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INTRODUCTION
Cataract surgery is a very common procedure, and the number 

of cataract surgeries performed in England has risen from 
325,000 to nearly 450,000 from 2016 to 2021, forecasted to 
grow exponentially by 50% until 2035.1 However, the procedure 
can also lead to posterior capsule opacification (PCO). This 
complication can result in reduced visual acuity, impaired contrast 
sensitivity, and glare disability.2 Posterior capsule opacification 
(PCO) is the most frequent complication of cataract surgery. 
It can develop soon after a few years post-procedure3,4, with 
incidence figures ranging from <5% to as high as 50%.2 PCO 
involves lens epithelial cell growth and proliferation, leading to 
reduced visual acuity, and may develop in a few months to years 
following cataract surgery.5,6  The risk of PCO is understood to be 
influenced by several factors, including edge design,7,8 intraocular 
lens (IOL) design, haptic design,5 and lens material.2,6

Types of IOLs vary in terms of both optic and material properties. 
IOL design and materials constantly evolve, aiming to improve 
refractive outcomes with minimal incision size and host-cell 
response since it may cause PCO, anterior capsular opacification 
(ACO), and lens epithelial cell (LEC) proliferation. IOL materi-
als vary in water content, chemical composition, refractive index, 
and tensile strength, while IOL designs have different optic sizes, 
edge profiles, and haptic materials and designs, with the primary 
goal of minimizing decentration, dislocations, optical aberrations, 
and opacifications.9, 10 The most commonly used IOL materials 
are hydrophobic and hydrophilic acrylic material. The differences 
between hydrophobic and hydrophilic IOL materials have already 
been widely published.7, 8, 11-17 There are several parameters where 
the hydrophobic acrylic materials have shown superiority over 
hydrophilic material, e.g., square edge profiles,7,8 posterior capsule 
opacification,6,12,16,17 IOL opacification,13,14 good quality of vision,15 
etc. However, some reports show that hydrophilic IOLs did better 
with regard to glistening.18 Although, it is still debated whether the 
glistening impacts the quality of vision,18-20 nowadays manufactur-
ers have developed glistening-free* hydrophobic IOLs.21 Moreover, 
several studies show the superiority of hydrophobic acrylic material 
over hydrophilic.7,8,11-17 Why should we use hydrophilic acrylic 
IOLs at all? Some reports have highlighted this issue.11,13,22 The 
reason why the choice between hydrophilic and hydrophobic still 
exists is due to the surgeon's preference of wanting the IOLs to fold 

or unfold quickly or slowly, the ease of explantation if required, the 
capsule adherence properties and rotational stabilities, the potential 
to cause dents and marks with forceps, etc.13,22 If the surgeons/hos-
pitals are incentivized for an Nd: YAG capsulotomy procedure, then 
they may have a vested interest in choosing the lens which generates 
more patients for capsulotomies. 

Hydrophobic material has been shown to have significantly 
reduced PCO in several studies. Linnola's "sandwich theory" states 
that bioactive materials allow a single LEC to bond to the IOL and 
the posterior capsule.23 This produces a sandwich pattern includ-
ing the IOL, the LEC monolayer, and the posterior capsule, thus 
preventing further cell proliferation and capsular bag opacification.23 
Other studies carried out by Linnola et al. evaluated the adhesive-
ness of fibronectin, vitronectin, laminin, and type-IV collagen 
to IOL materials (PMMA, silicone, hydrophobic acrylate, and 
hydrogel), both in vitro24 and in cadaver eyes.25,26 They found that 
fibronectin and laminin bond best to hydrophobic acrylate IOLs, 
resulting in better attachment to the capsule. This stronger binding 
could explain the enhanced adhesion of hydrophobic acrylate IOL 
to the anterior and posterior capsules and, as a result, the lower PCO 
and Nd: YAG capsulotomy rates.3,27-29 In a study by Ursell et al fol-
lowing cataract surgery with single-piece monofocal IOLs, different 
incidence rates of PCO were observed with different IOLs.6 They 
also found that AcrySof IOLs were associated with a significantly 
lower incidence of PCO requiring Nd: YAG treatment over 3 and 
5 years.6 While all of the IOLs assessed in the study by Ursell et 
al6 were marketed as having a square-edged profile, it could be the 
case that the degree of sharpness of the posterior optic edge may 
have some bearing on the variation in the PCO inhibiting properties 
displayed by different IOLs.8 In addition, our study16 reported that 
IOLs with a radius of curvature of <10.0 mm appear to have good 
PCO performance. Clinical studies show that IOLs with a square-
edged optic profile are associated with less PCO than those with a 
round-edged profile.28,30-34 Nishi and Nishi31 suggest that a square-
edged IOL optic produces a sharp bend in the posterior capsule. 
When migrating LECs meet this sharp, discontinuous bend, they 
are subject to contact inhibition and stop proliferating and migrating 
(the contact inhibition theory).35,36 In contrast, a round-edged IOL 
optic produces a more curved, non-sharp continuous bend that does 
not induce contact inhibition. Bhermi et al37 suggest an alternative 
hypothesis whereby the square edge produces an increased pressure 
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profile at the point on the posterior capsule where the posterior edge 
is compressed against the posterior capsule; this creates a physical 
pressure barrier to LEC migration (the capsule compression theory). 
Most manufacturers now produce square-edged IOLs; however, it 
has become apparent that there are variations in PCO prevention 
between them. Moreover, there is little evidence of how sharp the 
optic edge must be to prevent LEC migration effectively. Tetz and 
Wildeck,34 using different edge designs with a poly(methyl meth-
acrylate) (PMMA) block in cell culture, showed that sharper optic 
edges more effectively prevented the migration of LECs.

The standard treatment for the post-surgery PCO complication is 
neodymium-doped yttrium aluminium garnet (Nd: YAG) laser cap-
sulotomy.2 Previous studies evaluating the incidence of Nd: YAG 
capsulotomy in patients with different IOL types suggest that more 
favourable outcomes have been shown for hydrophobic acrylic 
lenses compared with those made from other materials, including 
silicone and hydrophilic acrylic IOLs.27,36,38-40 In long-term obser-
vational studies (3–9 years post-cataract surgery) looking at the 
incidence of both PCO and Nd: YAG following cataract surgery, 
hydrophobic acrylic IOLs have been associated with a longer time 
until the need for Nd: YAG capsulotomy, with less frequent27,38,41 
and less severe38 or dense41 PCO, and with lower per-patient post-
operative costs.42 Nd: YAG laser capsulotomy is the only effec-
tive surgical treatment for PCO and is a routine and largely safe 
procedure, but could be associated with occasional complications 
that include elevated intraocular pressure, retinal detachment, and 
endophthalmitis.5,42 The requirement to perform Nd: YAG capsu-
lotomies as a consequence of PCO places a considerable financial 
burden on healthcare systems. This is due to the costs of the proce-
dure itself, follow-up visits, and managing the associated complica-
tions that may arise because of the procedure.3,4,6,42

In summary, the evidence suggests using hydrophobic acrylic 
material is superior to hydrophilic on many fronts. The preference for 
using these materials is multifactorial. However, from the perspective 
of improving patients' outcomes, hydrophobic acrylic material stands 
out prominently compared to hydrophilic acrylic material. n
1. https://www.rcophth.ac.uk/news-views/rcophth-analysis-shows-independent-sector-
cataract-capacity-surged-since-2016-amid-significant-regional-variation/.
2. Raj SM, Vasavada AR, Johar SR, Vasavada VA, Vasavada VA. Post-operative capsular 
opacification: a review. Int J Biomed Sci 2007;3:237-50.
3. Boureau C, Lafuma A, Jeanbat V, Smith AF, Berdeaux G. Cost of cataract surgery after 
implantation of three intraocular lenses. Clin Ophthalmol 2009;3:277-85.
4. Cullin F, Busch T, Lundstrom M. Economic considerations related to choice of intra-
ocular lens (IOL) and posterior capsule opacification frequency - a comparison of three 
different IOLs. Acta Ophthalmol 2014;92:179-83.
5. Perez-Vives C. Biomaterial Influence on Intraocular Lens Performance: An Overview. J 
Ophthalmol 2018;2018:2687385.
6. Ursell PG, Dhariwal M, O'Boyle D, Khan J, Venerus A. 5 year incidence of YAG cap-
sulotomy and PCO after cataract surgery with single-piece monofocal intraocular lenses: a 
real-world evidence study of 20,763 eyes. Eye (Lond) 2020;34:960-968.
7. Nanavaty MA, Spalton DJ, Boyce J, Brain A, Marshall J. Edge profile of commercially 
available square-edged intraocular lenses. J Cataract Refract Surg 2008;34:677-86.
8. Nanavaty MA, Zukaite I, Salvage J. Edge profile of commercially available square-
edged intraocular lenses: Part 2. J Cataract Refract Surg 2019;45:847-853.
9. McCulley JP. Biocompatibility of intraocular lenses. Eye Contact Lens 2003;29:155-63.
10. Werner L. Biocompatibility of intraocular lens materials. Curr Opin Ophthalmol 

2008;19:41-9.
11. Nanavaty MA. Hydrophobic versus hydrophilic acrylic intraocular lenses within public 
sector based on the type of funding contacts: the debate continues. Eye (Lond) 2023.
12. Donachie PHJ, Barnes BL, Olaitan M, Sparrow JM, Buchan JC. The Royal College of 
Ophthalmologists' National Ophthalmology Database study of cataract surgery: Report 9, 
Risk factors for posterior capsule opacification. Eye (Lond) 2023;37:1633-1639.
13. Grzybowski A, Zemaitiene R, Markeviciute A, Tuuminen R. Should We Abandon 
Hydrophilic Intraocular Lenses? Am J Ophthalmol 2022;237:139-145.
14. Nanavaty MA. Unveiling opacification of intraocular lens following a successful 
penetrating keratoplasty for extensively scarred cornea due to microbial keratitis after Des-
cemet's stripping automated endothelial keratoplasty. Indian J Ophthalmol 2018;66:696.
15. Nanavaty MA, Spalton DJ, Boyce JF. Influence of different acrylic intraocular lens 
materials on optical quality of vision in pseudophakic eyes. J Cataract Refract Surg 
2011;37:1230-8.
16. Nanavaty MA, Spalton DJ, Gala KB, Dhital A, Boyce J. Fellow-eye comparison of 
posterior capsule opacification between 2 aspheric microincision intraocular lenses. J 
Cataract Refract Surg 2013;39:705-11.
17. Zhao Y, Yang K, Li J, Huang Y, Zhu S. Comparison of hydrophobic and hydrophilic 
intraocular lens in preventing posterior capsule opacification after cataract surgery: An 
updated meta-analysis. Medicine (Baltimore) 2017;96:e8301.
18. Chang A, Kugelberg M. Glistenings 9 years after phacoemulsification in hydrophobic 
and hydrophilic acrylic intraocular lenses. J Cataract Refract Surg 2015;41:1199-204.
19. Weindler JN, Labuz G, Yildirim TM, Tandogan T, Khoramnia R, Auffarth GU. The 
impact of glistenings on the optical quality of a hydrophobic acrylic intraocular lens. J 
Cataract Refract Surg 2019;45:1020-1025.
20. Monestam E, Behndig A. Change in light scattering caused by glistenings in hydro-
phobic acrylic intraocular lenses from 10 to 15 years after surgery. J Cataract Refract Surg 
2016;42:864-9.
21. Nuijts RMMA, Bhatt U, Nanvaty MA, et al. Three-year multinational clinical study on an 
aspheric hydrophobic acrylic intraocular lens. J Cataract Refract Surg. 2023;49(7):672-678.
22. Auffarth GU, Lahood B. https://www.escrs.org/eurotimes-articles/hydrophilic-acrylic-iols/.
23. Linnola RJ. Sandwich theory: bioactivity-based explanation for posterior capsule 
opacification. J Cataract Refract Surg 1997;23:1539-42.
24. Linnola RJ, Sund M, Ylonen R, Pihlajaniemi T. Adhesion of soluble fibronectin, 
laminin, and collagen type IV to intraocular lens materials. J Cataract Refract Surg 
1999;25:1486-91.
25. Linnola RJ, Werner L, Pandey SK, Escobar-Gomez M, Znoiko SL, Apple DJ. Adhe-
sion of fibronectin, vitronectin, laminin, and collagen type IV to intraocular lens materials 
in pseudophakic human autopsy eyes. Part 2: explanted intraocular lenses. J Cataract 
Refract Surg 2000;26:1807-18.
26. Linnola RJ, Werner L, Pandey SK, Escobar-Gomez M, Znoiko SL, Apple DJ. Adhe-
sion of fibronectin, vitronectin, laminin, and collagen type IV to intraocular lens materials 
in pseudophakic human autopsy eyes. Part 1: histological sections. J Cataract Refract Surg 
2000;26:1792-806.
27. Auffarth GU, Brezin A, Caporossi A, et al. Comparison of Nd : YAG capsulotomy 
rates following phacoemulsification with implantation of PMMA, silicone, or acrylic intra-
ocular lenses in four European countries. Ophthalmic Epidemiol 2004;11:319-29.
28. Hayashi K, Hayashi H. Posterior capsule opacification in the presence of an intraocular 
lens with a sharp versus rounded optic edge. Ophthalmology 2005;112:1550-6.
29. Vasavada AR, Raj SM, Shah GD, Nanavaty MA. Posterior capsule opacification after lens 
implantation: incidence, risk factors and management. Expert Rev Ophthalmol 2013;9:141-9.
30. Nagamoto T, Eguchi G. Effect of intraocular lens design on migration of lens epithelial 
cells onto the posterior capsule. J Cataract Refract Surg 1997;23:866-72.
31. Nishi O, Nishi K. Preventing posterior capsule opacification by creating a discontinu-
ous sharp bend in the capsule. J Cataract Refract Surg 1999;25:521-6.
32. Nishi O, Nishi K, Wickstrom K. Preventing lens epithelial cell migration using intra-
ocular lenses with sharp rectangular edges. J Cataract Refract Surg 2000;26:1543-9.
33. Peng Q, Visessook N, Apple DJ, et al. Surgical prevention of posterior capsule opaci-
fication. Part 3: Intraocular lens optic barrier effect as a second line of defense. J Cataract 
Refract Surg 2000;26:198-213.
34. Tetz M, Wildeck A. Evaluating and defining the sharpness of intraocular lenses: part 
1: Influence of optic design on the growth of the lens epithelial cells in vitro. J Cataract 
Refract Surg 2005;31:2172-9.
35. Georgopoulos M, Findl O, Menapace R, Buehl W, Wirtitsch M, Rainer G. Influ-
ence of intraocular lens material on regeneratory posterior capsule opacification after 
neodymium:YAG laser capsulotomy. J Cataract Refract Surg 2003;29:1560-5.
36. Ursell PG, Spalton DJ, Pande MV, et al. Relationship between intraocular lens bioma-
terials and posterior capsule opacification. J Cataract Refract Surg 1998;24:352-60.
37. Bhermi GS, Spalton DJ, El-Osta AA, Marshall J. Failure of a discontinuous bend to 
prevent lens epithelial cell migration in vitro. J Cataract Refract Surg 2002;28:1256-61.
38. Ernest PH. Posterior capsule opacification and neodymium: YAG capsulotomy rates 
with AcrySof acrylic and PhacoFlex II silicone intraocular lenses. J Cataract Refract Surg 
2003;29:1546-50.
39. Hollick EJ, Spalton DJ, Ursell PG, et al. The effect of polymethylmethacrylate, 
silicone, and polyacrylic intraocular lenses on posterior capsular opacification 3 years after 
cataract surgery. Ophthalmology 1999;106:49-54; discussion 54-5.
40. Vasavada AR, Praveen MR. Posterior Capsule Opacification After Phacoemulsifica-
tion: Annual Review. Asia Pac J Ophthalmol (Phila) 2014;3:235-40.
41. Chang A, Kugelberg M. Posterior capsule opacification 9 years after phacoemulsification 
with a hydrophobic and a hydrophilic intraocular lens. Eur J Ophthalmol 2017;27:164-168.
42. Kossack N, Schindler C, Weinhold I, et al. German claims data analysis to assess im-
pact of different intraocular lenses on posterior capsule opacification and related healthcare 
costs. Z Gesundh Wiss 2018;26:81-90.

Alcon medical devices comply with the current legislation for Medical Devices. Exclusive use by healthcare professionals. 
Please refer to relevant products DFU or Operator’s manuals for complete list of indications, contraindications and warnings. 
© 2023 Alcon Inc.     12/23     IMG-CLM-2300011


