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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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SO, also take part n the work. 1SO collaborates closely with the Internatonal Elecirq
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the member-bodies casting

drawn to the possibility that some of the elements of this part of ISO.13091 may be the g
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard ISO 13091-1 was prepared by Technical Committee }SO/TC 108, Mechanical vibr
committee SC 4, Human exposure to mechanical vibration and\shock.

consists of the following parts, under the general titlecMechanical vibration — Vibrotactile p,
or the assessment of nerve dysfunction:

Methods of measurement at the fingertips

Analysis and interpretation of measurements-at the fingertips
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The early detection of peripheral neuropathies in the upper extremities, which are often manifest as changes in
tactile function, is of considerable interest. Such neuropathies may occur as a result of disease, or from
occupations in which workers are exposed to neurotoxic agents or to mechanical vibration.

The tacti'L

nerve e
indentati
type I; an
features
acuity is
converse
smoothn
SAll recd

ly, moving fingertips across surfaces. Such information is used to provide information on surf
bss, and to maintain an appropriate grip of objects (which is controlled by ‘the detection of

be deter

ined psychophysically by using precisely defined measurement conditions and vibrotactile s

different frequencies. In some circumstances, such as selective loss of receptor function, it may not be
obtain sgparate thresholds from each population.

Standardized methods for measuring vibrotactile perception thresholds are required to obtain meanin
and to cpmpare results obtained using different apparatus. Witheut standardization, the thresholds

different Imeasurement methods may differ substantially, and-often unpredictably, and so cannot be
Requirements for measurement methods and instrumentsCstem from the properties of the mech
populatigns from which they are designed to elicit responses.”The overall goal of this part of ISO 13091

optimize

This part
perceptid
are suita
parametg
values a
VPT at ¢
measure
sufficient
using the

testing methods and measurement procedures

of 1ISO 13091 describes methods that aré-designed to yield equivalent results for measuring
n thresholds (VPTSs) at the fingertips. The methods are applicable to healthy and diseased p
ble for detailed clinical evaluation and.for rapid screening. Values are recommended for all m
rs. Some parameters are specified-by a central value with broad “tolerances” in recognition t
e currently in use. The centralvalues given are the preferred values. Using the methods de

ment procedure (which miaybe completed in approximately 5 min). This information may be
for some screening applications. 1ISO 13091-2 considers the analysis and interpretation of VP
methods specified, in-this part of ISO 13091.

e performance of the fingers 1S known to depend on neural activity in up to four populations of] specialized
dings. These mechanoreceptor types are commonly described by their responsecto*|mechanical
bn of the skin surface (i.e. SAI: slowly adapting, type I; SAIl: slowly adapting, type II; Al fapt adapting,
d FAIl: — fast adapting, type Il). The SAIl receptor acuity primarily determines the regolution of the spatial
of a surface, such as ridges and texture. These receptors respond to pressurex FAl and FAIl receptor
primarily responsible for information obtained from the motion of surfaces across the skin|surface or,

e finish, or
icro-slips).

ptors primarily signal skin stretch. Separate responses from SAl, FAI and FAIl receptor popllations can

imulation at
possible to

gful results,
bbtained by
compared.
hnoreceptor
is to define

vibrotactile
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scribed, the

ne test frequency can be detérmined in approximately 1 min once the subject has been trained in the

considered
Ts obtained
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Mechanical vibration — Vibrotactile perception thresholds for the
assessment of nerve dysfunction —

Part 1:
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This part]

— methods for measuring vibrotactile perception thresholds (VPTs) at the fingertips,

— proc
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ISO 2041

pdsof measurementat-thefingertips

pe

of ISO 13091 specifies

pdures for conducting the measurements, and
eporting of results.

ment methods are defined in this part of ISO 13091 for obtaining perception thresholds at th
, separately, by SAIl, FAlI and FAIl mechanoreceptor populations. The methods are desi
P to healthy and diseased persons, and to be sditable for clinical assessment and for screening

surement of temporary shifts in vibrotactile-perception threshold, or of thresholds at body site
tip, is outside the scope of this part of IS© 13091.

mative references

ving normative documents-contain provisions which, through reference in this text, constitute p
Df ISO 13091. For dated/references, subsequent amendments to, or revisions of, any of these
pply. However, parties’to agreements based on this part of ISO 13091 are encouraged to inv

of applying thé-/most recent editions of the normative documents indicated below. H
s, the latest¢edition of the normative document referred to applies. Members of ISO and IE
of currently\valid International Standards.

, Vibration and shock — Vocabulary.

ISO 5804

e fingertips
gned to be
purposes.

5 other than

rovisions of
publications
pstigate the
or undated
FC maintain

. Mechanical vibration and shock — Human exposure — Vocabulary.

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for safety.

3 Terms and definitions, symbols and abbreviated terms

3.1 Te

rms and definitions

For the purposes of this part of ISO 13091, the terms and definitions given in 1ISO 2041 and ISO 5805 apply,
together with the following.
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3.11
pure tone

oscillatory signal whose instantaneous magnitude is a sinusoidal function of time (i.e. at a single frequency)

3.1.2
tone burst
intermittent

3.1.3
gliding ton

pure-tone signal

e

pure tone in which the frequency changes continually with time

3.1.4

equivalent
frequency 9
measuremsg

3.15

total harmg
percentage
amplitudes

3.1.6
masking
mask, verb
process by
of the samqg

3.1.7

frequency
elected as representing the measurement “frequency” when frequency is changed with time @
nt of vibrotactile perception

nic distortion
pure-tone distortion expressed as 100 times the square root of the ratio of the sum of the
pf harmonic components within a defined bandwidth to the squared amplitude of the fundamen

which the perception threshold for one stimulus is raised-by the presence of another (masking
or different frequency

forward masking

process by

which perception of the test stimulus currently*being presented to a subject is rendered undete

a previous test stimulus of the same or different frequency

3.1.8
mechanord
nerve endin

3.1.9

ceptor
g specialized for transforming.mechanical deformation of the skin into nerve impulses

mechanorg
receptor-
vibrotactile
point of sti

3.1.10
neutral pog

ceptor-specific vibratactile perception threshold

erception threshold at which the stimulus is mediated by one population of mechanoreceptd
ulation

s’}ecific vibrotactile.p@rception threshold

ition

uring the

squared
tal

stimulus

ctable by

rs at the

ng erect

position nalrrally adopted by the hand when the hand and arm hang freely from the shoulder, when standi

NOTE

3.1.11
stimulator

I'his position normally INvolves no tlexion or extension or the Wrist.

means for generating static indentation of the skin surface and/or continuous or intermittent oscillatory motion of the
skin surface

3.1.12
probe

means by which external motional and oscillatory stimuli are coupled to the skin surface

© ISO 2001 - All rights reserved
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3.1.13

surround

static, rigid, flat surface on which a fingertip rests, containing a hole through which a probe may contact the skin
surface

3.1.14
contact force
static and dynamic components of the force with which a stimulating or sensing probe contacts the skin

3.1.15

indentation of skin
distance Imoved by the probe tip from the position of initial contact with the skin surface (where the contact force is
zero) to the position at which thresholds are determined

3.1.16
aural cue(s)
sound cgused by vibration of the stimulator

3.1.17
physiolggical “noise”
human bpdy motion, including vibration, naturally occurring from physiological*functions such as blood flow, heart
beat, mupcle tremor and respiration

3.1.18
backgropund vibration
residual pibration at the fingertip, in the absence of the stimulus)'when the subject is positioned to|commence
threshold measurements with the stimulating probe in contact with'the fingertip

NOTE Background vibration can be caused by room vibratien, the measurement apparatus and physiological {noise”.

3.1.19
psychometric function
function expressing the relationship between Afte proportion, or percentage, of positive responses |ndicating a
stimulus has been detected by a subject and a'physical measure of the magnitude of the stimulus

3.1.20
psychopghysical algorithm
measurement procedure in which_physical stimuli are presented to a subject to elicit a predetermirled sensory
responsq, such as perceiving the)presence or character of an externally applied skin motion

3.1.21
thresholf
onset of the perception-of a stimulus, or the loss of perception of a stimulus

3.1.22
ascendimpg threshold
threshold obtained when stimuli of successively increasing intensity are applied to the skin until the| stimulus is
detected

3.1.23

descending threshold

threshold obtained when stimuli of successively decreasing intensity are applied to the skin until the stimulus is no
longer detected

3.1.24

vibrotactile perception threshold

skin surface acceleration level at which there is a 50 % positive response rate for detecting a pure-tone oscillatory
stimulus in the psychometric function

© ISO 2001 - All rights reserved 3
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3.1.25

threshold shift
change in vibrotactile perception threshold from a previously established baseline value that persists in time

NOTE The baseline value can be, for example, a previous vibrotactile perception threshold obtained from the same
subject. The baseline value can also be the mean threshold obtained from healthy persons of similar age without sign, symptom
or history of peripheral neurological disease, or of exposure to neurotoxic agents or to hand-transmitted vibration. This subject is

considered in 1ISO 13091-2.

3.1.26

temporary threshold shift

temporary grevatiorm i the perceptiom threshofd (e foss T acuity) that disappears withr time

3.1.27

up-down algorithm

psychophygical measurement procedure in which two limiting thresholds (ascending and descending) are
determined|by presenting to a subject a sequence of short-duration stimuli, each of constant(but different intensity
NOTE The procedure commonly involves applying a sequence of stimuli with successively ‘increasing intensity {o the skin
until the subject signals that a stimulus has been detected (ascending threshold). Successive stimuli are then deg¢reased in

intensity unti

down algorithm in which the sequence of stimuli are increased, and decreased, in steps 6f equal magnitude.

3.1.28
von Békés
psychophys

the subject signals that the stimulus can no longer be felt (descending threshold). A “staircase” algorithm is an up-

y algorithm

ical measurement procedure

in which a continuousy stimulus with changing intensity, often

accompanie¢d by a change in frequency with time (gliding tone), is<used to determine sequentially ascer{ding and

descending

3.2 Sym

The followir
FAI
FAIll
SAl
VPT
ta(r)
ta(r)

where

thresholds

pols and abbreviated terms
g symbols and abbreviated terms are used.in this part of ISO 13091:
fast adapting, type | mechanoreceptors
fast adapting, type Il mechanoreceptors
slowly adapting, type€ | hechanoreceptors
vibrotactile peréeption threshold
a sequenee of ascending threshold levels

a sequence of descending threshold levels

r=1,2,3,..,n

n

4 Measurement methods

is the number of ascending and descending threshold pairs, e.g. t,(1) and t4(1), t4(2) and t4(2), ...,

ta(n) and ty(n).

4.1 General

Requirements for measurement methods and procedures originate from the properties of the mechanoreceptor
populations from which they are designed to elicit responses, and are summarized in Table 1.

© ISO 2001 - All rights reserved
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support

forearm, hand and finger;(seat with back rest

Stimulus (see 4.2) SAl FAI FAll

Frequency®, Hz 4,0 31,5 125

— other frequencies, Hz 3,15; 5,0 20; 25 100; 160

Intermittent

— burst duration <10s <10s 0,6sto10s

— quiescent duration” >0,6s >0,6s >0,6s

Cpntinuous

— maximum duration 50s 50s 50s

— minimum rest, same site and 30s 30s 30s
receptor

Stibject positioning (see 4.3)

in surface conditions (see 4.4)
skin temperature

test room temperature

27 °C to 35 °C, confirmed by measurement
20°Cto30°C

imulating probe (see 4.5)

geometry, finish, diameter

flat-endedcylinder, 0,2 mm < edges radii < 0,7 mm

smooth to touch, 4,0 mm + 2,1 mm diameter

in-stimulator contact (see 4.6)
skin indentation
probe-surround gap

surround force

Method A, no surround

1,5 mm % 0,8 mm

Method B, with surroupd
1,5 mm % 0,8 mm
1,5 mm % 0,6 mm

0,7Nto2,3N

Eychophysical algorithm (See 4.7)

independent of stimulus

variant of up-down, or von Békésy

ibject's response(sée 4.8)
detection

inconsistency

automatic and unambiguous

automatic detection

in motion (see 4.9)

probe, at skin surface

r.m.s. magnitude of stimuli, and background vibration {and
frequency if gliding tones used)

System check (see 4.10)
— before VPT test

performance of measurement system to be confirmed

a

b

The minimum requirement is for one measurement frequency.

And not less than half the stimulus duration.

© ISO 2001 - All rights reserved
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4.2 Stimulus

4.2.1 Stimulator

Measurement methods shall provide a stimulator to generate oscillatory (motional) stimuli for the determination of
vibrotactile perception thresholds of persons at the fingertips.

4.2.2 Stimulus waveform

The displacement amplitude of the stimulus shall be no greater than 1,0 mm. For pure-tone stimuli, the maximum

distortion i given-in Tahle 2 Intermittent stimuli shall possess—a waveform on\/olnlr_\o Qh::lr_\orl to—ensure that the

stimulus defected by the subject is that of the underlying oscillatory motion and not of the switching transiets.

NOTE A stimulator for all frequencies specified in this part of ISO 13091 will produce r.m.s. acceleration levels of up to
150 dB (ref. T m/sz), subject to a maximum displacement amplitude of 1,0 mm.

Table 2 — Maximum total harmonic distortion of stimulus

Measured parameter: acceleration?

Stimulus frequency Total harmaohic distortion
Hz %
3,15t0 31,5 300
100 to 160 10¢

% The acceleration level of mechanoreceptor-specific:YPTs increases with increasing frequency,

rendering perception of a distorted stimulus insensitive to frequencies higher than the fundamental
stimulus frequency (e.g. harmonic distortion produets).

®  The total harmonic distortion is evaluated._ for harmonic components at frequencies from the

pure-tone stimulation frequency up to 160 Hz,

¢ The total harmonic distortion is evaldated for harmonic components at frequencies up to three
times the stimulus frequency.

4.2.3 Stinulus frequency

Stimulationfshall be provided até@t teast one frequency or equivalent frequency. Stimulation should be provided at a
minimum three frequencigs,» or equivalent frequencies, if it is required to establish the acuity of the three
populations| of mechanoreceptors primarily involved in the sense of touch (SAI, FAI and FAIl). The recorpnmended
three frequencies, or _équivalent frequencies, are: 4,0 Hz (SAl), 31,5Hz (FAI) and 125 Hz (FAIl).| If more
frequencieq are used-for stimulation they should be selected from: 3,15 Hz, 4,0 Hz and 5,0 Hz (SAl); 20 Kz, 25 Hz
and 31,5 Hg (FAl)-and 100 Hz, 125 Hz and 160 Hz (FAIl). The mechanoreceptor population mediating|the VPT
when meagurements are conducted according to the provisions of this part of 1ISO 13091 are summarized in
Table 3.

The frequency of stimulation shall be carefully chosen to obtain responses from individual mechanoreceptor
populations, because each population could respond in frequency ranges that overlap.

NOTE 1 Using the skin-stimulator contact parameters specified in this part of 1ISO 13091, stimulation at frequencies of
6,3 Hz, or less, will permit the determination of the threshold of SAlI mechanoreceptors; stimulation at frequencies between
16 Hz and 32 Hz will permit the determination of the threshold of FAI mechanoreceptors; and stimulation at frequencies of
100 Hz or more will permit the determination of the threshold of FAIl mechanoreceptors.

NOTE 2 For some applications a simple measurement system confined to restricted stimuli, in particular to one of the three
recommended frequencies or equivalent frequencies, can be appropriate. This part of ISO 13091 also defines the requirements
for the presentation of a wider range of stimuli for detailed clinical evaluation and research.

6 © IS0 2001 — All rights reserved
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Type of mechanoreceptor Frequency range Recommended frequencies ?
of receptor
mediating
threshold

One

Hz Hz

Hz

More than one

Slowly adapting I, SAI

<63 4,0

3,15;4,0; 5,0

ast adapting 1, FAI 16 to 32 31,5 20; 25; 31,5

ast adapting Il, FAII > 100 125 100; 125,16

The tolerance on frequency is £ 10 %.

4.2.4

i

Intermitte
reduces

error in t
backgroy
backgroy

Intermitte
the subje
and term

This con
the begir

NOTE
tone burst

The stim
threshold
less than

For meag

425 G

Continuo
used to g

termittent stimulation

nt stimulation is preferred for all measurements to introduce a quiescéent’interval. Intermittent
he possibility of a suprathreshold stimulus producing a temporary threshold shift, and hence

nd vibration, and can improve definition of the threshold jn\‘situations in which there is
nd vibration.

nt stimuli shall be constructed with a waveform envelope-shaped to ensure that the stimulus
ct is that of the underlying oscillatory motion. The switehing transients associated with the com
nation of the intermittent stimulus shall not be perceived by the subject.

lition may be achieved by an appropriate stimulus control system, or by restricting the rise and
ning and end of each stimulus.

Experience has shown that there does rot ‘appear to be much change in VPT with the envelope rise an
S.

Llus duration measured at the-half-power points shall be no greater than 10 s, in order to lim
shift. The quiescent interval shall be not less than half the stimulus duration and under no cir
0,6 s, in order to ensure recovery from any temporary threshold shift and to avoid forward mag

urement of the acuity-of FAIl receptors, the stimulus duration of tone bursts shall be not less th

ontinuous stimulation

us sinuseidal stimulation with time-varying amplitude, and sometimes time-varying frequen
etermine VPTs (von Békésy method).

stimulation
causing an

ne measurement of a VPT. The quiescent interval also serves to contrast the applied stimulation with the

substantial

detected by
mencement

fall times at

i fall times of

t temporary
Cumstances
king.

an 0,6 s.

cy, may be

that apanla n-chall e nal tho cal

PPN RT -0

Methods

IWEP-V-N-L -V R P~V H P-SP-X TI-A 1 P-X 1P~ CWH= PN tona-clol IW PN PV T~ N - - S-S -V~ h
o CTToTO y - COTTOT O U O S STUTT OO STt Do vioC o porCtore—aigrar ot varC ST iS5 acCTre

ration level

by no more than 3 dB per second during threshold determinations used in the calculation of the VPT (see 6.4), to
minimize forward masking. A variation in r.m.s. acceleration level of up to 5dB per second may be used to
establish the first ascending and descending thresholds, i.e. t,(1) and t4(1), which are not used in the calculation of
VPT.

If stimulation involves a continuous change in frequency with time (gliding tone), then the rate of change of stimulus
frequency with time during threshold determinations shall be no more than one-twentieth of an octave per second.
A gliding tone should contain frequencies selected to be in the range from 3,15 Hz to 160 Hz.

NOTE Rates of change of stimulus amplitude with time, and/or frequency with time, in excess of these values may
introduce errors in perception thresholds.

© ISO 2001 - All rights reserved
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For measurement methods employing continuous stimuli, the maximum permitted continuous stimulus duration
without rest breaks shall be no greater than 50 s, in order to limit temporary threshold shift. If stimulation of the
same receptor population is to be continued at the same test site, a stimulus-free recovery period of no less than
30 s shall be provided.

4.2.6 Unwanted vibration during a measurement

The subject shall not experience any environmental or instrumentally induced vibration that could mask the
perception of the intended stimulus.

NOTE

lotion-babmean-tha-cubicet'c finaar and thao nrabha ynralatad to tha otimauliic oan maacle tha otimylhic on
IYroto—oety HtHe-StBe T Mg r—ara—te—prove—ur tO—tHE—StrHoraS—CotTHoSik—tHe—StHotas—tt

errors in th
physiological

The residua
measuremse

4.2.7 Uny

The subject
otherwise i
or instrume
excess of 5

This requirg
masking so

The 60 s ti

exceed 50 (IB.

4.3 Subj

Measurems
examples 0

NOTE T
at the fingert
the subject,

The precisi

of the subje

eshold determinations (e.g. motion from floor vibration, instrument vibration, involuntary body 'mg
“noise”).

| background vibration at the fingertip shall be measured with the apparatus used to‘conduct
nts before the beginning of each measurement session (see 6.5).

anted sound during a measurement

shall not experience any environmental or instrument-generated soundzhat could provide aurg
terfere with the perception of the intended stimulus. The subject shall not be exposed to envir
ht-generated noise with 60 s time-averaged, A-weighted soundclevel [as defined in IEC 6005
D dB.

ment may be satisfied by the subject wearing hearing, protection, or a headset producing ap
Linds at the ears.

me-averaged, A-weighted sound level of any masking sound produced at the ears should

pct comfort and positioning

nt methods shall provide support along the full length of the forearm, hand and finger being te
f alternative finger support, see Figure 1. The hand shall be as close as possible to the neutral

he more complete and comfortable the body supports, the more the potential for reducing the physiologi
p. Orienting and supporting the limb to be tested, and providing a chair with back support to enhance the
ill facilitate threshold determinations.

bn and repeatability’ of threshold measurements can be influenced by the motivation and cong
ct. Any distractions from the intended task such as discomfort shall be avoided.

introduce
tion from

threshold

| cues or
pnmental
0(801] in

propriate

also not

sted. For
position.

Cal “noise”
comfort of

entration
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2
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1 JIESig 1 JIESi g
M P
~ = ~ >4
5 3
2
1 1
L | L |
a) Method A b) Method B
Key
1 Fingef support
2 Surrotrd
3 Sensor
4  Stimulator
NOTE Methods for supporting the stimulator and surround are not shown.

Figure 1 — Sketch of fingertip-probe contact for methods A and B showing examples of alternative
orientations and finger support
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4.4 Conditions for skin surface

4.4.1 Skin and room temperatures

All measurements shall be performed in an environment in which the temperature is in the range from 20 °C to
30 °C, and on hands with skin temperature in the range from 27 °C to 35 °C. Means shall be provided for
measuring the surface skin temperature at each skin area that includes a vibrotactile test site (see 6.6).

NOTE
FAIll) recepto

rs are not significantly influenced by skin surface temperature in the range from 27 °C to 35 °C.

4.4.2 Skin

The stimulg
by positioni

proximal than the centre of the whorl, as described in 4.5.1. Positioning the stimulating probeydirectly on ¢

or damageq

4.5 Stim

451 Pro

The centre
more proxir

arc between the distal corners of the fingernail. No part of the probé.tip in contact with the skin shall be cl

2,0 mmto t

45.2 Pro

Control of tihe geometry of the probe tip with which the-stimulator contacts the skin is required to obtain pre¢

repeatable

The stimul

t
probe tip silrface in contact with the skin.shall be the flat circular end of the cylinder. The stimulating €

probe shall
normal to th

453 Pro

The probe
in contact w

NOTE A
Ra=1,6 ym,

thickness and stimulation

ting probe shall be positioned to avoid contacting thick skin. This requirement can usually bej
ng the centre of the stimulating probe tip on the glabrous skin of the distal phalanx.at a point

skin, as evidenced by scars, burns or crush injuries, shall be avoided.

Llating probe

e location

of the stimulating probe tip shall be positioned on the glabrous skin of the distal phalanx at g
nal than the centre of the whorl, within the segment of the\gircle centred at the centre of the

ne fingernail. The range of suitable probe tip positionsis shown in Figure 2.

he tip geometry

hreshold values.
ing probe in contact with the finger shall be a flat-ended cylinder with diameter 4,0 mm = 2,1

be tangential to the undistirbed skin at the initial point of contact, so that the direction of stim
e skin surface.

e surfaces

bhall be constracted with surfaces in contact with the skin that are smooth to the touch, and w
ith the skin having radii of not less than 0,2 mm and not more than 0,7 mm.

surface smooth to the touch may be obtained with a surface finish roughness (defined according to IS
orbetter.

The vibrotactile perception thresholds of SAI and FAI (and, when the stimulation frequency is less than 200 Hz, the

satisfied
no more
allosities

point no
vhorl and
pser than

pcise and

mm. The
nd of the
ulation is

th edges

D 4287) of

The surface finish shall apply to both the probe tip and the surround if the latter is used in the measurement

method.

All material

10

in direct contact with the skin shall possess low electrical and low thermal conductivity.
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NOTE
position o
closest a
bounded

46 Sk

461 G

The stim
hand, req

NOTE
support, {
1,0 mm, a

46.2 S
The stati
be suffic

skin-stim

Measure
1,5mm 4

BN

The dash-dot lines are from the centre of the whorl to the distal corners of the fingernail, and show the
the centre of the probe tip. The dash-dot arc, which is 2,0 mm from the fingerfail (as indicated by arrow:
y part of the probe tip may approach the fingernail. The probe tip may&be* positioned anywhere wi
y the dash-dot lines.

Figure 2 — Sketch of fingertip showing range ofiprobe-tip positions (see 4.5.1)

in-stimulator contact

eneral

ulus shall be perceived where the stimulating probe contacts the skin. Overall motion of th
ulting from the stimulus shall be avoided:

Overall motion of the finger, or hand; resulting from the stimulus is unlikely with the provision of fing
he location defined for the stimulating probe, and with the maximum stimulus displacement amplitude]
S required by this part of ISO 13Q991.

kin-stimulator contactforce and skin indentation
c component of theyforce with which the stimulating probe and surround, if any, contact the s
ent to obstruct'\blood flow, cause pain, or puncture or otherwise endanger the integrity of th

ulator static.contact force or skin indentation shall be controlled in all measurements of VPT.

ment cenditions shall be established so that the stimulating probe produces a static skin in
0,8 mm.

limits for the
5), shows the
hin the area

e finger, or

er and hand
restricted to

in shall not
e skin. The

lentation of

NOTE

control of the skin indentation caused Dy the probe or, IT more convenient, the static component Of T

e force with

which the stimulating probe contacts the skin, increases the precision and repeatability of threshold determinations, and reduces
inter-subject variability.

Active muscular contraction can increase hand and finger tremor and so introduce errors in the measurement of
VPT. Measurements should be conducted with the finger in a relaxed position. According to the provisions of this
part of ISO 13091, the position of the finger is maintained by a support.

Measurement methods without a surround shall be referred to as method A, and those employing a surround as
method B.
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4.6.3 Method A: Without a surround

A method of controlling the static force with which the stimulating probe contacts the skin surface shall be used,
such as by counterbalancing the weight of the stimulator, or by controlling the static skin indentation produced by
the probe. Active muscular contraction to maintain this condition shall be avoided.

The required static skin indentation of 1,5 mm = 0,8 mm may be obtained by a static probe contact force of
0,15 N + 0,09 N.

NOTE A 4,0 mm diameter probe impressed on the skin with a static contact force of 0,15 N will produce, on average, a
skin indentation of 1,5 mm. A larger contact force could be required to produce a skin indentation of 1,5 mm if a stimulating
probe with aJdiameter of more than 4,0 mm is used and, conversely, a smaller contact force could be required to gbfain a skin
indentation gf 1,5 mm if a stimulating probe with a diameter of less than 4,0 mm is used.

4.6.4 Method B: With a surround

A method S
skin surface
gap betwee

muscular cgntraction to maintain these conditions shall be avoided.

NOTE 1 \
10,2 mm dia

hall be used to control the static skin indentation and/or static force with which-the probe co
, by requiring the fingertip to rest against a fixed surround containing a hole,coaxial with the p
n the stimulating probe and the edge of the hole in the surround shal~pe 1,5 mm £ 0,6 m

se of the maximum probe diameter (6,1 mm) and gap between probefand surround (2,1 mm) will
meter hole in the surround, which may equal, or exceed, the width of-small fingertips. Measurement of

tacts the
obe. The
. Active

esult in a
ibrotactile

perception is|not possible using method B in these circumstances.

NOTE 2 1
the stimulatir

he thresholds of FAI and FAIl mechanoreceptors are influenced.by the difference in diameters (i.e. gap
g probe and the hole in the surround.

) between

For measufements in which the skin indentation is controlled by the stimulating probe protruding thr
surround, the required static skin indentation of 1,5 mm £ @;8 mm may be obtained by a static probe con
of 0,5 N+ (0,3 N.

pugh the
act force

. . ' . 3 i :
The force with which the surround contacts the-fingertip shall be 1,0_, ; N (i.e. the minimum and maximum|surround

forces are 4,7 N and 2,3 N, respectively).

NOTE 3 A 4,0 mm diameter probe impressed on the skin with a static contact force of 0,5 N, together with [a 7,0 mm
diameter suryound impressed on the skin_with a static force of 1,0 N, will produce, on average, a skin indentation ¢f 1,5 mm.
With no change in probe contact for¢e,)increasing the static force with which the surround is impressed on the skin could be
expected to flecrease skin indentation. With no change in the surround force, a larger probe contact force could be required to
produce a skin indentation of 1(5-mm if a stimulating probe with a diameter of more than 4,0 mm is used and, corjversely, a
smaller contact force could bé.required to obtain a skin indentation of 1,5 mm if a stimulating probe with a diameter of less than
4,0 mm is usgd.

NOTE 4 A
can introduct

ctive muscular contraction to maintain a static surround-fingertip force can increase hand and finger tremor and so

e errof$iin the measurement of VPTSs.

4.7 Psy

The psychophysical measurement procedure employed for the determination of VPTs shall use a variant of the up-
down or the von Békésy algorithms. Whatever the stimulus waveform (i.e. intermittent or continuous), the maximum
rate of amplitude adjustment shall be 3 dB per second during threshold determinations included in calculation of
the VPT (see 6.4).

NOTE 1  Algorithms that adjust the rate of stimulus change to the performance of the subject can reduce the measurement
time.
NOTE 2 It is desirable that the amplitude change by less than 3 dB per second as the measurement procedure converges to

the final threshold.
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NOTE 3

4.8 Su

ISO 13091-

1:2001(E)

Experience has shown that lower vibration perception thresholds are obtained if the initial stimulus is not perceived
by the subject; i.e. the amplitude is less than the threshold of perception.

bject's response

4.8.1 Method for subject's response

An unambiguous indication of the subject's response to the stimulus is required. An automated system shall be
used, such as a hand-operated switch, the status of which is monitored.

48.2 D

A proce
patterns
the up-dd

NOTE 1

interferen
motivatior
procedurg
identified

NOTE 2
provided
ISO 1309

49 Sk

A sensof
from vibr
stimulatir
means s

The r.m.
least ong
threshold

Informati

clause 6).

NOTE
from 2,5 H

4.10 Sy

The corr
tests. Th
is to pro

otection of inconsistent quhjpr‘f responses

ure for identifying inconsistent subject responses and/or thresholds shall be provided.
Df subject responses are identified by examining the variability of ascending and descending t
wn or von Békésy algorithms (see 6.3).

A subject's response may be inconsistent or erroneous due to changing criteria of response, fatigug
ce with peripheral blood circulation, increase in physiological “noise”, inexperience ‘@agd/or lack of con
. The inconsistent performance can remain even after taking all the precautions desctibed in this part of |

that detects inconsistent responses or thresholds can permit these limitations_in the subject's perfor
hnd appropriate corrective measures to be undertaken.

Inconsistent responses that lead to inconsistent VPTs can be dedueed from mechanoreceptor-s
fwo, or more, thresholds are obtained from the same receptor type and the results are then co
[-2).

in motion

and conditioning means shall be provided for measuring the r.m.s. magnitude of skin moti

ptactile stimuli and background vibration. The sensor shall be located so as to measure the m
g probe in contact with the skin. If a measurement method employs stimuli involving gliding
hall be provided for measuring the frequeney, of the stimuli.

5. magnitude of the motion shall beobtained by digital or analog means equivalent to time g
cycle, and preferably multiple cycles; of the stimulus for up to 0,3 s. The value recorded for ca
shall be that occurring at the time of the subject's response, or within 1 dB of that value.

bn on the motion of the stimulating probe shall be provided to the examiner during vibrotactile

A dynamic range of 80 dB [i.e. for acceleration levels from 60 dB to 150 dB (ref. 107° m/s%)], and a

z to 200 Hz will be_required to measure VPTSs at all frequencies specified in this part of ISO 13091.

stem check-and calibration

bct functioning of the measurement system shall be established before conducting vibrotactilg
s requires tests of both mechanical and electrical components. A suitable test of the electrical
ideha drive signal of known magnitude and frequency to the stimulator and to record the resu

nconsistent
resholds in

, discomfort,
centration or
SO 13091. A
mance to be

pecific VPTs
mpared (see

bn resulting
otion of the
tones, then

veraging at
culating the

testing (see

pbandwidth of

perception

tomponents
Iting motion

of the sti

ulating prooe, I the absence o1 a subject. Lonfirmation or the correct tunctioning or the m

easurement

system shall be undertaken at least once during each day in which vibrotactile tests are conducted, and shall be

reported

in the results.

Calibration of the complete measurement system including software, if any, traceable to national standards shall be

performe

d at least annually.

4.11 Hazards to the subject

All apparatus shall satisfy the requirements of IEC 60601-1 concerning electrical hazards to the subject or operator
of the apparatus.

No part of the apparatus that contacts the subject shall present a biological or other health hazard to the subject.
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ration and instruction of subjects before vibrotactile testing

5.1 General

The preparation and instruction of subjects, and the conduct of vibrotactile perception tests, shall be undertaken by
a qualified examiner. A qualified examiner is deemed to be someone who has completed a course of instruction in
the practice of vibrotactile testing, and has demonstrated competence in the conduct of such measurements. This
qualification may be specified by national authorities and may require certification according to a prescribed

training.

5.2 Priof
5.2.1 Bef

not be
consun

a)

b) not co

caffein

c)

pre testing, the subjects shall

exposed to hand-transmitted vibration, nor engage in activity involving repetitive hahd/arm m
e beverages containing alcohol, for at least 3 h before commencing a vibrotactile‘test,

nsume other vasoactive or neuroactive agents (e.g. smoke cigarettes,. drink beverages ¢

a)

not undlertake an electrophysiologic test of nerve conduction in the upperyextremities for at least 2

fo testing

), nor engage in vigorous exercise for at least 1 h before commencing @& vibrotactile test,

ption, nor

ontaining

h before

commaencing a vibrotactile test,

d) not ungertake an objective vascular or sensory test of hand function for at least 30 min before comnjencing a
vibrotagtile test,

e) be present and resting seated in a room with a temperatute from 20 °C to 30 °C for at least 5 min, of until the
fingertip skin temperature at potential measurement sites\is between 27 °C to 35 °C, and

f) undergp an inspection of potential measurement sites for injuries, scars, callosities, or other skin defects that
could influence the test result.

The use of prescription drugs is not to be included in 5.2.1 b) but should be reported in the test report.

If any of cgnditions 5.2.1 a) to e) is notssatisfied, the measurement of vibrotactile thresholds shall be paostponed.

Forced hand warming, for example by(means of a heating device or by immersing the hand in hot water,| shall not

be used to Increase skin temperature.

NOTE Elimination of the physialogical effects associated with the activities listed in 5.2.1 a) would need a recovery period

of at least 12 h prior to vibrotactil€ testing.

If condition| 5.2.1 f) isphot satisfied, the examiner shall select other skin sites or fingertips. If no ag¢ceptable

measurement sites can be found, the test may be conducted provided the defective skin condition is reported in the

test report.

5.2.2 Thd

subject shall be instructed

a) to remove wrist watch, rings or other jewellery, and clothing that may introduce discomfort or impede the
measurement of vibrotactile thresholds when the hand and arm are supported by the armrest,

b) to sit comfortably with hand and arm positioned in the armrest, and

c) to remain still during the vibrotactile perception test.

uction of subject about the test procedure

The same explanation about the test procedure shall be given by the examiner to each subject. The briefing shall

5.3 Instr
include
14
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a)
b)
c)

d)

e)

f)

ISO 13091-1:2001(E)

an overall explanation of the test, including which fingers are to be tested,
a description of the sensations likely to be perceived (e.g. “vibration”, “buzz”, “tingle”, “flutter” or “push”),
a statement that the stimuli may be very faint, and might not always be perceived,

a description of the response task to be performed when the stimulus is perceived (e.g. depressing a hand-
operated switch),

a description of the response task to be performed when the stimulus is no longer perceived (e.g. releasing a
hand-operated switch), and

any pdditional instructions required by national authorities.

After the| briefing, the examiner shall ask the subject whether the test procedure has been undergtood. If the

examiner is in doubt as to the subject's knowledge of the test procedure, the briefing shall be.fepeated.

6

6.1

Conduct of vibrotactile perception test

Familiarization

The sublect shall be familiarized with the stimuli and response task/to be performed before commencing a
vibrotactile perception measurement. It is recommended that the subjéct experience all sensations to bg presented

during measurements, and perform the response task.

One, or|more, practice runs of the measurement procedure used to obtain vibrotactile thresholgls shall be

conducted to satisfy the examiner that the subject can perfarm the task.

6.2 Measurement of ascending and descending thresholds

6.2.1 The examiner shall first confirm that

a) the subject is sitting comfortably, and

b) a suifable measurement site has-been selected, and any skin defect at the site reported.

6.2.2 The procedure for establishing skin-stimulator contact shall include the following steps.

a) The pand and arm shall be positioned on the armrest so as to maintain the comfort of the subjeqt during the

b) The fingertip;the probe and, if present, the surround shall be brought into contact.

c) The contactconditionsprescribedfor method-A-or B shall be established

measurements, ahd-to permit the finger at which ascending and descending thresholds are to be|determined
to mpke contaet with the stimulator. The arm and/or hand restraints, if provided, shall be adjusted af this time.

6.2.3 The procedure for establishing the validity of the measurements shall include the following steps.

a) The subject shall confirm that the stimulus can be felt, and the examiner shall confirm that the subject's

response to the stimulus is detected by the apparatus.

b) The background vibration at the fingertip shall be measured with the subject in position to commence threshold

measurements, the stimulating probe and surround, if used, in contact with the skin, and with no stimulus.

6.2.4 The threshold measurement shall include the following steps.

a) The examiner shall confirm that the subject is ready to undertake the measurement.
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b) Stimulation shall commence according to the algorithm.
c) A sequence of at least four ascending and four descending thresholds shall be determined
— at arecommended frequency, or
— if the frequency is changed during the measurement, at a recommended equivalent frequency.

The thresholds obtained are the first ascending threshold value, the first descending threshold value, the
second ascending threshold value, the second descending threshold value, etc., i.e. ty(1), t4(1), ta(2), t4(2), ...

d) Steps §.2.4 b) to ¢) shall be repeated
— foneach frequency selected for measurement, or

— if the frequency is changed during the measurement, for each equivalent frequency sel¢cted for
measurement.

6.3 Variability of ascending and descending threshold values
The acceptpbility of ascending and descending threshold values for the calculation of the VPT is determined from
the consistgncy of the subject's responses. Ascending and descending threshold values are acceptable if the
following cdnditions are satisfied by the second, and succeeding, ascendifg)and descending threshold values:

a) the asdending threshold values differ by less than 10,0 dB (or a ratio of 3,15);
b) the degcending threshold values differ by less than 10,0 dB{(er a ratio of 3,15);

c) the megn of each ascending and descending threshold pair differ by less than 6,0 dB (or a ratio of J), that is,
for thregshold values with levels expressed in decibels' (ref. 10~ m/s2):

ta(]) +tg(r)  ta(r+i)+ty(r +i)
2 2

<6,0.dB 1)

where
r=2,3...n

i =1, 2 ... for each valueCefr;

t.(r), ta[r) are expressed in decibels (ref. 107° m/s?).

If the condifions 6:3-a) to c) are not satisfied, the measurement of ascending and descending thresholdg shall be
repeated ag specified in 6.1 and 6.2.2 c¢) to 6.2.4 c).

NOTE 1  Testsfortheacceptatitity of ascemdimganddescerding thresthotd vatues are based o subjective evatuations of the
stimulus magnitude near threshold, and are expressed in terms of the logarithm of the physical measure of the stimulus.

NOTE 2  The first ascending and descending threshold values are excluded from the calculation of the VPT (see 6.4).

NOTE 3  Calculation of the standard deviation of ascending threshold values, and the standard deviation of descending
threshold values, could assist the identification of inconsistent subject responses.

6.4 Calculation of vibrotactile perception threshold
The VPT shall be estimated for 50 % positive responses in the psychometric function

— at each frequency, or
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