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Purpose: To compare the posterior corneal curvature changes, in terms of corneal power and 

asphercity, following Refractive Small Incision Lenticule Extraction (ReLEx SMILE) procedure 

for low, moderate, and high myopia.

Methods: This retrospective, non randomized, comparative, interventional trial; included 52 

eyes of 26 patients, divided in three groups: low myopia (myopia 3 D [diopters] spherical 

equivalent [SE]), moderate myopia (myopia 3 D and 6 D SE), and high myopia (myopia  

6 D SE). All patients were treated for myopia and myopic astigmatism using ReLEx SMILE. 

The eyes were examined pre-operatively and 3 months post-operatively using SCHWIND 

SIRIUS, a three-dimensional rotating Scheimpflug camera with a Placido disc topographer to 

assess corneal changes with regard to keratometric power and asphericity of the cornea.

Results: A statistically significant increase in mean keratometric power in the 3, 5, and 7 mm zones 

of the posterior corneal surface compared with its pre-ReLEx SMILE value was detected after 3 

months in the moderate myopia group (pre-operative [pre-op] -6.14±0.23, post-operative [post-op] 

-6.29±0.22, P0.001) and high myopia group (pre-op -6.19±0.16, post-op -6.4±0.18, P0.001), 

but there was no significant change in keratometric power of the posterior surface in the low myopia 

group (pre-op -5.87±0.17, post-op -6.06±0.29, P=0.143). Asphericity (Q-value) of the posterior 

surface changed significantly (P0.001) after ReLEx SMILE in the moderate myopia group in 

the 3, 5, and 7 mm zones, and in the high myopia group in the 3 and 7 mm zones; but there was no 

significant change in the Q-value in the low myopia group in all three zones (pre-op 0.23±0.43, 

post-op -0.40±0.71, P=0.170), and in the high myopia group in the 5 mm zone (P=0.228).

Conclusion: ReLEx SMILE causes significant changes in posterior corneal keratometric 

power and asphericity in moderate and high myopia, but the effect is subtle and insignificant 

in low myopia.

Keywords: ReLEx SMILE, Refractive Small Incision Lenticule Extraction, posterior curvature, 

corneal keratometric power, corneal asphericity

Introduction
The aim of refractive surgery is to create emmetropia by altering the shape of the 

cornea. Most corneal surface changes take place within the anterior corneal surface, 

which accounts for +48–+50 diopters (D) of refractive power because of the large 

difference indices of refraction between air and the cornea; the posterior corneal 

surface provides approximately -6 D of refractive power. The anterior corneal sur-

face is reshaped directly during refractive surgery and has been studied largely by 

corneal topography.1–4 The posterior corneal surface may also change, not from direct 

application of refractive techniques but from intraocular pressure (IOP) changes and 

post-operative corneal thinning, as in radial keratotomy.5,6

Since it is believed that the first sign of kerectasia appears on the posterior corneal 

surface7–10 and not on the anterior, the importance of recognizing a change in the pos-

terior corneal surface after refractive surgery deserves attention.
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Refractive Small Incision Lenticule Extraction (ReLEx 

SMILE) has recently evolved as an all-femtosecond, 

minimally invasive technique which involves creation of 

a refractive lenticule followed by its extraction through a  

2 mm incision.11,12 It offers significant advantages over laser-

assisted in situ keratomileusis (LASIK), in terms of being 

flapless, better biomechanical stability,13 less post-operative 

dry eyes,14 and induced aberrations.15 It has been proposed 

that this technique may be better and more stable for treating 

higher powers compared to LASIK, as the biomechanical 

strength after ReLEx SMILE is not compromised much due 

to intact Bowman’s membrane and conservation of strong 

anterior corneal lamellae. Also, the residual stromal bed 

thickness is stated to be more compared to LASIK, as the 

cap also contributes to the residual bed thickness.

It has been observed that mild “keratectasia” of the cornea 

may be common early after LASIK as suggested by increased 

negative keratometric diopters and oblate asphericity of the 

posterior corneal curvature.7,16 However, not much is known 

about changes in the posterior corneal curvature following 

ReLEx SMILE.

Hence, this study has been undertaken with the aim of 

comparing the posterior corneal curvature changes in terms 

of keratometric power and asphericity, following ReLEx 

SMILE for low, moderate, and high myopia.

Methods
This retrospective study included eligible patients of both 

sexes, who underwent ReLEx SMILE for correction of 

myopia and myopic astigmatism between February 2014 

and June 2014 at our center and included patients between 

21 and 40 years of age, stable corneal conditions within 

the last 12 months, stable refraction since past 12 months 

(0.5 D change within past 12 months), healthy ocular 

surface with stable tear film, and discontinuation of soft 

contact lenses 1 week and rigid contact lenses 3 weeks 

prior to surgery.

Patients who had thin corneas (corneal pachym-

etry 480 µ), any ectatic condition of the cornea includ-

ing keratoconus, Pellucid marginal degeneration, corneal 

scars, severe dry eye, and patients with any other ocular 

morbidity leading to loss of vision, were excluded from 

the study.

All patients underwent a thorough pre-operative evalua-

tion including uncorrected distance visual acuity and corrected 

distance visual acuity, manifest and cycloplegic refraction, 

IOP measurement, slit lamp biomicroscopy examination, 

dilated fundus examination, dry eye assessment, topography 

(Orbscan IIz [Bausch & Lomb, Bridgewater, NJ, USA] and 

SIRIUS [SCHWIND eye-tech-solutions GmbH & Co. KG, 

Kleinostheim, Germany]), contrast sensitivity assessment by 

FACT (Stereo Optical Co., Inc., Chicago, Ilinois, USA), and 

aberrometry (I Trace, Hoya,Tokyo, Japan).

A pre-operative consent for the ReLEx SMILE procedure 

was taken from all patients. The study was conducted in 

agreement with the Declaration of Helsinki and was approved 

by Nethradhama Superspeciality Eye Hospital Institutional 

Ethics Committee. The study was also registered with the 

Clinical Trials Registry of India (CTRI).

Topographic examination
Topographic examinations were performed pre-operatively 

and 3 months post-operatively with the SIRIUS, a three-

dimensional rotating Scheimpflug camera with a Placido 

disc topographer. Both, anterior and posterior surfaces of 

the cornea were examined for curvature changes in terms of 

mean keratometric power and asphericity (Q-value) at 3, 5, 

and 7 mm zones from the center.

The SIRIUS Scheimpflug Analyzer integrates a Placido 

disc and a mono rotating Scheimpflug system for corneal 

topography and three-dimensional analysis of the anterior eye 

segment. The aim of integration of Placido disc SIRIUS is to 

enhance the analysis of the anterior corneal surface.

Nasser et al17 and Hernández-Camarena et al18 have found 

that the SIRIUS showed good to excellent repeatability 

for all measured parameters and that agreement analysis 

suggested that SIRIUS and Pentacam should not be used 

interchangeably.

surgical technique
All surgeries were performed by a single experienced surgeon 

under topical anesthesia using the VisuMax femtosecond 

laser (Carl Zeiss Meditec AG, Jena, Germany).

The patient was positioned under the curved contact glass 

of the femtosecond laser and asked to fixate on a flashing 

target. When appropriate centration on the visual axis was 

observed, suction was applied.

Femtosecond laser pulses (500 kHz) was used, first in 

a spiral-in pattern to achieve the cut at the deeper plane 

of intra-stromal lenticule, followed by spiral-out laser for 

superficial cut. The lenticule diameter (optical zone) was 

6–7 mm and cap thickness of 100 µm. The laser cut energy 

index was 33 (corresponding to approximately 165 mJ), and 

spot spacing of 4.5 µm. A 2 mm incision was created by the 

femto laser located at the 12 o’clock position. Following 

creation of lenticule, the incision was opened to identify 
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the two planes of lenticule. A thin blunt spatula was used 

to dissect the superficial and deep planes of the lenticule 

and to break the remaining tissue bridges, thus separating 

the lenticule from the surrounding stroma. This lenticule 

was grasped with a pair of forceps and extracted through 

the superior incision. The corneal interface was then flushed 

with balanced salt solution.

statistical analysis
Pre-operative and post-operative parameters as well as pre- 

operative versus post-operative changes were analyzed using 

Statistical Package for the Social Sciences software (version 15,  

SPSS Inc, Chicago, IL, USA), analysis of variance, chi-

square, and Fisher’s exact test. A P-value 0.05 was con-

sidered to be statistically significant.

Results
The study included 52 eyes from 26 patients who satisfied 

the inclusion criteria.

Patients were divided into three groups on the basis of 

the degree of myopia as follows:

·	 Low myopia: myopia of -3 D or less SE (spherical 

equivalent)

·	 Moderate myopia: myopia between -3 and -6 D SE

·	 High myopia: myopia of -6 D or more SE

The mean age in the low, moderate, and high myopia 

group was 23.00±0.00, 28.10±6.87, and 29.50±5.50 years, 

respectively.

The mean optical zone in the low, moderate, and high 

myopia group was 6.63±0.23, 6.54±0.26, and 6.20±0.21 mm, 

respectively.

Tables 1 and 2 give data regarding number of patients 

in each group, the residual bed thickness, and the other pre-

operative and post-operative measured parameters.

Changes in pachymetry
Central corneal thickness showed a statistically significant 

decrease post-operatively in all the three groups. P-values 

0.042, 0.001, and 0.001 for low, moderate, and high 

myopia, respectively (Table 3).

anterior surface analysis
Three months post-operatively, a statistically significant decrease 

in mean keratometric power at the anterior corneal surface  

was detected in moderate and high myopia group in 3, 5, and  

7 mm zones (P0.001), and in low myopia group in 3 and 

7 mm zone (P-values 0.035 and 0.029). The decrease in mean 

keratometric power at anterior corneal surface was not significant 

in low myopia group in the 5 mm zone (P=0.114) (Table 4).

Asphericity (Q-value) of the anterior surface changed 

significantly (P0.001) in moderate and high myopia group 

in 3, 5, and 7 mm zones, in which it changed from prolate 

to oblate, and in low myopia group in 5 mm zone, in which 

it changed to being less prolate; but there was no significant 

change in Q-value in low myopia group in 3 and 7 mm zones 

(P-values 0.635 and 0.833) (Table 5).

Posterior surface analysis
A statistically significant increase in mean keratometric 

power in 3, 5, and 7 mm zones of the posterior corneal surface 

compared with its pre-ReLEx SMILE value was detected after  

3 months in the moderate and high myopia group (P0.001), 

Table 1 number of patients, intraocular pressure & residual bed thickness

Group Patients (n) Pre-op IOP  
(mmHg)

Post-op IOP  
(mmHg)

Residual bed  
thickness (µm)

low myopia 3 13±1.73 8.33±0.57 368±32.51
Moderate myopia 29 14.1±3.29 12.65±2.91 351.62±41.15
high myopia 20 14.69±2.22 11.85±2.75 318±32.04

Note: Data are presented as Mean ± sD.
Abbreviations: iOP, intraocular pressure; post-op, post-operative; pre-op, pre-operative.

Table 2 refractive error (Diopters) and Visual acuity (in logMar scale)

Pre-op Post-op

DS (D) DCYL (D) BCVA DS (D) DCYL (D) UCVA BCVA

low myopia -2.17±0.14 -0.67±0.38 0.00±0.00 -0.12±0.04 -0.09±0.04 0.00±0.00 0.00±0.00
Moderate myopia -3.68±0.75 -0.81±0.48 0.03±0.06 -0.22±0.19 -0.16±0.08 -0.01±0.05 -0.04±0.05
high myopia -6.36±1.37 -1.34±0.67 0.006±0.02 -0.35±0.28 -0.24±0.17 0.006±0.04 -0.04±0.05

Note: Data are presented as Mean ± sD.
Abbreviations: DCYl, diopter cylinder; Ds, diopter sphere; D, diopters; post-op, post-operative; pre-op, pre-operative; UCVa, uncorrected distant visual acuity; 
BCVa, best corrected distant visual acuity.
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but the change was not statistically significant in low myopia 

group (P-values 0.143, 0.347, and 0.135 in 3, 5, and 7 mm 

zones, respectively) (Table 6).

Changes in asphericity (Q-value) of the posterior surface 

suggested increased prolateness, and these findings were 

statistically significant (P0.001) in moderate myopia group 

in all three zones and in high myopia group in 3 and 7 mm 

zones. But there was no significant change in the Q-value in 

low myopia group in any of the three zones (P-values 0.170, 

0.151, and 0.145 in 3, 5, and 7 mm zones, respectively) and in 

high myopia group in the 5 mm zone (P=0.228) (Table 7).

Changes in power and asphericity in  
relation to optical zone
The change in mean keratometric power and asphericity of the 

posterior surface was more in the larger optical zone (6.51–

7.00 mm) compared to small optical zone (6.00–6.50 mm);  

however, the change was not statistically significant  

(P0.05) (Table 8).

Discussion
Refractive surgery is intended to change the shape of the 

anterior surface of the cornea, thus changing its refractive 

power. Since the surgery affects the anterior corneal surface 

and weakens the cornea, a modification in the posterior cor-

neal surface may be expected.19

It has been shown that steepening of the posterior surface 

of cornea by a given amount has a smaller effect on the overall 

refraction of the eye than flattening of the anterior surface. This 

is due to small refractive index difference between the cornea 

and the aqueous. It has been found that a change of 0.2 D at 

the back surface equals a change of around 2.0 D at the front 

surface because of differences in the refractive indices.20

Our study demonstrated significant posterior corneal 

curvature changes after ReLEx SMILE in patients with 

moderate and high myopia; however, these changes were 

not significant for low myopia. There are many concerns 

about the correct alignment when comparing the changes of 

height against a best-fit sphere. Thus, similar to a study by 

Seitz et al,7 we measured parameters which are not as much 

Table 3 Pre-operative (pre-op) and post-operative (post-op) 
pachymetry

Central corneal  
thickness

Low  
myopia

Moderate  
myopia

High  
myopia

Pre-op (µm) 547.67±24.01 550.48±35.54 532.15±33.81
Post-op (µm) 468.33±43.13 454.10±43.70 400.90±38.15
P-value 0.042 0.001 0.001

Note: Data are presented as Mean ± sD.

Table 4 Comparison of corneal keratometric power of anterior 
surface at 3, 5, and 7 mm zones before and 3 months after relex 
sMile

Corneal power:  
anterior surface

Low  
myopia

Moderate  
myopia

High  
myopia

3 mm
Pre-op (D) 42.49±1.98 43.86±1.47 43.64±0.43
Post-op (D) 39.33±1.58 39.95±1.88 38.99±1.26
P-value 0.035 0.001 0.001

5 mm
Pre-op (D) 42.34±1.96 43.78±1.49 43.57±0.44
Post-op (D) 39.20±1.58 39.96±1.83 39.07±1.14
P-value 0.114 0.001 0.047

7 mm
Pre-op (D) 42.10±1.88 43.60±1.49 43.42±0.44
Post-op (D) 39.07±1.47 39.99±1.78 39.27±0.95
P-value 0.029 0.001 0.001

Note: Data are presented as Mean ± sD.
Abbreviations: D, diopter; post-op, post-operative; pre-op, pre-operative; relex 
sMile, refractive small incision lenticule extraction.

Table 5 Comparison of corneal asphericity of anterior surface at 
3, 5, and 7 mm zones before and 3 months after relex sMile

Corneal asphericity  
(Q-value): anterior surface

Low  
myopia

Moderate  
myopia

High  
myopia

3 mmQ
Pre-op -0.20±0.14 -0.21±0.21 -0.24±0.23
Post-op 0.25±0.16 0.45±0.68 0.04±0.49
P-value 0.653 0.015 0.001

5 mmQ
Pre-op -0.37±0.13 -0.27±0.15 -0.28±0.18
Post-op -0.47±0.22 -0.03±0.43 0.57±0.45
P-value 0.026 0.001 0.001

7 mmQ
Pre-op -0.35±0.07 -0.30±0.13 -0.32±0.14
Post-op -0.33±0.16 0.05±0.36 0.63±0.44
P-value 0.833 0.001 0.001

Note: Data are presented as Mean ± sD.
Abbreviations: post-op, post-operative; pre-op, pre-operative; relex sMile, 
refractive small incision lenticule extraction.

Table 6 Comparison of corneal keratometric power of posterior 
surface at 3, 5, and 7 mm zones before and 3 months after relex 
sMile

Corneal power:  
posterior surface

Low  
myopia

Moderate  
myopia

High  
myopia

3 mm
Pre-op (D) -5.87±0.17 -6.14±0.23 -6.19±0.16
Post-op (D) -6.06±0.29 -6.29±0.22 -6.4±0.18
P-value 0.143 0.001 0.001

5 mm
Pre-op (D) -5.87±0.19 -6.14±0.23 -6.21±0.15
Post-op (D) -6.02±0.27 -6.26±0.23 -6.37±0.17
P-value 0.347 0.014 0.001

7 mm
Pre-op (D) -5.88±0.19 -6.14±0.23 -7.01±2.40
Post-op (D) -5.99±0.27 -6.23±0.24 -6.34±0.17
P-value 0.135 0.001 0.001

Note: Data are presented as Mean ± sD.
Abbreviations: D, diopter; post-op, post-operative; pre-op, pre-operative; relex 
sMile, refractive small incision lenticule extraction.
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subject to alignment accuracy and decided for the posterior 

power and asphericity (Q-value).

Recent studies did not show significant posterior corneal 

curvature changes after laser refractive surgery.21–24 Ciolino 

and Belin21 did not observe significant posterior corneal surface 

displacement after LASIK and photorefractive keratectomy, 

using Pentacam Scheimpflug system. In addition, posterior 

corneal displacement was not significantly different between 

the LASIK and photorefractive keratectomy patients.

Studies by Seitz et al7 and Wang et al16 found a statisti-

cally significant increase of the negative central power and 

the oblate asphericity of the posterior curvature after LASIK. 

These changes, although small, correlated significantly with 

the amount of correction. In addition, the change of posterior 

power was significantly more pronounced with a presumed 

residual stromal bed thickness of 250 µm and less.

Contrary to results in LASIK, we observed significant 

changes in posterior curvature and asphericity after ReLEx 

SMILE for moderate and high myopia, although results 

were not significant for low myopia. We found that a statis-

tically significant increase of negative central power of the 

posterior curvature in the moderate and high myopia group 

was accompanied by an increase in the prolate asphericity 

of the posterior curvature in these groups.

We propose a theory for possible explanation of the con-

flicting results seen in our study. In LASIK, the Bowman’s 

membrane (8–14 µ) is cut, thus reducing the biomechanical 

strength of the cornea. Because the flap does not contrib-

ute to the biomechanical stability of the cornea after its 

repositioning to the stromal bed, the residual corneal bed 

thickness is a crucial factor to prevent subsequent iatrogenic 

“keratectasias”.

In ReLEx SMILE, the Bowman’s membrane remains 

intact as the lenticule is removed from stroma through a small 

incision leaving behind a gap or space in the interface. The 

depth of this gap depends upon the amount of tissue removed, 

which in turn depends upon the degree of myopia. Hence, for 

higher powers, this gap is more. In due course of time, as the 

interface heals, this space collapses by posterior shift of the 

anterior surface and anterior shift of the posterior surface of 

the cornea. Due to preservation of strong Bowman’s layer and 

compact anterior corneal lamellae, the movement of anterior 

surface is not significant compared to the posterior surface. 

This may be due to the fact that the Descemet’s membrane 

(5–10 µ) is relatively more elastic and hence bulges forward 

under the effect of IOP.

This theory may explain the increase of negative ker-

atometric power and prolate asphericity of the posterior 

curvature observed in this study, and also the under correc-

tion seen after ReLEx SMILE in higher powers, as seen in 

some studies.11,25–29

The change in keratometric power and asphericity of the 

posterior surface was found to be more in the larger optical 

zone (6.51–7.00 mm). However, when the large and small 

optical zones (6.00–6.50 mm) were compared, the difference 

in change of mean keratometric power and asphericity was not 

statistically significant. A larger sample size may be required 

to find any significant correlation between the optical zone and 

the change in mean keratometric power and asphericity.

To the best of our knowledge, this is the first report on 

posterior corneal curvature changes after ReLEx SMILE. As 

this study describes short-term results, it is not clear at this 

time whether our findings are due to an instantaneous bio-

mechanical change caused by the surgery, or whether these 

Table 7 Comparison of corneal asphericity of posterior surface 
at 3, 5, and 7 mm zones before and 3 months after relex sMile

Corneal asphericity  
(Q-value): posterior surface

Low  
myopia

Moderate  
myopia

High  
myopia

3 mmQ
Pre-op 0.23±0.43 0.00±0.28 0.18±0.41
Post-op -0.40±0.71 -0.28±0.56 -0.34±0.39
P-value 0.170 0.001 0.001

5 mmQ
Pre-op -0.10±0.16 -0.10±0.17 -0.04±0.20
Post-op -0.51±0.27 -0.37±0.32 -0.45±0.22
P-value 0.151 0.001 0.228

7 mmQ
Pre-op -0.14±0.11 -0.15±0.13 -0.08±0.16
Post-op -0.40±0.13 -0.35±0.23 -0.34±0.16
P-value 0.145 0.001 0.001

Abbreviations: post-op, post-operative; pre-op, pre-operative; relex sMile, 
refractive small incision lenticule extraction.

Table 8 Change in corneal keratometric power and asphericity in relation to optical zone

Change in keratometric power (D) Change in asphericity

Optical zone  
6.00–6.50 mm

Optical zone 
6.51–7.00 mm

P-value Optical zone  
6.00–6.50 mm

Optical zone  
6.51–7.00 mm

P-value

Change in 3 mm zone 0.17±0.12 0.22±0.09 0.328 0.36±0.53 0.57±0.63 0.325
Change in 5 mm zone 0.13±0.10 0.17±0.07 0.306 0.31±0.32 0.41±0.27 0.412

Change in 7 mm zone 0.26±1.63 0.13±0.05 0.506 0.21±0.18 0.32±0.20 0.113

Note: Data are presented as Mean ± sD.
Abbreviation: D, diopter.
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changes tend to progress over time. Nevertheless, results of 

the present study may have important practical implications 

for refining nomograms for correction of higher refractive 

errors with ReLEx SMILE. Further research with long-term 

follow-up is required to validate this theory and results of 

this study.

Disclosure
The authors report no conflicts of interest in this work.
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