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kplrØp°tf,

tIcfm Kh¨a‚ v H]vt‰msa{SnÃv
At mkntbjs‚ A`nam\amb tP¿W¬
C≥ssk‰ns‚ as‰mcp e°w IqSn \nßtfh¿°pw
ap∂n¬ ka¿∏n°p∂p. Ign™ e°Ønemcw`n®
H]vt‰mSqƒkv F∂ ]w‡n hfsctbsd t]¿
{i≤ns®∂v a\ nem°nbXn¬ kt¥mjw.

taP¿ Bip]{XnIfnse XkvXnI
ko\nbgvkn\v(Kk‰Uv Hm^ok¿) Ass ≥
sNøWsa∂v ImemImeßfmbn k¿°m¿
k¿∆oknep≈ ko\nb¿ H]vt‰msa{SnÃpam¿
Bhiys∏´v h∂ncp∂Xv kwLS\bpsS
katbmNnXamb CSs]StemsS \S∏m°s∏´Xns‚
kt¥mjØnemWv \mtahcpw. AtcmKy hIp∏n¬
H]vt‰msa{SnÃpIfpsS ]pXnb XkvXnIIƒ
ir„n°p∂Xn\pw saUn°¬ hnZym`ymk hIp∏n\v
Iogn¬ \S°p∂ H^vØm¬an°v AknÃ‚ v Untπma
tImgvkns‚ ]T\ \nehmcw Db¿Øp∂Xn\pap≈
Xo{h {iaßfpw \S∂psIm≠ncn°p∂p.

Nne hna¿i\mflIamb C˛sabnepIƒ FUn‰¿°v
e`n®Xv FUnt‰mdnb¬ t_m¿Uv N¿® sNbvXv
Ignhns‚ ]camh[n {]iv\clnXambn Cu e°w
{]kn≤oIcn°m≥ km[n®p F∂mWv hnizmkw.
XpS¿∂pw {InbmflIamb Bibßfpw
A`n{]mbßfpw {]Xn£n®p sIm≠v
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{]nb kplrtØ,

Cu {]kn≤oIcWw \nßfnseØptºmƒ \mtamcpcpØcpw H]vt‰mao‰ns‚
thZnbnembncn°pat√m. ho≠pw Fs∂ tIcfm Kh¨a‚ v H]vt‰msa{SnÃv At mkntbjs‚
{]knU‚ v ]ZhnbnseØn® HmtcmcpØtcmSpap≈ Fs‚ lrZbw \nd™ \µn Adnbn°s´.
CXphscbpw kXyk‘ambn Cu kwLS\sb \bn°m≥ klmbn® `mchmlnItfmSpw
Hmtcmtcm AwKßtfmSpw Rms\s‚ IS∏mSpw \µnbpw ho≠pw Adnbn°p∂p.

\ΩpsS HutZymKnI tP¿Wemb C≥ssk‰ns‚ {]kn≤oIcWw B\pImenI hnhcßƒ
a\ nem°m≥ hfsc klmbn°p∂p F∂Xv Hcp hkvXpX Xs∂bmWv. AXn\v th≠n
{]h¿Øn°p∂ GhtcmSpap≈ \µnbpw Cu AhkcØn¬ ka¿∏n°p∂p. kwLS\bpS ]q¿∆
Ncn{Xw ]cntim[n°ptºmƒ Ign™ Ipd®v Imew {]XnIqeßfpsS kabambncp∂p. F∂m¬
Cu Ahkcßfnsems°bpw i‡ntbmsS {]h¿Øn°m≥ Ign™Xv At mkntbjs‚ Hcp
t\´w Xs∂bmWv. hfsc Imeambn \Ωfm{Kln® ko\nb¿ t{KUv t]mÃv Ass s∑‚pw
ko\nb¿ tamÃv Pn√m H^vØm¬an°v tIm¿Unt\‰sd AtcmKy hIp]v Bÿm\Øv t]mÃv
sNø\pap≈ DØchv Bsb¶nepw AXv {]mh¿ØnIam°m≥ Ign™Xv kwLS\bpsS
CSs]S¬ sIm≠msW∂v \n wibw ]dbmw.

tIcfØnse H]vt‰msa{SnÃpIfpsS Iq´mbva FSpØv ]dtb≠ H∂pXs∂bmWv. \Ωp°v
C\nbpw hsfscb[nIw t\´ßƒ ssIhcnt°≠Xmbn´p≠v. ]pXnb XkvXnIIƒ ir„n°¬,
IqSpX¬ hnj≥ sk‚¿ XpSßpI, iºf IΩoj≥ A]mIXIƒ ]cnlcn°pI, BSc H]vt‰msa{Sn
AUvanj≥ t\Sp∂Xn\v sU]yqt´j≥ t\SnsbSp°pI, F√m saUn°¬ tImtfPpIfnepw
BSc H]vt‰msa{Sn tImgvkv XpSßpI, saUn°¬ hnZym`ymk hIp∏n¬ XkvXnI H]vt‰msaSnÃmbn
]p\¿ \maIcWw sNøn°pI XpSßn \nch[n Bhiyßfn¬ hcpw Imeßfn¬
HsØmcpatbmsS {]h¿Øn®v k¿°mcn¬ \n∂pw A\pIqeamb DØchpIƒ
t\SnsbSpt°≠Xmbn´p≠v.

\ΩpsS \mSns‚ A‘Xm\nb{¥W ]cn]mSnbpsS Du¿÷nXamb {]h¿Ø\Øn\pw \ΩpsS
\ymbamb Bhiyßƒ t\SnsbSp°m\pw Hmtcm AwKßfpw Hscm‰ a\t msSbpw A¿∏W
t_m[tØmsSbpw apt∂dm≥ ssZhw klmbn°s´ F∂ {]m¿Y\tbmsS \n¿Øp∂p.
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am\y kplrtØ,
tIcfØnse {]_p≤cmb H]vt‰msa{SnÃpIƒ

H∂S¶w ]s¶SpØv BthtimPzeambn kam]n®
20mw kwÿm\ ktΩf\Øn¬ tIcfm Kh¨a‚ v
H]vt‰msa{SnÃv At mkntbjs‚ P\d¬
sk{I´dnbmbn Fs∂ sXcs™SpØXns‚ \µn
hm°pIƒ°XoXamWv. `n∂Xb√ "HcpabmWv'
tIcfØnse H]vt‰msa{SnÃpIƒ B{Kln°p∂sX∂v
Zpjv{]NmcWßsf AhKWn®v 20mw kwÿm\
ktΩf\Øn¬ Xnßn \nd™ kZ v sXfnbn®p.
\nßƒ F∂ne¿∏n® hnizmkhpw, G¬∏n®
I¿Øhyhpw F{Xam{Xw hepXmsW∂v
Xncn®dnbp∂p.

kwLS\bpsS AwK_ew 80 iXam\Øn\SpØv
FØn°m≥ Ign™p F∂Xn¬ A`nam\ap≠v.
CXn\mbn {]h¿Øn® kwLS\bpsS F√m
`mchmlnItfbpw {]h¿ØItcbpw A`n\µ\w
Adnbn°p∂p. t\ctØ Xs∂ kwLS\
XpSßnh®ncp∂ ]e Imcyßfpw ]q¿ØoIcn°m≥
Ign™Xn¬ NmcnXm¿∞yap≠v. tIcfØnse
H]vt‰msa{SnÃpIfpsS NncImem`nemjambncp∂p
ko\nb¿ t]mÃv Ass \nwKv. DØchndßnbn´pw
\S∏nem°msX am‰nh®ncp∂ t]mÃv Ass \nwKv
\ΩpsS i‡amb CSs]S¬ sIm≠v Ahkm\w
\S∏nembn.

Iu¨knenwKv {]{InbbneqsS kpXmcyambn,
Imcyamb ]cmXnIƒs°m∂pw CS \¬ImsX
ko\nb¿ t]mÃv Ass ≥ sNbvXv am‰n \nban°m≥
{]bXv\n® BtcmKyhIp∏v UbdŒtd‰nse _‘s∏´
DtZymKÿsc F{X A`n\µn®mepw aXnbmIn√.
NnecpsS ÿm]nX XmXv]cyßƒ \S∏nemhsX
t]mbXnep≈ GXm\pw ]cmXnIƒ am{XamWv Db¿∂v
h∂Xv. F∂ncp∂mepw hncenseÆmhp∂ Nne
ko\nb¿ H]vt‰msa{SnÃpIƒ°v _p≤nap´ v
D≠mbn´p≈Xn¬ tJZap≠v. hcpw h¿jßfn¬
Xo¿®bmbpw Cu _p≤nap´pIƒ ]cnlcn°s∏Spw.
am{Xa√, an°hmdpw AXn¬ F√mh¿°pw ÿew
am‰w aptJ\ kw`hn® _p≤nap´pIƒ
eLqIcn°p∂Xn\p≈ XmXv°menI kwhn[m\ßƒ
D≠m°ns°mSp°m≥ \ap°v Ign™p. kmt¶XnI
ImcWßfm¬ am‰nh®ncn°p∂ At]£bnepw
DS\Sn \S]Sn ssIs°m≈psa∂v {]Xo£n°p∂p.

2012se s]mXp ÿew am‰hpw Imcyamb
]cmXnIsfm∂pw C√msX \S∂p. CXn¬
kwLS\bv°p≈ ]¶v sNdpXmbn ImWcpXv. Ign™

]n {ioIpam¿
P\d¬ sk{I´dn

Iptd h¿jßfpsS IWs°SpØm¬, G‰hpw
Ipdhv tImSXn hyhlmcßƒ D≠mbXv Cu
h¿jamsW∂p≈Xv {it≤bamWv.

kwÿm\sØ apgph≥ HgnhpIfnepw \nba\w
\SØn°m\pw, Pn√m H v̂Øm¬an°v tIm¿Unt\‰¿,
ko\nb¿ H]vt‰msa{SnÃv {]tamj\pIƒ bYmkabw
\S∏nem°n°m\pw Ign™p. aµKXnbnembncp∂
t]mÃv {Intbj≥ kw_‘n® \S]SnIƒ
XzcnXs∏SpØm≥ km[n®n´p≠v . F∂m¬
C°mcyØn¬ BtcmKyhIp∏nse H^vØm¬an°v
sk¬ Iptd°qSn Imcy£aX
ImWnt°≠nbncn°p∂p. iºf ]cnjv°cW
At\maen kw_‘n®v \mw ka¿∏n® \nthZ\w
Ct∏mƒ k¿°mcns‚ kPoh ]cnKW\bnemWv.
DS\Sn A\pIqe \S]Sn D≠mIpw F∂v
{]Xo£n°mw.

P\d¬ sk{I´dn F∂ \nebn¬ Fs∂
Adnbn°p∂ H]vt‰msa{SnÃpIfpsS \ymbamb
F√m {]iv\ßfnepw bYmkabw CSs] v́ ]cnlmcw
ImWm≥ ]camh[n {ian®n´p≠v ˛ XpS¿∂pw
AXp≠mhpsa∂v Dd∏v Xcp∂p.

HcphiØv `n∂XbpsS kzcßƒ t\¿Øv
hcptºmƒ kwLS\sb Xpc¶w hbv°m≥
as‰mcphiØv ]pXnb t]cpIfn¬ Nne
Dbn¿sØgpt∂¬∏pIƒ \S°p∂Xv \nßƒ
Xncn®dnbWw. H]vt‰msaSnÃpIsf ̀ n∂n∏n°p∂Xn\v
Nne¿ t_m[]q¿∆w \SØp∂ Cu {iaßsf \mw
H‰s°´mbn \ns∂Xn¿Øv tXm¬∏n°Ww. ÿm]nX
XmXv∏cyßƒ \S∏nem°n In´p∂Xn\v th≠n
kwLS\bv°pw, hIp∏n\pw, k¿°mcn\pw
AXoXcmsW∂v "kzbw {]m[m\yw' `mhn®v
Al¶cn®v kwLS\Isf "XI¿Øv
Xcn∏Wam°m≥' CdßnØncn®ncn°p∂
Nne¿s°Xntc {]XnIcn°pIb√,
klX]n°pIbmWv th≠Xv. Xm\ncn°p∂
ItkcbpsS "hen∏w' Cu kwLS\bpsS \nch[n
h¿jßfpsS {]h¿Ø\^eamsWt∂m¿°Ww.

Ign™ 20 sIm√ambn A÷øambn
\nesIm≈p∂ tIcfØnse k¿°m¿
H]vt‰msa{Sn‰pIfpsS GI AwKoIrX kwLS\sb
IqSpX¬ i‡ambn \ne\n¿Øp∂Xn\v \ap°v
HsØmcpan®v {]h¿Øn°mw. H]vt‰msa{SnÃpIfpsS
A¥x v ImØv kq£n°mw
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tIcfm Kh¨a‚ v H]vt‰msa{SnÃv At mkntbjs‚ 20mw kwÿm\ ktΩf\w 13˛11˛2011\v 10 aWn°v
FdWmIpfw It®cn∏Sn Bio¿ ̀ h\n¬ (hn koa \K¿) \S∂p. {]knU‚ v {ioaXn.kn Fw sP nbpsS
A≤y£Xbn¬ IqSnb ktΩf\w {io.sUman\n°v {]kt‚j≥ MLA DXvLmS\w sNbvXp. {io.ssl_n
CuU≥ MLA apJy {]`mjWw \SØn. FdWmIpfw P\d¬ Bip]{Xn kq{]≠v tUm.Ppss\_v d“m≥
BiwiIƒ t\¿∂p. hnin„mXnYnbmbn sFUnb Ãm¿ knß¿ s^bnw A©p tPmk^v ]s¶SpØp.
t\{XmtcmKy t_m[hXvIcW taJebn¬ kp{][m\ kw`mh\Iƒ \¬Inb {io.dlow ]memd
(H]vt‰msa{SnÃv, hfh∂q¿ {]mYanImtcmKy tI{µw), Ihn {io.kt¥mjv tIm´pI¬ F∂nhsc NSßn¬
BZcn®p. {io.B¿ _nt\mbv kzmKXhpw {io.Pn km_p \µnbpw ]d™p.
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         Whenever we think of Visual Acuity, the
first thing that comes to our mind is the
Snellen’s chart. Though this time tested chart
has been in service for more than 1 ½ century,
newer, more scientific vision charts are
replacing the Snellen’s chart.

         The term ‘Visual Acuity’ has been coined
by Donders in 1861. It is the ability of the eye,
to resolve a spatial pattern, separated by a visual
angle of one minute of an arc. The Snellen’s

chart was designed
by Hermann
Snellen in 1862.
The size of the
letter in the chart
and its constituent
lines are calculated
by mathematical
principles. The
size of the letters is
such that the
whole letter will

LOGMAR VISION CHARTS
Dr V. Sahasranamam

Prof of Ophthalmology,
Regional Institute of Ophthalmology, Thiruvananthapuram

e-mail: drsahasranamam@gmail.com

subtend an angle of 5 minutes at the nodal
point, at the given distance. Breadth of each
line will subtend an angle of one minute at the
nodal point. The Snellen’s Chart is
conventionally designed to be kept at 6 meters.
This is done considering the fact that at 6M,
divergence of the rays which enter the pupil is
so slight that the rays can be considered
parallel. The long lasting bond between the

Snellen’s Chart and the ophthalmic fraternity is
now becoming slightly
lax.

Problems with the
Snellen’s Chart

 *   The Snellen’s lines
are not related to
each other  in a
l o g a r i t h a m a t i c
sense ie, difference
in size of letter
from 6/60 to 6/36,
is different from 6/
36 to 6/24

 *      Certain letters like C, G, and O etc are difficult
to recognize than the other.

 *     Due to different number of letters in each row,
the ‘the crowding phenomenon’ is different
and is more in the lower row of letters.

         To overcome these demerits, Log MAR
charts has been designed. MAR (minimum angle
of resolution) is arrived by dividing the
denominator, by the distance at which the letters
are read. Eg.6/12 or 20/40 corresponds to 2 min of
arc. Logaritham of MAR is the Log MAR. Chart
prepared on the basis of this, overcomes the
demerits of Snellen’s chart and it has got research/
statistical significance.
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Ian Bailey and Jan Lovie, of Australia designed
the first log MAR chart in 1976. It used to be
called the ‘Bailey- Lovie chart’. This was
modified and popularized by Ferris etal (of
National Eye institute, USA) in 1982 for ETDRS.

In its original form, the Bailey- Lovie chart was
made with 10 letters known to have relatively
equal legibility. ie, D, E, F, H, N, P, R, U, V, Z .

The log MAR chart has five letters, in each
row. There is a constant geometric progression
in the size of letters, in the subsequent rows.
Spacing between the letters and rows, is equal to
the letter size. The layout is created in such a way
that the crowding effect is standardized. There
are are ten lines between the 6/60 row and 6/6
row. The score of 6/60line is ‘1’ and the score of
6/6 line is ‘0’. Each line in the chart has five letters
and the value of one letter is 0.02. Starting from
6/60(score1.0), for each line, the person reads,

0.1(ie, 5 letters X 0.02) is substracted from 1.
If the person is not able to read all the letters in
a row, but only some letters, 0.02 is substracted
for each letter read correctly. For eg: If the
person reads 8 lines fully and 3 letters in the

 next line- his Visual acuity will be

1-(8 X 0.1) – (3 X 0.02) = 1- 0.86 = 0.14

Score of ‘0’ means 6/6 vision. Score below
‘0’ ie, negative values indicate better than 6/6
vision. (ie, 6/5, 6/4 etc). Values above ‘1’
indicate less than 6/60 vision.

To assess visual acuity properly with log
MAR chart, it may take a little more time than
with conventional Snellen’s chart.

Gradually the log MAR charts are replacing
the Snellen’s chart from the rooms of
Ophthalmologists and Optometrists.
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The human eye belongs to a general group of
eyes found in nature called “camera-type eyes.”
Instead of film, the human eye focuses light onto
a light sensitive membrane called the retina.The
study about the biochemistry behind vision started
very early. Now the story gets revealed. The
detection of light, smells, and tastes (vision,
olfaction, and gustation, respectively) in animals
is accomplished by specialized sensory neurons
that use signal transduction mechanisms
fundamentally similar to those that detect
hormones, neurotransmitters, and growth factors.
An initial sensory signal is amplified greatly by
mechanisms that include gated ion channels and
intracellular second messengers; the system
adapts to continued stimulation by changing its
sensitivity to the stimulus (desensitization); and
sensory input from several receptors are integrated
before the final signal goes to the brain.

How vision occurs in vertebrates …

Light Hyperpolarizes Rod and Cone Cells of
the Vertebrate Eye.

In the vertebrate eye, light entering through the
pupilis focused on a highly organized collection
of light sensitive neurons .The light-sensing cells
are of two types: rods (about 109 per retina),
which sense low levels of light but cannot
discriminate colors, and cones (about 3 _ 106 per
retina), which are less sensitive to light but can
discriminate colors. Both cell types are long,
narrow, specialized sensory neurons with two
distinct cellular compartments: the outer segment
contains dozens of membranous disks loaded with
the membrane protein rhodopsin, and the inner
segment contains the nucleus and many
mitochondria, which produce the ATP essential
to photo transduction.

Two types of vision:-

Biochemistry Of Vision Aswathy U S
C/O Suresh Kumar A

Optometrist, CHC Anchal

Rod vision

Rods are good for monochrome vision in poor
light.Rhodopsin is the light-absorbing pigment of
the rods. This G-protein-coupled receptor is
incorporated in the membranes of disks that are
neatly stacked (some 1000 or more of them) in the
outer portion of the rod, which can sense low levels
of light.

Cone Vision

Cones are used for color and for the detection
of fine detail. Cones( about 3 million cones) are
packed into a part of the retina directly behind the
retina called the fovea.

Light

Light reception in the vertebrate eye.

The lens of the eye focuses light on the retina,
which is composed of layers of neurons. The
primary photo sensory neurons are rod cells
(yellow), which are responsible for high-resolution
and night vision, and cone cells of three subtypes
(pink), which initiate color vision. The rods and
cones form synapses with several ranks of
interconnecting neurons that convey and integrate
the electrical signals. The signals eventually pass
from ganglion neurons through the optic nerve to
the brain.
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Like other neurons, rods and cones have a trans
membrane   electrical potential (Vm), produced by
the electro genic pumping of the Na+K+ ATPase in
the plasma membrane of the inner segment. Also
contributing to the membrane potential is an ion
channel in the outer segment that permits passage of
either Na+ or Ca2+  and is gated (opened) by cGMP.
In the dark, rod cells contain enough cGMP to keep
this channel open.The membrane potential is
therefore determined by the net difference between
the Na+ and K+pumped by the inner segment (which
polarizes the membrane) and the influx of Na+

through the ion channels of the outer segment (which
tends to depolarize the membrane). The essence of
signaling in the retinal rod or cone cell is a light-
induced decrease in the concentration of cGMP,
which causes the cGMP-gated ion channel to close.
The plasma membrane then becomes hyperpolarized
by the Na+K+ATPase. Rod and cone cells synapse
with interconnecting neurons  that carry information
about the electrical activity to the ganglion neurons
near the inner surface of the retina. The ganglion
neurons integrate the output from many rod or cone
cells and send the resulting signal through the optic
nerve to the visual cortex of the brain.

Biochemical changes during process of
vision

Stages in visual transduction

First stage :-  Light Triggers Conformational
Changes in the Receptor Rhodopsin

Visual transduction begins when light falls on
rhodopsin, many thousands of molecules of which
are present in each disk of the outer segments of rod
and cone cells. Rhodopsin (Mr 40,000) is an integral
protein with seven membrane-spanning _ helices, the
characteristic serpentine architecture. The amino-
terminal domain projects into the disk, and the
carboxyl-terminal domain faces the cytosol of the
outer segment. The light-absorbing pigment
(chromophore) 11-cis-retinal is covalently attached
to opsin, the protein component of rhodopsin,
through a Schiff base to a Lys residue. The retinal
lies near the middle of the bilayer oriented with its
long axis approximately in the plane of the

membrane. When a photon is absorbed by the
retinal component of rhodopsin, the energy
causes a photochemical change; 11-cis-retinal is
converted to alltrans- retinal. This change in the
structure of the chromophore causes
conformational changes in the rhodopsin
molecule—the first stage in visual transduction.

Second stage:-  Excited Rhodopsin Acts through
the G ProteinTransducin to Reduce the cGMP
Concentration

In its excited conformation, rhodopsin
interacts with a second protein, transducin, which
hovers nearby on the cytoplasmic face of the disk
membrane,which reduces cGMP concentration.

Third stage :-  Amplification of the Visual Signal
Occurs in the Rod and Cone Cells

Several steps in the visual-transduction
process result in great amplification of the
signal.these results the generation of electrical
impulses which get passed to the brain through
the optic nerve and we get the vision. And finally
the Visual Signal Is Quickly Terminated.

The overall process behind the vision is when
light strikes either the rods or the cones of the
retina; it’s converted into an electric signal that
is relayed to the brain via the optic nerve.The
brain then translates the electrical signals into
the images we see.

*     * * * * * * *

Do you know…………

Vitamin A is very much essential for proper
vision. Lack of this vitamin causes night
blindness. Humans cannot synthesize retinal
from simpler precursors and must obtain it in
the diet in the form of vitamin A .Given the role
of retinal in the process of vision; it is not
surprising that dietary deficiency of vitamin A
causes night blindness (poor vision at night or
in dim light).
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1976¬ A©mw ]©h’c ]≤Xn°meØv
`mcXØn¬ AtcmKy cwKØpw Hcp ]≤Xn \nehn¬
h∂p. tZiob A‘Xm \nhmcW ]≤Xn AYhm
NPCB. temImcmKy kwLS\bpsS Bibw. Im‰Kdn
Abn¬ 100% tI{µ klmbw. 2000mw B≠v
BIptºmtg°pw A‘X 1 .4% \n∂v 0 .3%
B°pIbmbncp∂p e£yw. 2012 Bsb¶nepw CXphsc
AhnsS FØm≥ Igns™s√∂XmWv kXyw.
t\{XtcmK hnZKv≤cpsS Zu¿e`yw A‘Xm \nhmcW
]≤Xn°v XS amsW∂v a\ nem°n AXv Hcp
]cn[n hsc ]cnlcn°p∂Xn\v Hcp ]pXnb tImgvkn\v
tI{µ k¿°m¿ XpS°an´p .  Untπma C≥
H v̂Øm¬an°v AknÃ‚vkv tImgvkv (DOA). kne_ v
I≠m¬ sR´pw. 1980 BtI≠n h∂p B tImgvkn\v
tIcfØn¬ ¢®v ]nSn°m≥. `mcXØnse A‘Xm
\nhmcW ]cn]mSnbpsS ]q´v Xpd°p∂ Key Per-
sonnel BWv H^vØm¬an°v AknÃ‚pam¿ F∂v
tI{µ k¿°m¿ ]dbp∂p.

Ct∏mƒ tIcfØnse A©v k¿°m¿ saUn°¬
tImtfPpIfn¬ \n∂pw {]nbZ¿in\n C≥ÃnSyq´n¬
\n∂pw 80 Ip´nIfpw AXns‚ ]eaSßv
kzbm{ibßfnepw Cu tImgvkn\v ]Tn°p∂p.
k¿°m¿ saUn°¬ tImtfPpIfnse {]tXyIn®pw
Xncph\¥]pcw saUn°¬ tImtfPnse Cu tImgvkv
\SØn∏v shdpw \mY\n√m Ifcnbmbn amdnbncn°p∂p.
Xncph\¥]pcw RIO, tImgnt°mSv saUn°¬ tImtfPv
F∂nhnSßfn¬ H]vt‰msaSnÃv Un{Kn tImgvkpw h∂p.
AtXmsS XpSßn DOA Ip´nIfpsS I„Imew.
]mcmsaUn°¬ tImgvkpIfn¬ Xs∂ G‰hpw
BI¿jIamb Cu tImgvkn\v πkv 2hn\v D∂X
am¿°v hmßnbh¿°v am{XamWv {]thi\w. ]s£,
{]thi\Øn\p≈ ISº Ign™m¬ Xo¿∂p.
Im‰pt]mb _eq¨. Hcp h¿jw saUn°¬
tImtfPpIfnse hcm¥Ifn¬ \ncßWw. an°hmdpw
A‰‚¿ ]Wn Xs∂. Bsc¶nepw Xnbdn
]Tn∏n°m≥ h∂m¬ `mKyw. ]s£ ]co£bn¬
bmsXmcp ambhpan√. kzbw ]Tns®gpXWw
F∂mbncn°pw. ”You should observe and study” F∂v
]s≠mcp RIO UbdŒ¿ ]d™Xv Hm¿°p∂p.

Un{Kn tImgvkv h∂t∏mƒ RIO A[nImcnIƒ°v
UntπmatbmSv ]p—w. DOA Ip´nItfmSv AXv
A[nImcnIƒ ]ckyambn {]ISn∏n°m\pw XpSßn.
tImgvkv \n¿ØnIfbpw As√¶n¬ as‰hntSs°¶nepw
jn v̂‰v sNbvXv Ifbpw F∂v ̀ ojWnbpw. Ahkm\w
kwLS\bv°v CS]tS≠n h∂p.

Fßs\sb¶nepw B h¿jw Ign™mepw
Xo¿∂n√ I„Imew. ]ns∂ Pn√m Bip]{Xn,
k©cn°p∂ t\{Xw F∂nßs\. B
Bip]{XnIfnsems° Xr»q¿ ]qcØns‚
Xnc°mWv. IqsS DOA {Sbn\nßpw. {Sbn\okn\v

_m[yX B¿°pw Ct√?
AIØv Ibdm≥ ÿean√. AIØv IS∂v IqSnbm¬
Xs∂ an°hmdpw A‰‚¿ ]Wn Xs∂..
Xncph\¥]pcw P\d¬ Bip]{Xn, t]cq¿°S tamU¬
Pn√m Bip]{Xn F∂nhnSßfn¬ sN∂m¬ B¿°pw
CXv t\cn´ v  ImWmw. {]mtbmKnI
]cnioe\Øn\b°p∂ Cu ÿeßfnepw ]co£bpw
]co£Wßfpsams° Xobdnbn¬ Xs∂
AhXcn°p∂p. Pn√m Bip]{XnIfnepw k©cn°p∂
t\{X hn`mKßfnepw DOA Ip´nIfpsS hnebncpØ¬
Fßs\ \SØWw F∂v hy‡amb ssKUv sse≥
\nehnep≠v. ]s£, AXns° Bcv ImWm≥? ae∏pdw,
tImgnt°mS v  Pn√Ifn¬ DOA°mcpsS ]co£
\SØn∏pambn _‘s] v́ D≠mb "DS°nepw' Ahkm\w
kwLS\bv°v CSs]tS≠n h∂p.

]s£, kzm{ib°m¿°v CXv {]iv\ta A√.
Ct‚W¬ Ak va‚v t]mep≈ eq∏v tlmfpIfn¬
]nSn®v {]mŒn°¬ am¿s°ms° kz¥ambn CSpw.
k¿°m¿ Ip´nIfpsS am¿°ns‚ KXn {Sbn\nwKv
FSp°p∂ k¿°m¿ Bip]{Xnbnse tUmŒ¿ Xehs‚
at\mKXw t]mse Xs∂. {Sbn\nwKv sImSp°p∂
H]vt‰msa{SnÃns\ AtX¬∏n°m≥ ]e¿°pw Hcp
Ipd®n¬.

Cßs\sbms° Xs∂ aXntbm saUn°¬
hnZym`ymk UbdŒdpsS Iognep≈ Hcp {][m\ tImgvkv
\SØn∏v? kne_ v ssIøneps≠¶n¬ Hs∂SpØv
hmbn®p t\m°Ww. icnbmbn Cu tImg vkv
\SØn°m≥ B¿°pw _m[yXbnt√?

    *       *      *        *       *     

k¿°m¿ saUn°¬ tImtfPpIfn¬ BSc
(H]vt‰msa{Sn) tImgvkv XpSßnbn´v 2 h¿jw Ign™p.
AXpw DOAbpsS adp]pdambn Xs∂ apt∂dp∂p. 2
h¿jw Ign™n´pw em_v kuIcyw D≠m°m≥
Ign™n´n√. ]Tn∏n°m≥ Bsf \nban°mt\m, Syq´¿
XkvXnI D≠m°mt\m Ign™n´n√ . Syq´¿
\nba\Ønse kzP\ ]£]mXhpw hy‡n
XmXv]cyßfpw Cu tImgvknt\bpw XI¿°m≥
XpSßnbncn°p∂p. Hcp Un{Kn tImgvkv ]Tn∏n°m≥
Syq´¿amcn√mØ GI tImg vkpw Ct∏mƒ BSc
H]vt‰msa{Sn Bbncn°pw. Cu tImgvkns‚ \SØn∏nepw
Pq\nb¿ ˛ ko\nb¿ ASn "s]mcn™p' \S°p∂p.
C—bps≠¶n¬ icnbmbn tImg vk v
\SØmhp∂tXbp≈p. "thWsa¶n¬ N° thcnepw
Imbv°pw'. Syq´¿ XkvXnI ir„n°Ww. aXnbmb
tbmKyXbp≈hsc AXn¬ \nban°Ww. A√msX
a‰p≈hcpsS {]tamj≥ t]mÃv X´n∏dn°pItbm
DtZymKÿsc Xcw XmgvØpItbm, sNhn°v ]nSn®v
]pdØm°pItbm sNbvXn´v thtWm ]pXnb Syq´¿
XkvXnI D≠m°m≥. {]XnImcw Xo¿°m\msW¶n¬
hgn thsd t\m°Ww. `mcXØn¬ kp{]oakn
`cWLS\bv°mWv.

˛]m¿∞≥˛
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We can see two rows of black letters in red and green background in the lower portion of the
Snellen’s illuminated visual acuity chart.  These are read by the patient while doing the duochrome
test.  The letter sizes are from 6/12.  So if vision is less than 6/12 duochrome test is not done.

It is a subjective test, means it is based on how the patient is responding.  This test is used to refine
spherical endpoint while doing acceptance.  For example if the patient is reading 6/6 line with +2.00
DS, +1.50 DS, and +1.00DS, this test helps to easily decide which lens should be given.  Duochrome
test helps to balance two eyes with regard to chromatic variation in refraction.

PRINCIPLE

It is based on chromatic aberration.  When light passes through glass lens, prisms etc, it get dispersed
or split into colours.   Light with different wavelengths are bend to different extent.  Longer wavelength
is refracted less.  So each colour is focused at different point.  Blue-green has shorter wavelength and
red has longer wavelength.  Green is refracted more than red.  So green light focuses slightly in front
of the retina and red behind the retina.  So hyperopes see green end of spectrum well whereas myopes
see red end of spectrum well.  If over plused red light focus on retina and it becomes clearer.  If over
minused green light focus on retina and it becomes clearer.

PROCEDURE

a) Hyperopes:  Suppose RE unaided vision is 6/18 and we got a dry retinoscopy value of +3.00 in both
meridians.  So we can start fogging with +3.00DS in trial frame and occluding left eye.  While placing
+3.00 DS we need to tell patient that letters in the chart will not be clear now and it will become clearer
slowly.  Ask the patient how much he can read.  Reduce in terms of +0.50 DS.  Always make sure one
lens is put and then only the other one is removed (in case of plus lenses) so that accommodation is
relaxed.  From +1.50 reduce in terms of +0.25 DS.  Suppose patient reads 6/6 line with + 1.75 DS, put
off room illumination and ask patient whether letters in green is better or red is better.  If patient says
letters in red are better we need to reduce power. With +1.25 DS patient says letters in red and green
are equally clear.  It means duochrome is balanced.  We need to prescribe this power.  If we reduce plus
power, ie at + 1.00 DS patient can read 6/6 but duochrome is green better, then hyperopia is under
corrected. If cylinder is also present, put the cylinder power in the trial frame along with the fogging
lenses.

b) Myopes:  Start from the low minus power and slowly increase it.  For example RE unaided vision
is 6/18.  Suppose dry retinoscopy shows -2.00 in both meridians.  Start with -0.50 DS.  Ask patient
how much he can read.  As before we need to tell the patient before that vision will slowly become
clearer.  Then put -1.00 DS after removing -0.50 DS from the trial frame ( in case of minus lenses).
Ask the patient how much he can read.  Give the minimum minus power with maximum vision.  Once
6/6 vision is got, do duochrome test.  In case of myopes duochrome should always be red better, ie
patient should read letters in red better.  If over minused letters in green become better.

It is ideal to do duochrome test for optimal refractive correction.  Finally we need to do the test
binocularly also.

Duochrome Test
Anju T N

Optometrist
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The human eye is an organ which reacts to light for several purposes. As a conscious sense organ
the mammalian eye allows vision. Rods and Cones in the retina allow conscious light perception and
vision including colour differentiation and the perception of depth.

Measurement of accurate Visual Acuity has been a challenging procedure to Optometrists and
Ophthalmologists. Correction of refractive errors and prescription of apt and comfortable glass or
contact lenses is very important in the practice of Optometry today.

Refraction being the most commonly performed optical procedure has been widely developed.
Though the conventional technique of retinoscopic refraction is an excellent method of objective
refraction. Retinoscopic Refraction is a time consuming procedure and not every practitioner manages
to accomplish it accurately.

Refractometry is an alternative method of finding out the error of refraction by use of optical
equipment called refractometer or optometer.

Optical Principles used in Refractometers

   Optometers are essentially based on following two principles.

1.The Scheiner principle (Scheiner double pin-hole refraction)

  Scheiner in 1619 observed that refractive error of the eye can be determined by using double pin-
hole apertures before the pupils.

  Following were his observations:

a. The parallel rays of light entering the eye from a distant object, which are normally focused on a
point on the retina in an emmetropic patient, are limited to two small bundles when double pin hole
apertures are placed in front of the pupil

b. In a Myopic eye the two ray bundles cross each other before reaching the retina and two small
spots of light are seen.
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c. In a hypermetropic eye the ray bundles are intercepted by the retina before they meet and thus
again two small spots of light are seen.

 These two points of light can be coalesced to a single point by moving the double pin-hole to the
far point of eye.

Thus from the far point of the eye the refractive error of the eye can be determined.

2. The Optometer Principle

Porter field in 1759, coined the term optometer to describe an instrument for measuring the limits
of distinct vision.The optical principle on which this instrument was based is now known as the
optometer principle. The principle permits continues variation of power in the refracting instruments.

As shown in (fig  A), the autorefractometers based on this principle use a single converging lens
placed at its focal length from the eye ( or the spectacle plane) instead of interchangeable trial lens.

Light from the target on the far side of the lens enters the eye with vergence of different amounts, ie,
[zero(fig B),minus  (fig C) or plus ( fig D) depending on the position of the target.

The vergence of light in the focal plane of the optometer lens is linearly related to the displacement
of the target.

A scale with equal spacing can thus be made which would show the number of diopters of correction.

Development of optometers ( in brief)

Development of optometers can be grouped as follows:
* Early subjective optometers
* Early objective optometers
* Modern Objective Autorefractometers

* Modern Subjective Autorefractometers
An early refractometer

(Rodenstock)
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Early subjective optometers

The earliest Optometers developed during 1895- 1920 were all subjective.These optometers required
the patient to adjust the instrument for best focus or best alignment of parts of the target. These subjective
Optometers were unsuccessful because of the instrument accommodation.

Examples of early subjective Optometers:

1.Badal Optometer

2.Young’s Optometer

Early Objective Optometers

Objective Optometers were developed to offer an alternative means for evaluating the optical
correction of the eye. These instruments were all based on the optometer principle or scheiner principle

Eg: 1   Rodenstock Refractometer

     2    Zeiss- Jena coincidence refractometer

     3    Finchain coincidence optometer

Limitations of Optometers:

     Three basic factors responsible for the limited acceptance of optometers in clinical refraction
include the following:-

1. Alignment problem

As per the requirement of scheiner’s principle, both pin-hole apertures must fit within the patient’s
pupil. If the patient’s fixation wanders or he moves the head even slightly, the reading is invalid. Thus,
considerable patient co-operation is required.

2. Irregular Astigmatism

Two small apertures of the eye’s entire optical system are used by the Scheiner’s system. In a
patient with irregular astigmatisam, the best refraction over the whole pupil may be different in contrast
to the two small pinhole areas of the pupil.

3. Accomodation

On looking into the instrument, the patient tends to accommodate. This is known as instrument
Myopia and this alters the actual refractive status of the patient. Factors affecting accommodation
include-     attention, fatigue, direction of gauze, illumination, image detail, blur of the retinal image
and psychological factors.

AutoRefractor or Automated Refractor or ARM

        It is a micro computer controlled machine used during an eye examination to provide an
objective measurement of a person’s refractive error and prescription for glasses or contact lenses.
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MODERN AUTOREFRACTOMETERS

* Rapid development in electronics and micro computers,
a number of innovative methods and instruments for
automated clinical refraction have appeared since 1960.

* Efforts have been made to eliminate the limitations of
old refractors.

Based on operational method used, electronic optometers
fall into three main classes:

* Analysis of image quality (Dioptron, Canon, Hoya)

* Retinoscopic Scanning (Ophthalmetron, Humpry,
Nikon 5000 and 7000)

* Scheiner Disc Refraction (Nidek, Topcon)

Based on instrument design and method the instruments are two types:

1. Objective Refractometers

2. Subjective Refractometers

Objective instrument design and methods

Patients’ whole pupil is used in this system, thus avoiding some of the alignment and partly the
irregular astigmatism problems. The Operator focuses a single spot of light on the patient’s retina and
measures the astigmatism by successively focusing the two focal lines.

Automated infrared optometers

-  Refraction is performed automatically by using infrared light which is invisible to patients.

-  A visible fixation light is provided in each instrument in order to control the patients fixation and
accommodation.

- Wavelength of infrared radiation 800-900nm.(Nikon, Canon, Nidek,Humphrey, shin- Nippon)

*  Photo Refraction

*  Electrophysiologic methods

Subjective instrument design and methods

*  Laser speckle pattern refraction

*  Multimeridional  refractometry

*  Computer – actuated refraction

*  Instruments having continuously variable sphero cylindrical power

Both objective and subjective modern autorefractometers are available commercially



Objective Autorefractometers

* The automatic infrared optometers have aroused the greatest interest

* These instruments perform the refraction automatically, using infrared light which is invisible
to the patients.

*A visible fixation target is provided in each instrument to help control the patients fixation and
accommodation.

All current infrared objective optometers used any one of the following basic principles:

1. Scheiner disc principle- eg. Topcorn, Nidek

2. Grating focus principle- eg. Dioptron, Canon

3. Retinoscopy illumination- eg. Nikon, Ophthalmetron

General comparison of subjective and objective instruments
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Note:-

* Objective infrared  ARMs perform sphero cylindrical refraction

* These instruments finds best focus in 2 to more meridians

* Scans 180‘-360‘ in 0.5 to 2 seconds

* Micro computer calculates the refractive correction by fitting a sine 2 curve to the best data
points.

To conclude:

*The Scheiner principle and optometer principle and their modifications have been used time and
again to automated refraction have become a well established technique.

*The automated refraction technique is quick, simple , painless and repeatable.

*No feedback is required from the patient during this process.

*Within seconds an approximate measurement of a person’s prescription can be made by the machine.

*Useful when dealing with non- communicative people such as young children or those with
disabilities.

*All ARMs now use the fogging technique to relax accommodation prior to objective refraction.even
with this fogging technique , micro fluctuations in accommodation occur up to 0.50 Ds.

Recent studies report that autorefractometer measurements without application of cycloplegia can
result in significant overestimation of Myopia. The result of autorefraction post refractive surgery and
in eyes with corneal distortion should always be viewed with suspicion.Aberrrometers may help to
provide a better starting point for refraction in these instances.
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The image formed on the retina of each eye is
fused in to one and a single image is perceived by
the subject, then the person is said to have
binocular single vision. There are three essential
necessary for attaining BSV.
1. There must be a healthy macula in each eye
sub served by an efficient focusing mechanism
so that two clear and equally distinct images can
be formed.
2. Normally functioning set of ocular muscles
which are competent to bring about fine
adjustments which is necessary.
3. Efficiently working nervous mechanism which
can receive the two impressions and blend them
psychologically in to one.

BINOCULAR SINGLE VISION
Binoy R

Optometrist
PHC Manalur

GRADES OF BSV
1.Simultaneous perception

The ability to see the
objects clearly with each
eye is called simultaneous
perception and if the visual
axis is in proper alignment
the two images are
superimposed into one.
This can be tested by an
instrument called
synaptophore. Two slides
of dissimilar objects are
presented before each eye
and if the person has SP he
can see both pictures.

2.Fusion
The ability to fuse two dissimilar objects into

one is called fusion. A composite picture is
presented so that each half of it is complete; the
part missing in one eye is accurately
superimposed by the other when fusion is present.
If there is no fusion as soon as the axes are moved
from the position of parallelism the picture
becomes broken up. The extent to which tubes of
synaptophore may be separated or brought
together can be taken as a measurement of the
development of fusion faculty.

The amount of effort which can be put forth to
maintain fusion can also be measured by using
prisms. It is found that very large prisms up to 30º
can be overcome by convergence. Weaker ones
from 10º to 15º can be overcome by divergence. 2º
to 4º can be overcome by vertical deviation of the
eye. This power of suppressing an artificially
produced diplopia is called verging power.
3.Stereopsis

It is otherwise called three dimensional view. It
is the process in visual perception leading to the
perception of depth from two slightly different
projections of world into the retinas of the two
eyes.The difference in the two retinal images are
called horizontal disparity arise from the eyes
different positions in the head. Stereopsis is

commonly referred to as
depth perception.Stereopsis
was first described Charles
wheatson in 1838.

Field  of view and Eyes
movements.

Some animals have their
two eyes positioned on
opposite side of their head
to give widest possible field
of view. Eg. Rabbits and
buffaloes. In human beings
,eagle ,wolves etc, the two
eyes positioned on the front
of their head thereby
allowing for BSV and

reducing field of  view in favor of stereopsis.
In whales, the two eyes are positioned   on

opposite sides of their heads. In animals with
forward facing eyes the eyes usually move together.
When the eyes  movelaterally in the same direction
it is called version. When the eyes move in the
opposite direction, it is called vergence.

BINOCULAR INTERACTION
1.Pupillary Diameter: Light falling in one eye
affects the pupil in both eyes.

Synaptophore
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2.Accommodation and convergence are linked by
a reflex, so that one evokes the other.
3.Intraocular transfer: The state of adaptation of
one eye can have a small effect on the state of light
adaptation of the other.

DISORDERS OF BSV.
1. PHORIA: Slight difference in the length or
insertion, position or strength of the same muscles
(eom) in the two eyes can lead a tendency to deviate
from normal position especially when one is tired.
One way to reveal it is cover uncover test.
2. Tropia: Manifest squint is more problematic
disorder of binocular vision.
3. Anisometropia: It is a condition wherein the
refraction of the eyes is unequal. Vision in
anisometropia may be alternating, binocular or may
be uniocular. In anisometropia binocular vision is
rarely perfect and the attempt at fusion frequently
brings on symptoms of accommodative asthanopia.

With higher degrees of error fusion is impossible
and one of two alternatives occurs.
1.Alternating vision in which case each of the two
eyes is used on at a time. If the defect in one eye is
high and if its visual acuity is not good, it may be
excluded altogether from vision at an early stage
in life.
2.Aniseikonia: a condition wherein the size and
shape of the images in the two eyes are unequal. It
may be due to anisometropia or may by a difference
in the distribution of the retinal elements.

DIPLOPIA
Diplopia is the simultaneous perception of two

images of a single object that may be displaced
vertically or horizontally in relation to each other.
It is usually the result of impaired function of the
EOM, due to mechanical problems , disorders of
the neuromuscular junction or disorders of the
cranial nerves 3rd, 4th , and 6th that stimulates the
muscles and occasionally disorders involving the
supra nuclear oculomotor pathways.

Diplopia is often one of the first signs of a
systemic disease, particularly to a neurological or
muscular process.

Classification
1.Binocular, 2. Monoocular, 3. Temporary, 4.
Voluntary

If the fovea of one eye corresponds to the
fovea of the other images, falling on the two
foveas are projected to the same point in space.

Binocular diplopia arises as a result of
misalignment of the two eyes relative to each
other occurs as in tropia. In such cases while
fovea of one eye is directed at the object of regard
the other eye an extra foveal area of the retina,
is directed towards the object of regard.

The image falling on the fovea is seen as
being directly ahead, while those falling on retina
outside fovea may be seen as above, below,right,
or left of straight ahead depending upon the area
of retina stimulated. Thus, when the eyes are
misaligned, the brain will perceive two images
of one target object producing diplopia/double
vision.

In an attempt to avoid double vision brain can
sometimes ignore the image from one eye,
process known as suppression. The ability to
suppress is more in childhood when the brain is
still developing. This ability to suppress can
prevent the proper development of vision in the
affected eye resulting in amblyopia.

Monocular Diplopia: When a patient
perceives more than two images with one eye it
is called monocular  polyopia.It occurs in
conditions like keratoconus, subluxated
lens,structural defect within the eye etc.

Temporary Diplopia can be caused by
alcohol intoxication or head injuries such as
concussion. It can also be caused by a tired  EOM
in phoria.Side effects of some medicines can also
cause temporarydiplopia.eg. epileptic drugs
phenytoin,zonisamide,and hypnotic drugs like
zolpidem can cause temporary diplopia

Reference:-
Duke Elder’s Practice of Refraction
Wikipedia, the free encyclopedia
A.K.Khurana, Text book of
Ophthalmology
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OPTOTOOLS - FOCOMETER

A focometer is an instrument that
measures refractive errors and is intended to provide rural
or  economically disadvantaged  populations
spherical eyeglass prescriptions without the need for
complicated protocols, expensive equipment, or
electricity. The focometer is monocular and hand-held,
and is normally used in natural lighting. Patients rotate a
collar on the focometer until the best focus is
achieved. The individual’s refractive power is then read
off a linear dioptre scale.

The focometer was developed by Drs. Ian Berger
and Larry Spitzberg at the University of Houston, College
of Optometry in Houston, Texas, to provide a simple,
inexpensive means for measuring refractive error in
human vision. The portable, hand-held instrument is
highly appropriate for use in remote and poor areas.

Focometers measure spherical refractive
errors. Astigmatism can also be measured using a “clock
target”  supplied with the device. A study has found,

training. A clinical trial compared the repeatability, validity, and ease of use of the focometer with an
autorefractor. It found that the focometer results were within 0.75 dioptres of the autorefractor value
84% of the time.

The design eliminates the need for many pieces which could be lost or broken and may be
difficult to replace. Based on Badal optics, the focometer allows the patient to view a real, unmagnified
target, and bring it into focus, with a direct reading of spherical correction on a linear diopter scale.

however, that the focometer is less
effective for identifying astigmatism than
an autorefractor, and that its axis accuracy
is limited to 15°.

The advantages of a focometer
over other methods for use in developing
countries are that it is lightweight,
compact, relatively inexpensive, fairly
quick, and easy to use with minimal
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Keratoconus is a visually debilitating ocular condition, characterised by progressive degeneration of the corneal stroma.
At present, the pathogenesis of the disease is poorly understood and, until recently, there has been no effective treatment
for delaying the progression of the disease.

Corneal collagen cross-linking (CXL) treatment, using riboflavin and ultraviolet (UV) light, is a novel procedure that
has been developed to address this clinical need. We review the clinical characteristics of keratoconus and provide an
evidence-based update on the efficacy and safety of CXL. 

Keratoconus, first described in detail in 1854,1 derives from the Greek words Kerato (cornea) and Konos (cone); it is
a progressive, bilateral but typically asymmetric, non-inflammatory ectasia of the cornea that is characterised by progressive
thinning of the axial corneal stroma. The condition has both physical and chemical markers that arise from the cellular
malformation of the corneal stroma. Epidemiological studies indicate that the prevalence of keratoconus is 5.4 per 10,000; the
condition can occur in all ethnic groups with no male or female preponderance.4 While keratoconus typically occurs in
isolation, the most common recognised systemic associations are generalised atopy,5 Down syndrome6 and Marfan’s
syndrome.7 Ocular comorbidities include Leber’s congenital amaurosis8 and retinitis pigmentosa.9 Keratoconus can vary
significantly in its clinical course, but classically manifests at puberty and is progressive until the third or fourth decade,
when it usually arrests. It may however, commence later in life and progress or stabilise at any age.4

Approximately 15 per cent of affected individuals will require a corneal transplant, due to inadequate vision correction
with contact lenses, contact lens intolerance and/or visually debilitating corneal scarring.10 At present, the aetiology of
keratoconus is uncertain but may involve genetic, biochemical and environmental factors.

Clinical Features

The clinical hallmark of keratoconus is progressive thinning of the axial corneal stroma, resulting in protrusion of the
corneal apex to assume a conical shape. The thinner apex is typically downwardly displaced, leading to irregular astigmatism
and visual distortion. Although keratoconus affects both eyes it can be highly asymmetric, with the condition far more
advanced in one eye compared with the other.

Patient symptoms are variable and depend upon the severity of the disease. Early symptoms typically include monocular
diplopia, mild photophobia and a history of deteriorating vision with spectacles.11,12 Advanced keratoconus is associated
with more significant visual impairment and displays such symptomology as: poor best-corrected spectacle acuity, haloing
around lights, a rapidly changing subjective refraction and generalised asthenopia.

Fortunately, much of this visual distortion can be corrected with appropriately-fitted rigid gas permeable lenses which
are the mainstay of optometric management. Hybrid, mini-scleral and scleral contact lenses are further contact lens modalities
that may be appropriate for patients with keratoconus.

Biomicroscopic indicators of keratoconus may include one, or more, of the following signs :

1. Central or paracentral corneal thinning (usually inferior or infero-temporal);

2. A complete, or incomplete, iron line at the base of the cone (Fleischer ring) is observed in approximately half of
patients; it represents the accumulation of iron deposits from the tear film onto the cornea as a result of severe corneal
curvature changes and/or modification of the normal epithelial slide process;

3. Fine vertical lines located in the deep corneal stroma and Descemet’s membrane that parallel the axis of the cone
(Vogt’s striae), produced by compression of Descemet’s membrane;

4. Increased visibility of the corneal nerves;

5. Apical corneal scarring, which may be due to ruptures in Bowman’s membrane or the result of a flat-fitting
contact lens;

6. A V-shaped deformation of the lower lid produced by an advanced, ectatic cornea in down-gaze (Munson’s
sign);

7. Corneal hydrops, caused by an acute rupture in Descemet’s membrane which results in a sudden, abnormal
accumulation of fluid in the corneal stroma. Corneal hydrops is estimated to occur in 5 to 15 per cent of keratoconus
patients. The corneal oedema may take weeks to months to resolve, resulting in residual stromal scarring that is accompanied
by a relative flattening of the corneal curvature; this can in some cases, allow contact lenses to be more readily fitted.

Strengthening Keratoconus Management
Dr. Laura Downie, BOptom, PhD(Melb), PGCertOcTher, DipMus(Prac), AMusA
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Clinical indicators that can assist with a diagnosis of keratoconus include:

1. Subjective refraction: myopia with, or without, high astigmatism (typically oblique or against the rule) and near
acuity better than expected from refraction and age, due to the multifocality of the cornea;

2. Retro-illumination: scissoring reflex on retinoscopy and/or the ‘Charleux’ oil-droplet sign evident with
ophthalmoscopy;

3. Pachymetry: reduced central corneal thickness (< 450µm is suspicious of keratoconus, however due to significant
variability of central pachymetry measures within the normal population it cannot be solely relied upon);

4. Photokeratoscopy: distortion or steepening of keratometry mires centrally or inferiorly;

5. Videokeratoscopy (corneal topography): is regarded as useful for both the detection and monitoring of keratoconus.
This technique, which provides a graphical representation of the physical configuration of the cornea, can accurately
reveal the shape, size and location of the cone.

While corneal topography is the most commonly used device to accurately detect and monitor keratoconus, the Pentacam
instrument (Oculus, Wetzlar, Germany) is an alternative optical instrument for assessing the anterior ocular surface. The
Pentacam takes multiple images of the cornea at different angles using a rotating camera. As such, it allows for the
evaluation of disease severity and progression based upon changes in corneal volume and anterior chamber angle, depth
and volume.

Classification of Keratoconus

Several classification systems for keratoconus have been proposed in the literature. These systems categorise the
condition based upon different criteria, including corneal morphology, disease evolution, ocular signs and corneal indexes.

Morphological Classification

The classification of keratoconus using morphological criteria is based upon corneal topographical data; three major
sub-groups of keratoconus have been described (Figure 2):

- Centred (nipple) cones are small (i.e. a cone diameter d” 5mm), round in shape and are positioned central or just
inferior to the visual axis; the peripheral cornea remains relatively normal in curvature. Approximately 45 per cent of
cones are reported to be of this morphology. Correction with rigid gas permeable lenses is relatively straightforward
owing to the centralised location of the corneal steepening.

- Oval (sagging) cones are larger in size (i.e. a cone diameter >5mm), and are displaced inferonasally or inferotemporally,
inducing high degrees of irregular astigmatism. It is recognised that approximately half of cones are of an oval morphology.
Since contact lenses tend to naturally centre over the apex of the cone, centration and adequate pupillary coverage can be
more difficult to achieve than for the centred cones.

Globus cones are the least common morphology, constituting less than five per cent of presentations. As the cone
involves at least 75 per cent of the cornea, these are the most challenging cones to fit with contact lenses; typically, large
intra-limbal or sclera lenses will be required.

Disease evolution

Disease evolution refers to the classification of keratoconus based upon the severity of the clinical signs.13

Stage one is defined as forme fruste or sub-clinical keratoconus and is characterised by normal slit lamp findings, best-
corrected spectacle acuity of 6/6 (or better) combined with the presence of subtle corneal irregularity on corneal topography.
Stage two represents early keratoconus, in which mild corneal thinning may be evident on biomicroscopy, but corneal
scarring is absent. In Stage three (moderate keratoconus), slit lamp signs such as Vogt’s striae and Fleischer’s ring are
more common. Best-corrected spectacle acuity is reduced to below 6/6, with irregular astigmatism between 2.00 and 8.00
dioptres. Stage four is the most severe form of keratoconus, with a maximal curvature value in excess of 55.00D, the
presence of stromal corneal scarring, severe corneal ectasia and acuity below 6/7.5 even with contact lens correction.

Index-based systems

Several index-based systems have been described for the detection of keratoconus (Table 1). These systems have the
advantage of being objective and are designed to be sensitive for detecting, early sub-clinical forms of the disease.

Corneal Collagen Cross-linking

Corneal collagen cross-linking (CXL) is the most recent clinical intervention that demonstrates promise for arresting
the progression of keratoconus. The treatment was inspired by the German ophthalmologist Professor Theo Seilor in the
1990s, whom during a visit to his dentist noted the use of ultraviolet (UV) radiation to harden a synthetic filling and
proposed that a similar process may have the potential to stiffen a weakened keratoconic cornea. The procedure aims to
increase the biomechanical stability of the keratoconic cornea, thereby potentially slowing, or even halting progressive
corneal ectasia and postponing, or even negating, the need for future corneal transplantation.



Mechanism of Action

In the normal cornea, covalent bonds (or cross-links) exist between collagen fibrils, imparting structural integrity and
rigidity to the tissue. In keratoconus, a reduced number of cross-links between the collagen layers reduce the mechanical
strength of the cornea by up to 30 per cent. CXL involves the use of the photosensitisation agent riboflavin (Vitamin B2)
and ultra-violet A (UVA) irradiation, to induce photo-oxidative cross-linking of the collagen within the corneal stroma in
vivo.

Riboflavin has an absorption peak for UVA at a wavelength of approximately 370nm. When the riboflavin-saturated
cornea is exposed to radiation of this wavelength, the riboflavin molecules fluoresce, resulting in the generation of singlet
oxygen and superoxide radicals; these reactive oxygen species lead to the formation of covalent bonds between collagen
molecules. Studies indicate that CXL induces physical changes within the cornea that include: an increase in Young’s
modulus, increased bending stiffness, larger collagen fibre diameter22 and an enhanced resistance to enzymatic degradation.

Clinical Technique

The CXL treatment is conducted under sterile conditions in an operating theatre. Pre-operatively, the patient’s eye is
anaesthetised with topical anaesthetic (e.g. Proxymetacaine hydrochloride 0.5 per cent drops) and pilocarpine is instilled
to induce pupillary constriction in order to minimize UV exposure to the lens and retina. The central 7-9mm of corneal
epithelium is then debrided to allow the diffusion of riboflavin into the corneal stroma.

A 0.1 per cent riboflavin solution (10mg riboflavin-5-phosphate in 10ml dextran 20 per cent solution) is applied to the
eye approximately every five minutes, commencing five minutes prior to the first irradiation. The irradiation is performed
from a one centimetre distance for 30 minutes using UVA at 370nm and an irradiance of 3mW/cm2. The required irradiance
is carefully controlled in each patient directly before the treatment to avoid a potentially dangerous UVA overdose.

At the completion of the procedure, the patient is commenced upon topical, broad-spectrum antibiotics and a 

bandage contact lens is applied to the eye. To minimise the ocular inflammatory response, topical corticosteroid eye
drops are commonly used upon the third post-operative day, when the bandage contact lens is also removed.

Clinical Results

Cross-linking pre-clinical studies began in 1993 and included laboratory work and experimental trials. The first in
vivo clinical study to be published on CXL was conducted by the German research group, Wollensak and colleagues in
2003.24

Since this pilot study, a growing number of papers have described the clinical efficacy of CXL for keratoconus (Table
2). Although differences exist in the study methodology, inclusion and exclusion criteria, treatment parameters and outcome
measures, data from all of these studies consistently demonstrate varying degrees of improvement in visual acuity and a
reduction in maximal keratometry values with CXL treatment.

The world’s first prospective, randomised, controlled clinical trial on CXL for keratoconus was conducted by the
Centre for Eye Research Australia (CERA) at the Royal Victorian Eye and Ear Hospital, Melbourne, Victoria.

Commencing in 2006, this study involved the recruitment of one hundred patients who had demonstrated clinically-
significant progression of their keratoconus over the prior six to twelve months. The preliminary findings of this study,
published in 2008, indicated statistically significant differences between the CXL treatment and control (untreated) groups
for changes to maximum (steepest) simulated keratometry values and best spectacle-corrected acuity.26 A larger, multi-
centre treatment trial is currently being conducted in the USA; the findings of this important study are eagerly anticipated.

Patient Selection

With the advent of CXL, it is now more important than ever that optometric management of keratoconus involves the
careful documentation and monitoring of younger patients (less than 35 years or age) with established disease; these
patients are at the highest risk of progression and therefore may benefit most from CXL. Moreover, as primary eye care
providers, optometrists play a pivotal role in identifying patients with the early signs and symptoms of keratoconus,
including sub-clinical manifestations, through appropriate clinical examination and corneal topography. Within practices
that are not equipped with a corneal topographer, referral for corneal mapping is warranted in patients with a family
history of the condition in order to identify keratoconus suspects at an early age. Younger patients may require reviews
every few months if there is a suspicion of progression or incipient keratoconus.

It is recommended that patients should be referred for ophthalmologic assessment for CXL if there is demonstrable
progression in their keratoconus, as evident clinically through one or more of: topographical/ keratometric changes (e”
1.0 dioptral change in maximum keratometry value), repeated changes of contact lens base curve (if topography is
unavailable) and/ or deteriorating vision.
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Treatment is currently contraindicated in the following scenarios:

· Corneal thickness less than 400ìm

· Prior ocular herpetic infection

· Concurrent corneal infection

· Severe corneal scarring or opacification

· A history of poor wound healing

· Severe ocular surface disease (excluding dry eye)

· Auto-immune disorders

· Pregnancy

Careful ophthalmologic management of- CXL patients is required over the first few weeks post-treatment. A return to
contact lens wear is recommended approximately four to six weeks after CXL, at which time the patient is generally
returned to optometric care for ongoing monitoring at 6-12 monthly intervals.

Safety

CXL involves a highly localised photopolymerisation reaction that is generated in vivo, within the corneal stroma. Its
application therefore requires consideration with regard to the potential effect on surrounding ocular structures, in particular
the corneal endothelium, lens and retina.

Guidelines regarding optimal practice for CXL have recently been published.37The safety of the procedure is primarily
dependent upon the appropriate delivery of the irradiation and ensuring a sufficient stromal riboflavin concentration. Of
particular concern is the potential for oxygen radical damage to the corneal endothelium. Control of the depth of the
reaction is primarily governed by the pre-operative corneal thickness. It is accepted that in order to minimise risk of
permanent endothelial damage, a minimum corneal thickness of 400ìm is necessary following the debridement of the
epithelium. The use of hypo-osmolar solutions of riboflavin can temporarily enhance corneal thickness in patients who do
not meet the minimum thickness requirement39, however further research is necessary to determine if this procedure
provides adequate endothelial protection.

Although the theoretical risk exists, there is currently no evidence for CXL causing a reduction in corneal endothelial
cell density. Published studies that have examined the endothelium using specular microscopy, one-year after CXL treatment
have reported no quantitative change to endothelial cell numbers.24,26,30

Side-effects and Risks

Mild anterior- and mid-stromal corneal haze is the most common side-effect of CXL; the effect has been documented
to persist for up to twelve months but has been noted to not significantly affect visual acuity.27 Complications related to the
debridement of the corneal epithelium include sterile corneal infiltrates40 and infectious keratitis secondary to bacteria41,
acanthamoeba42 and Herpes simplex virus43; all of these complications were reported within the first week post-treatment.

While most of the published literature describes relative improvements in visual acuity (VA) post-CXL, a loss of two
lines or more best-corrected VA was described in 2.9 per cent of treated eyes, one year post-operatively;35 this should
however be taken in context with the overall results of this study which reported progressive corneal ectasia (treatment
failure) in 7.6 per cent of eyes.

Other Applications

CXL may also have a therapeutic role in the treatment of other corneal conditions, including pellucid marginal
degeneration, post-LASIK keratoecastia, bullous keratopathy and microbial keratitis; definitive published evidence to
support these applications is still required.38

Until recently, the management of keratoconus has been limited to supportive optical measures, primarily spectacles
and contact lenses. The current scientific literature demonstrates that CXL has a significant arresting effect on the progression
of keratoconus. Although further research into the long-term effects of CXL is still warranted, this exciting new treatment
demonstrates the potential to transform the lives of patients with keratoconus, reducing their risk of progressive ectasia
and visual impairment.

Dr. Laura Downie, BOptom, PhD(Melb), PGCertOcTher, DipMus(Prac), AMusA is an optometrist who specialises in
contact lenses. She has been published in scientific journals and is a clinical instructor to undergraduate optometry
students.
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