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Abstract
Background Objectively compare the changes in ocular surface parameters in myopic patients who have 
undergone either SMILE or Implantable Collamer Lens (ICL V4c) surgery.

Methods This prospective cohort study enrolled 32 patients (32 eyes) undergoing SMILE surgery and 35 patients 
(35 eyes) receiving ICL V4c intraocular lenses. Examinations were performed at preoperative, 1-week, 1-month, and 
3-month postoperative time points. The assessments included Schirmer’s I Test (SIt), First Non-Invasive Break-Up Time 
(First-NIBUT), Average Non-Invasive Break-Up Time (Average-NIBUT), Tear Meniscus Height (TMH), Ocular Surface 
Disease Index (OSDI) score, conjunctival congestion score, meibomian gland loss score, lipid layer analysis score, lid 
margin opening detection score, and corneal fluorescein staining (CFS) score.

Results Repeated measures ANOVA revealed that SIT, TMH, and First-NIBUT initially decreased and then increased. At 
three months, SIT levels in the SMILE group were significantly lower than those in the ICL group. From the first month 
onward, TMH levels in the SMILE group remained significantly lower than those in the ICL group (P < 0.05). OSDI 
scores initially rose and then fell, with the SMILE group consistently showing higher OSDI levels than the ICL group. 
Conjunctival congestion scores in the SMILE group fluctuated less, while the ICL group exhibited a clear downward 
trend, with significant differences starting from the first week (P < 0.05). Over time, scores for meibomian gland loss, 
lipid layer analysis, and lid margin opening detection were all higher in the SMILE group compared to the ICL group.

Conclusions SMILE surgery has a more pronounced and prolonged impact on the ocular surface and meibomian 
gland function compared to ICL implantation. Objective dry eye parameters in the ICL group recover more quickly 
than those in the SMILE group one month post-surgery.
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Background
Myopia, when left uncorrected, can lead to distant vision 
deterioration and is the major cause of vision problems 
globally [1]. Also, uncorrected refractive error is the sec-
ond leading cause of vision malfunction or blindness, 
affecting over 108  million people as per 2010 statistics 
[2]. Importantly, the global prevalence of myopia is esti-
mated to increase by at least 50%, whereas that for high 
myopia can reach up to 10% [3] by 2050. Since the first 
report of SMILE in 2011 [4], several studies have been 
conducted to test its effectiveness, safety, and predict-
ability [5–7]. SMILE has gained widespread acclaim for 
its effectiveness in correcting myopia [8], offering a lower 
risk of dry eye post-surgery and improved corneal bio-
mechanical stability after the procedure [9, 10]. However, 
being a “subtractive” procedure, SMILE has inherent 
limitations. For example, with higher degrees of myo-
pia, deeper corneal ablation limits the range of treatment 
and increases aberrations; as a result, SMILE may elevate 
the risk of myopia regression [11], haze [12], and corneal 
ectasia [13]. Another notable procedure is Implantable 
Collamer Lens (ICL) surgery, an effective option for cor-
recting moderate to high myopia [14]. As an “additive” 
procedure, it is particularly well-suited for patients who 
want to avoid glasses but are not ideal candidates for cor-
neal surgery. ICL implantation has expanded the range of 
eligible patients, including those with thin corneas [15] 
and keratoconus [16]. It provides a high degree of vision 
correction, reversibility, minimal corneal damage, and 
reduced impact on the ocular surface. However, while 
there are limited reports on ocular surface changes post-
ICL surgery, cases of postoperative dry eye do still occur 
[17].

Previous studies have mainly concentrated on the qual-
ity of visual recovery, often neglecting the condition of 
the ocular surface following myopia surgery. Dry eye 
is a common postoperative complication of refractive 
surgery, with patients frequently experiencing symp-
toms such as dryness, sensation of a foreign body in the 
eyes, redness, pain, and eye fatigue [18, 19]. At the same 
time, it may cause blurred vision and vision fluctuations, 
affecting the patient’s postoperative quality of life [20]. 
However, the underlying patho-physiological mechanism 
of the dry eye remains unclear.Dry eye is a multifacto-
rial disease of the ocular surface characterized by a loss 
of homeostasis of the tear film, and accompanied by ocu-
lar symptoms, in which tear film instability and hyperos-
molarity, ocular surface inflammation and damage, and 
neurosensory abnormalities play etiological roles [21]. 
Several etiological factors are thought to contribute to 
this eye condition, such as damage to the sub-basal nerve 
plexus of the corneal epithelium, reduced corneal sen-
sation [22], disruption of the limbal nerve trunks by the 
surgical incision orientation, and adverse reactions of 

pre- and postoperative eye drops to the corneal epithe-
lium [23–25].

The Keratograph 5  M (OCULUS, Wetzlar, Germany) 
non-invasive ocular surface comprehensive analyzer is 
notable for its non-invasiveness, high accuracy, excel-
lent repeatability, and strong patient acceptance [26]. It 
automatically and objectively measures a range of param-
eters, including First non-invasive break-up time(First-
NIBUT), Average-NIBUT, TMH, corneal fluorescein 
staining (CFS), conjunctival redness, lipid layers, and 
meibomian glands. These features enable precise diagno-
sis and classification of dry eye syndrome. Consequently, 
this study uses the Keratograph 5 M to assess ocular sur-
face parameters and meibomian glands, comparing and 
analyzing differences in these metrics after various myo-
pia correction procedures.

In recene years, the incidence of dry eye has been 
increasing year by year due to the popularity of refrac-
tive errors surgery. As the maim type of dry eye, hyper-
evaporative dry eye is mostly caused by meibomian gland 
dysfuncion (MGD) resulted from abnormal quality or 
quantity of lipid layer [27]. Researchers have found that 
MGD also plays an important role in postoperative dry 
eye [28].

Previous studies on postoperative dry eye have pre-
dominantly focused on comparisons among similar sur-
gical types, with few investigations examining the effects 
of ICL surgery or comparing the impact of ICL surgery 
with laser-based procedures on postoperative ocular 
surface health. Therefore, we conducted a prospective 
cohort study to objectively evaluate short-term changes 
in ocular surface and meibomian gland function follow-
ing two types of myopia correction surgeries: SMILE and 
ICL implantation.

Methods
Study population
A total of 67 eligible myopic patients (67 eyes), who were 
treated at Taiyuan Central Hospital from January 2023 to 
January 2024 were randomly enrolled in this study and 
divided into two groups, namely the SMILE group with 
32 cases (32 eyes) and the ICL group with 35 cases (35 
eyes). The SMILE group included 16 male and 16 female 
patients, with an average age of 27.5 ± 6.90 years. Like-
wise, the ICL group had 11 male and 24 female patients, 
with an average age of 28.6 ± 5.6 years.

Inclusion criteria [19]: (1) provide consent to undergo 
myopia laser correction surgery with no surgical contra-
indications; (2) absence of any pre-surgery dry eye symp-
toms such as foreign body sensation, eye dryness, burning 
sensation, or vision fluctuation; (3) having normal eye-
lid structure and morphology with normal appearance 
and function of the lacrimal puncta, and unobstructed 
tear ducts; (4) provide consent for the surgical method, 
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postoperative medication plans, and necessary examina-
tions; (5) must be able to attend follow-up appointments 
at the hospital as scheduled, and (6) should not use of any 
eye drops within 4 h before the examination.

Exclusion criteria [29]: (1) history of systemic diseases 
such as cardiovascular and cerebrovascular diseases, 
diabetes, rheumatoid arthritis, gout, and neuromuscular 
diseases affecting blinking, like Bell’s palsy and Parkin-
son’s disease; (2) involvement in long-term outdoor work 
or prolonged stay in air-conditioned environments; (3) 
long-term night driving; (4) extensive computer usage; 
(5) existing moderate to severe dry eye symptoms, and 
(6) patients who could not maintain the scheduled fol-
low-up visits.

In addition, patients who developed keratoconjuncti-
vitis during the surgery, or those who developed postop-
erative complications such as inappropriate rotation of 
the intraocular lens requiring a secondary surgery; and 
patients who used random medications on their own 
without following the postoperative medical instructions 
are also excluded from this study.

This prospective cohort study was approved by 
the Taiyuan Central Hospital’s Institutional Review 
Board, strictly conforming to the tenets of the Helsinki 
Declaration.

Ocular examinations
Examination sequence
All candidates meeting the inclusion criteria were 
required to fill out an additional Ocular Surface Disease 
Index (OSDI) questionnaire form before undergoing 
ophthalmic examinations to record the pre-treatment 
conditions as a reference. The patient’s demographics, 
including age, gender, occupation, and history of contact 
lens wear, were also collected. All participants underwent 
a comprehensive eye examination for uncorrected visual 
acuity, best-corrected visual acuity (BCVA), slit-lamp 
examination, intraocular pressure, indirect ophthalmos-
copy, fundus photography, macular OCT examination, 
corneal topography, and the Oculus Keratograph 5  M 
assessment. The non-anesthetic Schirmer’s I test (SIT) 
was the last step in the whole process of clinical examina-
tions. The same procedures were repeated at one week, 
one month, and three months postoperatively to evaluate 
the impact of the two surgical methods on dry eye at each 
time point.

OSDI
OSDI score [30] was developed by the International Dry 
Eye workgroup and consists of three sections - ocular 
discomfort, visual function, and environmental triggers. 
The OSDI score was calculated as follows: (Sum of the 
scores for each question × 25) / (Number of questions 

answered). A higher score suggests a more severe impact 
of dry eye symptoms.

Oculus keratograph 5 M
The Oculus Keratograph 5  M was used for comprehen-
sive analyses of NIBUT, TMH, conjunctival redness, 
CFS score, lipid layer analysis score, lid margin open-
ing scores, and meibomian gland loss scores. All exami-
nations were conducted independently by the same 
operator in a dark room. Each subject’s affected eye was 
examined three times with a ten-minute interval between 
each examination.

NIBUT
In this process, the subject was instructed to naturally 
open the eyes and blink twice. Then, the device auto-
matically started to detect the tear film break-up location 
and time for the concerned eye. The device recorded the 
patient’s initial tear film break-up time, the average tear 
film break-up time, and the classification of tear film 
stability and plotted a distribution map for all selected 
parameters identifiable by specific colors [31].

TMH
The device’s built-in measurement tool, equipped with 
a scale feature, was used to measure the tear meniscus 
height just below the center of the pupil in the affected 
eye. The same ophthalmologist conducted this measure-
ment three times, and the results were organized from 
lowest to highest value.

Hyperemic index
Focusing on the corneal surface and covering it with a 
diffuser plate marker, the subject was instructed to keep 
their eyes wide open (scanning area ≥ 4 mm²) during the 
photo session. After capturing the image, the device auto-
matically assessed the degree of conjunctival congestion. 
This assessment was standardized and quantified, with a 
scale of 0 indicating minimal congestion, 1 and 2 indicat-
ing normal levels, and values above 2 indicating abnor-
mal congestion. Conjunctival congestion, as a clinical 
indicator of ocular surface inflammation, provides insight 
into the extent of postoperative ocular surface inflamma-
tion and dry eye.

CFS score
The subjects’ conjunctival sacs were instilled with a 1% 
sodium fluorescein solution (Tianjin Jingming, China) 
and were instructed to blink several times. The examina-
tion interface for corneal fluorescein staining was then 
accessed, where the image was automatically focused 
and captured using cobalt blue light. The system’s built-
in image processing software counted the number of 
fluorescein-stained spots on the cornea and assigned a 
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score. The cornea was divided into five regions (superior, 
inferior, central, nasal, and temporal), with a maximum 
total score of 12 points [32]. The scoring scale was as fol-
lows: 0 points for no staining; 1 point for 5 spots; 2 points 
for 6–15 spots; 3 points for 16–30 spots. An additional 2 
points were given for the presence of corneal filaments, 
and 1 point for one patch of staining in any region, or 2 
points for two or more patches of staining in any region.

Meibomian gland imaging and assessment
Meibomian Gland Loss Scoring: The ocular surface ana-
lyzer was first set to infrared photography mode, and 
then the upper and lower eyelids were flipped to expose 
the conjunctival surface and adjust the focal length as 
needed. The images were automatically analyzed and 
processed by the system. Meibomian gland loss is graded 
and scored based on its extent: 0 points for no loss; 1 
point for loss covering less than 1/3 of the total area; 2 
points for loss covering between 1/3 and 2/3 of the total 
area; and 3 points for loss covering 2/3 or more of the 
total area [33].

Lipid Layer Analysis: The instrument was focused on 
the tear film lipid layer while the patient blinked natu-
rally. The lipid layer [34]was then assessed for its color, 
structure, and granularity, and classified into three 
grades: Grade 1 for a thin, blurred, and dull-colored 
lipid layer; Grade 2 for a normal, clear lipid layer with a 
rich color palette; and Grade 3 for a thick, highly clear 
lipid layer with very vibrant color. An excessively thin 
lipid layer indicated an abnormality in meibomian gland 
function.

Lid Margin Opening Detection Scoring: The patient 
was instructed to look upward and press the middle third 
area of the lower eyelid, where there are 8 meibomian 
glands, using the thumb. The consistency of the secre-
tion from each gland was scored on a 0–24 point scale 
to semi-quantitatively evaluate the properties of the 
meibum following this gradation system [35]: 0 points 
for clear meibum; 1 point for turbid meibum; 2 points 
for turbid meibum with cloudy particles or debris; and 3 
points for thick meibum resembling toothpaste.

Shirmer I test (SIT)
Without surface anesthesia, a tear fluid detection filter 
strip (5 × 40 mm, Tianjin Jingming, China) was placed in 
the conjunctival sac of the lower eyelid between the outer 
and middle thirds. The subjects were then instructed to 
gently close their eyes for 5  min when the device mea-
sured and recorded the length of the tear film area.

Surgical procedures and postoperative treatment
SMILE procedure for refractive lenticule extraction
The SMILE procedure was performed as described pre-
viously [4, 36]. Briefly, the 500  kHz femtosecond laser 

system (Visumax; Carl Zeiss, Germany) was set to 110–
120 μm as the intended cap thickness and 7.8 mm as the 
intended cap diameter. A small tunnel incision (2  mm) 
was created at a 90˚ angle, and the refractive lenticule 
was extracted through the incision hole using a spatula. 
For all myopic corrections, the optical zone size was 
6.8  mm. After the surgery, all patients were adminis-
tered 0.5% gatifloxacin eye drops 4 times/d for 10 days, 
and 0.1% fluorometholone eye drops tapered every 3 days 
from 8 times/d to once a day within 3 weeks.

ICL surgical procedure
A 3.0  mm clear corneal incision [37]was made in the 
upper cornea, and an appropriate amount of sodium 
hyaluronate (Bausch & Lomb, USA) was injected into 
the anterior chamber. Using an injector (STAAR Surgi-
cal), the ICL V4C intraocular lens was pushed through 
the 3.0-mm corneal incision. After placing the ICL in 
the posterior chamber, the surgeon completely removed 
the viscoelastic agent from the eye using a balanced salt 
solution, sealed the incision, and covered the eye with a 
dressing. Surgeries were uneventful and no intraoperative 
complications were observed afterward. Following sur-
gery, 0.1% Tobramycin dexamethasone (a combination 
of antibacterial and steroidal medication) was prescribed 
four times daily for 3 days followed by fluorometholone 
eyedrops tapered gradually over 2 weeks. Antibiotic eye-
drops (0.5% Ofloxacin; Japan) were then prescribed four 
times daily for 1 week, along with non-steroidal anti-
inflammatory eyedrop Pranoprofen four times daily for 2 
weeks, and artificial tears four times daily for one month.

Statistical analysis
The Shapiro-Wilk test was used for normality analy-
ses. The mean (standard deviation, SD) and median 
(quartiles, IQR) were used to describe age, scores, and 
other measured data. T-test and Mann-Whitney U test 
were used for intergroup comparisons. The gender was 
described using the number of cases (percentage; %) and 
compared between the groups using the chi-square (χ2) 
test. Repeated measure analysis of variance was used to 
describe the measured parameters and scores of patients 
at different time points across the groups. For indicators 
that did not conform to the sphericity test, Greenhouse-
Geisser correction was applied. Indicators without the 
time-group interaction were described using main effects 
to show their intergroup differences, while indicators 
with positive interactions were described using separate 
effects. Paired t-tests were used to compare differences 
between the overall population and different groups at 
different time points. In this study, the significance level 
α was set at 0.05. All statistical analyses and graph plot-
ting were performed using SPSS 27.0 and R 4.4.1 soft-
ware packages.
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Results
Comparison of baseline characteristics of patient 
populations
As detailed in Table  1, there were no significant differ-
ences in age and gender distributions between the SMILE 
and the ICL groups (P > 0.05). There were no significant 
changes in terms of OSDI (score), logMAR UDVA, SE(D) 
level, SIT (mm/5 minutes), first-NIBUT (S), average-
NIBUT (S), TMH (mm), conjunctival congestion score, 
CFS, meibomian gland loss score, lipid layer analy-
sis score, and meibomian gland orifice detection score 
between the two groups at baseline(P > 0.05).

Comparisons of indicators across the groups
SIT and TMH met the assumptions of the sphericity 
test (The specific detailed data description is presented 
in Supplementary Table 2), while first-NIBUT and 
average-NIBUT were corrected using the Greenhouse-
Geisser method (The specific detailed data description 
is presented in Supplementary Table 3) and the cor-
rected results were reported. The results of the repeated 
measures ANOVA showed that, among the four indica-
tors, only average-NIBUT did not exhibit a time effect 
(FSIT−time = 14.754 P < 0.001; Ffirst−NIBHUT−time = 11.601 
P < 0.001; Faverage−NIBHUT−time = 2.744, P = 0.052 FTMH−time 
= 66.620, P < 0.001). As shown in Fig.  1 and, all three 
indicators displayed a decreasing trend initially before 
increasing further. Paired t-tests revealed significant dif-
ferences in SIT between the baseline and one-week or 
one-month time points. Moreover, SIT scores at one-
week and one-month time points were significantly 
different compared to the three-month scores. In the 

SMILE group, there was a significant difference in SIT 
scores between baseline and one-week, one-month, or 
three-month. Whereas, in the ICL group, differences in 
scores across all time points were consistent with the 
overall group (P < 0.05); In the overall population, first-
NIBUT differed significantly across all time points except 
for the baseline and three-month. In the SMILE group, 
differences between different time points were consistent 
with the overall population, while in the ICL group, the 
level of first NIBUT at one week was significantly lower 
than that at the other three time points (P < 0.05). Among 
the overall population, TMH values varied significantly 
across all time points. In the SMILE group, TMH val-
ues were significantly different for all time points except 
for baseline and three-month groups. In the ICL group, 
a significant difference in TMH values was observed for 
any two-time points, except for the baseline and one-
month time points (P < 0.05).

Comparison of time and group differences for scoring 
indicators
According to the results of the sphericity test (The spe-
cific detailed data description is presented in Supple-
mentary Table 2), the scores for conjunctival congestion 
and lipid layer analysis met the criteria of the sphericity 
test. While OSDI, CFS, meibomian gland loss score, and 
meibomian gland orifice detection scores were corrected 
using the Greenhouse-Geisser method (The specific 
detailed data description is presented in Supplementary 
Table 3). The results of the repeated measures ANOVA 
revealed that, among the six indicators shown in Fig. 2, 
except for CFS, all other indicators had a time effect 
(FOSDI−time = 29.370, P < 0.001; Fconjunctival congestion score−time 
= 5.600, P = 0.002; FMeibomian Gland Loss Score−time =13.320, 
P < 0.001; FLipid Layer Analysis Score−time = 27.019, P < 0.001; 
FLid Margin Opening scores−time = 34.176, P < 0.001).

Importantly, the OSDI scores initially increased before 
decreasing, showing significant differences across all time 
points in the overall population. In the SMILE group, sig-
nificant differences were observed among all time points 
except between one week and one month and between 
the one-month and three-month time points. In the 
ICL group, significant differences were found between 
any two time points except between baseline and three-
month (P < 0.05). (The specific detailed data description 
is presented in Supplementary Tables 1 and 4).

At baseline, the conjunctival congestion score was sig-
nificantly higher compared to one week, one month, and 
three months in the overall population (P < 0.05). In the 
SMILE group, the fluctuation was less pronounced, with 
no significant differences between time points (P > 0.05). 
In the ICL group, there was a clear downward trend, 
with significant differences among all time points except 
between one-week and one-month time points (P < 0.05). 

Table 1 Preoperative demographic data and clinical 
characteristics of the SMILE group and ICL group
variable Smile 

group 
n = 32

ICL group 
n = 35

P value

Gender(male/female) 16/16 11/24 0.122
Age 27.5 ± 6.9 28.6 ± 5.6 0.410
log MAR UDVA 1(0.7,1) 1(1,1) 0.102
SE(D) -6.29 ± 1.42 -6.64 ± 0.92 0236
OSDI 6.12 ± 2.11 7.17 ± 2.95 0.134
SIT(mm/5min) 16.28 ± 2.20 15.86 ± 5.43 0.682
First NIBUT(S) 13.10 + 4.52 11.44 ± 4.81 0.15
Average NIBUT(S) 16.17 ± 2.17 14.92 ± 3.12 0.064
TMH(mm) 0.35 ± 0.05 0.36 ± 0.05 0.602
conjunctival congestion score 1.19 ± 0.55 1.03 ± 0.33 0.155
CFS score 0 0 1.000
Meibomian Gland Loss Score 1(1,2) 1(1,2) 0.139
Lipid Layer Analysis Score 1(0,1) 1(0,1) 0.945
Lid Margin Opening scores 0(0,1) 0(0,1) 0.889
SMILE, Small-incision lenticule extraction; ICL, implantable collamer lens; N 
number of eyes; OSDI, ocular surface disease index; SIT, Schirmer I test; CFS, 
corneal fluorescein staining; NIBUT, non-invasive breakup time; TMH, tear 
meniscus height
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(The specific detailed data description is presented in 
Supplementary Tables 1 and 4).

The score for meibomian gland loss showed a slow 
increase until January. From January to March, the 
SMILE group exhibited an upward trend, while the ICL 
group showed a downward trend, with significant differ-
ences observed in both groups (P < 0.05). (The specific 
detailed data description is presented in Supplementary 
Tables 1 and 4).

The lipid layer analysis score showed an overall trend 
of increasing followed by decreasing, with significant dif-
ferences among all time points except between one week 

and one month. In the SMILE group, significant differ-
ences were found among all time points except between 
one week and one month and between one week and 
three months. In the ICL group, significant differences 
were observed among all time points (P < 0.05). (The spe-
cific detailed data description is presented in Supplemen-
tary Tables 1 and 4).

The score for meibomian gland orifice detection 
showed an overall trend of increasing followed by 
decreasing, with significant differences among all time 
points except between one week and one month. In the 
SMILE group, significant differences were noted between 

Fig. 1 Differences in objective measurement indicators at different times and between different groups
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baseline and all subsequent time points. In the ICL group, 
significant differences were found among all time points 
except between baseline and three-month (P < 0.05). (The 
specific detailed data description is presented in Supple-
mentary Tables 1 and 4).

Discussion
In this study, SIT, First-NIBUT, and TMH displayed an 
initial decrease followed by an increase over time. In 
the SMILE group, First-NIBUT significantly decreased 
one week postoperatively but returned to normal levels 
by three months. In the ICL group, First-NIBUT also 
decreased at one week but normalized by one month. 
The trend for Average-NIBUT generally mirrored that of 
First-NIBUT.

For TMH, the SMILE group showed a significant 
decrease at one week postoperatively, gradually recover-
ing to preoperative levels by three months. Conversely, 
in the ICL group, TMH experienced a transient decrease 
at one week but returned to preoperative levels by one 
month. One week postoperatively, the SMILE group’s 

TMH decline was attributed to lipid layer thinning 
(as detailed in the lipid layer scores section), leading to 
excessive tear film evaporation compared to preopera-
tive levels. There was a correlation among TMH, NIBUT, 
and the lipid layer.The decrease in tear film stability after 
SMILE surgery can be attributed to:

Corneal ablation alters the corneal curvature, affect-
ing the stability and distribution of the tear film, which 
increases tear evaporation and shortens NIBUT.

The inevitable cutting of corneal nerves during sur-
gery weakens their neurotrophic effect on epithelial 
cells, reduces blink rate, and diminishes both normal and 
reflexive tear production, ultimately leading to decreased 
TMH and NIBUT.

In the ICL group, while TMH and NIBUT decreased at 
one week and one month postoperatively, they generally 
returned to preoperative levels by three months, align-
ing with findings from other studies [38]. ICL implanta-
tion, which involves placing an artificial lens, generally 
has a smaller impact on tear film stability. However, the 
clear corneal incision on the temporal side might cause 

Fig. 2 Differences in scoring indicators at different times and between different groups
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more significant disruption to trigeminal nerve fibers and 
related neurotransmitters, leading to inflammation in the 
conjunctival epithelial cells, reduced local corneal sensa-
tion, and shortened NIBUT, thus causing tear film insta-
bility. Conversely, the incision on the upper side tends 
to be less disruptive to corneal nerves and provides bet-
ter protection. Therefore, opting for an upper incision, 
rather than a nasal or temporal one, is recommended to 
minimize damage to corneal sensory nerves and enhance 
patient comfort [23, 39].

The OSDI questionnaire is commonly used to assess 
the subjective experience of dry eye symptoms. Its reli-
ability has been confirmed by several studies [40, 41]. 
In this study, the OSDI score in the SMILE group sig-
nificantly increased at one week postoperatively, which 
was consistent with Li’s study [42], and then decreased 
but could not return to the preoperative level by three 
months, which was inconsistent with Li’s study. The 
change from a low OSDI score preoperatively to a high 
score postoperatively may be due to changes in objective 
dry eye parameters such as NIBUT, SIT, and TMH, as 
well as the need for patients to adapt to changes in refrac-
tive status and visual habits before and after surgery.

Patients in the ICL group also experienced noticeable 
dry eye symptoms early postoperatively, with a signifi-
cant increase in OSDI scores at one week postoperatively, 
but recovery to preoperative levels by three months. 
This may be due to the relatively less invasive nature of 
ICL implantation, which involves fewer procedures and 
shorter surgical times, resulting in less damage to the 
ocular surface [43]and quicker symptom resolution. 
However, further research is needed to confirm this.

Ocular surface inflammation is crucial in the patho-
physiology of dry eye [44]. Conjunctival congestion, an 
indicator of early conjunctival inflammation after refrac-
tive surgery, is closely related to the severity of ocular 
inflammation [45]. In this study, no significant difference 
was observed in conjunctival congestion scores in the 
SMILE group before and after surgery. In contrast, the 
ICL group showed a clear downward trend with signifi-
cant differences. Possible reasons include: (1) Damage to 
corneal nerves from refractive surgery can trigger ocular 
surface inflammatory responses, leading to conjunctival 
congestion and other inflammatory manifestations. (2) 
Although ICL implantation is an intraocular procedure, 
it causes less nerve damage compared to the temporal 
clear corneal incision. The superior clear corneal incision 
results in less nerve damage compared to the temporal 
incision. The recovery of conjunctival congestion scores 
to preoperative levels by three months postoperatively 
suggests that the ocular surface inflammatory response is 
temporary and recovers relatively quickly.

The preoperative and postoperative CFS scores did 
not show significant differences between the two groups, 

indicating that different surgical techniques have mini-
mal impact on keratofluorescein staining scores.

Changes in the ocular surface after corneal refractive 
surgery can affect the meibomian glands [46]. This study 
observed a gradual increase in the meibomian gland loss 
score, which was significantly higher in the SMILE group 
than in the ICL group by the third month.The qual-
ity and quantity of meibum secreted by the meibomian 
glands influence the tear film lipid layer. Obstructions 
or changes in meibum properties directly affect the lipid 
layer quality, leading to decreased tear film stability [47]. 
Different meibum types impact tear film stability differ-
ently, with pasty secretions often indicating lipid defi-
ciency in dry eye patients [48]. The scores of lid margin 
opening detection and lipid layer analysis show a trend of 
first increasing and then decreasing, indicating that these 
two deficiencies occur earlier than the loss of meibomian 
glands. For the lipid layer scores, during the period from 
one month to three months, the recovery in the SMILE 
group was later than that in the ICL group. Similarly, the 
scores for lid margin opening detection also followed this 
pattern of change. By the end of the third month, the lipid 
layer scores and lid margin opening detection in both 
groups had generally returned to the preoperative levels.

It is well known that the tear film stability is closely 
related to the MG function [49]. In this study, the MG-
related parameters also presented a consistent trend with 
BUT and TMH values. Lid margin abnormalities and the 
quantity and quality of MG secretion changed obviously 
after surgeries. Meanwhile, the destruction of the ocular 
surface lipid layer was relatively severe in the short term, 
which was more likely to be the cause of postoperative 
dry eye. Our results are consistent with the reports of 
Han et al. [50]. which analyzed preoperative and postop-
erative parameters of DE and MGD and found that the 
MGD changes significantly influenced the stability of tear 
film and caused the postoperative dry eye. The possible 
reason for the significantly higher meibomian gland loss 
in the SMILE group compared to the ICL group is that 
the ocular surface structure becomes irregular after cor-
neal ablation, leading to uneven distribution and reduced 
adhesion of the tear film’s lipid layer. It could also be due 
to a decrease in the amount of lipid secreted by the mei-
bomian glands caused by reduced blinking and dimin-
ished corneal sensation. The ICL implantation procedure 
involves changing the refractive state by implanting an 
artificial lens without altering the ocular surface struc-
ture, hence having a smaller impact on the stability of 
the tear film, resulting in less meibomian gland loss and a 
lower incidence of dry eye postoperatively.

The major goal of this study was to enhance personal-
ized preoperative planning and surgical method selec-
tion, providing a diagnostic and treatment strategy to 
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effectively reduce the incidence of refractive surgery-
associated postoperative dry eye .

Conclusions
In summary, SMILE surgery appears to have a more 
severe and prolonged impact on the ocular surface and 
meibomian gland function compared to ICL implanta-
tion. At one week post-surgery, both groups exhibited 
decreases in TMH, NIBUT, and SIT, as well as increases 
in lipid layer scores, lid margin opening scores, and OSDI 
scores, indicating altered dry eye parameters. The ICL 
group’s dry eye parameters recovered faster than those 
in the SMILE group at one month. Short-term structural 
changes in the meibomian glands were minimal, but by 
the third month, meibomian gland loss scores increased, 
with the SMILE group showing significantly higher scores 
than the ICL group. This study offers valuable insights 
into ocular surface changes in myopic patients following 
different refractive surgeries and provides a foundation 
for further research into the relationship between these 
changes and dry eye syndrome. Future research should 
involve a larger sample size, extended follow-up periods, 
and correlation analyses to explore the temporal relation-
ships among various indicators.
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