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ANALYSISOF THE TEAR FILM KINETICS
BY NUMERICAL FILTERING OF INTERFEROGRAMS

The purpose of this paper is to test the kineticprecorneal tear film stability and the stabilieat
process during the short period after blink. Theriierometric measurement was used to registediitebution
of the tear film over the cornea with frequency26Hz. The information about tear film smoothnessoded in
interference fringes. Three stages of the tear dilaility can be distinguished. For numerical assent of the
first stage — the build-up time — the fast Foutir@ansform and low-pass filter were applied. Immesiaafter
every eye blink a bright structure under the imexhce fringes is observed on healthy eyes. |pgdisars after a
few seconds. This paper describes an attempt ify\the origin of this structure. It is similar tihe corneal
mosaic, however its changes in time, and verticahted lines indicate that the observed strucdirery likely
to be connected with eyelid movement and the spoééehrs.

1. INTRODUCTION

The normal cornean vivo is always covered by the thin tear film. It is laee-layered
structure consisting of mucin, water and the magtreal lipid layer which retards evaporation of
the aqueous layer [1]. From the optical point @withe role of the tear film is to create smooth
refractive surface over the irregular corneal epittm. However, the precorneal tear film is not
stable in time. Immediately after the blink thertBkn is redistributed across the ocular surfaze f
a brief period. Evaporation then starts; the tédar hecomes thinner and finally breaks up [1].

Following a blink it takes the tear film a certdime to build up and achieve the most regular
surface [5,7,9]. The time interval has been terffadld-up time” by Nemeth [7]. Studies by
Nemeth using the High-Speed Videotopographic dewckcated clearly a 5-7 second period
needed to reach the most regular tear film surfiadesalthy eyes. The stabilisation time was also
observed by Iskander et al. [5] who applied theh-ipeed Videokeratoscopy and calculated the
indicator based on the statistic error betweenntleasured surface and its statistic model. In the
case of a healthy eye the result of estimation imathe range of 1.5-7 seconds. Applying an
interferometric method [9] and analysing the smoe#s of the interference fringes depended on the
regularity of the tear film surface, the increaé¢he tear film regularity was also observed asigik
1-3 seconds.

In this paper we try to consider the kinetics a# tlear film smoothness. There are several
suggestions about the reason for the stabilisaitio@. It has been found im vitro [3] andin vivo
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[2] studies, that the tear film covers the cornaaiface in two steps. First the mucin and water
layers are spread and next the superficial lipygiapreads over the surface. The tear film bydd-u

time might be related to the regularity of the onotest layer of the tear film [7]. However, this

process has not been well studied so far. Bronesigd that in the first seconds the irregular
topography of the cornea might be observed, whelcdlled the corneal mosaic. The mosaic is
evidently seen on a dried cornea as a polygonaivgrpattern [1].

2. METHOD

The tear film stability was measured using ther@tshearing interferometer proposed by
Licznerski et al. [6]. The information about thestdibution of the tear film over the cornea is abde
in interference fringes. Evaporation of tears, thestability and the appearance of the breakups
cause changes in fringe regularity. For quanticatigsessment of the tear film surface the fast
Fourier transform (FFT) was applied and parame¥eveere calculated [8, 9].

Fig.1 The method of the build-up time analysis. Toagne from the sequence recorded 0.12d8r ablink (A),
its Fourier spectrun(B) and the frame after filtering higher frequer{G).

The video sequences were recorded and then thedgranth the selected time interval were
pulled out for further analysis [9]. In order tori the structures observed in the background of
interference fringes just after a blink, a low-pdidier was applied (Fig. 1), using a Bartlett’s
window. Leaving only the zero order of the Foursgrectrum, which carries information about
the background, the inverse fast Fourier transfoas calculated-rexBy this method we received
the structure of bright lines for each frame, reeor every 0.04sec, in the first 1.2 sec. All the
following frames were compared with the frame rdedr0.12 sec after a blink. By imposing two
frames onto each other and their mutual shift,ctbrputer program searches the position of their
highest similarity by calculating thens coefficient (equation 1.):
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where:F,, F, are intensities of a given pixed; », y1 2 are co-ordinates of a given pixely is the
size of the similar area in the two images.
The higher the value ofns, the more similar are the compared frames.
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3. RESULTS

Three stages of tear film kinetics can be distislged (Fig. 2). The first one is build-up time,
where interference fringes are disturbed and ahbstyucture is observed (Fig. 2A). After about 1-3
second the fringes become smooth and regular. perisd we termed tear film stability (Fig. 2B).
In the last stage a deterioration of the stabibtypbserved. Bright lines appear where the fringes
change direction. These areas are probably thé&oes(Fig. 2C).

Fig. 2 Three stages of tear film stability. Seqeeatframes recorded on the tear film of healthy @16 sec
(A), 3.72 sedB) and 18.52 sec (C) after blink.

The first stage is of most interest to us in thapgr. Immediately after an eye blink the tear
film stabilises. The sequence of frames afterrfilig the interference fringes is shown in figure 3.
The white structure in both sequences has a vedrentation. However, it becomes less evident
through time. Comparing these images of the sequerih the first one, recorded 0.12 sec after
a blink, we get the diagram presented in figur@Hde similarity of the next images decreases in
time. The polynomial function of the sixth ordersmased for approximation. The rate of descent of
the curve is different for both sequences.

Fig. 3 Two sequences of frames after filteringprded on the tear film of the same healthy eyemesm
recorded 0.12 sec (A, E), 0.20 sec (B, F), 0.326e€) and 0.52 sec (D, H) after blink.
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Fig. 4 The value of thems coefficient as a result of comparing every subsatiframe with the frame recorded
0.12sec after a blink. The first sequence (A),gbeond sequence (B). The black line is a polynoapgaloximation.

5. DISCUSSIONAND CONCLUSIONS

Our aim was to check if the observed structure utite interference fringes is related to the
corneal mosaic or rather refers to the spreadaw$id he observed bright structure can resemble the
corneal mosaic in its shape. However, analysings#wgiences just after the blink, we can notice
that the bright structure become more blurrednmetilf a corneal mosaic had been seen, it should
not change in time, and a similar structure shdiddseen after each blink. Thes parameter
illustrates the decrease of similarity of subsetjumages. In addition, the frames recorded on the
same eye in the same time after a blink, but fréinerosequences, differ from each other. The only
common feature are vertical oriented bright lingss probably indicates the movement of the
eyelid during blinking. Our hypothesis correlatle structure with the spread of the inner layers of
tears just after a blink, because the interfereficgyes, giving information mainly about the
regularity of the lipid layer, are quite smooth.
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