
 

Analysis of the behaviour of different multifocal contact 

lens designs using BEAM 4 
EXTENDED EXTRACT  

Introduction 

 When correcting an ametropic eye, what is expected is that the resulting image 
through the ametropic eye with the correction becomes as reliable as possible to the one 
observed through an emmetropic eye. The emmetropic eye achieves a visual acuity of 1 
without the need of correction. A possible solution to this refractive error are so-called 
hydrogel contact lenses. Those are small lenses made of a soft material such as 
POLYMACON (PHEMA) or CRIFILCON A (GMA + MMA). The lenses are directly inserted 
into the eye, covering the cornea where the lens is covered with a thin layer of tear film. 
Contact lenses and spectacles differ in the so-called “vertex distance”. This distance is of 
approximately 12 mm, and goes from the vertex of the posterior surface of the lens to 
the corneal apex. This is a parameter to consider in the calculations when manufacturing 
your lenses due to the distances between lenses and the eye are different. The difference 
between 12mm and practically zero makes the refraction of the contact lenses differ from 
approximately -4.00D and + 4.00D above  from the subjective one. 

 

General objectives  

 Design of different types of contact lenses to neutralize presbyopia on patients 
using Beam Four as a simulating platform. 

 Analysis of the myopia and presbyopia contact lenses by simulating its behaviour 
on Beam Four as well. 

 

Specific objectives  

 Use of paraxial geometrical optics to develop and early model of contact lenses 
to neutralize presbyopia.  

o Bifocal centre - peripheric with centre – near 
o Bifocal centre - peripheric with centre – distance 
o Trifocal with centre – near 
o Trifocal with centre – distance 
o Alternating bifocal with centre – near 
o Alternating bifocal with centre – distance 

 Analysis of the RMS and RSS parameters of the designed lenses for the incident 
beam of collimated light. 

 Use of self-adjustment routines over the designed lenses to improve the RMS 
and RSS parameters. 



 

 Analysis and comparison of RMS and RSS within different lens types for the 
myopia and hypermetropia. 

 Design of 3 spherical superficies simulating the emmetropic eye, hypermetropic 
eye and myopic eye. 

 Analysis of different RMS and RSS obtained with different eye models with all of 
the adapted contact lenses studied, considering an object situated on the 
infinite and a near one. 

 

Types of lenses 

First, we will define the lenses used according to the refractive error that our eye 
models will present. On one side, we have the myopic eye which is going to be corrected 
by using a spherical monofocal lens. This lens presents a single power along its surface, 
which can cause the so-called spherical aberration, resulting in different focal points 
creating a final image to be interpreted by the brain. On the other side, we have the 
bifocal and multifocal lenses. The first ones  are used to correct presbyopia and have, as 
their names indicate, more than one focus. These can be found with different designs 
such as the ones we will use for the study: the alternating concentric lenses (bifocals) and 
the centre-periphery concentric lenses (multifocals). The first type of bifocal lenses are 
going to have two types of design: in the first type we will have two concentric rings (one 
with the near power and the other with the distance power), in the second we will find 
five concentric rings with the near and distance power alternated. The second type will 
have three concentric rings with the near, intermediate and distance power. In both 
designs, we can find that the power of the centre is the near power or the distance power 
according to the needs of the patient. 

 
When we study the myopic eye, we have to know that it can be modified in 

comparison to the emmetropic eye by changing the power of its lenses, its axial length 
or both. In this case, we have modified the axial length according to the total power that 
our patient with myopia would present. 

 
Contact lens calculations (for both myopia and presbyopia neutralization) will be 

performed following the approximate parameters  given in hydrogel contact lenses. 
These parameters are the refractive index (n), the central thickness of the lens (e), its 
total diameter (d) and the base curve (BC), starting from these parameters we will obtain 
the radius that we need to build the contact lens in the BEAM FOUR programme. 

 
In the case of lenses for the neutralization of myopia, we will take 3 types of 

hydrogel contact lenses that we will tag as Contact lens 1, Contact lens 2 and Contact lens 
3. These lenses are going to have different refractive index, different central thickness 
and different base curve in order to compare the effect of lenses with different 



 

parameters but will neutralize the same ametropya. The next step is to compare the 
results with the emmetropic eye, and to observe the effect that results in placing the tear 
film layer with the lens to study its discrepancy. 

As for contact lenses for the neutralization of presbyopia, what we will do is 
compare the performance of the previously defined designs of the centre from near 
power and from distance power.  

These lenses are: 

 Trifocal lens with 3 spaces and the centre from near power. 
 Trifocal lens with 3 spaces and the centre from distance power. 
 Alternating concentric lens with 5 spaces and the centre from near power. 
 Alternating concentric lens with 5 spaces and the centre from distance power. 
 Centre-periphery concentric lenses with 2 spaces and the centre from near 

power. 
 Centre-periphery concentric lenses with 2 spaces and the centre from distance 

power. 

 

Lenses design 
To design the different types of lenses we considered paraxial optics geometry using the 
base curve, the lens thickness and and the total power that we want to obtain in our lens. 
Follow up, we calculated the circumference arch centres for each section. This process 
was done due the different curvatures of each surface, and when adapting to the corneal 
surface those have to follow each other without colliding. Finally, a peripheral section is 
designed to close the lens. 
 

Simulation process 

To simulate the myopia neutralization lenses on BEAM FOUR we will introduce 
refraction indexes of each surfaces, situation on optic axes, surface type (lens, iris, final 
surface), surface curvature and surface diameter. If we want to simulate presbyopia 
neutralization, we will introduce data in the same order but changing some parameters 
as the groups, where we differentiate between different parts of the lens (far vision, 
intermediate vision, near vision) and the diaphragm. Those differentiations due to the 
conditioning the beam suffers from different parts of the lens. In both surfaces, we will 
define an inner and outer diameter to achieve different concentric surfaces. 

In the simulation of the myopia neutralization and presbyopia neutralization, we 
have used only beams heading to the vertical meridian due the revolution symmetry. 

Using the simulations for presbyopia lenses we have studied and adjusted section 
by section to reduce the CoC (Circle of confusion) created by the retina. Firstly, we have 
adjusted the lenses in air situating a screen where the focal studied section was, later on 



 

we have moved the centre of the circumference arch that conforms the section to avoid 
colliding with the anterior and clean posterior superficies. Finally, we set the lens with all 
the adjusted sections over the correcting eye and we calculated RMS and RSS parameters 
to obtain a comparative within lenses in the moment of correction. 

Conclusion 

 We have observed some improvements in RMS and RSS values in the self-adjusted 
lenses. The sections with greater improvement are the most peripheral ones. In general, 
lenses designed to neutralize hypermetropia on air have proven better results on RMS 
and RSS than the ones designed to neutralize myopia. Lenses to neutralize hypermetropia 
have given positive results when the object was on the infinite but lenses for myopia were 
best at 25 cm in comparison. Results for lenses where the object was situated on the 
infinite were better than those where the object was situated at 25 cm, regardless lens 
design.  

The pupillary diameter has a greater importance due its beam path limitation, cutting the 
beam trajectory on the more peripheral sections, and being penalize for the trifocal lens. 
Finally, given the global results, central vision has to be reserved for the refraction that is 
wanted to be the most enhanced. 

 


