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Abstract: A study to compare femto-presbyLASIK to standard myopia femto-LASIK refractive
surgical correction with a total of 45 candidates was performed. The goal was to identify a more
specific set of indications for presbyopia LASIK treatments. The results showed thoroughly good
uncorrected visual acuity for myopia (decimal: 1.01 ± 0.15) as well as for presbyLASIK (decimal:
0.78 ± 0.17) corrections. Astigmatism was comparable in both groups and did not change significantly
from preoperative (0.98D ± 0.53 SD) to postoperative (1.01D ± 0.50 SD). Our study results suggest,
that presbyLASIK treatment is as safe and effective as regular LASIK myopia correction and can
hence be recommended to treat presbyopia.

Keywords: supracor; myopia; presbyopia; presbyLASIK; refractive surgery; follow-up; clinical
results; lasik; excimer laser

1. Introduction

Laser Assisted In-Situ Keratomileusis (LASIK) has become the most prevalent refractive surgical
procedure for myopic and hyperopic corrections (about 1.2 million procedures a year in the US)—over
the last two decades. Patient satisfaction is generally found to be very high between 92 and
98 percent [1,2]. Modern excimer laser systems can restore 20/20 uncorrected visual acuity (UCVA)
in myopic eyes up to—10D and hyperopic up to +6D, feature tissue saving procedures [3], provide
patient-specific, wavefront and/or topography guided ablation patterns, and can treat astigmatism
with elliptically shaped patterns.

The concept of multifocal PresbyLASIK is a relatively new yet attractive surgical procedure for
the correction of presbyopia. It involves two steps: (1) the correction of the ametropic state for distance
vision, and (2) the multifocality addition for near vision. As most commonly reported in literature,
multifocality is usually implemented by combining a central corneal curvature addition for near vision
correction with a paracentral corneal curvature, adjusted to correct distance vision [4–9].

The downside of multifocal LASIK treatments is that they always represent a compromise between
distance—and near vision correction, as they create unwanted aberrations—especially spherical
aberrations in the central pupillary region. For this reason, modern PresbyLASIK treatment algorithms
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are wavefront-guided to minimize unwanted aberrations. Compared to treating presbyopia with the
well-established multifocal intra ocular lens (IOL) implantation, PresbyLASIK has the advantage of
being less invasive because the ocular globe does not need to be opened for treatment. However,
the planning of PresbyLASIK procedures is much more demanding and requires experience in the
interpretation of the preoperative corneal topography, wavefront analysis and the Zernike coefficients,
which all have significant impact on the surgery result. Hence, it is not enough to simply apply the
common LASIK indications to PresbyLASIK as well. Presumably, the lack of specific indications—along
with missing to consider refraction and wavefront analysis parameters, might well be the reason for
the not all encouraging LASIK presbyopia treatment results presented in literature [10,11].

In this study we present our PresbyLASIK results and compare them to a control group of regular
LASIK myopia correction cases. Further, we propose an updated set of more specific indications for
the PresbyLASIK treatment.

2. Materials and Methods

Our study population included two groups of eyes, 40 eyes of 20 study patients (female: 14, male:
6, age: 30 ± 9 years) were treated with regular myopic LASIK correction, and 50 eyes of 25 study
patients (female: 14, male: 11, age: 52 ± 3.8 years) were treated for presbyopia with the PresbyLASIK
Supracor treatment (B&L Technolas, Munich, Germany). All surgery procedures were performed by
an experienced surgeon (BP) at the Eye Clinic ORASIS between January 2014 and February 2015.

The LDV femtosecond laser (Ziemer Ophthalmology, Port, Switzerland) was used to make the
LASIK flaps, whereby the hinge was superior in all cases. The flap diameter depended on the corneal
curvature and was between 8.5 and 9.0 mm. The Munnerlyn formula [12] along with the B&L-Technolas
proprietary transition zone algorithm was used to calculate the ablation patterns for the regular myopia
corrections. In a two-step approach a 2.0 mm laser spot diameter was first used to apply the basic
correction, followed by the fine-tuning step with a 1.0 mm laser spot. An eye tracker system was active
during all interventions. The cyclorotation is automatically compensated which is especially important
for cases where astigmatism correction was included. Whenever the angle kappa was smaller or equal
6◦ the laser spot was placed in the pupil center, otherwise it was placed at the point of the arithmetic
mean between the pupil center and the Purkinje reflex. After the laser correction, the flap was carefully
placed back onto the stromal bed, making sure no visible wrinkles are left.

The same approach as for the myopia ablation patterns is also employed to calculate the Supracor
PresbyLASIK ablation patterns, however, the target refraction is chosen such that the dominant eye
was at 0.0D and the follow-eye was at −0.5D. The goal of a first application phase is to obtain a perfect
mono-focal correction, and only in the second phase the central cornea is steepened by the multifocal
curvature addition in the 3.0 to 6.0 mm zone. Considering that such an ablation could potentially
induced spherical aberration, the Supracor procedure was performed wavefront-guided for all cases.

Corneal shape was assessed one week before and then 3 months after the LASIK treatment,
with the Galilei G4 tomographer (Ziemer Ophthalmic Systems, Port, Switzerland). Thereby, each
individual measurement was repeated three times in a row. So, only one measurement with the median
astigmatism cylinder value is selected for further data evaluation.

The statistical methods used in this study were straightforward calculations of average and
standard deviation, as described in any textbook of statistics. Excel software package (Microsoft,
Redmond, WA, USA) was used to import and process data, as well as, to obtain the functional
dependence of the selected parameters and their visualization. Two-tailed Student t-test was used for
calculating the parametric datas and for the nonparametric test the Wilcoxon signed rank test was
used. The level of significance was set at p < 0.05.

3. Results

All study data were carefully analyzed and are presented in the following. Manifest refraction
of the whole study population was sph: −1.99D ± 3.48 (SD), cyl: −0.80D ± 0.79 (SD) before, and sph:
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−0.03D ± 0.27 (SD), cyl: −0.18D ± 0.32 (SD) after the surgery. While the myopia group had a manifest
refraction of sph: −3.53D ± 2.48 (SD), cyl: −0.93D ± 0.84 (SD) before, and sph: +0.05D ± 0.19 (SD),
cyl: −0.09D ± 0.27 (SD) after the surgery, the presbyopia group had a manifest refraction of sph:
−1.02D ± 3.78 (SD), cyl:−0.72D ± 0.75 (SD) before, and sph: −0.09D ± 0.31 (SD), cyl: −0.24D ± 0.34 (SD)
after the surgery.

3.1. Uncorrected Visual Acuity

Uncorrected visual acuity (UCVA) was assessed before (decimal scale: 0.31 ± 0.24) and after the
treatment (decimal scale: 0.88 ± 0.20) for the whole study population. In the myopia group UCVA
was 0.19 ± 0.16 preoperatively, and 1.01 ± 0.15 postoperatively. In the presbyopia group UCVA was
0.38 ± 0.25 preoperatively, and 0.78 ± 0.17 postoperatively. A statistically significant improvement was
observed in both groups (p < 0.0001). In 4 eyes (4.3%, two in myopia and two in presbyopia group),
UCVA remained unchanged, and for two eyes (2.2%, all in the presbyopia group) UCVA was slightly
worse than before the treatment. For all other eyes (93.5%), UCVA improved (see Table 1). The failure
to achieve the target refraction and UCVA could be corrected with a re-treatment.

Table 1. Uncorrected visual acuity after regular myopia and Supracor presbyopia treatment.

Average Minimum Maximum

Decimal Metric Decimal Metric Decimal Metric

All eyes 0.88± 0.20 5.3/6 0.32 1.9/6 1.25 7.5/6
Myopia 1.01± 0.16 6.1/6 0.63 3.8/6 1.25 7.5/6

Supracor 0.78± 0.17 4.7/6 0.32 1.9/6 1.00 6/6

While the multifocal presbyopia treatments showed a small trend (R2 = 0.01) towards greater
corrections having a lower postoperative UCVA, this trend could not be observed (R2 = 1 × 10−5) for
the myopic corrections (see Figure 1).

3.2. Residual Stromal Bed and Percentage Tissue Altered

The average residual stromal bed thickness for all cases was 385 µm ± 49 (SD), with a minimum of
285 µm, and a maximum of 510 µm. The recently published and already widely accepted new criterion
for LASIK safety, the percentage tissue altered (PTA) value [13] was 32.0% ± 3.0 (SD), with a minimum
of 22% and a maximum of 47%.
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Figure 1. Trend analysis for presbyopia treatments (b) showed a mild correlation (R2 = 0.01 with slope
0.005) that greater dioptric corrections resulted in lower uncorrected visual acuity (UCVA). No such
correlation (R2 = 1E-05 with slope < 0.001) between dioptric correction and resulting UCVA could be
observed in the myopia (a) results, though.

3.3. Astigmatism Change

Corneal astigmatism, assessed with the Galilei G4, showed very little difference (p > 0.6), between
preoperative (0.98D ± 0.53 SD) and postoperative measurements (1.01D ± 0.50 SD) over the whole
study population. Likewise, the myopia group had preoperative astigmatism of 1.17D ± 0.63 (SD),
which changed to postoperative astigmatism of 0.78D ± 0.74 (SD) p > 0.02. The presbyopia group
had preoperative astigmatism of 1.02D ± 0.42 (SD), which changed to postoperative astigmatism of
0.96D ± 0.58 (SD) p > 0.02. Also, Figure 2 shows double-angle polar plots of pre-, and post-operative
astigmatism measurements for both groups, myopia and presbyopia, and suggests only small changes
in astigmatism from pre—to postoperative measurements. However, the Alpins method [14] vector
analysis (including the astigmatism orientation) showed that astigmatism changed significantly,
by 0.78D ± 0.74 (SD) for myopia and by 0.96D ± 0.58 (SD) for presbyopia, respectively. The intended
astigmatic change (planned astigmatic LASIK ablations) was 0.94D ± 0.84 (SD) for myopia group and
0.65D ± 0.41 (SD) for presbyopia group.Appl. Sci. 2020, 10, 873  5  of  8 
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Figure 2. Double-angle polar plots comparing (a) pre- to (b) postoperative astigmatism. Myopia results
are shown as circles and presbyopia results are shown as solid squares. No obvious differences between
myopia and presbyopia correction were visible.
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3.4. Corneal Curvature Change

The planned shape change of the anterior corneal surface was compared to the measured corneal
surface average corneal curvature–AvgK (postoperative Galilei minus preoperative Galilei). In an
ideally case, in Figure 3, all data points would lie on a diagonal line (y = 1.0x + 0.0, with an R2 = 1.0).
The top plot (b) in Figure 3 shows that the above graph (b) in Figure 3 shows that the presbyopia
corrections showed a better match between the planned and achieved spherical correction (y = 0.67x
− 0.09, R2 = 0.93) compared to the myopia correction (see graph (a) in Figure 3) (y = 0.45x − 1.22,
R2 = 0.47).

Appl. Sci. 2020, 10, 873  5  of  8 

Figure  2. Double‐angle polar plots  comparing  (a) pre‐  to  (b) postoperative  astigmatism. Myopia 

results  are  shown  as  circles  and  presbyopia  results  are  shown  as  solid  squares.  No  obvious 

differences between myopia and presbyopia correction were visible. 

3.4. Corneal Curvature Change 

The  planned  shape  change  of  the  anterior  corneal  surface was  compared  to  the measured 

corneal surface average corneal curvature–AvgK (postoperative Galilei minus preoperative Galilei). 

In an ideally case, in Figure 3, all data points would lie on a diagonal line (y = 1.0x + 0.0, with an R2 = 

1.0).  The  top  plot  (b)  in  Figure  3  shows  that  the  above  graph  (b)  in  Figure  3  shows  that  the 

presbyopia  corrections  showed  a  better  match  between  the  planned  and  achieved  spherical 

correction (y = 0.67x‐0.09, R2 = 0.93) compared to the myopia correction (see graph (a) in Figure 3) (y 

= 0.45x−1.22, R2 = 0.47). 

 
(a) 

45°

135°

90°

0.5 1.0 1.5 2.0 2.5

45°

0°

135°

90°

0.5 1.0 1.5 2.0 2.5

Presbyopia Myopia

y = 0.4483x ‐ 1.2203

R² = 0.473

‐8

‐6

‐4

‐2

0

2

4

‐12 ‐10 ‐8 ‐6 ‐4 ‐2 0 2

A
ch
ie
v
ed
 c
u
rv
at
u
re
 c
h
an
g
e 
[D
]

Planned curvature change [D]

Myopia (n=40)

(a) pre‐operative  (b) post‐operative 

Appl. Sci. 2020, 10, 873  6  of  8 

 
(b) 

Figure  3.  Comparing  planned  to  achieved  shape  change  of  anterior  corneal  surface.  Presbyopia 

treatments (b) showed a better match (R2 = 0.93 and slope 0.67) than (a) myopia (R2 = 0.45 and slope 

0.47). 

4. Discussion 

In  this  study,  femto‐LASIK  refractive  surgical  treatments were performed  in  two groups of 

study populations. While one of the groups received a standard myopia treatment, the second group 

was treated with a specific multifocal presbyLASIK algorithm to treat presbyopia. Study data, such 

as uncorrected visual acuity (UCVA), were carefully analyzed and presented as study results.   

In  almost  all  the  cases  (>93%), UCVA was  improved  after  the  surgery, with  respect  to  the 

baseline  assessment  before  the  treatment. Thereby,  the  standard  femto‐LASIK myopia  treatment 

showed slightly better results than the presbyLASIK treatment, where outcome UCVA was lower. 

This most likely arises from the fact that the subjective tolerance to eye surgical treatments including 

multifocal optics is greater than in monofocal treatments. Even a small deviation of 0.5D from the 

target value can be disturbing for the patient. Accordingly, there was a small but significant trend in 

recent  results, where  higher  correction  of  presbyLASIK  lead  to  lower  postoperative UCVA. No 

similar trend was observed in the standard myopia treatment cases, where even high corrections of 

up to −10.5D had perfect vision with UCVA result of decimal 1.0. 

The  completely  positive  UCVA  outcome  was  achieved,  although  the  results  suggest  that 

astigmatism  was  drastically  undertreated.  Even  though  the  laser  was  programmed  with 

astigmatism  correcting  ablation  patterns  for  all  cases  with  treatable  preoperative  astigmatism, 

significant postoperative  corneal  astigmatism was  observed  in  the  topography measurements  of 

both study groups. This observation is not supported by estimates of apparent refraction, where the 

cylinder of astigmatism decreased from −0.80D ± 0.79 (SD) to −0.18 D ± 0.33 (SD) (p < 0.00001). Thus, 

it could be assumed that the topography measurements were not accurate enough, but we did not 

have additional data to examine this in more details. 

After surgical  treatment,  the mechanical strength of the cornea depends only on  the residual 

stroma. It is well known that when the residual stroma is too thin to handle IOP, both its anterior 

and posterior surface will bulge forward as in ectasia. Nowadays, residual stroma thickness (RST) is 

accepted to be at least 250 μm. Conventionally, thickness less than 480 is considered abnormal, while 

some  surgeons  consider  preoperative  corneal  thickness  less  than  500  μm  unsuitable  for  LASIK. 

While planning the treatments, 250 μm of the RST was suggested as it accounts for 50% of 500 μm, 

which is the minimum corneal thickness recommended for LASIK. Also, high percentage of tissue 

altered (PTA) is the most common cause of ectasia after LASIK in patients with normal preoperative 

corneal topography. According to Santiago et al. [13], high values of PTA, especially higher than 40% 

is  important  factor  in  the  development  post‐Lasik  ectasia  with  normal  preoperative  corneal 

y = 0.6702x ‐ 0.0931

R² = 0.9306

‐8

‐6

‐4

‐2

0

2

4

‐12 ‐10 ‐8 ‐6 ‐4 ‐2 0 2

A
ch
ie
v
ed
 c
u
rv
at
u
re
 c
h
an
g
e 
[D
]

Planned curvature change [D]

Presbyopia (n=50)

Figure 3. Comparing planned to achieved shape change of anterior corneal surface. Presbyopia
treatments (b) showed a better match (R2 = 0.93 and slope 0.67) than (a) myopia (R2 = 0.45 and
slope 0.47).

4. Discussion

In this study, femto-LASIK refractive surgical treatments were performed in two groups of study
populations. While one of the groups received a standard myopia treatment, the second group was
treated with a specific multifocal presbyLASIK algorithm to treat presbyopia. Study data, such as
uncorrected visual acuity (UCVA), were carefully analyzed and presented as study results.
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In almost all the cases (>93%), UCVA was improved after the surgery, with respect to the baseline
assessment before the treatment. Thereby, the standard femto-LASIK myopia treatment showed
slightly better results than the presbyLASIK treatment, where outcome UCVA was lower. This most
likely arises from the fact that the subjective tolerance to eye surgical treatments including multifocal
optics is greater than in monofocal treatments. Even a small deviation of 0.5D from the target value
can be disturbing for the patient. Accordingly, there was a small but significant trend in recent results,
where higher correction of presbyLASIK lead to lower postoperative UCVA. No similar trend was
observed in the standard myopia treatment cases, where even high corrections of up to −10.5D had
perfect vision with UCVA result of decimal 1.0.

The completely positive UCVA outcome was achieved, although the results suggest that
astigmatism was drastically undertreated. Even though the laser was programmed with astigmatism
correcting ablation patterns for all cases with treatable preoperative astigmatism, significant
postoperative corneal astigmatism was observed in the topography measurements of both study
groups. This observation is not supported by estimates of apparent refraction, where the cylinder of
astigmatism decreased from −0.80D ± 0.79 (SD) to −0.18 D ± 0.33 (SD) (p < 0.00001). Thus, it could be
assumed that the topography measurements were not accurate enough, but we did not have additional
data to examine this in more details.

After surgical treatment, the mechanical strength of the cornea depends only on the residual
stroma. It is well known that when the residual stroma is too thin to handle IOP, both its anterior
and posterior surface will bulge forward as in ectasia. Nowadays, residual stroma thickness (RST)
is accepted to be at least 250 µm. Conventionally, thickness less than 480 is considered abnormal,
while some surgeons consider preoperative corneal thickness less than 500 µm unsuitable for LASIK.
While planning the treatments, 250 µm of the RST was suggested as it accounts for 50% of 500 µm,
which is the minimum corneal thickness recommended for LASIK. Also, high percentage of tissue
altered (PTA) is the most common cause of ectasia after LASIK in patients with normal preoperative
corneal topography. According to Santiago et al. [13], high values of PTA, especially higher than 40% is
important factor in the development post-Lasik ectasia with normal preoperative corneal topography.
For that reasonPTA should be taken as one of the screening parameter for refractive surgery candidates.
In addition to this criterion, we have aimed at a postoperative thickness of 300 µm residual cornea
stroma or more for all cases to allow re-treatment if necessary. None of the eyes in this study developed
postoperative ectasia.

The observation, that postoperative central corneal curvature was steeper than planned comes
from the fact that the algorithm used for the multifocality add-on causes a central steepening within
the 3.0 mm zone. This is because the central zone is intended to be used for near vision. The 3.0 to
6.0 mm zone is adjusted to correct intermediate and distance vision. Both eyes thereby are treated the
same way, except that the non-dominant eye is targeted at −0.5D from plano.

The results in this study suggest that the used procedure for presbyLASIK improves vision of
presbyopia patients. Hence, we propose to include subjects for the presbyopia treatment older than
48 years, with a mesopic pupil of 3.5–6.5 mm diameter, and with a postoperative Kmean between
35.0D and 47.0D. The central near vision add-ons should be chosen >2.0D. We further suggest that
cases where eye surgery was previously performed should not be included, especially cases where
corneal refractive surgery was performed. Also, those cases with irregular corneal morphology, lens
opacification, natural preoperative multifocality in the cornea, or a central corneal thickness CCT <

500 µm microns should not be included.

Author Contributions: B.P. and the team from the Orasis clinic in Switzerland conducted the clinical study and
collected all the data and contributed substantially to writing the manuscript. Z.C. contributed substantially
to the methodology, collecting datas and contributed substantially to writing the manuscript. H.M. performed
data analyses and substantially contributed advising regarding the paper contents. B.P.-E. perform substantially
data curation and contributed the study design. M.R. performed data anlysis and substantially contributed
the study design. H.P.S. did the data analysis, statistical analysis and created all the plots and figures, and



Appl. Sci. 2020, 10, 873 7 of 7

contributed substantially to writing the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: The clinical study funded by the Swiss research project CTI 13404.1, by the commission for technology
and innovation, Switzerland.

Conflicts of Interest: All authors declare to have no conflict of interest.

References

1. Tahzib, N.G.; Bootsma, S.J.; Eggink, F.A.; Nabar, V.A.; Nujits, R.M. Functional outcomes and patient
satisfaction after laser in situ keratomileusis for correction of myopia. J. Cataract Refract. Surg. 2005, 10,
1943–1951. [CrossRef] [PubMed]

2. Bailey, M.D.; Mitchell, L.G.; Zadnik, K. Reasons for recommending laser in situ keratomileusis. Optom. Vis.
Sci. 2005, 79, 10. [CrossRef]

3. McGhee, C.N.; Graig, J.P.; Sachdev, N.; Weed, K.H.; Brown, A.D. Functional, psychological, and satisfaction
outcomes of laser in situ keratomileusis for high myopia. J. Cataract Refract. Surg. 2000, 26, 497–509.
[CrossRef]

4. Alarcón, A.; Anera, R.G.; Villa, C.; Jiménez del Barco, L.; Gutierrez, R. Visual quality after monovision
correction by laser in situ keratomileusis in presbyopic patients. J. Cataract Refract. Surg. 2011, 37, 1629–1635.
[CrossRef] [PubMed]

5. Uthoff, D.; Pölzl, M.; Hepper, D.; Holland, D. A new method of cornea modulation with excimer laser for
simultaneous correction of presbyopia and ametropia. Graefe’s Arch. Clin. Exp. Ophthalmol. 2012, 250,
1649–1661. [CrossRef] [PubMed]

6. Baudu, P.; Penin, F.; Arba Mosquera, S. Uncorrected binocular performance after biaspheric ablation profile
for presbyopic corneal treatment using AMARIS with the PresbyMAX module. Am. J. Ophthalmol. 2013, 155,
636–647. [CrossRef] [PubMed]

7. Jackson, W.B.; Tuan, K.M.; Mintsioulis, G. Aspheric wavefrontguided LASIK to treat hyperopic presbyopia:
12-month results with the VISX platform. J. Refract. Surg. 2011, 27, 519–529. [CrossRef] [PubMed]

8. Jung, S.W.; Kim, M.J.; Park, S.H.; Joo, C.-K. Multifocal corneal ablation for hyperopic presbyopes. J. Refract.
Surg. 2008, 24, 903–910. [CrossRef] [PubMed]

9. Luger, M.H.; Ewering, T.; Arba-Mosquera, S. One-year experience in presbyopia correction with biaspheric
multifocal central presbyopia laser in situ keratomileusis. Cornea 2013, 32, 644–652. [CrossRef] [PubMed]

10. Pajic, B.; Pajic-Eggspuehler, B.; Mueller, J.; Cvejic, Z.; Studer, H. A Novel Laser Refractive Surgical Treatment
for Presbyopia: Optics-Based Customization for Improved Clinical Outcome. Sensors 2017, 17, 1367.
[CrossRef] [PubMed]

11. Pajic, B.; Massa, H.; Eskina, E. Presbyopiekorrektur mittels Lasechirurgie. Klin. Monatsbl. Augenheilkd. 2017.
[CrossRef]

12. Munnerlyn, C.R.; Koons, S.J.; Marshall, J. Photorefractive keratectomy: A technique for laser refractive
surgery. J. Cataract Refract. Surg. 1988, 14, 46–52. [CrossRef]

13. Santhiago, M.R.; Smadja, D.; Gomes, B.F.; Mello, G.R.; Monteiro, M.R.L.; Wilson, S.E.; Randelman, J.B.
Association Between the Percentage Tissue Altered and Post-Laser In Situ Keratomileusis Ectasia in Eyes
With Normal Preoperative Topography. Am. J. Ophthalmol. 2014, 158, 87–95. [CrossRef]

14. Alpins, N.A. A new method of analyzing vectors for changes in astigmatism. J. Cataract Refract. Surg. 1993,
19, 524–533. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jcrs.2005.08.022
http://www.ncbi.nlm.nih.gov/pubmed/16338565
http://dx.doi.org/10.1097/00006324-200212001-00016
http://dx.doi.org/10.1016/S0886-3350(00)00312-6
http://dx.doi.org/10.1016/j.jcrs.2011.03.042
http://www.ncbi.nlm.nih.gov/pubmed/21752590
http://dx.doi.org/10.1007/s00417-012-1948-1
http://www.ncbi.nlm.nih.gov/pubmed/22350057
http://dx.doi.org/10.1016/j.ajo.2012.10.023
http://www.ncbi.nlm.nih.gov/pubmed/23317648
http://dx.doi.org/10.3928/1081597X-20101110-02
http://www.ncbi.nlm.nih.gov/pubmed/21410083
http://dx.doi.org/10.3928/1081597X-20081101-09
http://www.ncbi.nlm.nih.gov/pubmed/19044231
http://dx.doi.org/10.1097/ICO.0b013e31825f02f5
http://www.ncbi.nlm.nih.gov/pubmed/23086358
http://dx.doi.org/10.3390/s17061367
http://www.ncbi.nlm.nih.gov/pubmed/28608800
http://dx.doi.org/10.1055/s-0043-118612
http://dx.doi.org/10.1016/S0886-3350(88)80063-4
http://dx.doi.org/10.1016/j.ajo.2014.04.002
http://dx.doi.org/10.1016/S0886-3350(13)80617-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Uncorrected Visual Acuity 
	Residual Stromal Bed and Percentage Tissue Altered 
	Astigmatism Change 
	Corneal Curvature Change 

	Discussion 
	References

