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Objective This study investigated the relation between vibration exposure, the prevalence of white fingers, 
and the cold response of digital arterial vessels in workers using vibrating tools. 
Methods The change in finger systolic blood pressure (FSBP) at 15 and 10°C as the percentage of the 
pressure at 30°C (FSBP%) was measured in 455 healthy referents and 822 workers exposed to hand- 
transmitted vibration. Exposure to hand-transmitted vibration was assessed in terms of 8-hour energy- 
equivalent frequency-weighted acceleration [A@)] and total operating time with vibrating tools. 
Results The prevalence of white fingers was 1.1% for the referents and ranged from 9.0% to 51.6% for the 
vibration-exposed groups. The estimated mean value of A(8) ranged between 1.6 (referents) and 8.3 (quarry 
drillers) rn/s2. After adjustment for age, smoking, and drinking habits, the FSBP% was significantly lower in 
the vibration-exposed groups than in the reference group. Groupwise, the FSBP%,,- was inversely related to 
the prevalence of white fingers, the estimated A@), and total operating time. With FSBP%,,. <70% or <60% as 
the lower normal limit, the sensitivity of the cold test varied from 86% to loo%, with a specificity of 90% to 
94%, and a positive predictive value of 68% to 74%. 
C O ~ C ~ U S ~ O ~ S  FSBP measurement during cold provocation is a useful laboratory test for white fingers. A 
quantitative relationship between cold-induced digital arterial hyperresponsiveness and occupational exposure 
to hand-transmitted vibration was suggested. 

Key terms cold provocation test, exposure-response relationship, finger systolic blood pressure, predictive 
value, sensitivity, specificity, vibrating tools. 

The anamnestic diagnosis of Raynaud's phenomenon in vi- 
bration-exposed workers is based on a positive history of 
cold-induced episodes of white finger occurring after the start 
of occupational exposure to hand-transmitted vibration (1). 
The use of color charts or hand photographs displaying the 
finger blanching that occurs during a typical Raynaud attack 
(2) may assist the anamnestic diagnosis of white fingers. A 
positive cold provocation test combined with a reliable his- 
tory of finger blanching attacks definitively supports the di- 
agnosis of vibration-induced white fingers (VWF), provid- 
ing that primary Raynaud's phenomenon or other causes of 
secondaty Raynaud's phenomenon are excluded. 

Among the several laboratory tests used to detect white 
fingers, the measurement of finger systolic blood pressure 
(FSBP) during a standardized cooling procedure is consid- 

ered one of the most promising means of quantifying the de- 
gree of cold-induced digital vasospasm in vibration-exposed 
workers. The accuracy of FSBP measurement during cooling 
in the detection of white fingers has been assessed mainly in 
clinical or laboratory work using either small groups of vibra- 
tion-exposed workers or patients diagnosed consecutively 
with mild to severe white fingers (3-8). There is a shortage 
of epidemiologic data on the usefulness of FSBP testing meth- 
ods in assessments of white fingers in worker groups with 
different patterns of exposure to hand-transmitted vibration. 
The purpose of this study was to investigate the relation be- 
tween vibration exposure, the prevalence of white fingers and 
the cold response in the digital arterial vessels of workers 
who used vibrating tools in various sectors of industry, such 
as manufacturing, construction, quarrying, and forestry. 
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Subjects and methods 

Subjects and medical investigations 
Eight hundred and twenty-two vibration-exposed workers un- 
derwent a medical interview and a physical examination be- 
tween October and April in 1989-1996. These workers rep- 
resented 90% of a total sample of vibration-exposed work- 
ers who were initially screened by a standardized health 
questionnaire (9) validated with a medical interview. The rea- 
sons for exclusion from further medical investigations were 
the presence of cardiovascular, neurological, or metabolic 
diseases requiring medication, previous severe injuries of the 
fingers and hands, and a positive family history of white fin- 
gers. After these selection criteria were applied, the surveyed 
population included 100 grinders and 140 mechanics em- 
ployed in mechanical engineering and vehicle manufacture, 
65 caulkers and 132 operators using vibrating tools in ship 
building and repairing, 31 foundry workers, 148 construc- 
tion workers, 41 quany drillers, and 165 forest workers. The 
groups of caulkers, shipyard workers, foundry workers, 
quarry drillers, and forest workers included all the vibration- 
exposed workers employed in 5 firms or companies, while 
the grinders, mechanics, and construction workers repre- 
sented random samples of operators who used vibrating tools 
in 6 establishments. 

The anarnnestic diagnosis of VWF was based on a posi- 
tive history of blanching attacks involving 21 fingers and 
occurring after the start of exposure to vibration produced by 
hand-held power tools. The severity of VWF was rated ac- 
cording to the Stockholm scale (10). 

Four hundred and fifty-five healthy men, tested during 
the last decade at the vascular laboratory of the University of 
Trieste's Institute of Occupational Medicine, served as refer- 

ents. These subjects were white-collar workers (N=152) or 
manual workers (N=303) not exposed to physical or chemi- 
cal agents known to cause vasospastic symptoms, such as 
hand-transmitted vibration, extreme cold environment, vinyl 
chlor-ide, and arsenic. All the white-collar workers and two- 
thirds of the manual workers were recruited from the same 
firms or companies as the vibration-exposed workers. The 
remaining manual workers who were referents were random- 
ly recruited from a population of industrial operators who at- 
tended annual compulsory medical examinations. The male 
referents underwent the same medical procedures used as the 
vibration-exposed workers. Cigarette smoking and alcohol 
consumption were carefully investigated in both groups. The 
characteristics of the study populations are reported in 
table 1. 

Finger systolic blood pressure and cold provocation 
test 
The cold test was performed with the subject in a supine po- 
sition after a rest period of 20-30 minutes in a laboratory 
room with an ambient temperature of 21-23°C. FSBP was 
measured after the cold provocation of a test finger accord- 
ing to the technique proposed by Nielsen & Lassen (1 1). A 
double inlet plastic cuff for both air filling and water per- 
fusion was placed around the middle phalanx of the third left 
finger of the referents and the vibration-exposed workers 
without white fingers. In the subjects with a positive anam- 
nesis for white fingers, the most affected finger was cooled. 
The test finger was thermostated with water circulating at 30, 
15, or 10°C by using a digit cooling system (Medimatic 
A/S, Copenhagen, Denmark). Two air-filled cuffs were ap- 
plied to the proximal phalanx of the test finger (for ischemia 
during cooling) and to the middle phalanx of a reference 

Table 1. Characteristics of the study populations. [A@) = 8-hour energy-equivalent frequency-weighted acceleration] 

Group Aae Heiaht Weiaht Smokers Drinkers Dailv Total A(8) 
(years) (cm) (k$ N N exposure operating (rid$) 

time (hld) time (h) 

Mean SD Mean SD Mean SD N % N % Mean SD Mean SD Mean SD 

Referents 
(N = 455) 44.6 11.3 174 7.1 78.7 12.8 263 57.8 351 77.1 . . . . 
Grinders 
(N = 100) 46.9 8.8 175 6.5 80.7 11.1 44 44.0 75 75.0 1.7 1.1 6 187 5 308 1.6 0.6 
Shipyard workers 
(N = 132) 48.8 8.9 174 6.9 82.7 13.4 68 51.5 86 65.2 1.7 1.2 6 384 5 432 1.9 0.9 
Caulkers 
(N = 65) 52.5 5.6 172 7.9 78.7 11.8 28 43.1 51 78.5 3.4 1.2 12667. 6787 4.2 0.9 
Mechanics 
(N = 140) 49.5 8.9 174 6.7 79.9 12.0 63 45.0 102 72.9 1.9 1.2 8575 8373 1.7 0.7 
Construction workers 
(N = 148) 50.3 8.6 173 5.7 82.8 12.6 58 39.2 107 72.3 1.7 1.1 5 365 6 602 2.8 1.3 
Quarry drillers 
(N = 41) 52.0 11.4 173 6.8 82.6 12.5 21 51.2 34 82.9 3.6 1.5 18 623. 14 023. 8.3 2.2 
Foundry workers 
(N = 31) 45.6 10.9 171 7.1 76.0 11.0 23 74.2 20 64.5 4.9 1.8 15388. 1 2 2 2 6  4.7 1.5 
Forest workers 
(N = 165) 45.6 10.9 176 4.6 78.4 8.5 99 60.0 138 76.9 4.0 1.5 7 665 5 453 4.1 0.8 
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finger (usually the 4th finger). The cold test was performed 
by pressurizing the air cuffs at a suprasystolic level 
(210 mm Hg, 27.9 kPa) and perfusing the water cuff initial- 
ly at 30°C and then at 15 and 10°C. After 5 minutes of 
ischemic cooling, the FSBP was measured on the test and 
reference fingers by a strain gauge plethysmographic tech- 
nique. The change in systolic blood pressure in the test fin- 
ger at 15 or 10°C (FSBP,,) as a percentage of the pressure 
at 30°C (FSBP,,,.), corrected for the change of pressure in 
the reference finger during the cold test (FSBP,,e30. - 
FSBP,,f,xo), was calculated according the following formula: 

FSBP%,, = [(FSBP,,.. lOO)/FSBP,,,. 
- (FSBPEe,o* - FSBP,,f,,-)l. 

To avoid nicotine-induced vasoconstrictive effects on the 
digital arteries, tobacco users were recommended to refrain 
from smoking for at least 2 hours before being tested. 

Measurement and evaluation of vibration exposure 
Vibration measurements were performed on the most repre- 
sentative hand-held tools used by the workers in the work- 
place. Vibration was measured on metal-working tools 
(caulking tools, chipping hammers, impact wrenches, nut 
runners, scaling hammers, hand-held grinders and polishers), 
tools used in demolition, road constsuction and stone work- 
ing (rock drills, road breakers, hammer drills, stone ham- 
mers, hand-held grinders and polishers), and tools used in 
forest work (chain saws, brush saws). Vibration measure- 
ments were taken on the tool handles in 3 orthogonal direc- 
tions (x, y, and z )  during actual work operations according to 
the recommendations of the international standard IS0 5349 
(12). From the one-third octave band frequency spectra 
(6.3-1250 Hz), the root mean square (~ms) of the frequen- 
cy-weighted acceleration (a,,,) was obtained after the weight- 
ing factors recommended by IS0 5349 were applied. The 
root-sum-of-squares of the frequency-weighted acceleration 
values for the 3 axes of vibration (a,,,,) was then calculated. 
The values of a,,, ranged from 2.7 to 18.3 m/s2 rms in the 
manufacturing industry (foundry work, shipbuilding and re- 
pairing, mechanical engineering), from 4 to 19.4 m/s2 Ims in 
the construction industry, from 10 to 17.9 m/s2 rms in quar- 
rying, and from 4.2 to 9.8 m/s2 rms in forest work. The 
greater range of a,,,", observed in the manufacturing and con- 
struction industries depends on the diffesent types of tools 
(percussive, rotary, or mixed) used by the workers employed 
in such industrial activities. The duration of exposure to hand- 
transmitted vibration was expressed in terms of hours per day 
and total operating time (hlday x day/y x years). Several in- 
formation sources were used to estimate the duration of vi- 
bration exposure: workplace assessment questionnaires val- 
idated by interviews with employers and employees, exami- 
nation of employment records, and direct observation of the 
work operations. The amount of fuel consumed by chain 
saws and brush saws during a typical workday was also used 

as an indirect indicator of daily exposure time for the forest 
workers. 

Daily exposure to hand-transmitted vibration was as- 
sessed in terms of 8-hour energy-equivalent frequency- 
weighted acceleration [A@) in m/s2 rms] according to the 
British standard 6842 (1 3): 

where t is the estimated daily exposure time in hours and T(,, 
is 8 hours. 

Statistical methods 
The data analysis was made with BMDPIDynamic (release 
7.0) and Stata (version 5.0) software. Continuous data were 
summarized as means and standard deviations. The differ- 
ence between the group means was tested by a one-way anal- 
ysis of variance or covariance and multiple comparison tests. 
The relation between variables expressed as means was as- 
sessed by weighted linear regression. The difference between 
categorical data tabulated in 2 x k contingency tables was 
tested by the chi-square test. Cox's propostional hazard model 
was adapted to assess the association between vibration ex- 
posure and white fingers from cross-sectional data (14). 
Prevalence ratios and 95% confidence intervals, adjusted for 
several covariates, were estimated from the Cox regression 
coefficients and standard errors. A P-value of 0.05 was 
chosen as the limit of statistical significance. 

Results 

The preliminary data analysis showed that there were statis- 
tically significant differences between the surveyed popula- 
tions with respect to vibration exposure (table 1). Total op- 
erating time with vibrating tools was gseater for the caulkers, 
quassy drillers, and foundry workers than for the other job 
categories (P<O.OOl). The estimated mean value of A(8) was 
8.3 m/s2 for the quarry drillers who used only percussive 
tools, and it ranged between 2.8 and 4.7 m/s2 for the occu- 
pational groups who handled forest machinery or a mixture 
of percussive and rotary tools (construction workers, caulk- 
ers, and foundry workers). The estimated A(8) averaged less 
than 2 m/s2 for the grinders, mechanics, and shipyard work- 
ers who used only hand-held rotary tools. The difference in 
the mean values of A(8) between the vibration-exposed 
groups was highly significant (P<0.001). 

Raynaud's phenomenon was found in 1 .I% of the ref- 
erents, while 17.2% of the vibration-exposed workers re- 
ported white fingers. The prevalence of white fingers varied 
from 9.0% for the grinders to 5 1.6% for the foundry work- 
ers (table 2). After adjustment for age, smoking, and drink- 
ing habits, the prevalence ratios for white fingers were sig- 
nificantly greater for all of the vibration-exposed groups 
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when compared with the reference group (P<0.01). If the 
grinders are used as the reference category, the adjusted 
prevalence ratio for white fingers was greater for the quarry 
drillers, the foundry workers, the caulkers, and the forest 
workers. In these occupational groups, moreover, white fin- 
gers were more severe according to the stage system of the 
Stockholm scale. 

When daily vibration exposure, expressed in terms of 
A@), was categorized according to the exposure levels pro- 
posed by the European Union (EU) directive for physical 
agents (15), the adjusted prevalence ratio for white fingers 
significantly increased with the increase of A(8) (table 3). It 
is woith noting that white fingers were reported by only 2 vi- 
bration-exposed workers with an estimated A(8) of 51 m/s2 
(ie, a vibration magnitude equal to or lower than the thresh- 
old value proposed by the EU directive). Among the workers 
included in this exposure category, the prevalence of white 
fingers was 2.496, a figure not significantly different from the 
prevalence of Raynaud's phenomenon in the referents. 

A significant trend towards an increasing prevalence of 
white fingers with an increase in the duration of exposure was 
also observed for the vibration-exposed workers when total 

operating time with vibrating tools was categorized into a 
quartile distribution (P<0.001) (results not shown). 

Table 4 presents the results of the cold test of the refer- 
ents and the vibration-exposed groups. No significant differ- 
ence in the mean values of FSBP at 30°C was found between 
the various groups. After adjustment for age, smoking, and 
drinking habits, the decrease in FSBP at 15 and 10°C was 
significantly greater in the vibration-exposed groups than in 
the reference group (P<0.001). In the whole sample of vibra- 
tion-exposed workers, the subjects with white fingers exhib- 
ited a more powerful cold-induced digital vasoconstriction 
than those without white fingers, at both 15°C (mean 
FSBP%,+ 50.3 versus 94.896, P<0.001) and 10°C (mean 
FSBP%,,.: 26.8 versus 88.396, P<0.001). No significant dif- 
ferences in either FSBP%,,o or FSBP%,,. were found be- 
tween the workers with different stages of white fingers, even 
though the cold response in the digital arteries of the work- 
ers with white finger at stage 3 was stronger than that of the 
subjects with less severe white fingers (results not shown). 
None of the referents showed 0 digital pressure after the cold 
test, while the occurrence of the closing phenomenon in the 
digital arterial vessels of the vibration-exposed workers 

Table 2. Prevalence of white fingers in the referents and the vibration-exposed groups. The prevalence ratios (PR) and 95% confidence 
intervals (95% CI) have been adjusted for age, smoking, and drinking habits. 

Group Persons with Stages of white fingera PRlb 95% CI PRzC 95% CI 
white fingers for PR, for PR, 

N % 1 2 3 

N % N % N % 

Referents IN = 455) 5 1.1 3 0.7 2 0.4 0 0 1.0 
- . . 

shipyard ';;orke;s'(~ = 132) 16 l 2 . i  7 5.3 3 213 6 4.6 10.3 3.8-28.4 1.3 0.6-2.9 
Caulkers (N = 65) 15 23.1 1 1.5 9 13.9 5 7.7 18.6 6.7-51.9 2.3 1.0-5.4 
Mechanics (N = 140) 21 15.0 3 2.1 12 8.6 6 4.3 13.0 4.9-34.7 1.6 0.7-3.4 

Quarrv drillers (N = 41 1' 15 36.6 2 4.9 7 17.1 6 14.6 31.0 11.2-85.9 3.8 1.6-8.7 
~oundry  work& (N =31) 16 51.6 1 3.2 1 3.2 14 45.2 39.8 14.3-111 4.9 2.1-11.3 
Forest workers (N = 165) 38 23.0 8 4.9 18 10.9 12 7.3 20.0 7.8-51.2 2.4 1.1-5.0 

a Staged according to the Stockholm Workshop scale 
Reference category: referents. 
Reference category: grinders. 

Table 3. Prevalence of whlte fingers among the users of vibrating tools according to daily vibration exposure expressed in terms of 
8-hour energy-equivalent frequency-weighted acceleration [A@)]. A(8) has been divided into the exposure levels proposed by the 
European Union directive for physical agents (threshold level = 1.0 m/s2, action level = 2.5 m/s2, exposure limit value = 5.0 m/s2). The 
prevalence ratios (PR) and 95% confidence intervals (95% CI) have been adjusted for age, smoking, and drinking habits. 

Referents (N = 455) 
A(8) (m/s2) 

2 I .O (N = 82) 
1 .O-2.5 (N = 31 6) 
2.5-5.0 (N = 313) 
>5.0 ( N =  111) 

Persons with PRla 95% CI PRzb 95% CI 
white fingers for PR, for PR, 

N % 

5 1.1 1 .o - 

a Reference category: referents. 
Reference category: A(8) 2 1.0 m/s2 
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Table 4. Systolic blood pressure in the test finger at 30°C (FSBP,,,. in m m  Hg) and at 15°C (FSBP%,,) and 10°C (FSBP%,,.) as the 
percentage of the pressure at 30°C in the referents and the vibration-exposed groups. The number and percentage of workers showing 
the closing phenomenon in the digital arterial vessels at 10°C [0 systolic blood pressure, FSBP(O)] is also reported. 

Group FSBP,,,,. (rnm Hga) FSBP%,,. (%) FSBP%,,. (%) FSBP(0) 

Mean S D Mean S D Mean S D N % 

Referents fN = 4551 124 21 .(1 98.3 8.7 94.8 11.8 0 0 
~ ; i n d k r s ( ~  = 100)' 
Shipyard workers (N = 132) 
Caulkers (N = 65) 

Quarry drillers (N = 4 1 j  
Foundry workers (N = 31) 
Forest workers (N = 165) 

I mmHg - 0.133 kPa. 
P < 0.001, one-way analysis of covariance (covariates: age, smoking and drinking habits); * *  P i  0.001, chi-square test. 

Table 5. Finger systolic blood pressure at 15°C (FSBP%,,.) and 
10°C (FSBPO/~,,.) as the percentage of the pressure at 30°C in the 
users of vibrating tools according to daily vibration exposure 
expressed in terms of 8-hour energy-equivalent frequency- 
weighted acceleration [A@)]. A(8) is divided into the exposure 
levels proposed by the European Union directive for physical 
agents (threshold level = 1.0 m/s2, action level = 2.5 m/s2, 
exposure limit value = 5.0 m/s2). The number and percentage of 
workers showing the closing phenomenon in the digital arterial 
vessels at 10°C [0 systolic blood pressure, FSBP(O)] is also re- 
ported. 

. , , . 
Mean SD Mean SD N % 

Discussion 

The findings of this study tend to confirm the conclusions of 
previous studies performed on smaller samples of vibration- 
exposed workers (3-8), namely, the measurement of FSBP 
during local cooling can be considered an accurate laborato- 
ry test to differentiate between subjects with and without 
white fingers. This finding is also consistent with the results 
reported by other authors (16), who found that the digital 
pressure response to cooling was useful for the differential 
diagnosis of patients affected with nonoccupational vasospas- 
tic syndromes, such as cold sensitivity, primary Raynaud's 
phenomenon, and secondary Raynaud's phenomenon in scle- 

5 1 .O (N = 82) 92.7 12.7 86.6 18.9 roderma spectrum disorders. The cold test used in this study 
1 .O-2.5 (N = 316) 91.2 22.1 84.5 27.5 17 5.4 
2.5-5.0 IN = 313) 85.5 27,3 74,2 31 could not, however, differentiate between persons with dif- 

* P < 0.001, one-way analysis of covariance (covariates: age, smoking and 
drinking habits); * *  P < 0.001, chi-square test for trend. 

ranged between 6.0% for the grinders and 37.5% for the 
foundry workers. Overall, 69 vibration-exposed workers 
(8.4%) showed a complete closure of the digital arterial ves- 
sels during the cold test at 10°C. 

The univariate data analysis showed that the changes in 
FSBP at 15" and 10°C were not related to either age or al- 
cohol consumption for either the referents or the vibration- 
exposed workers. In both groups, FSBP%, mainly at 1OoC, 
was inversely associated with cigarette smoking (P<0.05). 

A significant pattern of decreasing FSBP%,,. and 
FSBP%,,. with increasing levels of A(8) was observed for 
the vibration-exposed workers (table 5). The occurrence of 
0 systolic blood pressure during finger cooling to 10°C was 
found to increase with the increase of daily vibration expo- 
sure (P<0.001). In the various vibration-exposed groups, the 
mean change in FSBP at 10°C was found to be inversely re- 
lated to the prevalence of white fingers (figure 1) and the es- 
timated daily exposure to hand-transmitted vibration (figure 
2). A similar inverse relation was found when FSBP%,,. was 
regressed on the estimated mean total operating time with vi- 
brating tools (R2=0.70, P=0.01). 

ferent stages of white fingers, even if a trend (although not 
significant) for stronger cold-induced digital vasoconstriction 
with increasing severity of white fingers was observed for 
the affected workers. 

Our findings indicate that, after adjustment for potential 
confounders, both vascular symptoms of white fingers and 
a cold-induced vasoconstrictor response of the digital arte- 
rial vessels were associated with vibration exposure. A ma- 
jor finding of this study was the evidence, among the ex- 
posed workers, of a significant increase in the abnormal re- 
sponse of the digital arterial vessels to cold with the increase 
of vibration exposure. This finding suggests a quantitative 
exposure-response relationship in which the exposure to 
hand-transmitted vibration is expressed as either A(8) or 
total operating time and the response is the group mean of 
the reduction of FSBP caused by cold provocation. In this 
epidemiologic survey the relations between A(8) and vas- 
cular outcomes were mainly investigated because the ener- 
gy-equivalent acceleration of vibration is the measure of 
exposure recommended by current standards and EU direc- 
tives for hand-transmitted vibration (12, 13, 15). In this 
context, it is worth noting that not only the pattern of the 
prevalence of white finger symptoms, but also the results 
of the cold test in the overall study population, seem to 
support the exposure limits for hand-transmitted vibration 
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Figure 1. Relation between the cold response of digital arteries and Figure 2. Relation between the cold response of digital arteries and 
the prevalence of vibration-induced white finger (VWF) in the estimated mean daily vibration exposure (A(8)) for the vibration- 
vibration-exposed groups. The cold-induced digital arterial re- exposed groups. A(8) is the 8-hour energy-equivalent frequency- 
sponse is expressed as the  mean change in finger systolic blood weighted acceleration (m/s2). The cold-induced digital arterial 
pressure (FSBP) at 10°C as a percentage of the pressure at 30°C response is expressed as the mean change in finger systolic blood 
[weighted linear regression: y = 90.6 - 0.75~ (R2=0.87, P<0.001)] pressure (FSBP) at 10°C as the percentage of the  pressure at 30°C. 

[weighted linear regression: y = 91.1 - 4 . 4 ~  (R2=0.75, P<0.01)] 

included in the proposal for an EU directive for physical 
agents (15). 

In this study the risk for white fingers from hand-trans- 
mitted vibration was assessed on the basis of the magnitude, 
frequency, direction, and duration of vibration. It has been 
suggested that other physical variables, such as area of con- 
tact with vibration, contact force, environmental factors (eg, 
temperature) and use of gloves, can have a role in the etio- 
pathogenesis of white fingers (17). A limitation of this study 
was the lack of control of these potential risk factors, even 
though there are cu~rently no standardized methods to meas- 
ure and evaluate their influence on the severity of hand-tsans- 
mitted vibration (12). It can be hypothesized that the high 

grip and push forces exerted by the caulkers and the foun- 
dry workers on the handle of percussive tools, as well as the 
lower outdoor temperature to which the quarry drillers and 
the forest workers are usually exposed, can, at least partial- 
ly, contribute to the greater prevalence of white fingers and 
the stronger cold-induced digital vasoconstriction observed 
in these job categories. 

On the basis of the results of the cold test of the healthy 
subjects in this study, the lower nolmal limits for FSBP%,, 
were estimated to range between 8 1 % (mean-2SD) and 72% 
(mean-3SD), whereas those for FSBP%,,o varied from 71% 
(mean-2SD) to 59% (mean-3SD). Table 6 shows the sensi- 
tivity, specificity, and predictive values of the cold test to di- 

Table 6. Sensitivity, specificity and predictive values of the finger systolic blood pressure (FSBP) measurements to detect cold-induced 
digital vasospasm in vibration-exposed workers. (FSBP%,,. =the change in FSBP at 10°C as the percentage of the pressure at 30°C). The 
discriminating thresholds for an abnormal cold response of the digital vessels were defined according to the lower normal limits of 
FSBP%,,. estimated in a population of 455 healthy men [FSBP%,,., : 70% (mean-2SD) or 60% (mean-3SD)l 

Persons Sensitivity (%) Specificity (%) Predictive value (%) 
with FSBP%,,. (%) FSBP%,,. (%) 
white Positive Negative 
fingers FSBP%,,. (%) FSBP%,,. (%) 

(XI < 70 < 60 < 70 < 60 < 70 < 60 < 70 < 60 

Grinders ( N  = 100) 9.0 100 88.9 90.1 92.3 50.0 53.3 100 98.8 
Shi~vard workers (N = 132) 12.1 100 81.3 93.1 95.7 66.7 72.2 100 97.4 
caulkers ( N  = 65) ' 23.1 100 100 96.0 98.0 88.2 93.8 100 100 
Mechanics ( N  = 140) 15.0 100 81.0 90.8 95.0 65.6 73.9 100 96.6 
Construction workers ( N  = 148) 7.4 100 90.9 93.4 95.6 55.0 62.5 100 99.2 
Quarry drillers (N = 41) 36.6 100 93.3 84.6 92.3 78.9 87.5 100 96.0 
Foundry workers ( N  = 31) 51.6 100 87.5 100 100 100 100 100 88.2 
Forest workers ( N  = 165) 23.1 100 78.9 80.3 87.4 60.3 65.2 100 93.3 

All groups (N = 822) 17.2 100 85.8 90.0 93.7 67.5 73.8 100 97.0 
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Cold response in the dig~tal vessels of vibration exposed workers 

agnose VWF in the various vibration-exposed groups with 
the estimated lower normal limits for FSBP%,, as diagnos- 
tic criteria to detect digital vasospasm during cold provoca- 
tion. As expected, the predictive value of the cold test for di- 
agnosing VWF was strongly dependent on the prevalence of 
the disease in the worker group; for similar values of sensi- 
tivity and specificity, the predictive value of a positive cold 
test tends to decrease with the reduction of the prevalence of 
VWF. In the whole sample of vibration-exposed workers 
(N=822), the sensitivity of the cold test in revealing VWF 
varied from 86% to loo%, the specificity ranged from 90% 
to 94%, and the positive predictive value fell between 68% 
and 74%. 

VWF is a peripheral vascular disorder which is included 
in a European list of occupational diseases (1 8). A definite 
diagnosis of VWF requires the support of both anamnestic 
and objective findings of digital vascular impairment and 
should be made by a qualified physician. The findings of this 
study may provide some suggestions to occupational health 
physicians who take on the responsibility of diagnosing 
VWF among vibration-exposed workers investigated in the 
context of either clinical work or epidemiologic studies. A 
reliable history of white fingers after the start of vibration 
exposure and an abnormal pressure response to finger cool- 
ing defined as FSBP%,,<70%, can be considered reason- 
able criteria for the diagnosis of VWF in epidemiologic in- 
vestigations of vibration-exposed workers. A positive cold 
test should be an essential requirement for the diagnosis of 
VWF if screening methods are used to investigate VWF in 
epidemiologic studies, such as self-administered health ques- 
tionnaires or interviews conducted by nonmedical profes- 
sionals. The diagnosis of VWF can be only suspected with- 
out the support of a positive cold test. However, it should be 
pointed out that epidemiologic studies of subjective VWF re- 
tain great importance as they can provide data on the occur- 
rence of suspected vascular disorders in vibration-exposed 
groups, and this information is very useful in the assessment 
of vibratioil hazards in the workplace and in the implemen- 
tation of preventive measures. According to my clinical ex- 
perience, it does not seem unreasonable to adopt more rigid 
diagnostic criteria when VWF has to be assessed among pa- 
tients who undergo medical investigations for compensation 
purposes. Medicolegal considerations suggest that the result 
of the objective test of these patients should be clearly sup- 
portive of cold-induced digital vasospasm. Therefore, it can 
be proposed that, for insurance compensation purposes, the 
diagnosis of VWF should be based upon a true history of 
white fingers and a positive cold test with a 0 systolic blood 
pressure in the cooled finger or at least a reduction in FSBP 
at 10°C below 60% of the pressure at 30°C. 
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