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Foreword

[SO (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 used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

This document work undertaken by TC172/SC7/WG3 during the systematic review of 1SO 21987l¢l
commencing in 2014. The appropriateness and relevance of the prism and power tolerances and
methodologies in ISO 8980-1[] and ISO 8980-2[2] and ISO 21987 were investigated to help determine
whether these spectacle lens standards remain relevant.

Two specific power and prism task groups were established. These two groups were tasked with reviewing
tolerances and test methods with respect to current industry practices, as well as conducting a systematic
review of the literature. This search of the scientific literature used the keywords ‘tolerances’, ‘prism’,
‘power’, ‘spectacle’ to identify and cross-reference studies/findings in relation to the then current tolerances
used in e 1SO21987,1SO8980-1and 1SO8980-2,amnd to IMvestigate wiat appropriate vaiues might be
considergd to satisfy spectacle lens wearer requirements. Because the results of this literaturersuryey were
inconclukive, it was decided to launch a survey into Australian laboratory practice and yields(see 5}3).

After th¢ review of the available literature, both groups decided that a global survey,of\the induptry into
tolerance¢s and measuring methods (see 5.4 and 5.5) would help better to understand current [industry
practice| thus informing a future review of ISO 8980-1 and ISO 8980-2 and ISO 21987. Its findirlgs could
assist inlharmonization as to the preferred methodology for measuring power‘and prism when YVerifying
uncut lenses and finished eyewear.

© IS0 2024 - All rights reserved
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Ophthalmic optics - Spectacle lenses - Power and prism
measurements

1 Scope

This docpmen
lenses ar|
the prisin imbalance (relative prism error) between the lenses of a mounted pair. The results d
survey of manufacturing capability for lens power and a 2018 international web survey arg discusse
possible new methods for applying tolerances to the focal power of spectacle lenses.

2 Normative references

The following documents are referred to in the text in such a way that some ot all of their content co
requiremients of this document. For dated references, only the edition citedapplies. For undated re
the lates} edition of the referenced document (including any amendments) applies.

[SO 13646, Ophthalmic optics — Spectacle lenses — Vocabulary

3 Terms and definitions

For the gurposes of this document, the terms and definitions given in ISO 13666 apply.

ISO and 1EC maintain terminological databases for us€ in standardization at the following addresses:

— ISO Pnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https: /Avww.electropedia.org/

4 Badkground/Technical introduction

4.1 Gdneral

Tolerances and methodolegy for lens power and prism assessment in standards have varied
countriep resulting in2ditferent criteria for local country standards and international standards.
lead to potential issues and barriers to trade as globally distributed product can be assessed and
against differentquality criteria to that applied in the manufacturing country of origin.

During the fevision of ISO 21987[6] in 2014 with the edition that was published in 2017, the approp}

d methods that can be considered for adoption in the future; it also describes methods of'img

asuring
fa2014
bd, as are

hstitutes
ferences,

[77)

between
This can
qualified

Fiateness

and releyance of the prism and power tolerances and methodologies was discussed. To help iden

tify how

relevant spectacle lens standards are, specific power and prism task groups were established. These two
groups were tasked with reviewing tolerances and test methods in the light of current practices as well as

conducting a systematic review of the literature with a view to informing future revisions.

4.2 Power

Historically the lens power tolerances in ISO standards and regional country standards have not been

harmonized. The tolerance values allowed and the methodology of their application to measured len

s powers

varies internationally. There have been numerous attempts to harmonize this in the past without success.

© IS0 2024 - All rights reserved
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There are primarily two different methodologies currently used when measuring and applying tolerances
for back vertex power assessment of spectacle lenses. To understand these methodologies, it is important to
first understand the expression of lens power and the two different cylinder conventions that are applied/
used in the industry. This is discussed in detail in Clause 6.

The two

different methodologies for assessing lens power and applying tolerances are as follows.

— Three-parameter methodology (sphere meridian 1 value, sphere meridian 2 value, and cylindrical
power value).

This method establishes the two principal lens powers/meridians and applies a tolerance of + X to each
principal spherical power separately, e.g., F; * X tolerance and F, * X tolerance. Assuming a lens has

absolute

pas
diffe

— Two

This|
the §
e.g.
bety
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rence between F; and F,), ABS(F; - F,) + Y tolerance, or expressed as Cyl # Y tolerance.
L parameter methodology (Sphere meridian value and Cylinder magnitude value)

method applies a tolerance of + U to only one of the principal lens power meridians. It is a
phere power meridian (determined by the cylinder convention being used as_ described in (
bph meridian + U tolerance. It then applies a tolerance to the Cylinder vatue (or absolute d
yeen F; and F,), e.g. Cyl £ V tolerance. This means that the tolerance ox'the power in the sq
ripal meridian is effectively U + V, which is greater than that in the three-parameter metho|

e methodology used and, for the two-parameter methodology, the cylinder convention
easurement. It is also important to note that since spectacle\lens powers are ordered by a §

and a cyliindrical power, it is logical that these two parameters aréthose that are verified. Annex A h

specific
cylinder

4.3 Pni

When IS
standard
were fan
standard
checking

The tole
There ar
powers,
multiplig
Annex C
vertical

5 Ad]

bxamples where given lenses are either passed or failed depending on the methodology
convention used.

1SIM

0 2198716 was first being developed, only the UK with BS 2738-1[ZI[8] and ANSI Z8(
s on mounted lenses. Consequently, when 5.3.5 was written, the majority of the project gr
hiliar with the application of ISO 8980-1 to uncut lenses, wished to copy its philosophy in
, ISO 21987:2017, 6.6 a), effectively specified that the prismatic imbalance should be ve
the prismatic effects at the reference points, which in this case are the centration points.

fances in [SO 21987:2017( Table 5 and illustrated in its Figures 1 and 2, are written in tw
e constant prismatic imbalance values for lower value principal focal powers and for hig
prismatic powers indiocated by Prentice's Rule. This is, effectively, a positioning error givg
r (in cm), i.e., 2 mm(0,2 cm) horizontally and 1 mm (0,1 cm) vertically. Conversely, in [SO 219

the tolerances\are expressed directly as a prismatic imbalance error or a centration (
\lignment erfor:

noc werk group activity summary

pplied to
lause 6),
ifference
condary
d.

brtant to note that when verifying lens power, the pass/fail results are affected by the lens power

applied
pherical

fighlights

and the

1081 had
bup, who
that the
rified by

ro forms.
her focal
n by the
87:2017,
istance/

5.1 Ba

This clause discusses the activities undertaken by the Ad Hoc work group and the major outcomes. The
three main areas of effort were in conducting a literature search, analysing a surfacing/fitting (edging and
mounting) laboratory capability and undertaking a global industry survey/questionnaire as discussed below.

5.2 Literature search

The articles found in the literature search were used as the basis for the revised and extended Annex C.

© IS0 2024 - All rights reserved
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5.3 Initial spectacle lens surfacing laboratory practice survey

5.3.1 General

A limited study was undertaken commencing in July 2014 in Australia to review the current tolerances/
practices applied within a typical spectacle lens surfacing laboratory to determine if the tolerance values
applied were appropriate in relation to process capability. The impact of reducing or increasing the tolerances
was also evaluated - see Annexes A and B. This work was primarily done to look at the effect of harmonizing
the ANSI and ISO power tolerances applied to the sphere power and cylinder values, not specifically looking
at the differences in methodology. The data could be re-evaluated for other methods of applying tolerances,

but it would be sensible to obtain new data since manufacturing processes have changed significantly since
the origi 2l data was callected

5.3.2 Qbservations and conclusions from the limited study
See Ann¢x B for the data and full conclusions. A summary of the conclusions is given here;

A yield of 96 % was achieved using the ISO tolerances but with the two-parameter method of che¢king the
spherical and cylindrical powers when in the negative-cylinder transposition - seg-Clause 6.

The rejeft analysis shows that in the lower power ranges (0 to *6D), the véry small change to the power
tolerance from 0,12D in ISO to 0,13D in ANSI would recover approximdtély 46 % of the rejects in this
category| (refer to Annex B results, Table B.3).

The graphs in the results B.4 of Annex B show that yield is significantly affected by tightening the toJerances.
Sphere plower rejects were more prevalent than Cylinder powertejects (75 % to 25 %).

The signfficant gap in the cylinder graph analysis reflects the absence of surfaced to prescription jdbs in the
laboratoty in the low power/low cylinder prescription area which are largely filled by Finished Stpck Lens
product types.

5.3.3 Historical comment

Spectacle lenses are typically available in 0;25D steps, so it is logical that the tolerance on power wds chosen
to be half this interval, i.e., 0,125 D. Since.the industry works to only two places of decimals, many qountries
and the 1SO standards have used 0,12 D-as the tolerance on most spherical and cylindrical powers, though
in the UYA, 0,13 D has generally beenrused. Annex B gives some data on the increase in yields that this extra
0,01 D wpuld make.

5.4 Glpbal survey/questionnaire (see Annex D)

The revipw of the available literature gave no firm conclusions on either the methodology to measpre focal
power amd prismaticimbalance or the tolerances to be applied. Hence the ISO spectacle lens working group
decided that a suryey of the industry (optometric, dispensing, retail optical and manufacturing) would help
it to betfler understand current industry practice, thus informing this Technical Report to be cons]dered in
future r¢vision of the relevant standards used by the industry, specifically ISO 21987 (mounted §pectacle
lenses) apnd-ISO 8980-1 and I1SO 8980-2.

The questionnaire was produced to gather data on actual ‘industry practice’, standards awareness and
interpretation, with a specific focus on the areas of lens power and prism assessment. The questionnaire
was sent out world-wide in 2018. There were a number of limitations associated with conducting and
analysing the survey. These includes the disproportionate representation of ISO countries and the very large
representation of some countries. Some of these limitations were overcome by normalising the data.

The results, which are presented in Annex D, were reviewed at the ISO TC 172/SC7/WG3 meetings in Dallas
in November 20109.

The Working Group (WG) decided that an executive summary (see below) be prepared to provide the basis
for recommendations for this technical report.

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=a3d040d07de1fc5e006c5b1e36d919ff

ISO/TR 11797:2024(en)

5.5 Executive summary of the global survey sent to ISO/TC172/SC7/WG3

Over 70 % of industry practice use a two-parameter (Spherical and Cylindrical) power tolerance
methodology.

A large proportion of respondents use increments of 0,25 D or 0,25 A when measuring lenses, (81 % for
power and 60 % for prism).

The survey results show that 95 % of the industry now works in minus cylinder convention.

(The two-parameter methodology gives rise to the situation where some specific jobs pass power tolerance
requirements when assessed applying the Minus cylinder convention but fail the tolerance requirements

when as

sossed in the Plus culinder coanvention (see Annex A) This can he manaoced by clearlu ot
J \S —J o J J

ting the

cylinder
conventi
the indu

minimal).

In gener
and ‘intd
differed

A signifi
verificat
jobstob

convention used. Historically with a larger percentage of the industry working in plis
pn, the two-versus three-parameter power methodology had a larger impact. Now that
5try work in the minus cylinder convention, the occurrence of these contrary pass/fail sity

], practice and methodology for prism verification varied significantly withra variety of pr

from the reference method in the standard.

cant section (41 %) of the marketplace demonstrated a lack of ‘understanding of ‘comp
on power and prism check off values. (This is likely to cause miany more correctly manu
e rejected for power compliance than jobs rejected because of a‘two-parameter power met]

being implemented.)

The suryey suggests that for the next revision, the ISO spectacle lens working group could con

followin

— For
the i

F points:

the focal power tolerancing clauses in the Standards, based on the general practice occy
dustry, a discussion on changing the methadology to a two-parameter (Spherical and Cyj

power) tolerancing approach would be worthwhile. The fact that 95 % of the manufactu
dispensing industries now work in minus cylinder convention helps support this.

— For the prism imbalance methodology.in"ISO 21987, given that most users did not follow thg
reference method in ISO 21987, it is_clear that a different approach is required. It is underst
agreement on this approach is unlikely to be easy to achieve and therefore having a single 1
method might not be possible~However, it would be logical if the reference method in the
reflgcted the majority’s practice method in the industry.

— Give
(sup

h the confusion still‘evident in the industry on verifying powers against ordered or ver
plied compensated)’values, development of appropriate educational materials would b

while any future revision of the standard could seek to make this clearer.

— The

survey conducted has generated a database of useful information that can be accessed and

WG3 for reference as other standards are revised/created. A more detailed survey result repg
the 18 questions is given in Annex D.

cylinder
95 % of
ations is

bcedures

rpretations’ of the standard performed, the majority of which, employing a methodology that

ensated’
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bider the
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lindrical
ring and

current
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b helpful

used by
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6 Detailed lens power assessment methodologies

6.1 Two-parameter and three-parameter methods

6.1.1 General

When describing spectacle lens powers, the lens is considered to have two principal meridians with back
vertex powers of F; and F, and their orientations in relation to a horizontal reference axis line. (In the case of
spherical lens powers, F; and F, are always nominally the same). There are two principal conventions used

© IS0 2024 - All rights reserved
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in the industry to do this; these depend upon which of these two meridians is used as reference. The example
used below is for a lens that has back vertex principal powers of +3,00 and +1,00 along 170° and 80°Y.

Key

[oe]

80°

power along 170° meridian = +3,00 D
0 to 180 reference meridian
powger along 80° meridian =+1,00 D

Figure 1 — Diagram'showing principal power meridians

“Minus” cylinder convention —«This convention takes the more positive (or less negative) powered
prinfipal meridian as the “Sphere” meridian and the less positive (or more negative) powered meridian
as the secondary principal meridian. The cylindrical value is the difference between the power in this
secopdary principal meridian and the power in the sphere meridian, and hence has a negative power.

In this example, the two principal powers are +3,00 and +1,00 with the +3,00 meridian considered as
the '|Sphere" powet nieridian; its power is along the 170-degree reference meridian - see Figure 1. The
lens|power is thérefore expressed as Sph +3,00/Cyl -2,00, together with a cylinder axis of 170,|which is
at right angles\to the orientation of the second principal meridian and parallel to the sphere principal
meridian.

Z_cylinder convention - This convention takes the more negative (or less positive) powered
merteaasthe—Sphere—reridianand-theSeeondary prineipatmeridianasthemere posiHdce ot less
negative powered meridian. The cylindrical value is the difference between the power in this secondary
principal meridian and the power in the sphere meridian, and hence has a positive power.

In this example, the two principal powers are +3,00 and +1,00 with the +1,00 meridian considered as the
"Sphere" power meridian; its power is along the 80-degree reference meridian - see Figure 1. The lens
power is therefore expressed as Sph +1,00/Cyl +2,00, together with a cylinder axis of 80, which is also at
right angles to the axis in the "minus" cylinder convention.

The two current different methodologies for assessing lens power and applying tolerances have been
described in Clause 4. Depending on the method chosen (two- or three-parameter methodology) and

1

The degree sign is often omitted, to avoid possible confusion between, say, a badly written 10° and 100 or vice-versa.

© IS0 2024 - All rights reserved
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6.1.3

Although the two-parameter and three-pdarameter verification methods are the ones in common
hence inyvestigated in the world-wide_survey and in detail in this document, other methods of
tolerances that could be consideredin future revisions of the relevant standards are summar
presented in 6.2 to 6.5. 6.1.4 includes a comparison of the tolerance ranges applicable to most lens
the two-|and three-parameter-methods and a method based on the mean spherical and cylindrica
This shqws that the two-parameter method has a more relaxed tolerance for the secondary

meridiar.

6.1.4 umerical‘comparison of the two- and three-parameter methods

In the thiree-parameter method, the same tolerance is applied to the powers in both principal mer
see the tpptows of Table 1 for an example of a lens of nominal power Sph +3,00 D/Cyl -2,00 D, wh
nominal [power of +1,00 D in the second principal meridian.

ISO/TR 11797:2024(en)

the cylinder convention used, the pass/fail criteria is affected, and specific lenses assessed for power

that pass under one set of conditions can fail when the alternative methodology is applied.
highlights specific examples where this occurs.

6.1.2 Impact of the differences in the power assessment methodologies

Annex A

Therequirementsofspectaclelensstandardsvary from countryto country depending on the methodology

used in a particular standard.

Implications on yield and processing cost: the three-parameter tolerance method has the potential to fail
a small percentage of lenses that would pass the two-parameter method. Lenses that were manufactured

and checked using the two-parameter approach and passed a manufacturing Quality criterion

could be

reje¢ted by an end user who applies a three-parameter methodology on incoming inspectio
assepsments. (Some examples of this are illustrated in Annex A).

Diffg¢rences in instrumentation used to determine lens power: some instruments¢an” mea
resolve lens power results using either of the two methodologies above. These instruments ca
and display results in either the two- or three-parameter formats. Such instruments are usua
sopllisticated and expensive. Many instruments measuring lens power (focimeters or lens
are fonfigured to determine and report lens power using the “two-parameter” approach, i.¢
and (Cylinder values. Typically, these instruments are simpler in operation‘and more affordab
mulfiple units are implemented in a lens processing facility and these tyjpes of instruments are g
likely to be used in an Eye Care Professional’s or Retail store's envirénment.

h quality

bure and
n record
lly more
meters)
. Sphere
e. Often,
Iso more

Intefpretation and ‘ease of use’: where instrumentation does notsupport the three-parameter approach,

it is|a more complicated process to compute and apply thi§)methodology if the referenced
reqyires it.

Where manual focusing focimeters are used, the ability;to determine the lens power for each
predisely might be difficult due to the marked scalelincrement and resolution typically used
instfuments and the subjective interpretation of the two focal endpoints by the operator. For |
reaspns, the simpler two-parameter approach_issoften applied with such instruments.

ower assessment methodologies considered in the survey

ttandard

meridian
by such
istorical

use, and
applying
ised and
es under
powers.
brincipal

idians. -

Iich has a
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Table 1 — Comparison of three and two-parameter methods and effects on the mean sphere

Primary prin-| Cylindrical Se:i(:;(ila:ly Mean
cipal power power p p sphere
power

Nominal +3,00 -2,00 +1,00 +2,00
Three-parameter Error +0,12 correct +0,12 +0,12
giving +3,12 -2,00 +1,12 +2,12

Error +0,12 +0,12 +0,24 +0,18

Two-parameter —

giving +3,12 -1,88 +1,24 +2,18

The twd
principa

permissible error in the second meridian is the tolerance on sphere plus tolerance on cylinder.) Th

example
principa
increase
also in th

Furthery
method
same ab{
a higher
falls intd
other ha

Summin
asymme
powered
justificat

6.2 Al

Rather t
mean sp
toleranc
more thg
powers 3

meridian if the errors in both the spherical and cylindrical powers are in the same difect
above, the lens could be made as Sph +3,12 DS/Cyl -1,88 DC giving a power of +1,24 D in th

5, the permissible tolerance increases, allowing the power in the second meridian (and t
e mean sphere) to deviate even further from its intended value.

hore, because the two-parameter method specifies that the minus cylinder convention is
fan give rise to different tolerances when a cylinder is present for positive and negative len
olute powers (i.e. when the + or - signs are ignored). In the example in Table 2, the positive
spherical or primary principal power. Taking table 1 from ANSI Z.80 as an example, the
the >6,50 D category, the minus lens in the <6,50 D categoxy. The three-parameter methgd
hd always chooses the tolerance band on the meridian with'the higher absolute value.

Table 2 — Tolerances for plus and minus lenses of the same absolute powers

Primary princisp Cylindrical Se:i(:ll::(iia;f’ Mean

pal power. power ppowsr sphere
Plus lens Nominal +7,50 -4,00 +3,50 +5,50
Minus lens Nominal =3,50 -4,00 -7,50 -5,50

b up, the two-parameter method does not only allow for increased blur but also in
fric distribution between the\two meridians and a difference in tolerances between plus a
lenses of the same absoluteé power. Neither of these has any technological nor any phys

ion but only originates frém the sign convention for writing prescriptions and orders.

mean sphere (spherical equivalent power) and cylinder method

han applying/the tolerances to one or both principal powers, a tolerance could be applig
here2). This(gives a result that is between those for the two- and three-parameter metho
bs are applied to the two principal meridians, the mean sphere therefore also cannot dg
n thistolerance, as in the top example of Table 1. For the lens at the bottom of Table 1, the
ire~+3,12 D and +1,24 D, giving a mean sphere of +2,18 D instead of the ordered +2,00 D,

rat

outside

-parameter method can, however, be criticized for allowing cumulative errors on th¢ second

on. (The

1S, in the

e second

meridian, an error of 0,24 D; see the lower rows of Table 1. Moreover, as the‘cylindricpl power

herefore

1sed, the
es of the
lens has
plus lens
d on the

roduces
d minus
iological

bd to the
ds. If the
bviate by
brincipal
which is

method

L ol Ll 1 £ e TR n WM Laod (1o 4] 1 | n .
T LUICT AIILTIT UIT SAIIIT VAdIuUT UT U, 14 D15 dPPIITU. [T'UT LHIT IHITAIT SPIITT T, LIIT TWUTPD AT dITITLT

gives a permissible error of the tolerance for the sphere plus half of the value of the tolerance for cylinder.) If
the present 0,12 tolerance is applied to the mean sphere and the cylindrical power, then the powers with the
largest error are Sph +3,12 D/Cyl -2,00 D or Sph +3,18 D/Cyl -2,12 D (or the opposite error equivalents) - See

Tables 1

and 3.

Thus, when the tolerances are applied to the mean sphere and the cylindrical power, the potential blur on the
wearer's retina is better controlled than with the two parameter methods while at the same time relaxing
tolerances on the individual meridians.

2) The mean sphere is half the algebraic sum of the two principal powers.
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Table 3 — Comparison of the mean sphere method on the principal and cylindrical powers

Primary prin-| Cylindrical Sec_om:iary
cipal power power principal |Mean sphere
power

Nominal +3,00 -2,00 +1,00 +2,00
Error +0,18 -0,12 +0,06 +0,12
giving: +3,18 -2,12 +1,06 +2,12

Error +0,06 +0,12 +0,18 -0,12
giving: +3,06 -1,88 +1,18 +2,12

Error -018 +012 -006 -012
giving: +2,82 -1,88 +0,94 +1,88

Error -0,06 -0,12 -0,18 -0,12
giving: +2,94 -2,12 +0,82 +1,88

Calculating the mean sphere for this example of ordered power is relatively simple. For other|ordered
powers, puch as Sph +3,25/Cyl -1,75 or verification powers or measured powers such as Sph +3,21/Cyl -1,83
is somewhat more difficult and requires a pen and paper or a calculator3).

6.3 A nean sphere (spherical equivalent power) and astigmaticdifference method

Anotherfissue is the tolerance on astigmatism. At present, cylindricalpower and cylinder axis are tdleranced
as separjte entities although they act together, errors in either or both'giving rise to an unwanted agtigmatic
error. Thiis can be demonstrated with a focimeter or lens meter, any. two cylindrical powers at any or{entation
with respect to each other except for a 0° or 90° angle compeund to a spherocylindrical power. This applies
also to differences between cylindrical powers or axes. Moreover, the greater the cylindrical pqwer, the
greater the unwanted astigmatic error for the same ertor in cylinder axis. To take this into accpunt, the
tolerance on axis is stricter for higher cylindrical powets than for lower ones.

A more gystematic way might be to tolerance the difference in astigmatic effects® directly. Geometyical and
mathematical methods of calculating this difference are given in F.2 in the Annex. Using the geqmetrical
method dlescribed there, Figure 2 shows a verification cylindrical power of -1,00 x 15, with measure¢ powers
of, from left to right, -0,90 x 13,-0,90 x 17-and -1,10 x 13 and x 17.

Key
C, is fheverification or ordered power
C, isthe measured power

AC  is the induced unwanted cylindrical power

3) However, even with the two-parameter method today, more complex calculations can be necessary, e.g., when using
ANSI tolerances for a single vision lens with +2,50 D sph and 4,75 D cyl, obtaining the tolerance in the cylindrical power
requires the calculation of 4 % of +4,75D (= 0,19 D).

4) The astigmatic effect is the combination of the cylindrical power and cylinder axis.
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is the verification or ordered axis

is the measured axis

s of the circle represents a possible value for the tolerance

Figure 2 — Schematic illustration of the graphical method for calculating the difference between

the verification power C, and the measured power C

In these examples, the unwanted induced cylindrical power or astigmatic difference, AC is 0,120 D for the
cases where the measured cylindrical power is 0,90 D and is 0,124 D for the cases when the measured power
is 1,10 D. The radius of the circles centred at the end of the line indicating the verification value represents a

possible
within tq

6.4 Sc

To take {
the unw
summin

If the m
two sphg
ends of t
the total

If this m¢
to be det

Admitte
describe
softwarg

communfication link to the measurement equipment or the ordering software. However, given, t

practicef
applying

6.5 In

oterarceAny reasuredastignaticeffect that, whenplottedas i Figure 25 fatts withim the
lerance. The appropriate value of this tolerance will need to be determined.

alar or root mean square (RMS) power error

he approach of 6.3 even further, the error in spherical power as well as thé.spherical er
hnted cylindrical error can be included in the Thibos[lll calculation to compute a numbjq
b up all errors leading to blur - see F.2.

ban sphere is regarded as varying the height of the plane containing the cylindrical poy
rocylindrical powers can be regarded as vectors in 3-dimensional\space. The distance bet

error - see Formula F.3.

rthod is considered for applying a tolerance to spectaclelens powers, its appropriate value |
ermined.

i1y, the methods of calculation in 6.3 and 6.4 requires some more computation than the
. The verification or ordered and measuted values can either be entered directly

use practice management software, this could be easily included, possibly even seled
the tolerances.

troduce a tiered approach with different optical classes

circle is

ror from
br (RMS)

vers, the
lween the

hese two vectors can also be represented as a scalar value. A single value, u, could then be applied to

will need

methods

d in 6.1 or 6.2. However, the application canstbe simplified by providing the required calculation

or via a
hat most
ting and

This appjroach, which is used in/the’ISO standard for eye and face protectors (ISO 16321-1[4]), woyld allow

the use g
toleranc
class 2.

Discussi
— The
— The

f different grades or elasses of product. It could use the stricter three-parameter method

bn would be%equired to consider:
peneral'approach of standards to set a minimum performance level;

hpplication by country/region of different classes of product.

to be the

e for optical class 1cahd the two-parameter or mean sphere methods to be the tolerance fqr optical

7 Detailed lens prism assessment methodologies

7.1 General

The result of the survey showed that only 31 % of the respondents world-wide adopted the reference test
method, although this average masked the 50 % of respondents in Europe who used this method. This is not
surprising because of the number of steps:

— the need to identify the highest principal power of the two lenses;
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— the need to mark the centration points on the lenses, and the potential uncertainties in the marking and
the subsequent positioning of the spectacles on the lens support;

— the need to record the left and right readings, then calculate the prism imbalance.

A method similar to that in ISO 21987:2017, Annex C, was adopted by about 54 % of respondents world-wide,
64 % in North America. The Annex C method is both more ergonomic and physiologically more appropriate
in that it automatically considers the powers along the horizontal and vertical meridians of the weaker or
second lens rather than taking the highest®) principal power of the two lenses in the reference test method.
The combination, however, of prismatic and centration tolerances can appear confusing until the method is
tried practically. The method is also criticized for not providing any control over yoked prisms, i.e., matching
prisms with bases in the same direction, e.g. base left or base up (see C.3.3). However, although it measures
them, thfTeference test method G0€s N0t SPecily any cControl OVer the prism at the centration points, while
yoked prism in the form of vertical prism thinning has been used successfully on power-vaniatign lenses
since thg 1970s. Moreover, single vision lenses are usually mounted for the edging process/by)the|position
of their gptical centres rather than geometrical considerations so that unwanted prism isunlikely fo occur;
also, conppliance with ISO 8980-1 ensures that there is no large unwanted prism at the geemetrical centre of
the blank. With low power lenses, it is possible that unwanted prism at the geometrical centre is n¢t able to
be elimipated by mounting a lens sufficiently away from its geometrical centre. For,example, a spherical lens
of power] 1,00 D with 0,35 A of unwanted prism would require 3,5 mm of decertration to cancel it} while if
the powgr in the base-apex meridian were only 0,25 D, 14 mm of decentratiomwould be required.

A furthef criticism of the Annex C method is the use of the higher power“lens as the reference.|In cases
of signif]cant difference, e.g. R+5,00 DS and L+2,00 DS, a 1,0 mm positioning error will induce (,5 prism
dioptres|instead of 0,2 prism dioptres displacement in the field of-¥iew if the lower power lens had been
used as feference. However, this difference is small in comparison‘to the change in relative prisjn before
the two gyes when viewing away from the reference points; a 5x\mm rotation across the lenses (abput 10,5°
change in angle of gaze) will result in approximately 1,5 prisni-dioptres difference, which might be[base left
for the right eye when looking to the right, base right whef’looking to the left, base up when looking down
and basg down when looking up.

Another|criticism is that the method is more diffictilt'to apply when there is ordered prism, but the lens is
either mpved sideways until the ordered prism issshown in the display or neutralizing prism is add¢d by the
prism compensator before marking the centration point with the focimeter.

However, methods similar to those in Afinex C have been used in other countries for many yearq without
problem} - for example BS 2738-1:1985[ZI8], in the USA ANSI Z80.1[2], since 1964.

7.2 Marking of the reference points and uncertainties in positioning

Unless
ISO 219

¢omputerized instfuments with robotic placement are used, the reference test me¢thod in
7:2017, 6.6, requires the centration points to be marked on the lenses and the lenses plac¢d on the
focimeter with these marks centred in aperture of the lens support. The horizontal and vertical grismatic
effects af the left and right centration points then have to be recorded and any difference, the prismatic
imbalange, calculated and compared with the tolerances, either using Table 5 or Figures 1 and P in that
standard.

The pregision of dottlng the optical centres with a focimeter or lens meter 1s governed by [SQ 8598-1,
which altow 4 k for cases
of significant amsometropla any displacement of the dot from the optlcal centre will glve rise to similar
prismatic errors in both lenses, i.e. a yoked prism.

Results of experiments by one observer on the repeatability of marking and placing a pair of mounted
lenses® on a focimeter gave a standard deviation of 10 independent measurements of the prism imbalance
of 0,36 A horizontally and 0,24 A vertically, with similar results from a second experimenter. These are half

5) This was changed from the lowest principal power that was in ISO 21987:2009, because for lenses with large
cylindrical components with cylinder axes near vertical when expressed in the minus cylinder form, the tolerances on the
positioning in the vertical meridian were tighter than could regularly be achieved.

6) Rightlens +4,00 DS, left lens +3,00 DS.
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the tolerances for low powered lenses (0,67 A for lenses up to 3,33 D for horizontal measurements, 0,50 A for
lenses up to 5,00 D for vertical ones).

The method in Annex C makes identification of a vertical imbalance very obvious (except in the case of
strong oblique cylinders, when use of the current reference method can be easier), while the 2 mm maximum
horizontal displacement is easy to apply. Using the same mounted pair of lenses as before, the standard
deviation of five independent measurements of the horizontal centration distance was 0,37 mm, which is
equivalent on the +3,00 D lens to 0,11 A. Vertically, the standard deviation was 0,04 A which is equivalent to
0,13 mm.

7.3 Single-vision position-specific lenses and power-variation lenses

or powef-variation lenses but relies on the tolerances in the uncut lens standards, ISO 8980<1 arnd -2 and
the positlioning tolerance. This is because the consensus view of the project group writing the standard was
that accyrate positioning of these types of lens in front of the eye was more important than‘any vgry small
displacement used to try to neutralize unwanted prism in the uncut lens, even though ¥ mm of rhounting
error horizontally was allowed. Conversely, it was felt that with flat and curved topmmultifocal lenges, there
was no sjgnificant loss of binocular field of view in near vision by decentring the lénses sightly. Now that the
very large majority of these types of lens are made from blanks with spherical{front surfaces instefd of the
less regylar power-variation surface, mounting them for surfacing of the complicated back surfac¢ is more
precise dnd consistent, resulting in better control of unwanted prism in power-variation lenses than when
the fronf surface with an irregular progressive-power or complex surfage.shape is used.

ISO 21947 does not specify additional prism imbalance tolerances for single-vision position-speci‘rc lenses

The quegtionnaire asked whether the respondent verified prism_ifipalance on progressive-power lenses -
the most common lens of this class. 80 % of respondents verified the prismatic imbalance; of these, 62 %
measured the imbalance at the mounted position of the prism reference points, 33 % at the ordered [position.
The quegtionnaire did not ask what tolerance was applied,.This might have been the same as for mounted
single vision lenses, or as specified in ISO 21987, the uncufunwanted prism tolerance from ISO 8980-2.

8 Summary

8.1 Pdagwer

Even though the current ISO standards-include a three-parameter power tolerance methodology, thie results
of the infernational survey given in Ainex D showed that it is not used in practice by more than 70|% of the
industryl who apply a two-parameéter approach.

The litefature search given @in) Annex C showed that studies found no significant detrimental ¢ffect on
wearers [using spectacle lenses manufactured using the two-parameter methodology.

It is lik¢ly that no significant impact on wearers' visual acuity would result from harmonizing the
methoddlogies of pewer measurement and tolerancing to the simpler two-parameter method. [t is also
likely that no sighificant impact on wearers visual acuity would result from harmonizing the actupl power
tolerancg values.Used in the ISO and ANSI spectacle lens standards.

The adv3rtages of these changes are:

— Reduces the overall cost of manufacture as the first pass yield is greater using the two-parameter method
- see Annexes A and B.

— Simpler method in execution both in measurement and application of the tolerances.
— Reduces operator error in computation of meridional powers which are not directly measured.

— Most lower cost automated focimeter instruments are configured to the two-parameter methodology
format. (Note that in the USA, manual focimeters were the majority instrument, and the operator has to
calculate the cylindrical power.)

© IS0 2024 - All rights reserved
11


https://standardsiso.com/api/?name=a3d040d07de1fc5e006c5b1e36d919ff

ISO/TR 11797:2024(en)

At some stage in the future, other methods of applying tolerances based on a more physiological approach to
the potential blur on the retina, could be used- see Annex F.

8.2 Prism imbalance

The international survey given in Annex D showed that the majority of people world-wide do not use the
reference method that is in ISO 21987. The adoption of a more ergonomic reference method, probably one
based on the method in Annex C of the standard or the very similar method in ANSI Z80.1 might be worth
considering.
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Annex A

(informative)

Example prescription jobs showing three-parameter (ISO) compared
with two-parameter (ANSI) power tolerance methodology differences

Tables A.1 and A.2 show the pass/fail results for hypothetical measured powers of two different lenses

when ve
toleranc
applies t

tfred i mmimos or ptus tytimder conventiom usimgthe 1SO-three=parameter mrethod-{witic
s to both principal meridians and the cylindrical power and the ANSI two-parameter meth
he tolerances to the primary principal meridian and the cylindrical power. The 0,12, D.ISO t

1 applies
bd which
olerance

has been applied to one or two of: the primary principal meridian, the secondary principalimefidian and the
cylindridal power.
Table A1 — Example of a lens of nominal power: Sphere +3,00 D, Cylinder -1;00 D when exprgssed in
minus cylinder form (upper) and plus cylinder form (lower)
Mél;ES ISO Example 1 ANSI Example 1
Power ordered +3,00 DS/-1,00 DC Poweerordered +3,00 DS/-1,00 DC
Tolerance +0,12 +0,12 +0,12 Tolerance +0;43 +0,13
M:;i?i— M:;i;ii— CYL(-) |Meanpwr | Pass/Fail M:;i;ii— M:;igi_ CYL(-) |Meanpwr || Pass/Fail

Lens 1 2,88 1,88 1,00 2,38 Ok |Lens1 2,88 1,88 1,00 2,38 Ok
Lens 2 2,88 2,00 0,88 2,44 Ok |Lens?2 2,88 2,00 0,88 2,44 Ok
Lens 3 2,88 2,12 0,76 2,50 Fail  |Lens3 2,88 2,12 0,76 2,50 Fail
Lens 4 2,88 1,76 1,12 2,32 FaiI’\\Q Lens 4 2,88 1,76 1,12 2,32 Ok
Lens 5 3,00 1,88 1,12 2,44 Ok = |Lens5 3,00 1,88 1,12 2,32 Ok
Lens 6 3,00 2,00 1,00 2,50 Ok |Lensé6 3,00 1,88 1,12 2,44 Ok
Lens 7 3,00 2,00 1,00 2,50 Ok |Lens7? 3,00 2,12 0,88 2,56 Ok
Lens 8 3,12 1,88 1,24 2,50 Fail |Lens8 3,12 1,88 1,24 2,50 Fail
Lens 9 3,12 2,00 1,12 2,56 Ok |Lens9 3,12 2,00 1,12 2,56 Ok
Lens 10 3,12 2,12 1,00 2,62 Ok  |Lens10 3,12 2,12 1,00 2,62 Ok
Lens 11 3,12 2,24 0,88 2,68 Fail  |Lens 11 3,12 2,24 0,88 2,68 Ok

PLUS CYL 150_CAExample 1 | ANSI | Example 1 |

SeniptA42,00/+1,00 Script +2,00/+1,00
Tolerance +0,12 #0,12 +0,12 Tolerance +0,13 +0,13
M:;igi_ M:;igi_ CYL(+) | Mean pwr | Pass/Fail M:;i;ji_ M:;igi_ CYL (+) | Mean pwr || Pass/Fail

Lens 1 1,88 2,88 1,00 2,38 Ok |Lens1 1,88 2,88 1,00 2,38

Lensz '7’nn ’)'QQ leQ '7'/1/1 Ol Lanc 2 '7’nn ')'QQ n’QQ ’)'/1/1

Lens 3 2,12 2,88 0,76 2,50 Fail |Lens3 2,12 2,88 0,76 2,50 Fail
Lens 4 1,76 2,88 1,12 2,32 Fail |Lens4 1,76 2,88 1,12 2,32 Fail
Lens 5 1,88 3,00 1,12 2,44 Ok |Lens5 1,88 3,00 1,12 2,44

Lens 6 2,00 3,00 1,00 2,50 Ok |Lensé6 2,00 3,00 1,00 2,50

Lens 7 2,12 3,00 0,88 2,56 Ok |Lens7? 2,12 3,00 0,88 2,56

Lens 8 1,88 3,12 1,24 2,50 Fail |Lens8 1,88 3,12 1,24 2,50 Fail
Lens 9 2,00 3,12 1,12 2,56 Ok |Lens9 2,00 3,12 1,12 2,56

Lens 10 2,12 3,12 1,00 2,62 Ok  |Lens10 2,12 3,12 1,00 2,62

Lens 11 2,24 3,12 0,88 2,68 Fail  |Lens11 2,24 3,12 0,88 2,68 Fail
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Table A.2 — Example of a lens of nominal power: Sphere -1,00 D, Cylinder -2,00 D when expressed in
minus cylinder form (upper) and plus cylinder form (lower)

Mél;tjs ISO Example 2 ANSI Example 2
Script-1,00/-2,00 Script -1,00/-2,00
Tolerance +0,12 +0,12 +0,12 Tolerance +0,13 +0,13
M;;ifi_ M:;i(zii_ CYL(-) |Meanpwr | Pass/Fail M;;i;ji_ M;;i;ji— CYL(-) |Meanpwr | Pass/Fail
Lens 1 -0,88 -2,88 2,00 -1,88 Ok Lens 1 -0,88 -2,88 2,00 -1,88 Ok
Lens 2 -0,88 -3,00 2,12 -1,94 Ok Lens 2 -0,88 -3,00 2,12 -1,94 Ok
Lens 3 -0,88 -312 2,24 -2,00 Fail Lens 3 -0,88 -312 2,24 -2,00 Fail
Lens 4 -0,88 -2,76 1,88 -1,82 Fail Lens 4 -0,88 -2,76 1,88 -1,82 Ok
Lens 5 -1,00 -2,88 1,88 -1,94 Ok Lens 5 -1,00 -2,88 1,88 -1,94 Ok
Lens 6 -1,00 -3,00 2,00 -2,00 Ok Lens 6 -1,00 -3,00 2,00 -2,00 Ok
Lens 7 -1,00 -3,12 2,12 -2,06 Ok Lens 7 -1,00 -3,12 2,12 -2,06 Ok
Lens 8 -1,12 -2,88 1,76 -2,00 Fail Lens 8 -1,12 -2,88 &?&\ -2,00 Fail
Lens 9 1,12 -3,00 1,88 -2,06 Ok Lens 9 1,12 -3,00 1,88 2,06 Ok
Lens 10 -1,12 -3,12 2,00 -2,12 Ok Lens 10 -1,12 -3,12 2,00 -2,12 0Ok
Lens 11 -1,12 -3,24 2,12 -2,18 Fail Lens 11 -1,12 43,24 2,12 -2,18 Ok
PLUS CYL ISO Example 2 ANSI Example 2
Script-3,00/+2,00 Script-3,00/+2,00
Tolerance +0,12 +0,12 +0,12 Tolerance £0,13 +0,13
M;:ifi_ M:;i(zii_ CYL(+) | Mean pwr | Pass/Fail M;rrli;ii— M;:;igi_ CYL (+) | Mean pwr || Pass/Fail

Lens 1 -2,88 -0,88 2,00 -1,88 Ok Lens 1 -2,88 -0,88 2,00 -1,88 Ok
Lens 2 -3,00 -0,88 2,12 -1,94 Ok Lens 2 -3,00 -0,88 2,12 -1,94 Ok
Lens 3 -3,12 -0,88 2,24 -2,00 Faiz\\ Lens 3 -3,12 -0,88 2,24 -2,00 Fail
Lens 4 -2,76 -0,88 1,88 -1,82 s‘@'I Lens 4 -2,76 -0,88 1,88 -1,82 Fail
Lens 5 -2,88 -1,00 1,88 -1,94 Ok Lens 5 -2,88 -1,00 1,88 -1,94 Ok
Lens 6 -3,00 -1,00 2,00 -2,00 Ok Lens 6 -3,00 -1,00 2,00 -2,00 Ok
Lens 7 -3,12 -1,00 2,12 -2,06 Ok Lens 7 -3,12 -1,00 2,12 -2,06 Ok
Lens 8 -2,88 -1,12 1,76 P 22,00 Fail Lens 8 -2,88 -1,12 1,76 -2,00 Fail
Lens 9 -3,00 -1,12 1,88 -2,06 Ok Lens 9 -3,00 -1,12 1,88 -2,06 Ok
Lens 10 -3,12 -1,12 2500 -2,12 Ok Lens 10 -3,12 -1,12 2,00 -2,12 Ok
Lens 11 -3,24 -1,12 2,12 -2,18 Fail Lens 11 -3,24 -1,12 2,12 -2,18 Fail
NOTE 1 | In Minus cyl.¢onvention, for these two examples, the ANSI two-parameter method passes lens 4 and lens
11 while [in Plus cyl Cofivention these become Fails by the ANSI method. For ISO, these are Fails in both cylinder
conventidns because\the control is on both meridians.
NOTE 2 | For‘'ease of comparison, the 0,12 D tolerance value was used in the evaluation across all examples, so the
meridianfvalues stayed the same. It is noted that the actual ANSI tolerance is 0,13 D.
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Annex B
(informative)

Australian spectacle lens surfacing laboratory — Tolerance
capability study

B.1 Aim

A limited study was undertaken in July 2014 to review the current tolerances applied within p typical
spectaclg lens surfacing laboratory to determine if the tolerance values applied were apprgpriate ir] relation
to process capability. The impact of reducing or increasing the tolerances was also evaltiated. The|purpose
of this wprk was to provide input to the “Power tolerance task force team” then involved\with the rdvision of
ISO 21987, ISO 8980-1 and ISO 8980-2.

B.2 Method

A databalse sample of approximately 192,000 records was sourced and andlysed from an Australian urfacing
laboratoty reflecting a 4-month manufacturing period.

Data wap obtained from a Microsoft Access database populated/by data from the "first pass" inspection
station using an A & R Focovision SPV2 instrument.

The datd was analysed to review the yield and distributien of resultant powers against the target Rx to
determime current capability. The data was also analysed-to review the impact of tightening or reldxing the
tolerance values.

Power rgjects were divided into the relevant categories as defined by the tolerance tables in ISO 21987.

Due to the limited timeframe for the analysis and the smaller reject percentage due to cylinder power error,
the cylinder power rejects were analysed as a total group looking at deviation from target cylinder [power.
B.3 Cqnclusions and obseryvations

Given the first pass yield of 96 %, the current ISO standards appear to be achievable with| current
manufacturing processes.anid measurement capability (see Table B.3 for the results).

The reje¢t analysis shows that in the lower power ranges (0 to * 6) D a very small incremental change to the
power tdlerance from-0,12 D in ISO to 0,13 D in ANSI would recover approximately 46 % of the rejedts in this
category| (see Table B.3 for the results). It is noted that this small change of tolerance value would have no
significapt effect on visual acuity of the end user of the spectacle lens and would not be discernibje with a
manual l|0cimeter.

The graphs in the results in B.4 show that yield is significantly affected if the tolerances are tightened.

The rejects breakdown in Table B.2 highlights that Sphere power rejects were more prevalent than Cylinder
power rejects (75 % to 25 %).

The instrument setup and data capture mode in the raw database suggests the criteria for qualification was
based on sphere power and cyl measurement consistent with the methodology used in the ANSI Z80.1.

The significant gap in the cylinder graph analysis reflects the absence of surfaced jobs in the lab in the low
power/low cylinder prescription area which is largely filled by Finished Stock Lens product types.
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The cylinder rejects reflect the total population spanning all the tolerance brackets. A more detailed
analysis would be required to quantify the magnitude of error over the tolerance for each specific power/cyl
brackets, as defined in the current tolerance tables of ISO 21987.

B.4 Results

B.4.1 Overview of data

The total number of lenses, of lens power rejects as being outside tolerance and invalid records is given in
Table B.1, while Table B.2 gives a breakdown of the type of power causing the rejection. Table B.3 shows the

change to the yield with different tolerance values.

Table B.1 — Data statistics

Database records 192 200
Rejects against current standards 8001
Invalid records 3014
Total Valid for analysis 189 186

Table B.2 — Reject statistics

Fail for Sphere and Cyl 690 0,4 %
Fail for Sphere only 6290 3%
Fail for Cyl only 2 401 1%
TOTAL Failures 8001 4%

Table B.3 — Reject recovery vs the Tolerance setting for spherical power

0 D to ¢ D power range (n = 5551) 6 D to 9 D pewer range (n = 859) 9D to 12 D power range (n = 97)
Tolerancg Count |% recovered| Tolerance Count |%recovered| Tolerance Count |% rpcovered
0,13 2534 46 % 0,13 265 31 % 0,19 21 22 %

0,15 3748 68 % 0,25 411 48 % 0,2 27 28 %

0,16 4138 75 % 0,16 476 55% 0,25 61 63 %

0,18 4613 83 % 0,18 559 65 % 0,3 79 81 %

0,25 5255 95-% 0,25 760 88 % 0,39 97 100 %

B.4.2 [Effects on yieldef changing the tolerances
Figures B.1 to B.4 show the effects on yield of changing the tolerances for sphere power and cylindrical

power off single-vision and multifocal lenses and for progressive-power lenses.
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Figure B.1 — Spherical power tolerances for sin%Qvnsion and multifocal lenses
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Figure B.2 — Cylindrical power tolerances for single-vision and multifocal lenses
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Figure B.3 — Spherical power tolerances for\ﬁogressive-power lenses
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Figure B.4 — Cylindrical power tolerances for progressive-power lenses

B.4.3 Distributions of the various power rejects

These are shown in Figures B.5 to B.7 for various spherical power ranges and in Figure B.8 for cylindrical
power rejects.
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Annex C
(informative)

Literature search

C.1 Method

A review
powers.

relevant
member

C.2 Kq

C.2.1 Historical note - the unit dioptre and power subdivisions

Accordin
who call
lens rath
unit step

C.2.2 Intolerance to spectacle prescriptions

Patients
a])[ﬁ] w

cause bl{jir in the distance out-of-doors; Freeman and Evansl14l similarly found the majority of err(
component were over-plussed (or under-minussed), with 83 % of the 12 wearers beinfg within

spherica
+0,50 D

C.2.3 Experimental prescription errors

Miller, K
latest pr
at 180° ¢
both len
the +0,2
be unacq
et al.[16]
R, -0,25
+0,50 DS

r of the literature revealed a number of papers on or related to the tolerances for spect
[he search included the following keywords: ‘tolerances’, ‘prism’, ‘power’, ‘spectacle’ ahd’a
papers included from those cross referenced in the papers. Some additional papers Kk
5 of the commiittee are also included.

'y points derived from the literature - focal power

g to Barnettl[12], the use of the metre to measure the focal lengthéwas suggested by Donders
bd it the dioptric, while Nagel introduced the term "dioptre",6 years later. The use of the p
er than its focal length resulted from conferences in 1875Fhe subdivisions into half and
s followed soon after, and eighth dioptre steps later.

subjects can notice discrepancies of 0,25 D, esg.y'in intolerance to prescriptions (Howell-}
th many of the intolerance cases having been prescribed lenses +0,25 D too positive. Th

f the final prescription.

ris and Griffiths[12] had 20 spbjects aged 24 to 40 years wear a reference pair of spectacles
bscription, an identical control pair, and pairs with +0,25 D or +0,50 D sphere or cylindric
r 90° and +0,50 DC ¥ infero-nasal (right eye x 135° and left eye x 45°) added to the prescr
Ges. A significant tdimber of wearers were dissatisfied in distance vision with errors as
b D spherical or.¢ylindrical change. The majority of subjects found the pairs with 0,50 D
eptable. A similar study with younger subjects, aged 18 to 30 years, was performed by
They used %0;50 DS (sphere) right eye (RE) and binocular (BE), -0,50 DS RE and BE, and {
DS L}. AN lenses, whether monocular or binocular, reduced binocular distance visual ag
BE thexworst. Monocular imbalance reduced the stereoscopic acuity on the TNO test wor

binocula

efror. Subjectively, all were rejected, even 35 % felt the control was worse than the refer

acle lens
Hditional
nown to

in 1860,
bwer of a
quarter

Duffey et
is would
rs in the

with the
al power
iption in
small as
added to
Atchison
+0,25 DS
uity, the
e than a
brice pair

though

Iy’about 13 % said it was unacceptable

Rosenfield et alllZ] measured the rate of reading and number of errors for young people while reading
paragraphs of random words (N12) on computer screen wearing their distance correction, or with -1,00 x
45 or -2,00 x 45 over the top. He found a non-significant increase in symptoms for -1,00 DC, very significant
increase for -2,00 DC, but no real difference in rate of reading or number of errors for the three conditions.
However, they concluded "Therefore, it might be necessary to correct astigmatism in those patients whose
visual demands require them to view information on an electronic screen, which is almost everybody,
irrespective of age, nowadays”.
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C.2.4 Experiments on blur limits

In a series of papers, Atchison and colleagues have investigated the limits of defocus at which cyclopleged
subjects noticed blur on logMAR letters; their later papers included neutralising the eye’s other aberrations,
but this aspect is ignored in this review.

Atchison et all18] used 15 subjects, a Badal optometer with lines of three high contrast letters as targets and
3 mm to 6 mm artificial pupils. For 0,0 logMAR size, mean “noticeable” blur limits were +0,33 D, #0,30 D and
+0,28D at 3 mm, 4 mm and 6 mm, respectively, but the limits increased by about 70 % for 0,7 logMAR letters.

Atchison, Guo and Fisher[19] reported that for the 0,1 logMAR letter size, mean ‘noticeable’ blur limits were
+0,30, £0,24 and #0,23 D at 3, 4 and 6 mm, respectively.

Guo and|Atchison[2% compared the blur limits for spherical and cylindrical errors finding that |in| dioptric
terms, the blur limits for astigmatism when viewing text were about 30 % larger than for sphericql errors.
They found less influence of the axis of the astigmatic error on blur than expected.

Conversgly, Atchison et allzZll found that the blur limits for crossed-cylinder?) aStigmatic blur were
approxirhately 90 % of those for spherical defocus, but with considerable meridionakinfluences eveph though
the circle of least confusion was kept on the retina with the crossed-cylinder error. With two subjects, the
experiments were performed with higher order aberrations of the eye greatly. reduced by a deformable
mirror ifh the apparatus.

Despite this, there was still some influence of the eye’s residual higher-order aberrations. With the eyes’
higher-ofder aberrations uncorrected, the mean blur limits and their 95 % confidence limits for $pherical
defocusl§l] for their six subjects ranged from (0,18 + 0,08) D (just)noticeable blur for a letter size of 0,1
logMAR,|approximately 6/7,5 or 20/25) to (1,01 * 0,27) D (objeetionable blur, 0,6 logMAR, approximately
6/24 or 20/80).

C.2.5 Repeatability of subjective refraction

Recent gurveys of the repeatability of subjective -réfraction have been given by Goss and Grosyenor[22],
Rabbettg[23] and Smith[24]. Based on previous_experimental work, the last author suggested |that the
expandefl uncertainty in refractive measurements was about 0,6 D. Shah et al.[22] performed a|study in
which tHree subjects had their refractive errors measured in routine eye examinations by a huhdred or
more opfometrists, “The spherical equivalent refractions were found to be within +0,25 D of the benchmark
on average 81 % of the time and within £0,50 D 97 % of the time. The spherical power was withir 0,25 D
90 % of the time and within +0,50 D.98 % of the time. The cylindrical power agreed within +0,25 ) 93 % of
the time|and within £0,50 D 100 % _of the time. Based on reproducibility limits data obtained for all|six eyes,
any two|optometrists would differ in their estimation of spherical equivalent refraction by no mpre than
0,75 D in 95 % of repeated meéasures.”

C.3 K¢y points derived from the literature - prismatic power

Although this research[26] was performed in relatlon to ready -to-wear spectacles, it is appl cable to
prescripti nkes wore
plano spectacles elther a control or pairs w1th 0 50 or 1, 00 A base up, 0, 50 1,00 or 2,00 A base out or 0,50,
1,00 or 2,00 A base in in one of the lenses for periods of up to 8 h. Most of the subjects were not prepared to
wear the higher amounts of prism for the required 8 h, while to be visually comfortable, “the induced prism
should be less than 1 A base up, 2 A base out and 2 A base in”. The authors’ recommendation was, however,
that tolerances on spectacles would preferably be half these amounts.

7) A crossed-cylinder is a lens in which the surfaces are two cylinders with their axes at right angles. In this paper, the
powers were equal and opposite, giving a mean spherical power of zero. A crossed-cylinder power of 1 D is equivalent to
anormal cylindrical power of 2 D, so a 1 D crossed-cylinder power of 1 D would normally be regarded as being equivalent
to a 1 D spherical power in terms of the blur generated.
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C.3.2 Prism adaptation

Unless there is a manifest deviation (“squint” or heterotropia), people’s eyes align on the object of regard,
although most will show a misalignment (heterophoria) when the stimulus to fusion is removed, for
example, if one eye is covered or if dissimilar views are presented to the two eyes, e.g., a spot of light for one
eye and a streak to the other. Prism adaptation occurs when the angle of misalignment recovers to the initial
value when looking through a prism - initially, the angle of misalignment is modified by the deviation of the
prism and can recover at different speeds completely or not at alll2Z1[28][29], Tunnacliffe and Williams[301[31]
expanded this type of study to evaluate the performance of the ocular system by measuring the binocular
contrast sensitivity function, to find that although prism adaptation had occurred, there was a measurable
drop in the contrast sensitivity function with 1 A base down in photopic conditions, with 0,5 A in mesopic
conditions, or with 2 A outside the zone between the angles of fixation and the dissociated position. One of
the subjg¢cts reported a continuous headache when wearing the 1 A vertical prism. Although noycnsistent
effect or] stereopsis, another sensitive binocular function, was found by Reference [26]. Jiménez|et al.[32]
showed p decline in the maximum image disparity that could be seen stereoscopically (termed |‘range”)
when spectacle lenses were decentred from their correct position, thus inducing unwanted prigm. They
also found[33] a poorer range in patients who required an aligning prism (associated heterophofia) on a
consulting room fixation disparity test.

In anisometropia (unequal focusing errors of the eyes), the eyes view differefit'sized images at different
distancep. When gazing away from the centre of the lenses, one eye thereforeymust move through a larger
angle thpn another - a numerical example is given in Reference [34];.am alternative approach, though
giving an over-estimate of the variable prismatic imbalance, can be obtained by regarding the twp eyes as
viewing through the lenses at the same distance from their reference’point. Prentice’s rule therefore gives a
differentlial imbalance of ¢ x AF prism dioptres, where c is the distance from the reference point njeasured
in cm and AF the difference in power in the direction of gaze. Alfen[35], in a study of 20 subjects, fqund that
there wds almost complete adaptation to the induced verticaliimbalance in about half the subjec}s, about
one third showed less than full adaptation and the remainder over-compensated. Although not p3rt of the
study, it would be expected that similar or better adaptationwould be made in the horizontal directiion since
the fusional reserves allowing the eyes to coordinate are greater, and the binocular system more frequently
makes sfich adjustments with the convergence andivergence of the eyes for different viewing distances
and the peed for sideways movements of the eyes when reading or driving.

C.3.3 Yoked prisms

Yoked pttism is the name given to prisms-that are dispensed with the same base direction, e.g., both base
down or] both base left - see Clause\7. An investigation by Sheedy and Parsons[3¢l of yoked bajse down
prism, a$ used in prism thinningf found that 4 A was rejected by nearly all the 24 subjects, but|that 2 A
was accdpted. With the types ofléns that incorporate prism thinning, patients will usually be exjposed to
increasefp in prismatic power ‘as'the addition or variation power is increased with increasing age, whereas in
this study, younger subjects were suddenly exposed to the prism.
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Annex D
(informative)

Report of the ISO web survey into lens verification methods — World-
wide results

D.1 Bag \,}\51 ound

During the last systematic review of ISO 21987, the appropriateness and relevance of the prisnvand power
tolerancg¢s and methodologies was discussed. To help ensure spectacle lens standards,remain felevant,
specific [power and prism task groups were established in 2014. These two groupsCwere tasked with
reviewirlg tolerances and test methods in the light of current practices as well as conducting a sylstematic
review of the literature. After the review of the available literature, both groups decided that a suryey of the
industryl would help to better understand current industry practice, thus informing a future revijew. (See
survey opjectives)

This ad hoc group was set up during the Southbridge meeting of ISQ/TEG172/SC7 in 2017 to develop a
questionnaire on spectacle lens verification methods and then to run a werld-wide web survey of optometric
practiceg, retail optical stores and manufacturing opticians and préscription laboratories asking|how the
person Jctually verifying spectacles performs the task. The aim‘was to gather data on actual findustry
practice’] standards awareness and interpretation, with specifie focus on the areas of lens power ahd prism
assessment. The data from this work will be used in the futurerevision of the relevant standards usgd by the
industry] specifically ISO 21987 (mounted spectacle lenses);and ISO 8980-1 and -2 (uncut spectacleflenses).

The two| main contentious issues are firstly whethercthe focal power of spectacle lenses is meapured by
a 2-parameter method (applying the tolerances to theSpherical power and the cylindrical power, usudlly in the
minus cylinder transposition), or a 3-parameter method in which the power of the second principal meridian
is also t@ be verified and toleranced, and secondly, whether prism imbalance is measured by the feference
method In ISO 21987 or a method more similar to that in Annex C of the standard. In addition, respondents
were asKed whether or not they verified the'prism imbalance in mounted progressive-power lenses.

The Suryey was held in Summer 2018'and the results were reviewed at the ISO TC 172/SC 7/WG 3 neetings
in Dallag in November 2019. The WG decided in 2019 to prepare an executive summary that proyided the
basis for] recommendations for thé next systematic review of 21987. There were a total of 2090 rgsponses,
of which|57,4 % were from the USA, see D.5 for details. To help discussion, the results were availalle as the
normalized overall percentages (where the number of answers in a region was modified in proportipn to the
number ¢f spectacle lepses’made in that region) or subdivided into North America/Europe/Rest of the world.

roductory text provided to participants in the survey

“The Internationa D 15 currently being revised.
The committee responsible is interested to know the methods currently used by the spectacle lens community
internationally to verify whether a pair of completed spectacles complies with the prescription order, both for
power and prism imbalance (relative prism error).

“It is very important that the survey is completed by the people who perform the power and prism inspection of
the completed spectacles or finished uncut lenses, whether in laboratories or in optical practices. We wish to find
out what actually happens, not what you feel should be done. There are no right or wrong answers to this survey,
and because this information will be collected anonymously, there are no implications to your responses.”
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D.3 Major findings

D.4 De¢tailed results \%

D.4.1 (ountry, focimeter type, use of standards, etc. (<

Over 70 % of industry practice use a 2-parameter (Spherical and Cylindrical) power tolerance
methodology.

Alarge proportion of respondents use increments of 0,25 D or A when measuring lenses, (81 % for power
and 60 % for prism).

95 % of the industry works in minus cylinder convention, (historically with a larger percentage of the
industry working in plus cylinder convention, the 2- versus 3-parameter power methodology had alarger
impact).

In gene rdreth a -, Ftion-was-significanthyva witha—variety of
prodedures an d performed with the majority employing a pi/&hodology

that|differed from the reference method in the standard. Q

A significant section (41 %) of the marketplace demonstrated a lack of understandi /\of ‘compensated’
verification power and prism check off values. (This is likely to cause many more ¢ ﬂ\gtly manufactured
jobs[to be rejected for power compliance than jobs rejected because of a 2-parame§‘§ power methodology
being implemented.)

The varipus pie or other charts below are listed for each quesQQl on the survey, together with comments

where appropriate. Apart from this first plot, the results i

been normalized to the proportion of spectacle lenses supp@'}e in each region.

o)

Question 1: What country are you in? $
3 4’\6

Key

charts to all the following questipns have

1 Europe
2 North America
3 Rest of the world

Figure D.1 — Country of the respondent

Because the replies predominantly came from the USA, the results below have been normalized according to
the number of spectacle lenses used in each region.
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Question 2: What type of business do you work in?

Predominantly, the replies have come from private practices, which might not verify lenses in the same way
as retail locations or prescription laboratories and lens manufacturers.

2 1

3
Key
1  noapswer
2 prescription laboratory/manufacturer QQ
3 retajl location \Q
4  privaite practice s\&
%
Figure D.2 — Type of buglﬁs of the respondent

2
\)
Question 3: What quantity of lenses are insp@ed per week?
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Key &Q‘

1 no apswer O
2 <50 \%

3 > 300 6\

4

> 50[and < 300 Q<<
<

Figure D.3 — Quantity of lenses 'g'\@}ected each week
%

The gredter number of responses from private prac%@is mirrored in the roughly equal numbers that
verify < 50 lenses a week and the 50 to < 300 group. %)
\)

In the UK, the results for the number of lenses il@pected per week and type of location could be analysed -
see Tabl¢ D.1. \{:\'

$)
N
Table D.1 — Percentage in ;@DK only answers on location and number of lenses
@ + inspected per week
P\

Quantity of lenses in- (')\) Percentage of all UK replies
spected per week NO) Private Retail location Rx Lab/Lens manufacturer
<50 2 284 59 0
>50and <300 32,4 12,7 0
2300 < 0 8,8 11,8
\)
As expedted, t tail locations or, in the UK, stores belonging to multiple opticians, were more liKely to be

checking mgg?l‘enses per week than private practices. There were, however, far more replies from private
practices t’l’g from the retail locations (60,8 % versus 27,4 % of all UK replies).

Question 4: What is the primary type of focimeter/lens meter used when verifying spectacle lenses?
The preferred type of focimeter varied considerably by region - see Table D.2.

In North America, manual focimeter use was 77 %, while elsewhere it was about 25 % to 35 % with
automated instruments being the more popular.
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Table D.2 — The preferred type of verification instrument according to the region

Type of verification instrument Europe North America Rest of the world
Manual 26 77 33
Automated Manual positioning 68 21 59
Automated Robotic positioning 5 2 3
Mapper 1
Not stated 0 0 4

Key
no a

Ul s W N

Overall,
by 37 %.

Questio
display?

The display s@ used when automated instruments were used are shown below, the majority (59
0,25 D djs
2

53% 0,2

mapjping device

manjual focusing

nswer

automated (robotic positioning) N c\}‘
automated (manual positioning) C)\\

Figure D§ Preferred type of verification instrument
nutomated instrurm;.gtg with manual positioning of the lens were used by 56 %, manual inst
N\

S

h 5: If your Q@erred instrument is automated, what power or prism steps were use

ruments

d on the

bo) chose

steps, 22 % 0,12D, 2 % 0,06 D and 16 % 0,01 D steps. For prismatic power, the chTice was:

2% 012 A, 4% 0,06Aand 17 % 0,01 A steps
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Power: 0.25D % Prism:0.25D 3 %
Power: 0.12D Prism:0.12D
Power: 0.01D Prism:0.01 D
Power:0.06D 2% Prism:0.06 D 4%
No Answer 1% Other 2%
Other |0 % No Answer F 2|% x
0 200 400 600 0 100 200 300 400 ?t@q’
Key /\ .
1  power step '<\%
2 prism step N

<L
Figure D.5 — The power or prism step chos@\
A

e majority for 0,25 D steps is worrying in that it might not be@%ssible to verify whether

a lens is
als - see

eference

The larg
within of outside tolerance when verification powers are not clos the traditional 0,25 D interv
Question] 11 and D.6 and D.7. Annex E gives a discussion on the p steps and verification.
The samp comment can be applied to measurement of prism { \alance, especially when using the 1
test method. Q
: LN
Question 6: What standard do you use when verlfy\gé’spectacle lenses?
3 2 iY
4 6
7o) 5
Key
1 other 4  internal standard
2 noanswer 5 ANSI
3 national 6 ISO

A breakdown according to region is given in Table D.3.

Figure D.6 — Standard used when verifying spectacles
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Table D.3 — Type of standard used — percentages for each region

Type of Standard Europe North America Rest of the world
ISO 68 16 63
Internal 30 8 27
National 71 (ANSI) 12
Other 4 4
No answer 1 4

N.B. Results could include firms marketing internationally. Quebec uses ISO, the rest of Canada uses ANSI.

Questio

This plof
showing
other IS(

In the Ul
the totall
quoted t
abstract

Key

1 othe
2 no a
3 nati

1/ What1s the name of the standard used?

™

shows an overall impression. The results vary enormously around the world, Witk}ﬁ‘kh

a 71 % usage of the ANSI standard. The choice of “ISO” could include either editipq‘ SO
lens standards, e.g., 8980. /\q

K, even when ISO 21987 was named, half were using the 2011 edition, not the 2017 edition|
stated that they used ISO 8980, presumably Parts 1 and 2 which are t lens standar]
he British Standard that predated ISO 21987. One of the professiona

giving the tolerances, so users can not be sure which Standard wa@b ng copied.

\\

3 2 1

internal standard
ANSI
ISO

Figure D.7 — Name of the standard used

America
1987, or

16 % of
ds, some

ies in the UK publishes an

Question 8: If using an internal standard, are your tolerances similar or tighter than those used in
(insert local country standard)?
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Note tha
Questio

Questio
measurs

A very s
use the d

commur:ﬂlcation protocols diffe

making

tighfer than the standard listed above O\

loosgr than the standard listed above QQ

ame as the National or ISO standard listed above \%
ar to the standard listed above O\

\Y

Figure D.8 — Are the tolerances looser, simil@ or tighter than the ISO ones?

%)
L only 11 % were using standards with loosel‘g’l\&ances.
n 9a: Is the focimeter connected to a com?&iter for data collection?

n 9b: If yes, is final accepting or reigﬁf&g a pair of spectacles made with a computer co1
ements with its pass/fail criteria\'\b

mall percentage had focimeter.s(;&nnected to computers, but of that number, a small maj
omputer’s processing for a%pfing/rejecting a lens. A suggested reason for this is that fo
r een manufacturers and even models from a single manu

terfacing with softwaghifficult. This suggests a task for standardization.

-

mparing

prity did
fimeters’
facturer,
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A B
56 % 51
o 54 % %
100 % 93 %
52%
80 % 50 %
0,
60 % 8% 46 %
46 %
0,
40 % 44 9
0, 0,
20 % 7% 42 %
40 %
009
% 2 1 2 (l/b‘
Ke Q
y .
A question 9a - focimeter connected to a computer? 03\ ’
B quesfion 9b - used for reject calculation? (\
ok N
Cc ifYEp Q.
1 no 6
2 yes O
9
Figure D.9 — Is the focimeter connected tQaQomputer?
Question 10: What do you do when a lens is out of tolerancg\Q
1 5, 4
2 3
Key Q?“
re-meas)@ the same instrument without moving the lens
re-me@ on the same instrument but moving the lens

re-measure on a different mstrument
reject lens without re-measuring

Ul s W N

other

Figure D.10 — Procedure when a lens is out of tolerance

The two popular options (remeasure, either after moving the lens or on a different instrument) appear
logical, while remeasuring a lens without moving it would be valid only for a manual focimeter. Immediate
rejection, especially for a power-variation lens, might reject lenses that were good.

© IS0 2024 - All rights reserved
34


https://standardsiso.com/api/?name=a3d040d07de1fc5e006c5b1e36d919ff

ISO/TR 11797:2024(en)

D.4.2 Focal power verification

Question 11: When a manufacturer states both the ordered power and the verification power
(compensated power taking into account the as-worn position), do you apply tolerances to the
prescribed, ordered or verification power?

While the majority of replies were for the correct answer of “verification power”,

it is disappointing that

many did not. For practices that rarely order lenses with powers compensated for the as-worn position,
the ordered power is a sensible answer. Similarly, to pick up errors from writing orders manually, checking
against the prescribed power on the consulting room’s record is also sensible. The problem arises when a
lens’s power has been modified by the manufacturer to take account of the as-worn position, when the lens
must be checked against the verification power.

1  verification power

Key
2 orde
3  pres

More emjphasis is needed on Ver®<;tlon power in ISO 21987 and education will need to be done; se¢
[s in D.6 and D.7. O

commen
Questio

There is
spherica

specified i
trainee di

2-param

red power
cribed power

n 12: When you@eck the power of a lens with a cylindrical component, do you?

&Tng opticians are taught the 3-parameter method but are frequently told in practice;
ethod is used.

2

N
Figure D.11 —C oigg) of reference for focal power measurement

9

ical powers as used in the ANSI Standard, and not a 3-parameter method sud
spectacle lens standards. See, however, the discussion related to Question 14, |

also the

a large m @fy in favour of a simpler method, such as the 2-parameter method of measyring the

h as that
n the UK,
that the
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0%
3

Key

meagure the sphere power and cylindrical power i.e. sphere, Cyl
meagure the two principal meridians of focal power and compute the cyllndrlégference

3 apply your own method

< ©

Figure D.12 — Procedure for verifying a len h cylindrical power
N
Question 13: Which cylinder convention do you use? s\

Note thdt the very clear-cut majority of people us s%he minus cylinder. This matches the topling for
conventipnal back surface toric lenses with their minus cylinder power. See the last paragraph rglating to
the next|question for possible beneficial 1mp11catlo&‘when verifying lenses.

Key
1  minus cylinder convention
2 plus cylinder convention

Figure D.13 — Cylinder convention used

Question 14: When using the minus cylinder convention, assuming a 0,12 tolerance for sphere and
cylinder, would you pass or fail this lens?
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Key
1 pass
2 fail

Both the|spherical and cylindrical powers of this lens are wit @the ISO tolerance, but the errors in
such that the second principal power was outside tolerance

Compar

method,

more co

In North|America, where the 2-parameter m }’1%(3 is normally used, 25 % failed the lens, implying
would cHeck the second principal power %ﬂ Table D.4 below. In Europe and rest of the world, 64 ¢
the lens, ro

A more

measured just the spherical and
of those|who stated that they
respondé¢nts more careful th@t ey would be when actually verifying a lens because the survey g
a numerical example? \%

ISO/TR 11797:2024(en)

Prescribed = Sphere + 0,25, Cylinder - 3,25 x 103
Measured = Sphere + 0,37, Cylinder - 3,18 x 103

Figure D.14 — Pass or fail th%-s

2,81 D instead of -3,00 D).

¢d with the answer to Question 12, where only &% of replies stated that they used the 3-p:
35 % failed the lens, which implied that the re considering the second principal power.
nsideration was given because this was a niimerical example?

about 7 % absolute less than t portion who stated that they used the 2-parameter
detailed breakdown was penformed for the UK replies: about 27 % of those who stated {
drical powers failed the lens, while approximately equal
the 3-parameter method passed and failed the lens. Again,

S

T @DA- — The percentages of replies passing or failing the lens
S

both are

irameter
Perhaps

that they
o passed
method.
hat they
numbers
were the
hve them

%age pa§@§ or failing Europe North America Rest of the world
o~ Pass 64 75 64
é\ Fail 36 25 36

The fact that 65 % that passed the lens suggests that the majority of lens verifiers use the 2-parameter
method. Users of automated instruments must either calculate the second principal power, or use the
transpose button/icon on the instrument to display it. Conversely, users of manual instruments have to

calculat

e the cylindrical power from the two principal powers.

Almost all lenses are now made with the cylindrical component on the back surface, i.e. as minus cylinder
lenses. The power in the base curve (i.e. the spherical power) and the cylindrical component are therefore
likely to be pretty accurate, but the cumulative error in the power of the second principal meridian could be
less accurate; this will not be picked up when the lens is verified using the 2-parameter method in the minus
cylinder transposition. Conversely, in the days when the cylindrical component was generally on the front
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surface, then the spherical power in the minus cylinder transposition corresponds to the cross curve so
out-of-tolerance errors were more likely to be discovered when verifying the lens.

Question 15: When you measure the addition power of a progressive-power lens, do you?

It is interesting that 34 % accepted the value in the temporal engraving. The chances of a lens having an
incorrect addition power was extremely small when they were made from a progressive-power semi-finished
lens blank; the aberrations when verifying this power on a focimeter made measurement somewhat
imprecise, making this choice very reasonable.

With free form lenses having the addition power created during the calculation and machining process and in
many cases being compensated for the as-worn position, verifying the lens on a focimeter seems much more

d 1 bl 0 acracially oo tbha an oo a dualo tc ol tbo o dand o d oot bl o o fi ook oo o d A oo I
adavisa [ CopCCrarty asS it CIrgTrav ChvaratTrs asuarry coC oratrctant ot ot v CTrTriCatroT atatTeroTr ower.

Key \O

meagure the addition power of the lens Wi{\@k progressive surface against the focimeter’s lens support

other C)

.

look{for and accept the value in the engraved temporal marking
meagure according to the instru

B wWw N R

supplied by the manufacturer

Figure D.15 —\fﬁ'iﬁcation of the addition power of a progressive-power lens

9

D.4.3 PRrism veri Qion
Question 16: \@1 you check prism imbalance, what do you check?

?\
S
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all sipgle vision, multifocal and progressive-power lenses
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3 2 1

only single vision and multifocal lenses Q_
only [progressive-power lenses &

do n¢t verify prism imbalance 60
AS

Figure D.16 — What types of lenses are verified for prism imbalance

N\
Table D.} shows that there is considerable difference in peré&kages around the world for verifying all lens
types or|not verifying at all. \\S\
The 9 % pverall (in the Figure) that do not verify pris balance masks the 24 % in Europe who do|not (and
this averfages the tiny 2 % in Great Britain who do . The proportion of European answers (see Table D.5)
stating that they did not verify prism imbalancelat all (24 %) is somewhat worrying, particularly fince the
continenttal European experts on the projest.group writing ISO 21987 are very strong advocates of the
referencg method in the standard. C)’\\C)
Table D.5 — Measurel@nf of prism imbalance — percentages for each region
O

Type of lens measured C)V Europe North America Rest of the World

Alllens types () 64 89 82

Only PPLN~ 7 1 2
Only single-visjq@ﬁ’d multifocal 5

Do'pet verify 24 6 7

While t ﬁ'\fy verify all lens types, including progressive-addition lenses, the survey did not ask what

ma
tolerances v&

applied. For progressive-addition lenses, see the answer to Question 18.
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Figur
The worn
centratig
Clauses

$.3.5 and 6.6 of ISO 21987. In both- North America and the rest of the world, the majority g
the method of dotting the optical centre, €t¢y, a method similar to that in Annex C of [SO 21987 - see ]
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the optical centre of the stronger of the two lenses and dot it, then slide the Q‘ over to the other
ure the distance between the optical centres (OCD/PD) and check agalnst t ered centration dist,
or accuracy

k the ordered position of the centration points, measured any prlsm a%\\[’fese points, and then dete
ontal and vertical prism imbalance

ling a focimeter or connected software that has internal prlsm i - balance calculation capability, we mg
enses at their centration points and apply the tolerances to t ulated imbalance values

s

[dwide average masks the choice in b§B\)e where the highest proportion at 50 % ma|
n points and then measured the i ance, a method similar to the reference test

e D.17 — Method for verifying the prism 1§l§§ance of single-vision and multifocal l¢nses

lens. then
hnce (CD/

rmine the

asure the

arked the
thod in
referred
[able D.6

where tHe most favoured method fogc.h region is shown in bold font.
Table D.6 — P verification method — percentages for each region
Prism vérification method O,U Europe North America Rest of the world
Mark centration B_@End measure 50 27 28
Dot OC stron@@’ns, then weaker 29 64 58
Fociyg?f'\with software 17 7 13
<~ Other 4 2 1

Questio

1@6.“{:” progressive power lenses, if you are checking the prism imbalance, do you?
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