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INTRODUCTION

Advances that have taken place in the basic medical sci-
ences and materials sciences during the last three
decades have influenced medical sciences, particularly
leading to rapid changes in methods and materials used
in ophthalmology, dealing with the eye that is open to ex-
ternal factors. This is most evident in the devices and
methods used in cataract surgery. The purpose of these
studies is to improve biocompatibility, to maintain the
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PURPOSE. To investigate the presence of calcium (Ca) aggregates influencing biocompatibility
and the factors that affect calcium accumulation in explanted intraocular lenses (IOL) and to
analyze the Ca distribution in an opacified hydrophilic acrylic lens.
METHODS. Surface irregularities and aggregates of 13 IOLs were studied with scanning electron mi-
croscopy, and their relative concentrations with energy dispersive spectroscopy (EDS). Relation-
ships of distribution between Ca and silicone (Si) and nitrogen (N) and between N and Si and Na,
and the influence of Si on Ca accumulation and the effect of differences in lens material on the
distribution of N, and the effect of endophthalmitis on the distribution of Ca were evaluated sta-
tistically. EDS analyses were performed on the surface and cross-section of the opacified lens.
RESULTS. The statistically significant relationships between the distribution of Ca and N, and
between the distribution of N and Na, the significant effect of Si on the Ca accumulation, sig-
nificant relationship between endophthalmitis and the Ca accumulation in the aggregates were
shown. The EDS analysis of the opacified IOL, Ca and P peaks were shown from the whole
surface, Ca, O peaks were determined from cross-sections over a 70–80 µm distance.
CONCLUSIONS. In the aggregates influencing IOL biocompatibility, presence of proteins was de-
termined to be more important than the presence of Si regarding the distribution of Ca, while
the presence of Si affected the accumulation of Ca. Opacification, caused by the Ca accu-
mulation within the lens, was found to result from Ca penetrating from lens pores. (Eur J Oph-
thalmol 2009; 19: 28-36)
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achieved improvement, and to accelerate and maintain
patient rehabilitation.
Increased numbers of lens epithelial cells (LECs) following
cataract surgery leads to ECM formation on the lens, and
these cells are transformed into mesenchymal cells with
enhanced TGF-B effect. Strong evidence of this is the
presence of TGF-B and ECM components in the protein
deposits (1). Although the abovementioned is a natural
process, it was shown that, in conditions including the
presence of diabetes mellitus and proliferative vitreo-
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retinopathy, these molecules have increased even further
in the intraocular fluid (2, 3). Although the effect of the col-
lagen existing in the structure of protein secreted by the
cells that adhere to the temporary surfaces of plasma
proteins such as fibronectin and vitronectin is not com-
pletely understood, it is asserted that it may affect in-
traocular lens (IOL) biocompatibility (4, 5). IOL calcifica-
tions may occur on the surface of or within the lens.
There are many studies in the literature that aimed to
explain the opacification during the postoperative peri-
od, which presented data concerning light microscopy,
electron microscopy, histopathology, spectroscopy, and
immunohistochemical characteristics of IOLs that were
extracted due to opacification (5-14).
This study aimed to elucidate the chemical structure of
surface deposits and the significance of the presence of
protein and silicone (Si) on the accumulation of calcium
(Ca) and Na, the effectiveness of polymer dystrophy on
Ca accumulation that may potentially affect the biocom-
patibility and also the material significance of IOLs (PM-
MA and hydrophilic acrylic lenses) on N presentation.
For this purpose, IOLs explanted from 13 patients
whose initial intraocular surgeries were performed in
different hospitals but who were directed to our clinic
for various reasons were studied. The surfaces of IOLs,
regardless of their chemical structures, were studied
and deposits were detected with scanning electron mi-
croscopy (SEM), after which chemical structures of the
deposits and relative concentrations of the elements
were assessed via energy dispersive spectroscopy
(EDS). The presence of nitrogen (N), as an indicator of

protein deposits, was investigated in EDS studies.
These EDS analyses were carried out on a total of 62
locations, with a varying number of analyses on each
lens. Relationships among Si, N, and Ca were examined
by statistical means. The effect of polymer dystrophy on
Ca accumulation was examined by comparing the Ca
distribution between the lenses removed from patients
with endophthalmitis and anterior ischemic syndrome
and the other lenses. The relationships between protein
accumulation on IOLs made of PMMA and hydrophilic
acrylic were also analyzed and the chemical structure of
lenses were examined statistically. Distribution of calci-
fication in lenses was investigated by performing EDS
on the cross-section of an opacified hydrophilic acrylic
lens which remained in the eye for 4 years. 

METHODS

This study was carried out in Beyoglu Ophthalmology
Training and Research Hospital, 4th Ophthalmology
Clinic, between March 2006 and January 2007. Thirteen
lens materials explanted from 13 patients who were ad-
mitted to the hospital due to various reasons were used
for the study. Of the cases, four were female and nine
were male, with an average age of 64 (range 48–77).
One of the cases had sarcoidosis, one had diabetes
mellitus, and others had systemic hypertension. The ex-
plantation reasons were endophthalmitis, rhegmatoge-
nous retina detachment accompanied by PVR, opacifi-
cation, endothelium decompensation, and dropping into

TABLE I - CASE NUMBER, CHARACTERISTICS AND CAUSES OF EXPLANTATION OF INTRAOCULAR LENSES

Case Interval Lens localization Material Trademark Cause of explantation

1 8 yr ACIOL PMMA IOLtech Endophthalmitis
2 1 wk PCIOL HA HexaVision Endophthalmitis
3 1 wk PCIOL HA HexaVision Endophthalmitis
4 2 mo PCIOL HA Dr Schmidt Endophthalmitis
5 4 yr PCIOL HA Dr Schmidt RRD (traumatic)
6 4 mo ACIOL PMMA Dr Schmidt RRD
7 2 yr PCIOL HA Hanita RRD (traumatic)
8 1 yr PCIOL HA Ocuflex RRD
9 2 yr PCIOL HA Lenstech RRD
10 1 yr PCIOL HA Ocuflex RRD
11 4 yr PCIOL HA Ophthalmic Innovatives Opacification

International
12 2 y ACIOL PMMA Dr Schmidt Corneal decompensation
13 15 y Iris claw lens PMMA Ophtech Drop of IOL into AC

ACIOL = anterior chamber intraocular lens; PCIOL = posterior chamber intraocular lens; PMMA = polymethylmethacrylate acrylic; HA = hydrophilic acrylic; RRD =
rhegmatogenous retinal detachment.
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anterior chamber. Three of the 13 IOLs inspected were
angle-supported anterior chamber lenses, 1 was a rigid
iris claw lens, and 9 were posterior chamber lenses. Of
the 13 lenses, 4 were PMMA and 9 were hydrophilic
acrylic (Tab. I). All cases were treated with systemic
and/or topical antibiotics and steroids. Lenses were pene-
trated by clear corneal incisions under local or general
anesthesia. The anterior chamber was filled with vis-
coelastic material (methylcellulose). IOLs were taken out
of the eye using forceps, taking care not to cause optic or
haptic damage. IOLs were then washed with saline and
were placed in separate containers filled with saline. They
were stored at +4ºC until the date of analysis.

SEM and EDS methods

Lenses were mounted on aluminum blocks and coated
with a gold-palladium alloy after applying bidirectional
carbon tape. EDS analyses were then performed on the
lenses using scanning electron microscopy (Oxford In-
struments-INCA, Model No.7274, EDS Instrument) at 20
Kv and low vacuum (5–15 Pa). EDS studies were carried
out on each IOL and the number of analyses varied ac-
cording to the surface irregularity observed in respec-
tive IOLs. The following assays were performed accord-
ing to the data obtained during EDS analyses:
1) Consistency of Ca with Si, N, and of Na with N, chi-

square McNemar test.
2) Consistency of Si with Ca and Na with chi-square

McNemar test.
3) Influence of Ca accumulation in the presence and ab-

sence of Si on the IOL surface, statistical differences
between relative Ca concentrations at Si(+) and Si(–)
points with Mann-Whitney U test. Variables in the
statistical analyses were arranged as 2 x 2 tables.
Statistical significance was accepted at the 0.05 level
(two-tailed).

4) Hydrophilic acrylic and PMMA lenses were studied
with regard to the presence and absence of N on the
surface, and the difference between materials regard-
ing the presence of N were analyzed statistically by
Fisher exact test. 

5) Statistical comparison of the difference between the Ca
distribution in IOLs explanted from four cases with en-
dophthalmitis and one case with endothelium deficien-
cy accompanied with anterior segment ischemia, and
Ca distribution in IOLs explanted from seven cases
without endophthalmitis with Fisher exact test.

6) Also, an EDS analysis on the cross-section of the
lens explanted due to opacification to examine the
distribution of calcification within a hydrophilic
acrylic lens.

RESULTS

According to the surface opacities observed with SEM
in 13 IOLs:
1) Consistency between Ca and Si on the lens surface

was investigated and the following findings were ob-
tained: silicone was detected in 31/62 aggregates an-
alyzed by EDS. The consistency between Ca and Si
was 18/31. Calcium was observed in 16/31 aggre-
gates without silicone. The consistency between Ca
and Si was found to be statistically insignificant
(χ²mn=0.13, p=0.71). When the consistency between
Ca and N was examined, Ca was present in 21/23
aggregates with N, but was not present in 26/39 ag-
gregates without N; the relationship between Ca and
N was found to be highly significant (χ²mn=6.66,
p=0.009). Analysis of the consistency of N and Na
showed that Na was present in 14/23 aggregates
with N but not in 9. Na was present in 23/39 aggre-
gates without N but it was not present in 16. The
consistency of N and Na was statistically significant
(χ²mn=5.28, p=0.02).

2) The rate of the presence of N was 23/62 aggregates
analyzed by EDS. Si was present in 14 /23 aggre-
gates with N but not in 9. Si was present in 17/39 ag-
gregates without N, but was not present in 22. The
consistency between N and Si was not statistically
significant (χ²mn=1.88, p=0.16). Analysis of consis-
tency between Si and Na gave the following findings:
Na was present in 14/31 aggregates with Si but not
present in 17. Si was present in 23/31 aggregates
with Na, but not in 8. Consistency between Si and Na
was statistically insignificant (χ²mn=0.62, p=0.42). 

3) The relative concentrations of Ca in the presence or
absence of Si on the lens surface was 7.5% and
2.5%, respectively. The difference between the rela-
tive concentrations of Ca was highly significant
(p=0.001) statistically. 

4) Difference in N accumulation on acrylic and PMMA
surfaces: analyses performed on 26 aggregates for
PMMA lenses showed that N was present in 7 aggre-
gates while absent in 19 aggregates. On the other
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hand, EDS analyses performed on acrylic lenses at
36 aggregates revealed the presence of N at 16 ag-
gregates and its absence at 20 aggregates. The dif-
ference, however, was not significant (p=0.16). 

5) Ca distribution was 17:22 (72.3%) in IOLs explanted
from four cases with endophthalmitis and one case
with anterior segment ischemia and was 17:40
(42.5%) for others. The difference was statistically
significant (p=0.03). 

6) Surface irregularity was not detected for opacified lens
electron microscopy. C, O, N, Ca and P were observed

Fig. 1 - Energy dispersive spec-
troscopy analysis of the opacified lens
matrix.

Fig. 2 - Energy dispersive spec-
troscopy findings of a granular opaci-
ty on the surface of the opacified
lens.

Fig. 3 - The cross-section of the opacified lens. ▼
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in the EDS analysis of the lens matrix (Fig. 1). In the EDS
of a granular opacity on the surface of the same lens,
Na, Ca, Si, K, Mg, Fe and Ti were detected (Fig. 2). In
the cross-section of the lens, opacity was identified be-
low and parallel to surfaces (Fig. 3). This opacity began
from 6–7 µm and was 13–14 µm thick parallel to the
back-surface, and was 6–9.5 µm distant from the front-
surface and was 15–20.5 µm thick. N, F, P, and Ca was
detected in the EDS performed on this location (Fig. 4).
Electron microscopy performed on the surface of the
same cross-section at 100 µm showing needle-shaped
deposits (Fig. 5) and EDS analyses carried out at a di-
ameter of 60–70 µm (Fig. 6) revealed the presence of
only Ca, besides C and O. In the EDS analysis of the
central part of the cross-section of the lens, C and O
were detected only (Fig. 7).

DISCUSSION 

It has been well documented that Si is a nidus for Ca de-
position that affects the biocompatibility. Also, proteins on
the surfaces are known to cause Ca deposition. It is well
known that amine groups of proteins and Ca tend to bind
acrylic acid which is an important material in hydrophilic
lenses. The presence of N may be due to ECM proteins
on the lens surfaces, degenerated cells, or proteins in the
anterior chamber fluid. Histologic, immunologic, and
spectroscopic studies were performed on explanted IOLs
to determine the structure of proteins and cells that cover
the surfaces. Fibronectin and complement components
had been detected by the electrophoresis of proteins from
extracted IOLs (14). Also, it is inevitable that cell and pro-
tein accumulations on IOL surfaces for months and years

Fig. 4 - (A) Photograph of the cross-section of the
opacified lens that shows the distances of the opaci-
ties. (B) Energy dispersive spectroscopy findings per-
formed on the opacified area parallel to the surface.

A

B
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result in the deposition of Ca and Na. In this study, the ef-
fect of Si on Ca distribution was found statistically in-
significant whereas N was statistically highly significant.
Therefore, the presence of proteins on the lens surfaces
affects the Ca and Na distribution in the aggregates more
significantly than Si.
The chemical binding of Ca and Na to the Si on the lens
surface is not an expected relationship. However, surface
energy of Ca, due to its ionic characteristics, is higher
than that of Si. Ca may blanket Si. The significant effect of
the presence of Si on the Ca accumulation has been
demonstrated statistically in this study. However, surface
energy of Na is lower than Si and cannot blanket Si. In
this study, the consistency of Na and Si was not signifi-
cant, which supports this argument.
Significant differences in the types of proteins covering

the surfaces between soft acrylate, PMMA, and silicone
lenses have been reported in human autopsy studies. Fi-
bronectin was shown to bind mostly to hydrophobic acry-
late. It has been shown that all surfaces of acrylate lenses
were covered with vitronectin (13). Although the type of
the protein could not be determined in this study, the inci-
dence of the presence of N, as an indicator of protein in-
volvement in surface opacities, was shown to differ in-
significantly between PMMA and acrylic lenses. No
difference could be detected between the two lens
groups regarding protein distribution, most importantly
because both may contain acrylic acid and blood–eye
barrier was disrupted in all of the 13 cases; the eyes were
inflamed, and pathologies leading to the breakdown of
the eye–blood barrier could be due to the accumulation of
both cellular and noncellular proteins.

Fig. 5 - A) Photo-
graph of the cross-
section of the opaci-
fied lens showing the
distances of the nee-
dle-shaped crystals.
B) Photograph show-
ing the needle-shaped
crystals.

Fig. 6 - Energy dispersive spec-
troscopy findings of the opacified
lens at 6-7 µm.

A B
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Endophthalmitis and anterior segment ischemia increase
the PH, consequently speeding up the hydrolysis of lens
material. As a result, dystrophy of the polymer may occur
and Ca binding is facilitated. Similarly, in this study, Ca
distribution in IOLs explanted from patients with endoph-
thalmitis and anterior segment ischemia were statistically
different than those observed in IOLs of nonendoph-
thalmitis patients, supporting the above argument (15-17). 
The presence of needle-shaped crystals comprised of Ca,
P, and oxygen was demonstrated in EDS studies of IOLs
explanted due to opacification. Opacification is known to
be caused by intense Ca and P accumulations in the sur-
face on or within the lens. The presence of Si, together
with Ca and P, was shown in EDS studies. A sil i-
cone–gasket packaging system (B&L Surgical, Rochester,
NY) is suggested as the cause of opacification of Hy-

droview foldable hydrogel lenses, which has been fre-
quently reported in the literature (18, 19). Silicone adher-
ing to the optical surface, which occurs in the presence of
fatty acids and all other metabolic diseases, is alleged to
form a nidus for Ca storage (11, 20). This study has also
shown that Si indeed formed a nidus for Ca accumula-
tion. That delayed opacification in hydrophilic acrylics is
caused by the presence of Ca, P, and Si on lens surfaces
has been demonstrated by findings of EDS studies (11,
18, 21, 22). The presence of Ca and P in the substance of
the optic in Hydroview IOLs, Memory lenses, SC60B-O4V
IOLs (MDR), and Aquasense IOLs has been reported in
the studied literature. Dystrophic calcifications develop in
a multifactorial manner (23, 24). In this study, EDS studies
revealed the presence of Ca and P on the whole surface
of the IOL explanted due to opacification. Besides, Ca, Cl,

Fig. 7 - (A) Photograph of the center of the opacified
lens. (B) Energy dispersive spectroscopy findings per-
formed on the center of the opacified lens.

A

B
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Fe, K, Mg, Si, and Ti were detected in individual granular
opacities on the surface. The presence of Ti, however,
could not be explained. Ca, P accumulations were ob-
served in cross-sections, parallel to the surface. On the
other hand, Ca aggregates at 80 µm distance from the
surface, demonstrating the existence of Ca; O via EDS
was noted, as well. This study yielded findings which sug-
gest that calcium accumulation may occur during trans-
portation through the lens pores, rather than the dystro-
phy of lens polymer. It was shown that elements
accompanying calcium differed at different depths of the
opacified lens. 
Cell and protein accumulation to some degree is expect-
ed to occur on the IOL surface for biocompatibility. With
this study, it was demonstrated through SEM and EDS
findings of explanted hydrophilic IOLs that the presence
of protein was more important than the presence of Si in
the distribution of Ca, and that sites containing Si formed
a nidus for Ca accumulation. The study findings suggest-
ed that both acrylic acid on the surface and protein stor-
age resulting from biocompatibility might lead to the stor-
age of salts such as Ca and Na, and that these might take
place in a natural manner. Dystrophic alterations seem to
be inevitable by time and/or due to diseases of the eye
that disrupt the blood–eye barrier. Endophthalmitis is a
factor that facilitates calcification. Ca ions may also find
passage into lenses through lens pores, resulting in Ca
accumulation within the lens material and opacification of

the lens and elements accompanying calcium differed at
different depths of the opacified lens. 
In conclusion, in order to identify the ideal lens material,
clinically supported further studies are indicated. These
studies should aim to define surgical equipment and skills
that help minimize inflammation and cell proliferation on
the lens surfaces.
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