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ISO 96

Foreword

80:2021(E)

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 procedures u ] ] led ) 3
descrfbed in the [SO/IEC Directives, Part 1. In particular, the different approval criteriam

Any t
const

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
tute an endorsement.

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

For an explanation of the voluntary nature of standards;'the meaning of ISO specific terms and

expre
the V
WWW,

ssions related to conformity assessment, as wellvas information about ISO's 3
Vorld Trade Organization (WTO) principles im~the Technical Barriers to Tradg

iso.org/iso/foreword.html.

This
Dentd
Comn
ISO a1

document was prepared by Technical Committee ISO/TC 106, Dentistry, Subcom
| equipment, in collaboration with the.European Committee for Standardization (CH
nittee CEN/TC 55, Dentistry, in accordance with the Agreement on technical coopera
nd CEN (Vienna Agreement).

This fourth edition cancels and replaces the third edition (ISO 9680:2014), which has bee

revise

ed.

The npain changes compargd to the previous edition are as follows:

=

r

—

Any fi
comp

prmative references-have been updated;

bquirementssand test methods for the illumination pattern, illuminance in patient’y

iidelity and photobiological hazards have been updated.

pedbackor questions on this document should be directed to the user’s national stang
etelisting of these bodies can be found at www.iso.org/members.html.

dherence to
(TBT), see

mittee SC 6,
N) Technical
Fion between

n technically

eyes, colour

lards body. A
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Introduction

This document provides the dentist and his staff with means to enable them to work with optimum
visual ease and comfort, i.e. a visual acuity of 90 % to 100 % according to zone, without adversely
affecting their perception of colour or causing excessive fatigue or photobiological injury.

In this document, the safety of an operating light is assessed in combination with its power supply. Such
power supplies may be incorporated in dental units or dental patient chairs.

Any item of equipment recommended by the manufacturer for use in conjunction with an operating
light should not render the equipment unsafe nor affect its qualities adversely.

IEC 60598-1 has been taken into account during the preparation of this document.

This documgnt refers to IEC 60601-1, the basic standard on safety of medical electrical lequipment,
wherever relevant, by stating the respective clause numbers of IEC 60601-1.

This document takes priority over IEC 60601-1 as specified in the individual clauses of this document.

Only the spetifications laid down in this document are applicable.

vi © 1S0 2021 - All rights reserved
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Dentistry — Operating lights

1 Scope

This document specifies requirements and test methods for operating lights used in the dental
office and intended for illuminating the oral cavity of patients. It also contains specifications on the

instructions for use, marking and packaging.

This ¢
This

headl
2 N

The f
const
undat

[SO1

ISO 4
oral h

ISO9
[SO1
ISO 14

ISO 1
— Pa

1SO/I

ISO 1
many

ISO 1
many

1S0/Q

locument applies to operating lights, irrespective of the technology of the light soure

document excludes auxiliary light sources, for example, from dental handpiece:
amps and also operating lights which are specifically designed for use in asalsurgery

ormative references

bllowing documents are referred to in the text in such a way-that some or all of
tutes requirements of this document. For dated references; only the edition cited
ed references, the latest edition of the referenced document/(including any amendmg

D42, Dentistry — Vocabulary

D73, Dentistry — Information system on the locatiof’ of dental equipment in the workif
ealth care provider

b87, Dentistry — Graphical symbols for dental’ equipment
|664-1, Colorimetry — Part 1: CIE standard colorimetric observers

1971, Medical devices — Application-of risk management to medical devices

't 1: General requirements
C 17025, General requirements for the competence of testing and calibration laboraton

7664-1, Processing*of health care products — Information to be provided by the ni

7664-2, Processing of health care products — Information to be provided by the ni
facturerfor the processing of medical devices — Part 2: Non-critical medical devices

[E-19476, Characterization of the performance of illuminance meters and luminance me

®

and dental
.

their content
applies. For
ents) applies.

g area of the

223-1, Medical devices — Symbols to be used with information to be supplied by the jmanufacturer

ies

edical device

facturer for theprocessing of medical devices — Part 1: Critical and semi-critical medicql devices

edical device

ters

ISO 21530, Dentistry — Materials used for dental equipment surfaces — Determination of resistance to
chemical disinfectants

IEC 60598-1, Luminaires — Part 1: General requirements and tests

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Medical electrical equipment — Part 1: General requirements
for basic safety and essential performance

IEC 62366-1, Medical devices — Part 1: Application of usability engineering to medical devices

IEC 62471:2006, Photobiological safety of lamps and lamp systems

IEC/TR 62471-2:2009, Photobiological safety of lamps and lamp systems — Part 2: Guidance on
manufacturing requirements relating to non-laser optical radiation safety
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[EC 80601-2-60, Medical electrical equipment — Part 2-60: Particular requirements for the basic safety

and essential

CIE 224, Colo

performance of dental equipment

ur Fidelity Index for accurate scientific use

CIE S 017, ILV: International Lighting Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1942, ISO 4073, IEC 60598-1,

[EC 60601-1,

CIE S 017 and the following apply.

ISO and IEC xlnaintain terminology databases for use in standardization at the following addresses:

ISO Onli

IEC Elec

31

operating li
device desig
or transform

he browsing platform: available at https://www.iso.org/obp

ropedia: available at https://www.electropedia.org/

sht
hed for use by an operator for illuminating the oral cavity, whieh-either distributes,
s the light, or does any combination of these, transmitted ffem one or more light sg

and which ipcludes all parts necessary for supporting, fixing and protecting the light source

circuit auxili

3.2
light-activat
dental mate
which is acti

4 C(Classif

4.1 Accor
Operating lid
a) Classle

b) ClassIle

4.2 Accor

Operating lig

aries together with the means of connecting them to the Supply

ed restorative material
[ial intended for oral use that incorporates.a monomer system, the polymerizat
yated by light

cation

ling to type of protection against electric shock
hts are classified in accordance with IEC 60601-1 as follows:
Juipment; or

quipment.

ling to mode of operation

hts are'classified in accordance with IEC 60601-1 for continuous operation.

Ffilters
urces
5, and

on of

5 Requir

ements and recommendations

5.1 General requirements

Operating lights shall be designed, constructed and manufactured so that, when properly transported,
stored, installed, used and maintained according to the instructions, they cause no danger which can
reasonably be foreseen to the patient, to the personnel or to the surroundings in normal use and in
single-fault condition.

Operating lights shall be capable of being adjusted so as to permit illumination of the oral cavity in all
patient operating positions.

If the equipment passes all the tests described in this document, it shall be considered that these

requirement

2

s are fulfilled.
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5.2

5.2.1

ISO 9680:2021(E)

Optical requirements

Adjustable level of illuminance

The level of illuminance shall be adjustable between a minimum level and maximum level specified by
the manufacturer. The maximum level of illuminance shall be at least 15 000 Ix at a distance of 700 mm
from the operating light.

The adjustment of illuminance may be either continuous or in discrete levels.

Test in accordance with 7Z.2 and 7.3.2.

Ther
light-

5.2.2

5.2.2

The i
follow
0,10 »

The i
corre
anell
vertid
respe
Testi

The d
corre
of an
small

pquirements of 5.2.1 do not apply to any operating mode(s) intended only for use m
hctivated restorative materials.

Illumination pattern

1 Illumination areas and illuminance levels

lumination pattern shall be measured to determine the maximum illuminance, E|

fing iso-illuminance lines in accordance with 7.3.2: 0,90 % Ev,max, 0,75 x Ev’max, (
E, max and 1 200 Ix.

hner area of illumination, area A, is defined as the:area bounded by the iso-illul
sponding to 75 % of the maximum illuminance. The outer border of area A shall be on|
pse with a horizontal axis of 50 mm and a verticallaxis of 25 mm, in which the horizg

% of E,

v,max

ctively (see Figure 1). The illuminance shall sipt be less than 75 throughot

h accordance with 7.3.2.

uter area of illumination, area B, is_defined as the area bounded by the iso-illu
sponding to 50 % of the maximumilluminance. The outer border of area B shall be
ellipse with a horizontal axis of 80/mm and a vertical axis of 40 mm and with the sam
er ellipse associated with area A (see Figure 2). Test in accordance with 7.3.2.

Dimensions
E =05 xE

v v,max

hile handling

max and the
,50 x E

v,max’

minance line
or outside of
ntal axis and

al axis of the ellipse are aligned with the majoraxis and minor axis of the illumindtion pattern,

it the ellipse.

minance line
bn or outside
e axes as the

in millimetres

Key
A

inner area of illumination

Figure 1 — Example of illumination pattern which satisfies the requirement for area A
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£=1050 x £

v

Key

B  outerare

Figure

Dimensions in millimetres

)

h of illumination

5.2.2.2 lllleinance uniformity

The illumina

Test in accor

Hance with 7.3.3.

5.2.3 Illuminance in patient's eyes

An area C is
maximum ill
the uppermg

2 — Example of illumination pattern which satisfies the requirement for area B

ce shall decrease in intensity progréssively and smoothly toward the pattern edge.

defined as the aréa;bounded by the iso-illuminance line corresponding to 90 % pf the
pminance. The lével of illuminance at all points on or above a horizontal line 60 mm pbove
st point of area C shall not be greater than 1 200 Ix (see Figure 3).

The operating light should preferably be capable of rotating about the X, Y and Z axes in order to

allow the op

illuminance

Test in accor

n the\patient’s eyes.

Harlce with 73 4

erator<makimum flexibility in positioning the operating light while preventing excessive
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Key
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<5}

=y

5.2.4

No pe

shall

Test i

5.2.5

ISO 9680:2021(E)

Dimensions in millimetres

E, < 1200 Ix |

E, = 1200 Ix

'ea bounded by the iso-illuminance line ¢drresponding to 90 % of maximum illuminance

illuminance in the patient’s eyes

Chromatic unifermity

be visible inarea A and area B.

h accordance with 7.3.5.

Correlated colour temperature

figure 3 — Example of illumination pattern which satisfies the requirement for [limiting

rceptible chromatic variation (colour separation) of the light incident upon the meaguring screen

Over the full range of illuminance levels of the operating light, the CIE (x,y) chromaticity coordinates,
as specified in ISO/CIE 11664-1, within areas A and B of the illuminance pattern shall be within the
quadrilateral area bounded by the coordinates in Table 1. The CIE (u’,v’) chromaticity coordinates, as
specified in ISO/CIE 11664-5, of the four corner points are also given in Table 1.

NOTE

The colour space bounded by the coordinates in Table 1 corresponds to correlated colour temperatures
between 3 600 K and 6 400 K.

Preferably, when the operating light is adjusted to the maximum illuminance level, the correlated colour
temperature should be between 4 500 Kand 6 400 K.

Test in accordance with 7.3.6.

© IS0 2021 - All rights reserved
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The requirements of 5.2.5 do not apply to any operating modes intended only for use while handling
light-activated restorative materials.

Table 1 — Coordinates of colour space

. CIE 1931 chromaticity coordinates CIE 1976 chromaticity coordinates
Corner point - ;
X y u 1%
1 0,311 0,360 0,186 0,484
2 0,316 0,322 0,203 0,465
3 0,414 0,428 0,227 0,527
4 0,396 0,377 0,235 0,504
NOTE  Further information on the transformation formulas between (x,y) and (u',v') coordinates is given in Annex|A.
5.2.6 Shadow

The hard shddow of a disc with 20 mm diameter at a distance of 50 mm shall have-no dimension gi

than 12 mm.

Test in accor

5.2.7 Colo

For general i
Ry, of at least

NOTE Th
operating ligh
indicates that
The decision ]

Test in accor

Hance with 7.3.7.

jur fidelity

lumination of the oral cavity, the operating light shall-have a general colour fidelity
85.

e importance of accurately assessing colour in.dental diagnosis and treatment while us
t supports specifying R; as the measure for coleur fidelity in this document even though C
R¢is not intended as a universal replacement for the general colour rendering index, R,, at thi
o specify R;in this document was made in*consultation with CIE.

Hance with 7.3.8.

eater

ndex,

ng an
E 224

5 time.

The requirements of 5.2.7 do not apply te_any operating modes intended only for use while handling

light-activatg

d restorative materials.

5.2.8 Actinic UV hazard exposure for the skin and eye

The risk grqup classificatiof~of the operating light for actinic ultraviolet hazard (E,) shall bg
Group 1 or lower, as specifiedin [EC 62471:2006, 6.1, when tested under the conditions specified in
Unless the operating lightis classified as an exempt group for actinic ultraviolet hazard, the permi
exposure dufation, .5, ), 'per IEC 62471:2006, 4.3.1 shall be calculated in accordance with 7.3.9.

Compliance

ith this requirement shall be verified either by documentation (e.g. test report by th

source manufaeturer) which verifies that all of the light sources used in the operating light do no
in the applicable wavelength range (200 nm to 400 nm), or by testing in accordance with 7.39.

5.2.9 Near-UV hazard exposure for the eye

Risk
7.3.9.

ssible

e light
[ emit

The risk group classification of the operating light for near-UV hazard (E};y,) shall be Risk Group 1 or

lower, as spe

cified in [EC 62471:2006, 6.1, when tested under the conditions specified in 7.3.10.

Unless the operating light is classified as exempt group for near-UV hazard, the permissible exposure
duration, t,,,, per IEC 62471:2006, 4.3.2 shall be calculated in accordance with 7.3.10.

Compliance with this requirement shall be verified either by documentation (e.g. test report by the light
source manufacturer) which verifies that all of the light sources used in the operating light do not emit
in the applicable wavelength range (315 nm to 400 nm), or by testing in accordance with 7.3.10.
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5.2.10 Retinal blue light hazard exposure

The risk group classification for retinal blue light hazard (Lg) per IEC 62471:2006, 6.1 shall be Risk
Group 1 or lower when tested under the conditions specified in 7.3.11.

Unless the operating light is classified as exempt group for retinal blue light hazard, the permissible
exposure duration, t,,,,, per IEC 62471:2006, 4.3.3 shall be calculated in accordance with 7.3.11.

Test in accordance with 7.3.11.

5.2.11 Single fault condition for photobiological safety

Analy
skin 3
(see 3
AMD!?
given

NOTE

comp
incred

5.2.1

The iJ
the m

Test i

5.2.1

If the
resto

sis under single fault condition shall be applied to the requirements for actinic UY
nd eye (see 5.2.8), near-UV exposure for the eye (see 5.2.9) and retinal blue light'haz
.2.10). The operating light shall be considered single fault safe (IEC 60601-1:2005+
:2020, 4.7) if the risk group classification of the operating light does nof.exceed 1|
in [EC 62471:2006, 6.1 under single fault condition.

A single fault condition, such as a short circuit or an open circuit. of Jany component

nent with high-integrity characteristics or a software failure, can leadfo a higher LED dy
sed light emission and a higher photobiological risk group classification.

D

Heat due to optical radiation

radiance over the wavelength range of 300 nm to 2,500 nm shall be <350 W/m? (35
aximum illuminance level at a distance of 700 mm from the operating light.

h accordance with 7.3.12.

B Compatibility with light-activated restorative materials

operating light is equipped with-‘a setting intended for use while handling li
rative materials, the maximumsilliminance in this setting shall be at least 6 50

camp

horquinone-weighted irradiance shall be less than 3,0 W/m2 (0,3 mW/cm?) when tesf

conditions specified in 7.3.13. The.camphorquinone-weighted irradiance is the integral of t
the operating light irradiance.§pectrum and the normalized absorption spectrum of camphorquinone
over the wavelength range of'400 nm to 515 nm (see 7.3.13).

NOTE

The photo-initiator systems of commercial dental restorative materials are currently

or mofe of the followingZcamphorquinone, 1-phenyl-1,2 propanedione (PPD), or acylphosphine g
these photo-initiators'has a different absorbance spectrum. Since the absorbance spectrum of canphorquinone
extendls to higher~wavelengths than the other photo-initiators, the overlap with the emission]
operating light$ is greatest with camphorquinone. Therefore, the camphorquinone absorbanc
expecfed to represent the worst-case challenge for evaluating possible effects of dental operating
activafed restorative materials.

Test ih-a€cordanc

exposure for
ird exposure
AMD1:2012+
Risk Group 2

other than a
iving current,

mW/cm?2) at

bht-activated
D Ix and the
ed under the
he product of

based on one
xides. Each of

spectrum of
b spectrum is
ights on light-

awith 72 12
ASIRA B 3= 2 aw arw~ s e

5.3

5.3.1

Mechanical requirements

Moving parts

IEC 60601-1:2005+AMD1:2012+AMD2:2020, 9.2 applies.

Test in accordance with 7.4.1.

5.3.2

Operating controls

Operating controls shall be designed and located to minimize accidental activation. Graphical symbols
for operating controls and performance shall be in accordance with ISO 9687.
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[EC 60601-1:2005+AMD1:2012+AMD2:2020, 15.1 applies.

5.3.3 Rotary movement

Operating lights shall be designed to avoid the risk of damage to electrical conductors during rotary
movement of all movable elements of the operating light.

IEC 60601-1:2005+AMD1:2012+AMD2:2020, 9.2 applies.

5.3.4 Handling and mechanical adjustment

5.3.4.1 Stg
Operating lig

Test in accor

bility after positioning
hts shall be free from apparent drift when positioned.

Hance with 7.4.2.

5.3.4.2 Operating forces

The force re
adjustments

Test in accor

5.3.4.3 Mg
IEC 60601-1:

5.3.5 Expe

The operatin
light source 1
sources.

The operatir
safety. This §

5.4 Repro

All exterior
and methodg{

The manufac
with ISO 17

quired at the handle to reposition the operating light shall‘not exceed 30 N.
to the position of the light source assembly shall not require‘a force greater than 7 N

Hance with 7.4.3.

chanical hazards

P005+AMD1:2012+AMD2:2020, 9.1 applies.

lled parts

g light shall be designed to provide protection against the effects of the shattering
f it is possible for the light source to shatter. This requirement is not relevant for LEI

g light shall so be designed that particles from a shattering light source cannot i
hall be verified by appropriate risk analysis in accordance with ISO 14971.

cessing

ouchable parts’of the operating light shall be suitable for reprocessing using the 3
recommended by the manufacturer without deterioration of surfaces or labelling.

turer-shall provide information on the reprocessing for the operating light in accor
h64+~1"‘and ISO 17664-2, as applicable. Preferably, the handles should be sterilizal

capable of ac

Minor

of its
light

mpair

gents

Hance
ble or

commodating reusable, sterilizable covers.

All safety requirements shall be maintained after the reprocessing test.

Testing of resistance against cleaning and disinfection shall be carried out in accordance with

[SO 21530.

5.5 Electrical requirements

Operating lights shall be suitable for continuous operation. I[EC 60601-1:2005+AMD1:2012+AMD2:2020
and IEC 80601-2-60 apply.

5.6 Usability

Usability evaluation shall be carried out following the process described in IEC 62366-1.

8
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Testing shall be carried out in accordance with IEC 62366-1.

6 S

ampling

All type tests shall be made on one representative sample of the operating light.

7 Testing

7.1

General

All te

5ts described in this document are type tests.

Testing shall be performed at an ambient temperature of (23 * 2) °C. The relative humidity shall be

betwse

ben 30 % and 70 %.

All mleasurements of optical radiation shall be traceable to the international system

imple

7.2

mented through the requirements of ISO/IEC 17025.

Visual inspection

Visual inspection shall be performed at normal visual acuity without magnification.

7.3

7.3.1

Aim
meas

Adjus

avera,

Optical tests

Test set-up

he light beam at a measuring screen, perpendicular to the optical axis, at a distang
ired from the external most forward part of the operating light from which lightis e

t the controls for illumination duting the tests at the setting of the maximum illun

and oEerate until the irradiance and eolour have stabilized, as determined by monitoring

7.3.13

e of the measurements, before collecting measurements for the tests specified in ]
unless otherwise specified,

Establlish a rectangular coerdinate system in the measurement plane with the origin of
(i.e. the coordinate axis intersection point) centrally placed in the zone of maximum illuny

and

ith the x-axis patallel to the major axis of the illumination pattern. If there is a marl}

the y{direction, take this as the positive direction. If there is not a marked cut-off in thg
arbitgarily select.adirection to be the positive direction.

For t¢sts specifying visual assessment of the illuminance pattern, place a uniform, neut
refledting, flat white screen in the measurement plane. For tests requiring instrumented m¢
place|thie,specified detector in the measurement plane unless otherwise specified.

of units (SI)

e of 700 mm
mitted.

hinance level
the running
.3.2 through

coordinates
ination level
ked cut-off in
y-direction,

ral, diffusely
basurements,

Perform optical tests in a room where light from other sources and reflected light from room surfaces
are negligible.

If an operating light is designed to be used at a distance other than 700 mm, the manufacturer shall state
the intended operating distance in the instructions for use and include additional optical measurements
at the intended operating distance in the technical description.

7.3.2

Level of illuminance and illuminance pattern

Use the test set-up as described in 7.3.1.

Measure the illuminance levels with a photometer calibrated in accordance with ISO/CIE 19476 and

havin

g an acceptance aperture with a diameter of 10 mm.
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Moving the photometer within the measurement plane, make measurements at rectilinear coordinates
not more than 5 mm apart, such that all points within the illuminance pattern having an illuminance
greater than 600 1x are measured.

A photometer that can indirectly record the illuminance distribution with one measurement, i.e. an
imaging luminance measurement device (ILMD), may be used for this purpose. In such a case, the
illuminance pattern is normally projected onto a flat, uniform, diffusely reflecting screen positioned
in the measurement plane and the luminance distribution of the reflected light measured using the
ILMD. The uniformity and directional response of the reflectance characteristics of the screen shall be
evaluated and either corrected for or taken into account in the measurement uncertainties.

Record the measurements and their location. Determine the maximum illuminance, E Use Jinear

VITax

interpolation} of measurements to calculate and plot the following iso-illuminance lines specified
in 5.2.2.1: 090 x E 0,75 x E 0,50 x E 0,10 x E, and 1 200 Ix. Check whether the

- . v,max’ v,max’ _~v,max’ v,max
requirementp given in 5.2.1 and 5.2.2.1 are fulfilled.

7.3.3 Illuminance uniformity
Use the test get-up as described in 7.3.1.

The requirement is fulfilled if no bright rings or bright spots outside of(the central maximum are
visually appdrent.

7.3.4 Illuminance in the patient’s eyes

Using the illpminance pattern data from 7.3.2, determine thet@oordinates of the uppermost pdint of
area C (i.e. tHe point along the iso-illuminance line correspanding to 90 % of the maximum illumipance
which is farthest from the horizontal axis in the direction;of the patient’s eyes, i.e. positive y-dire¢tion).
Plot a horizontal line 60 mm above the uppermost pointiof'area C. Check whether the illuminance at any
point along dr above the horizontal line exceeds 1 200,1x (see Figure 3).

To confirm whether there are any areas of brightness above the horizontal line, place a flat white screen
in the measyrement plane. Observe whethet there are areas of brightness above the horizontgl line
60 mm abovg the uppermost point of area‘’C when viewed by a person with normal visual acuitly at a
distance of 50 cm to 75 cm. If any areas-appear brighter than along the horizontal line 60 mm aboye the
uppermost pgoint of area C, measure-the illuminance in those areas using a calibrated photometer, as
described abjove.

Record the
fulfilled.

easurements and. their location. Check whether the requirement specified in 5.2.3 is

7.3.5 Chrgmatic unifoermity

Adjust the rqomdighting to an illuminance level in the range of 1 % to 3 % of the maximum illumihance
of the operatling,light, measured at the centre of the measurement plane with a calibrated illumiphance
meter orient i . i i e and
illuminate it with the operating light. Use three people with normal colour vision to observe whether
there are any colour non-uniformities within area A and area B when viewed at a distance of 50 cm to
75 cm. The normal colour vision of the observers shall be verified within the past five years by at least
one of the following:

— evaluation for colour vision by a medical practitioner or other appropriately trained person;
— the Ishihara colour vision test, either digitally or physically using colour assessment cards; or

— the Richmond HRR Pseudoisochromatic Plates 4th edition colour vision test, either digitally or
physically using colour assessment cards (Good-Lite, USA).

Corrective untinted lenses may be worn.
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7.3.6 Correlated colour temperature
Use the test set-up as described in 7.3.1 with the operating light set at maximum light output.

Determine the chromaticity coordinates at the point of maximum illuminance in the measurement
plane, using a tristimulus colourimeter or spectroradiometer.

7.3.7 Shadow

Place the operating light to be tested at a distance of 700 mm from a measuring screen marked with a
rectangular coordinate system (see Figure 4), with the light beam normal to the measuring screen and

the illuminance pattern axes coincident with the measuring screen coordinates
r t=

Placela support column outside the measurement area, supporting a 20 mm diameter.disc|that is 1-mm
thick jand opaque. Position the disc parallel to the measuring screen with the centfé of the disc on the
axis rjormal to the measuring screen coordinates at a distance of 50 mm from the'screen.|Measure the
hard $hadow cast on the target on the two main axes.

Dimensions|in millimetres

100

Key

1 operating light, or portion thereof capable of producing the illuminance pattern
2 pole

3 sliding ring for adjustment

4  screen

5 disc (opaque): 20 mm diameter x 1 mm thick

6 stem

Figure 4 — Device for determination of shadow reduction
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7.3.8 Colour fidelity

Measure R;in accordance with CIE 224 at the point of maximum illuminance in the measurement plane.

Check wheth

er the requirement specified in 5.2.7 is fulfilled.

7.3.9 Actinic UV hazard exposure for the skin and eye

Measure the effective ultravioletirradiance, E, i

distance of 700 mm and a detector with an input diameter in the range of 7 mm to 30 mm.

inaccordance with IEC 62471:2006 using a measurement

Perform measurements w1th the operating llght set at maximum hght output Ifthe operatmg light has

multiple opera

and mode in
with differe

the operating

Assess the ri
each operati
as the risk gi

Check wheth
5.2.8.
If the risk gr
tmax = 30
where
tmax 1S 1
E;  is{
7.3.10 Neai

Measure the
of 700 mm a

Perform med
multiple ope
and mode in
with differe
the operatin

Assess the 1

ended for use while handllng llght-actlvated restoratlve materlals or whlte llght 1
it correlated colour temperatures), perform measurements in each operatingmode
b light set at maximum light output.

sk group classification for actinic ultraviolet hazard according to [EC 62471:2006, €
ng mode. The highest assessed risk group classification of all operating modes is desig
oup classification of the operating light for actinic ultraviolet hazard.

er the risk group classification of the operating light meets the requirement specif

bup classification is greater than exempt group, calculate<, ., using the following for

max

E

S

he permissible exposure duration, expressed in seconds (s);

he effective ultraviolet irradiance;éxpressed in watts per square metre (W/m?2).

-UV hazard exposure for the eye

UV-A irradiance, Eyy,, in accordance with IEC 62471:2006 using a measurement dig
\d a detector with anvinput diameter in the range of 7 mm to 30 mm.

surements with/theoperating light set at maximum light output. If the operating lig
rating modes with'different normalized spectral power distributions (e.g. white light
ended for use-while handling light-activated restorative materials, or white light 1
t correlated colour temperatures), perform measurements in each operating modg
b light set'at maximum light output.

mode
nodes
with

.1 for
nated

ied in

mula:

tance

ht has
mode
nodes

with

each

operating me

1sk group classmcatlon for near-UVv hazard accordlng to IEC 62471 2006 6. 1 for

the risk group c1a551f1cat10n of the operatmg llght for near- UV hazard

ated as

Check whether the risk group classification of the operating light meets the requirement specified in

5.2.9.

If the risk group classification is greater than exempt group, calculate ¢,

t .. =10

where

t

max

12

using the following for

000/Eyy,

is the permissible exposure duration, expressed in seconds (s);
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Eyya is the UV-Airradiance, expressed in watts per square metre (W/m?2).
7.3.11 Retinal blue light hazard exposure

7.3.11.1 General

Test according to 7.3.11.2, which utilizes measurements of the individual light sources (e.g. LEDs, lamps
or bulbs) of the operating light, or 7.3.11.3, which utilizes measurements of the operating light.

7.3.11.2 Method based on individual light source test results

This fest method can be used only if all of the following criteria are met:

— téstresults made at a measurement distance of 200 mm in compliance with 1EC|62471:2006 for all
lightsourcesused inthe operatinglightare available (e.g.reported by the light source manufacturer);

— npne of the light sources are classified as Risk Group 2 or Risk Group 3 given in [EC 62471:2006, 6.1
for retinal blue light hazard (Lg > 10 000 W/m?/sr);

— the distance between the centres of any two simultaneously emitting light sources is not less than
7]7 mm.

If any|of the above criteria are not met, use the method specified in 7.3.11.3.

Based on test results made at a measurement distance of*200 mm in compliance with [EC|62471:2006,
if all pf the light sources are classified as exempt group’or Risk Group 1 for retinal blue|light hazard
(Lg <[10 000 W/m?2/sr), the risk group classification, 0f'the operating light for retinal blue|light hazard
(L) i$ not greater than Risk Group 1, fulfilling the-requirement specified in 5.2.10.

NOTE|1  Testresults made at a measurement distance of 200 mm are specified in this method since that is the
standard distance for evaluating lamps (i.e. light sources) per IEC 62471:2006. At the standard measurement,
distarjce for operating lights (700 mm) Ly will be less than or equal to the value at 200 mm. Therefpre, the actual
risk group classification can be lower than determined by this method.

NOTE[2 A distance of 7,7 mm between light sources results in an angular subtense of 0,011 rpd at 700 mm
from the light source, which is the(specified angular subtense for assessing Risk Group 1 classificafion for retinal
blue lEht hazard. If any two simultaneously emitting light sources are spaced more closely than|7,7 mm, their
combined emissions can resyltjin the operating light having a higher risk group classification.

If the[risk group classification of any of the individual light sources of the operating light is Risk Group 1,
calculate ¢t ., using\the following formula with the greatest value for Ly if multiple light pources with

differfent Ly values@re used in the operating light:

tlax = 1094L%

where

t

max 1S the permissible exposure duration, expressed in seconds (s);

Lg  istheblue-light weighted radiance, expressed in watts per square metre per steradian (W/m?2/sr).

7.3.11.3 Method based on operating light test results

Measure Lg in accordance with IEC 62471:2006 within an effective angular subtense, a,¢, of 0,011 rad
using a measurement distance of 700 mm and an aperture stop with a diameter, D, in the range of 7 mm
to 30 mm.

Perform measurements with the operating light set at maximum light output. If the operating light
has multiple operating modes with different relative spectral distributions (e.g. white light mode and
mode intended for use while handling light-activated restorative materials, or white light modes with
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different correlated colour temperatures), perform measurements in each operating mode with the
operating light set at maximum light output.

If Ly does not exceed 10 000 W/m?/sr for any of the operating modes, the risk group classification
of the operating light for retinal blue light hazard (Lg) is not greater than Risk Group 1, fulfilling the
requirement specified in 5.2.10.

If Ly exceeds 10 000 W/m?/sr for any of the operating modes, the risk group classification of the
operating light for retinal blue light hazard (Lg) is greater than Risk Group 1, and the requirement
specified in 5.2.10 is not met.

NOTE 1
for evaluating
sufficient to v|
do not need tg

The specification of a. = 0,011 rad, corresponds to the conditions specified in IEC 62471:2006
for Risk Group 1 classification for retinal blue light hazard. Since evaluation for Risk Group 1 is
erify compliance with 5.2.10, measurements using other values of a,¢ specified in IEC 62471:2006
be made.

NOTE2 Ift
the actual clag

he classification of operating light is determined to be not greater than Risk Group L, by this method,

sification can be either exempt group or Risk Group 1.
Calculate ¢4

10

. using the following formula:

t /L

max =
where

t is

max

Ly

he permissible exposure duration, expressed in seconds (s);

is fhe blue-light weighted radiance, expressed in wattsper square metre per steradian (W/m?/sr).

7.3.12 Heat due to optical radiation

Use the test get-up as described in 7.3.1.

than
im to

Measure the|radiant heat using a calibrated radiometer with an acceptance aperture of not morsg
30 mm dianmeter and an adequate spectral responsivity in the wavelength region from 300 1
2500 nm.

The test shall be conducted withtheTight beam directed perpendicularly onto the sensor. Measfire at

the point with the maximum of dljrminance E,, -

7.3.13 Comjpatibility with light-activated restorative materials

Use the test set-up<as' described in 7.3.1 with a calibrated spectroradiometer having adequate

responsivity
to 20 mm. A

over the'spectral range 400 nm to 515 nm and an acceptance aperture diameter of 1
djust‘the operating light to the setting intended for use while handling light-acti

restorative 1

0 mm
vated
cable.

naterials and adjust the illuminance to the maximum level in this setting, if appli

Position the detector at the point of maximum irradiance with the detector normal to the incident light.

Measure the spectral irradiance from 400 nm to 515 nm at uniform wavelength intervals of not more
than 5 nm. Calculate the camphorquinone-weighted irradiance using the following formula:

Eecq =D Ee,n-a(2)-A2

where

E

e

E eA

14
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a(A) isthe normalized camphorquinone absorbance spectrum (unitless), tabulated in Annex B;

AA  is the wavelength interval of the measurements (nm).

Determine whether the calculated value for E, .., meets the requirement given in 5.2.13.

7.4 Mechanical tests

7.4.1 Moving parts

Visually inspect the test sample, using the standard test finger specified in IEC 60601-1:2005/AMD1:

20121+AMD2:2020, Figure 6.

Perform a visual inspection in accordance with 7.2 to determine the presence of\moving parts and,

where necessary, measure the maximum and minimum distances.

7.4.2| Stability after positioning

Mount the operating light according to the instructions. After mounting, no visible drift shall be

obserjved in any position.

7.4.3| Operating force

Move|the operating light vertically and horizontally in twe.directions at right angles to edch other (i.e.

along|X, Y and Z axes) and measure the forces required atithe handle.

8

8.1

Manufacturer's instructions

Documents

Docujnents shall be provided containifigat least the information as specified in the followinjg subclauses.

8.2
IEC 69601-1:2005+AMD1:2012+AMD2:2020, 7.9.1 applies.

8.3
IEC 6P601-1:2005+AMD1:2012+AMD2:2020, 7.9.2 applies.

In addlition, atleast the following information shall be provided by the manufacturer:

a)

b)

‘)
d)

General

Instructionsfor use

step-by-step procedures for the operation and routine maintenance of the operating light, including
iltustrations showing the tocatiomrof eactrcontrotand other features retating tosafety,

reprocessing instructions (applicable cleaning, disinfection and sterilization processes) in
accordance with ISO 17664-1 and ISO 17664-2;

specification for replacement of the light source (e.g. lamp or bulb) if light source is replaceable;

if the classification of the operating light is greater than exempt group for actinic UV exposure for
skin and eye (5.2.8), near-UV exposure for the eye (5.2.9) or retinal blue light hazard exposure
(5.2.10), a statement indicating the most restrictive risk group classification and guidance on safe
operating procedures, including the most restrictive permissible exposure duration (t,,,,) if the
centre of the operating light beam is directed in the patient’s eyes (based on the calculated values

per 5.2.8,5.2.9 and 5.2.10);
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e) information about the potential need of protection either for eye or face, or both, for individuals
with sensitivity to strong light sources, such as those taking a photosensitizing drug that can
accumulate in eye tissue and those with certain eye diseases or photodermatoses.

8.4 Technical description
IEC 60601-1:2005+AMD1:2012+AMD2:2020, 7.9.3.1 and 7.9.3.2 apply.
In addition, at least the following information shall be provided by the manufacturer:

a) information and instructions on assembly and installation, including space requirements, mounting

i nents and electrical sunnly requirements:
require B G 5

b) service documentation, including wiring diagram;
c) overall movements;

d) range offilluminance (if illuminance is continuously adjustable) or illuminance levels (if illumiphance
has discrete settings), expressed in lux;

e) specificdtion of colour fidelity index (R;);
f) specificdtion of correlated colour temperature (CCT);

g) information on whether the operating light has a setting that.i$ compatible with light-actijvated
restorat]ve materials, conforming to 5.2.13;

h) dimensipnally scaled diagram showing typical illuminanée pattern contour lines correspondfng to
10 %, 50 % and 75 % of the maximum illuminance whén the operating light is set to its maxfmum
illuminapce setting.

8.5 Check

CO
i~

The accompdnying documents shall be checked to ensure that all the information specified in 8.2 [to
is provided.

9 Packaging

9.1 Operaging lights shall be,packaged for transportation in such a way that no damage can joccur
during anticipated transport)conditions.

9.2 Compdnent pattsishall be specifically identified on the outside to facilitate correct assembly

o

10 Marking

10.1 Marking on the outside of mains-operated operating lights

Marking on the outside of mains-operated operating lights shall be in accordance with
IEC 60601-1:2005+AMD1:2012+AMD2:2020, 7.2.2, 7.2.5, 7.2.6, 7.2.11 (see Table 2).

In addition, at least the following information shall be provided by the manufacturer.

16 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=82e4a854013c84bf8e21452f6ab8e818

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Classification 
	4.1 According to type of protection against electric shock 
	4.2 According to mode of operation 

	5 Requirements and recommendations 
	5.1 General requirements 
	5.2 Optical requirements 
	5.2.1 Adjustable level of illuminance 
	5.2.2 Illumination pattern 
	5.2.3 Illuminance in patient's eyes 
	5.2.4 Chromatic uniformity 
	5.2.5 Correlated colour temperature 
	5.2.6 Shadow 
	5.2.7 Colour fidelity 
	5.2.8 Actinic UV hazard exposure for the skin and eye 
	5.2.9 Near-UV hazard exposure for the eye 
	5.2.10 Retinal blue light hazard exposure 
	5.2.11 Single fault condition for photobiological safety 
	5.2.12 Heat due to optical radiation 
	5.2.13 Compatibility with light-activated restorative materials 

	5.3 Mechanical requirements 
	5.3.1 Moving parts 
	5.3.2 Operating controls 
	5.3.3 Rotary movement 
	5.3.4 Handling and mechanical adjustment 
	5.3.5 Expelled parts 

	5.4 Reprocessing 
	5.5 Electrical requirements 
	5.6 Usability 

	6 Sampling 
	7 Testing 
	7.1 General 
	7.2 Visual inspection 
	7.3 Optical tests 
	7.3.1 Test set-up 
	7.3.2 Level of illuminance and illuminance pattern 
	7.3.3 Illuminance uniformity 
	7.3.4 Illuminance in the patient’s eyes 
	7.3.5 Chromatic uniformity 
	7.3.6 Correlated colour temperature 
	7.3.7 Shadow 
	7.3.8 Colour fidelity 
	7.3.9 Actinic UV hazard exposure for the skin and eye 
	7.3.10 Near-UV hazard exposure for the eye 
	7.3.11 Retinal blue light hazard exposure 
	7.3.12 Heat due to optical radiation 
	7.3.13 Compatibility with light-activated restorative materials 

	7.4 Mechanical tests 
	7.4.1 Moving parts 
	7.4.2 Stability after positioning 
	7.4.3 Operating force 


	8 Manufacturer's instructions 
	8.1 Documents 
	8.2 General 
	8.3 Instructions for use 
	8.4 Technical description 
	8.5 Check 

	9 Packaging 
	10 Marking 
	10.1 Marking on the outside of mains-operated operating lights 
	10.2 Marking on the inside of operating lights 
	10.3 Graphical symbols 
	10.4 Colours of the insulation of conductors 
	10.5 Indicator lights and push-buttons 

	Annex A (informative) Transformation formulae 
	Annex B (normative) Normalized absorbance of camphorquinone 
	Bibliography 

