conduction impairment.

The rate ratios were higher when the contrast was
based on job title than when the risk was based only
on exposure to vibrating power tools. This result in-



dicates that nonvibration exposure factors associat
ed with work, for exampl e, the biomechanical as
pects, were also important. Among the important dis
criminants of physical work load are, for example,
repet itive movements , forceful gripping, and static
posture (17). Several investigators (23, 27) have as
sociated compression of the median nerve at the car
pal tunnel with both exposure to vibration and man
ual work. The variation in manual work load, due to
ergonomic factors, in different occupations is asso
ciated with an increased prevalence of carpal tunnel
syndrome (26) . High prevalences of carpal-tunnel
syndrome have been observed by Silverstein et al
(28) in industrial occupations where exposure to
high-force and repetiti ve hand wrist movements are
frequent. In their study the relative risk of carpal-tun
nel syndrome was 15 for occupations with high force
and repetiti ve hand movements. Estimated from a
logistic model , controlling for high force and high
repetition, the risk was 1.9 (not significant) for vi
bration exposure.

The sensory nerve conduction velocities were low
er in the right hand than the left in all of our groups.
But when the risk estimates (rate ratio) for impaired
nerve conduction are considered, they were increased
for the left hand when it was compared with the right.
Our reported increment in risk for the left hand can
not be explained by vibration exposure alone. A lat
eralization of increased risk measures to the nondom
inant hand has also been shown for other effect meas
ures (arthritis) (29). In office work, as well as in plat
ing and assembling, the highest ergonomic work load
(occupational and nonoccupational) is predominantly
directed towards the domin ant hand, most often the
right hand. The relative impact of some other spe
cific exposure (ie, vibration) may thus be larger for
the nondomin ant hand , due to a lower total work
load, compared with the dominant hand.

In a multiple logistic regression model controlling
for age, use of nicotine, and job (inclusion of plat
ing or asse mbling), each working year, includ ing
work with vibrating power tools, increas es the odds
ratio for a prolonged distal latency by 12% for the
right hand and 9% for the left. This result points to
both occupational work characteristics and vibration
confounded by repetiti ve and forceful gripping as
important risk factors for impaired nerve conduction
over the carpal tunnel segment. The magnitudes of
the attributable proporti ons from vibration exposure
and physical work load are still the subject of de
bate (17, 30).

Study design considerations

Possible bias in study base selection. The cross-sec
tional study had a census design for the plater and
assembler categories and random admission for the
office worke rs. The missing frequency (absent,
studying, long-time sickness) in the base population
was 20 and 39% for the platers and assemblers, re-
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spectively. Due to restricted access to neurophysio
logical investigation facilities only the first 60 (61,
60, and 58) consecuti ve subjects in each group were
given a neurophysiological examination. The platers
and assemblers absent during the study period were
thus omitted. The subjects with increased absen
teeism due to health problems may have been ex
cluded, and this possibility could have led to an un
derestimation of the true risk. All of the office
workers were examined. Among the office workers
most of the work was worldwide maintenance and
selling. Traveling attracts young and healthy sub
jects. Therefore the mean age of the office workers
accessible to the study was high, and there may
have been a possible selection of those office work
ers with less vigor. The net effect of this possible
selection bias could be an underestimation of the
true risk.

The effect of selection bias (healthy worker effect)
in the plater group was regarded as low due to a very
low (4%) yearly turnover compared with that of the
assembly group, for which the yearly turno ver was
high (20%). This high turnover in the assembly group
was interpreted not as being primarily linked to
health or comfort problems but instead to a normal
short work career for young unskilled workers in
monotonous assembl y work.

Possible misclassification of exposure. In this inves
tigation the exposure categories were based on be
longing to a job with known exposure to vibration
and ergonomic work load. Detailed analyses of ex
posure to vibration revealed that job title was a crude
measure of exposure to vibration. In the reference
group 25% of the office workers had had substan
tial exposure to vibration in their previous jobs.
Among the platers a small fraction worked with tasks
in which there was no current vibration exposure. In
these analyses only occupational vibration exposure
was controlled for. There could have been substan
tial exposure from leisure-time activities such as
driving snowmobiles or other vehicles with vibrat
ing handlebars or using powered handtools. The as
sumption of an even distribution of such leisure-time
exposure in the exposure and reference groups can
be questioned on the grounds of the different age dis
tribut ions.

The outcome shows a high concordance between
the reported time of exposure to vibrating tools dur
ing the day of the investigation and the correspond
ing objec tively measured exposure time. This find
ing can be interpreted as indicating the subjects'
knowledge of the content of their work . The reli
ability of reported exposure in the past cannot be
validated. According to the plating company no ma
jor changes had occurred in exposure during the last
10 years . Recall hias from past exposure is more apt
to show among those with a long occupational his
tory, which could be associated with age. No indi-
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cations of uncertainty in the collected information on
years of work was addressed.

Ergonomic exposure was asked for or analyzed for
former occupations or leisure-time activities. The
influence of sports, former work, and leisure time
could thus not be controlled for.

Possible missclassification of cases. The 95% upper
limit of the mean in the nonvibration-exposed ref
erence group was used as the case criterion for im
paired nerve conduction. The value used for a pro
longed distal latency of the median motor nerve
(>3.74 and >3 .73 ms) was shorter than the criterion
used for medical purposes (>4 .2 ms). The case cri
terion for a reduced conduction velocity of the me
dian sensory nerve was fast « 50.0 and 50.1 m . S-I)

compared with the medical criterion «39 m· S-I).
The prevalences of impaired nerve conduction were
thus not compatible with the prevalences found when
the medical diagnostic criteria for neuropathy in the
carpal tunnel syndrome are used. Choosing these cri
teria means that a high point prevalence for neuro
logical impairment is to be expected by definition.
High point prevalences for prolonged distal latencies
and nerve conduction velocities were also found for
the platers, the assemblers, and the office workers .

The case definitions were not adjusted for the dif
ferences in age and anthropometry between the ref
erence group and the exposure groups. The observed
correlations between conduction measures and age,
height, and weight were relatively low and would
explain only a small fraction of the variance . The
negative correlation between the effect parameters
and age might have resulted in an underestimation
of the risk.

Polyneuropathy and other diseases have been con
trolled for in only a few of the earlier studies on
nerve conduction (22, 31, 32). The nerve conduction
findings do not differentiate between diffuse gener
al distal neuropathy due to disease and local entrap
ment neuropathies with other possible origins. A
small fraction of our subjects can be expected to have
had untreated diseases or alcohol overconsumption
accompanied by polyneuropathy. This factor might
be unevenly distributed among the office workers,
as they were older and, as such, more susceptible to
disease. The recurrent health surveys performed by
the companies' occupational health services dimin
ished the magnitude of this possible risk however.

Possible confounding. Individual characteristics as
sociated with increased susceptibility may confound
the effect of exposure. The confounders age and use
of nicotine were controlled for because of their bio
logical and theoretical importance. The exposure
characteristics correlated with age are several life
style characteristics, including activity in sports, lei
sure-time use of vehicles with vibrating handlebars,
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and recurrent episodes of excessive alcohol consump
tion.

Possible inadequate choice of effect measure. Ac
cording to the hypothesis of trauma leading to ede
ma, fibrin, and damage (20), there are reversible
short-term effects in the early stage of the carpal tun
nel syndrome and remaining damage in the advanced
stage of the syndrome. Sensitivity to the effects of
short-term edema compared with the long-term ef
fects has not been specified for the measurement
methods used. In our study we measured the maxi
mal conduction velocity, which mirrors the function
in the thickly myelinated fibers. It has been claimed
(33) that it is the thin unmyelinated fibers that are
primarily damaged in the early stages of carpal tun
nel syndrome.

Possible uncertainty in the time-effect relationship.
The cross-sectional study design does not distinguish
the onset of abnormal nerve function , and it does not
permit an analysis of the time characteristics for the
influence of work with vibrating tools on nerve func
tion. It is not known whether the results are caused
by exposure that occurred a long time ago or if they
are an acute reversible effect.

Concluding remarks

The sensory nerve conduction velocities were re
duced in the right hand in comparison with the left
in all of the groups investigated. However the risk
measurements (rate ratio) for impaired nerve conduc
tion were increased for the left hand when compared
with the right. The increased risk for objectively
measured effects on the nerves in the platers and as
semblers, when contrasted to office workers, indicate
that vibration and the biomechanical aspects of work
are important for nerve conduction impairment in the
carpal tunnel. The contributions from vibration and
ergonomic factors were inseparable in this study.
However the outcome from the assembly work,
where a low intensity of vibration exposure, as meas
ured by ISO 5349 (7) and short employment times
still gave clear effects, points towards the importance
of the manual aspects of the work or to an inade
quacy in the ISO 5349 standard in measuring those
aspects of vibration relevant for adverse health ef
fects on the nerves.

Preventive measures for reducing neuropathy and,
specifically, the carpal tunnel syndrome should thus
focus not only on vibration exposure, but also on the
different ergonomic aspects of the work.
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