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ABSTRACT 
 

Aim:  To analyze whether anterior and posterior capsule polishing after lens cortex cleaning done 
by phacoemulsification has any effect on the rate of posterior capsule opacification (PCO). 
Study Design: Randomized controlled trial. 
Materials and Methods:  A total of 587 with cataract who underwent uncomplicated 
phacoemulsification surgery were analyzed. The patients were divided into two groups. The 
anterior capsule and posterior capsule polishing procedure after lens cortex cleaning was carried 
out in 271 patients (Group 1) and not carried out in 316 patients (Group 2). The posterior capsule 
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was evaluated by using the retroillumination technique on the biomicroscope by one 
ophthalmologist. 
Results: The mean age was 65.33±13.90 (18-93) years in group 1 and 67.32±11.72 (22-95) years 
in group 2. PCO developed in 9 of 271 patients (3.3%) in group 1 and 39 of 316 patients (12.3%) in 
group 2. The difference was statistically significant (p<0.001). Comparison of the two groups for 
PCO development at the 6th nd 12th months revealed a statistically significant difference (p<0.001) 
with less PCO in group 1 at both time points. The mean follow-up duration was 29.72±2.7 (24-37) 
months. 
Conclusion: Our study shows that the PCO rates showed a statistically significant decrease in 
patients who underwent anterior and posterior capsule polishing during cataract surgery. The 
combination of anterior capsule and posterior capsule polishing may significantly reduce the rate of 
PCO development. 
 

 
Keywords: Anterior capsule polishing; cataract; phacoemulsification; posterior capsule opacification; 

posterior capsule polishing. 
 
1. INTRODUCTION 
 
The most common threat to postoperative vision 
and contrast sensitivity faced by cataract 
surgeons is opacification and fibrosis of the 
anterior and posterior lens capsule due to the 
proliferation of residual equatorial lens epithelial 
cells (RELEC) [1,2]. RELEC reside in the 
capsular bag equator. They have significant 
potential to migrate to the center of the posterior 
capsule unless preventive measures are taken. 
They can decrease vision and contrast sensitivity 
due to pearl formation or whitening and 
shrinkage of the capsule [3,4]. The effective 
cleaning and polishing of RELEC using an 
irrigation/aspiration capsule-polishing cannula 
during cataract surgery can prevent the transit of 
RELEC to the anterior and posterior capsule [3]. 
This procedure can also ensure the removal of 
all lenticular epithelial cells that cannot be seen 
with the operating microscope. The rate of 
posterior capsule opacification (PCO) 
development can therefore be reduced by 
polishing the anterior and posterior lens 
capsules. We are not aware of any study on the 
effect of combined anterior and posterior capsule 
polishing on PCO development in large patient 
series previously. We therefore aimed to 
determine the effect of combined anterior and 
posterior capsule polishing during cataract 
surgery on PCO development. 
 
2. MATERIALS AND METHODS 
 
Five hundred eighty seven cataract patients were 
prospectively included in the study from January 
2010 to January 2011. Written informed consent 
forms were obtained from all patients and the 
study was performed in accordance with the 
ethical standards laid down in the 1964 

Declaration of Helsinki. Patients underwent 
uncomplicated phacoemulsification surgery at 
the Maya Eye Hospital, Kayseri. Patients were 
divided into two groups with computer 
randomization. The anterior capsule and 
posterior capsule polishing procedure after lens 
cortex cleaning was carried out in 271 patients 
(Group 1) and not carried out in 316 patients 
(Group 2). The patients included in the study 
were aged 18-95 years and had no systemic 
disorder other than hypertension. Exclusion 
criteria were traumatic cataract, 
pseudoexfoliation, subluxated or dislocated lens, 
anterior and posterior segment disorders (such 
as corneal disorders, glaucoma and uveal 
pathologies), diabetes mellitus, systemic steroid 
use, retinitis pigmentosa, and any intraoperative 
complications such as posterior capsule rupture. 
 
The cataract was classified by anatomical 
location within the lens according to Brown and 
Hill [5] and the Lens Opacities Classification 
System III [6] using the the slit-lamp. According 
to these classification systems, clouding and 
increase in light scattering of the lens can occur 
only in the nucleus in which case the term 
"nuclear sclerosis" is used. If cuneiform or 
wedge-shaped opacities occur in the lens cortex 
only, the cataract is named a "cortical cataract." 
If the loss of clarity and accumulation of granular 
and fibrillary material of the lens is primarily in 
the posterior capsule, the term "posterior 
subcapsular cataract" is used. If the lens is totally 
opaque, it is named a "mature cataract". 
 
All surgeries were performed by the same 
surgeon. The phacoemulsification device 
(INFINITI®, Alcon Laboratories, Inc., Fort Worth, 
TX, USA) was used for all cataract surgeries. 
The pupil was dilated with topical mydriatic in all 
patients. Phacoemulsification was performed 



 
 
 
 

Kurt et al.; BJMMR, 17(9): 1-7, 2016; Article no.BJMMR.27704 
 
 

 
3 

 

 

under topical anesthesia with proparacaine 
hydrochloride 0.5% (Alcain®, Alcon Laboratories, 
Inc., Fort Worth, TX, USA). A three-step temporal 
clear corneal incision of 2.8 mm was made and 
an anterior continuous curvilinear capsulorhexis 
of approximately 5.5 mm created using 
dispersive viscoelastic material (sodium 
hyaluronate 3%-chondroitin sulfate 4%, 
Viscoat®, Alcon Laboratories, Inc., Fort Worth, 
TX, USA). Two side port incisions were opened. 
After cortical hydrodissection, the nucleus was 
rotated. The cataract was aspirated using the 
usual phacoemulsification surgical technique in 
all surgeries (phaco-chop). The remaining soft 
cortex residue was cleaned with bimanual 
irrigation aspiration. We then chose the polishing 
mode on the device to apply polishing. Residual 
lens material on the anterior and posterior 
capsule was gently removed with extensive 360-
degree polishing (including the equatorial zone) 
using a bimanual irrigation/aspiration cannula in 
the polishing mode of the phaco device. The 
polishing maneuver typically required 
approximately 40 to 60 seconds. The vacuum 
power was 20 mmHg, aspiration rate was 10 
cc/min and bottle height was 78 cm on polishing 
mode. After the absence of visible lens matter 
(lens cortex and remnant surface debris) on the 
undersurface of the anterior capsule and on the 
posterior capsular bag was confirmed with 
observation through the operating microscope, 
the anterior chamber was filled with a cohesive 
viscoelastic material (1% Sodium hyaluronate, 
Provisc®, Alcon Laboratories, Inc., Fort Worth, 
TX, USA). The same type of foldable one-piece 
hydrophilic acrylic intraocular lens (IOL) with 
square edges and an equi-biconvex optic design 
(IOL, Acryfold®, Appasamy Associates, Chennai, 
India) was injected into the bag with an injector in 
all patients. The IOL had a 6 mm optic diameter. 
The viscoelastic material was then aspirated 
from under the IOL, capsular bag, and anterior 
chamber using a bimanual irrigation/aspiration 
cannula. Both the main incision and the 
paracentesis incision were then hydrated. 
Balanced salt solution (BSS; Alcon Laboratories, 
Inc., Fort Worth, TX, USA) was used as the 
irrigation solution. The same type of IOL and 
viscoelastic material was used for all surgery. 
The patients were asked to return for 
postoperative follow-up visits 1, 3 and 6 months 
and 1 and 2 years later. Routine follow-up 
assessment included visual testing, slit lamp 
examination and intraocular pressure 
measurement. At these visits, the pupil was 
maximally dilated and PCO was evaluated using 
a biomicroscope and the retro-illumination 

method. The examiner was grading PCO blinded 
to the technique (polished vs not polished). All 
patients were evaluated by the same investigator 
who was masked to the intervention, and the 
same biomicroscope. 
 
PCO within the central 3 mm area of the 
posterior capsule reduces visual acuity and 
affects high contrast sensitivity, low contrast 
acuity [7]. We took opacities in the central 3 mm 
area into account for PCO assessment. The 
dimension of the opaque zone was measured 
with the biomicroscope. The decision to perform 
Nd:YAG laser posterior capsulotomy was based 
on subjective patient complaints or a measurable 
decrease in postoperative corrected visual acuity 
caused by a blurry posterior capsule. 
 
Data was managed and analyzed using SPSS 
version 17.0 statistical software. The difference 
between the two groups in terms of age was 
evaluated by Student's t test. Statistical 
differences between Group 1 and Group 2 
patients in term of PCO development (eyes 
needing Nd:YAG capsulotomy), gender 
distribution and PCO development time were 
evaluated by chi-square test. A p value less than 
0.05 were considered significant. 
 

3. RESULTS  
 
The anterior capsule and posterior capsule 
polishing procedure was carried out in 271 
patients (46.2%) (Group 1), and not carried out in 
316 patients (53.8%) (Group 2). Table 1 shows 
the patients’ age, gender information and axial 
length. There was no statistical difference 
between the two groups for mean age, gender 
and axial length.   
 

The types of cataract were, in order of frequency, 
nuclear sclerosis in 273 patients (46.5%), 
posterior subcapsular in 197 patients (33.6%), 
cortical in 68 patients (11.6%) and mature in 49 
patients (8.4%). PCO presence by cataract type 
is specified in Table 2. 
 
PCO developed at a statistically significantly 
higher rate following surgery for mature and 
posterior subcapsular cataract compared to 
nuclear and cortical cataract (p=0.008). 
 
PCO developed in 9 of 271 patients (3.3%) in 
group 1 and in 39 of 316 patients (12.3%) in 
Group 2. The difference was statistically 
significant (p<0.001). There was a significant 
difference between the two groups for PCO 
development at the 6th and 12th months 
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(p<0.001) with lower PCO rates in group 1 for 
both timepoints. The development time of PCO 
for both groups is specified in Table 3. 
 
4. DISCUSSION 
 
We found in this study that polishing the anterior 
and posterior capsule with an irrigation/aspiration 
cannula decreased the PCO rate significantly. 
There was also a significantly decreased rate in 
group 1 regarding the PCO development rate at 
the 6th and 12th months (p<0.001). Most of our 
PCO cases developed after surgery for mature 
and posterior subcapsular cataracts. 
 
PCO is the most common complication after 
cataract extraction with IOL implantation [2]. 
Nd:YAG laser capsulotomy is a definitive, easy 
and rapid treatment of PCO; however, there are 
rare but significant complications of capsulotomy, 
including cystoid macular edema, retinal 
detachment, damage to and subluxation of the 
IOL, and increased intraocular pressure. In 
addition, Nd:YAG capsulotomy to treat PCO 
results in increased requirement for patient 
follow-up and has a substantial socioeconomic 
impact [2-4]. The PCO percentage has been 

reported to be 20-40% after cataract surgery [3]. 
A variety of methods have been mentioned to 
prevent PCO during cataract surgery. These 
include using extended irrigation/aspiration 
systems [8-12], dispersion and aspiration of 
RELEC using pharmacological agents [13-15], 
the use of different shaped and coated IOLs, the 
opening of the optical center of the posterior 
capsule and the polishing of anterior capsule 
and/or posterior capsule [12,16,17]. Nowadays, 
cataract surgery is also considered as a 
refractive surgery. With the continued 
development of IOLs to treat astigmatism and 
presbyopia with toric or multifocal IOLs, the 
development of PCO and fibrosis with 
contraction becomes an even more disruptive 
complication. Furthermore, these IOLs may 
require higher degrees of capsule clarity and 
subsequent earlier Nd:YAG laser capsulotomies 
to prevent capsule opacification imperative [18]. 
 
PCO results from the proliferation, growth, 
migration and transdifferentiation of RELEC left 
on the anterior capsule at the time of cataract 
surgery. RELEC may remain adherent to the 
anterior and posterior capsule during surgery. 
They migrate to the surface and multiply in the

Table 1. Age, gender and total axial length in grou p 1 and group 2 
 

 Total  Group 1  Group 2  p values  
Age 
mean±SD 
(min-max) 

 
66.40±12.8 
(18-95) 

 
65.33±13.90 
(18-93) 

 
67.32±11.72 
(22-95) 

 
0.060 

Gender (m/f)% 54.5/45.5 57.2/42.8 52.2/47.8 0.227 
Axial 
length(mm) 
mean±SD 
(min-max)  

 
23.65±1.7 
(19.85-34.83) 

 
23.75±1.86 
(23.75-34.83) 

 
23.57±1.68 
(23.57-34.80) 

 
0.180 

m, male; f, female. 
 

Table 2. PCO presence in various cataract types 
 

 Nuclear sclerosis 
n (%) 

Posterior subcapsular 
n (%) 

Cortical 
n (%) 

Mature 
n (%) 

PCO (+) 20 (7.3) 19 (9.6) 4 (5.9) 5 (10.2) 
PCO (-) 253 (92.7) 178 (90.4) 64 (94.1) 44 (89.8) 

PCO, posterior capsule opacification; n, number. 
  

Table 3. The time of PCO development 
 

 1 month  6 months  12 months  24 months  Total  
Group 1 n(%) 1(0.4) 6(2.2) 2(0.7) 0 9(3.3) 
Group 2 n(%) 0 30(9.5) 9(2.8) 0 39(12.3) 

PCO, posterior capsule opacification; n, the number of patients with posterior capsular opacification. 
The follow-up time was 29.72±2.7 (24-37) months. 
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posterior capsule, then undergo metaplasia and 
get transformed into fibroblasts, causing PCO 
development [19,20]. The benefits of capsule 
polishing have therefore been investigated in 
several studies. There are various opinions on 
whether the PCO rate is reduced or not 
afterwards. Several studies have shown a 
reduction in the PCO rate after posterior capsule 
polishing [21-23] and various results have been 
reported [24-28]. Menapace et al. [24] showed 
that anterior capsule polishing is not effective on 
the regenerative type of PCO but reduces fibrotic 
PCO. Bolz et al. [25] reported that anterior 
capsule polishing is effective in preventing 
opacification of the anterior capsule, but not 
effective in preventing the development of PCO. 
We observed that the combination of anterior 
and posterior capsule polishing reduced the rate 
of PCO. In Khalifa's study of 412 patients with 
bilateral cataract, extracapsular cataract 
extraction was performed and the right eye was 
posterior capsular polished while the left eye was 
not. The incidence of PCO was 9.2% in the 
polished eyes and 12.0% in the unpolished eyes. 
These data are similar to our findings [16]. Liu et 
al. [26] found that anterior capsule polishing did 
not reduce the growth of residual cells although it 
removed much of the RELEC, and conversely 
resulted in enhanced cell proliferation in capsular 
bag cultures. Baile et al. [27] found no significant 
difference in PCO formation with anterior capsule 
polishing during cataract surgery. However, the 
rate of anterior capsule opacification and 
capsular phimosis showed a significant reduction 
when anterior capsular polishing was done. Sacu 
et al. [28] showed that eyes with extensive 
anterior capsule polishing had less anterior 
capsule opacification and fibrotic PCO after 3 
years of follow-up. The previous studies on 
anterior capsular polishing did not reveal a 
reduction of the PCO rate, in contrast to our 
study. The cause of the reduced PCO in the 
present study could be combined anterior and 
posterior capsule polishing. 
 
PCO developed more commonly after surgery for 
mature and posterior subcapsular cataract than 
for nuclear and cortical cataracts in this study 
(p<0.05). The rate of PCO in these cataract 
types was statistically higher because these 
cataract types are closer to the posterior capsule. 
In addition, polishing is difficult in these cataract 
types due to the epithelial cells adherent to the 
posterior capsule. 
 
One of the limitations of the study is the lack of 
digital retro-illumination cameras and the 

corresponding field lens to use as an objective 
method in the measurement and evaluation of 
PCO. The PCO diagnosis was based on slit lamp 
examination. The decision to whether perform a 
Nd:YAG capsulotomy or not is subjective and 
largely based on patient complaints. A patient 
with PCO may not be symptomatic if other 
problems decreasing the visual acuity coexist 
and this may have prevented patients with PCO 
from being included in the Nd:YAG capsulotomy 
group. Generally, PCO rates have been 
assessed by either comparing the presence or 
absence of PCO within the central visual axis or 
the Nd: YAG capsulotomy rates in previous 
clinical studies [27,29-31]. Another limitation is 
that no classification of PCO (regenerative-
fibrotic) was conducted. 
 
5. CONCLUSION 
 
The combination of anterior capsule and 
posterior capsule polishing may reduce the rate 
of PCO development. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Beebe DC. In Adler’s Physiology of the 

Eye: Clinical Application; Kaufman, PL., 
Alm, A., Eds., 10th ed.; Mosby-Year Book: 
St Louis. 2003;117-58. 

2. Apple DJ, Solomon KD, Tetz MR Assia EI, 
Holland EY, Legler UF, et al. Posterior 
Capsule Opacification. Surv Ophthalmol. 
1992;37:73-116. 

3. Awasthi N, Guo S, Wagner BJ. Posterior 
capsular opacification: A problem reduced 
but not yet eradicated. Arch Ophthalmol. 
2009;127:555-62. 

4. Spalton DJ. Posterior capsular 
opacification after cataract surgery. Eye 
(London). 1999;13:489-92. 

5. Brown NA, Hill AR. Cataract: The relation 
between myopia and cataract morphology. 
Br J Ophthalmol. 1987;71:405-14. 

6. Chylack LT, Wolfe JK, Singer DM, Leske 
MC, Bullimore MA, Bailey IL, et al. The 
Lens Opacities Classification System III. 
The longitudinal study of cataract study 
group. Arch. Ophthalmol. 1993;111:831-
36. 



 
 
 
 

Kurt et al.; BJMMR, 17(9): 1-7, 2016; Article no.BJMMR.27704 
 
 

 
6 

 

 

7. Buehl W, Sacu S, Findl O. Association 
between intensity of posterior capsule 
opacification and visual acuity. J Cataract 
Refract Surg. 2005;31:543-7. 

8. Hara T, Hara T. Observations on lens 
epithelial cells and their removal in anterior 
capsule specimens. Arch Ophthalmol. 
1988;106:1683-7. 

9. Nishi O. Intercapsular cataract surgery with 
lens epithelial cell removal, Part I: without 
capsulorhexis. J Cataract Refract Surg. 
1989;15:297-300. 

10. Nishi O. Intercapsular cataract surgery with 
lens epithelial cell removal, Part II: effect 
on prevention of fibrinous reaction. J 
Cataract Refract Surg. 1989;15:301-3. 

11. Nishi O, Nishi K. Intercapsular cataract 
surgery with lens epithelial cell removal, III: 
long-term follow-up of posterior capsular 
opacification. J Cataract Refract Surg. 
1991;17:218-20. 

12. Mathey CF, Kohnen TB, Ensikat HJ, Koch 
HR. Polishing methods for the lens 
capsule: histology and scanning electron 
microscopy. J Cataract Refract Surg. 
1994;20:64-9. 

13. Nishi O, Nishi K, Hikida M. Removal of 
lens epithelial cells by dispersion with 
enzymatic treatment followed by 
aspiration. Ophthalmic Surg. 1991;22:444-
50. 

14. Nishi O, Nishi K, Hikida M. A new 
approach to lens epithelial cell removal: 
Dispersion aspiration. Dev Ophthalmol. 
1991;22:101-5. 

15. Nishi O, Nishi K, Hikida M. Removal of 
lens epithelial cells following loosening of 
the junctional complex. J Cataract Refract 
Surg. 1993;19:56-61. 

16. Khalifa MA. Polishing the posterior capsule 
after extracapsular extraction of senile 
cataract. J Cataract Refract Surg. 
1992;18:170-3. 

17. Dahan E, Allarakhia L. Irrigation, 
aspiration, and polishing cannula. J 
Cataract Refract Surg. 1991;17:97-8. 

18. Mamalis N, Grossniklaus HE, Waring GO, 
Werner L, Brubaker J, Davis D, et al. 
Ablation of lens epithelial cells with a laser 
photolysis system: Histopathology, 
ultrastructure, and immunochemistry. J 
Cataract Refract Surg. 2010;36:1003-10. 

19. Frezzotti R, Caporossi A, Manstrangelo 
Hadjistilianou T, Tosi P, Cintorino M, et al. 

Pathogenesis of posterior capsule 
opacification. Part:II: Histophological and in 
vitro culture findings. J Cataract Refract 
Surg. 1990;16:353-60. 

20. Nagamato T, Hara E. Lens epithelial cell 
migration onto the posterior capsule in 
vitro. J Cataract Refract Surg. 
1996;22:841-6. 

21. Svancarova R, Novak J, Adamkova H. The 
influence of the lens capsule mechanical 
polishing to the secondary cataract 
development. Cesk Slov Oftalmol. 
2010;66:21-5.  

22. Mootha VV, Tesser R, Qualls C. Incidence 
of and risk factors for residual posterior 
capsule opacification after cataract 
surgery. J Cataract Refract Surg. 
2004;30:2354-8. 

23. Sakamoto T, Shiraki K, Inoue K, 
Yanagihara N, Ataka S, Kurita K. A simple, 
safe bimanual technique for subincisional 
cortex aspiration. Ophthalmic Surg Lasers. 
2002;33:337-9. 

24. Menapace R, Wirtitsch M, Findl O, Buehl 
W, Kriechbaum K, Sacu S. Effect of 
Anterior Capsule Polishing on Posterior 
Capsule Opacification and neodymium: 
YAG capsulotomy rates: Three-year 
randomized trial. J Cataract Refract Surg. 
2005;31:2067-75. 

25. Bolz M, Menapace R, Findl O, Sacu S, 
Buehl W, Wirtitsch M, et al. Effect of 
anterior capsule polishing on the posterior 
capsule opacification-inhibiting properties 
of a sharp-edged, 3-piece, silicone 
intraocular lens: three- and 5-year results 
of a randomized trial. J Cataract Refract 
Surg. 2006;32:1513-20. 

26. Liu X, Cheng B, Zheng D, Liu Y, Liu Y. 
Role of anterior capsule polishing in 
residual lens epithelial cell proliferation. J 
Cataract Refract Surg. 2010;36:208-14. 

27. Baile R, Sahasrabuddhe M, Nadkarni S, 
Karira V, Kelkar J. Effect of anterior 
capsular polishing on the rate of posterior 
capsule opacification: A retrospective 
analytical study. Saudi J Ophthalmol. 
2012;26:101-4. 

28. Sacu S, Menapace R, Wirtitsch M, Buehl 
W, Rainer G, Findl O. Effect of anterior 
capsule polishing on fibrotic capsule 
opacification: three-year results. J Cataract 
Refract Surg. 2004;30:2322-7. 

29. Ernest PH. Posterior capsule opacification 
and neodymium: YAG capsulotomy rates 



 
 
 
 

Kurt et al.; BJMMR, 17(9): 1-7, 2016; Article no.BJMMR.27704 
 
 

 
7 

 

 

with AcrySof acrylic and PhacoFlex II 
silicone intraocular lenses. J Cataract 
Refract Surg. 2003;29:1546-50. 

30. Auffarth GU, Brezin A, Caporossi A, 
Lafuma A, Mendicute J, Berdeaux G, et al. 
European PCO Study Group. 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. 

31. Mian SI, Fahim K, Marcovitch A, Gada H, 
Musch DC, Sugar A. Nd:YAG capsulotomy 
rates after use of the AcrySof acrylic three 
piece and one pieceintraocular lenses. Br J 
Ophthalmol. 2005;89:1453-7. 

_________________________________________________________________________________ 
© 2016 Kurt et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/16077 


