Arh hig rada toksikol 1993;44:133-138

Original Scientific Paper
UDC 613.644:616-073

DIAGNOSTIC VALUE OF FINGER THERMOMETRY IN ASSESSMENT OF
HAND-ARM VIBRATION SYNDROME

A. Bogadi-Sare and M. Zavalié

Institute for Medical Research and Occupational Health University of Zagreb,
Zagreb, Croatia

Received March 15, 1993

Finger thermometry and cold provocation test were performed in 90 chain-
saw workers and 58 healthy controls. The workers were grouped according
to the Taylor-Pelmear scale of hand-arm vibration syndrome into subgroups
0,1, 2, 3. The recovery rate reflected passive vasodilative ability. According
to the results of the study, the test could differentiate the subjects with clini-
cally manifest vibration-induced white fingers (stages 1, 2 and 3) from the
controls. The discriminating threshold of recovery rate with regard to Ray-
naud’s phenomenon was 90%. With that diagnostic limit the above method
was sensitive and specific enough to verify vibration-induced vasospastic dis-
orders and therefore could be recommended for their surveillance.

Key terms: chain-saw workers, finger skin temperature, peripheral circulatory disturb-
ance, Raynaud’s phenomenon, recovery rate, vibration-exposed workers, vibration—in-
duced white finger

Damage to the peripheral circulation, nervous system, muscles, bones and joints,
induced by occupational exposure to hand transmitted vibration is, by international agree-
ment, called hand-arm vibration syndrome (1). Vascular symptoms are known as trau-
matic vasospastic disease, Raynaud’s phenomenon of occupational origin or vibration-
induced white finger (VWF). Today such health disturbances have become widespread
in many industries, and methods are needed for their objective verification. A case history
and a questionnaire are not always the best means for assessing functional vascular
disorders, especially when industrial injuries benefit may be involved. Therefore, various
tests (2-15) have been developed to objectively assess peripheral circulatory disturbances.
However, no single method has yet been generally accepted for screening or diagnosing
occupational Raynaud’s phenomenon (6, 7, 13, 16-18).

The thermometric method evaluates peripheral vascular reactivity based on the fact
that finger skin temperature depends on the rate of blood flow through the skin (19).
Since the occurrence of white finger is secondary to an isolated decrease in skin circulation
rather than to hyperreactivity of the main digital arteries (20), finger thermometry can
be used to objectively assess these changes in finger skin. Therefore, skin temperature

133




Bogadi-Sare, A, Zavali¢, M: Diagnostic Value of Finﬁ(er Thermometrg in Assessment of Hand-Arm Vibration
Syndrome. Arh hig rada toksikol, Vol 44 (1993) No 2, pp. 133-138

measurements after cold water immersion are recommended as a screening test for VWF
(8, 19). However, the method has not been fully recognized. This simple and low cost
test, easy to perform even in field conditions, is considered useful on a group basis (7,
14). Many variations of the test have been presented and the evaluation of the results
has been variable (7, 8, 10). For this reason, this paper presents finger skin temperature
recordings in vibration exposed workers and aims to evaluate the suitability of the test
for verification of VWE

SUBJECTS AND METHODS

The study was carried out in 90 male chain-saw workers aged 26-58 years (mean 47)
who were referred to the hospital because of coldness, white finger, weakness, pain,
numbness or tingling in the hands. They had operated chain-saws from 6 to 37 years
(mean 23). Depending on the severity of the symptoms, the subjects were classified
according to the Taylor-Pelmear scale (1) into four subgroups: 0, 1, 2, 3. A group of 58
healthy men, aged 23-58 years (mean 46), without exposure to vibrating tools and with
no symptoms of finger blanching, constituted a control group. None of them were re-
ceiving any cardiovascular medication or had a history of any disease related to Raynaud’s
phenomenon. The groups did not differ statistically with regard to age (Table 1). The

number of current smokers and right-handers was equal in both groups.

Table 1. Some relevant parameters in the study groups

Group Number of subjects Age* (years) Chain-saw usage* (years)
Chain-saw workers 20 47.6+7.8 (26-58) 23.0+8.1 ( 6-37)
stage 0 24 47.2+8.1 (36-57) 19.68.8 (10-35)

1 21 50.2+2.9 (39-58) 18.817.8 (12-37)

2, 25 453183 (28-57) 28.5t4.9 ( 8-30)

3 20 47.5:6.4 (36-55) 25.1t5.1 (15-30)
Controls 58 45.417.2(23-58) -

*Mean * Standard deviation (Range)

The subjects, wearing light clothes, were examined in a sitting position with the arms
held at the midsternum level, without moving and after 30 minutes adaptation. Smoking
was prohibited for at least one hour before the test. The room temperature ranged from
20 to 24 °C and noise and air currents were reduced to a minimum. Skin temperature
was recorded before the cold provocation test, at the end of the test and after a 10 minute
rest at room temperature (19). Cold provocation was provided by immersing the hand
up to the wrist in cold water at 10 °C for 10 minutes and after immersion the hand was
dried by light towelling (14, 19, 21). The test was carried out in winter when vascular
symptoms of vibration syndrome were more marked.

Skin temperature was measured with a contact digital thermometer. The test finger
was the one in which the most severe attacks of white finger had occurred in chain-saw
workers and the middle finger of the right hand in controls. A probe with a NiCrNi
thermocouple was placed on the volar side of the distal phalanx of the test finger.
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The authors analysed skin temperature before and at the end of the cold provocation
test and 10 minutes after the test. The rewarming response was expressed as the recovery

rate (13):

TlO = TC
Ty - Tc

where Ty was the skin temperature 10 minutes after the end of the cold provocation
test, Ty was the skin temperature before the cold test and Tc the temperature at the end
of the test.

For statistical analysis Student’s t-test was used, and both the sensitivity and specificity
of the method were also calculated.

x 100

Recovery rate (%) =

RESULTS

The chain-saw workers had significantly lower values of all examined temperature
variables than the controls (Table 2). Initial temperature discriminated subgroups 2 and
3 (P<0.01) from the controls. Skin temperature immediately after the test was lower in
all subgroups. The temperature 10 minutes after the test distinguished subgroups 1
(P<0.05), 2 and 3 (P<0.01) in relation to the controls. The recovery rate differed significantly
in subgroups 1, 2 and 3 (P<0.01) in relation to the controls.

Table 2. Skin temperature before and after cold provocation test in chain-saw workers grouped according
to the Taylor-Pelmear scale and in a control group

Skin temperature (°C)*

G Recovery

roup Before Immediately Ten minutes rate (%)
test after test after test

Chain-saw workers 29313, 7% 13.4+3.1** 26.214.8%* 77.0£19.9**
Stage 0 30.5+2.1 14.4+2.1** 29.1+2.8 85.5+19.1

1 30.53.6 15.8+3.4** 279453* 78.2+20.3**

2 27:8£3.0%* 12342, 1% 23.7£3.5"* 65.4118.8**

3 28.1+4.9** 12.112.9" 23.7+4.5** 61.9122.0**
Controls 30.9+1.8 18.3+3.9 29.5+3.6 91.9+28.1

“Mean + Standard deviation
*P<0.05; **P<0.01 (t-test, compared with controls)

Table 3. Sensitivity and specificity of the recovery rate for diagnosing VWE with regard to the history of
" finger lnnclu’rr;g (stages 1, 2, 3 of the T%ylor—ﬁ'elmear scale)

Comparison with exposed Comparison with all sub-
Limit workers jects
Sensitivity  Specificity Sensitivity ~ Specificity
< 90%* 75 79 75 83
< 75% 50 69 50 72

Values expressed as percentages
*Lower normal limits (mean % 2 standard error) from controls
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Table 3 presents the sensitivity and specificity of the temperature recovery rate for
assessing VWE. The sensitivity is expressed as the incidence of true positive test results
in subjects with VWF, according to the Taylor-Pelmear classification. The specificity is
expressed as the incidence of the true negative test results in subjects without VWF (10,
12). Comparisons were made for the exposed workers as well as for all the examined
subjects. The lower normal limit was the mean + 2 standard errors of the control group.
However, the sensitivity and specificity were also calculated for other possible limits to
choose the best options for diagnosing VWE.

DISCUSSION

Besides the theory of the hyper-response of vessels to cold, there is also the hypothesis
that the pathophysiological defect in VWF is the failure to recover from cold stimulus
(22). The majority of VWF studies have concentrated on the examination of vasocon-
striction, whereas damage to passive or active vasodilative function has received less
attention (14). Therefore, in the present investigation skin temperature was recorded not
only before and immediately after the test, but also ten minutes after the rewarming,
and the recovery rate was then calculated. Our results show lower fingertip temperature
before, at the end of the cold stress and after rewarming time in chain-saw workers than
in controls. These results corroborate the reports of other authors (19, 20, 23, 24). However,
after dividing the group of chain-saw workers into subgroups according to Taylor-Pel-
mear stages, it is evident that the skin temperature before the test cannot discriminate
subgroups 0 and 1 from controls. That means that this thermometric parameter is not
suitable for verification of VWF in the early stages of the disease. On the contrary, the
skin temperature taken immediately after the cold test differentiated all subgroups in
relation to the control group.

The temperature values, however, cannot serve as indicator of rewarming (14). Ac-
cording to the present study the temperature measured ten minutes after the cold test
and the recovery rate could distinguish chain-saw workers with clinically manifested
VWF from controls and therefore were considered satisfactory for assessing persistent
digital vasospasm and passive vasodilative function. The recovery rate as a relative ex-
pression of temperature recovery fitted better the dynamic nature of the function test
and is more suitable for practical use. A lower recovery rate (13, 25) and rewarming or
recoverytime (3, 7, 14, 20, 23, 26) in vibration exposed workers were also reported in
earlier studies.

In our investigation, the sensitivity and specificity of the recovery rate were calculated
to discriminate the thresholds of 75% and 90%. The discriminating threshold of 90% for
the recovery rate determined, with regard to a positive history of VWH, the sensitivity
of 75% and the specificity of 83%. Virokannas and Rintamaki (14) reported very similar
values for the sensitivity (67%) and specificity (70%) of the rewarming rate. According
to Bovenzi (7) temperature recovery had a sensitivity of 60% and a specificity of 92%;
the respective percentages as quoted by Pelmear and co-workers (10) were 38 and: 76.
Despite the fact that finger skin temperature depends on individual factors and envi-
ronmental parameters, our results demonstrate that the thermometric method shows
satisfactory sensitivity and specificity for surveying VWF. Moreover, the method may
be of interest for evaluation of vasodilatory therapy and prognosis of the reversibility
of vasospastic disorders.
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CONCLUSION

The vascular response to cold provocation in the fingers shows considerable variation,
aking it difficult to exactly define the border between normal and pathological reactions.

No single test, when applied on an individual basis, can distinguish with certainty be-
tween vibration-exposed and control subjects (16, 27).

CEe

The present study represents a simple, non-invasive and inexpensive diagnostic pro-
dure which reflects the degree of vasodilative ability and detects digital vasospastic

disorders. Surveys of chain-saw workers are frequently carried out in the field and require
a simple objective test. Therefore, finger skin thermometry can be considered useful in
health surveillance of vibration exposed workers.
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Sazetak
VRIJEDNOST DIGITALNE TERMOMETRIJE U DIJAGNOSTICI VIBRACIJSKE BOLESTI

Mjerenje koZne temperature kontaktnom termometrijskom metodom uz primjenu termalnog testa
Erovedeno je u 90 sjeka¢a motornom pilom, grupiranih prema Taylor-Pelmearovoj skali, i 58 mus-
araca kontrolne skupine. Indeks oporavka prikazuje sposobnost pasivne vazodilatacije. Prema re-
zultatima ovog rada, u sjekata motornom pilom utvrdene su niZe vrijednosti svih vrijednosti koZnih
temperatura njt(’ekom testa, a indeks opqravka razlikuje .sjeka§e s klini¢ki grisumim simptomima
vazospasticke bolesti od kontrolne skupine. PredloZena je vrijednost za indeks oporavka od 9%0%
kao dijagnosti¢ka granica za razlikovanje normalne od vazosgastiéke reakcije, a metoda je prepo-
rudena za zdravstveni nadzor radnika izloZenih djelovanju vibracija.

Institut za medicinska istraZivanja i medicinu rada SveuciliSta u Zagrebu, Zagreb,
Hroatska

Kljucne rijeci: bijeli prsti izazvani vibracijama, indeks oporavka, poremecaj perifernog krvotoka, radnici izloZzeni
vibracijama, Raynaudov fenomen, sjeka¢i motornom pilom, temperatura koZe prstiju
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