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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 time, which is used as a diagnostic tool in diagnosing 

dry eye, is very subjective in nature and variations among individual clinicians exists. The 

exact mechanism of the tear breakup is also unclear due to the involvement of so many other 

factors other than the tear film itself. As the prevalence of dry eye is increasing, the need for 

an objective technique which can be used universally to differentiate between dry eye and 

normal values increases. Studies have shown that aberrations can be used as an objective 

technique in diagnosing dry eye, as there is a direct involvement of the tear film in the optics 

of the eye. However, very few studies have studied the dynamic nature of the anterior surface 

using aberrations and suggested using dynamic surface aberrations as an objective measure of 

surface quality. Hence, a series of studies were conducted to understand the aberrations 

produced by the anterior surface of the eye (tear film and corneal surface) and to measure 

objectively the anterior surface quality using surface aberrometry.  

The objectives of each study chapter are as follows: 

Chapter 3 i): To obtain the noise associated with the instrument using a non-dynamic 

measuring surface, and ii) to design appropriate acquisition settings for the measurements 

with ocular surface.  

Chapter 4: To determine ʽ) the spectral characteristics of the Placido disc light sources of two 

corneal analysers, ʽʽ) the thermal characteristic for a variety of inanimate objects, human 

ocular surface and the adnexa in the presence of Placido disc light source at normal working 
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distance, and ʽʽʽ) to compare the ocular surface aberrations obtained using both the corneal 

analysers 

Chapter 5: To determine i) the optimal method for acquisition with respect to normal 

physiological processes, by examining the blink regimen and head position that elicits the 

most consistent response over the largest region on repeated measurement; and iʽ) the largest 

region selected for analysis by investigating the effect on the individual and summary 

aberration metrics of the inclusion of non-measurement areas (i.e. where the Placido disc 

cannot be projected onto the cornea or contact lens). The proportion of non-measurement area 

that elicits a significantly different result will be determined.  

Chapter 6: To evaluate ʽ) a new method of analyzing dynamic ocular surface aberrations 

using segmented liner regression, and ʽʽ) the inter-ocular characteristics of the dynamic ocular 

surface aberrations using the segmented linear regression.  

Methods: 

Chapter 3: The characteristics of the surface aberrometer and the noise associated with the 

measurements of surface aberrations were evaluated using a non-dynamic surface (model 

eye). Measurements were obtained in different frame rates and focus positions to evaluate the 

optimal acquisition technique. At each focus position, a set of three repeated measurements 

were obtained to analyse the repeatability of the measurements obtained using a surface 

aberrometer. 

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

a PR650 SpectraScan photometer and the thermal characteristics of the objects were obtained 
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using THI-500 non-contact infrared thermometer. The surface aberration measurements were 

compared between the corneal analysers. The spectral measures were obtained from the light 

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 the surface of the eye.  

Chapter 5: Twelve participants were enrolled by screening twenty participants. Participants 

were screened with their habitual lenses for contact lens wettability and non-invasive tear 

breakup time (NITBUT) without contact lenses. The participants were enrolled according to 

the inclusion 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 wettability were 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 instruments. 

Chapter 6: 

Seventeen non- symptomatic and non- contact 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 open intervals of at least 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 were used for the analysis. 
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Results: 

Chapter 3: 

i. Data acquisition at an inter-frame interval of 0.25s gave the least number of dropped 

frames across focus positions, therefore this is the preferred frame rate for data 

acquisition.  

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

removed prior to analysis of tear dynamics.  

iii.  Even in the optimal focus position there were significant (small) differences in the 

distributions between repeated measures. For this reason repeated samples have to be 

obtained where possible. 

iv. The green and red focus positions showed the 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 away from 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 obtained in the (relatively) 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 different luminance and possible tear 

response, indicates the devices are not interchangeable. 

In both instruments, there was no indication that there was a thermal response induced by the 

power of the light source. Therefore, this aspect of the source does not likely contribute to any 

difference in the aberrations measured by the two devices 

Chapter 5: 

i. Obtain data in the straight-ahead position, as there is no significant increase in target size 

with head turn. 

ii.  With the CA100F, the forced blink paradigm is preferred as this 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 within 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 two are significantly different between eye, open eye 

interval and order of the measurements for both vertical prism and HOA RMS values. 
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ii.  The highest positive slope for the HOA RMS was, on average, higher in the second eye 

measured (p= 0.0407) and tended to occur later after the blink (p= 0.0676). 

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

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

iv. The average HOA RMS for segmented fit parameter intervals of vertical prism was found 

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

Conclusion: 

From the results of each chapter, it was observed that choosing the blink paradigm is very 

important to obtain and analyse the dynamic anterior surface aberrations. Choosing a forced 

blink paradigm (chapter 5) was showed to be useful when the information regarding blink 

location were not available. The repeatability of the measurements using a non-dynamic 

surface (chapter 3) shows that the measurements of surface aberrations are repeatable and it is 

important to choose a criterion closer to the natural tear film dynamics to obtain more 

repeatable measurements of anterior surface aberrations (chapter 4, 5 and 6). It also shows 

that the three phased segmented linear regression techniques can be used to analyse the 

anterior surface aberrations. The segmented linear regression technique was able to 

differentiate different stages of the tear film and the location of the second breakpoint 

calculated using segmented regression was closer to the 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 of Tear Film Stability and 

Ocular Surface Aberrations 

1.1 Tear film : 

The tear film is a three-layered clear fluid covering the anterior surface of the cornea and the 

conjunctiva.1 It forms a uniform fluid surface over the anterior surface of the eye and inside 

the eyelid to reduce the drag and avoid friction between the eyelid and cornea.2 This 

lubricating action of the tear film not only helps in maintaining the integrity of the cornea but 

also acts as a protective surface for the cornea against microbes and other environmental 

factors.3 It is also important in providing nourishment to the anterior epithelial layer of the 

cornea.2,4 

Recent research shows the tear film to be a metastable structure formed by an aqueous gel.5ï7 

That is, the aqueous layer of the tear film is found to have a gradient level of mucin from 

bottom to top forming an aqueous gel anterior to the epithelial surface of the cornea, with the 

highest concentration of mucin at the bottom over the surface of the corneal epithelium.6 The 

aqueous gel is protected at the anterior surface from evaporation with a layer of lipid forming 

the outermost layer of the tear film.8 The lipid layer can prevent up to 95% of the loss of the 

aqueous layer due to evaporation. Each 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 blinking. The meibomian glands within the eyelids produces the lipids, whereas 

the lacrimal glands produce the aqueous layer of the tear film and the mucin layer is mainly 

produced by the goblet cells of the conjunctiva.8 
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With every blink, the tear film spreads smoothly over the cornea and conjunctiva by the 

action of the eyelids. It is important to have a proper blinking action, because study by Carney 

L et al.9 have shown that improper or incomplete blinking causes poor tear film quality and 

lead to dry eye disease if untreated. Following a blink, the tear film undergoes three phases 

during the inter-blink period.10 The first phase happens immediately post-blink and is called 

the tear film buildup or formation phase.10 In this phase, the tears start spreading throughout 

the surface of the eye due to the spreading action of the eyelid.  After the first phase, when the 

eyes are fully open, the second phase is when the tear film settles over the cornea and 

conjunctiva to form a smooth and clear surface. If the eyes remain open 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 known as the tear film breakup phase10. This third phase 

produces a sensation of dryness and/or irritation, causing the eyes to blink and reform an 

Figure 1-1: Updated structure of the tear film with outermost lipid layer and an aqueous layer with gradient levels of 

soluble mucus adhering to the corneal epithelium Reprinted from Cornea. The Diagnosis and Management of Dry Eye. A 

Twenty-five-Year Review. Cornea 2000,19(5):644-649, with permission from Wolters Kluwer Health (Appendix 1).  
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intact tear film. The time taken from the eye opening to the breakup of the tear film is the time 

evaluated when determining tear breakup time measurements. 

King-Smith et al 11suggested that there are three possible reasons for tear film thinning or 

breakup. These are i) the ñoutward flowò of the tear film due to evaporation of the tear film, 

ii) absorption of the tears into the cornea, and iii) ñtangential flowò of the tears causing local 

tear film thickening. It was shown by Nichols et al12 that the osmosis mechanism of the 

cornea only helps in outward flow of the tears out of the cornea, which increases the tear 

evaporation rather than absorption into the cornea. This finding was supported by an increase 

in the osmolarity of the tears due to evaporation.13 The third possibility of tangential flow was 

also later rejected by King-Smith et al.14 and Begley et al.15 in their studies of fluorescein self-

quenching and fluorescent dimming, which showed a trend of evaporation as the reason for 

thinning, rather than tangential flow of tears. Thus, it would appear that the major reason for 

tear film thinning and subsequent rupture is tear film evaporation.  

The stability of the tear film is very important in maintaining a clear corneal surface and to 

produce good retinal image quality.4,9,16 Chronic dry eye disease may lead to corneal 

inflammation.17 If the inflammation remains untreated, it is possible that the increased tear 

film evaporation may eventually result in scarring of the cornea, which can produce 

permanent damage to the quality of vision.6 Studies have also shown a deteriorative effect in 

the quality of vision and visual comfort during the tear film breakup. According to DEWS 

classification, ñDry eye is a multi factorial disease of the tears and ocular surface that results 

in symptoms of discomfort, visual disturbance, and tears film instability with potential 

damage to the ocular surface. It is accompanied by increased osmolarity of the tear film and 
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inflammation of the ocular surfaceò.18 Dry eye disease is the most common cause for ocular 

discomfort and the main reason for discontinuation of contact lenses.5,19 It has been estimated 

that at least 4.4% to more than 50% of the population (of varying age groups) are affected by 

dry eye disease in the world and it is considered a growing economic burden.5 The use of 

different criteria and different diagnostic procedures to diagnose dry eye in various 

epidemiological studies make the estimation of dry eye a difficult task. 

1.2 Diagnostic techniques: 

There are several non-invasive and invasive diagnostic techniques which have been adopted 

to analyse the quality of the tear film. The fluorescein based tear breakup time,20 Schirmerôs 

test and phenol red thread test are frequently used clinical techniques to evaluate the quality 

and quantity of the tear film but all these tests have a common problem of being invasive in 

nature and thereby altering the usual conditions of the tear film. The fluorescein breakup time 

remains the most widely used clinical diagnostic test for dry eye. It was found that the 

instillation of the fluorescein dye causes changes to the physical properties of the tear film,20 

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

of the same patient. Quantification of the fluorescein breakup test is also subjective.20  

Measurement of tear film osmolarity was considered a ñgold standardò for the diagnosis of 

dry eye due to its high predictive accuracy of 89%, which is higher than many other tests.6,21 

Even though osmometers are commercially available, the need for collection of a large 

quantity of tears (5-10µl), which is especially difficult in dry eye patients, limits the 

widespread use of this testing method.22,23 
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To avoid the alteration of the tear film produced by invasive procedures, non-invasive 

subjective and objective methods are being developed. Placido discs were initially developed 

to measure the regularity of the cornea (in cases such as keratoconus) by observing the 

changes in the regularity of the concentric black and white circles. Later, using the same 

Placido disc principle, video keratoscopes were designed to measure tear film breakup time as 

well as corneal curvature.24,25 The reflected light from the Placido disc is captured by the 

CCD sensor in the instrument and the examiner waits for a break in the image of the Placido 

ring to develop. The time taken for the Placido ring to break from the time when the eyes are 

opened is calculated as the non-invasive tear break up time (NITBUT). While this test is used 

widely in both clinical and research environments, the time for the breakup to occur remains 

subjective in nature.  

Objective tests such as meniscometry,26 interferometry27ï30 and wavefront sensing31 have been 

developed to bring more accuracy to the tear film measurements obtained and to avoid the 

limitations of fluorescein instillation and the subjectivity of the Placido disc-based tear 

breakup time measurement. However, even these objective techniques have their limitations 

due to the structural anatomy of the eye and itôs positioning. In meniscometry, the profile of 

the tear prism height over the lower eyelid margin and the inability to find the exact 

demarcation point of the apex of the tear prism cause variation in the measurement.10 Eye 

movements negatively impact the measurements of the tear film in interferometry, whereas 

the area of the cornea measured is dependent on the participantôs pupil size for wavefront 

sensing.10 



6 

 

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 object.32 These aberrations are used to explain the quality 

of an optical system or individual element of any optical system. The lower the aberrations, 

the more perfect the optics of the system measured.33 The quality of the optics of the eyes or 

its components can be analysed similar to any optical system, by examining the aberrations 

through the ocular system. There are two categories of aberrations which are of major 

interest.34 Chromatic aberration is produced by dispersion of polychromatic light and 

monochromatic aberrations describe the departure from perfect imagery of a single 

wavelength of light. Monochromatic aberrations are measured using aberrometers and the 

overall magnitude of aberrations in an optical system is usually described by the root mean 

square values (RMS), with higher RMS values describing larger aberrations produced by the 

optical system. These aberrations can further be classified into different components based on 

their characteristics.32  

The Zernike polynomials may be used as a mathematical decomposition of the components of 

monochromatic aberrations and are continuous, orthogonal and designed for circular pupils. 

For these reasons, it is often preferred over other polynomial decompositions.33 If the Zernike 

polynomials are normalized, each individual coefficient of the polynomial represents the 

contribution to the RMS wavefront aberrations obtained. An infinite set of complete 

polynomials can be obtained with each polynomial independent of each other and each 

measures a distinct quality of the surface. Since these polynomials are directly attributable to 
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the surface quality, a direct measure of the change in the tear film surface can be analysed 

using aberrations.32 

1.4 Dynamic measurements of aberrations: 

Early research using dynamic aberrations found the aberrations of the eye to be dynamic and 

suggested that the reason for the dynamic change may be due to changes in the micro 

fluctuations in the accommodation of the eye.34,35 Later, it was realized that the change in 

aberrations were related to the change in the tear film, and that during the tear breakup the 

aberrations were high compared to at other time.31,36,37 This was supported by studies which 

measured change in contrast sensitivity and visual acuity with time.38,39 It was also found that 

there is an unknown compensatory mechanism going on inside the eye to compensate for the 

changes in aberrations produced by the dynamic tear film.40 Due to advances in refractive 

surgery and the importance of dry eye disease evaluation, greater interest was expressed in 

analyzing dynamic anterior surface aberrations. More recently, studies have used topography 

of the corneal surface to determine the stability of the tear film. These studies were done 

based on the change in the curvature or topography of the cornea24,41,42 or by using the surface 

regularity and asymmetry indices43 to observe a variation in the tear film over time.44 

Montes-Mico et al37 were able to measure the dynamic aberrations of the anterior surface 

aberrations from the time of blink to the start of next blink and showed a common pattern of 

change in corneal aberrations among the participants. They observed higher aberrations 

immediately after the blink, followed by a decrease in the aberrations with time. After a few 

seconds, the aberrations reached a low point and then started to increase again.37,41 This 
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pattern appears to follow fairly well with the stages of tear film formation and rupture 

explained by Caniero et al.10  

From the basics provided by Montes-Mico et al.,41 this thesis analyse the temporal change in 

the tear film aberrations and refine the methodology of an objective method to explain the 

change in tear film quality/stability over time.  
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Chapter 2 : Methods 

2.1 Topcon corneal analysers: 

Topcon manufactures both corneal analyser devices used in this thesis. The devices used are 

the CA100 and CA200 corneal analysers (Figure 2-1). The CA200  is a modified and 

advanced version of the CA100 corneal analyser . In this section of the thesis, the device 

setup and general operating procedure of both the corneal analysers will be explained. The 

methods pertaining to each experiment are discussed in their respective chapters.  

2.2 Similarities between CA100 and CA200 corneal analysers: 

Both corneal analyser devices used in this thesis feature 24 equally spaced black and white 

concentric rings in the Placido disc. During the measurements, the white rings in the stimulus 

are internally illuminated by a 640nm light 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 images or videos 

(depending on the type of the test) of the reflected light are analysed through a series of 

algorithms to calculate the elevation of anterior surface of the tear film/cornea. The data 

describing elevation of the surface obtained from each image frame are used to calculate the 

anterior corneal surface curvature and the anterior surface aberrations. The algorithm to 

acquire and analyse the dynamic anterior surface aberrations was developed by Hesp 

Technology S.r.l., Italy and is incorporated in both corneal analysers. Each corneal analyser 

device has its own version of software inbuilt. 
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2.3 Topcon CA100 corneal analyser: 

2.3.1 Device setup: 

The CA100 corneal analyser device was connected to the control unit and then to the 

computer which has the proprietary software installed. The attached computer was used, via a 

control unit to operate the device. All the data from the CA100 are analysed and stored in the 

computer connected to the instrument. 

2.3.2 Operating instructions:  

The frame rate, focus and video capture are controlled manually by the examiner. Before 

obtaining any measurement, the patientôs data is entered into the database for a first time 

measurement or (if recalled) selected follow up measurements are taken. To measure dynamic 

corneal aberrations, the ñBUTò algorithm is selected (Figure 2-2). A popup measurement 

(a) (b) 

Figure 2-1: (a) Topcon CA100 corneal analyser device; (b) CA200 corneal analyser device. 
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window is seen, along with the activation of the Placido disc stimulus of the CA100 . The 

measurement window consists of a live view window, focus assist, sampling time input area 

and the progress bar (Figure 2-3). The sampling time is set to the desired level before start of 

the video acquisition and can be set in 0.05s steps from 0.1 second to 32 seconds according to 

the study protocol. The video can be captured at a maximum frequency of 10fps using the 

CA100.  

After setting the desired frame rate, the Placido disc reflected from the surface of the object 

are focused by the use of live view windows. At a tentative clearest mire position, the video 

capture is initiated by pressing the button in the joystick of the device. Immediately after the 

initiation the focus assist appears on the side of the live view window and is used to obtain 

optimal focus. For the right eye measurement, the focus assist appears in the left side of the 

live view window for the observer and vice versa for 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 of the mires. The green arrow in the side of the measurement window was 

considered to represent optimal focus. The blue and red arrow indicates slightly defocused 

mires. The arrows disappear when the mires were completely out of focus or distorted. The 

progress bar at the bottom of the screen shows the length of the video captured. Usually, the 

videos can be obtained for a maximum period of 50sec using the CA100. 
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Figure 2-3: Live view window of CA100 corneal analyzer during the dynamic aberration measurement. 

 

 

 

 

Figure 2-2: Patient data and test selection window of CA100 corneal analyzer device. 
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Figure 2-5: Zernike polynomial selection window for analysis of dynamic surface aberrations 

 

 

 

Figure 2-4: Video processing window of Topcon corneal analyzer software. 
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After each measurement, a popup window is automatically generated to process the captured 

video (Figure 2-4). In this window, the desired pupil diameter and Zernike coefficients 

(Figure 2-5) for analysis can be selected according to the study protocol. The window below 

the image shows the graph of total RMS variation over time for each analysed time frame 

during image processing. A 6mm pupil diameter was used for all the studies in this thesis. 

After processing the video for dynamic aberration measures, the RMS, individual Zernike 

coefficients data upto the 7th order and the video with or without aberration overlay can be 

exported. 

2.3.3  Topcon CA200 corneal analyser: 

2.3.3.1 Device setup: 

Unlike the CA100 corneal analyser device, the CA200 connects to the computer through a 

wireless adaptor and all data transfers are performed wirelessly. The CA200 is provided with 

user interface software to add patient details and obtain the measurements. These features 

increase the portability of the instrument. After obtaining the measurements, the data obtained 

is either stored internally or transferred to a backup computer. The analysis of dynamic 

aberrations can be performed only in the desktop software, so all data pertaining to this thesis 

were transferred to the computer immediately after the video acquisition. 

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 acquisition (Figure 2-6). After creating the patient data, a new popup 

acquisition 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 aberrations the óBUTô algorithms 

should be selected. The mires reflected from the surface measured are focused to obtain sharp 

and clear mires with the help of the joystick. The video acquisition is initiated by pressing the 

button on top of joystick and, with the help of focus assist, the mires are focused to get an 

optimal focus (Figure 2-7). 

The focus assist in the 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 or decentered mires are indicated by the appearance of yellow center ring. 

Each measurement can be obtained for a maximum period of 2 min and all the measurements 

are obtained at 25 fps time interval. Once the video acquisition is complete, the data from the 

device is transferred wirelessly to the remote computer for processing. The proprietary 

software installed in the computer imports the data directly from the device. 

Using the software, the RMS and Zernike coefficients upto 7th order are calculated for a given 

pupil diameter. The pupil diameter can be changed according to the protocol of the study. In 

this thesis, all the analysis for the CA200 was obtained for a 6mm pupil diameter. During the 

analysis, the window shows an aberration overlay of the surface analysed for each frame 

analysed and a trend graph of RMS values for each analysed frame in the window below the 

images (Figure 2-8). The trend graph also gives the location of the blinks using a yellow 

highlight bar. 
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Figure 2-6: Patient selection window of CA200 corneal analyzer device. 

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 trend graph 

below indicates the location of the blink. 
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 CA100 CA200 

Optimum frame rate 4 fps 25 fps 

Source power 35 µm 6.8 µm 

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 for out of 

focus and away from center 

of Placido disc 

Blink detection 
Detects and delete blinks 

from the output data 

Location and duration of 

the blinks are shown in 

output data 

Table 2-1: Differences between Topcon CA100 and CA200 corneal analysers. 

 

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

The major difference between the CA100 and CA200 corneal analyser devices are the frame 

rate, brightness of the light source and the blink data. The CA200 captures video at a higher 

frame of 25fps compared to 10 fps by the CA100. The larger number of data points obtained 

with the CA200 allows more precise the analysis of the dynamic aberrations. The detection of 

the location of the blinks by CA200 also helps in easy identification of ñbetween blinksò data 

points. The CA100 also identifies the blink, but the location of the blink and data associated 

with it are permanently removed from the data obtained and no indications are given in the 

output from where the data has been removed. The source power of the Placido disc also 

varies between the instruments. The power output of the CA200 is much lower at 6.8 µW, 

when compared to the CA100 of 35µW. This difference in output power of the light source 

produces a noticeable difference in the brightness of the light of the Placido disc source 

(Figure 2-9). The table below highlights the overall difference between the two corneal 

analysers used in this thesis from the description given above. (Table 2-1) 

 

(a) (b) 
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Chapter 3 : Evaluating the Topcon CA100 Surface 

Aberrometer Measurement Using A Model Eye 

3.1 Background:  

The Topcon CA100 corneal analyser is a Placido-based corneal topographer featuring a built-

in module to measure dynamic anterior surface aberrations. Measuring the dynamic surface 

aberrations might involve various external and internal factors other than just variation due to 

the surface of the eye. There are studies which analysed factors concerning tear film stability, 

but no studies were found that looked into the influence of external factors like instrument 

temperature and luminance of the light source on the dynamic anterior surface aberrations 

measurements. The noise or the variation due to instrument factors also plays a major role in 

these external factors. The effect of the noise or the defocus on the dynamic surface aberration 

has not been studied before. To identify the noise associated with the instrument, a non-

dynamic reflective surface which can be used to measure surface aberrations was needed. It is 

equally important to get the appropriate acquisition setting to measure the dynamic 

aberrations of the eye. In this study, using a model eye, the aim was to gain insight into both 

these factors. 

3.2 Objective:  

The main objectives of the study were to determine the noise associated with the instrument 

using a non-dynamic measuring surface and to design appropriate acquisition settings for the 
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measurements of the ocular surface. In the acquisition settings, the aim was also to measure 

the effect of defocus on the measurements of surface aberrations. 

3.3 Methods: 

3.3.1 Instrument characteristics: 

The CA100 setup and operating procedures were explained in general methods chapter (See 

chapter 2.3). The flowchart (Figure 3-2) explains the methods used to test the hypothesis. To 

test the validity of the measurements, a non-varying or a non-dynamic surface of a model eye 

was used. Initially, the optimal frame rate to be used for the measurements was analysed, 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 frame rate to acquire video was tested by calculating the number of dropped 

frames in the processed data. Dropped frame are the frames which had zero RMS and Zernike 

coefficient values as a result of processing error due to frame rate (inter-frame interval) 

selected (Figure 2-4). Five samples of surface aberrations were obtained in three sampling 

times at each focus position (Figure 3-1). The three sampling times used to acquire data were 

0.20, 0.25 and 0.30 seconds. The number of dropped frames in each sample was obtained and 

averaged across each time point and focus position.  
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Figure 3-1: Live view acquisition window showing blue, green and red focus arrows. 

Figure 3-2: A flow chart showing the measurement categories 
















































































































































































































































