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Abstract
Background: SMILE is one of the most leading-edge corneal refractive surgery.In our study, we aim to investigate the
stability of anterior segments in patients with moderate and high myopia one year after SMILE.

Methods: 30 eyes of 15 patients who underwent SMILE surgery from July 2020 to January 2021 were collected, including
7 males and 8 females, aged from 20 to 37 years (average 27.20 ± 5.40 years old). Pentacam AXL anterior segment
analyzer was performed before operation, 1 month and 1 year after operation to measure the relevant data of anterior
segments, including the elevation of posterior corneal surface, Q value of anterior and posterior corneal surface (8mm),
curvature of anterior and posterior corneal surface, central anterior chamber depth (ACD), anterior chamber volume and
peripheral anterior chamber angle (ACA).

Results: all the operations were successful without complications. There were signi�cant differences in preoperative and
postoperative equivalent spherical lens, average curvature(km) of anterior and posterior corneal surface , posterior
elevation at the thinnest corneal point  and Q value of anterior and posterior corneal surface (F = 755.055, P < 0.05; F =
700.001, P < 0.05; F = 3.494, P = 0.037, P < 0.05; F = 8.374, P = 0.001; F = 393.012, P < 0.05; F = 28.179, P < 0.05). There
was no signi�cant difference in posterior elevation at the apex corneal point(F = 0.301, P = 0.693 0.05); Among them,
there was signi�cant difference in equivalent spherical lens,posterior elevation at the thinnest corneal point , Q value of
anterior and posterior corneal surface between before operation and two points of time after operation (P < 0.05), and
there was no signi�cant difference between the two points of time after operation (P = 0.051,1.000,0.805,0.531 > 0.05);
The  pairwise comparison between the three groups were statistically signi�cant in the mean corneal anterior surface
curvature (P < 0.05); There was signi�cant difference in the mean corneal posterior surface curvature between
preoperative and 1 month after operation (P = 0.047 < 0.05), but there was no signi�cant difference between preoperative
and 1 year after operation, between 1 month after operation and 1 year after operation (P=0.117,1.000>0.05);The pairwise
comparison among three groups were not statistically signi�cant (P = 1.000 > 0.05); There were signi�cant differences in
anterior chamber depth (ACD), anterior chamber volume (ACV) and anterior chamber angle (ACA) before operation and 1
month 1 year after operation (F = 52.649,95.697,10.520, P < 0.05); There was signi�cant difference in ACD and ACV
between before operation and two times after operation (P < 0.05); There was no signi�cant difference in ACA between
before operation and 1 month after operation (P = 0.297 > 0.05), but there was signi�cant difference in ACA between
before operation and 1 year after operation, 1 month after operation and 1 year after operation (P = 0.001,0.035 < 0.05).

Conclusions: the corneal surface morphology before and after SMILE will change in the early stage, but it will gradually
stabilize in the medium and long term, and the anterior chamber parameters change, which needs more attention.

Background
Femtosecond small-incision lenticule extracion (SMILE) is one of the most leading-edge corneal refractive surgery. SMILE
is a �ap-free intrastromal refractive procedure which is currently considered to be less invasive to the corneal
biomechanics and with high safety[1-2]. Meanwhile the superiority of SMILE in visual quality and neural repair have been
widely reported[3-5]. However, whether the structure of eyeball after corneal refractive surgery would be affected remains
controversial , especially for changes in the anterior segment. In particular, only few studies have researched the
morphological changes of the anterior segment in the medium and long term after SMILE. In our study, we aim to
investigate the stability of anterior segments in patients with moderate and high myopia one year after SMILE.

Materials And Methods
1.1 General materials  Retrospective analysis was used in this study.30 eyes of 15 patients who met the surgical
indications and underwent SMILE in our hospital during July 2020 to January 2021 were collected , including 7 males and
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8 females aged from 20-37 years(mean27.20±5.40 years old). Patients had the following characteristics:1) dioptric
power<-8 00D, ≥ -3.00 astigmatism <-3.00D; 2)Age≥ 18 years , best corrected visual acuity(BCVA) ≥ 0.8;3) the central
corneal thickness > 500 μm, and the residual stromal thickness after treatment was estimated to be > 250 μm.

 Spherical equivalent of patients were from -3.5 D to -10.00 D mean -4.913 ± 0.990D .The preoperative corrected vision
were ≥0.8. All patients underwent routine preoperative examinations to exclude surgical contraindications.

All procedures adhered to the tenets of the Declaration of Helsinki,  and was approved by an Ethics Committee of Xuzhou
First People's Hospital (No. xyyll[2021]-XJSXZ-026). Written informed consent for study participation was obtained from
all participants. 

1.2 Preoperative examinations

1.2.1 Routine examinations: Routine examinations included measurement of manifest refraction RT-5100 Nidek Co.Ltd.
Gamagori,Japan Tonometry TX-20 Canon lnc.,Japan ,Pentacam AXL anterior segment analyer (Oculus pentacam
AXL,Oculus,Germany),mydriatic optometry,funduscopy(Ocular 90D OCUL USA).

1.2.2 Examination methods of Pentacam AXL Anterior Segment Analyzer: Pentacam AXL Anterior Segment Analyzer was
performed independently by the same experienced optometrist :the patient took a sitting position, placing his mandible on
the mandible pad, and looked at the �xed target with a blue light band in the center of the rotation axis. The examiner used
the operating lever to aim and focus following the on-screen prompt (the patient was required to blink 1 to 2 times quickly
to make sure the tear �lm was evenly distributed.). During the measurement ,the patient should try to open their eyes and
keep their eyes still. Data were collected in a dark room. Only the test results that QS showed OK were accepted.

1.3 Surgical procedure: All procedures were performed by the same experienced surgeon.A Visumax femtosecond laser
platform was used for the SMILE procedure. All the operations were successful with no complications. The parameters
were set as follows: the lenticule diameter was 6.5mm,the cap thickness was 120mm, the cap diameter was 7.5mm and
the side-cut was 2mm.The femtosecond laser platform was used to create the stromal lenticule. The lenticule was
separated and extracted through the small incision. At last the corneal stromal bed was clean with a balanced salt
solution. 

1.4 Postoperative examination

Routine examinations were scheduled for 1 month,3 months,6 months and 1 year after operation, including uncorrected
visual acuity, computer optometry, introcular pressure and slit-lamp examination. Pentacam AXL anterior segment
analyzer was performed 1 month and 1 year after operation.

1.5 Statistics analysis: Statistics analysis was performed by using an SPSS software package(version 26.0 SPSS,
Chicago, IL,USA).The method of boxplot drawing was designed to judge and exclude the abnormal distribution, expressed
as mean± SD. Repeated measurement of one-way ANOVA was used to compare the overall differences. Multiple
comparison was performed by Bonferroni test. Pearson general linear correlation analysis method was used to analyze
the correlation between the difference of anterior chamber parameters and the depth of cornea ablation. Differences were
considered statistically signi�cant when the P  value was less than 0.05.

Results
2.1 General information

The general data of all patients could be showed in table 1.
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Table1 general data (mean±SD

  Age years Preoperative corneal thickness μm Corneal ablation depth μm

Mean±SD 27.20±5.40 546.367±26.492 104.367±15.386

2.2 Comparison of corneal morphology related data

Corneal morphology related data was shown in   Table 2:There were statistically signi�cant differences in preoperative
and postoperative equivalent spherical lens, average curvature(km) of anterior and posterior corneal surface , posterior
elevation at the thinnest corneal point  and Q value of anterior and posterior corneal surface  (F = 755.055, P < 0.05; F =
700.001, P < 0.05; F = 3.494, P = 0.037, P < 0.05; F = 8.374, P = 0.001; F = 393.012, P < 0.05; F = 28.179, P < 0.05). There
was no signi�cant difference in posterior elevation at the apex corneal point(F = 0.301, P = 0.693 0.05); Among them,
there was signi�cant difference in equivalent spherical lens, posterior elevation at the thinnest corneal point , Q value of
anterior and posterior corneal surface  between before operation and two points of time after operation (P < 0.05), and
there was no signi�cant difference between the two points of time   after operation (P = 0.051,1.000,0.805,0.531 > 0.05);
The data of pairwise comparison was shown in Table 3 and  pairwise comparison between the three groups were
statistically signi�cant in the mean corneal anterior surface curvature   (P < 0.05); There was signi�cant difference in the
mean  corneal posterior surface curvature between preoperative and 1 month after operation (P = 0.047 < 0.05), but there
was no signi�cant difference between preoperative and 1 year after operation, between 1 month after operation and 1 year
after operation (P=0.117,1.000>0.05); The pairwise comparison among three groups were not statistically signi�cant  (P =
1.000 > 0.05).

Table 2 Comparison of corneal morphology related data mean±SD

  Preoperative 1 mouth follow-
up

1 year follow-
up

F Value P 
Vaule 

Spherical equivalent D -4.913±0.990 0.216±0.362 0.000±0.432 755.055 0*

Mean curvature of anterior corneal surface 43.093±1.427 38.790±1.330 39.000±1.286 700.001 0*

Mean curvature of

posterior corneal surface

-6.307±0.267 -6.290±0.278 -6.290±0.252 3.494 0.037*

Posterior elevation at the apex corneal
surface

2.23±2.046 2.37±2.822 2.470±3.048 0.301 0.693

Posterior elevation at the thinnest corneal
point

4.5±2.193 3.47±2.662 3.270±2.741 8.374 0.001*

Q value of the anterior corneal surface
8mm

-0.369±0.107 0.512±0.254 0.493±0.248 393.012 0*

Q value of the posterior corneal surface
8mm

-0.339±0.098 -0.287±0.0916 -0.295±0.082 28.179 0*

Compared with preoperative value *P<0.05

Table 3 Pairwise comparison with Bonferroni test
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Time comparison Preoperative/1
month follow-up

Preoperative/1 year
follow-up

1 month follow-up/1
year follow-up

Spherical equivalent P
value

0.000* 0.000* 0.051

Mean curvature of anterior
corneal surface

0.000* 0.000* 0.001*

Mean curvature of 0.047* 0.117 1

posterior corneal surface

Posterior elevation at the apex
corneal surface

1 1 1

Posterior elevation at the
thinnest corneal point

0.009* 0.007* 1

Q value of the anterior corneal
surface 8mm

0.000* 0.000* 0.805

Q value of the posterior corneal
surface 8mm

0.000* 0.000* 0.531

Multiple comparison was performed by Bonferroni test,*P<0.05

2.3 Changes in  morphology anterior chamber 

The data of morphology anterior chamber was shown in Table 4:There were signi�cant differences in anterior chamber
depth (ACD), anterior chamber volume (ACV) and anterior chamber angle (ACA) before operation ,1 month after operation
and 1 year after operation (F = 52.649,95.697,10.520, P < 0.05); The data of pairwise comparison was shown in Table
5.There was signi�cant difference in ACD and ACV between before operation ,1 month  after operation and 1 year after
operation (P < 0.05); There was no signi�cant difference in ACA between before operation and 1 month after operation (P
= 0.297 > 0.05), but there was signi�cant difference in ACA between before operation and 1 year after operation, 1 month
after operation and 1 year after operation (P = 0.001,0.035 < 0.05)(see Table 5)

Table 4 Comparison of anterior chamber   morphology related data

Time comparison Preoperative 1 mouth follow-up 1 year follow-up F Value P Value

Anterior chamber depth ACD 3.042±0.237 2.970±0.231 2.914±0.250 52.649 0.000*

 Anterior chamber volume(ACV) 180.900±23.859 174.267±23.644 159.867±23.027 95.697 0.000*

Anterior chamber angle (ACA) 39.127±6.047 38.537±5.422 36.900±5.604 10.52 0.001*

Compared with preoperative value *P<0.05

Table 5 Pairwise comparison with Bonferroni test
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Time comparison Preoperative/1 month
follow-up

Preoperative/1
year

follow-
up

1 month follow-up/1 year
follow-up

Anterior chamber depth
ACD

P 0.000* 0.000* 0.000*

Anterior chamber
volume(ACV)

0.001* 0.000* 0.000*

Anterior chamber angle
(ACA)

0.297 0.001* 0.035*

Bonferroni test was used for multiple comparisons,*P<0.05

2.4 Analysis of the correlation between the difference of anterior chamber parameters and the depth of ablation:

There was no signi�cant correlation between difference in ACD between before operation and 1 month after operation
 and depth of ablation (r=- 0.044, P=0.817), and as shown in Fig 1, there was a signi�cant correlation between  difference
in ACD between before operation and 1 year after operation and depth of ablation (r=- 0.405, P =0.026); There was no
signi�cant correlation between difference in ACV, ACA 1 month and 1 year after operation and depth of ablation (r=-0.311,
-0.143; P =0.095, 0.451; r=-0.011, 0.270 ; P =0.955, 0.149>0.05).

Discussion
Currently, femtosecond laser is the mainstream procedure of corneal refractive surgery, and the emergence of
femtosecond small-incision lenticule extracion has brought femtosecond laser surgery into the �ap-free era, which avoids
the possible complications of FS-LASIK ,brings better biomechanics and reduces the occurrence of dry eye[6-7].The safety
and effectiveness of SMILE surgery has been recognized by many experts and scholars [1-2]. However, it may have a
certain impact on the anterior segment. To date, there have been few related reports, and the observation time was short[8-
9]; changes in the anterior chamber structure may have an impact on the occurrence and management of intraocular
diseases in patients. Pentacam, one of the most widely used instruments for detecting the corneal morphology, is a new
anterior segment analysis system introduced by OCULUS, a German company, which uses a 360° rotating probe to scan
the anterior segment of the eye and obtain Scheimp�ug images. Rotation allows better access to the data of corneal
morphology, especially for the posterior corneal surface [10]. Since the refractive surgery, including SMILE, has been
performed in the anterior corneal stromal, it directly changes the curvature and morphology of the anterior corneal surface.
However the changes of posterior corneal surface are not directly caused by the surgery but could be caused by
intraocular pressure and the thinner cornea [11]. In our study, we found statistically signi�cant changes in the curvature of
anterior and posterior corneal surface before and after surgery (F=700.001, P <0.05; F=3.494, P <0.05), indicating that the
curvature of posterior surface also changed after SMILE. However the  curvature of posterior corneal surface stabilized 1
year after surgery, and the difference was not statistically signi�cant between preoperative and 1 year after
operation(preoperative/1 month or 1 year after operation, P=0.117,1.000).That means  the  curvature of posterior corneal
surface became stable in medium and long term after SMILE. The result was in agreement with the study by Manrong Yu
et al [12],  who found no statistically signi�cant difference in curvature of posterior corneal surface between preoperative
and 3 months after operation.However they also found a trend toward �attening of the posterior surface at 3 years after
SMILE (preoperative - 6.22 ± 0.23,3 years after operation - 6.17 ± 0.24), which needs to be further observed.

In our study,we found that there was no statistically signi�cant difference in preoperative and postoperative posterior
elevation at the apex corneal surface (F=0.301, P =0.693), but there was statistically signi�cant difference in the posterior
elevation at the thinnest corneal point (F=8.374, P =0.001);there was also a statistically signi�cant difference
between preoperative and time points after operation P=0.009 0.008 , and the posterior elevation at the thinnest corneal
point decreased (4.5±2.193, 3.47±2.662, 3.270±2.741) gradually over three time points. This was in agreement with the
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results of Yu Zhao et al. [13], who found that there was no statistically signi�cant difference in the posterior elevation at
the apex corneal surface before and 3 years after SMILE, while there was statistically signi�cant difference in the posterior
elevation at the thinnest corneal point, which was considered that the steepening of the peripheral corneal stroma and
�attening of the central corneal stroma caused mild hyperopia drift. Changes in posterior elevation at the apex corneal
surface and posterior elevation at the thinnest corneal point showed that the corneal posterior surface  was relatively
stable in the medium and long term after SMILE. 

Q value of the corneal surface is a signi�cant parameter to re�ect the state of aspherical corneal surface . The normal
cornea of human eye becomes �attened from the center to the periphery, which is prolate oval, so the Q value is negative.
 Amelia Nieto-Bona et al. [14] measured 118 healthy eyes and found that Q values ranged from -0.83 to -0.01. After
different corneal refractive surgery, the central cornea �attens, changing the state of the corneal asphericity, and the Q
value of the anterior corneal surface often changes from negative to positive [15].Zhang Wenwen et al.[16] argued that the
change of Q value of the anterior corneal surface after SMILE was smaller than that of SBK, and was negatively correlated
with the preoperative spherical equivalent .Our study also found that the negative value of Q value of the anterior corneal
surface decreased after SMILE, and the difference was statistically signi�cant compared with the Q value before
operation( P < 0.05).Q value
of the anterior corneal surface was relatively stable from 1 month to 1 year after SMILE (-0.287 ±0.0916, -0.295±0.082)and
there was no signi�cant difference (P =0.805> 0.05).The Q value of the posterior corneal surface also changed
(preoperative Q value=-0.339±0.098, Q value 1 month after operation= -0.287±0.0916,  Q value1 year after
operation=-0.295±0.082 ),and the difference was statistically signi�cant before and after operation
(F=28.179, P <0.05)while the difference was relatively stable from 1 month to 1 year after surgery and
the difference was not statistically signi�cant (P=0.531>0.05),  The data above was in agreement with the observation of
Lin Zhang et al.[17] that the negative value of Q value of the posterior corneal surface decreased 6 months after SMILE. It
was considered that although the posterior corneal surface was relatively stable after SMILE, there was still a slight
backward movement, which was consistent with the changes of posterior elevation at the thinnest corneal point. 

Many reports [18-19] found that the ACD became shallower after corneal refractive surgery, and many paper believed that
factors affecting ACD included age, corneal diameter, pupil diameter and lens thickness, while there was no signi�cant
correlation with intraocular pressure and corneal thickness [20-22].  In our study, we found that both ACD and ACV
decreased after SMILE (ACD 2.970±0.231, 2.914±0.250ACV174.267±23.644, 159.867±23.027). Compared with that before
operation(ACD3.042±0.237,ACV180.900±23.859), the difference was statistically signi�cant; as time went by,
postoperative ACD and ACV were still changing, and the differences were statistically signi�cant (P<0.05).  At the same
time, we also found that there was no signi�cant difference in ACA   between 1 month after operation and preoperative
(P =0.297), and there was signi�cant difference in ACA between
1 year after operation and preoperative or 1 month after operation (P=0.001,0.035<0.05).  This result ,however ,was
slightly different compared to the results of Yang Dandan et al[23]. they found statistically signi�cant difference  in  ACD,
ACV, ACA of  high myopia group   between 1 month after operation and preoperative , but there was no statistically
signi�cant difference  in ACA of low and moderate myopia between 1 month after operation and preoperative, which was
different from the change of ACA in our study and may be associated with different groups of diopter. The changes of
ACD and ACV are believed to be related to the backward movement of the posterior corneal surface[10];on  the other hand,
postoperative patients are often in a state of emmetropia or mild hyperopia, which requires accommodation in near vision,
resulting in the increasing in lens thickness[24-25], and reduction in ACD and ACV. However, the changes of ACA should be
considered if the changes of the posterior corneal surface and the anterior chamber mainly occurred in the central corneal
ablation area in the early postoperative period, and had little effect on the peripheral ACA. Some studies found that there
was no statistically signi�cant difference in the peripheral anterior chamber angle of patients with low or medium myopia
between 3 months after FS-LASIK compared with that before surgery[18], which was in agreement with what we have
found. However, as time went by, the ACD decreased further, which would also have certain in�uence on the peripheral
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structure.In addition, whether it was related to the increase of lens thickness and forword movement of lens needs to be
further explored.

In addition, we found that although the changes of ACV and ACA were not signi�cantly correlated with the ablation depth,
there was a certain correlation between the changes of ACD and the ablation depth one year after surgery . It indicated
that the greater the ablation depth is, the greater the changes of ACD will be. It also reminded us to make a reasonable
choice when choosing SMILE surgery, and the ablation depth must be strictly controlled. 

This study investigated the changes of anterior segment parameters in patients with moderate to high myopia 1 year after
SMILE and found that although the curvature of the anterior and posterior corneal surfaces would change in the early
postoperative stage after SMILE, it would gradually become stable in the medium and long term. At the same time, the
elevation of posterior corneal surface decreased. However, the anterior chamber, especially the ACD, changed signi�cantly,
and it was still changing 1 year after the operation. At the same time, there are some limitations in the present study. For
example, the sample size was relatively small and this study was not grouped by diopter.We could expand the sample size
and prolong the observation time for further observation.
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Figure 1

scatter diagram of correlation between difference in ACD and depth of ablation 


