International Journal of Occupational Safety and Ergonomics (JOSE), 2016
Vol. 22, No. 1, 6670, http://dx.doi.org/10.1080/10803548.2015.1083733

Taylor &Francis
Taylor & Francis Group

Light transmission through intraocular lenses with or without yellow chromophore (blue light
filter) and its potential influence on functional vision in everyday environmental conditions
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In this research the factors used to evaluate the light transmission through two types of acrylic hydrophobic intraocular
lenses, one that contained yellow chromophore that blocks blue light transmission and the other which did not contain
that filter, were defined according to various light condition, e.g., daylight and at night. The potential influence of light
transmission trough intraocular lenses with or without yellow chromophore on functional vision in everyday environmental

conditions was analysed.
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1. Introduction

The modification of spectral characteristics of optical radi-
ation’s transmission (including light) by different filters
used to protect vision in ophthalmic optics as well as
in artificial intraocular lenses (IOL) is common.[1,2] The
spectral characteristics of protective filters is modified
in order to block optical radiation at which levels of
energy might harmfully influence the eye in the workplaces
environment (e.g., laser technology, ultraviolet radiation,
infrared radiation) or by light that may cause glare.[3]
On the other hand, the modification of spectral charac-
teristics of lenses used in spectacles is related mainly to
the range of ultraviolet radiation and to lower the amount
of light that reaches photoreceptors within the retina. To
improve comfort of vision it is common to coat the sur-
face of spectacles with photochromic filters, polarization
filters that eliminate mirage effects, or interferential antire-
flection layers. Undoubtedly one of the biggest achieve-
ments of contemporary ophthalmic surgery of cloudy lens
(cataract) was to create artificial IOL which allow users
to achieve good postoperative visual acuity and adequate
bio-compatibility.[4] Improvements in the field of IOL
technology comprised searching for the best materials
(hydrophobic acryl, hydrophilic acryl or silicon) on which
the production of IOL is currently based as well as mod-
ification of shape and thickness that allowed surgeons to
implant IOL through a very small opening in the eye. Pre-
mium IOLs, e.g., multifocal, accommodative and toric,
help pseudophakic patients to be independent from specta-
cles, or fully corrected in the case of complicated refractive

errors. From a technical point of view, changing of the
light transmission by IOL is based on introducing pigment
(chromophore) into the polymer structure of the IOL that
limits light transmission in a defined spectral range.[5] The
most often used IOL modification comprises introduction
of yellow chromophore acting as a blue light filter. In the
case of external eyeglasses, change of light transmission
is short term and limited by the time wearing spectacles
or protective masks. However, in subjects with implanted
IOL the effect is permanent with potential influence on
everyday light perception of the external environment as
well as on the human circadian cycle.

Usually the luminous transmittance (light transmis-
sion factor) is defined according to the spectral visibil-
ity function of the average human eye for daylight/night
vision,[6] spectral energy distribution of Standard Illumi-
nant D65 or Illuminate A,[7] relative spectral distribution
of signal lights [7] or spectral function for calculation of
photobiological risk.[8] Considering these conditions, it
is reasonable to assume that after cataract surgery with
IOL implantation with yellow chromophore, the subject
will perceive colours in a modified way as compare with
pseudophakic patient without filter. As a consequence,
IOL containing chromophore may influence the ability
of coloured light recognition in everyday life and work
environment, e.g., signal lights, colour pointers, display-
ers of the road traffic lights, indicator of dashboard, aircraft
cockpit, etc., as well as the biological ‘light stimulus’ tak-
ing part in the mechanism whereby melatonin secretion is
regulated.
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2. The method of calculating light transmission
through IOL in various light conditions

The value of optical radiation transmission (including
light), that crosses through any optical element, differs due
to the way it is defined. The simplest way of defining trans-
mission of optical radiation is to designate the proportion
of the power of its stream falling on tested optical ele-
ment to the stream that passes through this element. In
fact the stream of optical radiation can be divided into
many components of various wavelengths. The ratio of the
streoptical radiation falling on the tested optical element
to the stream that passed for any examined wavelength
is defined as spectral transmittance, which is defined as
follows:
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where A = wavelength in nanometres, ¢o(1) = strength of
stream falling on the optical element for wave length A,
¢ (1) = the strength of stream passing through the optical
element for wave length A.

Spectral transmittances at the function of wavelength
is called as the spectral transmittance characteristics of an
optical element. Spectral characteristic is the key element
for calculation of the transmission of the optical radiation
value.

The first stage in defining the equation which is going
to be used to calculate transmission is to define the wave
length range. In the case of defining optical radiation
transmission (light) the range is from 380 to 780 nm.
Another stage is based on choosing weight functions which
are going to be considered at calculating transmission.[6]
When these functions are not considered, the value of
transmission is defined as mean spectral transmittance
which is calculated by Equation (2):
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where A = wavelength (nm), t(A) = spectral transmit-
tance, N = integer corresponding to the value of mea-
surement step at the measurement of spectral trans-
mittance characteristics (e.g., for a measurement step
I nm, in a range of wavelength of 380 to 780 nm,
N = (780 —380) + 1 = 401).

The value of optical radiation transmission might con-
sider spectral energy distribution of any illuminants (e.g.,
Iluminant A for artificial light or D65 for natural light), as
well as spectral visibility function of the average human
eye for daylight or night vision distribution. Calculated
in this way, the value of the light transmittance factor is
defined by Equation (3):
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where A = wavelength (nm), t(A) = spectral transmit-
tance, S(1) = spectral energy distribution (e.g., D65 or A),
V()) = spectral visibility function of the average human
eye for daylight or night vision distribution.

Because of differences in the spectral energy dis-
tribution and spectral visibility function of the aver-
age human eye for daylight or night vision distribution
(Figures 1 and 2), the values of average spectral trans-
mittance factor (Equation 2) and light transmittance fac-
tors (Equation 3) might differ significantly. This difference
depends on the process of spectral transmittance character-
istics itself.

The spectral characteristics of the light transmission
might be also used for the calculation of factors that define
ability for recognition of signal red (R), yellow (Y), green
(G) and blue (B) light. The transmittance is weighted by
spectral distribution of incandescent signal lights and the
sensitivity of the human eye (TR, TsignY, TsignG» TsignB)
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Figure 1. Spectral energy distribution for illuminant A and
D65.[7]
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Figure 2.  Spectral visibility function of the average human
eye for daylight and night vision distribution.[6]
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Figure 3. Spectral distribution of incandescent signal lights
(for bulb light).[7]

and is calculated by Equation (4) [9]:
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where Sa ;(A) = spectral energy distribution of Stan-
dard Illuminant A (or 3200 K for blue signal light),
V()) = spectral visibility function of the average human
eye for daylight vision, tg(A) = spectral transmittance for
traffic signal lens.

Spectral transmittance for signal lights depends on the
type of light source. Different distributions are used in case
of incandescent lights and LEDs. Sample spectral trans-
mittance of signal light distributions for incandescent light
sources are presented in Figure 3.

Transmittance factors including spectral distribution of
signal lights are used to calculate relative visual attenuation
quotient for signal light detection (QOsign).[9] This quotient
for signal red (R), yellow (Y), green (G) and blue (B) light
(QsignRs QsignYa QsignG> QSignB) is calculated by Equation
(5):

Tsign
Qsign = P (5)
1%

where 74, = spectral transmittance weighted by spectral
distribution of incandescent signal lights and sensitivity
of the human eye, 7, = luminous transmittance (weighted
by spectral visibility function of the average human eye
for daylight and spectral energy distribution of Standard
[luminant D65).

3. Tested samples and research methods

The research consists of the comparison of light transmis-
sion for two types of hydrophobic acrylic IOL with the
same refractive power of 20.0 dioptres, containing yel-
low chromophore (AcrySof® Natural Sn60AT Alcon Lab,
USA) and without chromophore (Alcon Labs). The light

transmission was evaluated, in daylight and in night condi-
tions. The spectral characteristics were measured using the
following factors:

e mean spectral transmittance (7),

e luminous transmittance weighted by spectral energy
distribution of Standard Illuminant D65 and spec-
tral visibility function of the average human eye for
daylight vision (7 A /day),

e luminous transmittance weighted by spectral energy
distribution of Standard Illuminant A and spectral
visibility function of the average human eye for
night vision (T, a/night)

e luminous transmittance weighted by spectral energy
distribution of Standard Illuminant D65 and spec-
tral visibility function of the average human eye for
daylight vision (7 ,pg5/day)s

e luminous transmittance weighted by spectral energy
distribution of Standard Illuminant D65 and spectral
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Figure 4. Spectral characteristics of intraocular lenses without
chromophore light filter.
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Figure 5. Spectral characteristic of intraocular lenses with
chromophore light filter.
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visibility function of the average human eye for Australia) with the step of every 1 nm. Diagrams of mea-
night vision (T ,pes/night)s sured spectral characteristics are shown in the Figures 4
o transmittance of signal lights (7 ign), and 5.

e relative visual attenuation quotient for signal light
detection (Osign).

Measurements were performed with the use of a two- 4. Results

beamed spectrophotometer CARY 5000 (Varian Inc., Results of measured factors are presented in Tables 1-3.
Table 1. Light transmission factor.

Type of IOL

Light The difference of factors
transmission Without With for IOL without and with
factor (%) chromophore chromophore blue light chromophore
T 93.70 87.75 5.95
Ty /day 92.55 82.45 10.1
TyA/night 93.39 86.77 6.62
TyD65/day 92.14 78.41 13.73
TyD65/night 90.43 75.19 15.24
M 92.44 82.11 10.33
SD 1.298 5.367 3.706

Note: IOL = intraocular lenses; T = mean spectral transmittance; 7,,A/day = luminous transmittance weighted by
spectral energy distribution (Illuminant A) for daylight vision; 7, A/night = luminous transmittance weighted by
spectral energy distribution (Illuminant A) for night vision; 7,D65/day = luminous transmittance weighted by
spectral energy distribution (Illuminant D65) for daylight vision; 7, D65/dnight = luminous transmittance
weighted by spectral energy distribution (Illuminant D65) for night vision.

Table 2. Signal light transmission factor.

Type of IOL

Signal light The difference of factors
transmission Without With for IOL without and with
factor (%) chromophore chromophore blue light chromophore
TsignR 94.47 88.33 6.14

TsignY 94.06 88.39 5.67

TsignG 92.76 86.85 591

TsignB 93.42 87.02 6.40

M 93.68 87.65 6.03

SD 0.75 0.83 0.27

Note: IOL = intraocular lenses; 7signR = transmittance of red signal lights; 7gn Y = transmittance of yellow
signal lights; 7oy G = transmittance of green signal lights; 7 gy B = transmittance of blue signal lights.

Table 3. Relative visual attenuation quotient for signal light detection factor.

Relative visual

attenuation quotient Type of IOL The difference of factors
for signal light Without With for IOL without and with
detection factor (%) chromophore chromophore blue light chromophore
OsignR 1.01 1.01 0.00

Osigny 1.01 1.02 —0.01

OsignG 1.00 0.99 0.01

OsignB 0.99 0.96 0.03

M 1.00 0.995 0.005

SD 0.0096 0.0265 0.0148

Note: IOL = intraocular lenses; OsignR = relative visual attenuation quotient for red signal light detection;
Osign Y =relative visual attenuation quotient for yellow signal light detection; Qsiogn G = relative visual attenuation
quotient for green signal light detection; QOs;onB = relative visual attenuation quotient for blue signal light detection.



70 G. Owczarek et al.

5. Discussion and conclusions

Luminous transmittance weighted by spectral energy dis-
tribution of Standard Illuminant D65 and spectral vis-
ibility function of the average human eye for daylight
vision (Types/day) is commonly used to characterize the
amount of light that crosses through optical elements used
in ophthalmic optics. There are no specified factors to
characterize light transmission through the artificial IOL
implanted during cataract surgery. Presented results show
significantly lower value of light transmission (74.41%
and 92.14%) for IOL containing blue light filter as com-
pare to non-modified IOL, respectively. Values for light
transmission that are specified by the manufacturer are
in a narrow range of 95-99% and depends on the thick-
ness (refractive power) of IOL. In practice, assessment of
those factors is performed by the company using poly-
meric samples that are not connected with the production
process. What is even more interesting, there is a sig-
nificantly lower difference of 6% in the amount of light
passing through the IOL with and without the blue light
filter according to the mean spectral transmittance. Con-
sidering the obtained data one may assume that IOL with
blue light filter has relatively good radiation transmission,
which distribution is defined by A illuminant in night
vision conditions. The values of luminous transmittance
weighted by spectral energy distribution of Standard Illu-
minant A and spectral visibility function of the average
human eye for night vision (7,a/night) for examined yel-
low chromophore and without chromophore IOL is 86.77%
and 99.39%, respectively. The difference in amount of
light that passes through non-modified IOL and IOL with
chromophore is significantly lower in night conditions as
compared to the daylight conditions. The obtained val-
ues of the light transmission factors of the two types of
IOL show that there is higher transmission in the case
of IOL without blue chromophore. On the other hand,
it seems reasonable to suggest that blocking blue light
radiation in twilight (mesopic) conditions potentially may
improve the quality of vision. Here we considered the
well known Purkinje phenomenon which describes the
higher sensitivity of retinal photoreceptors during the night
on shortwave radiation (blue light spectrum) in compar-
ison to the spectrum of light with longer wave (e.g.,
red light). With this in mind the increased contrast as a
result of diminished amount of blue light radiation can be
expected. There were no differences between two types
of IOL in term of the obtained values of signal light

transmittance factors (Table 2), which for every type of
signal light was 6%. Moreover the standard deviations
for signal light transmittance for IOL without and with
blue light filter were 0.75% and 0.83%, respectively. As a
consequence there are no differences between values of rel-
ative visual attenuation quotient for signal light detection
factors.

Funding

This paper is based on the results of a research task carried out
within the scope of the third stage of the National Programme
‘Improvement of safety and working conditions’ partly supported
in 20142016 — within the scope of research and development —
by the Ministry of Science and Higher Education/National Centre
for Research and Development. The Central Institute for Labour
Protection — National Research Institute (CIOP-PIB) was the
Programme’s main co-ordinator.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1] Gralewicz G, Owczarek G, Kubrak J. Interference filters
blocking hazardous infrared radiation at hot worksites.
Prace Instytutu Elektrotechniki. 2012;256:23-35.

[2] Gralewicz G, Kubrak J, Owczarek G. Changes of transmis-
sion characteristics for different optic radiation incidence
angles in filters protecting against hazardous infrared radia-
tion. Cogent Engineering. 2015;2:1-10.

[3] Koradecka D, editor. Handbook of occupational safety and
health. Boca Raton (FL): Taylor & Francis; 2010.

[4] Kamiya K, Shimizu K, Hayashi K, et al. Multifocal intraoc-
ular lens explantation: a case series of 50 eyes. Am J
Ophtalmol. 2014;158(2):215-220.el.

[5] Owczarek G, Jurowski P. Changes of spectra transmit-
tance of optical radiation trough intraocular lenses explanted
from the eye due to glistening phenoma. Prace Instytutu
Elektrotechniki. 2012;255:201-211.

[6] CIE Scotopic luminosity curve. Crawford (1949) The sco-
topic visibility function. Proceedings of the Physical Soci-
ety. 1951;B62:321-334.

[7] International Organization for Standardization (ISO). CIE
standard illuminants for colorimetry (Standard No. ISO/CIE
10526:1999). Geneva: ISO; 1999.

[8] International Electrotechnical Commision (IEC). Photobi-
ological safety of lamps and lamp systems (Standard No.
IEC 62471:2006 (idt CIE S 009:2002)). Geneva: IEC;
2006.

[9] International Organization for Standardization (ISO). Eye
and face protection — sunglasses and related eyewear — part
1: sunglasses for general use (Standard No. EN ISO 12312-
1:2014-02). Geneva: 1SO; 2014.



	1. Introduction
	2. The method of calculating light transmission through IOL in various light conditions
	3. Tested samples and research methods
	4. Results
	5. Discussion and conclusions
	Funding
	Disclosure statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


