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Introduction
One of the common causes of refractive errors globally is 
myopia, and myopic astigmatism.1-3 This refractive error can 
be permanently corrected by the well-known laser refractive 
surgeries such as laser-assisted in situ keratomileusis (LASIK) 
or small incision lenticule extraction (SMILE).4-7. In 2008, 
SMILE was introduced for the first time to be a novel refrac-
tive surgical approach.8 A paradigm shift has been marked by 
refractive lenticule extraction in the refractive surgery field 
from the well-known and practiced flap-based corneal abla-
tive techniques to flapless extraction method of femtosecond 
laser-produced intrastromal lenticules.9

The extraction of an intrastromal lenticule has been 
described by Sekundo et al following lifting a flap in 2008, and 
the procedure has been developed to the SMILE, a procedure 
in which a small 2–5-mm side cut incision is made through 
which the refractive lenticule is extracted.8, 10, 11

As of the time this paper is being prepared, femtosec-
ond LASIK and SMILE are considered to be the most widely 
accepted procedures by both refractive surgeons and myopic 
patients for the correction of refractive errors.12 The procedure 
of SMILE involves the production of an intrastromal lenticule 
using femtosecond laser, and then this lenticule is going to be 
extracted through a small peripheral corneal incision, thereby, 
considering it as a minimally invasive refractive corneal sur-
gery.9, 13 Although, pervious reports have shown comparable 
efficacy, with respect to long-term visual acuity results, between 
femto-LASIK and SMILE, the later operation is superior for 
having a number of advantages including greater corneal sen-
sitivity, superior biomechanics, less induction of higher-order 
aberrations and fewer dry eye symptoms.14-17 Probably, the 
major disadvantage of SMILE is the delayed optimum recovery 
of visual acuity following surgery in comparison with LASIK.11, 

18-20 SMILE offers precise visual quality and acuity and because 

of the enhanced patient satisfaction, the technique is increas-
ingly being preferred for the correction of refractive errors asso-
ciated with myopia and myopic astigmatism.9

Nevertheless, SMILE has a steep learning curve and this 
is a challenge for beginners.21, 22 In order to familiarize the 
beginner surgeon to delicate procedures of SMLIE, a step-
wise approach is needed and this involves observation, wetlab 
training, followed by flap-based refractive lenticule extraction 
(pseudo-SMILE).8, 21, 23 During early learning phase, a high rate 
of intraoperative complications may be seen due to difficult 
lenticule dissection and extraction.21, 24, 25 In order to ease the 
process of lenticule extraction easier and to minimize compli-
cations, various modifications of the surgical procedure have 
been developed as SMILE is gaining global acceptance among 
occular surgeons.9

The scanning trajectory of the femtosecond laser is being 
modified in order to improve Visual outcome following 
SMILE. A number of approaches have been tried in order to 
improve short-term post-operative visual acuity results fol-
lowing SMILE including lowering laser energy levels, chang-
ing cap thickness, and intraoperative cap repositioning.26-29

On the other hand, the effect of the difference between 
diameters of the cap and lenticule on early visual and refrac-
tive outcome has been investigated by some authors.30

In the current study, the aim was to evaluate the effect dif-
ference in lenticule thickness (≤55 µm versus >55 µm) on the 
visual outcome in a cohort of 61 patients with low myopia.

Patients and Methods
The current prospective cohort study included 61 patients 
undergoing SMILE during the period extending from 
November 14, 2019 to June 14, 2020, a total of 99 eyes. The 
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study was conducted in Ibsar ophthalmology surgery centre 
«private medical centre» in the wholly Najaf city, mid-Euphra-
tes region of Iraq. The cases enrolled the study were all oper-
ated on by the same ophthalmologist.

The main inclusion criterion was patients with low myopia 
(≤-3.0 diopter). Other inclusion criteria were stable refraction 
in the last 2 years, and normal corneal topography. Exclusion 
criteria were eyes with severe dryness, cataract, uveitis, or pro-
gressive corneal degeneration. According to lenticule thick-
ness, eyes were classified into two groups, (≤55 µm versus >55 
µm). The main outcome variable was visual acuity post-oper-
ative within two short period of time, 1 week and 3 months. 

The study was approved by the institutional ethical 
approval committee associated with faculty of medicine and 
health directorate, in addition, a verbal consent was obtained 
from every participant.  

Regular pattern of corneal topography was confirmed, 
before the SMILE procedure, by OCULUS Pentacam® HR 
from OCULUS Inc, USA. In all enrolled patients, the mesopic 
(4 lux) pupil diameter was ≤6.5 mm and the residual thick-
ness of the stromal bed was >250 μm. Performance of SMILE 
was done using the VisuMax femtosecond laser (Carl Zeiss 
Meditec, Jena, Germany) with a 500 kHz. In order to produce 
the four cleavage planes (lenticule horizontal cut, lenticule ver-
tical cut, the cap cut, and the peripheral external opening cut),  
the femtosecond laser with an energy of 130 nJ was utilized. 

All participants were subjected to a complete ophthalmic 
examination pre-operatively and at day 1, week 1, and month 
3, post-operatively. Visual acuity was assessed using a Snellen 
chart at 6 m in a well-illuminated room. Examination also 
included slit-lamp biomicroscopy, dilated fundoscopy exam-
ination, and corneal topography. 

Data were analyzed using SPSS for Windows (Statistical 
Package for Social Sciences, ver. 23.0, SPSS Inc., Chicago, 
Illinois, USA) software. Quantitative data were expressed as 
mean, range, and standard deviation, while, categorical data 
were expressed as number and percentage. Independent sam-
ples t-test was used to study difference in means between the 
two groups, while, Yates correction and Fischer exact tests 
were used to evaluate association between categorical vari-
ables. The level of significance was considered at P ≤ 0.05, and 
high significance at P ≤ 0.01.

Results
The current study included 61 patients with low myopia (≤3 
diopter) with a mean age of 27.67 ±7.75 years and an age range 
of 18–56 years. The study enrolled 23 (37.7%) males and 38 
(62.3%) females. Total number of eyes included in this study 
was 99, 52 (52.5%) right and 47 (47.5%) left, as shown in Table 1.

According to lenticule thickness, eyes were categorized 
into two groups, (≤55 µm versus >55 µm. Baseline uncor-
rected visual acuity of patients enrolled in the current study 
categorized according to lenticule thickness into (≤55 versus 
>55 µm) was shown in Table 2. The mean uncorrected visual 
acuity of eyes with thinner lenticule (≤55 µm thickness) was 
6/ (34.95 ±22.70) and that of eyes with thicker lenticule (>55 
µm thickness) was 6/ (15.81 ±5.50); the difference was highly 
significant, as shown in Table 2. These visual acuity results 
assessed retrospectively. 

Best corrected visual acuity of patients enrolled in the 
current study categorized according to lenticule thickness into 

(≤55 versus >55 µm) was shown in Table 3. The mean visual 
acuity of eyes with ≤55 µm thickness was 6/ (6.76 ± 1.17) and 
that of eyes with >55 µm thickness was 6/ (8.59 ± 4.38); the 
difference was not significant (P = 0.075), as shown in Table 3.

Visual acuity 1 week after surgery of patients enrolled in 
the current study categorized according to lenticule thickness 
into (≤55 versus >55 µm) are shown in Table 4. The mean 
uncorrected visual acuity of eyes with ≤55 µm thickness was 
6/ (6.74 ±0.99) and that of eyes with >55 µm thickness was 6/ 
(8.16 ±3.24); the difference was not significant (P = 0.063), as 
shown in Table 4.

Uncorrected visual acuity 3 months after surgery of 
patients enrolled in the current study categorized according 
to lenticule thickness into (≤55 versus >55 µm) are shown in 
Table 5. The mean uncorrected visual acuity of eyes with ≤55 
µm thickness was 6/ (7.08 ±1.66) and that of eyes with >55 µm 
thickness was 6/ (7.34 ±2.15); the difference was not signifi-
cant (P = 0.625), as shown in Table 5.

Comparison of visual acuity between patients with lenti-
cule thickness of ≤55 µm and patients with lenticule thickness 
of >55 µm are shown in Table 6. There was no significant dif-
ference in UCVA (uncorrected visual acuity) (P = 1.000), sig-
nificant difference in BCVA (better with lenticule thickness of 
≤ 55 µm) (P = 0.037), no significant difference in VAAS (visual 
acuity after surgery) (P = 0.065) and no significant difference 
in VA3M (visual acuity 3 months after surgery) (P = 0.599).
In order to produce the four cleavage planes (lenticule hori-
zontal cut, lenticule vertical cut, the cap cut, and the peripheral 
external opening cut), the femtosecond laser with an energy of 
130 nJ was utilized (Fig 1).

The beginning of the femtosecond laser from outside 
toward inside to create the lenticule lower surface which is 
called the lenticule interphase (green arrow). The peripheral 
cut ring represents the surrounding vertical cut of the lenticule 
periphery to be then separated from the rest of the stroma. The 
upper surface femtosecond laser cut of the lenticlue beginning 
from the center towards the far periphery which is called the 
cap interphase (blue arrow), The last femtosecond laser cut 
which is the surface incision cut at the periphery of the cap 
interphase (red arrow) 

Table 1.  Characteristics of patients enrolled in this study.

Characteristic Value

Number of cases 61

Age (years)

Mean ± SD 27.67 ±7.75

Range (minimum–maximum) 38 (18-56)

Gender

Male, n (%) 23 (37.7 %)

Female, n (%) 38 (62.3 %)

Eye

Total 99

OD, n (%) 52 (52.5 %)

OS, n (%) 47 (47.5 %)

SD: standard deviation; n: number of cases; OD: right eye; OS: left eye.
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Table 2. Baseline uncorrected visual acuity of eyes enrolled in the 
current study categorized according to lenticule thickness into 
(≤55 versus >55 µm).

UCVA Total 
n = 99

Thickness group

≤55 
n = 19

>55 
n = 80

6/ 9.5 12 (12.1 %) 2 (10.5 %) 10 (12.5 %)

6/ 12 27 (27.3 %) 3 (15.8 %) 24 (30.0 %)

6/ 15 17 (17.2 %) 1 (5.3 %) 16 (20.0 %)

6/ 18 20 (20.2 %) 3 (15.8 %) 17 (21.3 %)

6/ 24 12 (12.1 %) 1 (5.3 %) 11 (13.8 %)

6/ 36 3 (3.0 %) 1 (5.3 %) 2 (2.5 %)

6/ 60 8 (8.1 %) 8 (42.1 %) 0 (0.0 %)

Mean 
±SD 6/ (19.48 ±13.28) 6/ (34.95 ±22.70) 6/ (15.81 ±5.50)

Range 6/ 9.5 -6/ 60 6/ 9.5 –6/ 60 6/ 9.5 -6/ 36

P < 0.001 †
HS

n: number of cases; SD: standard deviation; UCVA: uncorrected visual acuity; †: 
independent samples t-test; HS: highly significant at P ≤ 0.01

Table 3.  Best corrected visual acuity of patients enrolled in the 
current study categorized according to lenticule thickness into 
(≤55 versus >55 µm).

BCVA Total 
n = 99

Thickness group

≤55 
n = 19

>55 
n = 80

6/6 52 (52.5 %) 12 (63.2 %) 40 (50.0 %)

6/7.5 21 (21.2 %) 5 (26.3 %) 16 (20.0 %)

6/9.5 9 (9.1 %) 2 (10.5 %) 7 (8.8 %)

6/12 10 (10.1 %) 0 (0.0 %) 10 (12.5 %)

6/15 2 (2.0 %) 0 (0.0 %) 2 (2.5 %)

6/19 3 (3.0 %) 0 (0.0 %) 3 (3.8 %)

6/24 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

6/30 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

Mean ±SD 6/ (8.24 ±4.03) 6/ (6.76 ±1.17) 6/ (8.59 ±4.38)

Range 6/ (6 -30) 6/ (6 -9.5) 6/ (6 -30)

P 0.075 †
NS

n: number of cases; SD: standard deviation; BCVA: best visual acuity; †: 
independent samples t-test; NS: not significant at P> 0.05.

Table 4. Visual acuity one week after surgery of patients enrolled 
in the current study categorized according to lenticule thickness 
into (≤ 55 versus > 55 µm).

Thickness group

VAAS Total 
n = 99

≤55 
n = 19

>55 
n = 80

6/5 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

6/6 44 (44.4 %) 11 (57.9 %) 33 (41.3 %)

6/7.5 32 (32.3 %) 7 (36.8 %) 25 (31.3 %)

6/9 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

6/9.5 7 (7.1 %) 1 (5.3 %) 6 (7.5 %)

6/12 9 (9.1 %) 0 (0.0 %) 9 (11.3 %)

6/15 3 (3.0 %) 0 (0.0 %) 3 (3.8 %)

6/19 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

6/24 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

Mean ±SD 6/ (7.88 ±2.99) 6/ (6.74 ±0.99) 6/ (8.16 ±3.24)

Range (5 -24) (6 -9.5) (5 -24)

P 0.063 †
NS

n: number of cases; SD: standard deviation; VAAS: visual acuity one week after 
surgery; †: independent samples t-test; NS: not significant at P> 0.05.

Table 5.  Visual acuity 3 months after surgery of patients 
enrolled in the current study categorized according to lenticule 
thickness into (≤55 versus >55 µm).

VA3M Total 
n = 99

Thickness group

≤55 
n = 19

>55 
n = 80

6/5 4 (4.0 %) 0 (0.0 %) 4 (5.0 %)

6/6 51 (51.5 %) 11 (57.9 %) 40 (50.0 %)

6/7.5 24 (24.2 %) 5 (26.3 %) 19 (23.8 %)

6/9 1 (1.0 %) 0 (0.0 %) 1 (1.3 %)

6/9.5 11 (11.1 %) 2 (10.5 %) 9 (11.3 %)

6/12 6 (6.1 %) 1 (5.3 %) 5 (6.3 %)

6/15 2 (2.0 %) 0 (0.0 %) 2 (2.5 %)

Mean 
±SD 6/ (7.29 ±2.06) 6/ (7.08 ±1.66) 6/ (7.34 

±2.15)

Range 6/ (5 -15) 6/ (6 -12) 6/ (5 -15)

P 0.625 †
NS

n: number of cases; SD: standard deviation; VA3M: visual acuity 3 months after 
surgery; †: independent samples t-test; NS: not significant at P> 0.05
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Discussion
Laser refractive surgery field has been revolutionized follow-
ing the introduction of femtosecond laser. This laser type has 
been widely used in LASIK and it resulted in the development 
of newer refractive surgery technique which uses single plat-
form rather than the known two platforms for LASIK and 
this technique was named femtosecond lenticule extraction 
(FLEx).7, 31 The later technique has also the advantage of avoid-
ing corneal stromal ablation which is a necessary step in FLEx; 
however, it was similar to LASIK in that it needs formation of a 
corneal flap.31 The newly introduced laser refractive technique, 
SMILE, has the advantages of formation of corneal stromal 
pocket rather than corneal flap of old techniques, since it uti-
lizes a small peripheral corneal incision in order to extract the 

lenticule.32 Because of minimal disruption of the peripheral 
collagen networks in the anterior stroma, the corneal stability 
will be preserved following SMILE much better than following 
oldest operations, LASIK and FLEx, in addition to avoidance 
of possible injury to the subbasal nerve plexus.33, 34 Nowadays, 
SMILE is regarded as the standard of care for surgical correc-
tion of refraction errors by most ocular surgeons.8

Acar B. T. and Acar, in 201730, compared the results of 
SMILE procedure between two groups of patients depending 
on the cap lenticule diameter difference (CLDD) and found 
that “In SMILE, 0.4 mm CLDD is associated with better visual 
outcome than 1.0 mm and that Narrow CLDD should be con-
sidered in SMILE to increase the visual acuity particularly in 
the early post-operative period”.

Table 6.  Comparison of visual acuity between patients with 
lenticule thickness of ≤55 µm and patients with lenticule 
thickness of >55 µm.

Visual acuity
Thickness group

P≤55
n = 19

>55
n = 80

UCVA
≥ 6/ 9.5 2 (10.5 %) 10 (12.5 %) 1.000 Y

NS< 6/ 9.5 17 (89.5 %) 70 (87.5 %)

BCVA
≥ 6/ 9.5 19 (100.0 %) 63 (78.8 %) 0.037 F

S< 6/ 9.5 0 (0.0 %) 17 (21.3 %)

VAAS
≥ 6/ 9.5 19 (100.0 %) 66 (82.5 %) 0.065 F

NS< 6/ 9.5 0 (0.0 %) 14 (17.5 %)

VA3M
≥ 6/ 9.5 18 (94.7 %) 73 (91.3 %) 0.599 Y

NS< 6/ 9.5 1 (5.3 %) 7 (8.8 %)

n: number of cases; UCVA: uncorrected visual acuity; BCVA: best corrected 
visual acuity; VAAS:  visual acuity after surgery; VA3M: visual acuity 3 months 
after surgery; Y: Yates correction; F: Fischer exact test; NS: not significant at P> 
0.05; S: significant at P ≤ 0.05. 

Fig. 1.  This figure shows the different stages of the femtosecond 
laser applied during docking procedure for the correction of myopia 
or myopic astigmatism. 

Fig. 2.  Through the peripheral opening the surgeon is accessible to introduce the dissector to 
separate the lenticule on both upper and lower surfaces and then removing it out of the pocket.
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A study published in 2018, carried out by Siedlecki et 
al.35 was aiming at reporting the effect of increasing minimum 
lenticule thickness on the efficacy and safety and SMILE in 
patients with low myopia (up to -3.50 diopters). In the later 
study, thick lenticule group was compared in terms of visual 
and refractory outcome to standard thickness group and the 
results obtained pointed out to that “Increasing minimum 
lenticule border thickness seems to improve the safety and 
efficacy of SMILE in low myopia”. In the current study, we were 
able to show that there seems to be no significant difference in 
the efficacy of SMILE with thin lenticule, in the contrary to the 
belief of Siedlecki et al.35, since it was noticed in the present 
study that the visual acuity of patients with thin lenticule was 
similar, and sometimes even better, than that of patients with 
thicker lenticule.

It seems that experienced hand can do SMILE with 
results that are of sufficient efficacy and safety when lent-
icule is as thin as <55 µm and this will increase the scope 
of selected myopic patients in need to do refractive surgery 
with thinner corneas as the minimum lenticule thickness 
we chose to preserve much residual stromal thickness to the 
acceptable limits.

Conclusion
Thin lenticule of less than or equal 55 µm to as low as 41 µm 
can be chosen for SMILE with efficacy and safety removal in 
one piece comparable to that of thicker lenticule provided that 
the operation is done by well-trained and skilled ocular sur-
geon hand to avoid tear of the lenticule and extract it as one 
piece (Fig. 2), and we can increase the scope of myopic patients 
in need to do SMILE procedure by using thinner SMILE lent-
icule and preserve the stromal tissue to the acceptable residual 
stromal thickness.
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