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Methods: This prospective study included 150 eyes (150 patients: 91 eyes in the 120-um
group, and 59 eyes in the 140-um group) who underwent SMILE. Enhanced correction
nomograms were applied for patients according to cap thickness. Clinical outcomes,
including visual acuity, refraction, and corneal wavefront aberrations, were compared
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Results: The mean uncorrected-distance visual acuity, safety and efficacy indices, and
refractive predictability were comparable in the 120-um and 140-um groups after SMILE.
The postoperative total corneal root mean square higher-order aberrations (HOAs) and
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Comparison of clinical and between the two groups (P = 0.027, and <0.001, respectively). Although corneal stiff-
biomechanical outcomes of small ness decreased after SMILE in both groups, the changes in the deformation amplitude
incision lenticule extraction with ratio were significantly higher in the 140-um group than in the 120-um group (P =0.022).

120- and 140-pum cap thickness.
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Conclusions: SMILE with 120-um and 140-um cap thickness provided excellent
predictable outcomes according to our enhanced correction nomogram. The amount of
tissue removal required to achieve the same amount of refractive correction was greater
in the thicker cap group. The induction of corneal HOAs and weakening of corneal
biomechanics were less pronounced in the thin-cap group, which may be associated
with the thinner cap, lesser lenticule thickness, or thicker residual stromal bed.

Translational Relevance: Although SMILE with different cap thickness was effective,
thicker lenticule thickness in the thick-cap group may be associated with induction of
HOAs, and corneal stiffness changes.

. 2 decades has resulted in remarkable innovations in
Introduction this field."2 FSL has enabled tissue dissection via
photo disruption and plasma cavitation.? Initially, the

The introduction of femtosecond laser (FSL) FSL was predominantly used to make a corneal flap
technology in corneal refractive surgery over the past during laser in situ keratomileusis (LASIK), followed
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by stromal ablation using an excimer laser.* A new
surgical technique called femtosecond lenticule extrac-
tion was developed that uses only FSL to dissect two
interfaces to create a refractive lenticule and subse-
quently remove it, which is very similar to LASIK.’
Small incision lenticule extraction (SMILE), which is
an advanced version of the all-in-one FSL refractive
technique, does not require a corneal flap, but requires
a small incision through which the separated refractive
lenticule is removed; the corneal tissue above the lentic-
ule is known as the cap.®!'! SMILE has been widely
used globally for correcting myopia or myopic astig-
matism, since its clinical outcomes were first published
in 2011.'>13 SMILE provides excellent visual outcomes
and its advantages include a less pronounced reduction
in corneal sensitivity and lack of flap-related complica-
tions, compared to LASIK ®

Because corneal biomechanics is associated with
various corneal diseases, it is attracting attention from
many researchers and clinicians. Corneal ectasia is
one of the most severe complications after refrac-
tive surgery, hence corneal biomechanics is also an
important topic in the field of laser vision correc-
tion."* Theoretically, SMILE may preserve corneal
biomechanics better than LASIK, because the anterior
stroma, which is stiffer than the posterior stroma,
remains intact in SMILE.!*~1® However, some contro-
versies exist, because previous studies that investi-
gated corneal biomechanics have reported inconsis-
tent outcomes, although SMILE is generally consid-
ered equal to or better than LASIK.!”-?! Biomechan-
ical weakening of the cornea and iatrogenic corneal
ectasia have also been reported after SMILE.>>%*
Moreover, creating a deeper refractive lenticule may
result in a stronger cornea due to greater preserva-
tion of the anterior lamellae of the cornea, because
the tensile strength progressively decreases from the
anterior cornea to posterior cornea.'>?> On the
contrary, retaining a sufficient residual stromal bed
is essential for preventing iatrogenic corneal ectasia.
Hence, creating a thin cap may be effective and
desirable.’® Although several studies have investigated
the difference between the biomechanical responses
of SMILE and LASIK, few studies have evaluated
the influence of cap thickness on the biomechani-
cal strength after SMILE.>!7-?7-30 El-Massry et al.
used the Ocular Response Analyzer (ORA; Reichert
Ophthalmic Instruments, Depew, NY, USA) and
reported that a greater cap thickness resulted in higher
postoperative corneal hysteresis (CH) and a corneal
resistance factor (CRF).> However, a rabbit study
reported no significant difference in the corneal biome-
chanics with caps of different thicknesses.*” Recently,
Wu et al. reported that the postoperative second
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applanation time, deformation amplitude (DA), and
integrated radius were significantly lower with thinner
caps, indicating a stiffer response.®!

The aim of the current study was to investi-
gate and compare the clinical outcomes including
visual acuity, refractive error, and corneal aberromet-
ric changes, along with the corneal biomechanical
outcomes after SMILE using the Corvis ST (Oculus,
Wetzlar, Germany) based on two different cap thick-
nesses.

Patients and Methods

Participants

This prospective comparative study was approved
by the institutional review board of Yonsei University
College of Medicine (Seoul, South Korea) and regis-
tered at ClinicalTrials.gov. The study was conducted
in accordance with the tenets of the Declaration of
Helsinki. All patients provided informed consent after
a detailed explanation of the possible risks and benefits
of the study. Patients were recruited from Severance
hospital and Eyereum Eye Clinic between May 2017
and June 2018. The inclusion criteria for this study
were as follows: patients aged between 20 and 45
years, myopia <8.00 diopters (D), stable refraction for
at least 1 year, and corrected-distance visual acuity
(CDVA) of 0.8 Snellen fraction or better. The exclu-
sion criteria for this study included the presence of
severe ocular surface diseases, keratoconus, or cataract,
and/or a history of intraocular or corneal surgery. A
total of 150 eyes of 150 patients were enrolled (91
eyes with 120-um cap thickness were enrolled between
May 2017 and December 2017; 59 eyes with 140-um
cap thickness were enrolled between January 2018 and
June 2018). If both eyes of a patient were eligible
for enrollment, data from the right or left eye were
randomly chosen using randomization tables, irrespec-
tive of ocular dominance, refraction, or the presence of
aberrations.

Preoperative and Postoperative Assessment

All patients underwent detailed ophthalmologi-
cal examinations before surgery that included evalu-
ation of the logarithm of the minimum angle of
resolution uncorrected-distance visual acuity (UDVA)
and CDVA, manifest refraction, slit-lamp examina-
tion (Haag-Streit, Koniz, Switzerland), keratometry,
and Scheimpflug-based corneal tomography (Penta-
cam HR, Oculus). Dynamic corneal response (DCR)
parameters were examined using the Corvis ST.
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Table 1. Characteristics of Eyes That Underwent SMILE With Either 120 um or 140 um Cap Thickness
Characteristics 120 um 140 um PValue
Number of eyes 91 (R:L=49:42) 59 (R:L=30:29) 0.719
Sex M:F =41:50 M: F =36:23 0.056
Age, years old 27.79 £ 5.95 (20 to 44) 27.32 £7.04 (20 to 43) 0.682
Refractive errors (D)

Sphere —3.18 + 1.28 (—6.25 to —0.75) —3.26 + 1.49 (—6.12 to —0.50) 0.741

Cylindrical —0.93 + 0.69 (—3.12 t0 0.00) —0.97 + 0.94 (—3.12 t0 0.00) 0.761

SE —3.65+1.42(—7.00to —1.13) —3.74 +1.58 (—7.00 to —1.00) 0.697
logMAR CDVA —0.12 + 0.06 (—0.18 to 0.00) —0.11 £ 0.07 (—0.18 to 0.05) 0.592
logMAR UDVA 1.11 + 0.29 (0.52 to 2.00) 1.11 £ 0.37 (0.22 to 2.00) 0.976
Preoperative CCT (um) 565.18 + 24.44 (517 t0 618) 563.88 + 21.95 (520 to 603) 0.843
Optical zone (mm) 6.80 £ 0.19 (6.30 to 7.20) 6.79 £ 0.19 (6.50 to 7.10) 0.819
Lenticule thickness (um) 95.27 £+ 23.32 (49 to 141) 103.29 + 25.27 (54 to 154) 0.049*
RST (um) 349.90 + 31.20 (277 to 425) 320.59 + 30.60 (268 to 393) <0.001*

Results are expressed as means + standard deviation (range).

SMILE = small incision lenticule extraction; D = diopters; SE = spherical equivalent; logMAR = logarithm of the minimum
angle of resolution; CDVA = corrected distance visual acuity; UDVA = uncorrected distance visual acuity; CCT = central corneal
thickness; RST = residual stromal thickness; * significantly different between 120 um and 140 um groups using t-test.

Corneal wavefront aberrations were measured using
the Keratron Scout (Optikon 2000, Rome, Italy) for
6 mm zone. All examinations were repeated 1, 3, and
6 months after surgery.

Surgical Technique

The surgical procedure conformed to a previ-
ously described method.!® Surgery was performed
with standardized techniques with the triple centration
technique using the 500-KHz VisuMax system (Carl
Zeiss Meditec AG, Jena, Germany). The superior cap
depth was set at 120 or 140 um, and the depth of
the side cut was set at 2 mm. Different nomograms
were applied according to the cap thickness based on
the authors’ previous analyses®’: amount of spherical
equivalent (SE) correction (D) = —0.588 + (1.019 *
pre-operative sphere) + (0.003 * age) for 120 um cap
thickness, and the amount of SE correction (D) =
—0.986 + (1.015 * pre-operative sphere) for 140 um cap
thickness. The anterior (upper) and posterior (lower)
planes of the lenticule were defined first, and the
anterior and posterior interfaces were dissected using
a microspatula with a blunt circular tip and extracted
with microforceps. The integrity of the lenticule was
subsequently assessed. A 0.5% topical levofloxacin
solution (Cravit; Santen Pharmaceutical Co., Ltd.,
Osaka, Japan) and 0.1% fluorometholone (FML; Aller-
gan, NJ, USA) were applied every 2 hours for 1 day
postoperatively, followed by application 4 times a day

for 1 month. The dosage was gradually reduced over
3 months.

Statistical Analysis

The sample size was calculated using the postoper-
ative DA ratio values of our previous study that inves-
tigated corneal biomechanics with Corvis ST.>* The
calculated sample size was 56 or more in each group,
when the power was set to 0.80 and alpha to 0.05.
Data are expressed as mean values £ standard devia-
tion/standard error. Student’s 7-test was used to deter-
mine the (significant) differences between the contin-
uous variables of the two groups, and the yx? test was
used for the categorical variables. Continuous variables
were compared using linear regression analysis. The
analysis of covariance (ANCOVA) was conducted to
compare changes in the DCR parameters and bIOP
of the two groups, using the Amanifest refraction
spherical equivalent (MRSE) or Acentral corneal thick-
ness (CCT) as a covariate. Statistical analyses were
performed with SPSS statistics software (version 23;
IBM Corporation, Armonk, NY, USA). P values
<0.05 were considered statistically significant.

This study included 91 eyes in the 120-um group
and 59 eyes in the 140-um group. The baseline charac-
teristics of the both groups are depicted in Table 1.
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Table 2. Comparison of Postoperative Visual Acuity and Refractive Errors of The Patients Who Underwent SMILE

120 um 140 um PValue

logMAR UDVA —0.13 £ 0.06 (—0.18 t0 0.10) —0.13 + 0.06 (—0.18 to 0.00) 0.641
logMAR CDVA —0.13 +0.06 (—0.18 t0 0.05) —0.13 + 0.06 (—0.18 to 0.00) 0.742
Refractive errors (D)

Sphere 0.10 +0.14 (—0.25t0 0.37) 0.12 £ 0.17 (—0.25 to0 0.50) 0.400

Cylindrical —0.18 = 0.14 (—0.50 t0 0.00) —0.15 + 0.15 (—0.50 to 0.00) 0.283

SE 0.01 £0.15(—0.25 t0 0.25) 0.05 £ 0.18 (—0.38 t0 0.38) 0.209
Postoperative CCT (um) 480.01 4 32.04 (403 to 554) 481.07 4+ 27.90 (427 to 548) 0.466

Results are expressed as means =+ standard deviation (range).
logMAR = logarithm of the minimum angle of resolution; UDVA = uncorrected distance visual acuity; D = diopters; SE =
spherical equivalent; SMILE = small incision lenticule extraction.

Age, sex, pre-operative refractive errors, pre-operative
visual acuity, or optical zone did not differ significantly
between the two groups (see Table 1). The nomograms
(created according to cap thickness) revealed that
lenticule thickness was significantly lesser in the 120-
um group by about 8 um. Therefore, residual stromal
thickness was thicker in the thin-cap group (see
Table 1). Significant differences were not observed
between the two groups in pre-operative and postop-
erative CCT.

Visual Acuity, Efficacy, and Safety

The mean UDVA improved significantly after
SMILE in both groups (from 1.11 £ 0.29 to —0.13
4+ 0.06 in the 120-um group, and from 1.11 + 0.37
to —0.13 £ 0.06 in the 140-um group; P < 0.001 in
both groups; Tables 1, 2). Ninety eyes from the 120-
um group (99%) and all eyes from the 140-um group
(100%) demonstrated 20/20 or better UDVA 6 months
after surgery (Fig. 1). No significant differences were
observed between the mean efficacy index (ratio of
postoperative UDVA to pre-operative CDVA; 1.03 +
0.09, and 1.03 + 0.10, respectively; P = 0.853), and
mean safety index (ratio of postoperative CDVA to
pre-operative CDVA; 1.04 4+ 0.10, and 1.05 £ 0.13,
respectively; P = 0.621) of the 2 groups 6 months after
surgery.

Refraction

The outcomes of refractive error correction were
excellent and the mean MRSE improved significantly
after treatment in both groups (see Tables 1, 2). The
postoperative MRSE was within 0.5 D and the postop-
erative cylinder was less than 0.5 D in all operated
eyes in both groups. Linear regression between the
attempted and achieved SE in the 120-um group and

140-um group revealed slopes of 1.003 and 0.9910,
respectively, and coefficients (R?) of 0.9892 and 0.9877,
respectively (see Fig. 1). Linear regression analy-
sis between the target induced astigmatism vector
and surgically induced astigmatism vector for each
technique revealed a slope and coefficient (R?) of
0.9295 and 0.9406, respectively, in the 120-um group,
and 0.9299 and 0.9690, respectively, in the 140-um
group. The angle of error was within 5 degrees for 67
eyes of the 120-um group (74%) and 47 eyes of the
140-pum group (80%) 6 months after surgery (see Fig. 1).

Higher-Order Aberrations

The total corneal root mean square (RMS) higher-
order aberrations (HOAs) increased significantly after
surgery in the 140-um group, whereas no difference
was observed in the RMS HOAs in the 120-um group
(Table 3, Fig. 2). The postoperative RMS HOAs of
the 120-um group were smaller than those of the
140-um group. Notably, the corneal spherical aberra-
tion decreased significantly in the 120-um group after
surgery, but increased significantly in the 140-um
group. Moreover, the postoperative spherical aberra-
tion values were significantly lower in the 120-um group
(see Table 3, Fig. 2). The corneal coma did not change
after surgery in both groups, and did not differ between
them. Corneal trefoil decreased significantly only in the
140-um group, but did not differ significantly between
the 2 groups (see Table 3, Fig. 2).

Biomechanical Outcomes

Table 4 summarizes the values of the DCR param-
eters before and after SMILE. The pre-operative DCR
values were comparable between the two groups, and all
the parameters analyzed, except bIOP, showed signif-
icant changes after surgery (all P < 0.001). The DA
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Figure 1. Visual outcomes after small incision lenticule extraction (SMILE) according to cap thickness (120 um and 140 pm). (A) Cumula-
tive 6-month postoperative uncorrected-distance visual acuity (UDVA) and pre-operative corrected-distance visual acuity (CDVA) Changes
in Snellen lines of postoperative UDVA (B) and CDVA (C), relative to the preoperative CDVA, are shown. The accuracy of spherical equiva-
lent refraction (SEQ) with respect to the intended target (D) and attempted versus achieved changes in SEQ (E) 6 months after surgery. The
comparative distribution of the preoperative and 6-month postoperative cylinder (F) and target-induced versus surgically induced astigma-
tism vectors (G) 6 months after surgery can be seen. (H) Refractive astigmatism angle of error distribution is shown 6 months after surgery.
D = diopter; SD = standard deviation.
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Trefoil

Changes in higher order aberrations (HOAs) 6 months after small incision lenticule extraction (SMILE) according to cap thickness

(120 um and 140 um). Data are presented as the mean =+ standard error of the mean (SEM). RMS = root mean square; SphAb = spherical

aberration; ns = not significant; * significant difference.

ratio and integrated inverse radius increased signif-
icantly, whereas the stiffness parameter at the first
applanation (SP-Al), Ambrésio’s relational thickness
through the horizontal meridian (ARTh), and stress
strain index (SSI) decreased significantly, indicating
that the stiffness or resistance to deformation decreased
after surgery. Interestingly, significant differences were
observed between the changes in the pre- and postop-
erative values of the DA ratio and integrated inverse
radius of the two groups, which implies a lower degree
of corneal weakening in the 120-um group (see Table 4;
P = 0.022 for DA ratio; and P = 0.011 for the
integrated inverse radius). Furthermore, the compar-
ison of the changes in the DCR parameters using
ANCOVA (with the AMRSE or ACCT as a covariate)
revealed that significant differences in the DA ratio and
integrated inverse radius were maintained between the
two groups (see Table 4). SP-A1, ARTh, and SSI did
not show statistical significance between cap thickness
groups.

Discussion

We investigated the surgical outcomes of SMILE in
myopic eyes using different cap thicknesses. The visual
outcomes achieved with SMILE in this study were in
line with those of previous studies and suggested that
SMILE is an excellent and safe treatment modality,
irrespective of the cap thickness.® '° The postoperative
visual acuity and refractive outcomes were comparable
in both cap thickness groups. Moreover, the safety and
efficacy indices did not differ between the 120-um and
140-pm groups.

The influence of cap thickness on the correction of
refractive error was previously investigated in patients
who underwent SMILE.??7-28 Guell et al.”’ evalu-
ated the clinical outcomes, including the visual acuity
and refraction correction, in patients who underwent
SMILE with cap thicknesses of 130 um, 140 um, 150
um, and 160 um. They applied different nomograms
according to the cap thickness to overcome any possi-
ble energy loss. They increased the SE correction by 3%
for every 10 um of increase in cap thickness compared
to the 130 um cap, which means that a 10% overcor-
rection was applied to the 160-um cap. The postopera-
tive SE was —0.10 £ 0.60, —0.15 £ 0.27, —0.12 + 0.23,
and —0.17 £ 0.25 for the 130-um, 140-pm, 150-um,
and 160-um caps, respectively, and no significant differ-
ences were observed among the various groups. On the
contrary, two studies reported comparable postoper-
ative SE outcomes without any correction according
to cap thickness. However, they may have been under-
powered, because the sample size of both studies was
smaller than that of the current study.>?® An ex vivo
study!” showed that the average undercorrection was
3.5% in the 110-um cap, and 11% in the 160-um cap
after —4 D SMILE; and (surprisingly) that after —8§
D SMILE was 21% in the 110-um cap, and 43% in
the 160-um cap. Because the corneal epithelium was
removed before SMILE, the lenticule was created at a
much deeper part of the corneal stroma compared to
(clinical) lenticule formation in actual patients treated
with 110 or 160-um cap, which is one of the reasons
for significant undercorrection after SMILE. We gener-
ated different nomograms based on cap thickness,
because we had previously formulated the regression
equation according to cap thickness.”> The amount
of SE correction was (D) = —0.588 + (1.019 x



TVST | July 2021 | Vol. 10 | No. 8 | Article 15 | 8

Outcomes of SMILE with Different Cap Thickness

*91BLIBAOD B Se aBUuRYD SSDUXDIYI [2UI0D 3Y1 YIIM YAODNY Ylim sisraweled Yo ul sabueypd buipiebas sdnosb oml ay) usamiaq anjea .4

"91eHeAOD B Se 3BUBYD 10413 SAIIDRIRI 3Y) YUM YAODNY YHM sisidwered YHQ ul sabueyd Buipiebal sdnoib omy ay3 usamiaq anjea 4
‘si919weled YHg ul sabueyd buipiebas sdnoib oml 3yl usamiag anjea .4
sia13weled Yo aAiesadoald ,sdnoib om) 8yl Usamiaq anjea od
‘si919wesed Yo aanesadoisod pue sanessdoald usamiaq anjea
'24nssaid Jejndoesyul paldaLIod-A|[ed1ueydawolq = dOIg Xapul Ulells $Sa11s = |SS ‘UeIpLSW [eIUOZIIoY
9yl ybnouyi ssauydIy] [euoile|ay o1soiquy = Yl Yy ‘uoneuejdde 1siy 1e Ja1oweled ssauyils = |y-dS ‘@pnijdwe uonewloep = y( ‘(did — 150d) abueyd = v

"UOI1RIASP piepUR]S F SUBSW Se pPassaldxa aie synsay

¥Zs0 0090 €/9°0 €800  6S00 S0 F 6L0— 0T'L F 9091 €€l F ST9l 2910 G80 F €L0— LU'L F LLSL 6Ll F 686Gl (BH wwy) doiq
6€L'0  8SL'0  ¥8L'0 <TOSO0 xlOO0O> 0L'0F £1'0— €L'0 F 980 SL'0 F €0l %1000~ SL'OF ¥10— 71’0 F 880 €10 F o'l ISS
LSL'0 /800 G/00 €€L'0 xl000> £LT6 F L6'8LT— LOV9 F 91L'80C G8/0L F CL'/8F «l000> +¥S98 F TETSC— /L8¥YS F 86'60C T8€E6 F 009 ylav
snipes 3sI9AUl
€100 %6000 xLl00 +¥€90 «xl000> €6'0 F LLT 8L'L F 180l 060 F LL'8 %*L000> S0 F S€TC 0L F €90l 640 F LL'8 pajesbau]
L0¥’0  80€0  8YTO 6CL'0 xlO00> 8O'LL FTEVT— [80L F L9°€6 vL'LL F 66ZLL  xl000> 09'6 F S€TC— ¥/.'0lL F 20'€6 S6'0L F £L'SLL LV-dS
V€00 «CC00 xCCO0 SLEO  xl000> 9€0 FE€'L S0 F LSS €€°0 F vTv %*L000> or'0 F 8l°L LS50 F 8V’ LE0 F 0EY oneiya
od pd 5d od ed \Y 1s0d 9id ed v 1s0d 9.d
wr of| wrl ozl

sdnouo wrl | pue wrl OZ | 9yl usamiag sisldweled (YD) suodsay [esulod) diweuAd jo uosuedwo) ‘f djqel

A30]0Uy03) 7 90USIOS UOISIA [euol}ejsuel)




translational vision science & technology

Outcomes of SMILE with Different Cap Thickness

pre-operative sphere) 4+ (0.003 x age) for 120-um cap
thickness, and (D) = —0.986 + (1.015 x pre-operative
sphere) for 140-um cap thickness. Therefore, the lentic-
ule was slightly but significantly thicker in the 140-
um group than that in the 120-um group, even though
their respective pre-operative SEs were comparable.
However, the postoperative SE was also comparable
between the two groups. The postoperative CCT did
not differ between the two groups, despite the differ-
ence in lenticule thickness. We suggest that different
nomograms need to be created according to the cap
thickness in SMILE.

The results of aberrometric analysis in the current
study were interesting. Significant differences were
observed between the postoperative corneal RMS
HOAs and spherical aberrations of the two groups.
The corneal RMS HOAs remained stable in the
120-um group; however, those of the 140-um group
increased significantly. Furthermore, the corneal spher-
ical aberrations decreased significantly after SMILE
in the 120-um group, whereas there was a signifi-
cant induction of spherical aberrations in the 140-ym
group. There were no significant differences between
the corneal coma or trefoil of the two groups. This
is concurrent with the findings of a previous study,'”
which reported that no changes were observed in the
aberrometric values after SMILE. A previous study’
that compared SMILE with 100-ym and 160-um cap
thicknesses in contralateral eyes (30 patients with 30
eyes in each group) found that the HOAs were compa-
rable for both groups. Another study®® also reported
a lack of difference between the HOAs for the 120-
um and 140-um cap thickness, although it included 40
participants (with 40 eyes in each group). Both studies
may have lacked sufficient power to detect a difference.
In addition, several studies have reported no signifi-
cant differences among the HOAs with flaps of differ-
ent thicknesses in LASIK.3**° The significant induc-
tion of corneal RMS HOAs and spherical aberrations
in the 140-um group in the current study may be associ-
ated with greater lenticule thickness and lower residual
stromal bed thickness compared to the 120-um group.
The post hoc power of postoperative corneal RMS
HOAs and spherical aberration was 0.51, and 0.98,
respectively.

SMILE may facilitate better corneal biomechani-
cal preservation than that with LASIK, because flap
creation during LASIK cleaves a biomechanically
stronger part of cornea including Bowman’s layer and
the anterior stroma.'*!> A study that investigated the
biomechanical effect of SMLE and LASIK using finite
element analysis showed that the stress distributions
between the SMILE and LASIK simulations were
distinct with reduced stress in the flap region compared
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to the cap region and increased stress in the residual
stromal bed in LASIK compared to SMILE, despite
the same volume of tissue removed in both.'® This
indicates that the flap region can no longer bear the
same stress as pre-operatively, so more of the load
is transferred to the residual stromal bed in LASIK
than in SMILE. This is consistent with a contralat-
eral clinical study comparing FLEx (lenticule under a
flap) versus SMILE with subject specific finite element
models to evaluate changes in stiffness and stress distri-
bution.*® The flap procedure produced a 49% greater
mean reduction in stromal collagen fiber stiffness
within the flap region versus the fellow eye cap region
with SMILE, and lower stresses in the residual stromal
bed in the SMILE eye. Several previous studies!®-?"
have reported that SMILE conserves corneal stiff-
ness better than LASIK, although other studies could
not find any significant difference.'®-?! Nevertheless,
postoperative corneal weakening and corneal ectasia
still occur after SMILE.?>"?* Many surgeons suggest
that the use of a thick cap with lenticule creation in
the deeper layer can better preserve the stiffness of the
treated cornea, which may improve corneal strength
after SMILE.!” On the contrary, deep lenticule creation
results in a thinner residual stromal bed and requires a
deeper side incision for lenticule removal, which may
have negative ramifications on corneal biomechanics,
as a thin flap results in a stronger cornea in LASIK.?’
The current study demonstrated corneal weakening
after SMILE, as reported by previous studies. This
finding is to be expected since the primary biome-
chanical alteration in SMILE or LASIK is tissue
removal, which creates a refractive effect. Both proce-
dures produce a reduction in stiffness, which reflects
the availability of lesser tissue that can resist deforma-
tion. SSI is a recently developed indicator of corneal
stiffness and has been shown to not correlate with IOP
and CCT.*® In this study, the value of SSI was also
measured and it was confirmed that it decreased signif-
icantly after surgery.

We also noted that the degree of biomechanical
weakening of the cornea was greater in the 140-um
cap group compared to the 120-um cap group, which
is reflected by the greater differences in the sensitive
corneal (shape) deformation DCR parameters (i.e. the
DA ratio and integrated inverse radius) in the 140-
um cap group. As mentioned earlier, the greater lentic-
ule thickness needed to provide comparable refractive
outcomes in the 140-um group results in a thinner resid-
ual stromal bed post-operatively, leading to the differ-
ence in the changes of the DA ratio and integrated
inverse radius between the two groups. The post hoc
power of changes in DA ratio and integrated inverse
radius was 0.67 and 0.70, respectively. Surprisingly, the
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differences retained statistical significance even after
adjusting for CCT, and SE changes before and after
surgery (using the ANCOVA). A previous study that
evaluated corneal biomechanics after SMILE in rabbit
eyes showed that the second applanation time was
shorter in the 100-um cap than that in the 160-um cap
4 months after surgery: the context of these findings
is the same as that of our results, because an earlier
recovery time is consistent with a stronger cornea.’’
Recently, Wu et al. reported that the changes in DA,
second applanation time, and integrated radius were
less in the 110-um cap than that in the 140-um cap
with a contralateral study design, indicating less biome-
chanical weakening with the thinner flap, consistent
with the current study, but without a nomogram adjust-
ment.’! In this case, the thinner cap was associated with
a significantly thicker residual stromal bed, also consis-
tent with the current study. Another study showed that
SMILE with a 160-um cap had a less pronounced effect
on the CH and CRF measured using the ORA than
that with a 100-pum cap.’ However, CH and CRF repre-
sent ability to dissipate energy, rather than a change in
stiffness. An ex vivo study!’ that used inflation testing
on human donor corneas revealed that the reduction in
the biomechanical strength was not significantly differ-
ent in the 110-um cap than that in the 160-um cap.
However, there were only 8 donor eyes in each group,
and the study also reported greater myopic correction
with 110-um cap, consistent with our nomogram for
greater lenticule thickness with thicker caps, as well
as reporting less posterior steepening with the 110-um
cap, which is indicative of less biomechanical response,
also consistent with the current study. Studies on the
corneal wound healing process have shown that signifi-
cant stromal remodeling does not occur except at the
flap margin, which is beneficial in reducing corneal
scarring or haze, but may have a detrimental effect
on corneal stiffness (i.e. decrease it).* The complete
reconstruction of the interlinks across an interface
requires a considerably long period of time, and may
perhaps, never occur. Furthermore, the vertical corneal
wound also remains weak, even though it appears
fully healed.*>-*! Hence, the strength of the cap may
be weaker than that of the residual corneal bed after
SMILE. Liu et al.?® reported that the corneal wound
healing response lower in the 140-um cap compared
to the 120-um cap. However, the tensile strength of
anterior stroma is higher than posterior, and mathe-
matical model predicted that the thicker the cap thick-
ness, the greater postoperative total tensile strength,
although it does not consider the effect of the side
incision or the mismatch between the arclength of the
posterior cap versus the anterior residual stromal bed.'>
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Further research is continually needed to draw conclu-
sions in this regard.

The limitations of this study include the lack of
evaluation of optical quality of the interface and
functional visual quality. Nevertheless, this study is
valuable owing to its prospective design and large
sample size. Moreover, it investigated the corneal
biomechanics using Corvis ST after correcting covari-
ates for the two different cap thicknesses. Further-
more, these outcomes may provide a new perspective
for selecting the appropriate cap thickness for SMILE.
Nevertheless, the old question of whether a thicker
anterior cap may be beneficial for biomechanics after
SMILE still remains unclear due to the differences
in lenticule thickness, that is the amount of tissue
removed, in the two groups.

In conclusion, SMILE using different cap thick-
nesses resulted in effective and safe clinical outcomes
for correction of myopic astigmatism. However, creat-
ing and applying different nomograms according to
cap thickness is essential to elicit excellent outcomes.
The thicker lenticule required for a thick cap may
be associated with increased induction of corneal
HOAs and greater alteration in corneal biomechan-
ics, associated with a thinner residual stromal bed.
Moreover, future studies are necessary to comprehen-
sively understand the effects of cap thickness on clinical
outcomes, corneal biomechanics, and the cap—stromal
bed interface, in order to identify the best parameters,
including cap thickness, based on the patient’s ocular
condition.
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