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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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

Finger skin temperature (FST) is related indirectly to finger blood flow and reflects the contribution of
feed capillaries, nutritive capillaries and arteries. Mechanical, physiologic and pharmacologic effects at

any

of these levels may affect FST.

Assessing FST over a sufficient observation time can identify the presence and extent of finger
vasoconstriction in response to cold provocation produced by appropriate hand cooling.

The changes in FST durlng hand coollng normally reflect the degree of Vasoconstrlctlon and resistance
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hges in FST after cold provocation reflect different neurovascular processes that contr
from cold exposure and the return to steady-state circulatory conditions. The measurem

ing cold provocation is carried out in a well-controlled environment.

interpreted together with subjective symptoms, signs and history, including vibration e

provocation tests are carried out in some countries using slightly different test pars
Ficular, the test conditions 12 °C water temperature and 5-min inimersion duration are ng
. A survey of ISO/TC 108/SC 4 revealing the current méastrement practice of foul
Ktitutes the background for the development of this second edition of this part of ISO 148

intention is to open the possibility to undertake the tests with specified different test

particular water temperature and immersion duration) in a clearly defined way in ord
test results nevertheless comparable. Finally, theoverall usage of this International Stan
e promoted.
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Mechanical vibration and shock — Cold provocation tests
for the assessment of peripheral vascular function —

Part 1:
Measurement and evaluation of finger skin temperature
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Scope
5 part of [SO 14835 specifies
the methods for measuring the finger skin temperature (FST),

the procedures for conducting the measurements (includingy the performang
provocation tests), and

how to report the measurement results.

methods specified in this part of ISO 14835 are designed.to assist in the collection of]
A quantitative evaluation of vascular response to cold.provocation, and to enable spec
mative figures.

5 part of [SO 14835 is applicable to the measurement of FST in response to cold provoca
pssment of various peripheral vascular disorders in persons exposed to hand-arm vibra
nded to be used together with a battery of tests for diagnosing hand-arm vibration synd

Normative references

following documents, in whole-er in part, are normatively referenced in this documsg

rences, the latest edition ofithe referenced document (including any amendments) applig

5349-1, Mechanical yibration — Measurement and evaluation of human exposure to hand-t
ation — Part 1: General requirements
60601-1, Medical electrical equipment — Part 1: General requirements for basic

ntial performance

Measurement equipment

e of cold

basic data

ification of

ion for the
Fion, and is
Fome.

nt and are

spensable for its applicatiot. For dated references, only the edition cited applies. F¢r undated

v

ransmitted

safety and

3.1

General

Several types of transducers are available for the measurement of FST. Thermocouples and thermistors
(point transducers) are often used. They are simple to use and practical for following up. Thermal
imaging devices have also been used, sometimes with infrared sensors. These devices, however, tend to
be expensive and difficult to calibrate accurately compared with point transducers.

Itis

recommended that all equipment be checked for correct operation before and after use.
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3.2 Thermometry

3.2.1 General

The advantage of contact thermometry and non-contact point thermometry using infrared in the field
of vascular assessment methods is that the apparatus is less expensive and easier to maintain than
thermography. Although FST is usually measured at one fixed point for each finger, depending on how
many hands are being measured at once, an alternative is to measure on the distal phalanx of all fingers

and the middle and proximal phalanges when measuring just one hand.

3.2.2 Sefsors

It is imporftant that sensors do not influence temperature changes at the measurement loeation pnd
do not prgvide thermal insulation from the exterior environment or cold provocation.;Th€ sensors
should be highly sensitive and accurate, with a maximum thermal discrimination of 041-°C within|the
physiologi¢al temperature range (5 °C to 40 °C).

3.2.3 Recorders

All FST ddta obtained during the test shall be recorded, and data storage on a computer may be
performed| The time interval between temperature measurements of eachfinger shall not exceed 1 fnin.
During redording, the temperatures may be displayed in real time. Theé recorded data, as numeri%lly
stored in the recorder, may be transferred to a computer for furthép processing, either manually after
printing on paper, or directly through an electronic interface. A recorder with an integrated keybdard
may permif control and digital display of the recording parameters.

3.2.4 Calibration

Calibration of the temperature sensors should be-farried out by inserting a calibrated refergnce
thermometer and all sensors into the cold-water(bath. The sensors should be within 0,2 °C of|the
reference thermometer. The range of temperatures registered using the sensors should not exceed 0,1 °C.
3.3 Thermography

3.3.1 Gepneral

The advantage of non-contaet:thermography in the field of vascular assessment methods is that,
during the|cold provocation-test, the skin temperature of more than one point on a single finger may be
measured pnd registered. Non-contact thermography methods show thermal images of whole hahds.
In this way, peripheral\blood circulation disturbances in local parts of the hands and fingers may be
detected apd may indicate the severity of impairment to health.

3.3.2 Remotessensing techniques

Remote-seN3INg Sy3sTtems Mvoive mnfrared radiation. They usuatly consistof a high-resotution sensor

unit (i.e. plane array sensor with at least 250 pixels per line and 250 lines per image), cooling system,
operating unit, digital image recorder, digital computer, colour monitor and colour printer for
reproduction of the thermogram. The maximum range of temperature to be measured shall be at least
from 5 °C to 40 °C, but shall be variable within different steps. The maximum thermal discrimination
shall be 0,1 °C within the mentioned temperature range.

3.3.3 Data processing

Data are recorded as an image of the hand with the FST coded as a colour map. Images should be
recorded at possible maximum intervals not exceeding 1 min. The times at which cold provocation
begins and ends should be recorded with the image. The relationship between colour and FST should be
recorded for quantitative interpretation of results.

© ISO 2016 - All rights reserved
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4  Calibration

Calibration may be accomplished in different ways. A cavity radiator as a black body may be used for
calibration. Internal reference data for automatic comparison during measurement interruption may
serve for testing the stability of measurements.

4

4.1

Measurement procedure

Quantity to be measured

FST|

4.2

4.2

To ¢
of F

4.2

FST
ove

The
exa

is the quantity to be measured. It is expressed in degrees Celsius (°C).
Conditions of examination

1 General

btain precise data, the test conditions and procedures shall be sufficiently controlled. Me
ST should be carried out in a well-controlled environment.

2 Examination room

is strongly affected by room temperature. The room teniperature shall be maintained af
I the whole length of the body, for the duration of the test.

environment shall be controlled to preventgextraneous conditions that might
mination results.

At

tenmperature at different vertical levels to, prevent temperature differences at different p

bo

range by mild air circulation. Stronger@ir circulation can increase skin cooling and alter t}

am

4.2

4.2
Bec]

sea
the

4.2

. The atmospheric temperature aroundthe entire body should be maintained within th

ient room temperature.
3 Time

3.1 Time of year

huse the season-can affect the measurement, it is desirable to make measurements
bon. If periodic.examination at two or more times per year is required for follow-up in
examinatignin the cold season, a test may be conducted in the autumn or summer.

3.2 +Time of day

asurement

(22 +1)°C

influence

ospheric temperature during the test should be strictly controlled. It is necessary to coptrol room

arts of the
b allowable
e effective

n the cold
hddition to

Wit

h fespect to circadian biorhythm, examination between 9:00 and 18:00 is recommended

NOTE

daily variations have a significant effect on the FST response to cold provocation.

4.2.3.3 Time lag between previous test(s)/examination(s)

It has been reported that the time of day has an influence on FSTs, but it is unknown whether these

A delay of 3 h between cold provocation tests, including test described in ISO 14835-2, and FST
measurements is recommended so as to avoid the effects of prior cold exposure. This includes a cold
provocation that has been aborted after cold provocation has begun.
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4.2.4 Subject preparation

4.2.4.1 Recommendations to subject prior to examination

Strenuous physical exercise and smoking and other stimulants such as caffeine shall be avoided for
3 h prior to examination. Drinking of alcohol and intake of vasoactive medical drugs, such as calcium
channel blockers and beta-blockers, shall be avoided for 12 h prior to examination. Intake of prescribed
vasoactive drugs that cannot be avoided shall be reported. Vibration exposure should be avoided for at
least 12 h prior to examination. This helps to minimize their effects on measurements.
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lethatwhite Fingnr attacks prinr toexamination onthe examination Hay areavoided Inwi
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4.3 Cold

pves during transport to the examination room is recommended if the outdoor temperatu
[, and reporting of white finger attacks during the transport is also recommended.

ime lag between food intake and time of test

b increases the metabolic rate and can induce circulatory changes. The intake of food pria

e is

rto

cation test can possibly change the response of the peripheral circulatiofifo cold provocation.

the cold test should be avoided at time points of less than 1 h after a meal and more than 4
his is not possible, the time between eating and the cold provocatien-test should be report

lothing

e clothing to maintain thermal comfort, with only.the hands and head uncovered
Hed. Four items of clothing (two each for upper and-lower body) together with sock

\n approximate clo value of the above clothing of 0,7 to 0,8 is suggested.

Ldaptation of subject

min in the examination room without physiological or psychological stress is needed
aptation. Initial FST measurementsare recommended and FSTs should be confirmed to i
hble values for at least 2 min prior to starting cold exposure.

ubject posture

hd relaxed posture:should be used during the entire test including the adaptation pet

h

b should be at*heart height during settling and recovery and preferably during provocat
rists in anettral position.

provocation

h of
ed.

, Is

S is

for
ave

iod

ion,

4.3.1 Cold-water bath

The cold-water bath shall be surrounded with heat-insulating materials to prevent cooling of other
body parts. The edge of the water bath shall have a protective layer to insulate the subject’s arm from
the transmitted cold stimuli.

The water should be stirred to maintain constant temperature.
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2 Water temperature and duration of immersion

One of the following four test conditions shall be maintained to provide potentially useful measurements
while minimizing stress. Test condition a) is the recommended condition and should be preferred.

a)
b)
‘)
d)

Water temperature (12 * 0,5) °C and an immersion duration of 5 min or
water temperature (12 + 0,5) °C and an immersion duration of 2 min or

water temperature (15 = 0,5) °C and an immersion duration of 5 min or

water temperature (10 + n":) °Candanimmersionduration of 10 min

The

NO
valy
dur
bee

NOT
for
proy
Suff}

to the immersion duration.

4.3

Wh
is S
rep
Itis
for

Thd
cola
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4.3

Thd
the
sho

Thd
the

applied test condition [a), b), ¢) or d)] shall be reported.

E1 Severity of cold-stress during the cold provocation test is the main factor determining th
e for vascular disorder. The severity is principally determined by the water temperature and
hition. The diagnostic values of the tests with use of water at temperatures between 5 °C and
L reported.

E2 Immersion duration of less than 5 min might be too short to obtain sufficient severity o
heat equilibration from skin to deeper structures. Although a lower water temperature, such
ride more diagnostic data, the subject suffers considerable pain dtiring immersion at this t
ering during the test becomes more severe in inverse proportion te the water temperature, and iy

3 Choice of test hands and fingers

erever possible, both hands shall be immersedcsimultaneously for evaluation. If only
elected for measurements, this should be the” dominant hand or the hand with th
prted symptoms.

measurements, they should include the greatest reported symptoms.

hands shall be immersed dowmninto the water up to wrist levels, and the bottom
-water bath should not be teuched by the hands or fingers. The minimum volume of t
bmmended to be 10 1.

4  Waterproof covening

water due te,‘evaporation. The waterproof covering should have high thermal condu
11d be tight-enough to avoid trapped air during immersion.

waterproof covering shall be put on just before the immersion and shall be removed at
immersion duration. If waterproof covering is not used, the immersed hands shall be ge

b diagnostic
immersion
15 °C have

cold-stress
hs 5 °C, can
bPmperature.
proportion

¥ one hand
e greatest

recommended that measurements be.made on all possible digits. If less than 10 digits ajre selected

vall of the
he water is

use of waterprdef covering during immersion will prevent cooling of the hands after refnoval from

Ctivity and

the end of
ntly wiped

dry

ifmmediately after cold provocation.

4.4

4.4.

Conduct of the test

1 General

Under ordinary circumstances, rhythmic fluctuations in the finger vessels involve periods possibly
from about 0,5 min to about 5 min. Therefore, repeated measurements of FST for an adequate duration
with adequate intervals are needed. FST also varies with the skin position measured. In the case of
point measurement, a fixed point of skin shall be measured.
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4.4.2 Placement of sensors

4.4.2.1 Contactsensing

In principle, the sensor should be set to detect a small point directly on the fingertip, and optionally,
on the dorsal surfaces of the distal or middle phalanges. Sensors should be placed centrally to the
phalanges, i.e. midway between the tip and the base of the phalanges and along the midline. FST can
be measured by means of thermal sensors properly attached to the skin on the ventral surfaces of the
distal phalanges, and optionally, on the dorsal surfaces of the distal phalanges. The fingers may be
placed on fixed sensors or the sensors may be attached to the fingers with adhesive tape. To ensure that
blood flowf e estveta etrstoma s e y-strfaceomwhi e rest
should be ftept to a minimum. A typical attachment of sensors is shown in Figure 1.

U U ULl U, dU us U U P U U d

a) Left hand b) Right hand c) Left hand d) Right hand

NOTE Attachment of sensors on the fingertips is recommended [see a) and b)]. An optional method of
attachmentlon the dorsal surfaces of the distal (thumb)(or middle phalanges is also shown [see c) and d)].

Figure 1 — Typical setup for measurement of FSTs using sensors

4.4.2.2 Remote sensing

FST on the|ventral or the dorsal.surfaces of the distal phalanges should be measured by means of jon-
contact pojnt thermometry-usihg infrared. The palmar side of the whole hand may be measured by
means of npn-contact thermegraphy.

4.4.3 Megasurement periods

4.4.3.1 l‘teasurement before cold provocation
FSTs should be stable prior to baseline measurements. Mmeasurements snould be recorded for at

least 2 min before cold provocation.

4.4.3.2 Measurement during cold provocation

Only if contact thermometry with sensors attached on the fingers is used, measurements may be
continued during immersion.

4.4.3.3 Measurement after cold provocation

Measurements shall be continued for a minimum of 10 min. It is preferable to continue measurements
until complete recovery is achieved.

6 © IS0 2016 - All rights reserved
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Safety aspects

General

A few sensitive subjects may experience either elevated arterial pressure or vasogenic shock due to
excessive response to cold stress. Persons affected with hypertensive vascular disease should have
their blood pressure monitored during the cold test.

The cold provocation test shall be stopped if requested by the subject or if finger blanching is observed.

5.2
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5.3
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Electrical satety

ctive procedures are needed to prevent electric shock, especially during immersion of
old water. All apparatus shall meet the safety requirements of IEC 60601-1 cencérnin
nrds to the subject or operator of the apparatus. In particular, the examiner shall receiv
ruction in the safety procedure for water immersion.

Contraindications

ome subjects, disease symptoms can be affected by cold provecation, which would in|
ject’s adverse reaction to cold-stress.

contraindications for the cold provocation test arecsan/age of over 70 years, hea
ertensive vascular disease, central circulatory diseases, and peripheral vascular disot
h that to be examined. They are relative contraindications that should be checked

xamined by the cold provocation test or whethérany precautions should be taken.

Informed consent

rmed consent should be obtained\from subjects in accordance with any legislatio
national governing bodies. The subject shall be instructed as to the purpose and risk
vocation test. The examiner shall-obtain confirmation of the subject’s consent after repl
stions the subject may pose. The subject shall be told that the cold provocation test will

the hands
b electrical
b sufficient

kensify the

Irt disease,
ders other
out and, if

bssary, considered by a medical doctor who shouldanake a decision as to whether the subjject should

h enforced
of the cold
ying to any
be stopped

at apy time on request.

5.5 Examiner and medical supervision

A suyitably qualified\€xaminer should undertake the preparation and instruction of the subjgct, and the
confduct of FST nieasurements and cold provocation tests. The examiner shall have sufficientknowledge
of the diagnostic significance and risk of the test, and should be aware of all technical asgects of the
tes. The proecedure for testing should be approved by a medical doctor. Also, if the subjects have
disg¢asestother than the peripheral vascular disorders to be examined, an examination by a medical

doctor should be required.

6 Datareporting

6.1 General

All FST data should be reported. For interpreting the data, and for evaluating the validity of
measurements, it is recommended that information on test conditions, subject conditions, temperature
measurement, hand cooling, subject characteristics, and symptoms and signs observed during
examination be reported with the measurement results, as described below.
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6.2 Examination conditions

6.2.1 Test conditions

Time of year, time of day, room temperature, adaptation period, and the time lag between test(s)/
examination(s) affecting circulatory function of the test hands if tests are performed on the same day
should be reported.

6.2.2 Subject conditions

The postuieand clothing of the subjects auring the test shoutd be reported.

6.2.3 Temperature measurement

Identification of the apparatus used or a full specification of sensors, recorder and data processing
system shdll be reported. Skin positions of FST measurements shall also be reporteds

6.2.4 Hand cooling

The numbeér of hands immersed, the water temperature and immersion duration shall be reportefl. If
special mefthods such as observation of ischemia during immersion, or,hand gloves for waterprooffing,
are used, this shall be reported.

6.3 Subject characteristics

General chpracteristics such as age, sex, body mass index\(ef’body mass and height), nicotine intpke,
alcohol consumption, medications and health conditions influencing circulatory function of the hands
should be fjeported.

In the case|of subjects exposed to hand-transmittedwibration, their occupation, tools or machines uped,
and estimdted parameters of exposure (such as\wibration magnitude, daily hours, days per week, yeprs)
should be fjleported.

It is recommended that the stages of vascular and neurological disturbances, and prior/current medical
therapy, bq reported if applicable. Forthe staging of the hand-arm vibration syndrome, the Stockhjplm
Workshop Scales[13] may be used.

6.4 Symptoms and signs-during examination

If subjects|experience extraordinary symptoms or signs during examination (such as pale coloufr of
fingers, seyere pain, palpitation), these should be reported.

6.5 Results

The entire[rewarming process, and values before and during cold provocation, should be reportefl. If
special evaluation parameters (such as rewarming time, rewarming rate to the baseline temperature)
are used, reporting of the data together with the parameters of the rewarming process is recommended.
If comparison data between the vibration-exposed group and the control group are obtained,
information concerning the diagnostic value of the test method [such as sensitivity, specificity,
predictive value and receiver-operating characteristic (ROC) curve] should be reported.

7 Assessment of normative values and limits

The normative values for FST vary with the influence of various conditions (see ISO 5349-1). Normative
values should be based on epidemiological data, and the sensitivity, specificity and predictive value of
the test methods used should be considered.

8 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=03b0c38bb5415845cf7976e5a8d171af

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Measurement equipment
	3.1	General
	3.2	Thermometry
	3.2.1	General
	3.2.2	Sensors
	3.2.3	Recorders
	3.2.4	Calibration
	3.3	Thermography
	3.3.1	General
	3.3.2	Remote-sensing techniques
	3.3.3	Data processing
	3.3.4	Calibration
	4	Measurement procedure
	4.1	Quantity to be measured
	4.2	Conditions of examination
	4.2.1	General
	4.2.2	Examination room
	4.2.3	Time
	4.2.4	Subject preparation
	4.3	Cold provocation
	4.3.1	Cold-water bath
	4.3.2	Water temperature and duration of immersion
	4.3.3	Choice of test hands and fingers
	4.3.4	Waterproof covering
	4.4	Conduct of the test
	4.4.1	General
	4.4.2	Placement of sensors
	4.4.3	Measurement periods
	5	Safety aspects
	5.1	General
	5.2	Electrical safety
	5.3	Contraindications
	5.4	Informed consent
	5.5	Examiner and medical supervision
	6	Data reporting
	6.1	General
	6.2	Examination conditions
	6.2.1	Test conditions
	6.2.2	Subject conditions
	6.2.3	Temperature measurement
	6.2.4	Hand cooling
	6.3	Subject characteristics
	6.4	Symptoms and signs during examination
	6.5	Results
	7	Assessment of normative values and limits
	Bibliography

