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Abstract

Introduction: The measurement of tear film stability/regularity is very critical in the
diagnosis of dry eye. The tear breakup timbich is used as a diagnostic tool in diagnosing

dry eye is very subjectie in nature and variations among individual clinisiaxists. The

exact mechanism of the tear breakup is also unclear due to the involvement of so many other
factors other than the tear film itseifs theprevalence of dry eye is increasjrige need fo

an objective technique which can be used universally to differentiate betivgezye and

normal valuesincreases. Studies have shotimat aberrations can be used as an objective
technique in diagnosing dry eye, as there is a direct involvemdiné tdar film in the optics

of the eye. However, very few studies have studied the dynamic nature of the anterior surface
using aberratiom and suggested using dynamic surface aberrations as an objective measure of
surface quality.Hence, aseries of studies werconductedto understand the aberrations
produced by thanterior surface of the eyéeér film and corneal surfacgnd to measure

objectively the anterior surface quality using surface aberrometry.
The objectives of eacktudychapter are as follows:

Chapter 3i): To obtain the noise associated with the instrument using adymamic
measuring surfageand ii) to design appropriate acquisition settings for the measurements

with ocular surface.

Chapter 4:Todetermire  * ) pectraiclkarasteristics of the Placido disc light sources of two
cornealanalyses |, ) the ther mal characteristic fo
ocular surface and the adnexa in the presence of Placido disc light source at nornmgl work



di stance, and "' ") to compare the ocular su

analyses

Chapter 5: To determinei) the optimal method for acquisition with respect to normal
physiological processes, by examining the blink regimen and pesition that elicits the
most consistent response over the largegion on repeatecheasuremengndi ‘thg largest
region selected for analysis by investigating the effect on the individual and summary
aberration metrics of the inclusion of noreaswement areas (i.e. where the Placido disc
cannot be projected onto the cornea or contact lens). The proportionofeasurement area

that elicits a significantly different result will be determined.

Chapter 6:To eval uate ‘) a n enamicnoeulah surface @lberraonsa | y z i
using segmented | i mterocularelpracesssics of the dyreamidocular ) t h

surface aberrationssing the segmented linear regression.

Methods:

Chapter 3:The characteristics of the surface aberromeied the noise associated with the
measurements of surface aberrations were evaluated using-dymamic surface (model
eye). Measurements were obtained in diffefearhe rates antbcus positiongo evaluate the
optimal acquisition techniquét each f@us position, aet of threaepeated measurents
were obtainedo analyse thaepeatability of the measuremerndbtained usinga surface

aberrometer.

Chapter 4:The spectral characteristics of the Placido disc light source were obtained by using

a PR650SpectraScan photometer and the thermal characteristics of the objects were obtained



using THF500 noncontact infrared thermometérhe surface aberration measurements were
compared between the cornealalyses. The spectral measures were obtained froenlityht

sources, whereas the thermal measures were obtained from three different surfaces and
surface of the eye and adnexa of ten participants. The dynamic anterior surface aberrations

were obtained after obtaining the thermal measurements from theesofthe eye.

Chapter 5:Twelve participants were enrolled by screening twenty participants. Participants
were screened with their habitual len$es contact lens wettability and nenvasive tear
breakup time (NITBUT) without contact lenses. The pg#ois wereenrolled according to

the nclusion and exclusion criteria and categorized into normal and dry eye group for study
visits. The measurements of NITBUT and surface aberrations were obtained with and without
contact lenses, and study lens wettabiliere also obtained in two visits on consecutive days.
The surface aberration measurements were obtained in natural and forced blinking condition
and in two different head positions. All the measurements were randomized between eye and

between instrumest

Chapter 6:

Seventeen nersymptomatic and noercontact lens participants were recruited in this study.
NITBUT and dynamic anterior surface aberration measurements were obtained. The order of
the measurements was randomized between the eyes. Two agealinbf atleast 10 sec

and a maximum of 15 sec were used in the analysis of segmented fit. The dynamic vertical

prism coefficients and higher order aberrations weses for the analysis.



Results:

Chapter 3:

i. Data acquisition at an intérame intervalof 0.25sgavethe least number of dropped
frames across focus positigngherefore this is the eferred frame rate for data

acquisition

ii.  Data obtained in the initial ~15s reflects the focusing procedure and needs to be manually

removed prior to analys tear dynamics.

iii. Even in the optimal focus position there were significant (small) differences in the
distributions between repeated measures. For this reason repeated swwplésbe

obtained where possible.

iv. The green and red focus positions showbd most consistency within repeated
measurements. The variability of the measurements was also more similar between the red
and green focus positions than the blue focus positions, both at the extreme positions of
defocus and with incremental defocus awifegm the optimal focus position. When
obtaining the dynamic sampling of human ocular surface measurements, the optimal
position of focus should be obtained at the blink such that as the tear film dissipates

between blinks the measurements are obtaindtkifrelatively) red focus position.

Chapter 4:

I.  CA200 is the preferred device because of the consistent luminance.
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ii.  Although aberrations were not significantly different between devices, the HOA RMS
were higher with the CA200 and, combined with differmhinance and possible tear

response, indicatehedevices are not interchangeable.

In both instrumentghere washo indication that therevas a thermal response inducedtbg
power of the light source. Therefore, this aspect of the source does hotdik&ibute to any

difference in the aberrations measured by the two devices

Chapter 5:

i.  Obtain data in the straiglaheadposition as there is no significant increase in target size

with head turn

ii.  With the CA100F, the forced blink paradigm is prefersdhis enables blink dynamics to
be examined. With the CA200F, either forced or natural blink paradigms are interpretable

for tear dynamics.

iii.  Differentiation between dry eye and normal groups was best determined with the slope of

the RMS aberrations wiith a blink.

iv.  Differentiation between performance with and without a contact lens in the dry eye and
normal groups was best determined by analysing the width of the confidence interval of

the moving average.

Chapter 6:

i.  The location breakpoints one and tame significantly different between eye, open eye
interval and order of the measurements for both vertical prism and HOA RMS values.
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The highest positive slope for tHéOA RMS was, on average, higher in the second eye

measured (p= 0.0407) and tended tauodater after the blink (p= 0.067.6)

The location of breakpoint 2 is not significantly different from the NITBUT values

(p>0.05) even thoughhe correlation was found to be low and not significant.

The average HOA RMS for segmented fit parameter inteiavertical prism was found

to be higher in the second open eye interval compared to first open eye interval.

Conclusion:

From theresults of each chaptet, was observed that choosing think paradigm is very
important to obtain andnalysethe dynant anterior surface aberrationShoosing &orced

blink paradigm(chapter 5) washowedto be usefulwhen the information regarding blink
location were not availableThe repeatability of the measurementsing a nordynamic
surface (chapter 3) shows thihé measurements of surface aberrations are repeatable and it is
important to choose criteron closer to the natural tear film dynamits obtain more
repeatable measurements of anterior surface aberrations (chapter 4, 5 larads6)shows

that thethree phased segmented linear regression technmprede usedo analysethe
anterior sirface aberrationsThe segmented linear regression technique &bk to
differentiate different stages of the tear filamd the location ofthe second breakpoin
calaulated using segmented regressiaas closer tdhe clinical values of tear breakup time
indicating a possible use of segmented linear regression as an objective measure of surface

quality.
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Chapter 1 : Review d Tear Film Stability and

Ocular Surface Aberrations

1.1 Tear film:

The tear film is a thretayered clear fluid covering the anterior surface of the cornea and the
conjunctival It forms a uniform fluid surface ovehe anterior surface of the eyad inside

the eyelid to reduce the draand avoid friction between the eyelid and corrfedhis
lubricating action othetear film not only helps in maintainirthe integrity of the cornea but
also acs$ as a protective surfacdor the corneaagainst microbes and other environmental
factors® It is also important in providingourishment to the anterior epithelial layer of the

corneg*

Recentresearch shows$eétear filmto bea metastablestructure formed bgnaqueous get’

That is,the aqueous layesf the tear filmis foundto havea gradientevel of mucin from
bottom totop forming anaqueous gel anterior to the epithelial surface of the cowitathe
highestconcentrabn of mucinat the bottom over the surface of the corneal epithélitiime
agueous gel is protected the anteor surfacefrom evaporation with a layer of lipirming

the outemost layer of the tear filiThe lipid layercanprevent upto 95% of the loss ofthe
agueous layer due to evaporati&@ach layer of the tear film is produced by different glands

in the eyelid and conjunctiva, which is released and spread over the anterior surface during
the process of blinkingrhe meibomian glargdwvithin the eyelids produces the lipids, whereas

the lacrimal glands produce the aqueous layer of the tear filmhanchacinlayer is mainly

produced by the goblet cells thfe conjunctiva®

1
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Figure 1-1: Updated stucture of the tear film with outermost lipid layer and agueous layer with gradient levels
soluble mucus adhering to the corneal epitheliReprinted from Cornea. The Diagnosis and Management of Dry I
Twentyfive-Year Review. Cornea 2000,19(5)46@49, with permission frotwolters Kluwer Healtl{Appendix 1).

With every blink, the tear film spreadmoothly over the cornea and conjunmatiby the
action of the eyeliddt is important to have a propblinking action, because sty by Carney

L et al® have shown tht improper or incomplete blinking causes poor tear film quality
leadto dry eye diseas#d untreated Following ablink, the tear film undergoes three phases
during the intetblink period® The first phase happens immediatplystblink and iscalled

the tear film buildup or formation phas@In this phase, the tears start spreading throughout
the surface of the eye due to the spreading action of the eydtat. the first phase, when the
eyes are fully open, theecond phase is when thear film settls over the cornea and
conjunctiva to form asmooth and clear surfacH the eyesremainopen for long enough
following the second phase, the tear film starts breaking up to form an irregular surface over
the cornea and conjunctiva. This is knowrtlastear film breakup phasé This third phase

producesa sensation oflryness antr irritation, causing the eyes to blinknd reform an

2



intact tear film The time taken from the eye opening to the breakupeotear film ighe time

evaluatedvhen determiningear breakup time measurements.

King-Smith et al''suggestedhat here are three possible reasons for tear film thinning or
breakup These are ilthe floutward flowo of the tear film due to evaporation of the tear film,

i) absorption of the tears into the corneadii) it angent i al f Isoghacal o f t h e
tear film thickening.lt was shown by Nichols et #l that the osmosis mechanism of the

cornea only helps in outwardofl of the tears out of the corneahich increases the tear
evaporatiorrather than absorption into the cornea. This finding was supported by an increase

in the osmolarity of the tears due to evaporatiofhe third possibility of tangential flow was
alsolaterrejected by KingSmith et at* andBegley et al® in ther studiesof fluorescén self-

guenching and fluorescent dimmjnghich showed a trend of evaporation ae reason for

thinning rather than tangential flow of teafBhus, it would appear that the major reason for

tear film thinning and subsequent rugus tear film evaporation.

The stability of the tear film is very importaimt maintainng aclear cornelasurface and to
produce good retinal image qualif}®!® Chronic dry eye diseasemay lead to corneal
inflammation?’ If the inflammationremainsuntreatedit is possible that théncreasedear

film evaporationmay eventuallyresult in scarring of the corneavhich can produce
permanent damage to the quality of visidBtudies have also shawa deteriorative effect in

the quality of vision and sual comfort during the tear film breakufdsccording to DEWS
classification,fiDry eye is a multfactorial disease of the tears and ocular surface that results
in symptoms of discomfort, visual disturbance, and tears film instability with potential

damageo the ocular surface. It is accompanied by increased osmolarity of the tear film and



inflammation of the ocular surfagé® Dry eye disease is the most common cause for ocular
discomfort andhe main reasondr discontinuation of contact lense¥ It hasbeen estimated
thatat least 4.46 to more tharb0% of the population(of varying age groupsareaffected by

dry eye disease in the worlthdit is considered a growing econombairdern® The use of
different criteria and different diagnostic procedures to diagnose dry eye in various

epidemiological studiesiakethe estimaton of dry eye a difficult task.

1.2 Diagnostic technigues:

There are several nanvasive and invasivdiagnostictechniques whitc have been adopted

to analysethe quality of the tear filmThe fluorescein based tear breakup tfth8 c hi r mer 6 s
testand phenol red thread test airequentlyusedclinical technique to evaluate the quality

and quantity of the tear film but all these tests have a common probleeingfinvasivein

natureand therebyltering theusual condition®f the tear film. Thdluorescein breakup time
remainsthe mostwidely used clinical diagnostic g& for dry eye.lt was found that the
instillation of the fluorescein dye causes changes to the physimaértiesof the tear filny?°

andthese changes produce variation in the measurements between patients and between eyes

of the same patienQuantification of e fluorescein breakup test is also subjeciive

Measurement ofetarfim o s mol ar ity was considered a fAgol d
dry eye due to its higpredictive accuracy of 89%which ishigherthan manyother test 52!
Even though osmometers are commercially available, the need for collectiariaaje
quantity of tears (BOul), which is especially difficult in dry eye patientslimits the

widegreaduse of tfis testing method??23



To avoid the alteration of the tear film producedby invasive procedures, namvasive
subjective and objective methodsebeing developedPlacido discs weraitially developed

to measure the regularity of the corn@a cases such as keratoconig) dbserving the
changes in the regularityf the concentric black and white circles. Later, using the same
Placido disc principle, video keratoscopes were designed to measure tear film brealag time
well ascorneal curvaturé ?® The reflected light from the Placiddisc is captured by the
CCD sensor in the instrument and the exanwrats for a break in theémage of thePlacido

ring to develop The time takerfor the Racido ring to break from the time when the eyes are
opened is calculated #se noninvasive tear break up tim@&ITBUT). While this test is used
widely in both clinical and researchnvironmentsthe time for the breakup to occur remains

subjecive in nature.

Objective testsuch asneniscometry?® interferometry” 3° and wavefront sensidghave been
developed tdoring more accuracy to the tear film measurements obtained and totla&oid
limitations of fluoresceininstillation and the subjectivity of thePlacido disebased tear
brekup time measurementiowever, @en these objective techniques have their limitations
due to the structural anatomy of the eye afglpositioning.In meniscometry, the profile of
the tear prism height over the lower eyelid margin and the inability @ the exact
demarcation point of the apex of the tear prism cause variation in the measufeBent.
movementaegatively impacthe measurements of thear film in interferometry whereas
the areaof the corneameasured is dependent on thea r t i cpupp size fod wavefront

sensing??



1.3 Aberrations:

Aberrations are the deviation in the path of the light from its original path, when it is refracted
or reflected from the surface of an objécThese aberrations are used to explain the tyuali
of an optical system or individuatlement of any optical systerfihe lower the aberrations,
the more perfect the optics of the system measéitddhe quality of the optics of the eyes or
its componentgan beanalysd similar to any optical systenby examiningthe aberrations
through the ocular systenThere are twocategores of aberrations which are of major
interest?* Chromatic aberration is produced by dispersion pdlychromatic light and
monochromatic aberrationslescribe the departure from perfect imagery of a single
wavelength of light Monochromatic aberrations are measured using aberrometerthieand
overall magnitudeof aberrations in an optical systemusually described by theot mean
square values (RMSyvith higher RMS valueslescriting larger aberrations producéy the
optical system. These aberrations can further be classified into difterapbrentsbased on

their characteristics?

The Zernike polynomialmay be used as mathematidadecomposition of the components of
monochromatic aberrations and aantinuous, orthogonal and designed for circular pupils
For these reasoni,is often preferred over other polynomidecompositions® If the Zernike
polynomials are normalized, each individual coefficient of the polynomial represents the
contribution to theRMS wavefront aberrations obtainedn infinite set of complete
polynomials can be obtained with each polynomial independent of each othezaemd

measures a distinct quality of the surface. Since these polynomials are directly attributable to



the surface quality, a direct measure of the chandkertear film surface can lanalyse

using aberration®

1.4 Dynamic measurements of berrations:

Early research using dynamic aberrations found the aberrations of tlie bgedynamic and
suggested thathe reason foithe dynamic change mape due to changes in thaicro
fluctuations in theaccommodation of the ey&® Later, it was realized that the change in
aberrations were related to the change in the tear didthat during the tear breakup the
aberrations were high comparedatioother time3'2¢-3"This was supported by studies which
measured change in contrast sensitivity and visual acuity with*fitRé. was also foundhat
there isan unknown compensatory mechanism going on inside the eye to compienghte
changes imaberrations produced by the dynamic tear fifnDue to advancein refractive
surgey andthe importanceof dry eye disease evaluatiogreaterinterestwas expressed in
analying dynamicanterior surfaceberratios. More recently studieshaveused topography
of the corneal surface to determine the stability of the tear filmes@ studies were done
based on the change in the curvature or topography of the ¢uftféar by using the surface

regularity and asymmetry indic8go observe a variation in the tear film over tiffie.

MontesMico et af’ were able to measure the dynamic aberrations ofathierior surface
aberations from the time of blink to the start of next blink and showed a common pattern of
change in corneal aberrations among the participdrisy observedhigher aberrations
immediately aftethe blink, followed by a decrease in the aberrations with tiAfeer a few

second, the aberratiosireached a low pat and then started to increaagain®”*! This



pattern appears tofollow fairly well with the stages of tear filnflormation and rupture

explained by Caniero et H.

From the basics providday MontesMico et d.,*! this thesisanalysethe temporal change in
the tear film aberrations anéfine the methodology of aobjective method to explain the

change in tear film quality/stabilityver time.



Chapter 2 : Methods

2.1 Topcon @rneal analysers:

Topcon manufacturesoth cornealanalyserdevices used in this thesiBhe devicesisedare
the CA100 and CA200 corneanalyses (Figure 2-1). The CA200 is a modified and
advancedversion ofthe CA100 cornealanalyser. In this section of the thesis, tluevice
setupand general operatg procedure of both the corneahalyses will be explained. The

method pertaining to each experiment discussenh their respective chapters.

2.2 Similarities between CA100 and CA200 corneanalysers:

Both cornealanalyserdevicesused inthis thesisfeature24 equally spaced black and white
concentric ringsn thePlacido disc During the measurements, the white rings in the stimulus
are interndy illuminated bya 640nmlight source for imaging purposes. The light from the
stimulus is projected onto the surface of the cornea and the reflected light is captured using
the inbuilt CCD camera located at the centre of the stimulus. The captured Dnaggsos
(depending on the type of the test) of the reflected lightaasdyse through a series of
algorithms to calculate the elevation of anterior surface oftéhe filmicornea. Thedata
describingelevationof the surfacebtained fom each imagdrameare used t@alculatethe
anterior corneal surface curvature and the anterior surface aberrattensalgorithm to
acquire andanalysethe dynamic anterior surface aberrations was developed dsp H
TechnologyS.r.l, Italy and is incorporated in botcornealanalyses. Eachcornealanalyser

device has its own version of software irnbui



Figure 2-1: (a) Topcon CA100 corneal analyser device; (b) CA200 corneal analyser device.

2.3 Topcon CA100corneal analyser:

2.3.1 Devicesetup

The CA100 corneahnalyserdevice was connected to the control unit and then to the
computer which has theroprietay software installed. Thattacheccomputerwasused, via a
control unitto operaé the device. All the data from tH@A100 areanalyse and stored in the

computer connected to the instrument.

2.3.2 Operating instructions:

The frame rate, focus and video captare controlled manually by the examiner. Before
obtaining any measuremerthe patiend slatais entered into the database faffirst time
measurement dif recalled selected follow upneasurements are tak@io measure dynamic

corneal aberrati®)th e i Balgdrithm is selectedFigure 2-2). A popup measurement
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window is seen along with the activation of the Placido disc stimulughaf CA100 . The
measurement window consists of a live view window, focus assist, sampiiagniput area
and the progress béFfigure2-3). The sampling time iset to the desired levbkfore start of
the video acquisitioandcan be set in 0.@%teps from 0.1 second to 32 secoadsording to
the study protocol The video can be captured at a maximum frequency of 10§psg the

CA100.

After setting the desired frame rate, the Pladdw reflected from the surface of the object
arefocused by the use of live view windows. At a tentative clearest mire positionidée
captureis initiated by pressing the button in the joystick of the devicemediately after the
initiation the focus assist appeam the side of the live view windoandis used to obtain
optimal focus For the right eye measurement, the focissasppearin the left side of the

live view window for the observer and eicversafor the left eye(Figure 2-3). The focus

assist shows a blue down arrow, a red up arrow or a green colored double arrow according to
the focus 6 the mires. The green arrow in the side of the measurement window was
considered taepresenpbptimal focus. The blue and red arrow indicates slightly defocused
mires. The arrows disappear when the mires were completely out of focus or distorted. The
progess bar at the bottom of the screen shows the length of the video captured. Usually, the

videos can be obtained fonaaximumperiod of 50seasingthe CA100.
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Topcon Cornea Analyzer,
File Edt Skatistics Topegraphy Expostion Print  Information

Sumame Birth Date
] | 16:41
Name
Close Patient Patient Data
4/5/2013 CORNEAL TOPOGRAPHY
11/16/2011 CORNEAL TOPOGRAPHY
New Exam Delete 5]
B

]

Figure 2-2: Patient data and test selection window of CA100 corneal analyzer device.

Exam Date/Tive |4/5/2013 | [17:28 Refraction
Exam Type [CORNEAL Y =
Disgnosis
Group | ~|
Description

b= (=] =

Video
gmufPFS Live video

Figure 2-3: Live view window of CA100 corneal analyzer during the dynamic aberration measurement.
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Figure 2-5: Zernike polynomial selection window for analysis of dynamic surface aberrations
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After each measuremera,popup windows automatically generatito processhe captured
video (Figure 2-4). In this window, the desired pupil diameter and Zernike coefficients
(Figure 2-5) for analysiscan be selected according to the stpdytocol The window below

the image sbws the graph of total RMS variation over time for eadalyse time frame
during image processing 6mm pupil diametewas usedor all the studies in this thesis.
After processing the video for dynamic aberration measures, the RMS, individual Zernike
coefficients data uptthe 7" order and the videwith or without aberration overlay can be

exported

2.3.3 Topcon CA200 cornealnalyser.
2.3.3.1 Devicesetup

Unlike the CA100 cornealnalyserdevice,the CA200 connects to the compuatthrougha
wireless adaptor anal data transferare performed wirelesslyThe CA200 isprovided with

user interface software to add patient details and obtain the measurehineses.features
increase the portability of the instrumeAtfter obtaining the measurements, the data obthin

is either stored internally omdnsferred to a backup computer. The analysis of dynamic
aberratios can be performed only in the desktop software, so all data pertaining to this thesis

were transferred to the computer immediately after the video &cojuis

2.3.3.2 Operating instructions:

As with the CA100, patient data is either created new or imported from the database before
starting the data acquisitiofFigure 2-6). After creating the patient data, a newpup

acquistion window opens with a live view window, progress bar below and measurement
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selection bar in the side. To measure dynamic surface aberratone 6 BUT® al gor

should be selected. The mires reflected from the surface measured are focused shatgtain
and cleamires with the help othe joystick. The video acquisition is initiated by pressing the
button on top of joysticland with the help of focusssist the mires aredcused to get an

optimal focus Figure2-7).

The focus assist ithe CA200 are blue and red arrows, located at four corners of the live view
window. The optimal focus is the position where no arrows are present. The blue arrow
indicates defocus away from the surface and red arrow indicates over focusing of the mires.

Out of focus odecenteredniresareindicated bytheappearance of yellow center ring.

Each measurement can dlatainedfor a maximum period of ghin and all the measurements
are obtained at 25 fps time interval. Once the video acquisition is completiatéheom the
device is transferred wirelessly to the remote computer for processingpropaetary

software installed in the computer imports tla¢a directly from the device.

Using the software, the RMS and Zernike coefficients ufitorder are calulated for a given

pupil diameter. The pupil diameter can be changed according to the protocol of the study. In
this thesis, all the analysisr the CA200 wasobtained fora 6mm pupil diameter. During the
analysis, the window showen aberration overlayf the surfaceanalyse for each frame
analysd and a trend graph of RMS values for eanhlyse frame in the window below the
images Figure 2-8). The trend graph also gives the location of the blinks using a yellow

highlight ba.
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Figure 2-7: Measurement window with live capture window.
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Figure 2-8: Dynamic aberration processing window of CA200 corneal analyzer device. Yellow highlight in the trer
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CA100 CA200
Optimum frame rate 4 fps 25 fps
Source power 35 um 6.8 um

Focus assist

Red, green and blue arrows
Green is considered as
optimal focus. Needs

thresholding to find optimal

focus

Only blue and red arrows
Yellow circle forout of
focus and away from cente
of Placido disc

Blink detection

Detects and delete blinks
from the output data

Location and duration of
the blinks are showin
output data

Table2-1: Differences between Ppoon CA100 and CA200 cornemialyses.

Figure 2-9: Placido disc light sourcef (a) CA100 and (b) CA200 corneal analyzer devices.
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2.4 Differences between the corneanalysers:

The major difference between the CA100 and CA200 comeallyserdevices are the frame
rate, brightness of the light source and the blink data.CA&200 capturesideoat a higher
frame of 25fps compared to 10 fps time CA100. The larger number of data points obtained
with the CA200 allowsnore precise the analysis of the dynamic aberrations. The detection of
the location of the blinks b€A200 alsohelps in easy ideffiication of fibetween blinkg data
points. TheCA100 alsoidentifies the blinkbut the location of the blink and data associated
with it are permanently removed from the data obtaimed noindications areggiven in the
output from where the data has beesmoved The source power of the Placido disc also
varies between the instruments. The power outpuh®{CA200 ismuch bwerat 6.8 W,
when compared tthe CA100 of 35uW. This difference in output power of the light source
produces a noticeable differee in the brightness of the lighf the Placido discsource
(Figure 2-9). The table below highlights the overall difference between the two corneal

analyses used in this thesis from the description given abfvable2-1)
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Chapter 3 : Evaluating the Topcon CA100 Surface

Aberrometer Measurement Using A Model Eye

3.1 Background:

The Topcon CA100 corneahalyseiis a Placidebased corneal topographer featuraiguilt-

in module to measure dynamic anterior surfaberrations. Measuring the dynansurface
aberrationsnight involvevariousexternal and internal factors other than just variation due to
the surface of the ey&@here are studies whia@nalyse factors concerning tear film stability,
but no studiesvere found thatlooked into theinfluenceof external factordike instrument
temperature and luminance thfe light sourceon the dynamicanterior surface aberrations
measuremest The noise or the variation due to instrument factors also plays a majonrole i
these external factor$he effect of the noise or the defocus on the dynamic surface aberration
has not been studied befofEo identify the noise associated with the instrument, a non
dynamic reflective surface which can be used to measuface abeationswas neededt is
equally important to get the apmpriate acquisition setting to measure the dynamic
aberrations of the eye. In this study, using a modeltbggim wasto gain insight ino both

thesefactors.

3.2 Objective:

The mainobjectives ofthe studywere to determinethe noise associated with the instrument

using a nordynamic measuring surface and to design appropriate acquisition settitigs for
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measuremestof the ocular surface. In the acquisition settintige aim wasalso to measure

the effect of defocus on the measurements of surface aberrations.

3.3 Methods:

3.3.1 Instrument characteristics:

The CA100 setupand operating procedures were explained in general methods c{&gxer
chapter2.3). The flowchart Figure 3-2) explains the methods used to test the hypoth€sis.

test the validity of the measurements, a-marying ora non-dynamic surface of a model eye

was used. Initially, the optimal frame rate to be used for the measuremerasalygsel, and

then effect of displacement in the optimal focus on dynamic aberrations was measure with

different protocols as described below.

3.3.2 Frame rate and dropped frames

The optimal frameate to acquire video was tested loglculatingthe number of tpped
frames in theprocessedata.Dropped frame are the frames which had zero R¥i& Zernike
coefficient values as a result of processing error due to frame(indéeframe interval)
selected(Figure 2-4). Five samples of gtace aberrationswvere obtainedn three sampling
timesat each focus positiofiFigure 3-1). The three sampling times ustracquire datavere
0.20, 0.25 and 0.30 second$ie rumberof dropped frames in each sample was obtaaretl

averaged acrossachtime point and focus position.
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Figure 3-2: A flow chart showing the measurement categories

Figure 3-1: Live view acquisition window showing blue, green and red focus arrows.
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