
Measurement of 
electrostatic charge on 
intraocular lenses 

Abstract 

Purpose An electronic meter that measures 

electrostatic charge was designed and built. 

The hypothesis tested was that an intraocular 

lens (IOL) attains a charge during handling in 

the operating theatre and that washing the IOL 

with balanced salt solution (BSS) would result 

in a reduction in the surface charge. Once 

exposed to the air a charged IOL may attract 

particulate matter to its surface before 

implantation into the eye. 

Methods This experiment was performed in 

the operating theatre under sterile conditions 

mimicking cataract surgery. The lens box was 

opened onto a trolley and the lens container 

opened by a scrubbed assistant. The operator 

(also scrubbed) removed the lens with 

MacPherson's forceps. The charge on the lens 

was then measured without delay, or after the 

lens had been washed with 1-2 ml of BSS. 
Results The mean charge on unwashed lenses 

was 1.43 X 10-10 C (n = 12) and on washed 

lenses was 0.59 X 10-10 C (n = 10). The 

difference in the charges was significant 

(p = 0.03, unpaired t-test). 

Conclusion Washing of an IOL prior to 

implantation will reduce the surface charge 

and is therefore also likely to reduce the 

chance of contamination. 
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This study was initiated after a conversation in 
the operating theatre on whether washing of an 
intraocular lens (IOL) prior to implantation in 
the eye was necessary or not. The materials 
used in lens manufacture are non-conducting 
and have dielectric properties. This would allow 
them to accumulate an electrostatic charge 
during handling. Any charged object exposed to 
the atmosphere will attract particulate matter 
due to the induction or presence of an opposite 
charge in the particle. The air in an operating 
theatre contains dust, desquamated skin scales 
and airborne bacteria. 1 Introduction of these 
into the eye could contribute to post-operative 
uveitis or at worst cause bacterial 
endophthalmitis. 
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This study was designed to determine 
whether manipulation of an IOL in the 
operating theatre prior to implantation resulted 
in a measurable electrostatic charge on the 
surface of the lens. A literature search provided 
only one reference on the subject, where the use 
of a piezoelectric gun to remove charge was 
recommended but no measurement of the 
magnitude of the surface charge was made? 

The rationale behind washing the IOL before 
implantation is that the surface charge consists 
of excess surface electrons or holes (a 'hole' 
being the absence of an electron). If these are 
placed in contact with a conducting electrolytic 
solution then they can be bound with free ions 
in the solution and thus removed from the lens 
surface, resulting in a reduction of the total 
surface charge. 

Charge measurement 

Principle of charge measurement 

Electrostatic charge can be collected on the 
plates of a capacitor. The stored charge 
generates a voltage given by the relationship 
Q = CV, where Q is the charge in coulombs, C 
the capacitance in farads and V the voltage in 
volts? An electronic device for measuring 
charge was designed, based on this principle. 

Details of charge meter 

The charge meter used a 1 f.LF polypropylene 
capacitor to collect electrostatic charge. One side 
of the capacitor was connected to earth, the 
other to an electrically conducting plate. This 
formed the charge collecting plate of the meter. 
This side of the capacitor was also connected to 
the input of an amplifier. Amplification was 
achieved using a two-stage DC inverting 
amplifier based on high-quality, low-noise 
operational amplifiers. The first stage had a gain 
of around unity, but a very high input resistance 
of 10 MO. This gave the circuit an RC constant 
of 10 (input resistance X capacitance); the 
charge stored on the capacitor thus took 10 s to 
decay to approximately one-third of its initial 
value (as Q = Qo e-tlRC), facilitating measurement 
of the voltage. The second stage of the amplifier 
had a lower input resistance but a much higher 
gain, variable to a maximum of 100. 
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Calibration 

The calibration system used a resistor divider network to 
reduce the supply voltage of the meter by a known 
amount (factors of 10-4, 10 5 or 10-"). The following 
procedure was used to calibrate the meter: The supply 
voltage was measured and thus the output voltage of the 
resistor divider circuit calculated. The output of the 
amplifier was measured with the known small voltage 
from the divider at its input. The gain of the amplifier 
was then calculated from the ratio of the output voltage 
to the input voltage. This calibration was repeated during 
the course of the experiment to ensure that the gain of the 
device was not drifting. The output was measured using 
a digital multimeter. The unit containing the circuit and 
control panel was electrically isolated to avoid any other 
electrical interference. 

Experimental method 

The experiment was performed in the operating theatre. 
The experimenters were scrubbed and gowned, wearing 
sterile cotton gowns and antistatic microsurgical gloves. 
An instrument trolley was covered in a sterile cotton 
drape. A 2 ml syringe, a gallipot, a lacrimal cannula and 
a pair of MacPherson's forceps were opened on the 
trolley. The gallipot was filled with balanced salt solution 
(BSS). 

One of the authors acted as the surgeon, whilst 
another acted as the assistant. The charge meter was 
placed on the operating table in the position of the 
patient's head. It was zeroed and calibrated. Each author 
touched the charge plate and no charge was detected on 
either. The assistant opened the lenses, one at a time. The 
outer wrapper was discarded, the inner cardboard box 
opened and the lens, in its plastic sterile container was 
dropped onto the trolley. The lens container was opened. 
The lens was removed by the surgeon (using the 
MacPherson's forceps) and placed onto the charge plate 
without delay. Alternatively, the lens was washed by the 
assistant before charge measurement. Washing was 
performed either by filling the well holding the lens with 
BSS prior to removal (the 'immersed' group), or by 
washing the lens directly after removal from the 
container (the 'rinsed' group), 1-2 ml of BSS from a 2 ml 
syringe and lacrimal cannula being used in both cases. 
After washing, the lens was immediately placed onto the 
charge plate. The output of the meter was documented in 
each case. Calibration was rechecked during the course 
of the experiment to allow for small variations in the gain 
of the amplifier. 

Lenses used 

Expired lenses were used for the study. None of these 
had been previously opened or damaged in any way. 
The lenses used were of varying power, type and 
manufacturer: one-piece PMMA lenses, three-piece 
PMMA lenses (prolene haptics), one foldable silicone 
lens and one heparin surface modified (HSM) lens. The 

lens powers varied from +15 0 to +27 O. As the charge 
measurement removes charge from the lens surface onto 
the plate of the capacitor, it was not possible to test each 
individual lens both unwashed and then washed. The 
two groups of lenses did not, therefore, form matched 
pairs. 

Results 

The results are presented in Tables 1-3. The gain of the 
meter for each calibration performed during the 
experiment is given in Table 1. There was some variation 
in the gain of the device during the time course of the 
experiment. However, this variation is automatically 
accounted for in the charge calculation, as seen below. 
The charge on the lenses was calculated using the 
formula: 

Q = Vo· C/G 

where Q is the charge in coulombs, Cis 1 X 10" farads, G 
is the gain calculated from calibration of the meter and 
Vo its measured output in volts. 

The data were analysed for mean, standard deviation, 
normal distribution and statistical significance. 
Examination of the data showed that all values were 
approximately normally distributed. The modulus of the 
measured charge was used in the calculations. Either 
polarity will induce a charge of the opposite sign on 
nearby non-conducting objects resulting in an attractive 
force towards the IOL, and thus the magnitude of the 
charge is the key factor in determining whether 
particulate matter will be attracted towards the lens 
surface. The mean charge for the unwashed group 
( 1/ = 12) was 1.43 X 10-10 C (SO 1.19 X 10-10) and for 
the washed group (n = 10) was 0.59 X 10-10 C 
(SO 0.67 X 10-10 C). As the lenses were not matched pairs 
and the modulus of the charge measured was used, a 
one-tailed unpaired Student's t-test was performed 
(p = 0.03). The same test was also performed on the meter 
output voltage (p = 0.03) and thus variation in the gain of 
the meter is seen to be unimportant. The charge 
measured on the silicone foldable lens and the HSM lens 
was of the same order of magnitude as the charge on the 
PMMA lenses (Table 2). The washed lenses were divided 
into two subgroups: rinsed and immersed. The mean 
charge of the rinsed group was 0.43 X 10-10 C 
(SO 0.48 X 1O-1OC) and of the immersed group 
0.75 X 1O-J[) C (SO 0.84 X 10-10 C) (p = 0.26). Comparison 
of these two subgroups with the unwashed lenses was 
significant (p = 0.01) for the rinsed group but not 
significant (p = 0.10) for the immersed group. These 
statistics are summarised in Table 3. 

Table 1. Gaill of amplifier 

Lens number 

Unwashed lenses (1-6) 
Unwashed lenses (7-12) 
Washed lenses (1-10) 

Gain 

106.4 
117.7 
109.9 



Table 2. Eleectrostatic charge on washed and unwashed intraocular lenses 

Unwashed lenses Washed lenses 

Vo(mV) Q (C x 10-10) Type Vo (mV) Q (C x 10-10) Type Method 

- 11.6 -1.090 PMMA one-piece - 6.1 
+30.1 +2.829 PMMA one-piece +23.9 
+16.7 + 1.570 PMMA one-piece - 1.4 
+13.2 + 1.241 PMMA one-piece + 3.5 
+ 4.3 +0.404 PMMA one-piece - 8.4 
+30.9 +3.473 PMMA one-piece + 2.0 
+ 0.2 +0.017 PMMA one-piece +13.3 
+30.9 +2.624 PMMA one-piece + 0.5 
+27.6 +2.594 PMMA three-piece + 6.3 
- 3.4 -0.289 PMMA three-piece -11.5 
-11.5 -0.977 Silicone foldable 
+0.2 +0.017 PMMAHSM 

PMMA, polymethylmethacrylate; HSM, heparin surface modified. 

Discussion 

The incidence of bacterial endophthalmitis is fortunately 
low, figures varying from 0.07% to 0.1 %.4.5 Studies of 
anterior chamber aspirates at the end of surgery show 
high bacterial contamination rates, varying from 5% to 
43%!-10 

The incidence of inflammatory response after cataract 
surgery has been measured as 5.5%11 and in one study 
fibrinous membrane formation on the surface of the IOL 
occurred in 7.6% of cases.12 One potential source of dust 
particles or micro-organisms entering the eye is the 
surface of the IOL. Shah and Spalton have shown that it 
is possible to study lens surface cytology in vivo with a 
specular microscope13 and have identified two distinct 
responses: an early small cell response and a later giant 
cell response.14 It may be that the cellular response on the 
IOL surface is due, in part, to surface contaminants that 
were present on the lens after manufacture or that 
alighted on its surface whilst the lens was manipulated 
during surgery. Interestingly, the giant cell response is 
significantly reduced in HSM lenses. IS It was suggested 
that this might be due to either enhanced 
biocompatibility or reduced inflammatory cell adhesion 

Table 3. Sumary of results 

Unwashed lenses 
Mean charge 
SD 

Washed lenses 
All 

Mean charge 
SD 

Rinsed 
Mean charge 
SD 

Immersed 
Mean charge 
SD 

Unpaired t-test 
Unwashed vs all washed 
Unwashed vs rinsed 
Unwashed vs immersed 
Rinsed vs immersed 

1.43 X 10-10 C 
1.19 X 10-10 C 

0.59 X 10-10 C 
0.67 X 10-10 C 

0.43 X 10-10 C 
0.48 X 10-10 C 

0.75 X 10-10 C 
0.84 X 10-10 C 

p = 0.03 
P = 0.01 
P = 0.10 
P = 0.26 

-0.555 PMMA one-piece Immersed 
+2.175 PMMA one-piece Immersed 
-0.127 PMMA one-piece Immersed 
+0.123 PMMA one-piece Immersed 
-0.765 PMMA one-piece Immersed 
+0.182 PMMA three-piece Rinsed 
+ 1.210 PMMA three-piece Rinsed 
+0.046 PMMA three-piece Rinsed 
+0.573 PMMA three-piece Rinsed 
-0.977 PMMA one-piece Rinsed 

to the surface of the lens. It has been shown that bacterial 
adhesion to HSM lenses is reducedl6 and this may also 
be a factor. 

Vafidis et al.l? recorded a bacterial contamination rate 
of 26% on dry IOLs placed on the external eye during 
cataract surgery (for an exposure duration similar to that 
of the implanted lens) and of 15% on IOLs exposed solely 
to the operating theatre air. Conjunctival irrigation 
yielded a contamination rate of 8% and swabbing the 
fornix only 6%. It appears from these figures that PMMA 
has a propensity to collect bacterial contaminants. Vafidis 
et al. proposed that opening of the IOL should be delayed 
until the last possible moment and that contact with the 
external eye should be minimised, although no 
assessment of the effects of washing the IOL with BSS 
was made. They also suggested that electrostatic charge 
on the surface of the IOL might be a contributory factor 
in the high rate of bacterial contamination seen. 

In this study we provide the first quantification of 
electrostatic charge on IOLs after handling in the 
operating theatre, under conditions mimicking cataract 
surgery. This charge is of the order of 10-10 C and is equal 
to the charge on approximately 109 electrons. We have 
also demonstrated that washing the IOL with BSS 
reduces the charge on its surface. The results indicate 
that both methods of washing reduce surface charge, 
although a greater effect was seen in the rinsed group 
(p = 0.01) than the immersed group (p = 0.1). Although 
rinsing the IOL with BSS may appear to be more effective 
than immersing it, we feel it is difficult to comment on 
any specific advantage of one method of washing over 
another, as the number of IOLs in each subgroup is very 
small. It is unlikely that further charge could be induced 
whilst removing the IOL from its container, as once its 
surface is wet with a conducting electrolytic solution any 
free electrons or holes would be rapidly bound with free 
ions. 

The ratio of the means of the charge measured in the 
two groups is 2.5. As electrostatic force is proportional to 
the product of the charge on two bodies (F ex qlq2/ r2), this 
factor indicates a mean reduction of attractive force on 
nearby particles of a factor of 6.25. Washing the IOL with 
BSS before implantation would therefore be 
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advantageous over implantation without washing. To 
capitalise on the reduction of surface charge the IOL 
should be washed as soon as possible after opening the 
container, as once it is wet no further static charge will be 
accumulated. 

In conclusion, washing an lOL with BSS prior to 
implantation has the advantage of reducing the 
likelihood of surface contamination, due to a reduction in 
electrostatic charge and a concomitant reduction of any 
attractive force on nearby airborne particles. This is 
achieved with minimal additional time for the 
procedure, no extra cost and no increased risk to the 
patient. 
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