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Physiological methods used in Japan for the diagnosis
of suspected hand-arm vibration syndrome
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MATOBA T, SAKURAI T. Physiological methods used in Japan for the diagnosis of suspected hand­
arm vibration syndrome. Scand J Work En viron Health i3 (1987)334-336. In the pathogenesis of hand­
arm vibration syndrome, vibration affects the peripheral system, especially the circulatory, nervous, and
musculoskeletal systems. Medical questionnaires, physical examinations, and laboratory tests are used to
diagnosethe hand-arm vibration syndrome. The laboratory tests are satisfactory diagnostic aids for detecting
slight disorders of the peripheral circulatory, nervous, and musculoskeletal systems. Peripheral circulatory
function tests include skin temperature measured by a thermistor under specific temperature conditions,
the nail compression test, and the cold provocation test (lO-min immersion in cold water at 5 or 10°C).
To assess peripheral nervous function, tests for the pain and vibration senses are included. Peripheral
musculoskeletal function tests consist of grip strength, pinch strength and tapping counts. These physio­
logical tests are applied in worker screening twicea year. These tests have been authorized by the Ministry
of Labour since 1973. Several criteria for the tests, although not authorized, are widely used. The diag­
nostic implication of each separate test may be low. Consequently, some laboratory tests should be eval­
uated, along with medical questionnaires and physical examinations, in the diagnosis of suspected hand­
arm vibration syndrome.

Key terms: cold provocation test, grip strength, nail compression test, pain sense, pinch strength, skin
temperature, tapping test, vibration sense.

The hand-arm vibration syndrome, induced by the
long-term use of vibratory tools, tend s to have a
protracted clinical course despite adequate treatment
(2, 4) . The mo st important aspect with respect to
treatment is to diagnose the vibration syndro me as
early as po ssible and to treat patients in an earl y, less
severe stage of the disorder. Vibr at ion syndrome is a
di sease entity consisting no t onl y of injur ies to the
peripheral systems but also of disorders o f the central
nervous system, especially th e autonomic nervous sys­
tem (3, 5). In the early stage, however, injury mainly
occurs in the peripheral circulatory, nervous, and mus­
cula r systems. Accordingly, a ph ysician's attention
should be focused on the peripheral systems in the
diagnosis of suspected hand-arm vibrat ion syndrome.

In thi s paper, we give an overview of the physiolog­
ical tests which ha ve been authorized by the Ministry
o f Labour for the diagnosis of suspected hand-arm vi­
bration synd rome in Japan since 1973.

Peripheral circulatory function

Skin temperature is greatly influenced by environ­
mental fa ctors such as room temperature and humid-
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ity, wall temperature, airflow in a room , and seasonal
changes. Before the beginning of the skin temperature
test , the subjec t is kept for 30 min in a room where
the temperature is maintained at 20-23°e . Smoking
is prohibited for at lea st I h before the test. Skin tem­
perat ure on the back of the middle phalan x of fingers
2-5 is measured by a thermistor. A healthy man shows
a tempera tu re of 300e or more. Abnormal va lues are
rated as + (less than 30°C), + + (28°e or less), or
+ + + (26°e or less) (6, 9).

In the nail compression test, the second, the third,
and the fo urt h finger is pressed by the thumb and in­
dex fingers o f an examiner for 10 s. The evaluation
is made acc ording to the time needed for the nail to
regain its color after its release (10). The normal value
is 2.0 s or less. Abnormal values are rated as + (over
2.0 s), + + (2.5 s or less), or + + + (3.0 s o r less).
The disadvantage of the na il compression test is that
the fo rce of the compression and the eva luatio n of the
time need ed for the nail to rega in color tend to vary
accordi ng to the examiner ' s skill and experience.
However , this test reflects vascular rea ction in a larger
ar ea than do es the skin temperature test.

Peripheral nerve function

The peripheral ner ve function tests include pa in sense
and vibra tion sense of the seco nd, thi rd, a nd four th
fingers . Pain sense in the dorsum of the middle phalanx



of the second to fifth finger is measured by a needle­
type of pain meter with successively graded (by weight
1-10 g) needles (gauge 23 in size). The pain threshold
is obtained by the minimum weight at which the ex­
aminee feels pain. The upper limit of the normal value
is evaluated to be 3 g. Abnormal values are rated as
+ (5 g or more), + + (10 g or more), or + + + (15 g
or more) (6, 9).

Vibration sense is considered to be the threshold of
the perception of vibration administered to the tip of
the second, third and fourth finger on the palm side
of the hand by a vibration sensimeter (Rion AU-OIA).
Vibration at 125 and 250 Hz is administered with the
intensity of - 10 to 40 dB in steps of 2.5 dB. Recently,
measurements with 125 Hz alone have been accepted
to repre sent the vibration sense; the vibration sense is
mediated by pacinian corpuscles above approximately
60 Hz and by Meissner (touch) and Merkel (pressure)
receptors below this value. The normal value of the
intensity is 5 dB or less. Abnormal values are rated
as + (7.5 dB or more), + + (12.5 dB or more), or
+ + + (17.5 dB or more) (6, 9).

Peripheral musculoskeletal function

Peripheral musculoskeletal funct ion tests consist of
grip strength, pinch strength, and tapping tests. The
momentary force of grip strength is determined by the
greatest value of the first and second trials. The normal
value shows 45 kg or more in strength .

The tapping test consists of the number of taps the
subject can perform with the second or third finger
as fast as possible for 10 s, using a tapping meter
(Tokyo Iryoki MPS-703) . The normal value is 45 taps
or more (6, 9).

The pinch strength test is carried out by pinching
the arm of the pinch meter between the thumb and the
index or middle finger. The normal value of the
thumb/ index pinch strength is 5 kg or more.

Cold provocation

Rewarm ing activity

In the cold pro vocation test , one hand is immersed to
the wrist in 5 or 10°C water for 10 min. After the test ,
the recovery of skin temperature is observed for
10 min . Until around 1975, the cold pro vocation test
was performed at a water temperature of 5°C. During
hand immersion in 5°C water, some subjects complain
of chest tightnes s, finger pain, and other symptoms
(I) . Therefore, at present, water at 10°C is recom­
mended instead. A significant correlation has been
found between the methods at 5 and 10°C for the skin
temperature and the nail compression tests after im­
mersion (7, 8).

The evaluation is done according to the following
formulas :

I T12-TIOrecovery activity = - [(TJI-T IO) + ----=-=-----.:.:...
3 2

T -T_ + 13 10 JOC/min
3

and

rate of rewarming at 5 and 10 min

(T15 or Tzo)- T IO--'-----x 100 %,
To-TIO

where the subscripts are the times from the start of
immersion.

The recovery must amount to at least 30 % at 5 min
and 60 % at 10 min to be considered normal. Recovery
of less than 30 % at 5 min and of less than 60 % at
10 min is defined as abnormal. With one of the rates
abnormal, the assessment is that of a border case.

Nail compression and vibration sense tests

The nail compression and vibration sense tests are
performed on the second, third, or fourth fingers im­
mediately after 10 min of immersion in cold water and
after 5 and 10 min of removal of the hand from the
water. In the vibration sense test, a vibration frequency
of 125 Hz is used because the sensitivity of the skin
is highest at this frequency. Abnormal values in the
nail compression test are 3.0 s or more immediately
after 10 min of immersion. After 5 and 10 min of im­
mersion , 2.0 s or more is considered abnormal (6, 9).
The abnormal values of the vibration sense test are
17.5, 12.5 and 10.0 dB or more at 0,5 , and 10 min
after the end of immersion, respectively (6, 9). The pain
sense test has not been recommended because the skin,
swollen by immersion, is easily injured with a needle.

Application of the tests

An example of the application of the tests used in the
diagnosis of the hand-arm vibration syndrome follows.
An examination was made of 15 workers with sus­
pected hand-arm vibration syndrome (table I). Cases
1-10 were diagnosed as having the hand-arm vibra­
tion syndrome; cases 11-15 were evaluated as not due
to an occupational disease . There were more pro­
nounced abnormalities in the form of subjective symp­
toms and physical findings in cases 1-10 than in cases
11-15.

Before a person can be recognized as suffering from
the hand-arm vibration syndrome the following crite­
ria (issued by the Ministry of Labour in 1977) must
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Table 1. Diagnosis of suspected nand-arm vibration syndrome.e

Case number"

2 3 4 5 6 7 8 9 10 11 12 13 14 15

SUbjective symptoms
Fingers

Cold ness + + + + + ++ + + + + + + +
Raynaud's phenomenon + + + + + ++ + + ++ + + + + +
Num bness + + + + + + + + + + + + +
Pain + + + + + + + + + + +

Elbow joi nts
Pain + + + + + + + + + + +

Tests
Circulation ++ ++ + + ++ ++ + ++ + + + + ++ +
Nerve function ++ + ++ ++ ++ + ++ + ++ + + I ~

Musculoskeletal ++ + ++ ++ + + ++ + ++ ++ + + + +
Radiograph ic ++ + ++ + + + + + + +

Physical examinations
Cold hand + + + + + +
Hypoesthesia + + + + + + + + + + + +
Muscle tenderness + + + + +
Muscle atrophy +
Disturbed movement s
of elbow join ts ++ + ++ + + + +. + = li ght degree of disturbance, + + = marked disturbance.

b Cases 1-10 were diagnosed and recognized as hand-arm vibration syndrome.

be met : (i) the disease must be caused by the habitual
use of vibratory tools for one year or more and (ii)
the disease must include either pain or cold or stiffness,
etc, that occur s intermittently or continuously in the
fingers or arms . All of the following items, or one of
them to a marked degree, are included : (i) peripheral
circulatory disturbances in the fingers and arms, (ii)
peripheral nervous disturbances in the fingers and
arms , (iii) motor function disturbances due to abnor­
malities in bones, joints, muscles, tendons, etc, in the
fingers and arms, and (iv) Raynaud's phenomenon.
It is not necessary to demonstrate Raynaud's phe­
nomenon in the fingers objectively. Hearing loss,
lumbago, neck-shoulder-arm syndrome, and other
conditions are recognized in other regulations .
Although cases 2, 3, and 5 did not show Rayna ud's
phenomenon in the fingers , they were recognized as
hand-arm vibration syndrome.

Thus, a health control of workers using vibra tory
tools is performed twice a year. The diagnosis of the
disease is evaluated from the history of symptoms,
physical examinations, and laboratory tests. Recording
the history requires a great deal of skill, knowledge,
and experience on the part of the physician. Above all,
the patient-physician relationship is essential. On the
basis of the annual examination the workers are
divided into the following three categories: a healthy
group, a group with suspected vibration syndrome or
illness without therapy, and a group recognized as
having the vibration syndrome with therapy.
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