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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 International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 (SAI) and fast-adapting types 1 and 2 (FAI and FAII) mechanoreceptor
populations can be determined by using vibrotactile stimulation at different frequencies.

This document defines the analysis and interpretation of vibrotactile thresholds measured at the
fingertips according to the provisions of ISO 13091-1. Procedures for describing statistically[significant
chapges in vibrotactile perception thresholds are provided for the situation in which, the threshold is
detérmined on a single occasion, as well as when the threshold is determined repeatedly.

Thip edition of ISO 13091-2 contains an updated analysis of the vibrotactile perception [thresholds
for [healthy males and females and provides reference thresholds for all fréquencies specified in
[SO[13091-1.

Valjles for the vibrotactile perception thresholds of healthy persons, applicable to [thresholds
detérmined according to the provisions of ISO 13091-1, are given in Annex A.

The implications of observed changes in vibrotactile perceptiontthresholds are considered i Annex B.
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5 document specifies methods and procedures for analysing and_dnhterpreting ¥

ibrotactile perception thresholds are recommended.

5 document is applicable to vibrotactile perception threshelds” determined at the
rding to the provisions of ISO 13091-1.

Normative references

following documents are referred to in the textdn such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referehced document (including any amendmen

2041, Mechanical vibration, shock and condition monitoring — Vocabulary
5805, Mechanical vibration and shock!— Human exposure — Vocabulary

13091-1, Mechanical vibration\=+ Vibrotactile perception thresholds for the assessme
[unction — Part 1: Methods ofimeasurement at the fingertips

Terms, definitions, symbols and abbreviated terms

the purposes of this document, the terms and definitions given in ISO 2041, ISO
13091-1 and the following apply.

and [EC maintain terminological databases for use in standardization at the following aq

[SO @nline browsing platform: available at https://www.iso.org/obp

ibrotactile

Ception thresholds and threshold shifts. Procedures for describing statistically significant changes

fingertips

Pir content
pplies. For
[s) applies.

it of nerve

5805 and

dresses:

[EC Electropedia: available at https://www.electropedia.org/

3.1

3.1.

Terms and definitions

1

healthy 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 has not been exposed to a neurotoxic agent, vibration, or
excessive repetitive motion, or diagnosed with diabetes or a metabolic disorder

© IS0 2021 - All rights reserved
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3.1.2
population

2:2021(E)

group

group of persons defined by one or more common factors

EXAMPLE
3.1.3

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

baseline vibrotactile perception threshold

initial vibrotactile perception threshold used for the comparison of results

3.14

reference

ibrotactite perceptiomthreshotd

value of the vibrotactile perception threshold for healthy persons

3.1.5

reference threshold shift
persistent ghift in threshold from the corresponding reference vibrotactile perceptioncthreshold (3.[1.4
recorded af the same frequency, or equivalent frequency

3.1.6

relative threshold shift

persistent ghift in threshold from the corresponding value recorded previgusly for the same perso
the same fingertip and frequency, or equivalent frequency, using the same measurement method

3.1.7

predictive value
prediction|of the risk of disease, or symptoms, from the results of an objective test of some humnan

property oy
3.1.8

function (see also positive and negative predictive’values)

positive predictive value
fraction (of percentage) of a population group in,whom the presence of disease, or symptoms, can be
correctly predicted from the positive result of an.objective test

3.19

negative pgredictive value
fraction (of percentage) of a population group in whom the absence of disease, or symptoms, can be
correctly predicted from the negativeresult of an objective test

3.1.10

association
statistical measure of th€ chance of one human property or function observed in a person co-exis

with the pfesence of a $econd property or function

3.1.11

sensibility indéx

ratio of thd ebserved difference in threshold from a baseline of 150 dB to that of healthy persons of

n at

[ing

the

same age f Fam tho camao hacaling curamad for anch maacniramaont froaguancy A nqnnrq]ent frequnr\

endy
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Y7 o<

Note 1 to entry: 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.

3.1.12
tactogram

graphical representation of threshold shifts as a function of frequency

© ISO 2021 - All rights reserved
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3.2 Symbols and abbreviated terms

The following symbols and abbreviated terms are used in this document:

tion

Hon

FAI fast-adapting, type 1 mechanoreceptors

FAII fast-adapting, type 2 mechanoreceptors

N number of subjects

Ng number of fingers

p probability

SAI slow-adapting, type 1 mechanoreceptors

s(f} Gaussian distribution parameter for T(f),r at frequency f;
T(fPvase baseline vibrotactile perception threshold at frequency f;

T(f); ith vibrotactile perception threshold at frequency f;

T(fDm mean vibrotactile perception threshold atfrequency f;

T(Aobs observed vibrotactile perception threshold at frequency f;

T(f)rer reference vibrotactile perception threshold at frequency f;
T(fPretm mean reference vibrotactile perception threshold at frequency f;
V(f] test/retest variabilityat frequencyjj-

VPT vibrotactile perception threshold

AT(f)rer reference threshold shift at frequency f;

AT(f)rer, ith refekence threshold shift at frequency f;

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

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

AT(f)reli ith relative threshold shift at frequency f;

AT(f)rer,m mean relative threshold shift at frequency f;

AT(SAlLcFAt or FAIl).cy mean reference threshold shift for SAI, FAI, or FAII receptor populg
AT (SAEFEAer A —meanrelative-thresheld-shiftfor SALFALor FAHreceptor poptlat
NOTE Symbols using an uppercase T refer to thresholds expressed in dB (ref. 106 m/s2). The equivalent

threshold expressed in m/s? is given by the lower case symbol t.

4 Treatment of vibrotactile perception thresholds

4.1

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, it is necessary to know

© IS0 2021 - All rights reserved
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the expected variability in the VPTs if the measurement were to be repeated on another occasion (e.g. a
different day).

Two situations are considered in this document. If the VPT of a subject is determined repeatedly at
the same fingertip over a period of several days, then the test/retest variability applicable to the mean
value of the observed VPTs, expressed in decibels, shall be the standard deviation calculated from the
observed VPTs when expressed in decibels. Alternatively, in circumstances in which it is not possible
to calculate a meaningful standard deviation from the measurements performed (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 employed. The estimate shall be based on repeated
measurements conducted on healthy persons using the same measurement method

4.2 Mean value of repeated measurements

If the VPT
fingertip a
as the mea

At a

at a given stimulation frequency or equivalent frequency, f;, is determined repeatedly
ted

ccording to the provisions of ISO 13091-1, then the mean value of the VPT shall'be calculd
h of the observed VPTs expressed in dB (ref. 10-® m/s?%), using Formula (1)

M

T(fj)l\

[

1 n

;ZT(fJ' )i
i=1

where T(f); and T(f)y are expressed in dB (ref. 106 m/s?).

NOTE '
(ref. 106 m

'he mean VPT calculated from the arithmetic mean. of observed VPTs expressed in| dB
s2), as in Formula (1), is equivalent to the geometrical mean'of the observed VPTs expressed in nj/s2.

4.3 Testl/retest variability of threshold measurements

If the VPT |s repeatedly determined at the same fingertip of a subject on separate occasions (e.g. on
different dpys), then the intra-individual test/retest variability in threshold shall be calculated for this
subject. The test/retest variability, V(f;), at a given-Stimulation frequency or equivalent frequency, f}

an

(calculated
value of th

using Formula [2]) shall be expressed in decibels as one standard deviation from the me
e VPTs, expressed in decibels, as(determined by repeated measurements. If the VPTs,

T(f)); found by repeated measurements.ata given stimulation frequency or equivalent frequency, f;
are expresfed in dB (ref. 10-6 m/s2), then:
L , 1/2
v(f;) :{—n_l E{[T(fj),-‘T(ff)M] } ()
=

where T(f))y is the meafi.of n repeated measurements expressed in dB (ref. 10-6 m/s2).
Under circumstances in which it is not possible to calculate a meaningful standard deviation fpr a
subject (e.g. when'only a single measurement is made of a subject’s VPT), then the test/retest variabllity
of the obsgerved'VPT shall be estimated for the measurement method used. The estimate shal| be
derived frqnmicthe standard deviation of VPTs determined at the fingertips of healthy persons using|the

same measurement method. The standard deviation shall be based on at least 10 measurements of
VPTs performed on separate occasions (e.g. 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 Formula (2). The within subject
standard deviation recorded from three or more 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 (one-way analysis of variance).

Normal hormonal changes during the menstrual cycle induce changes of up to 20 dB in the FAII
receptor thresholds of females. When estimating the test/retest variability for the FAII 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.

© ISO 2021 - All rights reserved
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4.4 Treatment of unresolved errors

Under some circumstances, the examiner might believe that unresolved errors have occurred during
threshold measurements. Also, errors might have been introduced by conducting measurements on a
defective skin site, as described in ISO 13091-1.

In these situations, analysis and interpretation of VPTs using the methods and procedures contained
in this document are only possible if additional information is obtained. A second set of measurements
shall be performed according to the provisions of ISO 13091-1 if it is believed that more reliable VPTs
may be obtained. The second set of VPTs shall be treated as described in this document.

NO
freq
calc

4.5

Und
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5

5.1
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dB
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where the observed VPT at the jth frequency, T(f)
equivalent frequency, T(f})y,se are expressed ind

E If, at a single measurement site, the VPTs are determined at two or more frequencies, o
uencies, mediated by the same mechanoreceptor population, then the consistency of the thrg
ulated according to the provisions of 5.6 can be examined to confirm the presence of erross.

Treatment of suspected increase in test/retest variability

er some circumstances, the examiner might believe that the test/retest variability ap
measurement method is not applicable to a subject. The opinion might be based on

Sistency in determining ascending and descending thresholds as described in ISO 13091-
n other information.

hese situations, analysis and interpretation of VPTs using-thie methods and procedures
his document are only possible if the variability applicable.to the subject is established
Cific test/retest variability is established by conducting repeated threshold measuremg
ject according to the provisions of 4.3.

Calculation of threshold shift

General

interpretation of VPTs is facilitated by calculation of the change in observed thresh
Hefined value. The calculation ofithreshold shift shall be performed for each frequency, or
juency, and fingertip at which VPTs have been obtained according to provisions of Clausg

Relative threshold shift

relative threshold‘shift shall be calculated as the difference between two VPT values ej3
ref. 10-6 m/s2),‘eD the ratio of the two VPT values expressed in m/s2, one being the obg

same measurement method and measurement frequency, or equivalent frequency. T
bshold shift, AT(};)rel, at the jth frequency, jj-, shall be expressed in decibels, and calcula
isurement frequency, or equivalent frequency, using Formula (3):

- equivalent
shold shifts

plicable to
the lack of
:2001, 6.3,

contained
A subject-
bnts on the

old from a
equivalent
| 4.

pressed in
erved VPT

the other a baseline VPT. The two VPTs shall be obtained from the same fingertip of a subject using

he relative
fed at each

(3

AT(ff )ml ZT(fi )nhc _T(fi )hacn

obs’

(ref. 106 m/s2).

b

and the baseline VPT at the same frequency, or

The equivalent expression for the relative threshold shift calculated from thresholds expressed in m/s?

is shown in Formula (4):

NOTE

AT(fj )rel ZZOlgI:t(fj )obs/t(fj )base:l

(4)

The 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

circ

©IS

umstances, the baseline VPT is usually the original VPT recorded on the subject.
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5.3 Reference threshold shift

The reference threshold shift shall be calculated as the difference between the observed and reference
VPT values when both are expressed in dB (ref. 10-¢ m/s2), or the ratio of the two VPT values
expressed in m/s2. The reference threshold shift, AT(f)rep at the jth frequency,f shall be expressed in
dB, and calculated at each measurement frequency, or equlvalent frequency, usmg Formula (5):

AT(f]

(fJ )obs _T(fj )ref

)ref

6)

where the observed VPT at the jth frequency, T(f)obs, and the reference VPT at the same frequency, or

equivalent(f

frequency, T U]Jref’ are exXpressed i uD fref—to—6Tm/s2y:

The equivdlent expression for the reference threshold shift calculated from thresholds expressed‘in
m/s? is shqwn in Formula (6):

AT(fj ref :ZOIgI:t(fj )obs/t(fj )ref:l (6)
NOTE The calculation of reference threshold shifts facilitates the identification of patterns of taftile
abnormality that are interpretable in terms of changes in mechanoreceptor or nepve-function. An associdtion
has been fgund between reference threshold shifts and symptom reports. Reference threshold shifts can be
associated With neuropathies affecting the upper extremities.

5.4 Mean value of threshold shift
If the thr¢shold shift for a given stimulation frequency, ot:equivalent frequency, is determined
repeatedly|at a fingertip under circumstances in which it is not expected to change, then the arithmletic

mean valug
expressed |i
using Forn

AT (f;

~

The mean

AT(f;

5.5 Tact

A tactogra
and thresh
from, typic
mechanorg

b of the relative, or reference, threshold shift shall be calculated from the threshold sh
in decibels. The mean relative threshold shiftiat frequency, f;, expressed in dB, is calcul

ula (7):

ZA fJ rel,i

reference threshold shift at frequency, f;, expressed in dB, is calculated using Formula (8)

ZA ff kef)i

rel, M

ref, M

ogram

m shall eonsist of a logarithmic plot of frequency, or equivalent frequency, on the absc
pld shifteXpressed in dB on the ordinate, as shown in Figure 1. The threshold shift can ra
ally, ¥20 dB to 60 dB. The frequency ranges in which thresholds are mediated by diffe
ceptor populations may be indicated.

ifts
ted

(7)

(8)

jssa
nge
rent

NOTE 1

mediated by the SAI, FAI or FAIl mechanoreceptor populations are listed in ISO 13091-1:2001, Table 3.

The frequency ranges at which VPTs determined according to the provisions of ISO 13091-1 are

A tactogram can 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.
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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 can be convenient to indicate the finger by a number within the symbol for the hand, or by different
coloured symbols. Fingers are numbered as follows:

— digit 1, thumb;
— digit 2, index finger;

— digit 3, middle finger;

— |digit 4, ring finger;
— |digit 5, little finger.

Y
-20

10l SAI FAI FAII

10 —
20 —
30 —
40 —

50 —
e PO N O O P T O O B
2 3 A5 6 101 2 3 4 56 102 2 31X

Key
X |frequency.in Hz
Y |[thresheld shift, in dB

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 dB between the relative or reference threshold shifts for frequencies,
or equivalent frequencies, at which VPTs were mediated by a single mechanoreceptor population (see
[SO 13091-1:2001, Table 3).

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

© IS0 2021 - All rights reserved 7
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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

The calculation of the consistency between mechanoreceptor-specific threshold shifts determined

according to the provisions of 1ISO 13091-1 facilitates the identification of errors in subject performance.

Threshold s

5.7 Mea
If VPTs ha

hifts mediated by the same receptor population that are error free will be identical.

n mechanoreceptor population threshold shift

e been determined at a single measurement site at more than one frequency, or equiv

ent

frequency,
then the re
population
mean of
equivalent
allowed m
population

The mean
calculated

AT(SA
where the
mediated
The mean |
calculated

AT(SA
where the
mediated K

The proced
values for
measurem
this popula

mediated by a given mechanoreceptor population according to the provisions of ISO 1309
lative or reference threshold shift can be expressed in terms of the mean mechanoreee]
threshold shift. The mean mechanoreceptor population threshold shift is the ‘@rithm
he relative or reference threshold shifts expressed in decibels for all frequencies
frequencies, at which the VPTs were mediated by a single mechanoreceptorpopulation.
basurement frequencies are given in ISO 13091-1:2001, Table 3. The mean.mechanorecej
threshold shift shall be expressed in decibels.

Felative threshold shift for a given mechanoreceptor population, AT{SAI, FAI or FAII), |

using Formula (9):

1 m
, FAI or FAID), o =;2AT(f rel
j=1

y the same receptor population.

eference threshold shift for a given mechangreceptor population, AT(SAI FAI or FAII),..¢
using Formula (10):

1 m
, FAT or FAIT) ¢ =;2AT(f et
j=1

y the same receptor popuilation.

ure should be applied with caution to situations in which VPTs outside the range of expe
healthy persons_defined in 6.5 are found in only one mechanoreceptor population at
bnt site. Under-these circumstances, thresholds at some frequencies normally mediateq
tion can be niediated by another receptor population with VPTs within the limits of expe

values for

NOTE
small chan

ealthy persons.

he calculation of the mean mechanoreceptor-specific threshold shift facilitates the identificatig
s ik mechanoreceptor, and hence tactile, acuity.

1-1,
ptor
etic

or
The
btor

1, 1S

(9)

summation is over the m frequencies, or equivalent\frequencies, at which the threshold is

my

[10)

summation is over the m frequencies, or equivalent frequencies, at which the threshold is

ted
the
| by
ted

n of

6 Interpretation of vibrotactile perception thresholds and threshold shifts

6.1 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 Formula (2) from the observed VPTs expressed in dB.

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 dB as the standard deviation applicable to

the

observed VPT and should be used for statistical analyses.

6.3

If t
ap
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If th
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4.3,
thrd

6.4

It is
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fred
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Measurement error and statistical significance of relative threshold shifts

e relative threshold shift at a fingertip is determined repeatedly, then the measure
icable to the mean value of the relative threshold shifts shall be the standasd deviation
ecibels, calculated from the observed relative threshold shifts expressed-in'decibels.

e relative threshold shift at a fingertip is determined only once, thatis, from two VPT
measurement error applicable to the observed value of relative threshold shift shall be
test/retest variability estimated for the measurement methed"according to the pr
This shall be expressed in decibels as the standard deviation-applicable to the obsery
pshold shift and should be used for statistical analyses.

Vibrotactile perception thresholds for healthy persons

often required to compare the VPTs observed at the fingertips of one person with
rence population group consisting of healthy\persons. Values of VPTs for healthy per;
rears are provided in Annex A in dB (ref. 10:®m/s2), and in m/s2. The values are express
he 2,5, 15, 50 (mean value), 85 and 97,5 percentiles of the population group for each
juency, or equivalent frequency, specified in ISO 13091-1. The thresholds approximate
ribution when expressed in dB.

values in Annex A may be used.forthe interpretation of VPTs determined according to the
50 13091-1. The 50 percentile values shall be used as the reference thresholds for the

ment error
expressed

alues, then
|, 414 times
pvisions of
ed relative

those of a
ons at age
bd in terms
timulation
A Gaussian

provisions
calculation

and|
t(/j-:

NO'
med
to0

interpretation of reference)threshold shifts, for example for the term T(f}),..¢in Formula [5), and for

ref in Formula (6).

E1 The mean VRFsof healthy persons increase with age by approximately 0,03 dB per year at|
iated by SAl receptors, 0,08 dB per year at frequencies mediated by FAI receptors, and from 0,25
35 dB per yearatfrequencies mediated by FAII receptors.

frequencies
dB per year

NO7
conf

E2 Forepidemiological studies, the VPTs used for the reference population group can be defived from a

rol group.

6.5/ “Deviations from the VPTs of healthy persons

Deviations from the VPTs of healthy persons, and reference threshold shifts, 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
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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.

NOTE 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 Physiological and clinical implications of changes in VPTs

The physio

logical, 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 neuropath

either gene
agents. W
calculating
the results
which a pa

Changes in
reflect und
frequencie
in Annex B

ralized or focal, arising from disease and from exposure to neurotoxic chemical and phy§
nen VPTs are determined at several stimulation frequencies, or equivalent freguen
the sensibility index or plotting a tactogram can prove beneficial in the interpretatio
A repeated measurement of the relative threshold shift can prove beneficial’in situation
thological or recovery process is followed over time.

VPTs and reference threshold shifts can influence specific aspects-of tactile function

5, are found to possess distinctive patterns when plotted as tactograms. Examples are g

ies,
ical
ies,
h of
sin

and

erlying disease. Reference threshold shifts recorded at different frequencies, or equivajent

ven
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Annex A
(informative)

Vibrotactile perception thresholds for healthy persons

Numerous studles of the VPTs of healthy persons have used test methods essentlally in agreement
wit g : : : : v
orig nted w1th palm facmg upwards (see ISO 13091 1: 2001 Flgure 1) are llsted in Table AN

NOTE1 VPTs obtained using Method A when the hand is oriented palm downwards with the finggrtip resting
on flop of the stimulating probe (see upper left sketch in ISO 13091-1:2001, Figure 1) often devidqte from the
resylts of measurements conducted using Method B or the other orientation of the hand'tssed in Metlod A.

The sources of the threshold values are identified in the left-hand column‘éfTable A.1. THe reported
prope diameter and surround diameter, if used, are listed in columns 2-and 3. All studies ¢mployed a
conkrolled skin-stimulator contact force or skin indentation and, in additien, a controlled skin-surround
confact force when a surround was used. The psychophysical algorithm type is also ident|fied in the
Table, as are the sex (male - M, and female - F) of the subjects, their mean age and the nurhber in the
population group, N.

A brief description is provided of the human population group(s) from which the VPTs were obtained
(co u[:mn 8). A history usually obtained by questionnaire concerning symptoms of [peripheral
neufrological disease and exposure to neurotoxic agents or to hand-arm vibration is summafized when
repprted. The medical screening of subjects for symptoms of peripheral neurological disdase is also
repprted when performed. The VPTs in all studiesiare for healthy persons.

Rarjges of values for the VPTs of healthy males’and females are given in Table A.2 in dB
(reff 10-6 m/s2), and Table A.3 in m/s2. Théyare applicable to all methods of measurement i
[SO|13091-1 except Method A when thecand is oriented palm down with the fingertip restirg on top
of the stimulating probe. The valuesare expressed in terms of the 2,5, 15, 50 (mean value), 85 and 97,5
pergentiles of a population group for each stimulation frequency, or equivalent frequency, sgecified in
[SO|13091-1:2001, Table 1. The‘thresholds approximate a Gaussian distribution when expregsed in dB.
Thresholds for percentiles pther than the mean may be estimated for VPTs expressed in dB
(reff 107 m/s?) at a given-frequency, or equivalent frequency, f;, using Formula (A.1):

2
—\T(f) .=T(f; 252(f;
PLT(f))yer |2 —hz,t,lsm)e 0 T ] 2700) (A1)

whg¢re the values for the mean reference VPT, T(f);erm and s(f}) are given in Table A.2 and Table A.4,
respectively.

Theg VPTs in Table A.2 and Table A.3 are constructed from the VPTs reported in the data sdts listed in
Table A.1, and have been adjusted to a stimulating probe diameter of 4 mm and a mean age of 30 years.
The adjustments applied to VPTs at frequencies of 100 Hz, 125 Hz and 160 Hz to obtain values for a
4 mm diameter stimulating probe are given after Table A.1: There is no adjustment at lower frequencies.
The mean VPTs of healthy persons increase with age by approximately 0,03 dB per year at frequencies
of 3,15 Hz, 4 Hz, and 5 Hz, 0,08 dB per year at frequencies of 20 Hz, 25 Hz, and 31,5 Hz, and 0,25 dB per
year at 100 Hz, 0,3 dB per year at 125 Hz, and 0,35 dB per year 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 total number of fingers from which the thresholds in Table A.2 and Table A.3 are calculated, N, is
shown for each stimulation frequency, or equivalent frequency. The VPTs are derived from thresholds
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obtained on digits 2 and 3 (see Note 2 in 5.5), and digit 5 if there was no significant difference observed
between thresholds mediated by the median and ulnar nerves.

NOTE 2  Small differences in VPTs can occur from using the alternate measurement methods specified in
ISO 13091-1. The residual, unexplained difference between the mean VPTs for each study listed in Table A.1
results in the range of VPTs at each percentile in Table A.2 and Table A.3. Large differences from the values in
Table A.2 and Table A.3 have been recorded in some studies using Method A when the hand was oriented palm
down with the fingertip resting on top of the stimulating probe. An increase in VPT (i.e. reduction in acuity) has
been observed in fingers innervated by the ulnar nerve in some studies.

Normal hormonal changes during the menstrual cycle influence the VPTs of females, particularly at

f 1o Aol £l AL £ L 10011 120 11 d 10 110
I‘equenC1c ITIICUTAtC U Oy T T I TCCCPTOT S (IS TO U TTZ, TZ 0 T Z-dIiTa TOU TTZ7:

The 50 pefcentile values in Table A.2 and Table A.3 are to be used as reference thresholds. for|the
calculation and interpretation of reference threshold shifts. Thus, values for the term' [f).4 in
Formula (J), and for t(f}),f in Formula (6), are given by the mid-range 50 percentile valyes iin Taf)leﬂ
and Table A.3, respectively.
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Annex B
(informative)

Implications of changes in vibration perception thresholds

Intdgrest in determining the perception of vibration as an aid to neurological diagnosi§ has been
documented for over 100 years. Early investigators reported reduced vibrotactile perception (i.e.
incyeased VPTs) in cases of diabetes mellitus, peripheral neuritis and pernicieus angemia, and
hypersensitivity (i.e. reduced VPTs) in cases of Parkinson's disease. Morg) recently, yibrotactile
perfeption has been proposed as a technique for detecting various peripheralneurological digturbances,
either generalized or focal, arising from disease or from exposure to chemical or physical agents. The
technique has been applied to a diverse range of conditions including €arpal tunnel syndrpme, radial
tunpel syndrome, repetitive strain injury, ulnar neuropathy, polynetropathy, and persons exposed
to Hand-arm vibration. When VPTs are determined at several stimulation frequencies, or|equivalent
frequencies, calculating the sensibility index or plotting a tattogram has proved beneficial in the
intgrpretation of the results.

A rg¢peated measurement of relative threshold shift, provided it is conducted using the samg apparatus
and measurement protocol, has proved beneficial in situdations in which a known pathologital process
is fpllowed over time. In this way, systematic errors-introduced by the apparatus are ayoided, and
the|utility of the test then depends ultimately on\ the intra-subject test/retest variability. [The use of
relgtive threshold shifts as a measure of disease’severity has been reported for diabetics, repal dialysis
patlents, cancer patients undergoing chemotherapy, and for workers exposed to chemical apd physical
neurotoxic agents. Relative threshold shifts'have also been used to monitor the progress of nprve repair
and rehabilitation of hand function.

The use of VPTs as an objective test in clinical medicine has also been validated. The apsociations
betveen VPTs and other methods for assessing peripheral nerve dysfunction, and in parti¢ular nerve
conduction and other modalities of quantitative sensory testing, have been documented. These subjects
are|considered in the following.

The absence of standardized methods for determining VPTs and the limited sources of normdtive values
for healthy hands hdve,in the past, hindered widespread acceptance of the technique in clinidal practice.
These limitations'are addressed in this document. The standardization of measurement m¢thods that
restilt in VPTssmediated only by one population of mechanoreceptors at a given stimulation|frequency,
or ¢quivalent frequency, provides more information concerning tactile nerve function thap generally
avajlableifi'the past. The implications of this additional information are also considered in this annex.

e nl PELA | 1 L] 1 1l 1 1.1 1. L
B. 1dCUIC PIIYSIO10gy 4lIU UITESII01IU SIS

The tactile performance of the hand depends on the neural activity in up to four populations of
specialized nerve endings located at the fingertips. The different mechanoreceptor populations are
usually classified 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 (SAI) 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 (FAII) which correspond anatomically to the Pacinian corpuscles. SAI
receptor acuity primarily determines the resolution of spatial features of a surface, such as ridges and
texture. In contrast, FAI and FAII receptor acuity is primarily responsible for information obtained
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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 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 FAII 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 heen plotted in each case

Y
0

T SAl =— FAI — FAII

15 11—

25 III|I|I|III| | |||| 1 I|I|I|III|III| | |||| 1 I|I|I
2 3 4 56 101 2 3 4 56 102 2 3 X

Key
X  frequercy, in Hz
Y threshdld shift, in dB

Figure B.1 — Tactogram showing patterns of reference threshold shift in the fingers of twp
chain saw operators
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mediated by the same mechanoreceptor population (e.g. at 20 Hz and 31,5 Hz). In some fingers, the
threshold shifts are found to be similar in magnitude for all receptor populations, as shown by the
filled squares in the example of Figure B.1. The threshold shifts can, however, differ between different
receptor populations in the same fingertip. Thus, the threshold shifts shown by the filled circles in
Figure B.1 can be seen to be of similar magnitude for the SAI and FAI receptor populations, but are of
greater magnitude for the FAII receptors. The difference in threshold shift between that of the FAII
population and those 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.
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B.3 Association between VPTs, common clinical tests and nerve conduction

There have been several studies of persons with upper extremity complaints to assess the efficacy of
different clinical tests. In one such study involving both vibrotactile perception and nerve conduction,
neurological symptoms were reported by 98 % of shipyard employees who used power tools at work. In
this population group, the VPTs at 120 Hz were uniformly elevated when compared with an industrial
group of healthy manual workers and were consistently the most abnormal of the laboratory tests,
including nerve conduction.

In another study, the associations between VPTs measured on digits 1 and 5 of each hand (see NOTE 2 in
5.5), the results of a traditional neurological examination of the hand and arm involving the perception
of yibration (tuning fork) and pain (pin prick), proprioception (joint position) and nerve fonduction
welle established in a series of patients attending for an unrelated diagnostic evaluation, [Ph strongest
assgciations were found between VPTs and the tuning fork data from the same finger (p  0,001). A
staffistically significant association was also found between VPTs and proprioception (p 4 0,01), and
a weaker association between VPTs and pin prick (p < 0,05). A similar association was alsp observed
betveen VPTs and the sensory nerve compound action potentials and conduction velocities in the
corresponding finger (p < 0,05). The associations were of similar magnitude-for fingers innfervated by
the[median and the ulnar nerves.

The
par
none of which satisfied the requirements of ISO 13091-1. A prevailing view is that the assod

use of VPTs as a diagnostic aid for carpal tunnel syndrome has led to conflicting results. At least
L of the reason must lie in the performance limitations of the‘apparatus used to obtain the VPTs,
iations are
ext

the
diag

The
of s
cha
con

‘emely dependent on the normative values used, as wéll as the diagnostic criteria enf
target disorder, an observation that is equally applicable to other applications of VPTs ¢
PNOSIS.

finding of a lack of an association between VPTs-and the results of another test modality
ubjects is not necessarily a cause for concern;as one test may detect physiological or p
hges undetectable by the other. An example of a tactogram from a case series with no
duction and non-specific hand dysfunction is shown in Figure B.2. This 42-year-old form¢
)der with wrist pain and difficulty coordinating the movements of a computer control pucl

ployed for
s an aid to

in a group
hthological
'mal nerve
1 shipyard
K possesses

griy
stat
the
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istically significant reference threshold shifts in the SAI and FAI receptors of both hands, but not
FAII receptors. The subject was‘assessed as neurologically normal by nerve conduction| Moreover,
threshold shifts are strikingly ‘similar in digits 3 and 5 of each hand, and the same ppttern was
erved in both hands.

B.4 Association between threshold shifts and hand function

The determination)of VPTs provides a quantitative procedure for evaluating the somptosensory
pathways conyveying tactile information to the brain. From a functional perspective, txe afferent
output is essential for the tactile identification of objects and, as part of the sensorimotor lgop, for the
manipulatien‘and control of objects.

An e function
esta vorkers. In

this study, mechanoreceptor-specific vibrotactile thresholds were determined for the SAI, FAI and FAII
receptors at the fingertip using a measurement procedure consistent with ISO 13091-1. Statistically
significant reference threshold shifts were found in the SAI and/or FAII receptor populations for
persons responding affirmatively to questions concerning finger or hand numbness and difficulty
in buttoning clothing. The best predictors of the observed reference threshold shifts were questions
relating to the difficulty in manipulating small objects, and buttoning clothing, which yielded positive
predictive values from 90 % to 100 % and false positive rates from 0 % to 2,8 %.

association between VPTs at the fingertips and symptoms of reduced manipulativ
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The potential for early detection of relative and reference threshold shifts in order to prevent the
development of functional incapacity in the case of deteriorating acuity, and to follow nerve repair or
recovery in the case of improving acuity, has also been studied. A cohort of manual workers (operating
lightweight chain saw) has been followed, 30 % of whom reported symptoms suggestive of changes in
neurosensory or neuromuscular function at the commencement of the study. The VPTs were compared
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