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Objective: To analyze the surface quality of new generation phakic intraocular lenses (IOLs).
Design: Experimental materials study.
Materials: Three different new generation phakic IOLs: angle-fixated anterior chamber lens Chiron Vision NuVita

MA20 (polymethylmethacrylate [PMMA]), iris-fixated anterior chamber lens Ophtec Artisan Iris-Claw (PMMA), poste-
rior chamber lens Staar ICM (polymer from porcine collagen and 2-hydroxyethyl methacrylate [HEMA]).

Methods: Representative samples of three different phakic IOLs underwent surface and edge-finish exam-
ination with light microscopy (LM). The phakic IOLs were then examined by use of scanning electron microscopy
(SEM), and particular attention was given to optic surface quality, edge finish, haptic, and optic/haptic junction.

Results: In all IOLs the LM examination showed a smooth and homogeneous surface. No irregularities, partic-
ularly at the optic front and back surface, optic edge, haptic, and the optic/haptic junctions, were detected by SEM.
One exception was a minor surface roughness at the claws of an Artisan iris-fixated anterior chamber IOL.

Conclusions: Phakic IOLs are implanted either in the anterior or posterior chamber of healthy eyes, and high
standards for their surface quality are required. The evaluation of surface properties with LM and SEM did not
reveal any defects that contraindicate the implantation of phakic IOLs. Ophthalmology 2000;107:934–939
© 2000 by the American Academy of Ophthalmology.

Incisional (e.g., radial and astigmatic keratotomy) and laser
surgery (e.g., excimer photorefractive keratectomy or laser in
situ keratomileusis) of the cornea have become the primary
methods to correct refractive errors of the human eye. These
procedures are all performed by altering corneal tissues. Re-
cently, the implantation of phakic intraocular lenses (IOLs) has
been shown to be an alternative for the correction of refractive
errors. Several potential advantages have been ascribed to the
use of phakic intraocular lenses for the correction of refractive
errors, including excellent refractive accuracy, preservation of
accommodation, compatibility with procedures already estab-
lished in cataract surgery and aphakic IOL implantation, cor-
rection of higher levels of myopic and hyperopic refractive
errors, and reversibility.1–3

Because refractive IOLs are implanted in healthy phakic

eyes—mainly of young patients—the procedure requires
not only a skilled and experienced surgeon but also implants
that provide long-term acceptance and a minimal risk of
intraocular inflammation. Previous reports have shown that
the acceptance of intraocular implants is greatly influenced
by the regularity of the surface.4–6 Most IOLs that have
been implanted until today are made of polymethylmeth-
acrylate (PMMA), a material that is tolerated by the eye
over a long time and has been presumed to be almost
biologically inert. However, publications have shown that
PMMA can give rise to an inflammatory response.7–10 De-
spite the remarkable success rate of cataract and IOL sur-
gery, sight-threatening complications develop in pseu-
dophakic eyes.11,12Many of these complications are caused
by intraocular inflammation that is precipitated or exacer-
bated by the presence of the IOL. Partially, this inflamma-
tion results from interaction between biomaterials and tis-
sues or foreign body reaction to biomaterials
(biocompatibility).10,13 An IOL is able to stimulate a
marked inflammatory response. For example, complement
is activated, protein and cells leak from dilated uveal vessels
and attach to the IOL surface, and synechiae form.7,9,14–16

The purpose of this study was to evaluate the surface
quality of three different new-generation phakic IOLs.

Materials and Methods

Three different types of phakic IOLs (all one-piece models with
different haptic design) were examined in this study (Table 1): an
angle-fixated anterior chamber lens Chiron Vision NuVita MA20
([PMMA], three samples with a refractive power of215.0 diopters
(D) and an optic diameter of 5.0 mm), an iris-claw lens Ophtec
Artisan, Groningen, The Netherlands (PMMA, two samples with a
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refractive power of215.0 D and an optic diameter of 5.0 mm and two
samples with a refractive power of214.0 D and an optic diameter of
6.0 mm), and a posterior chamber lens Staar ICL, Staar Surgical,
Nidau, Switzerland (Collamer, a copolymer of porcine collagen and
2-hydroxyethyl methacrylate [HEMA], two samples with a refractive
power of221.0 D and one with a power of219.0 D, all three with
an optic diameter of 5.5 mm). The IOLs of each design were received
as sterile implantation samples from the manufacturer.

All IOLs were first inspected with a dissecting microscope
(Stereolupe Wild, Heerbrugg, Switzerland) and were then pro-
cessed for scanning electron microscopy (SEM). The IOLs were
sputter-coated with gold for 6 minutes at 5 mA in a Balser SCD
040 instrument (Bal-Tec AG, Walluf, Germany). SEM was per-
formed with a Philips PSEM 500 machine at high voltage (.1000
volt) (Philips, Industrial Electronics GmbH, Hamburg, Germany).
Photographs were taken with a Steinheil M20 Oscillophot camera
(Steinheil Lear Siegler AG, Ismaning-Mu¨nchen, Germany) at 5.8
to 175 times magnification. Special attention was given to optic
surface quality, edge finish, haptic, and optic/haptic junction.

Results

Light microscopy did not reveal any surface irregularities on gross
examination. The results of the SEM findings are summarized in
Table 2. In particular, the Chiron Vision NuVita MA20 angle-
fixated anterior chamber phakic IOL demonstrated a smooth and
homogenous front and back optic surface in all three samples (Fig
1A). The optic itself showed a meniscus shape and the optic edge

a reduced thickness in higher magnification. At the junction be-
tween optic and haptic and at the haptic itself no irregularities
could be detected (Fig 1B).

Both front and back examination of the Ophtec Artisan iris-
claw phakic IOL with a 5.0-mm optic diameter showed a regular
surface and good finish (Fig 2A). The haptics and the optic/haptic
junction (Fig 2B) were smooth and regularly shaped. The haptic
ends, which are referred to as the “claw” of the IOL, showed sharp
edges and tiny cracks in one sample (Fig 2C).

The Ophtec Artisan IOL with a 6.0-mm optic diameter dem-
onstrated excellent optic finish and front and back optic surfaces as
well (Fig 3A). In higher magnification, no molding flash or empty
spaces at the optic edges were visible (Fig 3B). In this model, there
were no irregularities or sharp edges detectable at the optic/haptic
junction and the haptic ends (Fig 3C).

The Staar ICL posterior chamber phakic IOL demonstrated a
good overall finish in front and back views (Fig 4A). Even high
magnification of the front and back optic side of this IOL model
did not reveal any irregularities. At the edges of the IOL, no
molding flash was detectable (Fig 4B). The positioning holes in the
haptic foot plates and near the optic demonstrated a fine, regular
finish without any surplus material (Fig 4B, C).

Discussion

Phakic intraocular lenses have become a possible alternative
to corneal surgery for the correction of refractive errors.

Table 1. Characteristics of Phakic Intraocular Lenses Examined in this Study

Type Design Material
Total Diameter

(mm)
Optic Diameter

(mm)
Power Range

(D)
Refractive

Index

Chiron One-piece, PMMA 12.0, 12.5, 5.0 27.0 to 220.0 1.490
Vision anterior 13.0, 13.5
NuVita chamber, angle Dioptric
MA 20 fixated steps: 1.0

Ophtec One-piece, PMMA 8.5 5.0 23.0 to 223.5 1.490
Artisan anterior 11.0 to 112.0

chamber, iris
claw 6.0 23.0 to 215.5

11.0 to 112.0
Dioptric
steps: 0.5

Staar ICL One-piece, Collagen/ 11.5, 12.0, 4.5, 5.0, 5.5 23.0 to 220.0 1.453
plate haptic, HEMA- 12.5, 13.0 13.0 to 117.0
posterior polymer
chamber, sulcus
fixated Dioptric

steps: 0.5

Steps 5 the IOL power increases in 0.5 or 1 diopter steps.

HEMA 5 2-hydroxyethyl methacrylate; PMMA 5 polymethylmethacrylate

Table 2. Surface Quality of the Examined Phakic IOLs

IOL type
Optic

Front Surface
Optic

Back Surface
Optic

Margin
Haptic/Optic

Junction
Positioning

Holes Haptic

Chiron Vision NuVita MA 20 = = = = 2 =
Ophtec Artisan (5-mm optic diameter) = = = = 2 ø, Y5
Ophtec Artisan (6-mm optic diameter) = = = = 2 =
Staar ICL = = = = = =

= 5 smooth surface; ø 5 irregular surface; Y5 5 sharp edge.
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Because several investigators have already demonstrated
the importance of surface properties for IOL safety in pseu-
dophakic eyes, particularly for long-term biocompatibility
of an implant,5,6,17 it seems even more important to prove
these properties for phakic IOLs because these lenses are
implanted into healthy eyes. Rough and irregular surfaces
and sharp edges could damage the delicate intraocular tis-
sues5 and could lead to disastrous consequences. The qual-
ity of modern IOLs has been perfected during the last two
decades4,5,8,18–21and new IOLs, especially IOLs implanted
in phakic eyes, should match these standards.

In a previous study we evaluated the surface properties
of foldable silicone elastomer IOLs19 and found generally
acceptable surface properties. In another study new foldable
acrylate/methacrylate polymer IOLs did show uniformly
excellent surface quality with no surplus material or mold-
ing flash.21 Omar et al20 also demonstrated adequate lens
finish in small-incision IOLs made of PMMA, silicone, and
acrylic. However, they found small irregularities and mold-
ing flash in four of the five foldable IOLs examined. These
studies demonstrated the importance of quality control for
new IOLs. In this study we evaluated the surface properties
of new-generation phakic IOLs made of PMMA and a

collagen/HEMA-polymer and uniformly found excellent
surface quality with no surplus material or molding flash.
All but one haptic end (Fig 2C) had a smooth, even surface,
and the haptic and optic surfaces of all IOLs were smooth
and regular.

The main complications of phakic IOLs include endo-
thelial cell loss, pupil ovalization, glaucoma, and chronic
subclinical inflammation for anterior chamber IOLs,1,22–25

and cataract formation, pupillary block, pigment dispersion,

Figure 1. SEMs of the Chiron NuVita MA20 angle-fixated anterior
chamber phakic intraocular lens. A, Overview shows a smooth and ho-
mogenous surface (original magnification, 35.8). B, Haptic reveals no
irregularities and shows an excellent surface finish (original magnification,
345).

Figure 2. SEMs of the Ophtec Artisan iris-claw IOL with 5.0-mm optic
diameter. A, Overview (original magnification, 35.8). B, Haptic/optic
junction with good surface finish (original magnification, 322). C, Claw
ends with irregularities and sharp edges (original magnification, 388).
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and glaucoma for posterior chamber IOLs.2,26–31The clin-
ical impact of surface irregularities for these complications
remains to be established. However, these lenses are placed
in direct contact with delicate tissues like the anterior cham-
ber angle (angle-fixated anterior chamber lenses), the iris
(iris-fixated anterior chamber lenses), and the ciliary sulcus
or crystalline lens (posterior chamber lenses). It is conceiv-

able that surplus material or surface defects would result in
irritation of these tissues, causing some of the aforemen-
tioned complications with phakic IOLs. Surface irregulari-

Figure 3. SEMs of the Ophtec Artisan IOL with a 6.0-mm optic. A,
Overview of the front side shows a smooth and regular surface and good
finish (original magnification, 35.8). B, At the optic edge, no molding
flash is visible (original magnification, 345). C, Claw ends show no sharp
edges (original magnification, 3175).

Figure 4. SEM images of the Staar ICL posterior chamber one-piece
plate-haptic phakic intraocular lens. A, Overview of the front surface
reveals an excellent finish. The slightly bent haptic edges are an artifact
caused by the water extraction for the SEM procedure. The small particles
on the IOL are artifacts after the examination procedure (original mag-
nification, 35.8). B, Edge of the foot plate with smooth optic surface and
positioning hole (original magnification, 345). C, Holes in the IOL near
the optic do not reveal any major irregularities (original magnification,
388).
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ties by themselves could be accompanied by deposition of
inflammatory cells, protein, or microorganisms and might
predispose to synechia formation.7–9,14–16Considering the
sometimes delayed manifestations of complications with
IOLs, irregularities on the IOL surface could provoke them
in phakic IOLs. Long-term clinical studies with larger num-
bers of patients are required to verify the safety of these
IOLs.

In this study we have used SEM to analyze the surface
quality of phakic IOLs. Recently, a discussion of the “gold
standard” of techniques for studying intraocular lens finish-
ing was published.32 There seem to be even more sophisti-
cated methods than SEM, namely low-voltage SEM
(LVSEM) or atomic force microscopy (AFM) to examine
surfaces.32–35 With these new techniques (LVSEM, AFM)
an even more accurate assessment of phakic IOLs might be
possible. However, the information obtained in our study
with SEM allows good comparison with previous surface
IOL examinations.19–21

In summary, we can state that the surface quality of
third-generation phakic IOLs is excellent in this small num-
ber of samples. The quality meets the “gold standard” set by
other PMMA and foldable IOLs.19–21,36We believe that the
safest option for phakic IOL implantation is an IOL with
perfectly smooth and regular surfaces. The process of de-
veloping and refining ophthalmic biomaterials especially
seems to be of great importance for phakic IOLs.37 From
this study we can conclude that no contraindication for the
implantation of the examined new implants into phakic eyes
should exist because of surface quality.
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23. Pérez-Santonja JJ, Iradier MT, Benı´tez del Castillo JM, et al.
Chronic subclinical inflammation in phakic eyes with intraoc-
ular lenses to correct myopia [see comment]. J Cataract Re-
fract Surg 1996;22:183–7. Comment in: J Cataract Refract
Surg 1997;23:815–7.
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