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Intraocular lenses (IOLs), which are used to repair vision in a large number of

Received: patients following cataract surgeries, are potentially the most significant single
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available for implantation over decay which is a rigid plastic namely, polymethyl
methacrylate (PMMA), The main drawback of PMMA is that it necessitates the
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largest incision in cataract surgery, with the corneal incision is as large as the

optics of the 10Ls. Because the essential intention of forward-thinking cataract

Keywords surgery is to make the smallest incision possible, the 10Ls must be adaptable and
1oL . . . .

° bend. This intention can be accomplished by enhancing the model and matter of
Cataract surgery
Plastic IOLs. There are also some characteristics associated with IOLs materials that may
Refractive index have some impact such as (Refractive Index, Water content, Glistening, Etc.), The

Water content. improvement of the first silicone IOLs used to overcome that problem but it is now

rarely used and has been replaced with an Acrylic hydrogel material that provides

a good performance; researchers are still evaluating suitable IOLs materials.

Introduction

Intraocular lenses (IOLs) are artificial lenses that are inserted through the human eye instead of the original
crystalline lens as part of a typical operation cataract surgery procedure to control refractive errors. The concept
of implanting is to first insert IOLs into an appropriated capsular bag to assist in the transplant process, while the
IOL’s main structure design is composed of two portions central side which is an optical part, and a haptic side

which helps to maintain the lens inside.

The first 10Ls were implanted in the early 1950s in England, followed by FDA approval for IOLs used in the
United States. Before that time, either contact lenses related to the wear and tear of daily application and removal,
or thick glasses resulted in remarkable enlargement and distortion of vision in the case of cataract surgery without

the required 10Ls for the patients (Apple, Escobar-Gomez, Zaugg, Kleinmann, & Borkenstein, 2011).

In terms of lens material and design, cataract surgeries are continuously developing and enhancing fields, where
the goal is to achieve the best refractive outcomes with the smallest incision size possible, while also aiming to
reduce the response of the host cell as it may cause some effect on posterior capsule opacification (PCO), anterior
capsular opacification (ACO) and lens epithelial cell (LEC) proliferation (Rgnbeck, Kugelberg, & Surgery, 2014).
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IOLs classified into several types based on their optical features and materials. The first (IOLs) implanted were
made of rigid polymethyl methacrylate (PMMA) material and were inserted via an extracapsular surgical
technique, causing postoperative astigmatism and a large incision (Oner, Gunenc, Ferliel, & Surgery, 2000).
Eventually, both the surgical technique and the design improved significantly (Auffarth et al., 2004).

During the 1980s, Epstein took the first step toward improving the 10Ls material to make them foldable by
replacing PMMA with silicon to make lenses (Apple et al., 1984). This step provides an advantage by inserting
the lens into the eye through a small 3 mm incision as compared to a 5-7 mm incision in the case of non-foldable
PMMA (Kapoor & Gupta, 2020).

Nowadays, 10Ls materials are divided into two categories: acrylic and silicon. Whereas acrylic materials can be
divided into different types, foldable lenses are made of hydrophobic acrylic materials, hydrophilic acrylics, and
can be rigid (PMMA), with different copolymer acrylic the foldable acrylic lens design is made of (Tandogan et
al., 2021). Several factors, such as refractive index, water content, glass transition temperature, and other
characteristics, can be used to assess the quality IOLs (Bhattacharjee, Buragohain, Javeri, Das, & Bhattacharjee,
2021).

Firstly, one of the most important features used to evaluate lens performance is the water content percentage (Ryu,
Kim, Kim, Paik, & Kim, 2021). Both silicon and hydrophobic materials have a low water content of 3%, but
hydrophilic acrylic materials have a higher water content of 38%. Secondly, the refractive index of the material,
where the non-foldable rigid (PMMA) has a refractive index of 1.49, and foldable hydrophobic acrylic with 1.47,
and 1.46 for hydrophilic acrylic, while 1.41 for silicon.

n=: e (D).

As long as the speed is elevated in a vacuum more than the other medium, as a result, n >1.

Characteristics of IOLs Materials

Refractive Index

The refractive index, which describes the optical properties of the material, is one of the most important optical
characteristics. In reality, it is a computation of light speed in the medium (Singh, 2002). While the speed of light
in a vacuum, denoted by c is 299 792 458 m/s. Due to the variance in the speed between vacuum and other
mediums, therefore the proportion of the light speed in vacuum (c) to the light speed on medium (v) can be

expressed as refractive index.
Biocompatibility
The biocompatibility of the substance used to evaluate biotic reaction to an unfamiliar body depends on the scheme

and implant matter. The chosen substance must be chemically inoperative, physically steady, can prevent allergic,

capable of shaping the necessary model, and have no unusual body reactions (Scales, 1953).
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To achieve the best optical system performance, materials used in ophthalmology should have a high refractive
index, block the ultraviolet rays, and be optically transparent for as long as possible (Rgnbeck, Behndig, Taube,
Koivula, & Kugelberg, 2013). By releasing the cells and proteins into the aqueous humor, the blood-aqueous
barrier is suspended during cataract surgery (Michelson et al., 2012). Proteins will hold on to the internal surface

within the 10L surface, influencing the following cellular response on the 10L(Ozyol, Ozyol, & Karel, 2017).

Glistening

The aqueous humor depth into the IOL substance results in vacuole evolution in the optics of the IOL. As a result,
glistening can be interpreted as fluid-filled formed within the 1OL optic when the lens is in an aqueous
environment (Werner & Surgery, 2021). It can be easily noticed with hydrophobic acrylic lenses. Several factors,
including 10L material, covering, and production, can all have an impact on glistening formation. In some cases,
it can be associated with eye glaucoma, which can lead to damage to the blood-aqueous barrier and the use of

ocular medications (Von Mohrenfels, Salgado, Khoramnia, Maier, & Lohmann, 2010).

Hydrophobicity

One of the material properties used to evaluate the substance’s ability by detached it from water (Ma, Hill, &
science, 2006). Using a contact-angle measurement, all materials have their hydrophobicity scale that is graded;
it can be scaled from a few levels for a perfect hydrophilic surface to 180° for super-hydrophobic surfaces. Due
to H20 bonds in water being extremely polar, this property is primarily determined by the material’s chemistry
(Cao, Hu, & Gao, 2007).

Hygroscope

Hygroscopic describe the matter’s capacity to subsume and maintain water. A high level of hygroscopic matter
ejects water through itself (J. Kim, Kim, Ha, Paik, & Kim, 2021). This property explains both the surface and
interior of IOLs hydrophobicity in optical field applications. Depending on the interaction of an IOL’s surface
with water, the hydrophobicity can be evaluated and as apacity of IOLs to draw water into their interior (Cao et
al., 2007).

I0Ls Materials
Polymethyl Methacrylate

Polymethyl methacrylate (PMMA) is a commonly used polymeric material in the fields of medical industries. It
has outstanding properties such as small chromatic dispersion, high transmittance, great hardness, good chemical

stability, and good processing performance (Wang, Gao, Li, Fang, & Chen, 2010).

PMMA 10Ls are rarely used nowadays due to the large incision with an optic diameter of 5-7 mm and commonly

single pieced, as well as having a low water content of 1% and a refractive index of 1.49, because of high rigidity
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lens cannot pass through a small incision using phacoemulsification (Pérez-Vives, 2018).

Silicone

By designing silicon 10Ls with small incisions through the implantation, a new step in ophthalmology was made
in 1984. Whereas silicon is a hydrophobic material it has a refractive index ranging from [1.41-1.46], with [5.5-
6.5] mm diameter for the optic side (Jiang, Yang, Lv, & Song, 2018).

Because of several factors that have an impact on the silicon lens performance, it has drawbacks such as the ability
to be multicolored or to have a slight shade after some time. They open with a snap while unfolding, therefore
care must be taken during implantation (Steinert, 2006). Due to their malleability and elasticity, silicon lenses can

be accommodated.

Hydrophobic Foldable Acrylic

It is one of the most recent materials to be used in ophthalmology. This material is made of a substance with a
molecular structure composed of many similar units bonded together (S. M. Kim & Choi, 2008). Characterized
with little amount content of water with a percentage of about 1% and n=1.55, depending on the temperature of

the solidity.

Acrylic lenses have the thinnest thickness of any lens material due to their high refractive index. To facilitate
folding, the lens must be warmed and seem like PMMA. When wet these lenses can bend and overlap and can be
controlled, but at high temperature, it becomes sticky, and unfolding becomes difficult (Lee, Sun, Choi, Park, &
Surgery, 2009).

Hydrophilic Foldable Acrylic

Itis an acrylic material composed of a gel with water as the liquid component, which is commonly used in optical
field applications (Hazra, Palui, & Vemuganti, 2012). Polyhydroxyethylmethacrylate (PolyHema) is used, with
[18-30] % present in the water percentage with n=1.47. These types have more tendency to bend and overlap than
the previous type, also capable of being directed more than the silicone type. Due to the high water percentage,
the lens is required to be controlled and remain hydrated until they are implanted. Different designs are available
for the hydrophilic acrylic (hydrogel), designed with 6 mm optic which is suspended to the optics of PMMA also
multi pieces are available (Kohnen & Klaproth, 2010). Where table 1, shows the refractive Index of Selected

Intraocular Lenses [23].

Table 1. Refractive Index of Selected Intraocular Lenses [23].

Lens Refractive Index

Hydrophobic acrylic

Tecnis acrylic 1.47
PMMA 1.49
Envisat 1.54
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Lens Refractive Index
AcrySof 1.55
iSymm AF-1 1.55
Hydrophilic acrylic
Softec HD 1.43
ACR6D 1.44
Collamer 1.45
Hydroview 1.47
Akreos AO 1.60
Silicone
Staar Elastic Lens 141
Staar Elastimide Lens 141
Tecnis silicone 1.46

Advance I10Ls Design
Toric IOLs

Toric IOLs mean lens implantation to treat astigmatism, which is used at the time of cataract surgery to decrease
postoperative astigmatism. Because of their rotational symmetry, most 10Ls are designed to treat spherical

refractive errors of the human eye (Solomon, Sandoval, Potvin, & Surgery, 2019).

IOLs are used to correct the cylinder error because their power varies with different meridians. The most important
requirement in IOLs designs is the alignment and fixation of the lens so that the IOLs axis must be aligned with
the cylinder error (Lu et al., 2019). Any post-surgical rotation of the lens would decrease correction and can even
present extra cylinder error if the rotation was large. Several factors, such as corneal astigmatism, IOL selection,

and marking techniques, may affect the performance after the toric IOL (Vickers, 2017).

Multifocal 10Ls

Multifocal 10Ls lenses aim to provide good distance and near vision. Multifocal 10Ls are used. Different designs
have been attempted to achieve this multifocal; however, the designs are classified into two sections: Refractive
multifocal and diffracting multifocal (Argal & Research, 2013).

Diffractive Multifocal IOLs

Diffraction is caused by small, nearly distant, annular grooves cut into the lens surface. An unlimited number of
focal points is caused by diffraction. To have a suitable multifocal lens, the optical properties can be adjusted of
the diffracting IOL. The diffracting IOL produce two distinct focal points, one for distance and one for near, the
clarity of vision is excellent at both of these distance (Hayashi, Yoshida, Hirata, Yoshimura, & Surgery, 2018).

The Future of IOLs Materials

In conclusion, this review manuscript provided a detailed overview of the enhancement and improvement in the
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ophthalmology field, demonstrating the progression from the initial 10Ls materials used. Whereas 10L
implantation is one of the most common surgeries performed worldwide, with the technology constantly
improving, some patients experience unfavorable side effects after the implantation. The advancement in
technology predicts some changes in the shape of IOLs, IOL materials, design, and new implantation options. To
ensure better performance and results, the aim of future work should focus on developing current materials. And

predict creative, advanced, and alternative branches in the IOLs models and refractive ophthalmology.
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