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Introduction
Posterior capsule rupture (PCR) rates are used to measure cataract surgeons’ quality. We wished to evaluate the internal non-
visible surfaces of metal irrigation/aspiration (I/A) tips to identify potential mechanisms for PCR via novel metallographic
imaging.
Methods
Ten metal I/A instruments underwent metallographic preparation by fine sectioning to expose inner surfaces near the
aspiration opening. Analysis of inner bore, lumen, and opening aperture of metal aspiration tips was performed by optical
microscopy, scanning electron microscopy (SEM), and 3D volume X-ray computational tomography (XCT). Distances from
external aperture to first sharp metal surface were obtained and compared with a silicone-tipped instrument.
Results
We identified metal burrs near the aspiration apertures and manufacturing defects within all tips. XCT confirmed optical and
SEM findings of significant defects and metal irregularities within aspiration tips. Samples also showed variation in lumen
size/thickness, rough surfaces and material inhomogeneity, most pronounced at the internal tip. Median distance from outer
aperture opening to first metal burr was 30 microns (range 10–120) and to internal tip irregularity (manufacturing flaw) was
250 microns (range 100–350). By comparison, distance to metal from the silicone outer aperture opening was 850 microns.
Conclusions
We have demonstrated the hidden sharp metallic irregularities within commonly used metal I/A tips. If an aspirated capsule
encounters these sharp metal flaws, PCR could result. Minimising this risk would require lengthening potential distance
between capsule and bare metal (as with polymer/silicone tips). Our study provides unique imaging evidence endorsing this
principle and illustrates a hidden mechanism contributing to PCR.

Introduction

Debate continues regarding the best methods to measure the
quality of surgery in ophthalmology. In cataract surgery,
this discussion currently focuses on visual outcomes,

patient-related outcome measures (PROMs) and publishing
of complication rates. In the world of big data collection,
transparency and the Royal College of Ophthalmologists’
National Ophthalmology Database, concern exists that
surgeons may choose to only operate on more straightfor-
ward cases to preserve their low complication figures, to the
detriment of overall patient care in the population [1]. The
literature suggests that higher volume surgeons have been
associated with lower complication rates, but that does not
reflect case mix complexity, as lower volume surgeons have
been shown to operate on more complex cases [2, 3].
Despite this ambiguity, posterior capsule rupture rates are
currently used as an individual marker of surgical quality in
cataract surgery, regardless of the case complexity [1, 4]. As
inadequate management of PCR carries a higher risk of
endophthalmitis (eight times more likely—odds ratio [OR]
= 7.94), retinal detachment (OR= 41.66) and cystoid
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macular oedema (relative risk [RR]= 2.61), it follows
that all efforts should be made to reduce the incidence of
PCR [5].

Appropriate case selection for training future ophthal-
mologists based on risk stratification has been shown to
reduce the incidence of posterior capsule rupture (PCR)
[6, 7]. Combined with simulation training, appropriate
surgical adjunct use, refinements in techniques and equip-
ment, modern cataract surgery is now generally safe with
very successful outcomes [8, 9].

In light of this high success rate, there is a temptation to
view the procedure as “just a phaco”, and therefore lose
concentration after the main cataract nucleus has been
removed. Trainees and consultants alike should be counselled
not to adopt this mindset, as it should always be remembered
that the lens capsule has a mean thickness of only 3.5 microns
at the posterior pole [10]. In the early 1990s, Cruz et al.
reported 72% of cases of vitreous loss occurred during cortex
removal when a metal I/A tip was used by ophthalmology
residents [11]. This was confirmed by Osher and Cionni (28%
of the PCR occurred during I/A) and Gimbel et al. (39.7%
occurring during I/A) [12, 13]. More recent research
from Malaysia published in 2015 identified that PCR occurred
most commonly during cortical removal (35.2%), followed by
nuclear segment removal (25.4%) [14].

At the most basic level, anterior chamber stability is a
balance between fluidic inflow and outflow contributing to a
stable intraocular pressure to ensure the fragile internal
structures (iris, capsule) remain in predictable safe positions
during cataract surgery. Modern phacoemulsification
machines have had their tubing, wounds, and instrumenta-
tion adapted to try and ensure a closed system arrangement
to maximise stability [15].

There are a variety of coaxial and bimanual equipment
options available for performing irrigation/aspiration (I/A)
of lens cortex or viscoelastic removal. These include metal,
polymer and silicone tips. We wanted to evaluate com-
monly used ‘bare metal’ instruments by utilising novel
metallographic imaging techniques to identify any hidden
internal flaws or irregularities, which could potentially
contribute to PCR.

Methods

A variety of commonly available metal I/A instruments
were obtained. Samples included a coaxial I/A from Med-
icel AG (Widnau, Switzerland), and a range of bimanual I/
As from Bürki inno med AG (Widnau, Switzerland), Bea-
verVisitec International Ltd (Waltham, MA, USA), Bausch
& Lomb GmbH (Heidelberg, Germany) and Alcon (Gen-
eva, Switzerland). A silicone coaxial tip (Bausch & Lomb
GmbH) was used for comparison.

Analysis of these ten metal I/A tips was undertaken at the
Advanced Materials Research Laboratory, University of
Strathclyde, Glasgow, UK. Metallographic preparation
involved the removal of side and back wall by fine sec-
tioning to expose the inner bore adjacent and opposite the
aspiration opening. Cut edges were peeled back to reveal
the inner surface. Macrophotography and micro-
photography was undertaken. Analysis of the inner bore,
lumen and opening aperture was performed by optical
microscopy and scanning electron microscopy (SEM) with
the use of secondary electron mode (SE) for cross-sectional
microstructural characterisation using a Hitachi S3700S
tungsten filament at 15 kV.

For XCT, the tips were sectioned to 10 mm long to allow
the high resolution images to be obtained. The samples
were then mounted on in-house built aluminium cylindrical
holders, with a central hole to host the blade tip. The blade
tip was inserted into the rod and the position was main-
tained by gluing the tip to the holder. A Nikon XT H 225
LC X-ray computed tomography system was used to gen-
erate a 3D volume image of the discs to identify detrimental
features underneath the protective ring and braze layer that
may have been lost through sectioning of the discs.

The presence or absence of sharp metal at the external
and internal edges of the aspiration opening was noted, as
were any internal irregularities or defects. Distances from
the outer aspiration opening to the first sharp/irregular metal
edge were measured. These distances were compared to
those for a coaxial silicone tip (Bausch & Lomb GmbH).

Results

Optical micrographs before fine sectioning revealed metal
irregularities visible at the aspiration apertures and irregular
manufacturing defects on the external roughened surfaces
often used for capsular polishing on all samples analysed
[see Fig. 1]. Cross-sectioning of the metal instruments and
subsequent SEM revealed significant defects and sharp
metal irregularities within the external and internal aspira-
tion apertures. All samples also showed variation in lumen
size/thickness, rough surfaces and material inhomogeneity,
most pronounced within the internal tip surface. The XCT
scans confirmed the optical and SEM findings of significant
hidden sharp metal defects within the aspiration tips. The
samples all showed variation in wall thickness as well as
inhomogeneity of the metal material at the closed tip of the
instrument, presumed due to manufacturing methods [see
Figs. 2–4].

The 3D volume renderings for both the bimanual and
coaxial metal I/As revealed variability in the wall thickness,
internal roughness, and inhomogeneity at the internal tip.
The circle indicates poor manufacturing and a potential
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fracture site with marked irregularity, which is further
illustrated in the cross-sectional renderings [see Fig. 5].

The median distance from the outer aperture opening to
the first metal burr was 30 microns (range 10–120 microns),
with most burrs present within the entrance of the aspiration
aperture. The median distance from the outer opening to the
internal tip irregularity (manufacturing flaw) was 250
microns (range 100–350 microns). By comparison, the
distance to any metal surface from the outer aperture
opening of a sample silicone I/A tip (Bausch & Lomb
GmbH) was 850 microns.

Discussion

In 1987, Docherty noted that certain co-axial equipment
designs for I/A can confer intrinsic dangers, particularly
when the removal of cortical material is hampered by the

steepness of instrument approach, leading to potential PCR
[16]. He went on to make suggested improvements to the
original coaxial needle, creating a 45 degree bend to allow
rotational movement, and suggested standardisation of the
length of the projecting tip (1.5 mm with a slightly bulbous
end to eliminate snagging the posterior capsule) [16]. Other
authors identified attempted removal of the sub-incisional
cortex with a coaxial approach as the main contributor to
PCR and made surgical advances including a J-shaped
irrigating cannula to free these awkward cortical adhesions,
changeable tips and wound modifications [17, 18].

A further major step forward in surgical safety was
associated with the development of a bimanual I/A techni-
que. Separation of irrigation and aspiration through smaller
side-port incisions (rather than the larger main wound)
encouraged greater anterior chamber stability and conse-
quently reduced the potential anterior billowing movements
of the posterior capsule [19–21]. The greater potential
angles of approach with bimanual instrumentation enabled
better ease of access to the cortex, and this was resulted in a
reported reduction in PCR.

Modern cataract machine manufacturers pride them-
selves in improved anterior chamber stability, and this,
combined with the bimanual approach, can help to minimise
abnormal iris movement in intraoperative Floppy Iris Syn-
drome, as the irrigation remains above the iris plane and
could have a dampening effect on the unstable iris beha-
viour [22]. This contrasts with coaxial I/A systems, as
irrigation beneath the floppy iris will induce greater bil-
lowing movements and encourage the iris to seek lower
pressure gradients by prolapsing through the corneal
incisions.

Scanning electronic microscopy (SEM) has been pre-
viously utilised to evaluate metal instruments associated
with PCR [23]. In that study, SEM of the tip revealed burrs
on the aspiration portion of the tip, as well as poor finishing

Fig. 1 Macro-optical photograph demonstrating roughened
(spectrum 1) and smooth (spectrum 2) external metal surfaces on a
metal coaxial I/A. Note the sharp metal burr in the transition zone
between the highlighted sections, which could result in PCR when
used for capsular polishing.

Fig. 2 Cross-sectioning photography of (a) coaxial and (b) bimanual aspiration I/As. Note the hidden internal metal burrs and internal surface
irregularities.
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around the irrigation ports. Our study is the first to inves-
tigate the internal hidden structures through SEM, XCT and
novel 3D reconstruction. We found the evidence of internal
irregularities, sharp metal burrs, manufacturing tapering
flaws, rough edges within areas of lumen narrowing and
discontinuities to a variable degree within all the metal
instruments we surveyed. These findings are clearly illu-
strated in our Figs. 1–5. Additionally, our use of 3D
reconstruction is unique within the ophthalmic literature and
highlights the short distances involved between the external
aspiration openings to the irregular and sharp internal
crimping within the end of the metal tips.

It follows that one method to avoid this intrinsic risk
would involve switching from “bare metal” to non-metal
options for I/A, such as silicone and/or polymer tips. Fifteen
years ago, Blomquist and Pluenneke reported a significant
reduction in vitreous loss associated with I/A following
switching from a metal (1.2%) to a silicone tip (0.1%;
p= 0.004) [24]. More recent publications have confirmed
this finding, particularly in the teaching hospital setting
[25].

Silicone tip I/A instrumentation, associated with appro-
priate case-selection from evidence-based identification of

risk factors has been heralded as one of the major advances
in modern cataract surgery training, resulting in better out-
comes due to reductions in PCR rates [6, 7, 25]. Maubon
and Ursell recently published a retrospective analysis of
cataract surgeries performed by trainee surgeons before and
after the introduction of a silicone-tipped I/A. Their non-
silicone I/A (conventional) group performed 782 surgeries
and had a PCR rate of 3.6% versus 1.6% from 933 surgeries
in the silicone-tip I/A group. Although this difference was
not found to be statistically significant following adjustment
for risk factors (p-value 0.057), it was notable that the sili-
cone tip group had no I/A-related PCR complications (vs.
12% in the non-silicone group) [25]. This paper requires
further consideration as to the clinical significance to the
patient from these two approaches, particularly in the uni-
versity hospital teaching environment. However, even
modern instrumentation is not flawless. Temel and Osher
advised “surgeons must be vigilant as to the possibility that
any instrument can be inadvertently damaged” [26]. They
have reported PCR due to unexpected metal burrs on a
Y-hook metal instrument used for positioning an IOL, and
the potential for IOLs to have irregular sharp edges which
can traumatise the capsule [26]. Even silicone-based

Fig. 3 Composite of SEM images revealing sharp internal irregular metal surfaces, most pronounced at the internal tip (a–d). Note the pre-
existing fractured metal edges within this area, as demonstrated in a, due to manufacturing flaws. Note also the sharp metal burrs in the aspiration
opening, as demonstrated in b.
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instruments are not immune. PCR can occur if there is
misalignment of the silicone tip related to the metal shaft
[27]. SEM of reusable silicone tip instruments associated
with cases of PCR implicated hidden metal burrs of the inner
metallic shafts and corresponding tears in the silicone
sleeves [28]. These reports demonstrate the inherent concern
with reusable instrumentation being vulnerable to unknown
damage during the sterilisation process and supports the
benefits of reliable, high-quality, single use instruments [29].
Their authors recommended that manufacturers should
‘eliminate metallic burrs on any instrument that could con-
tact the posterior capsule at any timeʼ [27, 28].

Our paper provides photographic and novel 3D XCT
reconstruction evidence of the potential intrinsic and inter-
nal sources of sharp metal and gives additional insight as to
the potential mechanism of PCR during cortical removal.
The cataract surgeon is attempting to cleave and aspirate
loose cortex, leaving behind the delicate support structures
of the capsule, which is held in place by the zonules. Our
research would suggest that PCR could occur whenever the
capsule is inadvertently brought into contact with hidden
sharp metal, either at the internal aspiration apertures or
irregularities within the metal tip. If these abnormal features

did not exist, then the capsule would continue to be aspi-
rated and if persisted with, would result in zonule damage
and capsule dislocation. This has been observed clinically
with the use of silicone tip I/A (i.e., smooth, no sharp metal)
and so requires adaption in surgical technique to avoid
capsule loss in the setting of weak zonules [30].

Limitations and proposal for future research

This work has revealed the internal (hidden) irregularities
within commonly used metal I/A equipment. We assume
that these sharp regions contribute to PCR whenever the
capsule encounters these flaws. Further work is indicated to
discern the rate of PCR in ophthalmic surgical centres
which use metal tipped instrumentation compared to those
which use polymer and/or silicone I/A tips, including the
cost implications and benefits of each approach. This level
of equipment detail is not currently available from the
complications data in the National Ophthalmology Database
for cataract surgery in the UK. However, any cost analysis
of surgical instrumentation use should also consider the
real-world costs of managing versus avoiding PCR. The
true costs of managing PCR are significantly greater, as

Fig. 4 Composite of SEM images revealing hidden sharp metal burrs at the outer and inner aspiration openings of the metal I/As. PCR
could result from inadvertent capsule contact with these inhomogeneous regions, as viewed from within the tips in a–d.
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PCR has immediate and longer-term implications for the
patient beyond the operating theatre [9].

Conclusion

Through applying novel metallographic techniques to fine
bore ophthalmic instruments, we have demonstrated the
inherent internal metallic irregularities within commonly
used metal I/A tips. These hidden metal edges could con-
tribute to PCR and this paper gives clarity as to the
mechanisms involved in this intraoperative complication
during cortical or viscoelastic removal by irrigation/aspira-
tion. One way to minimise this risk would be to lengthen the
potential distance between the capsule and ‘bare metal’, as
is the case with polymer and/or silicone tips. Clinical pub-
lications suggest trainee silicone I/A tip use results in sig-
nificant reduction (even elimination) of PCR. Our study
provides unique and clear evidence endorsing this ‘non-
metal’ principle, by demonstrating the inherent dangers of
metal instruments containing unknown sharp and irregular
internal edges.

What was previously known

● Posterior capsule rupture (PCR) rates are used as a
marker of cataract surgical quality.

● There are a variety of coaxial and bimanual irrigation/
aspiration (I/A) metal tips commonly used for cortical
removal.

● The mechanism of PCR associated with metal tips has
not been clearly demonstrated.

What we now know

● We have demonstrated the inherent hidden metallic
irregularities (median distance 30 microns) within
commonly used I/A tips through scanning electronic
microscopy and X-ray computational tomography 3D
reconstruction.

● This study provides evidence as to a potential mechan-
ism resulting in PCR during the I/A stage of cataract
surgery.

● One way to minimise this risk would be to lengthen the
potential distance between the capsule and ‘bare metal’,
as is the case with polymer or silicone tips (distance to
metal 850 microns).
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