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Introduction

Optic and refraction play an important part in #ucation of ophalmologists.
With the advances achieved in cataract surgery m@@fichctive surgery, an
understanding of optic and refraction is more intgatr than ever in the
understanding of visual rehabilitation in patients.

This book contains multiple choice questions andrtslanswer questions in
testing the knowledge of the trainee ophthalmolsgit is recommended the
book is used in conjunction with a textbook of opéind refraction such as
Clinical Optics by A. R. Elkington, Helena J. FrarMichael J. Greaney by
Blackwell publishing. The last section of the boodéntains essential steps in
clinical refraction for ametropia.

The book is useful for ophthalmologists in-trainimgMalaysia as well as those
who are taking the ophthalmology qualifying exanima such as FRCOphth
(Fellowship of the Royal College of Ophthalmolog)saind FRCS (Fellowship of
the Royal College of Surgeons).

C.C.N.
C.L.L.
N.C.T.
M.A.S.
November, 2007.
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Test your basic knowledge of clinical optics

10.

11.

12.

13.

14.

15.

. What is the minimal angle of resolution of a® eyith a 6/6 acuity?
. How far away can an eye with 6/6 visual acuiid the 6/24 lines?
. What is the Snell's law of refraction?

. What is the apex angle in degrees of a 10 diggirism made of glass?

. The nodal point of a thin lens is at the intetiem between the and
the .

. The refracting power of a cylindrical lens is at degrees to the axis.

. The image produced by a negative lens is and

. A focimeter measures the lofa

. A decentration of 10 mm from the optical cemtf@ +5 dioptre lens produces

a prismatic effect of prism dioptres.
A X8 loupe has an equivalent power of ioptdes.

A lens of +10 dipotres fully correct an hypdeoand now the lens is moved
forward 10mm, what is the new lens power eéédd correct the hyperopia?

In trifocals the intermediate lens usually has power over the distance
correction.

The LTF stands for when derisig tints.

Relative spectacle magnification =

Which combination make up 1.00 Jackson crosdsyr?



Answers

. One degree of arc.
. 24 metres.

. Snell's law (law of refraction) = the incidemtd refracted rays and the normal

to the surface at the point of incidence li¢hia same plane and the ratio of
the sine of the angle of incidence i to theesifithe angle of refraction r is a
constant for any two media. This constant iedahe relative index of
refraction ie. sine i/ sin r = refractive inde

4. 10 degrees.

5. Principal axis, principal plane.
6.90Q

7. Virtual , erect and diminished.
8. Back vertex power.

9.5.

10. 32.

11. +9 dioptres

To calculate this you need to use the fornfmidens effectivity which is

Dn = Do/1-dDo where Dn = the new power
Do =thld lens power
d difference in the location (in meters), -ve ifst i
moved forward and +ve if it is moved backward.

The formula shows that moving a plus lens fdhincreases its effective
power and therefore a weaker plus lens isewénl maintain the same
effectiveness.

12. half the power.

13. Luminance transmission.

14. Actual size corrected with spectacle / sizendBethe emmetropic eye

15. +0.50DS/-1.00DC

The two cylinders are 90 degrees to eachrathd therefore it is not
necessary to designate the axis.



I. Properties of light

1. With regard to optical radiation:

a. the wavelengths of visible light lie between d®0and 780nm

b. ultraviolet A has a shorter wavelength thanaviwlet C

c. the shorter the wavelength the higher the enefgy individual quanta
(photon)

d. the human lens is better at absorbing shorter tonger wavelengths

e. eclipse burn is caused by infrared radiation

2. The following are true about colour vision:

a. deuteranomaly is more common than deuteranopia

b. blue pigment gene is found on chromosome X

c. red-green defect is common in acquired optivendisease

d. blue-yellow defect is common in glaucoma

e. blue cone is more sensitive to shorter waveletigtn green cone

3. In colour vision testing:

a. the Farnsworth-Munsell hue 100 test containsddur discs

b. the colours of the Farnsworth-Munsell hue 160 défers in hue and
saturation

c. Ishihara test plates are designed mainly fogeaital red-green colour
defects

d. Ishihara test plates cannot be used by pre-vehiidren

e. Lanthony New Colour Test is only suitable foulésl

4. With regard to light scattering:

a. it does not occur in vacuum

b. it is proportionally to the wavelength of thght

c. vitreous is best viewed with light of short wkeregth as it scatters more
d. the cornea scatters about 10% of the incomgidg li

e. it is responsible for poor vision in corneal eed



5. The following equipment are used in fluoresceiangiography:

. a fundus camera with optics similar to direditbplmoscope
. a blue excitation filter

. a green barrier filter

. a rotating prism

. a binocular microscope

OO0 TY®

6. The following are true about indocyanine greenmgiography (ICG):

a. indocyanine green has a larger molecule thaiusoffuorescein

b. indocyanine green emits light in the infraredga

c. ICG is better at visualizing the choroidal vdatwre than sodium
fluorescein angiography because it has a higtaein binding and
only partially absorbed by the retinal pigrmepithelium

d. ICG is best imaged with photographic film

e. ICG should be avoided in patients with seafdtetgy

7. Regarding diffraction:

. it is best explained with the wave theory ofitig

. it occurs when there is an obstruction to tgbtli

. both constructive and destructive interferernoaucs

. it increases with longer wavelength

. it prevents the formation of a point image fraoint source

O QOO Tw

8. The Airy's disc:

a. is formed by diffraction
b. contains a central bright disc that receives @%e luminance flux

c. is surrounded by concentric light and dark rings
d. is proportional to the wavelength of the light
e. is proportional to the diameter of the pupil

9. The following tests are used in testing the v of pre-verbal children:

a. Log MAR

b. STYCAR

c. Catford drum

d. Cardiff card

e. Sheridan-Gardiner tests

10



10. Regarding visual acuity:

a. it can be represented by a reciprocal of thermim angle of resolution
b. it varies with the region of the retina

c. it is affected by general illumination

d. it is affected by the colour of the test objects

e. it is affected by the time of exposure

11. Pinhole:

a.
b.
c.
d.
e.

if less than 1mm diameter, impairs the imagdityua
abolishes the need for the eye to focus

increases the depth of focus

increases the depth of field

improves ametropia of less than 6 D

12. Contrast sensitivity:

DO 0T

. measures the eye’s sensitivity to light

. is inversely proportional to contrast of image
. can be measured with Snellen's chart

. can be measured with VISTECH

. may be reduced following LASIK

13. The following are true about birefringence:

T o

. they have two refractive indices
. they split a unpolarized light into two polauizights
. polarimetry uses the birefringence of the nditwe layer to quantitate

its thickness indirectly

. itis used in pleoptics to produce Haidingerishes
. amyloid when stained with Congo red producessfitimgence

14. In stereoscopic vision testing:

[oRN o]

. corresponding retinal areas in both eyes areukited
. the grading is based on the least horizontpladity of retinal image that

evokes depth perception

. in normal person, the value is about 60 secohdsc or better
. amblyopia is unlikely if the stereoacuity istieethan 250 seconds of arc
. the TNO test can give stereoacuity from 4505taldgrees of arc

11



15. The following refers to the amount of light ariving at a given point:

a. illuminance
b. brightness
c. shininess
d. irradiance
e. radiance

12



I. Properties of light — Answers

1. aT b.F c¢T dT eT

Visible light contains wavelengths between 400 &B86nm. Ultraviolet A has
wavelength of 315-400nm whereas ultraviolet C 2280nm. Thus in order of
increasing wavelengths: ultraviolet C, ultraviokt ultraviolet A; visible light;
infrared A, infrared B and infrared C. The lensvixy efficient at absorbing
ultraviolet than infrared light. The thermal bumm éclipse burn is caused by
infrared light.

2. aT b.F cT d.T e.T

Deuteranomaly is the most common type of congeodhlur defect and is found
in 5% of the male population. It occurs when thenmad middle-wavelength (ie.
green) cone photopigment is replaced by one thateh@eak sensitivity at a
longer wavelength (ie. red). Deuteranopia refersatsent of the middle-
wavelength ie. green cone.

Blue pigment gene is found on chromosome 7 wheredsand green pigment
gene on chromosome X. Red-green defect is searyinirad optic nerve disease,
cone dystrophy and Stargardt's disease. Blue-yetlefects are seen in most
retinal dystrophy. Blue-yellow defect is found idagcoma and autosomal
dominant optic neuropathy.

3. aT b.F c.T d.F eF

Farnsworth-Munsell hue 100 test contains 84 cottises to be arranged in order
of closest colour match with the reference colatreach end. The colours only
differ in hue with same brightness and saturatishihara test plates are mainly
for congenital red-green colour defect. Wavy liaes used in Ishihara plates for
illiterates or children. Lanthony New Colour Teahde used in children.

4. aT b.F c.T d.T eT

Scattering occurs due to the presence of partigitsn a medium and does not
occur in vacuum. Scattering is inversely propouioto the wavelength of the
light ie. the shorter the wavelength the more tbattering. Vitreous is best
viewed with short wavelengths such as blue or gtigm as they scatter more
within in the vitreous. Normal cornea scatters aldd%6 of incoming light which
increases with oedema.

13



5. aF b.T ¢.T d.F eF

Sodium fluorescein absorbs blue light light of 488nm and releases
fluorescent yellow-green light (520-530nm). Thendus camera has optics
similar to indirect ophthalmoscope.

6. a.T b.T c.T d.F eF

Indocyanine green has a larger molecule than sodluorescein and more
firmly bound to the serum protein. It is therefaléow better view of choroidal
vasculature. It emits light in the infrared randeieh is better imaged with digital
videography than photographic film. ICG containdiie and should be avoided
in patients allergy to other radiographic contchst. Seafood allergy is related to
protein and not iodine and therefore not a condliaation.

7. a.T b.T c.T d.T eT

Diffraction is best explained with the wave thearfylight. It occurs when light

passes through the edge of an obstacle such sufiie Both constructive and

destructive interference occur. Diffraction depemus several factors: the
wavelength of the light, shorter wavelength causess diffraction than a longer
one and the shape and size of the obstacle for gamsmaller pupil causes
more diffraction than a large one. Rather than mtpmage, a point source is
converted by diffraction into a diffraction pattern

8. aT b.T c¢T dT eF

The Airy's disc is a diffraction pattern when ligiasses through the edge of an
obstacle. It contains a bright central disc ie.yAirdisc that receives about 90%
of the luminous flux. This disc is surrounded bycentric light and dark rings.

The radius of the disc is proportional to the wawegth of the light but inversely
proportional to the pupil size.

9. aF bT c¢T dT eT
10. aT b.T cT dT eT
11. aT b.T c¢T dT eF
Pinhole allows a single ray of ray to enter the apé therefore abolishes the

need for focusing. It can improves ametropia uglo If too small ie. less than
1mm in diameter, the image quality is impaired tudiffraction.

14



By reducing the effective pupil diameter, pinhotereases both the depth of
focus and the depth of field. The depth of focuschlis the distance in front and
behind the focal point or retinal over which theage may be focused without
causing reducing in sharpness beyond a certainatdée amount. The depth of
field is the distanceover which an object may bevedbwithout causing a

sharpness reduction beyond a certain tolerable aindBoth are inversely

proportional to the diameter of the pupil.

12. aF b.T cF dT eT

Contrast sensitivity tests the ability of the egedetect luminance contrast. It is
the reciprocal of the minimum perceptible contritsgives an evaluation of the
detection of objects usually sinusoidal gratingsaochart or generated on an
oscilloscope display of varying spatial frequenaesd of variable contrast. The
letters on Snellen's chart are of high contrast antl useful for contrast

sensitivity testing. VISTECH can be used to meabwentrast sensitivity, it

consists of a chart containing five horizontal rovesch with nine circular

patches of sinusoidal gratings. The gratings afeeeivertical or 15 degrees to
the right or to the left.

13. aT bT c¢cT dF eT

Substance with birefringence properties will spiitident unpolarised light into
two polarized beams travelling different directioi$erefore, they are said to
have two different refractive indices.

Polarimetry uses the birefringence of the NFL (eefitarelayer) to quantitate its
thickness indirectly. The change in the polarizatid light as it passes through
the NFL, or “retardation,” is measured and lineadgrrelated to the NFL

thickness.

Pleopitcs used to produce Haidinger's brushesmesgjthie use of polarized light.
Amyloid such as those seen in lattice dystrophyliasringence property when
stained with Congo red.

14. a.F b.T c¢T d.T eT

In stereoscopic vision, disparate retinal elemauiitisin Panum's fusional areas in
the two eyes are stimulated giving rise to deptitgygion. The grading is based
on the least horizontal disparity of retinal imaheat evokes depth perception.

The unit is seconds of arc.

The normal individual has a stereoacuity of 60 sdsoof arc or better.
Amblyopia is unlikely if the stereoacuity is bettban 250 seconds of arc.

15



The various tests for stereoscopic vision include:
Titmus test: 3000 to 40 seconds of arc
Frisby test: 600 to 15 seconds of arc
TNO test: 480 to 15 seconds of arc
Lang stereotest: 1200 to 550 seconds of arc

15. a.T b.F cF d.T eF

llluminance and irradiance are terms used to reféhe amount of light arriving
at a given point. Radiance refers to the amourigbt leaving a certain point.

16



Il. Reflection

1. Regarding reflection:

a. it always occurs when light travels from one medinto another

b. the incident ray and the reflected lie in theveaglane

c. the angle of incidence is always equals to tiggenof reflection

d. diffuse reflection occurs when light is refletfieom a regular surface
e. catoptric images are images reflected from tinfases of the eye

2. The image of an object formed by reflection at alane surface has the
following properties:

a. the image is upright
b. the image is laterally inverted

c. the image is real
d. it is located along a line perpendicular torigecting surface

e. it is as far behind the surface as the objeaatfiont of it

3. The following are true about reflection on a miror:

a. the focal length of a concave mirror is half ldregth of its radius of
curvature

b. the focal length of a convex mirror is half taagth of the its radius of

curvature

. the image formed by a concave mirror is alwaggmified

. the image formed by a convex mirror is alwaygnikged

e. the shorter the radius of curvature of a sphknrror, the stronger its
refractive power

o0

4. For an object situated between the centre of cuature and the principal
focus of a concave mirror, the image has thelfowing characteristics:

a. itis erect

b. it is virtual

c. itis real

d. it is magnified

e. the image is found within the centre of curvatur

17



5. For an object situated outside the centre of cuature of a concave mirror,
the image has the following characteristics:

a.itis erect

b. it is virtual

c. itis real

d. it is magnified

e. the image is found within the centre of curvatur

6. For an object situated within the principal focis of a concave mirror, the
image has the following characteristics:

a. itis erect

b. it is laterally inverted

c. itis real

d. it is magnified

e. the image is found within the centre of curvatur

7. For an object situated anywhere in front of a covex mirror, the image
has the following characteristics:

a. itis erect

b. it is laterally inverted

c.itis real

d. it is magnified

e. the image is found within the centre of curvatur

8. The following are true about total internal reflection:

a. it does not occur when light travel from a mediwith lower refractive

index to one with higher index
b. it occurs when the incident ray exceeds théatiangle

c. it is used in binoculars
d. it explains why the anterior chamber angle catrbe visualized with a slit-

lamp
e. a contact lens with a lower refractive indexntlige cornea may be used to

visualize the anterior chamber angle

18



Il. Reflection - Answers

1. aT bTcT dF eT

Reflection always occurs (to a large or small etjtevhen a light travels from
one medium into another. According to the laws affection: the incident ray
and the reflected ray lie in the same plane andatigge of incidence is always
equals to the angle of reflection.

Diffuse reflection occurs when light is reflectetbrh an irregular surface.
Catoptric images are images reflected from theased of the eye.

2. aT bT cF dT eT

The image of an object formed by reflection at anpl surface is upright,
laterally inverted and virtual. It is located alomgline perpendicular to the
reflecting surface and is as far behind the suréscthe object is in front of it.

3. aT bT cF dF eT

The focal length of a spherical mirror be it conw@xconcave is half the length
of its radius of curvature. As the power of a spfamirror is 2/r where r is the
radius of curvature, the shorter the radius of ature of a spherical mirror the
stronger its refractive power. The image formedabgoncave mirror is always
minified, the image formed by a convex mirror may magnified or minified

depending on the position of the object.

4. a.F b.F c.T d.T e.F

The image is found outside the centre of curvaturerted, real and magnified.

5. aF b.F cT dF eT

For an object outside the centre of curvature abacave mirror, the image is
inverted, real, minified ie. reduced in size and thnage is found between the
centre of curvature and the principal focus ofd¢bacave mirror.

6. a.T b.T cF d.T e.F

The image is erect, laterally inverted, virtual,gndied and found within the
concave mirror.

19



7. aT bT cF dF eT

The image is virtual, erect and diminished. ItIsodaterally inverted and found
within the centre of curvature of the mirror.

8. a.T b.T ¢T dT e.F

Total internal reflection only occur when the lighdvels from a medium with a
higher refractive index to one with lower indexoktcurs when the incident ray
exceeds the critical angle. It is used in binocalad slit-lamps to invert images.
To visualize the anterior chamber angle, a cortatd with a higher refractive
index than the cornea need to be used to overdoental internal reflection.

20



lll. Refraction

1. With regard to refraction:

a.

b.

it is a change in direction of light when it gas from one transparent
medium into another of different optical déysi

light is deviated away from the normal whenntegs an optically dense
medium from a less dense medium

c. the velocity of light is changed during refracti

d.
e.

the wavelength of the light is changed durirfgaction
the angle of refraction is different for ligtitdifferent wavelength

2. The following are true about the refractive inde of a material:

a.

o0

the absolute refractive index of a materialvigags greater than
its refractive index

. the refractive index of a material is usuallyasured with ultraviolet light
. the refractive index of a medium differs forhigf different wavelengths
. the deviation of light increases with the ine@an refractive index of the

material that it enters

. a material with high refractive index will re@uthe speed of light more than

one with lower refractive index

3. With regard to the refractive index of a medium:

a.

b.

it is the ratio of sinito sin r . i is the dm@f incidence of the light and r is

the refracted angle
it can be calculated by knowing the velocityight in air and its velocity in

the medium

. the cornea has a lower refractive index tharighe
. the lens accounts for most of the refractive groef a human eye due to its

higher refractive index

. the refractive index of the human lens remagmstant throughout life

21



lll. Refraction - Answers

1. aT b.F cT dT eT

Refraction is defined as a change in directioniglitiwhen it passes from one
transparent medium into another of different optitnsity.

Light is deviated towards the normal when it entensoptically dense medium
form a less dense medium. The reverse applies.

The velocity of light and the wavelength are chahdering refraction. However,
the frequency remains the same.

The angle of refraction is different for light offférent wavelengths. Light of
shorter wavelength is deviated more than one witigér wavelength.

2. aT bF cT dT eT

The absolute refractive index of a material is #edocity of light in vacuum
divided by velocity of light in that medium. Thefr@ctive index of a material is
the velocity of light in air divided by velocity dight in that medium. As light
travels faster in vacuum than air, the absoluteactize index of a material is
always greater than its refractive index.

The refractive index of a material is different foifferent wavelength and in
general it is usually measured with yellow sodidamfe. The refractive index of
a medium differs for light of different wavelengthsowever, the difference is
usually slight. A material with a higher refractiuadex will deviate the light
more and reduce the speed of light more than ottelaiver refractive index.
The frequency of a light is not change as it trafedm one medium into another
but the wavelength become shorter.
3. aT bT ¢.T dF eF
The refractive index of a medium is calculated gghre Snell's law:

sini/ sin

where i is the angle of incidence of the light and the refracted angle of the
light.

The refractive index of a medium can also be catedl as:
Velcoity of light in aif Velocity of light in medium.

The refractive index of cornea is 1.370 and thathef non-cataractous lens is
about 1.390. However, because the lens is immensaqueous with a refractive

22



index of 1.333, the incoming light refracted by tles is very much reduced and
it only accounts for 1/3 the refractive power otthuman eye. The cornea
accounts for 2/3 the refractive power of the hurepa

The refractive index of a human lens increases aith due to the development
of cataract. In addition, the human lens does @aeehuniform refractive index
being higher in the nucleus (1.400) than the cof1e280) in a non-cataractous
lens.

23



IV. Prisms

1. The following are true about prism:

a.
b.
c.

d.
e.

its orientation is defined by its apex

light is deviated towards the apex

light with shorter wavelength is deviated mdrart light with longer
wavelength

the angle of the prism apex is called the réfigangle

all the ophthalmic prisms are calibrated acewydd the Prentice's position

2. The image formed by a prism is:

a.
b.
c.
d.
e.

erect

magnified

laterally inverted

virtual

deviated towards the apex

3. The angle of deviation of a prism is determinetly:

a.
b.
c.
d.
e.

the refracting angle

the angle of incidence of the ray

the refractive index of the prism material
the width of the base

the thickness of the prism

4. The following are true about prisms:

[o RN o lNe )]

. they can control torsional diplopia
. they can control diplopia caused by an eye wisiakeviated out and up

. the prism power can be calculated form the ctifig angle alone

. a prism with 2 will produce a linear displacement of 2 cm ofcdject

situated at 1 m
. a prism with 1 produce a stronger deviation than one with aneaaf)l

apparent deviation of 1

5. The Fresnel prisms:

OO0 T

. reduce the weight of conventional prisms
. are made up of a series of small prisms

. are usually made up of polyvinyl chloride
. reduce the visual acuity mainly through lighatsering at the groove edges

. are usually applied to the front of patientasges

24



6. A patient has a 4 deviation of right over left strabismus. The followng
prisms may be used to correct the vertical dippia that this patient is
experiencing:

base down over the right eye

base up over the left eye

base down over the right eye and I2ase up over the left eye
base down over the right eye andtfase down over the left eye
base down over the right eye and I3ase up over the left eye

PTooTo
P NN BAMDM

7. A patient has a 8 right esotropia. The following prisms can be usetb
correct the deviation:

a. 8 base in over the right eye

b. 8 base out over the right eye

c. 8 base in over the left eye

d. 8 base out over the left eye

e. 4 base out over the right eye and Base out over the left eye

8. The following are true about the prismatic effetof lenses:

a. if the optical centre of a myope lens is monasgally, a base out prism
will be induced

b. if the optic centre of a myope lens is movediiafly, a base down prism
will be induced

c. if the optic centre of a hyperope lens is motedporally, a base in prism
will be induced

d. if the optic centre of a hyperope lens is mosegeriorly, a base up prism
will be induced

e. a 2 D base in prism can be produced by shiftingptical centre of a
-5.00D myope lens 2 mm temporally

25



IV. Prisms - Answers

1. aF bF c¢T dT eF

The orientation of a prism is defined by its bdsght is deviated towards the
base. Light with shorter wavelength is deviated entran light with longer

wavelength by a prism. The refracting angle isahgle of the prism apex. The
glass ophthalmic prisms are calibrated accordinghe Prentice's position ie.
with one face of the prism perpendicular to thétligay (eg. trial lens prism) but
for plastic ophthalmic prism (eg. prism bar), powethe position of minimum

deviation is used.

2. a.T b.F cF d.T eT

The image formed by a prism is erect, virtual aadiated towards the apex.

3. aT b.T c¢T d.F e.F

Three factors determine the angle of deviation: réfeacting angle, angle of
incidence of the ray and the refractive index ef pnism material.

4. aF b.T cF dT e.F

Torsional diplopia can not be controlled with prisim addition to the refracting
angle, the refractive index of the prism is reagite calculate the prism power.
A prism of 1 prism dioptre is equivalent to one hwian angle of apparent
deviation of 1/2 degree.

5. aT b.T c.T d.F eF

Fresnel prisms reduce the weight of convention&nprand used widely in
treating patients with strabismus. They are madefup series of small prisms.
The most common type are made up of polyvinyl dkar They reduce the
visual acuity mainly through chromatic aberratiohbey are usually applied to
the the back of patients' glasses.

6. aT b.T c.T dF eT

To correct a strabismus, the apex of the prisnoiatjmg in the direction of the
deviation and the base in the opposite directidrer&fore a patient with a right
over left strabismus ie. right hypertropia and&ft hypotropia can be corrected
with a base down prism over the right eye or a hgserism over the left eye.
The power of the prism can be split between the éwes. In such cases, the
orientation fo the prisms is opposite for the twes
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7. aF bT cF dT eT

As mentioned in answer 6, the apex of the prismulshde pointing in the
direction of the deviated eye to control the dio herefore, the prism should
be base out over the right eye or the left eyeikanlertical strabismus, the base
orientation of the prisms in horizontal strabismans in the same direction). If the
prisms are divided between the two eyes, the pdisptre should be 4 with base
out over each eye.

8. aaT b.F c.F d.T e.F

A myope (concave) lens can be regarded as two pisoed apex to apex.

Decentring a myope lens temporally induces a bag®ism; nasally induces a
base out prism, inferiorly a base up prism and Sapg a base down prism.

The reverse is true for a hyperope (convex) lens.
Using the Prentice rule:

Prism dioptre = distance from the optic centre (&rgioptre power of the lens.
The induced prismatic effect is 1D.
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V. Spherical lenses

1. The vergence power of a lens is dependent on:

a. its dispersive power

b. vergence power of each surface

c. thickness of the lens

d. the wavelength of the light

e. the medium on either side of the lens

2. The following are true about the focal lengthsfespherical lenses:

a. the first focal length always has the same teagtthe second focal length
b. the first focal length of a convex lens is te tight of the lens

c. the first focal length of a concave lens ish® tight of the lens

d. the second focal length of a convex lens hassiipe sign

e. the second focal length of a concave lens Imegative sign

3. The following are true about magnification by tte lens:

a. the linear magnification of an object is defifdthe distance of the image
from the principal point divided by the tdisce of the object from the
principal point.

b. angular magnification is more important tham#énmagnification in
determining the image size falling on tetma

c. a tall object situated far away may be percea®dhaving the same size as
a smaller one close to the eye

d. magnification of the depth of the image along tiptical axis is known as
axial magnification

e. if the image is situated at infinity, its size the same as its object size

4. The magnifying glass:

a. increases the angle subtended by the imageedraobject

b. has an angular magnification which is traditigndefined as angle subtended
by the image divided by the angle subtendethbysame object placed 25 cm
from the eye

c¢. has an angular magnification equal to M/4 wiris the power of
the lens in dioptres

d. is used to produce erect virtual image for themal user

e. has a small field of vision
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5. The increasing prismatic effect of the more pepheral parts of a spherical
lens is responsible for:

a. ring scotoma

b. chromatic aberration
c. spherical aberration
d. jack-in-the-box effect
e. image distortion
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V. Spherical lenses - Answers

1. aF bT c¢T dT eT

The vergence power of a lens is affected by thgemae power of each surface,
thickness of the lens and the medium on either agidbe lens. The later explain
why cornea has a stronger refractive power thas ierhuman eye although its
refractive index is less. The wavelength of thétliglso affects the vergence
power of the lens.

2. aF b.F c.T d.T eT

The first focal length has the same length as @wered focal length only if the
media on either side of the lens are the same fif$idfocal length of a convex
lens is to the left of the lens whereas that ofdhiecave lens is to the right of the
lens.

By convention, the second focal length has a pasgign for convex lens and a
negative sign for concave lens. As lenses are datsd by their second focal
lengths, a convex lens is also called a plus ledssaconcave lens a negative lens.

3. aT b.T ¢T dT eT

Image magnification can be defined in various ways:

- Linear magnification is the quotient of the imageight divided by the
object height.
Axial magnification is the magnification of the depf the image along the
optical axis.
Angular magnification is the quotient of the anglébtended by the image
divided by the angle subtended by the object.

4. aT bT c¢T dT eT

The magnifying lens increases the angle subtengiédebimage of a near object
placed in the primary focal plane of a plus lensr Buch a magnifier, the
magnifying power is traditionally defined as theotjant of the angle subtended
by the image divided by the angle subtended bystmae object placed 25 cm
from the eye. The magnifying power is calculatedoto M/4 where M is the

power of the lens in dioptres.
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5. aT b.F c.T dT eT

The increasing prismatic effect of the more penphparts of a spherical lens is
responsible for:
spherical aberration
ring scotoma
jack-in-the-box effect
image distortion so that a thick plus lens givegiracushion effect and a
thick minus lens gives a barrel effect.
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VI. Astigmatic lenses

1. The following are true about the cylindrical lers:

a. it has two meridian of curvature

b. it has no power along its axis

c. it can be used to measure phoria

d. it causes meridian magnification or minificatmrn9@ to its axis
e. it forms a focal line parallel to its axis

2. The following are true about the Maddox rod:

a. when the cylindrical lenses within the rod agetical, a vertical line
is seen by the eye when it views a distéhite spot through the rod

b. when the cylindrical lenses within the rod apeizontal, a horizontal line
is seen by the eye when it views a distéhite spot through the rod

c. light incident in the meridian at 9@ axis of Maddox rod is seen as a white
line

d. it is used to measure phoria for both near astdmtce

e. it can be used to measure cyclotorsion

3. Irregular astigmatism:

. occurs when there are many radii in one meridian

. can be corrected with spectacle

. is usually corneal in nature

. can be caused by different indices of refracitodifferent portions of the
crystalline lens

e. can be treated with laser refractive surgery

o0 oo

4. The following prescription has oblique astigmasm:

a. PL/-2.00X45

b. +1.00/-0.25 X85
c. +1.25/+1.00X175
d. -4.00/-0.25X35
e. -5.00/-1.00X130
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5. The following prescription has against-the-ruleastigmatism:

OO0 TY®

6.1

O 0 oTw

.+1.00/+0.25 X 180

.+1.00/-025 X 180

.+1.00/-0.25 X 90

.+1.00/-0.25 X 135
.-1.00/+0.25 X 90

n against-the-rule astigmatism:

. the horizontal meridian has more power tharvéitécal meridian

. a minus cylinder at 18vill correct the astigmatism

. a plus cylinder at 18@vill correct the astigmatism

. the astigmatism may be reduced with clear coinegion at the
temporal side during cataract surgery

e. the visual acuity is less affected than withHtlle astigmatism

7. Simple astigmatism occurs when:

a. one image is focused on the retina and the @herfront of the retina
b. one image is focused on the retina and the @Hsrhind the retina

c. both images are in front of the retina

d. both images are behind the retina

e. one image is in front of the retina and the oihi&ehind the retina

8.

The following are true about the conoid of Sturm

a. it is the three-dimensional image form by a sptyindrical surface

b. images at the end of the conoid are lines

c. images at the centre of the conoid are circle

d. the circle of least confusion is within the cwhof Sturm

e. the length of the conoid of Sturm increasekdfdifferences between the

9.

two foci of a spherocylindrical surfacerneases

The following are true about the spherical equiglent:

a. it is located at the circle of least confusinrhie conoid of Sturm

b. it is midway between the dioptric powers of tive cylindrical lenses that
make up the astigmatic lens

c. it can be used to calculate if the eye is esagnémmetropic, myopic or
hypermetropic

d. it is used to choose intraocular lens duringraty

e. it is calculated by adding the spherical powerdlf the cylindrical power
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10. Jackson's cross cylinder:

a. does not blur the image when placed before anetropic eye

b. does not change the interval of Sturm accorttirthe position of
the Sturm

c. does not alter the spherical equivalent of aatespic eye

d. is used to check the axis of the cylinder subjely

e. is used to check the power of the cylinder sihjely

11. The following are true about Jackson's cross tipder:

a. it is used to check the axis of the cylindeobethe power

b. the power of the cylinder is twice that of tipnere and of opposite
sign

c. a 0.50D cross cylinder has a total cylindricalvpr of 0.50D

d. a 0.50D cross cylinder has a net spherical pawspherical
equivalent power of O

e. a 0.50D cross cylinder can be written up as5f2-0.50DC
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VI. Astigmatic lenses - Answers

1. aF bT c¢T dT eT

A cylindrical lens has one plane surface and tiherotvith curve surface. It has
no power along its axis. Its power is 90 degreethéoaxis and the lens forms a
focal line parallel to its axis. It is used in Maddrod for the measurement of
phoria.

2. aF b.F cF d.F eT

When the cylindrical lenses within the rod are izait a horizontal line is seen
by the eye when it views a distant white spot tgiothe rod. A horizontal line is
seen when the lenses are vertical. Light inciderthe meridian at 90 degrees to
axis of Maddox rod is focused in front of the eyiaiah is too close for the eye to
see as a line. Maddox rod is used to measure tistamia and Maddox wing for
near phoria. Double Maddox rod can be used to meayelotorsion.

3. aT b.F c¢T dT eT

Irregular astigmatism occurs when principal meridiare not at 90 degrees to
each other. It is commonly corneal in nature aanased by scar but it can also be
lenticular in origin caused by different indicesrefraction in different portions
of the crystalline lens. Spectacle can not corigggular astigmatism. It is
treated by substituting a new surface and thisbeaachieved with a contact lens
usually RGP lens, corneal graft or laser surgery.

4. aT b.F cF dT eT

By oblique astigmatism, we mean that the axis efdbrrecting cylinder is other
than near 90 degrees or 180 degrees (other tham awit against the rule
astigmatism).

5. aT b.F ¢T dF eF

In against-the-rule astigmatism, the plus cylindemt 180 degrees and the minus
cylinder is at 90 degrees. In with-the-rule astitiem, the plus cylinder is at 90
degrees and the minus cylinder is at 180 degrees.

6. aT b.F c¢T d.T eF

In against-the-rule astigmatism, the horizontalidian has more power than the

vertical meridian. A minus cylinder will correctarastigmatism if placed at 90
degrees or alternatively a plus cylinder can bel wglgich is placed 180 degrees.
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Temporal incision will reduce against-the-rule gistatism. The visual acuity is
less affected in with-the-rule astigmatism thanirgethe-rule astigmatism.

7. aT b.T c.F d.F eF

Simple astigmatism occurs when one of the imagesnighe retina. Simple
myopic astigmatism occurs when one image is omdtiea and the other in front
of the retina. Simple hypermetropic astigmatismuosovhen one image is on
retina and the other is behind the retina. Compaugdpic astigmatism occurs
when both images are in front of the retina. Conmgothypermetropic

astigmatism occurs when both images are behindetivea. Mixed astigmatism
occurs when one image is in front of the retina tnedother behind the retina.

8. aT b.T c¢T dT eT

9. aT b.F ¢T dT eT

The circle of least confusion of the conoid of &tus located at the focal point
of the spherical equivalent lens. However, the spakequivalent is not midway
between the dioptric powers of the two cylindrid@hses that make up the
astigmatic lens.

The spherical equivalent of a sphero-cylindricaklean be calculated as follows:
Spherical equivalent = sphere + (cylinder/2)

It can be used to find out if an eye is emmetropypermetropic or myopic.

It is used in biometry to choose the intraoculasle

10. a.F b.F c.T d.T e.T

Placed before an emmetropic eye, the cross-cylibliens the image. Placed
before an ametropic eye, the cross-cylinder doesalter the spherical equivalent,
but it will enlarge or contract the interval of 8w blurring or clarifying the
image, as it increases or decreases the net asitgaraetropia. The cross-
cylinder is used for subjective refinement of aaisd power of cylinder after
placing the best available estimate of refracti@fole the eye (retinoscopy,
astigmatic dial test, or previous refraction).

11. a.T b.T c.T d.T eT

It is used to check the axis of the cylinder befiisepower. The power of the

cylinder is twice that of the sphere and of opposign. A 0.50D cross cylinder

has a total cylindrical power of 0.50D. A 0.50D sscylinder has a net spherical
power or spherical equivalent power of 0. A 0.50Dss cylinder can be written

up as +0.25DS/-0.50DC or -0.25DS/+0.50DC. Axisasspecified.
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VII. Optical prescriptions and lenses

1. The following transpositions are correct:
a.PL/-2.00 X 180 =-2.00/+2.00 X 90
b. +2.00/-0.50 X 60 = +2.50/ +0.50 X 150
c.-1.25/+0.75 X4 =-0.50/-0.75 X 86
d. +7.00/-2.00 X 78 = +5.00 / +2.00 X 168
e.-0.25/-3.00 X 50 =-3.25/ +3.00 X 140

2. When transposing +3.00/-1.00X 90 to the base &@r-5.00, the correct
answer should be:

. +8.00 DS/-5.00DC axis 180/-6.00DC axis 90

. +8.00 DS/-5.00DC axis 180/-6.00DC axis 180
. +8.00 DS/ -5.00DC axis 90/-6.00DC axis 180
. -2.00DS/ -5.00DC axis 90/-6.00 DC axis 90

. -2.00DS/ -5.00DC axis 180/-6.00DC axis 90

O QOO0 T

3. The following are true about the identity of anunknown lens when
viewed through a cross made up of two linesassed at 90:

a. there is no distortion of the cross if the lenspherical
b. an astigmatic lens always causes distortioh®fttoss
c. 'scissors' movement of the cross when the kergtated suggests the lens is

astigmatic

d. if the cross moved in opposite direction tolthes, the lens is likely to be
concave

e. displacement of the line on cross suggestprimence of prism within the
lens

4. Regarding the Geneva lens measure:

a. it can only be used to measure crown glass

b. it measures the base curve of a lens

c. it makes use of the principle that the total powef a thin lens is equal to the
sum of its surface power

d. it can be used to measure the thickness ofsa len

e. it can be used to measure the diameter of a lens
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5. The focimeter:

a. contains a convex collimating lens

b. contains a collimating lens that converge tlo®ining light
c. uses green light to eliminate spherical abemati

d. contains a telescope system for viewing

e. gives a ring of dots if the lens has no cylicalrpower

6. The focimeter can measure:

a. back vertex power of the lens
b. prism

c. axis of the cylinder

d. optic centre of the lens

e. refractive index of the lens

7. Regarding tinted lenses:

a. the lenses always change colour with light

b. they work by either absorbing the light or refieg the light

c. transmittance curve of a tinted lens measumegdhcentage of light
transmission for each wavelength

d. the protective goggles used in laser room amerog of tinted lenses

e. lenses with solid tint have uniform light abgap throughout

8. True statements about anti-reflective coatingsiclude:

a. the principle of destructive interference apptie anti-reflective coatings

b. the thickness of the coating is a quarter ofhgelength of the incident
light

c. they cause the lenses to grow dark in brighi lig

d. they absorb ultraviolet light

e. they can only be used on plastic lenses

9. Photochromic lenses:

a. usually have a more rapid darkening process tiggntening process
b. give different tints according to the wavelersgth

c. tend to become darkened with repeated use

d. that made of glass usually employed organicqatobmic compounds
e. tend to darken more rapidly if the environmenthperature is low
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VII. Optical prescriptions and lenses - Answers

1. aT b.F cF dT eT

To transpose an astigmatic lens, first add thersgdieand the cylindrical power

and then alter the sign of the cylinder power andlliy add 90 degrees to the
existing axis. If the axis is more than 180 degréakes 180 degrees from the
total degrees to get the new axis. Therefore questishould be +1.50 / +0.50 X
150 and c¢ should be -0.50 /-0.75 X 94.

2. aT b.F cF dF eF
The steps for toric transposition is as follow:

i. Make sure the cylinder has the same signegaise curve

ii. Obtain the required power of the sphericafate by subtracting the base
curve power from the spherical power. Hereréwilt is +3-(-5) = +8.00DS

iii. Specify the axis of the base curve and this & 90 degrees to that of the
required cylinder. The result in this case3s00DC axis 180.

iv. Finally add the required cylinder to the baseve power with its axis. The
result is -5 (-1.00) = -6.00DC axis 90.

3. aT b.FcT dF eT

If the axis of the astigmatic lens coincide witte thross lines, there is no

distortion. However, if the lens is rotated agathst cross, scissors movement of
the cross always occurs. If the cross moved in sippalirection to the lens, the

lens is convex. A prism has no optical centre &edefore one line of the cross is
always displaced regardless of the lens position.

4, aF b.T cT dT eT

The Geneva lens measure is calibrated for crowssdtait can be used for other
materials with a correction factor. It measurestiase curve of lens and makes
use of the principle that the total power of a thins is equal to the sum of its
surface power. It can be used for lens diameténiockness measurement.

5. aT b.F c.F d.F eT

The focimeter contains a convex collimating lensthe light passing through it
are rendered parallel. Green light is used to elate chromatic aberration.
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6. aT b.T c.T d.T e.F

A focimeter is used to measure the vertex powea &#ns, the axes and major
powers of an astigmatic lens and the power of anpriFor spectacle lens, the
back surface of the lenses is placed against stesoethat the back vertex power
is measured .

7. a.F b.T c.T d.T e.F

Tinted lenses may be of fixed colour or photochmfine colour changes with
light). They work by either absorbing the light aeflecting the light.
Transmittance curve gives the performance of the.lexser protective goggles
are tinted lenses.

Light absorption in a lens with solid tint deperats the thickness of the lens;
therefore, the absorption is higher in area whieeddns is thicker.

8. a.T b.T c.F d.F e.F

Anti-reflective coatings do not change the colodirtlee lens. They use the
principle of destructive interference to reduce rfiéection. The thickness of the
coating is a quarter of the wavelength of the ianidight. The coatings can be
used on either glass or plastic. The coating neateare made by metal oxides.

9.a.T b.T c.T dF e.T

Photochromatic lenses change colour in the presehlight and the process of
darkening is more rapid than the process of lightgnThe tint that develops
depends on the wavelengths of the light. Silveideak used in glass and organic
photochromic compounds are used in plastic. Witlnstant use, the lens
eventually become darkened. Darkening tends to roomare rapidly in low
temperature because heat reduces the effect olighhotochromic lenses.
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VIIl. Aberration of optical system

1. The following are true about chromatic aberration:

a. it results from the fact that longer wavelengtteviated more than
shorter wavelength.

. it does not occur with light of same wavelength

. it results from the dispersive power of a materi

. it is dependent on the refractive index of agnat

. it can be reduced by combining crown and fllasg

D QO T

2. Duochrome test:

a. uses letters or numbers of different coloursrefjghe same background
b. uses blue and red colours

c. is sensitive to changes in refraction of 0.250ees

d. is useful in myopic patients to avoid undercction

e. can not be used in colour blind patients

3. Spherical aberration in human eye is reduced bthe following:

a. the anterior surface of the cornea is flatteipperally than centrally

b. the cortex of the lens has a higher refractikek than the nucleus

c. the lens has variable anterior surface curvature

d. the retina has a radius of curvature which @tsi centrally than
peripherally

e. the vitreous reduces spherical aberration

4. The following are true about spherical aberratio:

a. it is responsible for reduced vision in dilapegbil

b. it results from the prismatic effect of the pééral parts of a spherical lens

c. light passing through the periphery of a splatiens is deviated more
than those through the paraxial zone ofeéhe

d. it can be reduced by using a lens with lessedipe power

e. it can be reduced with a doublet

5. Oblique astigmatism

a. occurs when light passing through the lens ablig

b. is more troublesome the higher the power ofeéhs

c. is most troublesome in the reading section efvtdrifocal glasses
d. is worse with meniscus lenses than biconvexaarizave lens

e. of spectacle can be reduced with pantoscopic til
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6. Best form lenses is used to reduce:

a. chromatic aberration
b. oblique astigmatism
c. spherical aberration
d. coma
e. glare

7. Oblique astigmatism in the eye is reduced by:

a. aplanatic curvature of the cornea
b. the vitreous
c. the variable refractive index of the lens

d. the spherical surface of the retina
e. the peripheral retina has less resolving polgn the central retina

8. The following are true about image distortion tlmough strong lenses:

a. it is mainly the result of chromatic aberration

b. it is mainly the result of spherical aberration

c. pin-cushion distortion occurs with high minusde

d. barrel distortion occurs with high plus lens

e. it can be reduced by getting the patient tocasgact lenses

9. True statements about higher order optical abemtions of the eye include:

a. it can be detected with wavefront analysis
b. it can be measured with with aberometer
c. it can not be corrected with spectacles

d. it can be corrected with contact lenses

e. it can be corrected with corneal ablation
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VIII. Aberration of optical system - Answers

l.a.F b.T c¢T dF eT

Chromatic aberration results from the dispersivergroof a material and results
from the fact that different wavelength deviateffedently when passing through
an optical medium (refraction). Longer wavelengshgh as red deviates less
than shorter wavelengths such as blue. Chromateraton is independent of
the refractive power of a material. Reduction ofochatic aberration can be
achieved by combining different materials in thdica system to reduce the
aberration such as crown and flint glass.

2.a.F b.F c.T dF eF

Duochrome test is a subjective test using the piieof chromatic aberration. It
uses letters or numbers of the same colour usudigk against different
backgrounds: red and green. It is sensitive chaimgesraction of 0.25D or less.
It is useful in myopic patients to avoid overcotiee which can cause the eye to
accommodate and thereby causing eyestrain.

3.aT b.F cF dF eF

Spherical aberration is reduced by the followindgpinman eye:

- the anterior surface of the cornea is flatter gegiplly than centrally
the nucleus of the lens of the eye has a higheaatfe index than the lens
cortex
the presence of iris reduces light coming frompbgpheral lens
the retinal cones are more sensitive to light émjethe eye paraxially than
to light entering obliquely

4.aT b.T cT dF eT

Spherical aberration is the result of prismatieefffof a spherical lens. A convex
lens can be looked upon as a series of prism plaasel to base and the prismatic
power gets progressively stronger towards the eerfthe reverse applies to
concave lens. A dilated pupil causes blurred visioainly due to chromatic
aberration. The dispersive power of a lens is edlab chromatic aberration. It
can be reduced with a doublet.

5.a.T bT cT dF eT
Oblique astigmatism is worse with stronger lenspbhvex or biconcave lens (as

against meniscus lens) and in the reading secfidheovarifocal glasses. It can
be reduced by using meniscus lens and pantosdlimtthe spectacles.
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6.a.F b.T cT dF eF

Best form lenses are lenses that have been madsdtce both spherical and
oblique aberrations.

7.aT b.F cF dT eT

The aplanatic curvature of the cornea reduces wbligstigmatism. The
astigmatism is also reduced by the spherical serédthe retina so that the circle
of least confusion fell on the retina. The perigheaetina has less resolving
power than the central retina.

8.a.F b.T cF dF eT

Image distortion through strong lenses is causeidlynhy spherical aberration.
Pin-cushion distortion occurs with high plus lensd aarrel distortion occurs
with high minus lens. Contact lens can reduce phidblem in aphakia and high
myopes.

9.aT bT cT dF eT

High-order aberrations are ones that cannot be ecwmd by simple
spherocylindrical systems, such as spectaclesmacblenses. They are caused
by minute misalignments of the eye's optical congmd® and include, in order of
visual significance, spherical aberration, comahbi-order astigmatism, and
others. They can be detected with wavefront amalystrformed with an
instrument called aberometer. Theoretically, amtidoh that removes aberrations
increases visual contrast and the spatial detathafies seen by the eye.
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IX. Refraction by the eye

1. In the schematic eye of Gullstrand:

a. the human model eye is based on the principdiick lenses

b. the eye is about 24.0 mm in axial length

c. the nodal points lie on either side of the pastesurface of the lens
d. the nodal points coincide with the principalmsi

e. the cornea contributes 2/3 to the power of jlee e

2. In the reduced eye of Listing:

a. the refractive power is stronger than that efdbhematic eye of Gullstrand
b. the whole eye is regarded as a single refrastiviace

c. the second focal point lies on the retina

d. the nodal point lies at the posterior surfactheflens

e. the principal plane lies at the anterior surfafctne lens

3. The back vertex power:

a. is the reciprocal of the back vertex distance

b. of a convex meniscus lens can be calculated ft®second focal length
c. of a convex meniscus lens is stronger thamatst fvertex power

d. gives the equivalent power of a lens

e. is used to grade spectacle lenses

4. The following definitions are true for accommodéon:

a. the far point of distinct vision of an emmetmpye is at infinity

b. the near point of distinct vision refers to claaar vision when maximum
accommodation is used

c. range of accommodation is the difference in tliopower between the
eye at rest and the fully accommodated eye

d. dynamic refraction refers to the dioptric powéthe accommodated eye

e. static refraction refers to the dioptric powkawoesting eye
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5. Regarding accommodative convergence / accommoitat ratio (AC/A):

. the eye could not accommodate in the absenoenekrgence

. the normal range of AC/Ais 3:1to 5:1

c. the interpupillary distance needs to be knovthéfratio is to be calculated
using the gradient method

d. the heterophoria method of calculation givesveer value than the gradient
method

e. esotropia with high an AC/A ratio has a largegle of deviation for near

than for distance.

oo

6. The catoptric images :

. are formed at the refracting interfaces of & e

. can be used to measure the ocular accommodation

. are all virtual images

. are all erect images

. are made up of 2 images produced by the come@ anages by the
crystalline lens

OO O0TY®

7. The first image of the captoptric image can besed for:

a. measuring ocular deviation in strabismic patient
b. keratometry

€. measuring accommodation

d. measuring corneal thickness

e. measuring anterior chamber depth
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IX. Refraction by the eye - Answers

1. aT bT cT dF eT

The schematic eye of Gullstrand is based on theipal of thick lenses. The eye
has an axial length of 24.40mm. The first and sdqmmcipal planes are located
1.35mm and 1.60mm from the corneal apex respegtineldal points are located
7.08mm and 7.33mm from the corneal apex, and tiaddie the back surface of
the lens. The complete eye has a refractive pow&8d4, cornea contributes
43.05D and the lens 19.11D.

2. aF b.T c.T d.T eF

The power is the same for the reduced eye anddiensatic eye. In Listing's
reduced eye, the principal plane lies in the anterhamber.

3. aF b.F ¢cT dF eT

The concept of back vertex power is used in theutafion of a thick lens. The
back vertex power is the reciprocal of the posterartex focal length expressed
in dioptres. The posterior vertex focal length if§edent from the focal length of
a thick lens. In the case of a convex meniscus, lves posterior vertex focal
length is shorter than both the second focal lemgith the anterior vertex focal
length. As a result, in a convex meniscus lenshtek vertex power is stronger
than its front vertex power.

The equivalent power of thick lens is calculatashirthe two surface powers and
a correction for vergence change due to lens teiskn Spectacle glasses are
graded according to its vertex power because itk bartex power is the one that
is used to correct the ametropia.

4. aT b.T cF dT eT

Range of accommodation refers to the distance lestwee far point and the near
point. The difference in dioptric power between #hye at rest and the fully
accommodated eye is called the amplitude of accatatram.

5. aF b.T cF dF eT

The eye can accommodate in the absence of conwrgelowever, in normal

daily life a patient with normal binocular visionillconvergence when he/she
accommodates. The normal ratio is 3:1 to 5:1. TR#AAratio can be calculated
using either a heterophoria method in which thermipillary distance needs to
be known or the gradient method in which the inipiftary distance needs not
be measured. The heterophoria method tends to ajitegher ratio than the
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gradient method. Esotropia due to high AC/A ragads to be worse for near
than distance and can be corrected with bifocalssgla to reduce the
accommodation or recession of medial recti.

6. a.F b.T c.F d.F eT

They are also called the Purkinje-Sanson images. ifitages are formed at 4
surfaces: the anterior (image 1) and posterior en2) corneal surfaces and the
anterior (image 3) and posterior (image 4) lendcudurfaces. The first three
images are erect and virtual whereas the last ®meverted and real. The first
image is used for keratometry and images 3 ané 4ised for accommodation.

7. aT b.T cF dT eF

Hirschberg's test made use of the first captoptnizge which is located on the

anterior corneal surface for measuring ocular deriaThis image is also used

for keratometry. The distance between the first #nedsecond images is used to
measure the corneal thickness. The depth of trexianthamber is between the
second and the third image. Accommodation is tiektiess between the third

and the fourth images.
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X. Optics of ametropia

1. The following are true about myopia:

oo

. the second principal focus lies behind the aetin
. the presence of posterior staphyloma sugge&tbrayopia
. axial myopia may be caused by the cornea havimgtrong a refractive

power

. hucleosclerosis is a cause of index myopia
. high myopia may be treated with clear lens etitva

2. The following are true about hypermetropia:

a.
b.
c.

d.
e.

the second principal focus lies in front of teéna

accommodation is used to achieve normal vision

aphakia is a form of hypermetropia

patients require reading glasses earlier thaménmal population
patients who has hypermetropic refraction folfmacataract surgery will
have problem for both near and distant reading

3. The following are true about hypermetropia:

a.

b.

o0

manifest hypermetropia is the strongest plus fea eye can accept for clear

distant vision
latent hypermetropia is the residual hypermésropasked by ciliary tone
and involuntary accommodation

. latent hypermetropia can be unmasked by cyadjiplefraction
. falcultative hypermetropia refers to hypermeiaapat can not be overcome

by accommodation

. absolute hypermetropia cannot be overcome bymatmdation

4. With regard to astigmatism:

o0

. regular astigmatism has the principal meridatr@Q to each other
. oblique astigmatism occurs when the principaiidiens do not lie at o

each other

. irregular astigmatism is seen in patients wihakoconus
. astigmatic eye produces an image known as an&tgonoid
. astigmatic image can not be fully corrected &ipherical lens
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5. Regarding the images form by astigmatic eyes:

a. rays in all meridians are focused behind theiegempound hypermetropic
astigmatism

b. ray from one meridian is focused on the retitdenthe other is focused
behind the retina in simple hypermetropic asttsm

c. rays in all meridians are focused in front & #ye in compound myopic
astigmatism

d. ray from one meridian is focused on the retihilerthe other is focused in
front of the retina in simple myopic astigmatis

e. ray from one meridian is focused in front of te&na and the other behind
the retina in mixed astigmatism

6. Anisometropia:

a. occurs when the two eyes have different refraairors

b. of more than 1D in hypermetropic patients camailg be controlled through
accommodation of the more hypermetropic eye

c. is a common cause of amblyopia in patients wittorrected low myopia

d. of recent onset may be caused by the developofiguisterior subcapsular
cataract

e. may result from unilateral central serous retathy

7. With regard to the pin-hole:

a. the vision through the pin-hole is usually wdrspatient with macular
disease

b. it may allow presbyopic patients to read conafoly without glasses
correction

c. failure of the vision to improve to 6/6 with piitole always indicates the
presence of macular diseases

d. too small a pin-hole can affect vision througteiference

e. it can improve vision in patients with postesobcapsular cataract.

8. The stenopaeic slit:

a. can be used to find the principal axes of astiggm

b. is an elongated pinhole that reduces blur rieguftom ametropia in the
meridian perpendicular to the slit

c. gives a clear vision when held af 9th a +2.00DS and at 18@ith a
-1.00DS, the cylindrical power required is ¢EXC at 98

d. gives a clear vision when held af 9@th a +2.00DS and at 18@ith a
-1.00DS, the lens required to correct the wis# +2.00 /-3.00 X 180

e. can be used to find the best position for opticdectomy in a patient with
corneal scarring
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9. True statements about the correcting lens inclua

a. when a correcting lens is moved forward in agnygetrope the image is
moved forward

b. when a correcting lens is moved forward in a pgythe image is moved
backward

c. the effectivity of the lens is increased in aopg if the correcting lens is
moved backward

d. the effectivity of the lens is increased in @éwymetrope if the correcting
lens is moved forward

e. a hypermetrope with early presbyopia may be tablead clearly by pushing
his glasses closer to his eyes

10. The following are true:

a. the back vertex distance is the distance bet#feeback of a correcting
lens and the cornea
b. the back vertex distance is not required ifdbeecting lens is less than 5
dioptre power
. the contact lens for a myope is usually stromigen the glasses
. the contact lens for a hypermetrope is usualbnger than the glasses
e. contact lens magnifies the image in a patietit axial myopia

o0

11. Relative spectacle magnification;

a. is defined as the ratio of corrected image tsiaecorrected image size

b. is 1.0 in axial ametropia if the correcting lénplaced at the anterior focal
point

c. is 1.0 in index or refractive ametropia if th@recting lens is placed at the
anterior focal point

d. is about 1.33 in aphakia corrected with speetacl

e. is 1.0 in aphakia corrected with contact lens

12. Regarding the correction of aphakia with glasse

a. there is an increasing image magnification asthrecting glasses is moved
forward from the position of the natural crjte lens

b. reduction in visual field is a common problem

c. “pincushion” distortion of the visual field

d. ring scotoma of aphakia is created by the pritnedfect of the lens

e. using head turning rather than eye movemectidnge gaze direction can
prevent 'Jack-in-the-box' phenomenon
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13. Intraocular lens calculation:

a. is more affected by an error in axial lengtttakdtion than keratometric
measurement

b. most commonly used in the preoperative clinidégved from theoretical
formulas

c. uses a lower A constant for anterior chambar fiasterior chamber lens

d. is affected by the velocity of the ultrasountbtigh the cataract

e. is affected by the absence of crystalline lens

14. The SRK formula for IOL calculation

a. the SRK formula is not accurate for eye shdhan 22mm

b. the SRK formula is not accurate for eye lonpant24.5 mm

c. the SRKIl is a more accurate formula than SRK

d. the SRK Il uses a higher A constant than SRK

e. the SRK-T is a more accurate formula than Hafdor eye shorter than
21mm

15. The crystalline lens:

a. has an in-situ effective power of +15.00D

b. contributes more power than the cornea towdrelsdfraction of the eye

c. if extracted without implant can correct myopiao needs spectacle
correction of -15.00D

d. has a longer radius of curvature anteriorly thasteriorly

e. has an uniform refractive index
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X. Optics of ametropia — Answers

1. aF b.T cF dT eT

In myopia, the second principal focus lies in frofthe retina. Myopia may be
classified into axial myopia (in which the eye isnarmally long as in high
myopia which can produce staphyloma) or refrac{inelex) myopia in which
the refractive power of the eye is increased d&eratoconus and nucleosclerosis.

2. aF bT c.T dT eT

The second principal focus of hypermetropia lieshih@ the retina.

Accommodation is used to correct the hyperopiaettain extent. They require
reading glasses earlier than the normal populatdphakia is a form of

hypermetropia. Following cataract surgery, the autodative ability of the eye
is lost. Therefore, if the patient is render hypetnopic, the vision will be blurred
for distant and near. This is the reason why maditepts are made slightly
myopic so that they can achieve a reasonable vigithout glasses for distance.

3. aT bT cT dF eT
Four terms are used to define hypermetropia:

Manifest hypermetropia refers to the strongest/ptus/ex lens that the
patient can accept for clear distant vision.

Latent hypermetropia is the remaining hypermetraopasked by the ciliary
tone and involuntary accommodation. It can be uedsoy cycloplegic

refraction.

Facultative hypermetropia refers to hypermetropa tan be overcome by
accommodation.

Absolute hypermetropia refers to hypermetropiaxoess of the amplitude
of accommodation.

4, aT b.F c¢T dT eT

Regular astigmatism has the principal meridian®@tdegrees to each other.
Oblique astigmatism also has its principal meridiah 90 degrees to each other
but they do not lie near to 90 or 180 degrees.

Irregular astigmatism occurs when the principalidians are not at 90 degrees

to each other. An image known as Sturm's conojatésluced by an astigmatic
eye; such image can only be corrected with a sglgénalrical lens.
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5. aT b.T c¢T dT eT

The definitions of the terms are correct.

6. a.T b.F c.F d.F eT

Anisometropia refers to different refractive errobgtween the two eyes.
Anisometropia of more than 1D in hypermetropic gaits can not be controlled
with unilateral accommodation because accommodasian binocular process.
Therefore the image in one eye is often blurred iaral cause of amblyopia. On
the other hand, anisometropia in low myope doesusatlly cause amblyopia
because the near vision is normal. Unilateral rasdkerosis and not posterior
subcapsular cataract can lead to index myopia.r@lesg¢rious retinopathy can
cause hypermetropic shift.

7. aT b.T c.F dT eF

Pin-hole is used to improve the vision of patiemith ametropia in the range of
+4 to -4. High ametropia may not improve with piolé

Patients with macular disease, posterior subcapsakaract or central corneal
scar may have worse vision with pin-hole. If théehon the pin-hole is too small,
interference of light can affect the visual acuity.

8. aT b.T ¢T dF eT

Remember that the power of cylinder is 90 degreas fthe axis. The cylinder
power required in question b is either -3.00 ati@grees or +3.00 at 180 degrees.
The lens required is either +2.00 / -3.00 X 901066 / +3.00 X 90.

9. aT b.F cT dT eF

The image is moved forward when a correcting lessmioved forward
irrespective if the lens is concave or convex. Hifectivity of the lens is
increased in hypermetrope when the lens is movedafal (which is expected of
a convex lens) but in the case of the myope, ttiectfity of the lens is
decreased if the lens is moved forward as the flgitss to achieve its expected
function which is to move the image backward.

A hypermetrope with early presbyopia may be ableetal clearly by moving his
glasses away from the eyes.
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10. a.T b.T c.F dT eT

The position of the correcting lens affect its effee power. The back vertex
distance is important if the power of the corregtians is more than 5 dioptres.
The contact lens for a myope is usually weaker tttan glasses but for a
hypermetrope it is usually stronger than the gkis€®ntact lens magnifies the
image in a patient with axial myopia.

11. a.F b.T c.F dT eF

Relative spectacle magnification (RSM) is definesl the ratio of corrected
ametropic image size to emmetropic image size.ddfimition in ‘a’ is spectacle

magnification. In axial ametropia if the correctitens is placed at the anterior
focal point, the RSM is 1.0. In index or refractammetropia if the correcting lens
is placed at the anterior focal point, the RSM 1s0>for hypermetropia and <1.0
for myopia. Aphakia is an index/refractive ameteophd the RSM is about 1.33.
With contact lens, the RSM approaches unity budt steasures about 1.1. In
order to achieve RSM = 1, a secondary lens impéatite treatment of choice.

12. aT bT c.T dT eT

There is an increasing image magnification as theecting glasses is moved
forward from the position of the natural crystadlifens. Therefore, aphakia is
best corrected with either contact lens or seconidais implant.

The problem with aphakic glasses include:
- large image magnification
“pin-cushion " distortion of the visual field
a ring scotoma, which has the “jack-in-the-box’eetfof objects
suddenly appearing from the edge of the scotoma.
reduction of visual field

13. aT b.F c.T dT eT

In the SRK formula, the axial length is multipliehy 2.5 whereas the

keratometric multiplied by 0.9. Therefore, a diface in the axial length has a
greater effect on the IOL calculation than the t@reetry. The most commonly

used formula is empirical formulas using regressinalysis. A lower A constant

is used for the anterior chamber than one in thetepior chamber. The velocity
of ultrasound through the lens can affect the l@lcalation and this velocity of

ultrasound varies according to the density and tfpeataract. It is important to

set the ultrasound to phakic, pseudophakic or aphdikring biometry as the

ultrasound travels at different speed through thesiables.
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14. aT b.T c¢.T dF e.F

SRK formula is used for IOL calculation. Howevetrisi not accurate for eye less
than 22mm or longer than 24.5mm. SRK Il and SRKrd more accurate than
SRK. The SRK Il uses adjusted A constant dependimghe length of the eye.
For eye with an axial length shorter than 21mm,fetof) is preferable.

15. a.T b.F cF d.T eF

The crystalline lens has a power of +19.00D buhiwithe eye it contributes only
+15.00D. If extracted without implant it can be dis® correct myopia who
needs spectacle correction of between -18.00 a@d0ORS. The anterior lens
surface is less curved than the posterior lensasarfThe lens has different
refractive indexi within its substance; the nucléaisds to have higher refractive
index than the cortex.
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XI. Presbyopia

1. The onset of presbyopia depends on:

a. the size of the pupil

b. task required

c. sex of the patients

d. the refractive state of the patients
e. amplitude of accommodation

2. Presbyopia occurs as a result of:

a. loss of elasticity of the sclera

b. sclerosis the lens fibres

c. reduced elasticity of the lens capsule

d. reduced anterior movement of the lens
e. reduced contraction of the ciliary muscle

3. The following are true about accommodation:

a. it decreases with age

b. in order to focus an object at a distance oh25m emmetropic eye needs
to use 4D of accommodation

c. in order to focus an object at a distance of2%m eye with -3.00D needs
2D of accommodation

d. in order to focus an object at a distance oh25%m eye with +2.00D needs
6D of accommodation

e. for comfortable near vision one-third of the@omodation should be kept
in reserve

4. The following are true about an emmetropic patiet has an amplitude of
accommodation of 6D:

a. the near point is 33 cm

b. in order to achieve comfortable reading he mékd to keep 2D of
his accommodation in reserve

c. if the patient is emmetropic, he will requiragges for comfortable
reading at 25cm

d. if the patient is myopic, he will require glasser comfortable reading
at 25cm

e. if the patient is hypermetropic, he will requilasses for comfortable
reading at 25cm
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5. With regard to bifocal glasses:

a. Franklin design involves attaching a supplemgrens to the surface
of a distance lens of the same refractive power

b. fused bifocals involves the use of lenses witieEnt refractive indexes

c. it used for children with accommodative esotaopi

d. the problem of prismatic jump is related to plosver of the lenses

e. the near visual point of the bifocals is usualfgrior and nasal to the

distance visual point
6. The following can be used to reduce prismatic jap in bifocal glasses:

a. adding base down prism to the distance portion
b. adding base-up prism to the reading section
c. moving the optical centres of the lens neajjuhetion of the two portions

d. using executive glasses
e. pantoscopic tilt

7. Varifocal lenses:

a. are also called trifocal lenses

b. have no visible interface between the distamckreear portions

c. do not produce the prism jump seen in conveatibifocal glasses

d. often produce significant aberration at the giegry of the intermediate

portion
e. of the soft designs are better than the hargule$or prolonged VDU

works
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XI. Presbyopia — Answers

1. aT b.T cF dT eT

Presbyopia is the age-related loss of the abilitycomfortably sustain the
accommodation necessary for clear near vision.

Its onset is dependent on:
- the amplitude of accommodation
task required
refractive state of the patients (earlier with hypetropia than myopia)
size of the pupil (small pupil has a pin-hole effec
latitude where patient lives (onset is earlier ime ttropical than
temperate countries)

2. aF bT c¢cT dF eT

Presbyopia is multifactorial and is believed toute$rom poor ciliary muscle
contraction with age and age-related sclerosislassl of elasticity of the lens
fibres and the lens capsule.

3. aT b.T cF dT eT

A child has about 14D of accommodation which desesa with age.
In order to focus an object at a distance of 25mmemmetropic eye needs to use
4D of accommodation. For an eye with -3.00D, orilyi4 needed. In an eye with
+2.00D, 6D of accommodation is required (the accouhation is the sum of the
patient's refractive state + 4D). For comfortableam vision, one-third of
accommodation should be kept in reserve.

4. aF bT cF dF eT

The near point for this patient is 1/6 = 0.17m=17¢&mr comfortable reading,
one third of his accommodation should be kept seree which is 2D in this
patient. Therefore, he has 4D of accommodationuger. If he is emmetropic, the
4D of accommodation is adequate for an object atm23f he is myopic, the
amount of accommodation required will be less lbuhé he is hypermetropic,
the amount of accommodation needed will be grettar 4D and plus lens will
be needed.

5. aT bT cF dT eT
The Franklin design is a split bifocals in whiclligtance lens is mounted on a

near lens. The cemented designs involves attacghsigpplementary lens to the
surface of a distance lens of the same refractiveep. Fused bifocals is made by
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heat-fusing a near portion made of flint glass iatdepression on a crown glass
with a lower refractive index.

Bifocals are used for children with convergenceesscesotropia but not in high
myopes. The problem of prismatic jump is relatedh® power of the lenses as
well as the distance between the distance of tieefate from its optical centre.

6. a.F b.T c.T d.T eF

Image jump can be reduced by moving the opticalresriowards the junction of
the two portions as in the executive glasses. Adtively, a base up prism can be
incorporated into the reading section.

Pantoscopic tilt is used to reduce astigmatic altierr.

7. aF b.T c.T d.T eT

Varifocal glasses has three sections: distancernrgdiate (for VDU or working
at arm length) and near (for reading). Varifocalpoogressive lenses have no
visible interface between the distance and neaigoar unlike bifocal or trifocal
lenses. There is a power progression corridor rfimeiate portion) which
reduces the image jump seen in bifocal glassesgbemwon either side of the
corridor aberration or astigmatism induced can becotolerable.

The soft designs have wider progressive corridod dherefore bigger
intermediate portion for VDU work.
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XIl. Contact lenses
1. The power of a contact lens is determined by its

a. thickness

b. posterior curvature
c.diameter

d. oxygen permeability
e. refractive index

2. The following are true about a contact lens witlthe following numbers
8.9/13.8/-4.25:

a. the contact lens has a base curve of 8.9 mm
b. the contact lens has a diameter of 8.9 mm

c. the power of the contact lens is 13.8 D

d. the base curve of the contact lens is 13.8 mm
e. the contact lens has a power of -4.25 D

3. The base curve of a contact lens:

a. refers to its posterior central curvature

b. is usually measured in dioptres

c. is measured with a radiuscope

d. determines its movement with blinking

e. for a particular patient is chosen accordinthéocentral keratometry

measurement

4. With regard to contact lenses:

a. they are usually tinted to make them more \asibi handling

b. only rigid gas permeable contact lens can coastigmatism

c. tear lens can neutralize astigmatism

d. truncation of a contact lens is used to prelerd rotation

e. piggyback contact lens involves the use of tefb®ntact lenses one above

the other

5. Compare with spectacles, the contact lenses:

. increase the field of vision

. magnify images in hypermetropia
. minify images in myopia

. reduce aneisokonia

. reduce optical aberration

OO0 T®
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6. Compared with glasses, the contact lenses:

a. increase the amount of convergence needed ipesyo
b.increase the amount of accommodation needed apesy

c. decrease the amount of convergence needed @rrgpropes

d. decrease the amount of accommodation needggbéretropes
e. cause eyestrain in presbyopic patients at diereage

7. The following are true about corneal warpage:

a. corneal oedema is a feature
b. it refers to a change in the corneal curvatesmeiated with contact lens

wear
c. it is more common with rigid gas permeable conliens
d. it interferes with the result of biometry
e. it is a reversible condition

8. With regard to contact lenses:

a. three and 9 o'clock staining is more common wath than RGP lens

b. bacterial corneal ulcer is more common with #tdin RGP contact lens
c. soft contact lens is more suitable for occadiamar than RGP lens

d. giant papillary conjunctivitis is more commorthvsoft contact lens than

RGP lens
e. ptosis is more common with RGP than soft corléact

9. A contact lens wearer complains that his visiofs blurred immediately
after blinking. Slit-lamp examination reveals &cessive contact lens
movement. To reduce the movement, you may:

a. increase the oxygen permeability of the corltarg
b. decrease the diameter of the contact lens

c. increase the thickness of the edge of the cblgas
d. increase the base curve of the contact lens

e. reduce the wearing time
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XIl. Contact lenses - Answers

1. aT b.T cF dF eT

The power of a contact lens is determined by its:
- anterior curvature
posterior curvature
thickness
refractive index

2. aT b.F cF dF eT

The numbers represent base curve/diameter/powgeatbsely.

3. aT b.F c¢T dT eT

The posterior surface of a contact lens determiisditing relationship with the
cornea. Known as the base curve or central postedrve, its dimensions are
usually expressed in mm radius of curvature andesiomes in dioptic power.
The radiuscope is the traditional instrument usggractitioners and laboratories
to measure the radius of spherical base curves.

The base curve determines how tight the lens igfihe cornea and hence its
movement with blinking. To choose a base curveafparticular patient, central
keratometry measurement is used.

4. a.T b.F cT dT eF

Tint in contact lenses make them more visible fasyehandling. Both rigid gas
permeable spherical contact lens and soft sphedoatact lens can correct
astigmatism. However, because the soft contactden®rm to the shape of the
cornea, there is little tear lens ie. the tear fibmtween the cornea and the
posterior surface of a contact lens to allow ndattion of high astigmatism.
Soft spherical contact lens can correct up to 1.60Bns.

Soft contact lens with toric surface can be usedawect higher astigmatism.
Truncation involves cutting off the lower part dietspherical lens and prevent
lens rotation. Piggyback contact lens involves tise of two lenses, the soft
contact lens provides the fitting surface for tiggdrgas permeable lens.
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5. aT b.F c.F d.T e.T

Spectacle magnifies and minifies images in hypemwpé& and myopia
respectively. As contact lenses tend to returnirtieges to near normal size, the
images are minified in hypermetropia and magnifirethyopia.

Aneisokonia ie. differences in image size is redusith contact lenses. Contact
lens allows the patient to look through the optimahtre in all direction of gaze,
and optical aberration is reduced compared witlctspées.

6. aT bTcT dT eT

Because of the prismatic effect of glasses witlliren (base in in myopes and
base out in hypermetropes), the myopes need lessveence and
accommodation than when using the contact len$es,converse is true for
hypermetropes. Because of the additional accomrmdaind convergence
required, contact lenses can cause eyestrain $hyopic at an earlier age.

7. a.F b.T cT dT eT

Corneal warpage refers to change in the corneahtune associated with contact
lens wear. Corneal oedema is absent. It is commewitbrrigid gas permeable
contact lens than soft contact lens. The resulteigersible. Biometry or
refractive surgery should be avoided until the earneturns to its normal shape
otherwise the results of the measurement or sung#lrpe inaccurate.

8. aF b.T cTdT eT

Three and 9 o'clock staining is a common complicatf RGP and is caused by
peripheral corneal desiccation. It is believed earitiated by excessive upper lid
margin sensation, leading to abortive blinking, ethin turn initiates a cascade
of events that include drying and accumulation efcous debris on the surface
of the lens, limited lens movement, loss of theslenige tear meniscus, and
desiccation of the exposed cornea. Rigid gas pdii@éRGP) contact lens has a
smaller diameter than the cornea. The soft conéast typically has a diameter
than extends beyond the limbus.

Bacterial corneal ulcers, although rare, are pa@iytthe most devastating
complication of contact lens wear. Their occurreiscenore common in soft lens
wearers, and extended wear increases the incidéhde 15-fold.

RGP usually requires a period of wear to get usantboccasional wear may be
uncomfortable for the patient.

Giant papillary conjunctivitis is more common wisioft than RGP lens. It is
thought to be caused by deposits of denatured ipsotBtosis is more common
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with RGP lens. It is thought to be related to theywhe RGP lens is removed ie.
temporal stretching of the lids combined with fdutdid closure.

9. aF b.F c.T d.F eF

To reduce the lens movement, you may increase dmact lens diameter,
decrease the base curve of the contact lens @aserthe thickness of the contact
lens.
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XIII. Optics of low visual aids

1. The following may be used as low visual aids:

a. text scanner

b. closed circuit television
c. high-add bifocal

d. convex cylinder lens

e. telescope

2. The disadvantages of using optical magnifying aéses for low visual aids
include:

. reduced depth of focus

. reduced visual field

. reduced contrast

. objects need to be placed far away

. unsteadiness of images if the objects are ndtsteady

OO0 T

3. The following are true about convex lens for lowisual aids:

a. the object is placed at its focal point

b. the image produced is virtual

c. the image is erect

d. the field of vision obtained is decreased iftiser moved away from the
lens

e. the field of vision obtained is reduced if thardeter of the lens is reduced

4. The following are true about the Galilean telesape:

a. it is made up of two convex lenses

b. the distance between the two lenses is the $uihe docal length

c. it is usually lighter than the astronomical $elepe

d. it is usually shorter than the astronomicaldetpe

e. the image produced is usually dimmer than then y the naked eye

5. The image produced by a Galilean telescope is:

. laterally inverted
. upright

. real

. at infinity

. magnified

OO O0TY®
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6. The following are true about the Galilean telesmpe:

a. itis invented by Galileo

b. the objective lens usually has a much lower pahen the eye piece

c. the magnification can be calculated by usingtieeformula M=fo/fe
(where fo is the focal length of the object &mdhe focal length of
the eye piece)

d. it is useful for viewing faint stars at night

e. it magnifies by increasing the angle subtendethé object at the eye

7. The following may be used as visual aid for patnts with significant visual
field loss due to advanced glaucoma:

a. concave lens

b. inverted Galilean telescope

c. astronomical telescope

d. prism with the base towards the area of scotoma
e. mirror mounted on glasses
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XIII. Optics of low visual aids - Answers

1. aT bT cT dF eT

The following optical devices may be used for loaual aids:
- High-add bifocal

Prismatic half-frame spectacle

Head-mounted magnifier

Hand-held magnifier

Stand magnifier

Spectacle-mounted telemicroscope

Closed-circuit television (CCTV)

Text scanner, enlarged font on computer monitor

Convex cylindrical magnifying lens

2. aT b.T cF dF eT

Disadvantages of optical magnifying glasses indudeduced depth of focus,
reduced visual fields, objects need to be placed thee eye and unsteadiness of
images if the objects are not held steady.

3. aF bT c¢T dT eT
The object is placed between the focal length heddns.

The image is magnified and erect. The field ofansis dependent on the size ie.
diameter of the lens and the distance betweenytaaed the lens (the greater the
distance between the lens and the eye, the snifadledisual field).

4., a.F b.F cT dT eT

Galilean telescope is made up of a convex objectivet a concave eye-piece?
lens. The separation between the lenses is therelif€e between the their focal
lengths and for this reason is usually shorter ttien astronomical telescope
(separation is the sum of the focal lengths) amst dibhter due to the shorter
distance. The image produced is usually dimmer tiet seen by the eyes
because light is reflected and absorbed as it pasgugh each lens.

5. aF b.T cF dT eT

The image produced by a Galilean telescope isfatityy virtual, upright and
magnified.
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6. a.F b.T c.T dF eT

Despite the name it is not invented by Galiledslusually made up of a lower
power plus objective lens and a high power minugp&ce lens. The
magnification can also be calculated using Fe/Feretie is the dioptre power
of the eyepiece and Fo the power of the objecteses.| Compare with the
astronomical telescope, Galilean telescope is fiient in gathering light and
therefore not suitable for viewing distant fairdrst The angle subtended by the
object at the eye is increased and hence magiidficat

7. aT b.T cF dT eT

There are two optical ways which can help patients constricted visual fields:
minification and image relocation. Minification ahage allows the remaining
functional retina to process more information aht tcan be achieved with
concave lens or inverted Galilean telescope.

Image relocation relocates visual information friiva scotoma closer to the area
of functioning visual field. This has the effect minimizing the size of the eye
or head movement required to detect the visuakabbjrhis technique typically
uses prisms placed nasally and temporally withkiage in the direction of the
scotoma but can also use mirrors.

Lastly, the non-optical way involves making theipats aware of the spatial area

to be processed ie. behavioural approach and thishes increasing the
efficiency of eye movements.
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XIV. Optical instruments

1. The direct ophthalmoscope:

a. gives an angular magnification of 15X

b. gives a real erect image

c. makes the disc of a myope appears larger ttarotha hypermetrope
d. makes the disc of a hypermetrope larger tharothen emmetrope

e. is better than indirect ophthalmoscope in detgatiabetic maculopathy

2. When using a direct ophthalmoscope, the field afiew:

a. is about 6 degrees

b. is smaller than that through an indirect ophtizacope
c. is larger in an eye dilated with mydriatic

d. is larger in a myope compared with a hypermetrop
e. is larger when the observer moves towards ttienta

3. The image formed by an indirect ophthalmoscope:

a. is upside down

b. is real

c. is laterally inverted

d. is not affected by the refractive state of théegnt

e. is formed between the observer and the condgesiis

4. In indirect ophthalmoscopy, the field of view isaffected by:

a. size of the patient's pupil

b. size of the observer's pupil

c. diameter of the condensing lens
d. power of the condensing lens

e. the refractive state of the observer

5. The advantages of indirect ophthalmoscope oveirdct ophthalmoscope
include:

a. binocular view

b. larger field of view

c. higher magnification

d. erect image

e. the instrument is smaller size
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6. Regarding the condensing lenses used in indiremphthalmoscope:

a. it is usually aspheric to reduce aberration
b. the image formed is located at or near the fiirstcipal focus of the
condensing lens
. the stronger the condensing lens used the htgeeangular magnification
. the stronger the condensing lens used the l#hgdield of vision
e. when deliver laser photocoagulation through ¢bedensing lens, the
stronger the condensing lens the larger ther kggot magnification

o0

7. During indirect ophthalmoscopy:

a. observer needs to accommodate to see clearly
b. image size in emmetrope remains the same @ctisp of the position of
the condensing lens

c. image size in myope increases when the condgtesis moves towards the

eye of the patient

d. image size in hypermetrope decreases when tigeosing lens moves
towards the eye of the patient

e. image from myopic retina always falls within $econd principal focus of
the condensing lens

8. The following are true about the retinoscope:

a. two mirror systems are used: the plane mirrdrtha convex mirror

b. in the UK, most retinoscope gives a plane miefect when the condensing

lens is moved down the shaft of the instrument
. scissors shadows are usually seen in patiehtwittely dilated pupil
. the speed of the reflex increases as the niaattiah point is near
e. a myope who accommodates excessively duringosatopy will result in a
more myopic refraction

o0

9. When using the plane mirror technique during reinoscopy:

. a'with' movement is neutralized with a plusslen

. an 'against' movement is neutralized with a siieas

. a 'with' movement always indicates hypermetopi

. an 'against' movement always indicates myopia

. the neutral point occurs when the patient'péant coincides with the
observer's nodal point

OO0 TY®
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10. The keratometer:

a. uses the cornea as a convex mirror in the memsunt of corneal
curvature

. measures only the central 3 mm of the cornea

. can be misleading in patients who have had ebrtransplantation

. doubles the central image to overcome the effeeye movement

. is more important in fitting soft contact lehan rigid gas permeable
contact lens

O Q0T

11. The following are true about the keratometer:

a. in the Javal-Schigtz instrument, the object sifixed

b. in the Javal-Schigtz instrument, each stepehiire is equivalent to 1/2 a
dioptre

c. Wollaston prism is used in Javal-Schigtz insenom

d. von Helmholtz instrument uses rotating glassegléo double the size of
the image

e. the power of the cornea is equal to 337.5 diviglethe radius of
curvature in mm.

12. The slit-lamp:

a. is a low powered binocular compound microscope

b. contains prisms that shorten and invert the enag

c. incorporates Galilean telescopes that are usathgnify the image
d. visualizes vitreous best with blue light

e. can be used to perform Watzke's sign

13. The following are true about the techniques uskin slit-lamp:

a. uncoupling of the microscope and light sourageisded in sclerotic
illumination

b. specular illumination is best for visualizingtndothelium

c. the light and the microscope are co-axial inoiftimination

d. lateral illumination is best for visualizing thaterior capsule

e. diffuse illumination is best for visualizingsratrophy

14. The Hruby lens:

a. is a powerful biconcave lens

b. gives a virtual, erect and diminished image

c. is useful for laser photocoagulation of thenati

d. requires a coupling solution in order to vispalihe retina
e. forms retinal image between the lens and thergbs
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15. Regarding the indirect lens

a.
b.
c.
d.
e.

90D has a larger angular magnification thana 78
90D has a larger field of view than a 78D lens
superfield has a larger angular magnificatianta 78D
panfundoscope gives a larger field of view th@0D
panfundoscope gives a real erect image

16. The optical pachymeter (pachometer):

a.

can be used to measure the corneal thicknessllaas the anterior
chamber depth

. uses images | and Il of Purkinje-Sanson's imégeseasure the corneal

thickness

. is more precise than ultrasound pachymeter
. gives a thicker corneal measurement in the eadsning than in

the afternoon

. can be used to decide if the ocular pressumgded is spuriously high

17. The OCT (optical coherence tomography):

OO0 TD®

. uses reflection of infrared light to obtain metiimage

. provides a three-dimensional picture of theneeti

. can give resolution as small as 10 micrometer

. can be used to detect subtle macular oedema

. can be used instead of fluorescein angiographeciding if a diabetic

patient requires macular laser

18. Regarding the autorefractors:

a.

O Q0T

which are currently available on the market skarge variation in
accuracy

. Scheiner double-pinhole principle are usedlimabdern autorefractors
. modern autorefractors are useful in checkingduitar muscle balance
. accommodation and the size of the pupil carcaffe accuracy

. photoscreening uses a polaroid camera to schéleinen at risk of

refractive amblyopia
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XIV. Optical instruments

1. aT bT c¢T dF eF

The direct ophthalmoscope gives an angular maguifio of 15X. The image
formed is virtual and erect. The size of the optisc when viewed through a
direct ophthalmoscope is larger in myope than emopetwhich in turn is larger
than in hypermetrope. Diabetic maculopathy is bettetected with indirect
ophthalmoscope.

2. aT b.T c.T d.F eF

The field of view refers to the retina that cansken through the ophthalmoscope.
It is about 6 degrees with a direct ophthalmoscapé 25 degrees through an
indirect ophthalmoscope. The field of view is iresed if the pupil is dilated and
when the observer moves towards the patients.l#trgger in hypermetrope than
emmetrope which in turn is larger than in a myope.

3. aT b.T ¢T dF eT

The image formed by the indirect ophthalmoscopeed and inverted (both
vertically and laterally). It is situated betwedre tobserver and the condensing
lens. The image formed is affected by the refracsitate of the patient but not to
the same extent as with direct ophthalmoscope.

4., aF b.T cT dT eF

The field of view in indirect ophthalmoscopy isexdted by:size of the observer's
pupil diameter of the condensing lens ie. the latge diameter, the greater the
field of view the power of the condensing lens,ighlr power gives a smaller
magnification but greater field of view. The sizktloe patient's pupil affects the
field of illumination.

5. aT b.T cF d.F eF

Direct ophthalmoscope has the following advantageser indirect
ophthalmoscope:

easily portable

image not inverted and

larger magnification

On the other hand, indirect ophthalmoscope hafoflmving advantages:

binocularity
higher field of view and the presence of teachirigan
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6. aT b.F cF dT eT

Aspheric lens is used to reduce aberration dumliyéct ophthalmoscope. The
image formed is located at or near the second ipahfocus of the condensing
lens.

The stronger the condensing lens used the loweantigellar magnification but
the larger the field of vision. However, the laspot magnification increases the
stronger the condensing lens used.

7. aT b.T cF dF eT

The image is formed 40 to 50 cm from the observege and therefore
accommodation is needed. The image size in emnetremains the same
irrespective of the position of the condensing ldnsmyope, the image size
increases when the condensing lens moves away tinenmeye and decreases
when the lens moves towards the eye of the patiEém. reverse is true for
hypermetrope.

The image from myopic retinal always falls withlretsecond principal focus of
the condensing lens, whereas that of the hyperpeteye always falls outside
the second principal focus of the lens.

8. aF bT c¢cT dT eT

The two mirror systems used are: the plane mimadrthe concave mirror. In the
UK, most retinoscope used gives a plane mirraatfivhen the condensing lens
is moved down the shaft of the instrument. Scissdradows result from a

difference in refraction with the different zone die pupil and is most

commonly seen in dilated pupil. The speed of thiexeincreases as the
neutralization point is near. Excessive accommodagjiives a myopic shift and

therefore the result of refraction will be more mn

9. aT b.T cF dT eT

With the plane mirror technique, plus lens is usedeutralize with movement

and minus lens for against movement. While an agamovement always

indicates myopia, a with movement may be seen iapicypatient if the myopia

is less than the dioptric value of the observeoskimg distance (for example at a
distance of 2/3 m, a with movement is seen if the@pia is less than -1.50D.
The neutral point occurs when the patient's fanfpodincides with the observer's
nodal point..
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10. a.T b.T c.T dT eF

The keratometer uses the first Purkinje-Sanson&gyém It measures only the
central 3 mm and can be misleading in patients kdwb had radial keratectomy
or corneal transplant. To negate the ocular movéntie central image is
doubled during keratometry. Keratometry is impottan contact lens fitting but
more so for rigid gas permeable contact lens tbéircentact lens.

11. a.F b.F c.T dT eT

In the Javal-Schigtz instrument, the object isaditio give a fixed image size.
Each step of the mire in Javal-Schigtz instrumentéquivalent to 1 dioptre of
corneal power. Wollaston prism is used to doubéeithage formed by reflection
on the cornea. von Helmoholtz instrument usesingajlass plates to double the
image size. The power of the cornea is equal ta538ikided by the radius of
curvature in mm.

12. a.T b.T c.T d.T eT

The slit-lamp is a lower powered binocular compoumidroscope. It contains
prisms that shorten the instrument and invertdrttege. Galilean telescopes are
used to achieve magnification. The vitreous is ésived with blue and green
light as it scatters more and allow vitreous tobleéer visualized. The slit-lamp
can be used to detect the presence of maculaubislg the Watzke's sign.

13. a.T b.T c.T d.F e.F

In sclerotic illumination, the light and the micoope are uncoupled and the light
is focused on the limbus at 3 or 9 O'clock. It isseful technique for visualizing
fine corneal opacity. Specular illumination is ugdbr viewing endothelium.

In retroillumination, the light and the microscopee co-axial and it is best for
visualizing iris atrophy and iris transilluminatioas in pseudoexfoliation
syndrome and pigment dispersion syndrome.

Diffuse illumination is best for viewing the antericapsule.

14. a.F b.T c.F d.F e.F

The Hruby lens is a powerful plano-concave lenschigjives a virtual, erect and

diminished image. It is difficult to master and theage is too small for reliable

photocoagulation. Coupling solution is not requiaithe lens does not come
into contact with the eye. It is held with the cawe side towards the patient. The
image is formed within the eye.
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15. a.F b.F c.F d.T e.F

78D gives a larger angular magnification than 903 uperfield. Both 90D and
superfield has the same angular magnification. fidld of view is larger in a

78D than a 90D because the 78D has a larger diamite superfield has a
larger field of view than 78D or 90D but smallerath panfundoscope. The
panfundoscope gives a real inverted image.

16. a.T b.T c.F d.T e.T

Optical pachymeter can be used to measure botheabithickness and the
anterior chamber depth. Images | and Il of PurkBgeson images are used to
measure the corneal thickness. Whereas Il andrél used for the anterior
chamber depth. Ultrasound pachymeter is more prehin optical pachymeter.
The cornea tends to be thicker early in the mormingvaking than during the
day because of evaporation. A thicker cornea isaated with a higher ocular
pressure reading. Correction can be done if theeadthickness is known.

17. a.T b.F c.T d.T e.F

The OCT works along the same principle as ultradosgan but uses infrared

light instead. It gives a two-dimensional picture tbe retina and can have

resolution as small as 10 micrometer. It can bel dsedetect macular oedema
such as following cataract surgery or diabeticnagiathy. While it can detect

subtle macular oedema in diabetic maculopathyp#sdnot show the leakage
point or the integrity of the capillary network. diefore, fluorescein angiography
is still needed to detect the leakage point inialiff cases and the presence of
macular ischaemia.

18. a.F b.F c.F d.T e.T

The currently available autorefractors show litthgiation in accuracy. Scheiner
double pinhole principle are used in some autoctfra but not all. Infrared

optometers are also used. Binocular muscle balanoeot be measured with
autorefractors. The accuracy of autorefractionfiscéed by the pupil size and
accommodation. Photoscreening with a polaroid cansan be used to detect
ametropia in children.
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XV.

Laser

1. The following are properties of laser:

OO0 TD

. it is entirely monochromatic

. all the photons are in phase

. all the photons have the same wavelengths

. the waves of light are parallel

. the distance between the mirrors within a lagee is a multiple of the

wavelength of the light emitted

2. The following are true about the modes of laseyutput:

a.

b.

both Q-switched and mode-locked mode incre&semser energy by

compressing the energy in time.
mode-locked produces more power than eitheiirnamis or Q-switched

mode

. the duration of a pulse of laser produced byerdodked mode is shorter

than that of Q-switched mode

. in Q-switched mode, a shutter is placed indigdaser tube to limit energy

loss

. laser from continuous mode has a constant pamgkis measured in watts

3. Regarding the Nd-YAG laser:

a.
b.
c.
d.
e.

it emits infrared radiation

it is invisible

doubling its frequency makes it suitable foimaitphotocoagulation
it is usually mode locked when used to treatetye

it is used to create iridotomy

4. Regarding argon laser:

a. it produces a wavelength of between 488-514nm
b.
C.

argon blue laser is the preferred choice dysimgtocoagulation
the xanthophylls in the macular absorbs argeembetter than argon blue

laser

. a white burn is the end point during panretptadtocoagulation.
. a higher energy is required for lighter thampégted fundus
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5. The following laser investigations can be used monitor the progression
of glaucoma:

a. confocal microscopy

b. laser interferometry

c. confocal scanning laser tomography
d. scanning laser polarimetry

e. laser Doppler flowmetry

6. True statements about laser safety include:

a. laser with output energy of 5SmW or more is danmmago the eye

b. lasers of class 3a and above are detrimentairitan eye

c. argon laser used for retinal photocoagulatiasiass 3b laser

d. the eye is more sensitive to laser damage tieskin

e. safety goggles are not necessary for visitoriguY AG capsulotomy
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XV. Laser

1. a.F bT cT dT eT

Laser is virtually monochromatic but not entirely. dt is coherent i.e. photons

have the same wavelengths and in phase and cdlimat the light waves are

parallel. The laser tube contains two mirrors drel distance between them is a
multiple of the wavelength of the light emitted.

2. aT bTcT dTeT

There are three modes of laser: continuous, Q-Badt@and mode-locked. Laser
from continuous mode has a constant power and iasuned in watts. Q-

switched and mode-locked increases the energy mpssing the energy in
time and the energy is best measured in joules.eMocked laser compresses
the laser more than Q-switched laser and thergiim@uces more energy.

3. aT b.T cT dF eT

Nd-YAG produces an infrared radiation with a wawefdn of 1064nm. Another
laser He-Ne is used to produce the red aiming bdamubling its frequency
makes it suitable for photocoagulation. It is usu&-switched when used to
treat the eye. It is used to treat posterior capsthiickening following cataract
surgery and create iridotomy for narrow angle gtema.

4, a.T b.F cF dF eT

Argon laser can produce both blue and green liffe. new argon laser limits the

emission to green light which is not absorbed kg iacular xanthophylls and

therefore less damaging to the macula of both thééeeqmts and the doctors.

During photocoagulation, the laser should just tiathe retina instead of heavy
or white burn which increases the risk of visualdiloss and reduced dark vision.
Argon laser is well-absorbed by melanin and a piged fundus requires less

power than a light fundus.

5. a.F b.F ¢cT d.T eF

Confocal microscopy is used to study the corneaetLnterferometry tests the
potential visual acuity of a patient with denseacatt. Laser doppler flowmetry
measures retinal capillary blood flow. Laser scagrpolarimetry measures the
thickness of the retinal fibre layer and can bedusemonitor the progression of
glaucoma. Confocal scanning laser tomography givesopographic map of the
optic nerve head and can be used to monitor glaaaamage.
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6. aT b.F c¢T dT e.F

The International Safety Classification of Laseirsdis the lasers into 4 groups.
Group 3 is subdivided into 3a and 3b. Class 3babale is damaging to the eye
and their powers are 5SMW and above. All lasers usedphthalmology are
classed as 3b and above. Safety goggles shoulgsbeaworn by people in the
vicinity.
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XVI. Practical clinical refraction

1. During clinical refraction:

. accommodation results in a more myopic presoript

. the visual acuity is measured binocularly fataiice and near

c. occlusion is recommended for patient with nystag to reduce the ocular
movement

d. a high minus lens over the non-examining eya jpdtient with bilateral
congenital nystagmus can reduce the nystagmus

e. recent wearing of gas permeable lens may gremeous results

oo

2. The following tests depend on binocular vision:

a. Maddox rod

b. Maddox wing

c. Worth's four dots test
d. Duochrome tests

e. Bagolini's test

3. Fogging:

. reduces or eliminates accommodation

. brings the image behind the retina

. uses strong plus lenses

. is achieved by adding minus sphere power tes plurections

. is achieved by reducing minus sphere power iumcorrections

O QOO0 T

4. In objective refraction:

a. accommodation is stimulated if the patient statethe light from the
retinoscope

b. 'with' motion occurs in high myope if the sleefe¢he retinoscope is placed
in the plano mirror position

c. 'against' motion occurs in hypermetrope if tleewe of the retinoscope is
placed in the concave mirror position

d. movement of the reflex increases as the nerditadin point is near

e. the power of the working distance lens in diepis proportional to the
working distance in metres
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5. Using minus cylinder during refraction :

OO0 TY®

. avoids stimulation of accommodation in youngdrmetropic patients
. may overcorrect hypermetrope in the elderly

. may overcorrect hypermetrope in cycloplegicaetion

. may undercorrect myope patients

. is a major cause of spectacle intolerance

6. The following is the power cross of a patient exnined at 2/3 meters
(before correcting for the working distance):

+5.00

. when a streak retinoscopy is used to neutrtlizeye at 30 the power of

the lens needed is +4.00

. if the patient were to accommodate the powes<rwill have a higher plus
power
. if a +5.00DS lens is placed in the trial frarme:1.00DC is required to

neutralize the eye at 120

. the corrective lens can be +2.50/+1.00 X 30
. the corrective lens for this patient if the wogkdistance is 1/2 m can be

+3.00/-1.00X 120

7. In subjective refraction:

. the spherical power should be tested beforeytireder
. the axis of the cylinder should be verified efthe power
. Duochrome test should be only performed whersgerical power is

corrected to within 1 D of emmetropia

. if the letters against the green background apglearer on the Duochrome

test, more plus correction or less minus ceigads indicated.

. Maddox rod test is useful in patients with mastifsquint
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8. The interpupillary distance:

a. can be measured using the corneal reflex

b. can be measured by noting the distance betweematsal limbus of one eye
and the temporal limbus of the other

c. used in making spectacle is 1 mm less thanrtaaical interpupillary
distance

d. for a patient with accommodative esotropia &sdfstance between the two
corneal reflexes without spectacle correction

e. for a patient with intermittent exotropia is thistance between the two
corneal reflexes when the two eyes are in pyrpasition

9. A 42 year-old myopic man recently changes hisagses and find them
uncomfortable despite having a visual acuity 08/6 in both eyes. The
following may be responsible:

a. over-correction of myopia
b. onset of presbyopia

c. change of lens form

d. change of axis

e. decentration of the lens

10. Regarding refraction in children:

a. myopia is more common than hypermetropia

b. refractive amblyopia can occur if there is mibren 1.5 dioptre of
hypermetropic anisometropia

c. increased accommodation is used by childreivéocome uncorrected
hypermetropia

d. myopia tends to progress as the child growsrolde

e. correction of hypermetropia can reduce exophoria
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XVI. Practical clinical refraction - Answers

1. aT bF cF dF eT
Accommodation causes myopic shift.
The visual acuity is examined uniocularly for dirsta and near.

Occlusion of one eye in congenital nystagmus wargbha nystagmus. Fogging
with a high plus lens is recommended.

Contact lens especially gas permeable lens care carseal warpage give false
refractive results.

2. aT bT cT dF eT

Duochrome does not require binocular vision.

3. aT b.F cF dF eT

Fogging is used to reduce or eliminate accommodatiobrings the image in
front of the retina so that accommodation blursithage further. It is achieved
by adding a limited amount of plus sphere powemhas corrections or by
reducing minus sphere power in minus correctiodge &nd point is the most
plus power, or least minus power, that gives s lision.

4. a.T b.F cT dT eF

In objective refraction, accommodation is reducgdybtting the patient to look
at the distance or using cycloplegic drug. 'Witlotion occurs in hypermetrope
and 'against' motion occurs in high myope if theege of the retinoscope is
placed in the plane mirror position. The reverseues if the sleeve of the
retinoscope is placed in the concave mirror pasitibhe power of the working
distance lens in dioptre is inversely proportiotalthe working distance in
metres.

5. aT bT c¢T dF eF
The use of minus cylinder in young hypermetropevenés stimulation of

accommodation but may overcorrect hypermetropehi é¢lderly and when
performing cycloplegic refraction.
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6. aF bF cT dT eT

The power is 90 degrees from the axis and whenrghiaoscopy is used to
neutralize the eye at 30 degrees, the required paillde +5.00D.

Accommodation causes a myopic shift resulting itowaer plus power during
refraction.

The working distance lens is -1.50 for 2/3 metned €.00 for 1/2 metres.

7. aT bT c¢T dT eF

The spherical power should be verified before thénder and the axis of the
cylinder should be verified before its power. Marldod is used to check muscle
balance for distance.

8. aT b.T ¢T dF eT

The interpupillary distance is important to avoidcdntring the optical axis
which can cause spectacle intolerance. The distenshorter for reading than
distant glasses. For a patient with accommodatsarepia, it is important to
have the eyes in primary position before measuttireginterpupillary distance.
This can be achieved with either the correctingésnn place or using cover test.

9. aT b.T ¢T dT eT

Onset of presbyopia may make reading difficult eggly if the patient is over-
corrected. Myope tends to be less tolerant of aaghan lens form and axis of
the cylinder. Decentration of the lens causes @isneffect.

10. a.F b.T c¢.T d.T e.F

Hypermetropia is more common than myopia amongst ¢Hdren. It is

recommended that hypermetropic anisometropia ofentban 1D should be
corrected because of the risk of refractive ambbyojmcreased accommodation
is used by children to overcome uncorrected hypgop®; as accommodation is
associated with convergence accommodative esotmgmaresult. As children
grow older, the axial length of the eye increasadieg to more myopia.

Correction of myopia can reduce exophoria dueitowation of accommodation.
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XVII. Refractive surgery

1. The refractive state of the eye may be altered/b

a. paralysing the ciliary muscle

b. changing the depth of the anterior chamber
c. removing the vitreous

d. increasing the thickness of the lens

e. changing the axial length of the eye

2. Monovision:

. refers to the use of one eye for distant vigioth the other for near
. is mainly reserved for presbyopic patients

. requires one eye to be made hypermetropic andttier myopic

. reduces visual acuity

. reduces stereopsis

O QOO0 T

3. The following are contraindications to refractive surgery:

a. age less than 21

b. keratoconus

c. discontinuation of gas permeable lenses wede$srthan ten weeks
d. tilted disc

e. irregular astigmatism

4. Photorefractive keratectomy:

. uses excimer laser made up of ultraviolet ramhat

. uses thermal energy for reshaping the cornedboo

. corrects myopia by flattening the central cornea

. causes more stromal scar in high myope thamigape
. is less predictable for high myope than low ngyop

OO0 TY®

5. LASIK is superior to photorefractive keratectomyin that it :

a. is a less painful procedure

b. gives a faster visual rehabilitation
c. can treat a higher myopia

d. has less complication

e. has less myopic regression
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6. LASIK:

a. is contraindicated in patients with thin cornea

b. involves the use of microkeratome

c. involves the creation of a complete circulapfla

d. can be repeated by lifting the flap creatediiftfer refinement is necessary
e. causes less scarring than photorefractive letoatey

7. The side-effect of LASIK include:

a. reduced corneal sensation

b. inaccurate biometry if the patient requires @asurgery in later life
c. tear film abnormality

d. erroneously high intraocular pressure with apgti@n tonometer

e. glare

8. Radial keratotomy:

a. is an irreversible procedure

b. weakens the cornea

c. is used to reduce the refractive power of theea
d. is used to increase the refractive power otthreea
e. flattens the central cornea

9. Radial keratotomy:

a. involves incisions with depth which are at |€&3% of the corneal
thickness

b. has a greater effect the deeper the incision

c. has a greater effect the longer the cut

d. has a greater effect the smaller the centrat zon

e. is more predictable than LASIK in treating myaopi

10. Temporal corneal incision during phacoemulsifiation has the following
advantages:

. easier access to the eye

. reduced incidence of endophthalmitis

. less surgically induced astigmatism

. increased surgical view

. decreased incidence of epithelial downgrowth

OO0 T
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11. The following are true about astigmatic keratodmy:

. the incision is placed perpendicular to thepstemeridian

. it causes coupling

c. the nearer the incision to the centre the greagereduction of
astigmatism

d. if astigmatic keratotomy were performed for alib patient, the site
of incision should be based on the corneadgogphy

e. astigmatic keratotomy can be carried out eitlse transverse or

arcuate incision

T o

12. The advantages of arcuate incision over transkse incision in astigmatic
keratotomy include:

a. more uniform relaxation of the cornea

b. cutting a more uniform thickness of the cornea

c. the entire length is at the same distance flwrcalculated central zone

d. actual incision length is about 10% longer thdimear incision spanning
the same number of degrees

e. reduced risk of post-operative keratitis

13. When a tight suture is placed radially in the arnea, the following may
occur:

a. the cornea adjacent to it is flattened

b. the curvature of the cornea along that merigiancreased

c. the curvature of the cornea af @@ that meridian is decreased

d. the effect on corneal curvature is increaselefsuture is deep

e. the effect on corneal curvature is increaséukifsuture is nearer the
centre of the cornea

14. The following are true about intrastromal cornal ring:

a. it can be used to treat myopia

b. it can be used to treat hypermetropia
c. it is made up of PMMA

d. it is a reversible procedure

e. it involves the use of keratome

15. The following involves the use of donor cornea:

a. epikeratophakia

b. keratomileusis

c. keratophakia

d. lamellar keratoplasty

e. penetrating keratoplasty
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16. In a patient who has had vitreoretinal surgery:

. buckling causes a hypermetropic shift

. buckling induces astigmatism

. cataract formation is a common complication witiacular hole surgery

. injection of air into the vitreal cavity of a gkic patient causes a myopic
shift

e. injection of air into the vitreal cavity of apteakic patient causes a a

hypermetropic shift

0oL

17. The effect of silicone oil in an eye include:

a. reducing the hypermetropic power of an aphayic e
b. causes a myopic shift in a phakic eye

c. increases the speed of ultrasound passing thribug
d. band keratopathy

e. glaucoma

90



XVII. Refractive surgery - Answers

1. aT b.T cF dT eT

Paralysing the ciliary muscle will reduce the phasver of the lens and make the
patient less myopic or more hypermetropic. Changireydepth of the anterior
chamber will alter the effectivity of the lens amence the refractive power.

Vitreous is made up of 99% water and its removadsdoot significantly affect
the refractive index of the vitreous, unless th&eaus space is filled with
silicone oil or gas.

Increasing the lens thickness increases its réfeapbwer.

The axial length of the eye is one of the factdrat tdetermine the ocular
refractive power.

2. aT bT cF dT eT

Monovision uses one eye for distant vision anddtfeer for near (usually the
non-dominant eye). It is reserved for presbyopitiepéds. One eye is made
emmetropic and the other myopic. However, 50% tiepss have problems with
monovision. As the patient can not use both eyes, visual acuity and the
stereopsis are reduced.

3. aT b.T c¢T d.F e.F

Before refractive surgery is carried out, it is on@ant to make sure that the
corneal topography is stable. Therefore, it is @nticated in children and

young adults whose refractive error has not stadailiand also patients who has
recently worn contact lenses in which the cornepbgraphy may be affected by
warpage.

Keratoconus is associated with thin cornea andcétfre surgery may accelerate
the progression.

4. aT bF cT dT eT

Photorefractive keratectomy uses excimer laser tatks by breaking the

molecular bonds. It reduces myopia by reducingctiveeal curvature. It is more
effective for low myope. Stromal scar is more comnmohigh myope.
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5. aT b.T c¢T dF eT

As LASIK does not expose raw corneal surface atettd of surgery it is less
painful. It can also treat a higher myopia, caukss scarring and has less
myopic regression. However, because a flap nedmktoreated, it has a higher
potential risk.

6. aT b.T c.F d.T eT

Thin cornea is a contraindication to LASIK. Cuttitige cornea too deep or
treating a patient with thin cornea may give risedrnea ectasia. Microkeratome
is used to create a flap which has a hinge. Excil@m®gr is used to treat the
stroma underneath the flap. It causes less scartivan photorefractive
keratectomy.

7. aT b.T c.T d.F eT

Reduced corneal sensation and tear film instabdity side-effects of LASIK.
Glare may result from scarring or too small an ombne. Biometry can be
inaccurate unless correction of the corneal togagyais taken into account.
LASIK gives rise to a thinner cornea and may give erroneously low
intraocular pressure with applanation tonometer.

8. aT b.T ¢T dF eT

Radial keratotomy involves cutting the cornea rigliand this gives rise to
gaping of the wound and flattening of the cornéds used to treat myopia and
astigmatism but not hypermetropia. The refractioesgr of the cornea is reduced.
A cornea which has had radial keratotomy is at raareiased risk of rupture
during blunt trauma along the incision line.

9. aT bT c¢T dT eF

The depth of radial keratotomy is typically betweé$r90% in depth. Its effect is
greater if the cut is deeper, longer and the certome smaller. It is less
predictable than LASIK and the refraction takegglemto stabilize.

10. a.T b.F c¢.T d.F e.F

Temporal incision has the advantages of easiersadeethe eye as the brow is
not interfering with manipulation of the instrumsnf\nd as the central cornea is

further from the temporal limbus than the superlombus, the induced
astigmatism is less. The other advantages do mpdy.ap
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11. aT b.T c.T dF eT

Astigmatic keratotomy is placed perpendicular ® skeepest meridian. Coupling
is a problem and it is defined as steepening aiemiat 90 degrees perpendicular
to the meridian that has been flattened by thesiorithough not to the same
degree. The nearer the incision to the central ,z¢ine greater the effect.
However, it carries the risk of glare and irreguatigmatism if the incision is
made too near the centre of the optical zone. feserally advised that the
incision is made 6-7mm from the centre of the carne

Astigmatism in a phakic eye may be due to corned/agnlens. Corneal
topography only provide information on corneal gstatism. It is important to
obtain the refraction result to understand thel tdtigmatism.

12. a.T b.T c.T d.T e.F

Both transverse and arcuate keratotomy can be insadtigmatic keratotomy.

The advantages of arcuate incision over the tramsvicision include: more

uniform relaxation of the cornea cutting througmare uniform thickness of the
cornea, the entire length is at the same distarmee the calculated central zone
also the acute incision length is about 10% lonlgan a linear incision spanning
the same number of degrees.

Keratitis is a complication but is not related lte type of incision performed.

13. a.T b.T c.T d.T eT

A tight suture flattens the cornea adjacent taittibcreases the corneal curvature
along that meridian. The curvature of the cornea@@tdegrees from it is
decreased due to coupling. A deeper suture andnemeer the centre of the
cornea has more effect on the corneal curvature.

14. aT b.F c¢T dT eF

Instrastromal corneal ring is used to flatten thenea and thereby reduces its
refractive power. It is used in the treatment ofopig. The ring is made up of
PMMA. The ring is inserted following the creatinfjatunnel. It can be reversed
by removing the ring.

15. aT b.F c¢T dT eT

Epikeratophakia involves the suturing of a pre-gltagonor corneal stroma to
the surface of the host cornea.

Keratomileusis involves the use of microkeratomer¢move a lamella of
anterior corneal stroma which is reshaped on aaitye and replaced.
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Keratophakia involves the use of keratome to litiraella of anterior stroma and
this is replaced over a shaped lenticule of doponeal stroma.

Lamellar and penetrating keratoplasty are partidkness and full thickness
corneal grafts respectively.

16. a.F b.T ¢c.T d.T e.T

Buckling increases the length of the eye and henogyopic shift. Buckling if
placed asymmetrically can induce astigmatism. Gzl un macular hole often
induces cataract. Air or gas injected into theiegeeases the refractive power of
the back surface of a phakic eye and causes a mgbift. In aphakic eye, the air
increases the diverging power of the back surfateasnea and causes a
hypermetropic shift.

17.a.T b.F c.F d.T e.T

Silicone oil has a higher refractive index than thgstalline lens and causes the
posterior surface of the lens to become a divergatber than a converging

interface. As a result, a hypermetropic shift oscun an aphakic eye, the

silicone oil acs as a converging interface and eswas myopic shift. Hence, the
hypermetropia caused by aphakia is reduced bys#ioil. Silicone oil reduces

the speed of ultrasound and will therefore givesraneously longer axial length.

Band keratopathy and glaucoma are known compliestid silicone oil.
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Test your basic knowledge of clinical refraction

1. Retinoscopy is used to determine ___ the reiivacstate of the eye.

2. There are two types of retinoscope: and__retinoscope. The
retinoscope projects an oblong streaks intoghtient's eye and is therefore
easier than the __ retinoscope in determinamgastigmatic error.

3. During retinoscopy, the movement of the reflexdbserved. If
the reflex moves in the same direction as #imascope, this is called with
movement and we add lenses and the eye isit this working distance.

If the reflex moves in the opposite directianthe retinoscope, this called
against movement and we add lenses anglythis at this working
distance.

4. A retinoscope is made up of a light source, mdeasing lens and a mirror.
Although the image on the patient's retina @i the same direction as the
retinoscope light is moved on the patient's.eyhis image ie reflex will
appear to the observer to move in either timeesdirection ie. with or in the
opposite direction ie. against.

Two factors affect the movement of the refled ¢éhere are:
a.
b.

5. In retinoscopy at the end point (also calledtradity), the pupil of the patient
is suddenly filled with light and motianobserved.

Neutrality of the reflex occurs when the faimpof the patient's eye coincides
with the nodal point of the examiner's eye.

6. An examiner working at 67cm ( 2/3 m ) will ob&eran against motion when
refracting a -2.00D myopic patient (without dagses being placed in front of
the patient). When refracting the same eye wbiking distance of 50cm he
observes neutrality. When the examiner movetom he will observe
of the eye.

7. So far the movement of the reflex applied toedgent light from the
retinoscope. If the light is convergent wherstitikes the eye, all relative
movements are reversed.

Therefore, with convergent light from the nescope, a with movement
indicates that the eye is __ at the workiistadce and an against movement
indicates that the eye is __ at the workiistadce.
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8. The vergence of the light can be changed irakstretinoscope. In the UK, the

light emergences from the retinoscope with ltandle down is and is
with the handle up.

9. The examiner can select any distance at whickotd, but in general 67 cm

10.

11.

12.

13.

14.

15.

or 50 cm is used depending on the length@&xaminer's arm.

If using 67cm, neutrality without lenses me#mat the eye is 1.50 D __ and
an emmetropic eye requires lens forrabiyt Therefore the total
power must be adjusted by if using 67cm

If the working distance is 50 cm, the totalyer found at neutrality must be
adjusted by substracting .

Using the streak retinoscope with the handlergoa with movement is
observed without lenses at the workingagtisé of 67cm.

There are three possibilities:

a. myopia of less than

C.

An against motion is observed with a streakhostope (handle down) at
a distance of 67cm. The patient is anceluires a lens greater than

As neutrality is approached, the reflex becomes , and . When
the refractive error is neutralized, the pigosuddenly filled with light.

One can verify the neutral point by moving fard a few cm and then
backward a few cm. As he moves forward (vitte handle down), there
would be _ motion and as he moves backvthetde would be _ motion.

The final refractive power is adjusted for tharking distance. If the working
distance is 67cm, the net retinoscopy will D _less hypermetropic or more
myopic than that obtained from the retinogcop

When the retinoscopy reveals +2.00-1.75 X 180@aaking distance of 67cm,
the final refraction will be . This ayier portion of the correction is

If the retinoscopy reveals neutralizatiorr@t50 -1.00 X 90 at 50cm, the final
refraction will be .
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16. During retinoscopy, you may neutralize one dian with sphere and the
other with the cylinder; or alternatively yoan use spheres to neutralize the
two meridians.

Example 1:

If you are working at a distance of 67cm, gnd find that with the streak at
90 degrees +2.00 D sphere neutralized thexefvith the streak at 180
degrees (with the sphere in place) a -2.89Ihder neutralizes the reflex.
The patient's final refractionis .

Example 2:

Your working distance is 50cm, and you fifhtt with the streak at 45
degrees, -1.00D sphere neutralized the refléth the streak at 135 degrees
(with the streak in place a -1.50 D cylindezutralizes the reflex. The
patient's final refractionis .

17. You may use sphere to neutralize both axis.

Example 1:

With the streak at axis 45 degrees a -3.08@3 neutralizes the reflex
With the streak at axis 135 degrees, a +208 neutralizes the reflex.
The result of the retinoscopy is _ /-20405.

If the working distance is 67cm, the fingfiractionis .

Example 2:

With the streak at axis 90 degrees, a +3.00D lengralizes the reflex
With the streak at axis 180 degrees, a OfB.(ens neutralize the reflex
The result of the retinoscopy is +6.00 /_X 90.

If the working distance is 67 cm, the finafractionis

Example 3:

With the streak at axis 45 degrees, a -DOns neutralizes the reflex.
With the streak at axis 135 degrees, aOR.(&ens neutralizes the reflex.
The result of the retinoscopy is -1.00D0ALX .

If the working distance is 67 cm, the fingfractionis .

18. In patients with dilated pupil, the reflex metperiphery of the pupil may be
opposite in motion to that in the centralaacé the pupil. This results from
the difference in of the lens pegiyh To gain an accurate result,
only the should be regarded.
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Test your basic knowledge of clinical refraction

1. Objectively
2. Streak and spot; streak; spot.

3. Plus; hypermetropic; minus; myopic.

N

. The working distance; refractive state of thigues.
5. No.

6. With.

~

. Myopic; hypermetropic.

8. Divergent; convergent.

[(e]

. Myopia; +1.50D; 1.50D; 2.00D.

10. -1.50D; emmetropia or hypermetropia.

11. Myopic; -1.50D.

12. Faster, brighter and thinner.

13. With; against.

14. 1.50D.

15. +0.50 -1.75 X 180; unchanged; -1.50 -1.00 X 90

16. Example 1: +0.50 -2.00 X180 (after taking awe30D).
Example 2: -3.00D -1.50D X135 (after addi@doD).

17. Example 1: +2.00; +0.50 -5.00 X 45.
Example 2: -3.00; +4.50 -3.00 X 90.
Example 3: 135; -2.50 -1.00 X 135.

18. Refractive power; central portion.
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Steps in clinical refraction

In refraction, the examiner detects ametropia watmoscope and subjective
refraction. The following are summary of the stéglsen for refraction. A
form for recording the findings is given at the aridhe steps.

Summary of the steps for refraction
1. History of relevant.
2. Objective refraction

3. Subjective refraction:
check spherical power
checkeylinder axis
check cylinder power
check spherical power

4. Duochrome and binocular balance test
5. Near vision.

6. Muscle balance tests (Maddox tests: rods and)win

1. Take a brief history:
Age of the patient.
Occupation and hobby.
Does the patient wear spectacle.
Any previous eye surgery including cataract andlssmus surgery.
History of diabetes and glaucoma.

The history is important as it will give you an @i

The patient has normal vision ie. if you could asiei 6/6
vision.

Need to check Duochrome or binocular balance tégibakic,
pseudophakic and patients over 50 have no or little
accommodation making the tests\unnecessary.
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2. Record the unaided vision in both eyes and puthe trial frame and
adjust the distance.

3. Retinoscope both eyes and make sure you keepatine distance through
out and facing the patient perpendicularly.

Tips:
You need to know your working distance before tkaneination.
Find out how long your arm is and this will giveaugh area of the
working distance. Avoid changing the working distaras this may
give an inaccurate results. (Working distance @&ml/= +2.00D;
2/3m =+1.5D and 1m = +1D)

Working distance (D) = 1/ (working distance in mgtre

It is also important to be facing the patient pagieularly otherwise
the retinosocopy may give spurious astigmatic tesukarn to
refract with both hands so that you refract thégodis right eye with
your right hand and right eye and the patient'sdgé with your left
hand and eye.

4. Check the axis and power needed to neutralih @zeridians. You can
either neutralize the ametropia with two spterienses or use a spherical
lens and a cylinder lens. To do the later, gpberical lens is left in place
after one meridian has been neutralized. This the advantages of
avoiding the need for drawing up the power sr@nhd simplify the
calculation (however, some examiners may asktHe power cross durin
the examination.)

Tips:
If the reflection of the pupil is difficult to sethe patient may have
either high refractive error, the room light is tmaght or the there
are media opacity such as cataract.

Do not waste valuable time using small increment/ed.25 D of
either spherical or cylindrical power to neutralthe ametropia.
Use an increment of +/-0.50 or 0.75D until the moeeat changes
direction then chooses the lens of an opposite sign

One common mistake during refraction is to contheeaxis. This
happen more commonly with neutralization with tveterical
lenses then with a spherical and a cylindrical .|&@member that
when the streak is moved up and down, it is thécatrmeridian
that is neutralized and the axis is 18@&hen the streak is moved
sideway ie. left to right, the horizontal meridiameutralized and
the axis is 98 (see the questions at the end to test your
understanding).
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5. Take away the working distance and check thgestibe refraction. Begin
with the spherical power.

Asked the patient to look at the Snellen chad present the patient with two
choices (+/-0.25D) and ask which one appearete Repeat the process until
the patient finds the two choices are equivalen

Tips:
It is important to give clear instruction. Theraitendency
for the myopes to choose stronger minus lens. ‘gaing to
give you two choices lens 1 and 2. Tell me whickhef
lenses are better or there are no differencethelpatient
goes for the minus lens, ask ‘ Are the lettersrelear are
there just smaller and darker?’ If the letterssamaller and
darker don't add the minus lens.

6. Continue with subjective refraction by checkihg cylinder axis and power.
If vision is 6/9 or better refer patient tioctes on the white background and
use the cross cylinder (0.50 which givesOt25). If vision is 6/12 or less use
the 1.00 cylinder (which gives +/- 0.50)

i. Check cylinder axis.

Hold handle parallel to trail frame cylinder axRotate the cross cylinder
and ask ‘Il am going to give you two choices. Te#l mhich one make the
circle rounder or more circular. Position 1 or piosi 2?’ If a selection is
made, rotate the trail frame cylinder axis towatlls negative preference
(assuming a negative cylinder is used otherwisgteat towards the positive
preference) and repeat until the two positions appmilar. This is the
correct cylinder axis.

ii. Check cylinder power.

Hold the handle at 450 the trail frame cylinder axis such that thessro
cylinder axes are superimposed as the handleaserbt Which is better 1 or
27" If better with the negative cylinder axis supgrosed increase the power
of the negative cylinder. If better is reportedhwihe positive cylinder side
superimposed, decrease the power of the negatieleyin the trail frame.
Repeat until equality is reported in 1 and 2. Tikighe correct cylinder
power.

Tip:
If cylinder is changed by 0.50D, change sphericalgr by 0.25
to maintain best vision. For example extra -0.58d +0.25D
to the sphere.
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7. Complete the subjective refraction by referrtragk to the letter chart and
check the spherical power again (Remembenu® igiaximum positive sphere
equal to best visual acuity and minimum negasiphere).

8. Duochrome test. This will tell if the patientshiaeen given too much minus or
too much plus in the spectacle correction. thekpatient to look at the letters
in red and green background and comment wtotbur appear clearer. If the
green ones appear clearer, there are too miraks power so take away the
minus power. If the red ones are clearer gtlaee too much plus power take
away the plus power. The test is not accufdlbe patient accommodates.

9. Binocular balance procedure is performed. In ocafar refraction one aims to
obtain the maximum positive correction with teeommodation fully relaxed.
However, if the eye not being examined accomatexibehind the cover, then
the maximum correction will not be achievedn&iular balancing is a check
for this small amount of accommodation. The tmikely adjustment to the
spherical correction therefore is a small addiof positive power. It is not
needed if the patient is above 50 (due to loBsccommodation) or
pseudophakic.

There are several methods of achieving binoculdarang. The prism
dissociation test is the classic test but ofterfuging for the patient. A better
and less confusing test is described in b.

a. Prism dissociation balance.

Fog the eyes (with the correcting lenses in plas#g +0.75DS lenses. Place
a 3 dioptre base up prism in the right trial fraamel a 3 dioptre base up prism
in the left trial frame. A single line of 6/12 isqpected on the wall. The patient
will perceived two lines (the right eye will seeettower line and the left eye
the top). If the two eyes are balanced, the twesliwill be equally blurred.

Otherwise, add minus to worse eye or plus to betyer until each image is
equally blurred. Once the balance between the tyes @re achieved, the
prisms are removed. The fogging lenses are redsicaditaneously from the

two eyes in step of 0.25. The end point is reachieein the best vision (6/6) is
achieved with the lowest minus or the highest phiseres.

b. With the patient binoculary viewing a block efters at a 6 m distance.

Add +0.25 D binocularly. The patient should reparslight blur of the 6/6

letters. Add an additional +0.25D binocularly. Tpatient should now eport
that the 6/6 letters are badly blurred. Add a thi@ 25D binocularly. The

patient should report that the 6/6 letters are detaly blurred out. If the 6/6

letters can still be easily readable with +0.750dedl to the binocular

subjective finding, the patient's accommodation wa$ completely relaxed

during the subjective examination. However, if 816 letters are blurred out
with only +0.25D, it is possible that too much pluas been added in the
subjective examination.
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10. Check the near add. While one may use the agkedtide on the amount
of adds given, a more satisfactory resilt depend on how far the
patient wishes to read.

11. Check the muscle balance for distance and near.

Use the Maddox rods for distant muscle balance fEs Maddox rods
consists of a set of parallel cylindrical glass sagased in testing for
heterophoria. With the correction in the trial franPlace the Maddox rods
in the right frame and ask the patient to look athite spot in a dark room.
A vertical red line will be seen through the righyte when the striations are
orientated horizontally and a horizontal red lieers when the striations are
orientated vertically. Ask the patient to commenttbe position of the line
with respect to the white dot. Use the prism tagptthe line so that it passes
through the centre of the dot. This is the amotifieterophoria.

Tip:

Ask patient to comment on position of line as saseirit is
seen, line often moves with time. The same apptied
Maddox wing. The tests measures both tropia andigphéou
may want to perform a quick cover test before thet of this
test for any tropia.

Use the Maddox wing to test the near heterophorize white arrow
indicates the amount of horizontal phoria and theé arrow the vertical
phoria.
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Candidate name:
Candidate number:
Name of Patient:
Age:
Relevant medical history:
Occupation or hobbies:
dRt
Visual acuity:

Retinoscopy findings

Subjective refraction:

Muscle Balance

Final prescription:

Right eye

Left

Sph Cyl

AXxis

Prism

Base

VA

Distance

Near

Left eye

Sph Cyl

AXis

Prism

Base

VA

Distance

Near

Others relevant information (e.g. BVD)
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