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ABSTRACT
First intraocular lens (IOL) implantation was performed by Dr. Harold 
Ridley. This first IOL was completely different from the IOLs we use 
today. IOL technology is one of the fastest developing technologies in 
recent years in ophthalmology. Monofocal in the bag IOL is the most 
commonly used IOL according to American Society of Cataract and 
Refractive Surgery (ASCRS) surveys. In developing countries, use 
of this IOL are almost standart. There are many different monofocal 
IOL options on the market and determination of appropriate IOL 
must be individualized for each patient to reach perfect postoperative 
outcomes. The aim of this manuscript is to investigate different 
properties of IOLs on the market in light of evidence based medicine 
and to give hints about the individualizilation of the IOL selection. 
For this purpose, our manuscript emphasizes different properties of 
IOLs and does not refer any trademarks of IOLs.
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HISTORY
In 1949, English ophthalmologist Dr. Harold Ridley performed 
first successful intraocular lens (IOL) implantation. He presented 
this new surgical method in 1951 Meeting of American Academy 
of Ophthalmology (AAO) and reported results of first 8 operations 
in 1952[1]. In those days, many of ophthalmologists opposed to this 
method because many complications were seen such as unpredictable 
high postoperative refractive error, uveitis, glaucoma, corneal 
decompensation and permanent visual loss. Nevertheless, Dr. 
Ridley’s new treatment method of cataract drew attention in various 
parts of United States and Europa. Nowadays, cataract extraction and 
IOL implantation is one of the most common surgeries across the 
world. 
    Original Ridley lens was designed for use in posterior chamber. 
Subsequent designed IOLs were implanted in anterior chamber 
because there were no modern operation microscopes in those 
days. IOL technology and implantation techniques developed with 
microsurgery techniques and equipments in parallel. Finally, modern 
IOLs were designed for use in anatomical localization of human 
cristalline lens. 

BIOMATERIAL AND MANUFACTURING 
TECHNIQUES
Perspex is a polymethylmethacrylate (PMMA) derivative and it 
was used as biomaterial in original Ridley lens. In today, IOLs are 
separated two main groups according to foldability of biomaterials. 
Unfoldable IOLs are made PMMA and foldable IOLs are made 
silicon, acrylic, hidrogel or collamer. 
    Acrylic biomaterial is the most commonly used optic 
material. Toxic monomers such as acrylate or methacrylate are 
transformed to nontoxic polymers such as phenyletilacrylate or 
polyethilmethacrylate using heat or ultraviolet (UV) electromagnetic 
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    In theoretic, toric IOL can correct very high degree astigmatism 
such as 30 diopters but cylindrical power of toric IOL on the market 
are limited. Cylindrical power is important factor for the rotational 
stabilization of IOL. High degree cylindrical power causes rotational 
instability and increased postoperative refractive error after catararct 
surgery. In this reason, postoperative refractive predictability of 
surgery reduces after implantation of high degree toric IOL[16,17]. 
Postoperative positional stabilization of high degree toric IOL needs 
to be improved.
    Intraocular lenses can be implanted via manual or preloaded 
cartridge. The use of the preloaded cartridge spreads more and more. 
Preloaded cartridge shortens the duration of surgery, reduces the 
lens contamination and deformation[18]. It can be expected the use of 
manual cartridge going to vanish in the coming years.
    Another factor that effects mechanical properties of IOLs is 
dioptric power. Atomic force microscopy technology has the ability 
to quantatively analyze surface properties with nanometere spatial 
resolution, relevant to the interaction between biomaterials and 
biologic tissues. According to quantitative results of atomic force 
microscopy, most of the surface roughness parameters are statistically 
significat different in IOLs with different dioptric powers such as 
10D, 20D or 30D from a single manufacturer. However, factors 
other than dioptric power can also effect surface roughness and it 
is not fully known whether small dioptric differences effect these 
parameters. Therefore, further research is needed on this topic. In 
summary, according to our knowledge, although the relation of IOL 
dioptric power and surface roughness does not directly effect the IOL 
selection, it should be known[19]. 

IMAGE QUALITY
After cataract surgery, PCO is one of the most important causes of 
visual loss. Migration and proliferation of residual lens epithelial 
cells lead PCO. 360 degree square edge design blocks mechanically 
the epithelial cell migration and proliferation. Thus, PCO rate 
is reduced[20]. 360 degree square edge design and uninterrupted 
capsule-IOL contact are as important as use of hydrophobic acrylic 
biomaterial in terms of PCO[21]. 360 degree square edge design 
reduces PCO rate but it can cause the stray-light effect. The stray-
light effect and ghost image occur due to light reflections within 
the IOL. These negative effects can be reduced via frosted edge 
design[22]. So, undesirable light reflections are blocked while IOL is 
optically clear.
    All of IOLs on the market block UV electromagnetic radiations. 
Additionally, some IOLs contain blue and yellow filters to protect 
retina from phototoxicity. Thus, the light permeability of IOL is 
approximated to the young human natural lens. But one study shows 
that blue light is necessary for scotopic vision in night and melatonin 
suppression in day[23]. So, benefits of these filters are controversial 
and further research is needed. At least, we know that color filter 
coated lenses do not negatively effects postoperative visual acuity 
and contrast sensitivity[24].
    Optical density and chromatic aberration of IOL are related to 
refractive index and Abbe value respectively. Higher refractive index 
and Abbe value increase the image quality. Glistening is another 
effective factor on the image quality in medium or long term. 
Glistening is fluid filled microvacuoles that form within the IOL optic 
(especially hydrophobic acrylic IOL) when the IOL is in aqueous 
environment[25]. New glistening free hydrophobic acrylic IOL that 
contains different polymer combination and was packaged in solution 
was recently introduced [26].

radiation. Physical strength of biomaterial depends on length of 
polymer chain. Biocompatibility of biomaterial depends on type 
of monomer. Tolerance of uveal tissue and lens capsule provide 
to keeping of the IOL in eye over years. Uveal biocompatibility is 
examined via presence of small round cell in anterior chamber and 
foreign body giant cell on surface of IOL. Capsular biocompatibility 
is examined via migration of lens epithelium on the posterior capsule 
and existence of capsular opacification[2]. Uveal biocompatibility 
and some optical properties of hydrophilic acrylic IOL are high[3,4]. 
Additionally, one study reported bacterial adhesion to surface of 
IOL is fewer in hydrophilic acrylic IOL than other IOLs[5]. But 
capsular biocompatibility of hydrophilic acrylic IOL is low. Capsular 
biocompatibility is very important because it effects long term visual 
outcomes negatively through posterior capsular opacification (PCO) 
and deformation of IOL surface[6]. For this reason, the most of the 
cataract surgeons use more common hydrophobic acrylic IOL than 
hydrophilic acrylic IOL if possible. New designed hybrid acrylic 
IOL combine advantages of two acrylic IOLs and provides higher 
uveal and capsular biocompatibility. Thus, this material yields better 
surgical outcomes via reducing postoperative anterior chamber cells 
and PCO rate[7].
    Heparin coating is a surface modification that enhances the 
uveal biocompatibility of IOL. Fewer aqueous flare are seen after 
implantation of heparin coated IOL[8]. Although heparin coated IOL 
increases the risk of PCO, this increase is not found statistically 
significant[9]. And this IOL can be used in patients with high-risk for 
postoperative intraocular inflammations.
    The manufacturing process of IOL consists of the following steps 
briefly: Copolymerization, castpolymerization, optical forming and 
coupling of pieces (this step is not necessary if IOL is one-piece). 
Optical forming is performed via molding or lathe cut after the 
processing of biomaterial. Mold damage is high in molding technique 
and it causes producing damaged IOL. So, lathe cut technique is more 
cost effective and more commonly used than molding technique. 

MECHANICAL PROPERTIES
The variation in optic and total diameter of IOL is limited. In animal 
study, IOLs with 6 mm and 7 mm optic diameters implanted in the pig 
eyes, were compared. Pig eyes implanted IOL with 7 mm optic, need 
less pressure at the scleral indentation for visualization of peripheral 
retina in vitrectomy[10]. While larger optical size is advantageous in 
visualisation of peripheral retina, it is disadvantageous in terms of 
folding and implantation through small incision. Optic diameter of 
IOLs is almost standart due to this limitation. When total diameters 
are compared, average rotation and stabilization are similar in IOLs 
with 12 mm and 13 mm total diameters[11]. This parameter does not 
seem very important in IOL selection.
    There are various haptic designs on the market such as plate 
haptic, C haptic, modified C haptic, J haptic, quadripod haptic and 
more. A study comparing various haptic types reported that double 
C haptic contacts the lens capsule at 4 points. Double C haptic 
design maintains anteroposterior and rotational stability of IOL[12]. In 
postoperative 3rd month, the average rotation of IOL was found as 
1.85 degrees in this haptic design[13]. 
    Planar and angular haptics are another differentiation in haptic 
design. There can be 5, 10 or more degrees in optic haptic junction 
of IOL with angular haptic. IOL deformation is less in planar haptics 
while anterior capsule opacification is less in angular haptics[14]. PCO 
and IOL decentralization occur equally in both of planar and angular 
haptics[15]. 
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    Refractive power of IOL is same in all over the surface of IOL in 
spherical optical design. This design causes an increase in spherical 
and chromatic aberration while reducing visual acuity and contrast 
sensitivity[27]. Additionally, photic phenomena such as glare and 
halo occur more commonly in spherical optic than aspheric optic[28]. 
Aspheric optic makes overrefraction in periphery of IOL and 
decreases spherical and chromatic aberrations. For these reasons, IOL 
with aspherical optical design is used more frequently than IOL with 
spherical optical design. Additionally, asphericity value of aspheric 
IOL should be known. The asphericity value of aspheric IOL on 
the market is not same and they range from 0 to -0.27. Different 
asphericity values are used to compensate the positive aberration 
of cornea. This aberration is different in each patient and it can 
be detected with preoperative detailed examination. By the use of 
aspherical IOL with appropriate asphericity value, contrast sensitivity 
is increased, spherical and high order aberrations are decreased and 
postoperative visual outcomes can be perfectioned[29]. 
    Phacoemulsification is a milestone in cataract surgery. 3.2 mm 
or 2.8 mm incision sizes were used in recent years and 2.0 mm 
or smaller incision sizes are used in currently. Many of IOLs on 
the market can be implanted through small incision sizes. Smaller 
incision in cataract surgery and use of these new IOLs provide 
faster wound healing, less surgical induced astigmatism and better 
uncorrected visual acuity. There are significant differences even 
between 2.0 mm and 1.8 mm incision sizes in terms of these 
parameters[30]. In future, new IOLs that can be implanted through 
smaller incision, will increase satisfaction of patients in postoperative 
period.

CONCLUSION
Intraocular lens technology is the fastest developing and most 
studying technology in ophthalmology. There are too many IOLs 
have different properties on the market in today. For perfect 
postoperative outcomes, surgical equipments and techniques should 
not be standart, they must be customized. And surgeon should 
determine the appropriate IOL for each patient in light of evidence 
based medicine.
    Hidrophobic or hybrid acrylic biomaterial and 360 degree square-
edge design decrease PCO rate[2,7,20]. Frosted edge design blocks the 
light reflection within IOL and provides better vision when use square 
edge IOLs[22]. Smaller incision and IOL with better foldability should 
be used for perfect postoperative outcomes[30]. High refractive indeks, 
high Abbe value, glistening free and aspheric optical design upgrade 
the image quality[26-28]. Preloaded cartridge is very important factor 
that reduces peroperative and postoperative complication rates[18]. 
    Heparin coated IOL can reduce the postoperative intraocular 
inflammation[8]. The use of this IOL should be considered in high risk 
patient group especially pediatric population. 
    If there is capsule contraction syndrome in fellow eye, the use of 
IOL with angular haptic should be considered to prevent anterior 
capsule opacification [14]. 
    In normally, blue or yellow light filters on IOL surface are not 
necessary[23]. Chromophore added IOL can be implanted in patients 
with retinal degeneration to protect retina from phototoxicity. 
However further research is needed in this regard. 
    If necessary toric IOL can be implanted but postoperative 
positional stabilization of toric IOL is low[16,17]. For astigmatic 
correction, cataract surgery should be combined with other techniques 
such as limbal relaxation incision, so cylindrical power of IOL should 
be reduced. Additionally, double C haptic design provides stable IOL 

position in these patients.
    Large optic diameter is advantageous for peripheral retinal 
examination[10]. Peripheral retinal examination is more important in 
patients with diabetes mellitus or degenerative myopia than others. 
IOLs with larger optic diameter should be prefered in these patients if 
it is possible.

REFERENCES
1.	 Ridley H. Intra-ocular acrylic lenses after cataract extraction. 

1952. Bull World Health Organ. 2003; 81(10): 758-61. Epub 2003 
Nov 25.

2.	 Abela-Formanek C, Amon M, Kahraman G, Schauersberger 
J,  Dunavoelgyi R. Biocompatibility of hydrophilic acrylic, 
hydrophobic acrylic, and silicone intraocular lenses in eyes 
with uveitis having cataract surgery: Long-term follow-up. J 
Cataract Refract Surg. 2011 Jan; 37(1): 104-12. [DOI: 10.1016/
j.jcrs.2010.07.038]

3.	 Vinas M, Dorronsoro C, Garzón N, Poyales F, Marcos S. In vivo 
subjective and objective longitudinal chromatic aberration after 
bilateral implantation of the same design of hydrophobic and 
hydrophilic intraocular lenses. J Cataract Refract Surg. 2015 Oct; 
41(10): 2115-24. [DOI: 10.1016/j.jcrs.2015.11.009]

4.	 Tang Y, Song H, Chen J, Tang X. Comparison of pseudophakic 
retinal straylight in spherical/aspherical and hydrophobic/
hydrophilic intraocular lens. Int J Ophthalmol. 2015 Dec 18; 8(6): 
1146-50. [DOI: 10.3980/j.issn.2222-3959.2015.06.12. eCollection 
2015.

5.	 Mazoteras P, Casaroli-Marano RP. In vitro biofilm distribution 
on the intraocular lens surface of different biomaterials. J 
Cataract Refract Surg. 2015 Sep; 41(9): 1980-8. [DOI: 10.1016/
j.jcrs.2015.05.029]

6.	 Avetisov SE, Gamidov AA, Novikov IA, Fedorov AA, Kas’yanov 
AA. Chemical microanalysis of mineral deposits on explanted 
hydrophilic acrylic intraocular lenses. Vestn Oftalmol. 2015 Jul-
Aug; 131(4): 74-8.

7.	 Fujita S, Tanaka T, Miyata A, Hirose M, Usui M. Cell adhesion 
and glistening formation in hybrid copolymer intraocular lenses. 
Ophthalmic Res. 2012; 48(2): 102-8. [DOI: 10.1159/000335981]. 
Epub 2012 Apr 18.

8.	 Krall EM, Arlt EM, Jell G, Strohmaier C, Bachernegg A, Emesz 
M, Grabner G, Dexl AK. Intraindividual aqueous flare comparison 
after implantation of hydrophobic intraocular lenses with or 
without a heparin-coated surface. J Cataract Refract Surg. 2014 
Aug; 40(8): 1363-70. [DOI: 10.1016/j.jcrs.2013.11.043].

9.	 Krall EM, Arlt EM, Jell G, Strohmaier C, Moussa S, Dexl AK. 
Prospective Randomized Intraindividual Comparison of Posterior 
Capsule Opacification After Implantation of an IOL With and 
Without Heparin Surface Modification. J Refract Surg. 2015 Jul; 
31(7): 466-72. [DOI: 10.3928/1081597X-20150623-05].

10.	 Terauchi G, Matsumoto CS, Shinoda K, Matsumoto H, Mizota A. 
Effect of intraocular lens diameter implanted in enucleated porcine 
eye on intraocular pressure induced by scleral depression. Biomed 
Res Int. 2014; 2014: 586060. [DOI: 10.1155/2014/586060]. Epub 
2014 Mar 27.

11.	 Harrer A,  Hirnschall N,  Maedel S,  Findl O. Influence of 
the overall intraocular lens diameter on rotational stability. 
Ophthalmic Res. 2015; 53(3): 117-21. [DOI: 10.1159/000368658]. 
Epub 2015 Feb 7.

12.	 Bozukova D, Pagnoulle C, Jérôme C. Biomechanical and optical 
properties of 2 new hydrophobic platforms for intraocular lenses. J 
Cataract Refract Surg. 2013 Sep; 39(9): 1404-14. [DOI: 10.1016/
j.jcrs.2013.01.050]. Epub 2013 Jul 2.

13.	 Poyales F. Comparision of the two IOLs with the same optics, two 
designs, two materials. ESCRS 2014.

14.	 Vock L, Menapace R, Stifter E, Findl O, Georgopoulos M. Clinical 



242

İlhan Ç. Intraocular Lens Technology

effects of primary posterior continuous curvilinear capsulorhexis 
in eyes with single-piece hydrophilic acrylic intraocular lenses 
with and without haptic angulation. J Cataract Refract Surg. 2007 
Feb; 33(2): 258-64.

15.	 Schmidbauer JM, Escobar-Gomez M, Apple DJ, Peng Q, Arthur 
SN, Vargas LG. Effect of haptic angulation on posterior capsule 
opacification in modern foldable lenses with a square, truncated 
optic edge. J Cataract Refract Surg. 2002 Jul; 28(7): 1251-5.

16.	 Potvin R, Kramer BA, Hardten DR, Berdahl JP. Toric intraocular 
lens orientation and residual refractive astigmatism: an analysis. 
Clin Ophthalmol. 2016 Sep 20; 10: 1829-1836. eCollection 2016.

17.	 Jeon JH,  Hyung Taek Tyler R,  Seo KY,  Kim EK,  Kim TI. 
Comparison of refractive stability after non-toric versus toric 
intraocular lens implantation during cataract surgery. Am J 
Ophthalmol.  2014 Mar; 157(3): 658-65.e1. [DOI: 10.1016/
j.ajo.2013.12.003]. Epub 2013 Dec 7.

18.	 Jones JJ, Chu J, Graham J, Zaluski S, Rocha G. The impact of 
a preloaded intraocular lens delivery system on operating room 
efficiency in routine cataract surgery. Clin Ophthalmol. 2016 Jun 
17; 10: 1123-9. [DOI: 10.2147/OPTH.S107726]. eCollection 2016.

19.	 Lombardo M, Talu S, Talu M, Serrao S, Ducoli P. Surface 
roughness of intraocular lenses with different dioptric powers 
assessed by atomic force microscopy. J Cataract Refract Surg. 
2010 Sep; 36(9): 1573-8.

20.	 Dewey S.  Poster ior  capsule  opacif icat ion.  Curr  Opin 
Ophthalmol. 2006 Feb; 17(1): 45-53.

21.	 Bai L, Zhang J, Chen L, Ma T, Liang HC. Comparison of posterior 
capsule opacification at 360-degree square edge hydrophilic 
and sharp edge hydrophobic acrylic intraocular lens in diabetic 
patients. Int J Ophthalmol.  2015 Aug 18; 8(4): 725-9. [DOI: 
10.3980/j.issn.2222-3959.2015.04.15]. eCollection 2015.

22.	 Franchini A, Gallarati BZ, Vaccari E. Analysis of stray-light 
effects related to intraocular lens edge design. J Cataract Refract 
Surg. 2004 Jul; 30(7): 1531-6.

23.	 Mainster MA. Violet and blue light blocking intraocular lenses: 

photoprotection versus photoreception. Br J Ophthalmol. 2006 
Jun; 90(6): 784-92.

24.	 Bandyopadhyay S, Saha M, Chakrabarti A, Sinha A. Effect on 
contrast sensitivity after clear, yellow and orange intraocular lens 
implantation. Int Ophthalmol.  2016 Jun; 36(3): 313-8. [DOI: 
10.1007/s10792-015-0120-4]. Epub 2015 Aug 19.

25.	 Werner L. Glistenings and surface light scattering in intraocular 
lenses. J Cataract Refract Surg.  2010 Aug; 36(8): 1398-420. 
[DOI: 10.1016/j.jcrs.2010.06.003].

26.	 Packer M, Rajan M, Ligabue E, Heiner P. Clinical properties of 
a novel, glistening-free, single-piece, hydrophobic acrylic IOL. 
Clin Ophthalmol. 2014 Feb 21; 8: 421-7. [DOI: 10.2147/OPTH.
S57114]. eCollection 2014.

27.	 Kretz FT, Breyer D, Klabe K, Hagen P, Kaymak H, Koss MJ, Gerl 
M, Mueller M, Gerl RH, Auffarth GU. Clinical Outcomes After 
Implantation of a Trifocal Toric Intraocular Lens. J Refract 
Surg.  2015 Aug; 31(8): 504-10. [DOI: 10.3928/1081597X-
20150622-01].

28.	 Cadarso L,  Iglesias A,  Ollero A,  Pita B,  Montés-Micó R. 
Postoperative optical aberrations in eyes implanted with AcrySof 
spherical and aspheric intraocular lenses. J Refract Surg. 2008 
Oct; 24(8): 811-6.

29.	 Santhiago MR,  Netto MV,  Barreto J Jr,  Gomes BA,  Mukai 
A, Guermandi AP, Kara-Junior N. Wavefront analysis, contrast 
sensitivity, and depth of focus after cataract surgery with 
aspherical intraocular lens implantation. Am J Ophthalmol. 2010 
Mar; 149(3): 383-9.e1-2. [DOI: 10.1016/j.ajo.2009.09.019]. Epub 
2009 Dec 29.

30.	 Yu YB,  Zhu YN,  Wang W,  Zhang YD, Yu YH, Yao K. A 
comparable study of clinical and optical outcomes after 1.8, 
2.0 mm microcoaxial and 3.0 mm coaxial cataract surgery. Int 
J Ophthalmol. 2016 Mar 18; 9(3): 399-405. [DOI: 10.18240/
ijo.2016.03.13]. eCollection 2016.

Peer reviewer: Ştefan Ţălu


