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Vibration-exposed workers and
hand-arm vibration syndrome 

It is estimated that two to four mil-
lion workers in the US are exposed
to work-related hand-transmitted

vibration. Continued habitual expo-
sure to vibration directed to the hands
can cause patterns of various symp-
toms associated with hand-arm vibra-
tion syndrome (HVAS). HAVS is a dis-
ease that involves circulatory, sensory,
motor, and musculoskeletal distur-
bances in the hands and fingers of
vibration-exposed workers. It affects
the small blood vessels, nerves, and
muscles of the fingers. Symptoms
associated with HAVS include:
• Episodes of tingling and numbness

in the fingers,
• Episodes of whitening (blanching)

of one or more digits of the fingers
when exposed to cold,

• Episodes of pain and cold sensations
in the hands and fingers during
periodic white finger attacks,

• Episodes of pain in the fingers in
response to temperature changes or
return of blood circulation to the
hands and fingers,

• Loss of tactile discrimination in the
fingers,

• Loss of manual dexterity of the
hands and fingers, and

• Loss of grip strength.

In extreme cases, workers exposed
to continuous high levels of hand-
transmitted vibration over very long
periods can experience gangrene in the
digits of the fingers. Symptoms associ-
ated with HAVS were first classified by
the Taylor-Pelmear stage assessment
(Table 1). The classification of HAVS
symptoms was later refined by the
Stockholm vibration syndrome classifi-
cation system (Table 2). The vibration
exposure time for HAVS symptoms to

first appear is called the latency period. It is determined by many factors. The most
significant factors, however, are the amplitudes of the vibration energy directed
into a worker’s hands and the time period in months and years over which the
worker is exposed to work-related hand-transmitted vibration. 

HAVS can have significant negative consequences with regard to participation

Table 1. Taylor-Pelmear stage assessment for HAVS(1)

Stage Condition of fingers Description

OO No tingling, numbness or blanching of No complaints
fingers

OT Intermittent tingling No interference with activities
ON Intermittent numbness No interference with activities
OTN Intermittent tingling and numbness No interference with activities
1 Blanching of a fingertip with or without No interference with activities

tingling and/or numbness
2 Blanching of one or more fingers beyond Possible interference with activities outside

tips, usually during winter of work; no interference with work
3 Extensive blanching of fingers, frequent Definite interference at work, at home, and

episodes in both autumn & winter with social activities, restriction of hobbies
4 Extensive blanching in most fingers, Occupation usually changed because of

frequent episodes in both summer severity of signs and symptoms 
(1) Complications are not used in this grading

Table 2. Stockholm HAVS vibration syndrome classification system(1)

Stage Grade Description

I. Vascular Component

1 Mild Occasional blanching attacks affecting 
tips of one or more fingers

2 Moderate Occasional blanching attacks affecting 
the distal and middle phalanges of one or 
more fingers

3 Severe Frequent blanching attacks affecting all 
phalanges of most fingers

4 Very Same as 3 with trophic skin changes (tips)
Severe

II. Sensorineural Component(2)

0SN Vibration exposed – no symptoms
1SN Intermittent or persistent numbness with 

or without tingling
2SN Same as in 1SN with reduced sensory 

perception
3SN Same as in 2SN with reduced tactile 

discrimination and manipulative dexterity
(1) This system is based upon: (1) removal of the unquantifiable areas–difficulty at work, home, and
hobby activities; (2) discarding of the seasonal component; (3) the Syndrome to be separated into
two major areas–vascular and sensorineural; (4) separate staging of each hand.
(2) The staging is made for each hand. The final grade of the disorder is indicated by the stage and
the number of affected fingers in each hand (e.g. Stage/Hand/No. of digits).



Table 3. Industries where workers are exposed to hand-transmitted vibration 

Heavy manufacturing Manufacturing assembly Foundries
Ship building Ship repair Railroads
Construction Mines and quarries Forestry
Public utilities Agriculture

Table 4. Common industrial tools that generate hand-transmitted vibration 

Road brakers Hand-held grinders Pedestal grinders
Needle guns Riveting hammers Bucking bars
Chipping hammers Rock drills Sanders
Nut runners Tampers Impact wrenches
Gasoline powered chains saws, brush cutters, string trimmers, and blowers
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“ANSI S2.70 is a timely and

needed revision of 

ANSI S3.34 that gives the

United States a modern

hand-transmitted vibration

standard that is in agreement

with ISO 5349—Parts 1 and

2 and the European Union

Human Vibration Directive.”

in work, home, social, and athletic
activities and in hobbies. These
include:
• The tingling, numbness and loss of

tactile dexterity in the fingers and
the loss of grip strength can make it
difficult to handle objects (particu-
larly small objects).

• There can be serious interference
with work, home, social, and athlet-
ic activities and hobbies that require
good hand dexterity.

• Outdoor activities in cold climates
that require the use of the hands
may have to be avoided to prevent
painful vessel spasms in the fingers
or to prevent the potential for severe
hand trauma because an individual
may not be able to feel his/her fin-
gers in extreme cold.

Exposure to work-related hand-
transmitted vibration

Workers are exposed to work-
related hand-transmitted vibration in
many different industries throughout
the U.S. Some of these industries are
listed in Table 3. Typical tools that are
used in these industries and that gener-
ate hand-transmitted vibration are list-
ed in Table 4. Vibrating tools include
both hand-held vibrating tools and sta-
tionary tools or machines that transmit
vibration to the hands through hand-
held workpieces. 

Many factors affect the severity of
the physiological effects of work-relat-
ed hand-transmitted vibration. They
include:
• The magnitude of the vibration,
• The frequency content of the vibra-

tion,
• The direction of the vibration trans-

mitted to the hand,
• The magnitudes and directions of

forces applied by the operator
through his/her hands to the tool or
workpiece,

• The posture of the hands, arms, and
body relative to a tool or workpiece
during vibration exposure (e.g., the
angle and position of fingers, hands,
wrists elbows, and shoulder joints),

• The areas and locations of the parts of
the hands and fingers that are
exposed to vibration,

• Temporal exposure patterns during a
workday and work methods (e.g.,

length and frequency of at work and
rest spells, whether the tool is laid
aside or held idling during non-work-
ing operations with a tool, etc.),

• The total exposure in years and
months to work-related hand-trans-
mitted vibration to date,

• The types and conditions of the
vibrating machinery, hand tools,
and workpieces,

• The method of working and the
operator’s skill level, 

• Climatic conditions and other fac-
tors that affect the temperature of
the hands, fingers, and body,

• Medical conditions of the operator
that affect the circulation of blood in
the fingers,

• Other predisposing factors in the
health of the operator, 

• Agents that affect the peripheral
blood circulation, such as smoking,

certain medicines, or chemicals in
the work environment, and

• Noise.

ISO and ANSI standards associated
with work-related hand-transmit-
ted vibration

Standards have been published by
the International Organization for
Standardization (ISO) for distribution
as ISO standards and by the Acoustical
Society of America (ASA) for distribu-
tion as American National Standards
Institute (ANSI) standards that give
guidance for the measurement and
assessment of work-related hand-
transmitted vibration. ISO first pub-
lished ISO 5349 in 1986.3 This standard
specified methods for measuring and
evaluating vibration directed into the
hands from hand-held vibrating
devices, tools, and workpieces. ANSI
S3.34 was published by the American
Institute of Physics for the Acoustical
Society of America the same year.1 This
standard was concurrently developed
with ISO 5349-1986 by ANSI Working
Group S3.39–Human Exposure to
Mechanical Vibration and Shock. It
specified methods for measuring and
assessing exposure to work-related
hand-transmitted vibration. ANSI
Working Group S3.39 was later changed
to ANSI Working Group S2.39.

The Parliament of the European
Union (EU) issued the EU Human
Vibration Directive-2002/44/EC in
2002. This directive specifies vibration
daily exposure action values (DEAV) of
2.5 m/s2 and daily exposure limit values
(DELV) of 5.0 m/s2. When the DEAV is
exceeded, actions should be initiated to
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reduce worker hand-transmitted vibration exposure.
Workers should not be subjected to hand-transmitted vibra-
tion exposures above the DELV. The DEAV and DELV values
have generally been accepted by medical experts, scientists,
and engineers in governmental agencies, research institu-
tions, and industry in the USA and other countries.2 When
they are achieved, they will reduce the potential for the devel-
opment of symptoms related to HAVS among workers
exposed to hand-transmitted vibration.

Significant improvements in measurement and analysis
instrumentation, miniature and subminiature accelerome-
ters, and medical diagnostic and assessment protocols have
been introduced since 1986 when ANSI S3.34 was first pub-
lished. In response to these improvements, the publication of
a revised ISO 5349 in 2001, and the introduction of the EU
Human Vibration Directive, ANSI Working Group S2.39
developed the revision to ANSI S3.34, which has been desig-
nated as ANSI S2.70-2006.2

Significant elements of ANSI S2.70
ANSI S2.70 specifies the use of the hand-arm vibration

measurement procedures outlined in ISO 5349, Parts 1 and
22,4,5. The single-axis r.m.s. ISO frequency-weighted accelera-
tion values are measured in three mutually orthogonal axes
of vibration. The vibration total value, ahv(rms), is then
obtained from: 

(1)

where ahw(rms)x, ahw(rms)y, and ahw(rms)z are the measured single-
axis r.m.s. ISO frequency-weighted acceleration values in the
x, y, and z directions, respectively. If multiple vibration expo-
sure events are experienced during a work day, the overall
vibration total value, ahv(rms), is obtained from:

(2)

where ahv(rms)i is the vibration total value of the ith operation,
Ti is time duration in hours of the ith operation, n is the total
number of operations, and Tv is total time in hours associat-
ed with the n operations. Finally, the daily vibration exposure
value, A(8), standardized to an 8-hour reference period, is
obtained from:

(3)

where To is the reference period of 8 h.
ANSI S2.70 defines a value of A(8) equal to 2.5 m/s2 as

the Daily Exposure Action Value (DEAV).2 The DEAV repre-
sents the health risk threshold to hand-transmitted vibration.
“Health risk threshold is defined as the dose of hand-trans-
mitted vibration exposure sufficient to produce abnormal
signs, symptoms, and laboratory findings in the vascular,
bone or joint, neurological, or muscular systems of the hands
and arms in some exposed individuals.”2 ANSI S2.70 recom-
mends that a program be designed to reduce worker expo-
sure to hand-transmitted vibration when A(8) exceeds the

DEAV to reduce health risks.
ANSI S2.70 defines a value of A(8) equal to 5.0 m/s2 as the

Daily Exposure Limit Value (DELV).2 Workers who are
exposed to hand-transmitted vibration at or above this level are
expected to have a high health risk. “High health risk is defined
as the dose of hand-transmitted vibration exposure sufficient to
produce abnormal signs, symptoms, and laboratory findings in
the vascular, bone or joint, neurological, or muscular systems of
the hands and arms in a high proportion of exposed individu-
als.”2 ANSI S2.70 recommends that workers not be exposed to
hand-transmitted vibration above the DELV.

The vibration total values, ahv(DEAV) and ahv(DELV), for a
daily vibration exposure time, Tv, other than 8 hours that are
associated with the DEAV and the DELV are given by:

DEAV:
or (4)

DELV:
or (5)

where Tv is greater than 15 minutes and less than 12 hours in
a 24-hour period. Figure 1 shows plots of the ahv(DEAV) and
ahv(DELV) values for time periods other than 8 hours. The
region between the two curves is referred to as the health risk
zone. The region above ahv(DELV) is referred to as the high
health risk zone.

The latency period or time in years, Dy, before vascular
symptoms associated with HAVS are expected to first appear
in ten percent of a worker population exposed to work-relat-
ed hand-transmitted vibration can be estimated when the
daily vibration exposure value, A(8), is known. Dy can be
estimated from2,4:

(6)

Figure 2 shows a plot of Dy as a function of the daily
vibration exposure value, A(8).
Importance of ANSI S2.70

ahv(rms) = � 1 � (a2
hv(rms)i Ti)Tv i=1

n

A (8) = ahv(rms) � Tv

To

ahv(DEAV) = 2.5 � 8
Tv

Tv =     50
a2

hv(DEAV)

ahv(DELV) = 5.0 � 8
Tv

Tv =    200
a2

hv(DEL V)

Fig. 1. Plots of the ahv(DEAV) and ahv(DELV) values for vibration exposure times other
than 8 hours.

Dy =    31.8
A (8)1.06
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ANSI S2.70 is a timely and needed revision of ANSI
S3.34 that gives the U.S. a modern hand-transmitted vibra-
tion standard that is in agreement with ISO 5349–Parts 1 and
2 and the EU Human Vibration Directive. It has vibration
assessment criteria that are accepted by medical experts, sci-
entists, and engineers in governmental agencies, research
institutions, and industry in the U.S. and other countries.
ANSI S2.70 gives guidance for work-related hand-transmit-
ted vibration exposure and health risks assessments, specifies
methods for mitigating health risks associated with hand-
transmitted vibration, and gives guidance for worker training
and medical surveillance.AT
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Fig. 2. Plot of Dy as a function of the daily vibration exposure value, A(8).


