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Abstract
· AIM: To evaluate and compare aspheric toric
intraocular lens (IOL) implantation and aspheric
monofocal IOL implantation with limbal relaxing incisions
(LRI) to manage low corneal astigmatism (1.0-2.0 D) in
cataract surgery.

· METHODS: A prospective randomized comparative
clinical study was performed. There were randomly
recruited 102 eyes (102 patients) with cataracts
associated with corneal astigmatism and divided into two
groups. The first group received toric IOL implantation
and the second one monofocal IOL implantation with
peripheral corneal relaxing incisions. Outcomes
considered were: visual acuity, postoperative residual
astigmatism, endothelial cell count, the need for
spectacles, and patient satisfaction. To determine the
postoperative toric axis, all patients who underwent the
toric IOL implantation were further evaluated using an
OPD Scan III (Nidek Co, Japan). Follow-up lasted 6mo.

· RESULTS: The mean uncorrected distance visual
acuity (UCVA) and the best corrected visual acuity
(BCVA) demonstrated statistically significant
improvement after surgery in both groups. At the end of
the follow -up the UCVA was statistically better in the
patients with toric IOL implants compared to those
patients who underwent implantation of monofocal IOL
plus LRI. The mean residual refractive astigmatism was
of 0.4 D for the toric IOL group and 1.1 D for the LRI
group ( <0.01). No difference was observed in the
postoperative endothelial cell count between the two
groups.

· CONCLUSION: The two surgical procedures
demonstrated a significant decrease in refractive
astigmatism. Toric IOL implantation was more effective
and predictable compared to the limbal relaxing incision.

·KEYWORDS: low corneal astigmatism; toric intraocular
lenses; limbal relaxing incisions; cataract surgery; visual
acuity
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INTRODUCTION

A n important aim of cataract surgery has always been a
good postoperative visual outcome[1]. It is estimated that

approximately 50% of the population over 60y of age has
more than 1.0 dioptre (D) of astigmatism and that up to 22%
of cataract surgery candidates have pre-existing astigmatism
exceeding 1.50 D [1-5]. Patients with pre-existing astigmatism
of more than 1.00 D may benefit from surgical correction
during cataract surgery, in the hope of improving uncorrected
visual acuity as well as less image distortion from corneal
aberrations[5-15].

The limbal relaxing incisions (LRI) technique involves the
placement of incisions corresponding to the steep meridian,
resulting in corneal flattening and the reduction of astigmatic
power. LRI is a safe and inexpensive procedure, simple to
perform in expert hands, effective in reducing astigmatism up
to 4.0 D and resulting in rapid visual rehabilitation. Recent
studies have shown that toric intraocular lens (IOL) improve
the predictability of functional results and are associated with
limited complications such as inadequate stability of the IOL
and biometric error of lens power [1,16-18]. Consequently, toric
IOLs seem to achieve high performance in both cases of
moderate (1.00-3.00 D) and high (>4.00 D) corneal
astigmatism[15-20].
These results notwithstanding, corneal astigmatism correction
still remains controversial because of the limits connected to
the different surgical approaches used. In particular the
management of low corneal astigmatism (1.0-2.0 D) opened
the possibility of choosing both LRI and toric IOL, depending
on the experience of the surgeon and the financial budget of
the facility. The aim of this study was to evaluate toric IOL
implantation and aspheric monofocal IOL implantation with
LRI to manage corneal astigmatism of 1.0-2.0 D during
cataract surgery. The study compared the effectiveness,
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predictability and safety of both techniques in a group of eye
with low astigmatism, similar corneal topographic aspect and
biometric features. Outcomes included visual and refractive
results with specific attention to the residual refractive
astigmatism. Follow-up lasted six months.
SUBJECTS AND METHODS
This prospective randomized comparative clinical study
included patients having cataract and preoperative anterior
corneal astigmatism between 1.0 and 2.0 D.
Patients who had ophthalmologic exams at University Eye
Clinic of Trieste between January and June 2013 were
included in the study. The inclusion criteria for enrolment of
patients were: significant cataract (II-IV group LOCS III-
The Lens Opacities Classification System III [21]), regular
corneal astigmatism (1.0-2.0 D), with-the-rule (WTR)
astigmatism, mean axial length 23-24 mm 依0.81, regular and
symmetric astigmatism shape at the corneal topographic map,
regular and WTR astigmatism of the posterior corneal
surface, pharmacologic mydriasis >6.00 mm diameter to
allow intraoperative and postoperative visualization of axis
marks on the toric IOLs. The exclusion criteria were:
previous surgery in the eye under study, irregular
astigmatisms of the anterior or the posterior corneal surfaces,
against-the-rule (ATR) astigmatism, ocular diseases (pupil or
zonular abnormalities, corneal scaring, uveitis, glaucoma,
neuro-ophthalmic diseases, significant macular disease or
other retinopathy).
The inclusion criteria were specifically strict in order to
select similar topographical and biometrics features in all
patients studied to have the more similar comparison between
the two surgical techniques.
All patients provided written informed consent before surgery
in accordance with the Declaration of Helsinki and
institutional review board approval was obtained from the
hospital ethics committee.
Patients were randomly assigned to one of the two treatments

computer. A randomized number was assigned to each
patient when the inclusion and exclusion criteria were
satisfied. The patients were randomly divided into two groups
which received either toric IOL (AcrySof誖 IQ Toric IOL,
Alcon Inc.) or monofocal IOL (AcrySof誖 IQ Aspheric IOL,
Alcon Inc.) associated with LRI.
Patients had to complete a preoperative ophthalmic
evaluation including uncorrected distance visual acuity
(UDVA) and best corrected visual acuity (BCVA), slit lamp
examination, applanation tonometry and fundoscopy.
Keratometry, biometry (IOL Master, Carl Zeiss Meditec),
corneal topography (CSO Eye Topographer, Florence, Italy),
corneal tomography(CSO Sirius, Florence, Italy) were obtained.
The same experienced surgeon (Tognetto D) performed all
surgeries using topical anaesthesia.
The size and location of the LRI according to the Nichamin
nomogram [22,23] were recorded in the surgical plan for each

case. The procedures were performed using topical
anaesthesia. Patients were instructed to fix their gaze on a
microscope light. Prior to surgery, the steep meridian was
identified with a surgical marking pen. Based on the
procedure described by Langerman [24], a vertical limbal
relaxing wound was created with a guarded micrometer
diamond blade by making a groove concentric to the limbus.
The incision depth was set at 600 滋m equal to approximately
85% of the peripheral corneal thickness at the axis to be cut
and the incisions were approximately a length of 3 mm. After
the paired incision was made, the penetrating clear corneal
incision was made along the steepest axis in the upper area
for the cataract surgery, along the same axis as the LRI. All
monofocal IOLs (AcrySof誖 IQ Aspheric IOL, Alcon Inc.)
were calculated with emmetropia as the goal.
Toric IOL cylinder power and axis placement were
determined using the IOL manufacturer's online calculator
(Acrysof toric IOL Calculator). Biometry, keratometry,
incision location and the surgeon's expected surgically
induced astigmatism (SIA) of 0.5 D were entered into the
calculator, with emmetropia as the goal. A sterile ink pen
was used to mark the corneal limbus at 0° and 180毅 with the
patient sitting upright at the slit lamp to avoid ocular torsion.
Intra-operatively, the steepest corneal meridian was marked
using a Mendez ring. The toric IOL (AcrySof誖 IQ Toric IOL,
Alcon Inc.) was rotated to align with the planned axis[25-27].
In all surgeries, phacoemulsification (Infiniti 誖 Vision
System Ozil, Alcon, Inc.) was performed through a 2.2 mm
temporal clear corneal incision and was followed by the
implantation of a foldable IOL in the posterior capsular bag
with a Monarch II injector (Alcon, Inc.).
Patients were evaluated postoperatively at one day, one
month, three and six months. Measurement of UDVA,
BCVA, intraocular pressure, refraction, keratometry, corneal
topography, corneal tomography and endothelial cell count
were performed at each visit. All patients who underwent the
toric IOL implantation were further evaluated under
mydriasis after one, seven and thirty days to determine the
toric axis using the "Toric IOL Rotation Summary" software
with aberrometer OPD Scan III (Nidek Co, Japan)[28-30]. For a
misalignment of more than 10 degrees of rotation on the first
postoperative day, a repositioning of the IOL was required.
Statistical Analysis Calculation of the sample dimension is
based on reading the data and from the clinical experience of
the researchers involved. The computations were done using
PASS 2005 (Kaysville, Utah, USA), taking into consideration
the biostatic parameter and the dropout rate from the study
(about the 20%). There were enrolled 52 patients for the toric
IOL Group and 50 patients for the LRI Group .
All quantitative variables considered were reported in
summary tables containing average and standard deviation.
All data will be analyzed using SPSS 誖 Advanced
StatisticalTM 19 (Chicago, IL, USA, 2004).
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Figure 1 "Toric IOL Rotation Summary" software of OPD Scan III (Nidek Co, Japan) to evaluate the postoperative alignmnet.
In this case the misalignment is 4 degrees (implantation axis in green) from the target axis (red one).

The Wilcoxon signed rank test was used to compare
preoperative and postoperative data and the Mann-Whitney
test was used for comparison between groups.
The changes over time of the astigmatism and the value of
visual acuity in each treatment group were valued using

-test per pair data. test normally requires a normal
distribution; any non-parametric statistical calculations were
performed using the Wilcoxon and Mann-Whitney test.
In all trials the threshold of statistical significance will be
considered at =0.01.
RESULTS
A total of 102 eyes of 102 patients were included in this
study. Data were collected from 52 eyes for the toric IOL
group, and 50 eyes for the LRI group.
No statistical differences were demonstrated between the two
groups before surgery in terms of demographic
characteristics, biometric data (Table 1), visual acuity,
keratometric and topographic values, refractive astigmatism
and endothelial cell count. There were no intraoperative and
postoperative ocular or systemic complications. No surgeries
performed required suturing or repositioning for a
misalignment greater than 10 degrees of rotation.
Visual Acuity Table 2 shows the mean visual acuity
variations for the Toric IOL and LRI groups. Both groups
considered had a significant increase in UCVA and BCVA
during the follow-up period ( <0.01). UCVA was
statistically higher in the group of the toric IOLs compared to
LRI, while BCVA did not demonstrate statistically significant
differences between the two groups.
Topographic and Keratometric Changes Anterior and
posterior variations of the corneal surfaces were evaluated

during the follow-up at 3 different points in time: 1, 3 and
6mo after surgery (Table 3). At the end of the follow-up a
statistically significant reduction of the mean keratometric
and topographic anterior cylinder were observed in the LRI
group. The toric group did not present a significant change in
keratometric and topographic astigmatism over the follow-up
period. The topographical posterior cornea surfaces did not
demonstrate variations after surgery in both groups.
Refractive Evaluation and Residual Astigmatism The
refractive astigmatism variation from baseline were
statistically significant ( <0.01) in the two groups. Both
groups presented a reduction of the refractive astigmatism at
the end of the follow-up resulting in 0.4 D依 0.20 for the toric
group and 1.1 D依 0.38 for the LRI group ( <0.01; Table 4).
Toric Intraocular Lens Misalignment The toric IOL
alignment was evaluated with the OPD Scan III [27-29]. The
mean toric IOL misalignment was 6.8依 2.9 degrees (range 0
to 10 degrees; Figure 1).

Table 1 Demographic and biometric data                                             sx ±  
Groups 

Characteristics 
LRI Toric IOL 

1P 

Eyes (R/L; n) 26/24 23/29 - 
Age (range; a) 70.9±7.3 (62-88) 69.6±5.9 (53-85) 0.29 
Sex (M/F; n) 22/28 26/26 - 
AL (mm) 22.90±1.15 23.04±0.97 0.13 
Spherical IOL power (D) 21.90±3.2 20.5±2.9 0.10 
Topographic cylinder (D) 1.27±0.58 1.32±0.55 0.49 
LRI length (degrees) 47.8±9.1 -  
IOL cylinder power (D) - 1.39±0.56  
AL: Axial length; IOL: Intraocular lens; LRI: Limbal relaxing incisions; 
1Mann-Whitney U test.  
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Endothelial Cell Count The average loss of endothelial
cells in both groups considered was not statically different
during the follow-up as reported in Table 5.
DISCUSSION
Astigmatism is one of the main ocular refractive defects
which requires optical correction. Cataract surgery represents
an opportunity to reduce this visual defect in order to grant a
better quality of vision.

Recently, different surgical techniques have been developed
to manage astigmatism during cataract surgery[6-13].
The LRI have been considered for many years to be one of
the safer and better techniques with reduced effects of
intra-operative and post-operative risks [8,10,11]. Complications of
this incisional technique have been read in records for
example post-operatory keratitis and often epithelial
problems. In our study during the six month follow-up we did
not find any intra or post-operations complications.
After the introduction on the market of the first intra-ocular
sphero-cilindric lens in 1988, new models of IOL have been
developed and powered. The toric IOL currently represents
an alternative method to the incisional technique for the
correction of slight and moderate astigmatism during cataract
surgery [1,14,15]. The implantation of the toric IOL aims to
overcome the complications linked to incisional technique

Table 3 Topographic and keratometric development (Cyl) 
Postoperative follow-up 

Variables Pre-operative 
1mo 3mo 6mo 

1P 

Keratometric data     
Toric IOL (D) 2.35±0.36 1.92±0.49 1.93±0.40 1.85±0.42 n.s. 
LRI (D) 2.16±0.40 1.44±0.57 1.29±0.53 0.84±0.46 P<0.01 
2P n.s. P<0.01 P<0.01 P<0.01  

Topographic anterior surface data      
Toric IOL (D) 2.05±0.30 1.99±0.32 1.85±0.34 1.84±0.29 n.s. 
LRI (D) 1.89 ± 0.26 1.34 ± 0.45 1.10±0.36 1.04±0.40 P<0.01 
2P n.s. P<0.01 P<0.01 P<0.01  

Topographic posterior surface data      
Toric IOL (D) -0.18±0.10 -0.15±0.06 -0.15±0.08 -0.14±0.11 n.s. 
LRI (D) -0.20±0.12 -0.17 ± 0.17 -0.16±0.18 -0.16±0.09 n.s. 
2P n.s. n.s. n.s. n.s.  

IOL: Intraocular lens; LRI: Limbal relaxing incisions; n.s.: Not significant; 1Wilcoxon Test; 2Mann-Whitney U test. 

Table 2 Preoperative and postoperative visual acuity (logMAR) 
Postoperative follow-up 

Groups Pre-operative 
1d 1mo 3mo 6mo 

1P 

Uncorrected visual acuity       
Toric IOL 0.75±0.27 0.28±015 0.21±0.11 0.18±0.14 0.15±0.08 P<0.01 
LRI 0.79±0.31 0.32±0.19 0.19±0.14 0.23±0.09 0.22±0.12 P<0.01 
2P 0.44 0.28 0.37 P<0.01 P<0.01  

Best corrected visual acuity       
Toric IOL 0.35±0.20 0.15±0.12 0.07±0.05 0.05±0.03 0.04±0.03 P<0.01 
LRI 0.39±0.13 0.22±0.14 0.07±0.6 0.07±0.06 0.05±0.04 P<0.01 
2P 0.59 0.72 0.64 0.87 0.83  

IOL: Intraocular lens; LRI: Limbal relaxing incisions; 1Wilcoxon Test; 2Mann-Whitney U test.  

Table 4 Refractive astigmatism 
Groups Preoperative refractive cylinder (D) ±SD Postoperative at 6-mo refractive cylinder (D) ±SD 

 Sphere (D) Cylinder (D) Sphere Cylinder (D) 
1P 

Toric IOL -1.95±1.37 1.59±0.52 - 0.35±0.95 0.4±0.20 P<0.01 
LRI -1.80±1.42 1.91±0.63 - 0.43±0.44 1.1±0.38 P<0.01 
2P n.s. n.s. n.s. p <0.01  

IOL: Intraocular lens; LRI: Limbal relaxing incisions; 1Wilcoxon Test; 2Mann-Whitney U test. 
 

Table 5 Endothelial cells count                       cell/mm2 
Postoperative follow-up 

Groups Baseline 
1mo 3mo 6mo 

1P 

Toric IOL 2486 2436 2392 2372 P<0.01 
LRI 2314 2299 2290 2270 P<0.01 
2P n.s. n.s. n.s. n.s.  

IOL: Intraocular lens; LRI: Limbal relaxing incisions; 1Wilcoxon Test; 
2Mann-Whitney U test.  
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granting more accurately reaching emmetropia and a greater
stability and predictability of the refractive results[1,15-19].
In our study we compared the two techniques evaluating the
refractive and visual results; the variations of the parameters
and corneal endothelial cell counts were reported and
recorded.
In both groups, a significantly statistical increase in the
BCVA was registered, while in the group treated with the
toric IOL, a greater improvement of the UCVA was
recorded. This result is in line with the recent literature
published[6].
The residual refractive cylinder after six months is about
0.4 D依0.20 for the group implanted with the toric IOL and
1.1 D依0.38 for the LRI group. In a study by Mingo-Botin

[6] the residual corneal astigmatism turns out to be about
0.61 D依0.41 and 1.32 D依0.60 over a period of three months
after surgery for the IOL toric patients and the LRI group
respectively.
Another data considered in the evaluation of the two
techniques was the change of refractive corneal keratometric
and topographic values. Between the two techniques a
statistically significant variation was recorded because only
in the group treated with LRI was a variation of keratometric
and topographic indices to six-month follow-up documented.
In the data analyzed the posterior corneal astigmatism did not
demonstrate significant changes for both surgical techniques.
As a baseline, we included in the study only those patients
who presented with-the-rule posterior astigmatism according
to the anterior corneal surface. This may support the reduced
postoperative refractive astigmatism in the toric IOL group
probably because the residual astigmatisms from the IOL
calculator software were compensated by the IOL toric
refractive overcorrection as suggested in the studies of
Koch [31].
In conclusion, despite the documented efficacy for both
surgery techniques in the aim of reducing the pre-operatory
astigmatism, the toric IOL implantation was more effective
and predictable compared to the LRI.
Toric IOL implantation does not need the use of specific
surgical instruments allowing for the implantation without
any increase in risk. The limit of this technique is the lack of
alignment accuracy of the IOL.
Although both techniques reduced preoperative refractive
astigmatism and guaranteed not statistically different results
in BCVA, toric IOL implantation was more effective for
UCVA than peripheral corneal relaxing incisions.
Implantation of a toric IOL does not require special surgical
skills or instrumentation and does not increase surgical risks.
Our study of eyes with low (1.0-2.0 D) astigmatism found
that toric IOL implantation resulted in better refractive and

visual outcomes, and thus might be linked with greater
spectacle freedom for distance vision than relaxing incisions.
Further studies are needed to note the differences between
the two surgical techniques. Moreover, they could address
wider ranges of astigmatism, corneal aberration examination
and other nomograms, and larger samples and longer
follow-ups would be desirable to confirm these results.
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