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Abstract. A slit-scanning tomography system previously developed in the Centre of Physics of University
of Minho allows to capture images of the eye and posteriorly calculus of the biometric (thickness and
curvature) and optical (wavefront aberrations) properties of the corneal and crystalline lens surfaces. It is
intended to optimise the system for an accurate computing of these properties of the crystalline lens in the
relaxed state and during ocular accommodation. In this study, preliminary experimental results of the
crystalline lens imaging of a subject during accommodation are presented.

1 Introduction

The human eye is an optical system with different
refractive components where the cornea and crystalline
lens are the most important and determine the optical
quality of the eye. [1]

In order to obtain a clear image of objects, at different
distances, on the retina, it is necessary that the lens
changes its position, shape, and thickness, called this
process ocular accommodation. [2] These alterations
cause changes in the optical quality of the eye. [3]
Previous studies claimed that the ocular aberrations have
impact on determining the accommodative direction and
influence the precision of the accommodative response.
[4] However, there is no in-depth knowledge about the
impact of the biometric and optical changes of the lens in
the ocular accommodation.

The study of the changes in the lens during
accommodation and their consequent influence on the
characteristics of the accommodative response can
provide important information of the accommodative
process, in healthy eyes and in dysfunctional
accommodative responses. Moreover, it can be helpful to
evaluate the results of intraocular lenses implantation and
its efficiency.

Over the last years, an optical tomography system was
developed in the centre of physics of University of Minho,
which allow to obtain images of the anterior ocular
segment and do its 3D reconstruction. It is possible to
calculate its thickness, curvature and the wavefront
aberrations. This system was later also applied to the lens
in relaxed state. [5-9]

The purpose of this work was to optimize the system to
obtain accurate information of the crystalline lens, both in
the relaxed state and during ocular accommodation. It is
intended to make the system able to study the changes in
the lens changes during accommodation.
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2 Material and Methods

2.1. Slit-scanning tomography system

This system (figure 1.A) contains two systems; a lighting
system, which projects a beam of light in the anterior
segment of the eye, scanning and allowing different
optical sections to be obtained; and an optical system,
which obtains the images of the optical sections.

An algorithm developed for this purpose (figure 1.B)
allows analysing these images and -calculating the
biometric parameters, such as the thickness and curvature
of the cornea and lens, and the optical properties, i.e., the
wave front aberrations.
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Fig. 1. (A) Slit-scanning tomography system. (B) Example of a
mathematical adjustment for the calculation of biometric and
optical properties of the anterior (blue) and posterior (orange)
corneal surfaces and anterior (green) and posterior (red)
crystalline lens surfaces.

2.2. Data collection procedure

The study adhered to the tenets of the Declaration of
Helsinki and was approved by the Ethical Subcommission
of Life and Health Science of University of Minho. After
the explanation of the procedures, an informed consent
was obtained from the subject.

In this preliminary study, measurements were taken on a
subject without mydriatic medication.
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The subject was asked to fix a distant point with the left
eye, maintaining his accommodation relaxed, while the
images were captured in the right eye. After
measurements in the relaxed state, the accommodation
was stimulated in 4.00 D, placing a negative spherical lens
in front of the left eye, while images continued to be
captured in the contralateral eye.

The images of the eye’s subject with and without
accommodation were analysed in the previously
developed algorithm and the curvature radius and power
of the anterior surface of the crystalline lens in both
conditions were calculated.

3 Results

3.1. Imaging with the slit-scanning tomography
system

The images of the subject’s eye captured by the slit-
scanning tomography system in the relaxed state and with
4.00 D of accommodative stimulus are shown in figure 2.
It was possible to identify the anterior and posterior
surfaces of the cornea and the anterior surface of the lens.
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Fig. 2. Image captured with the tomography system of the
subject’s eye unaccommodated (A) and accommodated (B).
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3.2. Image processing of the crystalline lens
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Fig. 3. Edge detection and curve fitting of the anterior surface of
the lens unaccommodated (A) and accommodated (B).
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3.3. Changes in properties of the crystalline lens with
accommodation
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Fig. 4. Curvature radius and power of the lens in relaxed state
and with an accommodative stimulus of 4.00 D.

The central curvature radius and power of the anterior
surface of the lens were obtained for the

unaccommodated and accommodated state (Fig 4). For
an accommodative stimulus of 4.00D, the subject
accommodated 4.05 D, reducing the curvature radius of
the lens from 11.46 mm to 7.04 mm.

4 Conclusions

The slit-scanning tomography system allows the detection
of the changes with accommodation of the biometric
parameters of the crystalline lens, such as curvature radius
and power. As it was excepted, in this preliminary study
the anterior surface of the lens presented smaller curvature
radius and greater power when the accommodation was
being stimulated.

It is intended to use this system to perform a 3D
reconstruction of the lens and obtain the changes with
accommodation of other properties, such as the thickness
and wavefront aberrations.
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