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!Esthesiometry, nail compression and other function tests used
in Japan for evaluating the hand-arm vibration syndrome

by Noriaki Harada, MD'

HARADA N. Esthesiometry, nail compression and other function tests used in Japan for evaluating the
hand-arm vibration syndrome. Scand J Work Environ Health 13 (1987) 330—333. Various function tests
are performed on the upper extremities of patients in Japan as part of a systematic method for diagnosing
the hand-arm vibration syndrome. Although the observations are not confined to the hands and arms,
but include the whole body, the evaluation of the syndrome is essentially based on the severity of Raynaud’s
phenomenon and the findings of the function tests. With the function tests, including a cold provocation
test with 10°C water, the efficiency of discrimination between workers with vibration-induced white finger
and reference workers was investigated. The results indicated that the function tests were of diagnostic
§ignificance for the hand-arm vibration syndrome. The influences of ageing, atmospheric temperature
in the test room, seasonal variation in temperature, and reproducibility were investigated to clarify some
points. The equipment and techniques have been basically standardized. However, for comparing and
analyzing the results of the function tests performed in different research institutes, further investigation
of the standardization of the test and evaluation methods is necessary.
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For the diagnosis of the hand-arm vibration syndrome
in Japan, various function tests are widely performed
on the upper extremities. These function tests were
developed for the purpose of assessing the functional
disorders of the hand-arm system in the early stage.
A number of researchers has contributed to the
development of these tests, which were nearly com-
pleted in the early 1970s, especially after comprehen-
sive surveys of the syndrome were started in the na-
tional forests and the forests under private ownership
(15). The Japanese Ministry of Labour accepted the
function tests as criteria for compensation in 1975 (10).
Further investigations into the diagnostic significance
of these tests are still in progress.

The function tests

The function tests comprise peripheral circulatory and
sensory tests, including cold provocation and motor
tests of functional capacity in the upper extremities.
Peripheral circulatory function is assessed from
finger skin temperature and the results of the nail
compression test on the finger. The nail compression
test evaluates the recovery time of normal color after
the nail is pressed strongly for 10 s (14). Sensory func-
tion is assessed from the pain threshold and the
vibratory sense threshold. Pain threshold is measured
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by means of weighted needles and determined by the
weight applied on the finger, hand, and arm. Vibra-
tory sense threshold is measured on the finger at 125,
250, or 63 Hz with a vibration sensimeter (AU-02, Rion
Co, Ltd). Motor function is evaluated from measure-
ments of grasping power, pinching power of the thumb
and another finger, and tapping ability of the finger
for 30 s.

In the cold provocation test, initially, the method
specified immersing a hand in 5°C water for 10 min.
However, since suffering during the test was severe,
the use of 10°C water is becoming more prevalent.

The Japanese Ministry of Labour has designated the
cold provocation test, pinching power test, and tapping
ability test as secondary medical examinations. How-
ever, it was pointed out that the insidious functional
disorders in the early stage are missed if the cold
provocation test is not included in the primary medical
examination (5).

If a medical doctor judges it to be necessary, other
function tests, such as plethysmography, thermo-
graphy and thermoesthesiometry may be performed
during the examination.

Role of the function tests in the diagnosis of the
hand-arm vibration syndrome

The clinical features of the hand-arm vibration syn-
drome are affected by such factors as vibration inten-
sity, vibration frequency, exposure period, noise, cold,
muscle tone, and work posture. Because the charac-
teristics of these factors differ among different kinds
of vibratory tools and work, the clinical features of



the syndrome vary considerably. For estimating the
clinical condition of patients properly, a careful check-
up of many aspects of the whole body should be made
and the results evaluated.

The method of diagnosing the hand-arm vibration
syndrome in Japan consists of an interview on the
history of vibration exposure and subjective symptoms
and a physical examination, together with function
tests of the upper extremities. The subjective symp-
toms and the physical examination are not confined
to the hands and arms, but include the musculoskeletal
system of the whole body, the autonomic nervous
system, the central nervous system, the cochleovesti-
bular system, etc. For example, in our medical ex-
aminations for the syndrome in workers in a zinc mine
(11) and an iron foundry (3), 78 variables of subjec-
tive symptoms and 46 variables of the physical ex-
amination were checked along with 62 variables of the
function tests.

Based on the fact that the prevalence rate of
Raynaud’s phenomenon not resulting from vibration
exposure is less than 0.5 % in the Japanese male
population, the subjective symptom of Raynaud’s
phenomenon is regarded as important for the diagno-
sis of vibration syndrome. The findings of the func-
tion tests are also regarded as important for evaluating
the severity of the disorders in peripheral circulatory
function, sensory function, and motor function in the
upper extremities, as such disorders are considered to
represent the fundamental characteristics of the hand-
arm vibration syndrome. In addition, subjective symp-
toms and the findings of the physical examination are
evaluated for a systematic determination of the clinical
features.

Validity of the function tests

Subjects and the data submitted to analysis

Using the 21 variables of the function tests, including
a cold provocation with 10°C water, we investigated
the efficiency of discrimination between 58 workers
with vibration-induced white finger (VWF) and 40
referents.

The 21 variables were as follows. From the functional
capacity motor tests, grasping power, pinching power
of the thumb and middle finger, and tapping ability
of the middle finger were selected. From the sensory
tests, pain threshold and vibratory sense threshold of
the middle finger at 125 Hz were selected. From the
peripheral circulation tests, skin temperature of the
third finger and the value of the nail compression test
on the middle finger were selected.

Of the workers in the VWF group, 20 were opera-
tors of leg-type rock drills in a zinc mine, 18 were
chipping-hammer operators in an iron foundry, and
20 were motorcycle mail carriers. The referents had
worked in the same places without occupational ex-
posure to vibration. They were all male. Furthermore,

24 workers in whom VWF occurred a few times a week
in winter were selected from the VWF group (VWF-s
group). The average ages were 43.2 (range 29—61)
years for the VWF group, 42.6 (range 32—57) years
for the VWF-s group, and 41.7 (range 31—56) years
for the referents. The average years of exposure to
vibration were 13.6 (range 2—26) for the VWF group
and 13.7 (range 4—24) for the VWF-s group. Their
clinical conditions and work conditions have been
reported previously in detail (4, 5).

From the raw data of the function tests, the
following findings were observed (5). In the VWF
group, vibratory sense threshold and pain threshold
showed a significantly lower capacity of sensory func-
tion than in the reference group. Skin temperature after
the cold provocation and the nail compression test also
showed a significantly lower capacity of peripheral cir-
culatory function. Although tapping ability also
showed a lower value, the difference did not have
statistical significance. Grasping power and pinching
power did not differ significantly either between the
two groups. In the VWF-s group, the differences, in
a comparison with the reference group, were increased
and grasping power showed a lower value.

Specificity and sensitivity of the function tests
Table 1 shows the specificities and sensitivities of the
21 variables of the function tests. The criteria used in
this table were rounded off to give the specificities of
the reference group at nearly 95 %. When compared
with the values before the hands were immersed in cold
water, the sensitivities of the vibratory sense threshold,
skin temperature, and the nail compression test were
higher after immersion; that of pain threshold was not.
Comparison of all the 21 variables in the VWF group
showed that the sensitivities were highest for vibratory
sense threshold after immersion (60—70 %), followed
by the nail compression test after immersion (about
55 %), pain threshold (30—50 %), and skin tempe-
rature after immersion (20—25 %). They were lowest
for grasping power, pinching power, and tapping abil-
ity (2—S5 %). These tendencies were also observed in
the VWF-s group, and the sensitivities were, in addi-
tion, higher than those in the VWF group, with the
exception of that of the vibratory sense threshold.
Because a large number of variables were used for
the function tests, the probability becomes lower for
each subject that no variable would show an abnormal
result. In practice, the evaluation of a case with a few
variables with abnormal results differs among medical
doctors. For the theoretical investigation of this
problem, the following analysis was done. With the
use of the number of variables fulfilling the criterion
for abnormality in table 1, the specificities and sensi-
tivities were calculated to discriminate the VWF and
VWF-s groups from the reference group. If the subjects
with four abnormal variables or more among the 21
variables were diagnosed as patients, it was recognized
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Table 1. Specificities and sensitivities of the 21 variables of
the function tests. [R group = reference group, VWF group =
group with vibration-induced white finger, VWF-s group =
workers selected from the VWF group because of a high
occurrence of VWF (a few times a week in winter)]

Sensitivity
Criterion Sgeg:gﬁgy VWF VWF-s
for (N = 40) group group
abnormality (%) (N =258 (N=249
(%) (%)
Grasping power
Right <30 kg 97.5 3.4 83
Left <30 kg 100.0 1.7 4.2
Pinching power
Right <3 kg 95.0 1.7 42
Left <3 kg 100.0 34 42
Tapping ability
Right <110 95.0 5.2 42
Left <100 95.0 3.4 83
Vibratory sense
threshold?2
A =15dB 95.0 345 29.2
B =30 dB 92.5 69.0 62.5
C =225 dB 95.0 65.6 70.8
D =20 dB 92.5 62.1 70.8
Pain threshold?
A =10g 90.0 414 54.2
B >15¢g 97.5 32.8 45.8
C =159 92.5 32.8 50.0
D =10g 90.0 483 66.7
Skin temperature?
A <25 °C 92.5 13.8 125
C <135 °C 95.0 241 375
D <15 °C 97.5 224 333
Nail compression
test?
A =3s 875 293 292
B =5s 92,5 51.7 50.0
c >45s 92.5 56.9 66.7
D =4s 92.5 '53.4 66.7

2 A = before immersion, B = immediately after immersion, C = five
minutes after immersion, D = ten minutes after immersion [ie, immer-
sion in cold (10 °C) water for 10 min].

that the specificity in the reference group was 95 %
and the sensitivities in the VWF group and the VWF-s
group were 77.6 and 87.5 %, respectively. These
results confirmed that the function tests were of
diagnostic significance for the hand-arm vibration
syndrome.

Several factors influencing the results of the
function tests

Age

Some studies were made on the influence of ageing on
the function tests. The influence of ageing was evident
for grasping power (12) and should be taken into con-
sideration when the examination data of the subjects
over 40 or 50 years of age are evaluated. The influence
of ageing was also observed for vibratory sense thresh-
old (8, 13), and it may be better to use age-corrected
criteria for subjects over 50 years of age. For skin
temperature and the nail compression test, the in-
fluence of ageing was not so evident at room temper-
ature but was somewhat a factor after cold provoca-
tion (9, 13).
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Room temperature and season

We studied the influence of atmospheric temperature
in the test room and the seasonal variations on the
circulatory and sensory tests (2, 6). The values of skin
temperature and of the nail compression test and the
vibratory sense threshold varied with a change of
2—3°C in the atmospheric temperature of the test
room. Likewise, the values of skin temperature, the
nail compression test, and the vibratory sense thresh-
old measured in summer indicated better function than
those determined in other seasons. In Japan, it has
been recommended that the medical examination for
the hand-arm vibration syndrome be performed in
autumn or winter in an atmospheric temperature of
20—23 °C in the test room. We consider that such con-
ditions should be used as standards.

Reproducibility

The reproducibility of the function tests was inves-
tigated, with the exception of that of the cold provo-
cation test (7). The same subjects were examined twice
at intervals of one year, and the values were compared.
The correlation coefficients of grasping power, skin
temperature, and the nail compression test were greater
than that of the systolic blood pressure measured at
the same time. The correlation coefficients of the
vibratory sense threshold and pain threshold were more
or less smaller than that of the systolic blood pressure.
This observation indicates that the reliability of the
function tests is within permissible levels.

Standardization of the test method

The equipment and techniques required for the func-
tion tests performed in Japan are basically standardized
(10). The function tests are characteristic in that
particular kinds of equipment or specialized techniques
are not required, a number of people can be examined
in a limited time, and physical discomfort to the
subjects is not very great. A survey throughout the
country showed that peripheral circulatory and sensory
tests had been adopted in more than 90 % of 35
institutes and hospitals which were diagnosing or
treating patients with the hand-arm vibration syn-
drome, and motor tests of functional capacity had been
adopted in approximately 50 % (1).

Furthermore, these function tests have been utilized
in some studies for the epidemiologic investigation of
the hand-arm vibration syndrome. However, in these
studies, the results of the function tests performed in
one research institute were analyzed. For comparing
and analyzing the results of the function tests per-
formed in two or more research institutes, further in-
vestigation of the standardization of the test and
evaluation methods is necessary.
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