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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 liaison with ISO, also take part in the work. ISO collaborates closely with the
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Introduction

Early detection of peripheral neuropathies in the upper extremities, which are often manifest as changes in
tactile function and hence changes in mechanoreceptor acuity, is of considerable interest. Such neuropathies
can occur as a result of disease, or of exposure to chemical or physical, neurotoxic agents. With a suitable
choice of measurement conditions, as provided in ISO 13091-1, separate responses from the slow-adapting
type 1 (SAl) and fast-adapting types 1 and 2 (FAI and FAIl) mechanoreceptor populations can be determined
by ysing vidrotactiie stimuiation at anrerent irequencies.

Thig part of 1ISO 13091 defines the analysis and interpretation of vibrotactile thresholds,\measured at the
fingertips according to the provisions of 1SO 13091-1. Procedures for describing statistically significant
chaphges in vibrotactile perception thresholds are provided for the situation in which the threshold is
det¢rmined on a single occasion, as well as when the threshold is determined repeatedly.

© 1SO 2003 — Al rights reserved \
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3.1

For

Scope

part of ISO 13091 specifies methods and procedures for analysing and interpreting vibrotactilg
sholds and threshold shifts. Procedures for describing statistically significant changes in
eption thresholds are recommended.

part of ISO 13091 is applicable to vibrotactile perception thresholds determined at th
prding to the provisions of ISO 13091-1.

prding to the provisions of ISO 13091-1, are given in Annex A<

implications of observed changes in vibrotactile perception thresholds are considered in Anne

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

2041, Vibration and shock — Vocabulary

5805, Mechanical vibration.ahd shock — Human exposure — Vocabulary

13091-1:2001, Mechanical vibration — Vibrotactile perception thresholds for the assessme
function — Part 1.-Methods of measurement at the fingertips

Terms, definitions, symbols and abbreviated terms

Terms-and definitions

b perception
vibrotactile

e fingertips

determined

For dated
referenced

nt of nerve

thiespurposes of this document, the terms and definitions given in 1ISO 2041, ISO 5805 and IS

0O 13091-1,

togetherwiththefottowing;appty:

3.141

equ

ivalent frequency

frequency selected as representing the measurement frequency when frequency is changed with time during
the measurement of vibrotactile perception

3.1.2

hea

Ithy person

person who, in the opinion of a qualified physician, is free from signs or symptoms of peripheral neurological
disease as determined by physical examination and other clinical or objective tests deemed necessary to
support the opinion, and who is not exposed to a neurotoxic agent or to vibration

© 1SO 2003 — Al rights reserved
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313
population group
group of persons defined by one or more common factors

EXAMPLE Common factors can be geography, age, sex, diet or occupation.
314
mechanoreceptor

nerve ending specialized for transforming mechanical deformation of the skin into nerve impulses

3.1.5

mechanordceptor-specific vibrotactile perception threshold

receptor-specific vibrotactile perception threshold

vibrotactile perception threshold at which the stimulus is mediated by one population of mechanorecepto
the point of|stimulation

3.1.6
vibrotactilg perception threshold

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

31.7
baseline vibrotactile perception threshold
initial vibrotactile perception threshold used for the comparison of results

3.1.8
reference yibrotactile perception threshold
value of thg vibrotactile perception threshold for healthy persons

3.1.9
threshold shift

change in vjbrotactile perception threshold from a préviously established baseline value that persists over {i

3.1.10
reference threshold shift
persistent shift in threshold from the corresponding reference vibrotactile perception threshold recorded af
same frequency, or equivalent frequency

3.1.1

relative threshold shift

persistent ghift in threshold.from the corresponding value recorded previously for the same person at
same fingeftip and frequency, or equivalent frequency, using the same measurement method

3.1.12
psychophysical algorithm
measuremgnt procedure in which physical stimuli are presented to a subject to elicit a predetermined sen

s at

one

the

the

sory

response, suelvas perceiving the presence or character of an externally applied skin motion

3.1.13
up-down algorithm
psychophysical 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 This procedure commonly involves applying a sequence of stimuli with successively increasing intensity to the

skin until the subject signals that the stimulus has been detected (ascending threshold). Successive stimuli are
decreased in intensity until the subject signals that the stimulus can no longer be felt (descending threshold).

then
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3.1.14

von Békésy algorithm

psychophysical measurement procedure in which a continuous stimulus with changing intensity, often
accompanied by a change in frequency with time (gliding tone), is used to determine sequentially ascending
and descending thresholds

3.1.15

predictive value

prediction of the risk of disease, or symptoms, from the results of an objective test of some human property or
function

fraction (or percentage) of a population group in whom the presence of disease, or symptoms, can be

negdative predictive value
fraction (or percentage) of a population group in whom the absence of disease, or symptoms, can [pe correctly
prediicted from the negative result of an objective test

31118

asspciation
stat|stical measure of the chance of one human property or function/observed in a person co-exis{ing with the
pregence of a second property or function

3.1.119

psychometric function
fungtion expressing the relationship between the proportion, or percentage, of positive responses findicating a
stimulus has been detected by a subject and a physical measure of the magnitude of the stimulus

3.1.p0

senibility index
ratig of the observed difference in threshold from a baseline of 150 dB to that of healthy persons pf the same
age|from the same baseline, summed for each measurement frequency, or equivalent frequency

NOTE An increase in vibrotactile' perception threshold, which is associated with a reduction in acuity, will result in a
decrease in the sensibility index(from the value of unity for healthy persons.

3.1.21
taclogram
graphical representation of threshold shifts as a function of frequency

3.1.p2
prope
medns ywhich external motional and oscillatory stimuli are coupled to the skin surface

3.1.23
surround
static, rigid, flat surface on which a fingertip rests, containing a hole through which a probe may contact the
skin surface

© 1SO 2003 — Al rights reserved 3
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3.2 Symbols and abbreviated terms

The following symbols and abbreviated terms are used in this part of ISO 13091:

FAI fast-adapting, type 1 mechanoreceptors

FAII fast-adapting, type 2 mechanoreceptors

N number of subjects

N number of fingers

P probability

SAIl slow-adapting, type 1 mechanoreceptors

s(/?) Gaussian distribution parameter for T%)ref at frequency];
T(fj)base baseline vibrotactile perception threshold at frequency f;
T(/?)i ith vibrotactile perception threshold at frequency b

T(,§~),\,I mean vibrotactile perception threshold at frequency j;
T(/?)obs observed vibrotactile perception threshold at frequency];
T(/?)ref reference vibrotactile perception threshold at.frequency b
T(;;-)ref’M mean reference vibrotactile perception-threshold at frequency Jj
vV test/retest variability

VPT vibrotactile perception threshold

AT(f})res reference threshold shift‘at frequency f;

AT(};)ref,l. ith reference threshold shift at frequency /;

AT(f))retm mean reference threshold shift at frequency f;

AT(fj)rer relative threshold shift at frequency f;

AT(f)rel i ith relative threshold shift at frequency f;

AT(f)rerm mean relative threshold shift at frequency f;

NOTE Symbols using an upper case T refer to thresholds expressed in decibels (ref. 10-6 m/s?). The equivalent

threshold expressed in metres per second squared is given by the lower case symbol ¢.

4 © ISO 2003 — Al rights reserved
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4 Treatment of vibrotactile perception thresholds

41 General

The information required for the reporting, analysis and interpretation of VPTs determined in accordance with
the provisions of ISO 13091-1 is specified in ISO 13091-1:2001, Clause 7. A subject's VPTs are commonly
measured on a single occasion. In order to be interpretable, the expected variability in the VPTs if the
measurement were to be repeated on an another occasion (e.g. a different day) must be known.

Two situations are considered in this part of ISO 13091. If the VPT of a subject is determined repeatedly at the
same. fingprﬁp aver a period of several daye then the test/retest variahilify applicable to the mean value of the

obs
wheg
med
maq
me{
hea

4.2

If th
acc
of th

whsg

NOT
as in

4.3

If th
day!

brved VPTs, expressed in decibels, shall be the standard deviation calculated from the obs
n expressed in decibels. Alternatively, in circumstances in which it is not possiblexio
ningful standard deviation from the measurements performed (e.g. when only a single_mea

surement method employed. The estimate shall be based on repeated measurements co
thy persons using the same measurement method.

Mean value of repeated measurements

e VPT at a given stimulation frequency or equivalent frequency, j; is determined repeatedly g
brding to the provisions of ISO 13091-1, then the mean value ofthe“"VPT shall be calculated g
e observed VPTs expressed in decibels (ref. 10-6 m/s2), i.e. as

(1), = %iiT(fj),-

re 7(/;); and T(fj)y are expressed in decibels (réf: 106 m/s2).

E  The mean VPT calculated from the arithmetic mean of observed VPTs expressed in decibels (ref
Equation (1), is equivalent to the geometrical mean of the observed VPTs expressed in metres per seco

Test/retest variability of threshold measurements

e VPT is repeatedly determined at the same fingertip of a subject on separate occasions (e.g.
5), then the intra-individual test/retest variability in threshold shall be calculated for this |

erved VPTs
calculate a
surement is

e of a subject’s VPT), then the test/retest variability of the observed VPT shall ‘be’ estimated for the

nducted on

t a fingertip
s the mean

(1)

1076 m/s?),
nd squared.

on different
ubject. The

value of the
by repeated

bcibels (ref.

test
VP1

med
10~

retest variability, V, shall be expressed in decibels as one standard deviation from the mean
s, expressed in decibels, as determined by repeated measurements. If the VPTs, T(G')i, found

surements at.a_given stimulation frequency or equivalent frequency, }j are expressed in d
m/s2), thefi;
i

{

where T(,;.)M is the mean of n repeated measurements expressed in decibels (ref. 10-6 m/s?).

1/2
1

n-1 ;

Vs (2)

210, 1))

Under circumstances in which it is not possible to calculate a meaningful standard deviation for a subject (e.g.
when only a single measurement is made of a subject’'s VPT), then the test/retest variability of the observed
VPT shall be estimated for the measurement method used. The estimate shall be derived from the standard
deviation of VPTs determined at the fingertip of a healthy person using the same measurement method. The
standard deviation shall be based on at least 10 measurements of VPT performed on separate occasions (e.qg.
10 different days). The measurements shall be performed in accordance with the provisions of ISO 13091-1,
and the standard deviation, expressed in decibels, shall be calculated from the observed VPTs expressed in
decibels using Equation (2). The arithmetic mean of the standard deviations recorded from three or more

© 1SO 2003 — Al rights reserved
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healthy persons at a given frequency, or equivalent frequency, shall be used as the estimate for the
intra-individual test/retest variability at that frequency, or equivalent frequency.

Normal hormonal changes during the menstrual cycle induce changes of up to 20 dB in the FAIl receptor
thresholds of females. When estimating the test/retest variability for the FAIl thresholds of females, that is, for
VPTs at measurement frequencies of 100 Hz, 125 Hz and 160 Hz, this tendency for the threshold to cycle

should be taken into account. The threshold changes occur several days before and after ovulation.

4.4 Treatment of unresolved errors

Under some circumstances, the examiner may believe that unresolved errors have occurred during thres

hold

measuremg
as describe)

In these sit
part of ISO
be perform
obtained. T

NOTE
frequencies,
according to

4.5 Trea

Under som
measuremse
determining
information

In these sit

nts. Also, errors may have been introduced by conducting measurements on a defective skin
d in ISO 13091-1.

Liations, analysis and interpretation of VPTs using the methods and procedures contained in
13091 are only possible if additional information is obtained. A second set of medstirements s
bd according to the provisions of ISO 13091-1 if it is believed that more reliable VPTs may
ne second set of VPTs shall be treated as described in this part of ISO 13091

mediated by the same mechanoreceptor population, then the consistency of\thie threshold shifts calcu
the provisions of 5.6 may be examined to confirm the presence of errors.

ment of suspected increase in test/retest variability
e circumstances, the examiner may believe that the ‘test/retest variability applicable to

nt method is not applicable to a subject. The opinionsmay be based on the lack of consistend
ascending and descending thresholds as desctibed in 1SO 13091-1:2001, 6.3, or on ¢

Liations, analysis and interpretation of VPTs using the methods and procedures contained in

site

this
shall
be

f, at a single measurement site, the VPTs are determined at two or more“frequencies, or equivalent

ated

the
y in
ther

this

part of ISO|13091 are only possible if the variability applicable to the subject is established. A subject-spegcific
test/retest ariability is established by conductingfepeated threshold measurements on the subject accorfling
to the provigions of 4.3.

5 Calcylation of threshold shift

5.1 Gengral

The interprétation of VPTs is-facilitated by calculation of the change in observed threshold from a predefjned
value. The falculation of threshold shift shall be performed for each frequency, or equivalent frequency, |and
fingertip at which VPTs have been obtained according to provisions of Clause 4.

5.2 Relative threshold shift

The relative threshold shift shall be caIcuIated as the dlfference between two VPT values expressef in
decibels (ref = —one

being the observed VPT and the other a basellne VPT. The two VPTs shall be obtalned from the same
fingertip of a subject using the same measurement method, and measurement frequency or equivalent
frequency. The relative threshold shift, AT(f)rel, at the jth frequency f; shall be expressed in decibels, and
calculated at each measurement frequency, or equivalent frequency, as

AT(fj)rel - T(fj)obs - T<fj)base

where the observed VPT at the jth frequency, T(f)obs, and the baseline VPT at the same frequency, or
equivalent frequency, T(f)base, are expressed in deC|beIs (ref. 106 m/s2).

(3)

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=4e3fe35a3abb53b1ac1addf78b41e0a3

ISO 13091-2:2003(E)

The equivalent expression for the relative threshold shift calculated from thresholds expressed in metres per
second squared is:

AT(1}), 4 =218 (1) o0 /(e | (4)

NOTE Calculation of relative threshold shifts facilitates the identification of patterns of change in tactile acuity
affecting an individual. Determining relative threshold shifts has proved beneficial in situations in which a known
pathological, or repair, process is followed in an individual over a period of time. Under these circumstances, the baseline
VPT is usually the original VPT recorded on the subject.

5.3[ Reference threshold shift
The| reference threshold shift shall be calculated as the difference between the observed and reference VPT

valles when both are expressed in decibels (ref. 10-6 m/s2), or the ratio of the two VPTvalues expressed in
metfes per second squared. The reference threshold shift, AT(f), at the jth frequency’f; shall bg expressed

in decibels, and calculated at each measurement frequency, or equivalent frequency;as

AT(f.f)ref - T<fj)obs - T(‘fj)ref ©

whgre the observed VPT at the jth frequency, T(,j.)obs, and the reference VPT at the same fr¢quency, or
equjvalent frequency, T(};.)ref, are expressed in decibels (ref. 1076 ni/s?).

Thel equivalent expression for the reference threshold shift calculated from thresholds expressed irf metres per
secpnd squared is

AT(f}) o = 20100 1(77) o J(11) s | (6)

NOTE Calculation of reference threshold shifts-facilitates the identification of patterns of tactile abnormality that are
intelpretable in terms of changes in mechanoreceptor or nerve function. An association has been foynd between

refefence threshold shifts and symptom reports- Reference threshold shifts may be associated with neuropathies affecting

the Wipper extremities.

5.4] Mean value of threshold: shift

If the threshold shift for a given stimulation frequency, or equivalent frequency, is determined repgatedly at a
fingertip under circumstances in which it is not expected to change, then the arithmetic mean yalue of the
relafive, or reference{threshold shift shall be calculated from the threshold shifts expressed in decibels. The
mean relative threshold shift at frequencyjj., expressed in decibels, is

n

1
AT<fj)rel,M - ; Z AT<fj)rel,i (7)

i=1

and the mean reference threshold shift at frequencyjj., expressed in decibels, is

1 n
AT<fj)ref,M - ; Z AT<fj)ref,i (8)

5.5 Tactogram

A tactogram shall consist of a logarithmic plot of frequency, or equivalent frequency, on the abscissa and
threshold shift expressed in decibels on the ordinate, as shown in Figure 1. The threshold shift may range
from —20 dB to 60 dB. The frequency ranges in which thresholds are mediated by different mechanoreceptor
populations may be indicated.

© 1SO 2003 — Al rights reserved 7
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NOTE 1 The frequency ranges at which VPTs determined according to the provisions of ISO 13091-1 are mediated by
the SAl, FAI or FAIl mechanoreceptor populations are listed in ISO 13091-1:2001, Table 3.

A tactogram may be constructed for individual fingers, hands, subjects, or groups of subjects, and the
applicable values of the relative, or reference, threshold shifts shall be plotted as ordinates. Values at different
frequencies, or equivalent frequencies, for individual fingers, hands, subjects, or groups of subjects, as
applicable, may be connected by lines.

If the tactogram is for one or both hands of an individual, the threshold shifts for individual fingers shall be
identified by different symbols. Thresholds shifts for fingers on the right hand should be indicated by circles,
and for fingers on the left hand by squares.

NOTE 2 It may be convenient to indicate the finger by a number within the symbol for the hand, or by differenteoloured
symbols. Fingers are numbered as follows:
— digit 1, index finger;
— digit 2, middle finger;
— digit 3, fing finger;
— digit 4, |jttle finger;
— digit 5, fhumb.
S
.
i 0
_% -
- SAI FAI FAII
5 10
<
[7) L
2
= |0
10 —
D) —
B0 —
0 —
b0 —
3V A N I I PR IR P N T I O O O
2 3 4L 5 6 10' 2 3 L 5 6 10° 2 3

Frequency, Hz

Figure 1 — Tactogram
5.6 Consistency of threshold shifts

If VPTs have been determined at a single measurement site at more than one frequency, or equivalent
frequency, mediated by a given mechanoreceptor population according to the provisions of ISO 13091-1, then
the consistency of the relative, or reference, threshold shifts may be examined. The consistency is expressed
by the difference in decibels between the relative or reference threshold shifts for frequencies, or equivalent
frequencies, at which VPTs were mediated by a single mechanoreceptor population (see ISO 13091-1:2001,
Table 3).

8 © ISO 2003 — Al rights reserved
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The consistency may be degraded in situations in which VPTs outside the range of expected values for
healthy persons defined in 6.5 are found in only one mechanoreceptor population at the measurement site.
Under these circumstances, it is possible for thresholds at some frequencies normally mediated by this
population to be mediated by another receptor population with VPTs within the limits of expected values for
healthy persons.

NOTE Calculation of the consistency between mechanoreceptor-specific threshold shifts determined according to the
provisions of ISO 13091-1 facilitates the identification of errors in subject performance. Thresholds shifts mediated by the

same receptor population that are error free will be identical.

5.7

Mean mechanoreceptor population threshold shift

If V
freq
the

thre
refel
VP1

PTs have been determined at a single measurement site at more than one frequency; o
uency, mediated by a given mechanoreceptor population according to the provisions ofAS© 13

shold shift. The mean mechanoreceptor population threshold shift is the arithmetic.mé&an of th
rence threshold shifts expressed in decibels for all frequencies, or equivalent frequencies,
s were mediated by a single mechanoreceptor population. The allowed measurement freq

relative or reference threshold shift may be expressed in terms of the mean mechangreceptof

equivalent
091-1, then
population
b relative or

gt which the

iencies are

givgn in 1SO 13091-1:2001, Table 3. The mean mechanoreceptor population threshold shift shall be
expfessed in decibels.
Thelmean relative threshold shift for a given mechanoreceptor populatiof); A7(f))e u, is
1 m
AT( )reIM _; Z ( >rel (9)
whdre the summation is over the m frequencies, or equivalent frequencies, at which the threshold jis mediated
by the same receptor population.
Thel mean reference threshold shift for a given-mechanoreceptor population, AT(];)ref‘M, is
1 m
AT( )refM :Z Z ( >ref (10)
whgre the summation is over'the'm frequencies, or equivalent frequencies, at which the threshold fis mediated
by the same receptor population.
The| procedure shouldybe applied with caution to situations in which VPTs outside the range of expected
valyes for healthy\ persons defined in 6.5 are found in only one mechanoreceptor populdtion at the
measurement site, Under these circumstances, it is possible for thresholds at some frequenc}s normally
mediated by<this population to be mediated by another receptor population with VPTs within the limits of
expgected valués for healthy persons.
NOTE Calculation of the mean mechanoreceptor-specific threshold shift facilitates the identification of small changes

in
6

6.1

7S o tH | HY
Crar ot UuUpLul AT Ta TICTICT LCIULIIG, acurty~

Interpretation of vibrotactile perception thresholds and threshold shifts

General

Values of VPTs and threshold shifts at the fingertips provide information related to peripheral sensory nerve
function in the finger, hand and arm of the limb under investigation. The magnitude of changes in threshold
may be reported in one or more of the following ways indicated in 6.2 to 6.5.
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6.2 Measurement error and statistical significance of observed VPTs

If the VPT at a fingertip is determined repeatedly according to the provisions of ISO 13091-1, then the
measurement error applicable to the mean value of the observed VPTs, expressed in decibels, shall be the
standard deviation calculated according to Equation (2) from the observed VPTs expressed in decibels.

Under circumstances in which it is not possible to calculate a meaningful standard deviation (e.g. if the VPT at
a fingertip is determined only on one occasion), then the measurement error assumed applicable to the
observed VPT shall be the test/retest variability estimated for the measurement method according to the
provisions of 4.3. This shall be expressed in decibels as the standard deviation applicable to the observed
VPT, and should be used for statistical analyses.

6.3 Mealurement error and statistical significance of relative threshold shifts

If the relatiy
the mean
calculated fi

If the relati
measuremse
test/retest \
expressed

be used for

6.4 Vibrg

It is often r
population
provided in
in terms of
frequency,
distribution

The values
ISO 13091-
interpretatig

Equation (6)).

NOTE1 1

e threshold shift at a fingertip is determined repeatedly, then the measurement errof applicab
value of the relative threshold shifts shall be the standard deviation, expressed in decil
rom the observed relative threshold shifts expressed in decibels.

e threshold shift at a fingertip is determined only once, that is, from two VPT values, then
nt error applicable to the observed value of relative threshold shift-shall be 1,414 times
ariability estimated for the measurement method according to the provisions of 4.3. This sha
n decibels as the standard deviation applicable to the observed relative threshold shift, and sh
statistical analyses.

ptactile perception thresholds for healthy persons

bquired to compare the VPTs observed at the fingertips of one person with those of a referg
group consisting of healthy persons. Values of VRTs for healthy persons at age 30 years
Annex A in decibels (ref. 10-6 m/s2), and in metrés per second squared. The values are expres
the 2,5, 15, 50 (mean value), 85 and 97,5 percentiles of the population group for each stimulg
or equivalent frequency, specified in ISO 13091-1. The thresholds approximate a Gaus
Wwhen expressed in decibels.

in Annex A may be used for the interpretation of VPTs determined according to the provision
1. The 50 percentile values shall*be used as the reference thresholds for the calculation
n of reference threshold shifts,.for example for the term 7(f)).¢s in Equation (5), and for /),

'he mean VPTs of healthy ‘persons increase with age by approximately 0,03 dB per year at frequer

e to
els,

the
the
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mediated by| SAl receptors, 0,08-dB)per year at frequencies mediated by FAI receptors, and from 0,25 dB per yegr to
0,35 dB per year at frequencies ‘/mediated by FAII receptors.

NOTE 2  Kor epidemiological studies, the VPTs used for the reference population group may be derived from a cantrol
group.

6.5 Deviptions-from the VPTs of healthy persons

Deviations tref-the-RFs-ef-healthy-persens—andreference-threshold-shifis—shall-be-assessed-in-terms-of the

probability of the observed deviation from the mean value for healthy persons. The measurement errors
associated with observed VPTs are determined according to the provisions of 6.2. There is no measurement
error associated with the mean reference vibrotactile perception thresholds specified for healthy persons.

The 2,5 and 97,5 percentile threshold values for healthy persons given in Annex A may be taken as the upper
and lower limits for the expected values to be obtained on an individual using a measurement method
complying with the provisions of ISO 13091-1. Observed values of VPTs less than those experienced by
2,5 %, or greater than those experienced by 97,5 %, of healthy persons should be considered to be outside
the range of expected values. Equivalently, observed values of reference threshold shift in excess of the
reference threshold shift experienced by 2,5 % or 97,5 % of healthy persons should be considered to be
outside the range of expected values.
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For an individual, the probability of a given deviation in the threshold from the mean value for healthy persons,

or reference threshold shift, does not necessarily correspond to a positive, or negative, predictive value for a symptom,
disturbance or disorder believed to be associated with peripheral sensory nerve dysfunction.

6.6

The

Physiological and clinical implications of changes in VPTs

physiological, functional and clinical implications of threshold shifts are described in Annex B.

Vibrotactile perception may be used as an objective test for the detection of peripheral neuropathies, either
generalized or focal, arising from disease and from exposure to neurotoxic chemical and physical agents.
When VPTs are determined at several stimulation frequencies, or equivalent frequencies, calculating the

sen
med
recd

Ch4g
fung
equ
give

Ibl:lty ;IIdCA Ul }J:Uttllly [=} tdbtuuldlll ITidy pProve bUI |cfiuia: ;II thU ;Iltcl plctqtiun Uf thc IUOU:tO.
surement of the relative threshold shift may prove beneficial in situations in which apat
very process is followed over time.

nges in VPTs, and reference threshold shifts, may be expected to influence specific asped
tion, and may reflect underlying disease. Reference threshold shifts recorded atdifferent freg
valent frequencies, are found to possess distinctive patterns when plotted as\tactograms. Ex
nin Annex B.

A repeated
hological or

ts of tactile
uencies, or
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Annex A
(informative)

Vibrotactile perception thresholds for healthy persons

Several studies of the VPTs of healthy persons have used test methods essentially in agreement with the
provisions of ISO 13091-1; they are listed in Table A.1. As all studies were completed before publication of
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ISO 13091-
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(ref. 106 m
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where the
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bl H ol n £ 4o H 4 4 il e
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s to Table A.1.

OV TOUI T U'ld

s of the threshold values are identified in the left-hand column of Table A.1. The reported p
d surround diameter, if used, are listed in columns 2 and 3. The skin indentation was meas
ed directly in the study published as reference [25]. The static skin indentation listed for the g
been estimated from the measured probe contact force and, where appropriate, the probe
bntact forces (column 4). All studies in Table A.1 employed a controlled skin-stimulator cor
in addition, a controlled skin-surround contact force when a sdrround was used.
ical algorithm type is also identified in Table A.1, as are the sex (male M, and female F) of
e number of persons studied, N, and the mean age for which the VPTs were reported.

Cription is provided of the human population group(s) from which the VPTs were obtained.
rfeening of subjects for signs, symptoms and history of_peripheral neurological disease, g
neurotoxic agents or to hand-arm vibration, is also reported when performed. The VPTs repg
5 are for healthy persons.

the VPTs of healthy males, and females, applicable to thresholds determined according to
bf 1ISO 13091, are given in Table A.2 in decibels (ref. 10-6 m/s2), and Table A.3 in metres
ared. The values are expressed in terms of the 2,5, 15, 50 (mean value), 85 and 97,5 percen
Ilation group for each stimulation frequency, or equivalent frequency, specified in Table
1:2001. The thresholds approximate la” Gaussian distribution when expressed in decik
for percentiles other than the mean may be estimated for VPTs expressed in deci
s2) at a given frequency, or equivalent frequency,];, from the expression

1

V2 5(7)

(T T eetm)” /(25%(1))
')ref ) =

alues for the mean-reference VPT, T(f) . @and s(f;) are given in Tables A.2 and A.4, respectiV

h Table A.2vare weighted values constructed from the data sets listed in Table A.1, adjusted
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A1)

ely.

to a

f 30 years.)The total number of fingers from which the thresholds are calculated, Ng, is show

for

ation frequency, or equivalent frequency. The weighting of each data set is given by the numbegr of
e stimulation frequency, or equivalent frequency, under consideration. The VPTs are derived from
bbtained on digits 2 and 3 (see Note 2 in 5.5), and digit 5 if there was no significant differgnce

observed between thresholds mediated by the median and ulnar nerves.

NOTE

Small differences in VPTs can occur from using alternate measurement methods specified in 1ISO 13091-1.

The residual, unexplained difference between the mean VPTs for each study listed in Table A.1 and the 50 percentile
values in Table A.2 is typically less than 2 dB. In some studies, an increase in VPT (i.e. reduction in acuity) has been
observed in fingers innervated by the ulnar nerve.

Normal hormonal changes during the menstrual cycle influence the VPTs of females, particularly at
frequencies mediated by the FAIIl receptors (i.e. 100 Hz, 125 Hz and 160 Hz). This may explain the increased
values of s(};) for females compared to those for males in Table A.4.

The mean VPTs of healthy persons increase with age by approximately 0,03 dB per year at frequencies
mediated by SAI receptors, 0,08 dB per year at frequencies mediated by FAI receptors, and from 0,25 dB per
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year to 0,35 dB per year at frequencies mediated by FAIl receptors. The effect of ageing at thresholds
mediated by the FAIl receptors appears to depend on the measurement frequency, with the mean VPTs
measured at 100 Hz tending to increase less with age than those at 160 Hz. The mean VPTs for healthy
persons at ages other than 30 years may be estimated from this information. For an individual, the change in
threshold with age may deviate significantly from that of the mean VPT for healthy persons, and so should not
be estimated from this information.

The 50 percentile values in Tables A.2 and A.3 are to be used as reference thresholds for the calculation and
interpretation of reference threshold shifts. Thus values for the term 7(f)).s in Equation (5), and for (f;) e in

Equation (6), are given by the 50 percentile values in Tables A.2 and A.3, respectively.
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Annex B
(informative)

Implications of changes in vibration perception thresholds

B.1 Use in clinical medicine

Interest in
for over 10
of diabetes
cases of P

etermining
years. Early investigators reported reduced vibrotactile perception (i.e. increased VPTSs) in, ca

brkinson's disease. More recently, vibrotactile perception has been proposed as a techniqug

mellitus, peripheral neuritis and pernicious anaemia, and hypersensitivity (i.e. reduced VPT$

detecting various peripheral neurological diseases, either generalized or focal, arising from disease and from
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including ¢
polyneurop
stimulation
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The implicaftions of this additional information are also considered in this annex.

B.2 Tact

The tactile
nerve endir

chemical or physical agents. The technique has been applied to a diverse range of condit
arpal tunnel syndrome, radial tunnel syndrome, repetitive strain injury,-dlnar neurops
bthy, and persons exposured to hand-arm vibration. When VPTs are defermined at sey
frequencies, or equivalent frequencies, calculating the sensibility index or plotting a tactogram
eficial in the interpretation of the results.

measurement of relative threshold shift, provided it is conductéd Using the same apparatus
nt protocol, has proved beneficial in situations in which a knéwn' pathological process is follo
n this way, systematic errors introduced by the apparatus afe avoided, and the utility of the

f disease severity has been reported for diabetics, ‘renal dialysis patients, cancer pati
chemotherapy, and for workers exposed to chemical and physical neurotoxic agents. Rele
hifts have also been used to monitor the progress of nerve repair and rehabilitation of h

VPTs as an objective test in clinical medi¢ine has also been validated. The associations betw
ther methods for assessing peripheraklnerve dysfunction, and in particular nerve conduction
ities of quantitative sensory testing,“have been documented. These subjects are considered i

e of standardized methods for determining VPTs and the limited sources of normative values
ds have, in the past, hindered widespread acceptance of the technique in clinical practice. TH
re addressed in this part-of ISO 13091. The standardization of measurement methods that re
diated only by one poptlation of mechanoreceptors at a given stimulation frequency, or equiv3
provides more information concerning tactile nerve function than generally available in the

le physiology and threshold shifts

performance of the hand depends on the neural activity in up to four populations of special
gs_located at the fingertips. The different mechanoreceptor populations are usually classifie

ons
thy,
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ds ultimately on the intra-subject test/retest variability, The use of relative threshold shifts as a

ents
tive
and

een
and
the

5 for
ese
sult
lent
ast.

zed
i by

their response to skin indentation and by the extent of their receptive fields. The VPTs of three of the
populations may be determined by the methods of ISO 13091-1. The fourth receptor population, for which no
method of measurement is provided in ISO 13091-1, signals skin stretch.

The three mechanoreceptor populations at the fingertips for which VPTs may be obtained are: the slow-
adapting type 1 receptors (SAl) which correspond anatomically to the Merkel disks; the fast-adapting type 1
receptors (FAI) which correspond anatomically to the Meissner corpuscles; and the fast-adapting type 2
receptors (FAIl) which correspond anatomically to the Pacinian corpuscles. SAIl receptor acuity primarily
determines the resolution of spatial features of a surface, such as ridges and texture. In contrast, FAlI and FAII
receptor acuity is primarily responsible for information obtained from the motion of surfaces across the skin. In
addition to tactile exploration, the gripping of objects between the fingertips and thumb depends on the
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detection of microscopic slippage of the object, which is signalled primarily by the FAI receptors, and so is
effectively controlled by tactile acuity rather than by neuromuscular function.

Changes in the VPTs of SAI, FAI and FAIl receptors may thus be expected to influence specific aspects of
tactile function, and the holding and manipulation of objects. In a clinical setting, the changes can reflect
underlying disease. The threshold shifts recorded at the fingertips at different frequencies are found to
possess distinctive patterns. The patterns are most easily distinguished by plotting the threshold shifts as
tactograms, as shown for two fingers (from different subjects) in Figure B.1. Reference threshold shifts have
been plotted in each case.

m
=
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(2]
§ - SAl = FAI — FAIl
2 | |
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— |
10 | |
I I
— I |
I
15 [ — : I
B I I
I I
I
20 | |
I I
| - L
P SN A P T R I S O SO
2 3 4L 56 10’ 2 34 56 102 2 3
Frequency|, Hz
Figure B.1 — Tactogram showing patterns of reference threshold shift in the fingers
of two chain saw operators
As shown by these Jexamples, threshold shifts of similar magnitude are usually observed at frequencies
mediated by the{Same mechanoreceptor population (e.g. at 20 Hz and 31,5 Hz). In some fingers, the
threshold shiftstare found to be similar in magnitude for all receptor populations, as shown by the filled
squpres in<the example of Figure B.1. The threshold shifts can, however, differ between differgnt receptor
popllations-in the same fingertip. Thus the threshold shifts shown by the filled circles in Figure|B.1 can be
see to,be of similar magnitude for the SAl and FAI receptor populations, but are of greater magn|tude for the
FAI lcucthIo. FHre—difference—in—threshotd—shift-between—thatof—the—FAH pupu:atIun and—these of other

receptor populations in this finger is statistically significant.

The patterns of threshold shift provide information on the nature of changes in sensory nerve function, or
nerve injury, and are suggestive of either changes occurring in the whole nerve (squares in Figure B.1) or of
changes involving only in one or two receptor populations (circles in Figure B.1). The latter may imply
selective distal involvement of nerve fibres or receptors.

© 1SO 2003 — Al rights reserved 19


https://standardsiso.com/api/?name=4e3fe35a3abb53b1ac1addf78b41e0a3

