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Purpose: To investigate the effect of phacoemulsification combined with LRIs on the ocular surface at different postoperative time.
Design: This study was designed as a retrospective analysis. Medical records of patients who had undergone relevant surgeries in the 
past were reviewed. Patients were divided into two groups based on the surgical procedures they had received: one group was those 
who had undergone phacoemulsification combined with LRIs (experimental group), and the other was those who had only received 
phacoemulsification (control group).
Methods: We retrospectively selected 80 patients (80 eyes) who had received cataract treatment. Among them, 41 eyes belonged to 
the experimental group and 39 eyes to the control group, which were grouped according to the degree of astigmatism as recorded in the 
medical files. The Tear Film Objective Scatter Index (TF-OSI), tear film break-up time (BUT), Schirmer I test, and Ocular Surface 
Disease Index (OSDI) scores were utilized to retrospectively evaluate the ocular surface conditions of these patients.
Results: A total of 80 patients (80 eyes) were selected for phacoemulsification treatment with cataract, TF-OSI value of the 
experimental group was higher than that of the control group at 1 day, 1 week, 6 weeks after surgery (P < 0.05). BUT value was 
lower than that of the control group at 1 day, 1 week, 6 weeks after surgery (P < 0.05). Schirmer I test value was lower than that of the 
control group at 1 week and 6 weeks after surgery (P < 0.05). OSDI scores were higher than that of the control group 1 week, 6 weeks 
and 3 months after surgery (P < 0.05).
Conclusion: Phacoemulsification with LRIs may cause more tissue damage on the ocular surface compared to standard phacoemul
sification alone.
Keywords: phacoemulsification, limbal relaxing incisions, corneal astigmatism, ocular surface, tear film objective scatter index

Background
With the advent of the aging population, the number of cataract patients is increasing, cataract is the leading cause of 
blindness worldwide. With the improvement of surgical equipment and technology, phacoemulsification is currently the 
preferred treatment for cataract, and cataract surgery has transitioned from simple vision restoration surgery to refractive 
cataract surgery. Precise refractive cataract surgery requires a refractive power of less than ±0.5D, because more and 
more patients want to be free from glasses after surgery.

According to the survey,1 approximately 40% of cataract patients have corneal astigmatism ≥ 1.0D, and 20% of 
patients ≥ 1.5D. In general,2,3 the corneal astigmatism of cataract patients ≥ 0.75D can reduce patient’s visual acuity and 
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contrast sensitivity, affecting daily life and work, which should be actively corrected, and the most commonly used 
correction methods are implantation of astigmatic intraocular lenses (Toric IOL) and limbal relaxing incisions (LRIs). 
A large number of reports say that patients with cataract and low-to-moderate astigmatism have comparable corrected 
effect when use implantation of Toric IOL or LRIs. Rotation of the axis after the implantation of Toric IOL can cause 
unsatisfactory correction results and optical interference, even require a second surgery to adjust the position of the lens. 
There are also some patients who are not suitable for Toric IOL implantation, such as: patients with high myopia, large 
pouches, so Toric IOL rotation is very likely to occur after surgery, instead LRIs have the character of safety, stability and 
accuracy, it is an ideal correction method for corneal astigmatism.

Phacoemulsification of cataract can cause the damage to the ocular surface, which can cause postoperative dry eye 
syndrome, but it will gradually improve after surgery.4 Cataract phacoemulsification combined LRIs usually has 
a unilateral or bilateral release incision on the limbus, the degree of damage to the ocular surface after surgery is 
theoretically heavier than that of phacoemulsification only, therefore, this study observed the preoperative and post
operative ocular surface conditions of patients undergoing phacoemulsification combined LRIs, in order to further 
understand the effect on the ocular surface of patients undergoing two different surgical method, better direct patient 
surgical planning.

Methods
Study Design
This data processing approach fully adheres to the guidelines of the Declaration of Helsinki, since this was 
a retrospective study using existing medical records, the need for a new ethical approval was waived according to the 
hospital’s policy and relevant ethical guidelines, and has obtained formal approval for such waiver from the Committee. 
Although individual patient informed consent was not separately obtained during the subsequent clinical case collection, 
all identifiable patient information (such as names, medical record numbers, and other personal details) will be strictly 
de-identified and removed from the dataset to fully protect patient privacy, ensuring that the research is conducted 
scientifically and in compliance with ethical standards.

Data and Methods
Data
A retrospective review was conducted on the medical records of 80 patients, aged between 50 and 80 years, who had 
undergone phacoemulsification treatment for cataract in our hospital from December 2022 to August 2023. Among them, 
35 were male and 45 were female, with an average age of (68.88 ± 7.99) years. These patients were retrospectively 
grouped as follows: the experimental group consisted of 41 eyes with regular corneal astigmatism (0.75–2.00D) that had 
received phacoemulsification and LRIs; the control group comprised 39 eyes with corneal astigmatism (≤0.75D) that had 
undergone phacoemulsification only. Statistical analysis confirmed that there was no significant difference in age and 
gender between the two groups (P > 0.05). All patients had been implanted with monofocal aspheric intraocular lenses.

Research Method
TF-OSI 
Using optical quality analysis system (OQAS, Visiometrics S.L, Spain) to exam this parameter,5–7 the patient adjust 
pupils to the natural maximum state in the dark for 5 minutes, require the patient to blink twice and then keep the eyes 
open for 20 seconds, this test records a two-channel image every 0.5 second until the 20 second, then obtain the mean 
value of the objective scattering index (Mean OSI) through the image, we calculated the tear film dynamic scattering 
index (TF-OSI), TF-OSI = MeanOSI-OSI.

Tear Film Break-Up Time (BUT): (Dry Eye Analyzer DED-1L, Kanghua, China) 
The patient blinks naturally, and then keep the eyes open at least 20 seconds, and automatically record the time when the 
reflect ring break, which is a non-invasive tear film break-up time (BUT) test.
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Schirmer I Test 
Fold the tip of the test strip (Schirmer I Test Strips, Tianjin Jingming, China) and place it at the junction of the middle 
and outer 1/3 of the lower eyelid, ask the patient to close his eyes lightly, take it off after 5 minutes, and record the 
results.

International Standard Ocular Surface Disease Index (OSDI) Questionnaire 
Before the examination, the patient fills in the OSDI questionnaire8,9 and evaluates the ocular surface condition according 
to 12 questions. Judging criteria: 0–12 points are normal, 13–100 points have different degrees of dry eye symptoms, the 
higher the score, the worse the ocular surface condition.

Operation 
Experimental group: relaxing incisions design through calculation procedure by online corneal relaxing incisions (www. 
lricalculator.com), We need to provide the patient’s relevant data as follows, and I will calculate the design results of the 
corneal relaxing incision based on the information you provide (including the incision axis, arc length, and depth, 
following the principles of bilateral incisions, each side’s incision length not exceeding 1 quadrant, and the depth being 
approximately 90% of the peripheral corneal thickness), the main incision position of the cataract was 120°, and the 
induced astigmatism was 0.3D, the limbal relaxing incisions performed first, followed by phacoemulsification of cataract, 
the control group underwent phacoemulsification extraction combined with intraocular lens implantation.

Postoperative Medication 
Prednisolone Acetate eye drops 4 times/day, Levofloxacin eye drops 4 times/day, diclofenac sodium eye drops 4 times/ 
day after surgery, and last for two weeks.

Follow-Up 
Collected TF-OSI, BUT, Schirmer I test and OSDI questionnaires of the time of preoperative data, 1 day, 1 week, 
6 weeks, and 3 months after surgery.

Statistical Analysis
The data was analyzed by SPSS25.0 statistical software. The data was correspond to normal distribution was tested by 
Shapiro–Wilk test (X ± S). Sex comparison between the two groups used the χ²-test, age comparison used two 
independent samples t-tests, repeated measures variance (ANOVA) was used for comparisons at different time points, 
multiple comparisons used the Bonferroni test, a and p value less than 0.05 was considered statistically significant.

Results
Baseline Data
The preoperative baseline data of the two groups were compared. There were no statistically significant in preoperative 
age and gender in the two groups (P > 0.05) (Table 1).

Table 1 Comparison of Preoperative Baseline Data Between the Two Groups

Project Control Group Experimental Group χ2/t Value p Value

Sex (male/female)/case 20/19 15/26 0.50 0.823

Age/year 67.82 ± 7.62 68.88 ± 7.99 −0.605 0.619

Notes: The preoperative baseline data of the two groups were compared. Bars indicate means ± standard 
deviations of three biological replicates. There were no statistically significant in preoperative age and gender in 
the two groups (p > 0.05, χ2 test).
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TF-OSI
The TF-OSI value of the experimental group was higher than that of the control group at 1 day, 1 week, 6 weeks after 
surgery (P < 0.05). TF-OSI value of the two group was higher than before the surgery at 1 day, 1 week, 6 weeks after 
surgery (P < 0.05), both groups showed a decrease in tear film stability at 1 day, 1 week, and 6 weeks after the surgery 
(Figure 1).

BUT Value
The BUT value of the experimental group was lower than that of the control group at 1 day, 1 week, 6 weeks after 
surgery (P < 0.05). BUT value of the experimental group was lower than before the surgery at 1 day, 1 week, 6 weeks 
after surgery (P < 0.05). BUT value of the control group was lower than before the surgery at 1 week and 6 weeks after 
surgery (P < 0.05), BUT value was shortened compared with that before the surgery 1 week, and 6 weeks after the 
surgery, the BUT value of the experimental group is somewhat worse (Figure 2).

Figure 1 Comparison of TF-OSI between control and experimental at different time. The data collection times are preoperative, one day after surgery, one week after 
surgery, six weeks after surgery and three months after surgery respectively. Bars indicate means ± standard deviations of three biological replicates. Asterisks indicate that 
the mean values of three replicates are significantly different between control and experimental groups (P < 0.05).

Figure 2 Comparison of BUT value between control and experimental at different time. The data collection times are preoperative, one day after surgery, one week after 
surgery, six weeks after surgery and three months after surgery respectively. Bars indicate means ± standard deviations of three biological replicates.
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The Schirmer I Test Value
The Schirmer I test value of the experimental group was lower than that of the control group at 1 week and 6 weeks after 
the surgery (P < 0.05), Schirmer I test value of the experimental group was lower than before the surgery at 1 day, 
1 week, 6 weeks after surgery (P < 0.05). The Schirmer I test value of the experimental group was significantly shortened 
after the surgery (Figure 3).

OSDI Scores
The OSDI scores of the experimental group were higher than that of the control group 1 week, 6 weeks and 3 months 
after the surgery (P < 0.05), OSDI scores of the experimental group were higher than before the surgery at 1 week, 
6 weeks and 3 months after the surgery (P < 0.05). The OSDI scores of the experimental group were all higher after the 
surgery, and the dry eye symptoms were relatively obvious (Figure 4).

Figure 3 Comparison of Schirmer I test between control and experimental at different time. The data collection times are preoperative, one day after surgery, one week 
after surgery, six weeks after surgery and three months after surgery respectively. Bars indicate means ± standard deviations of three biological replicates.

Figure 4 Comparison of OSDI scores between control and experimental at different time. The data collection times are preoperative, one day after surgery, one week after 
surgery, six weeks after surgery and three months after surgery respectively. Bars indicate means ± standard deviations of three biological replicates. Asterisks indicate that 
the mean values of three replicates are significantly different between control and experimental groups (P < 0.05).
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Discussion
In recent years, with the development of the economic and social society, cataract surgery has already transformed from 
a vision-restoring surgery to a refractive surgery, so the requirements for the surgery are getting higher and higher. 
Cataract phacoemulsification combined with LRIs can not only solve the blurred vision caused by cataract but also solve 
the refractive problem brought by astigmatism, and its safety and effectiveness have been verified, however, there are 
relatively few studies on the impact of this surgical method on the ocular surface.

In this research, through examination to obtain the TF-OSI value and BUT value, we found that the outcome of the 
control group are better comparing with the experimental group at 1 day, 1 week and 6 weeks after surgery. In the 
intragroup comparison, the TF-OSI value and BUT value of both groups became worse at 1 day, 1 week, and 6 weeks 
after surgery than preoperative. It can be clearly seen that the stability of the tear film of the patients in the experimental 
group after surgery is poorer than that of in the control group. It has been reported that phacoemulsification can cause 
a decrease in the stability of the tear film. There are multiple mechanisms by which phacoemulsification reduces the 
stability of the tear film, including frequent eye drops, mechanical damage, nerve damage around the incision, exposure 
of the ocular surface to strong light, and repeated irrigation.4,10 The damage to the surrounding nerves to the ocular 
surface of the two surgical methods is different. An in vivo confocal microscopy study by Misra et al11 reported 
a decrease in corneal nerve length 1 month after cataract surgery, which was supported by the study by De Cilla et al12 

who detected a decline in nerve length at 1 month and 3 months postoperatively and recovery at 8 months post
operatively. Nielsen, Esben et al13 find corneal nerve deterioration 12 months after un-eventful cataract surgery. Although 
our study failed to collect the changes in the surrounding nerves, the corneal relaxing incisions cause greater damage to 
the corneal nerve, so the degree of postoperative tear film stability damage of the patients in the experimental group is 
greater than that of the control group. TF-OSI has high sensitivity to reflect the real situation of the tear film. The 
experimental results show that the values of TF-OSI in the two groups at 1 week and 6 weeks after surgery have reached 
the critical value (≥1.2) for dry eye treatment intervention, which is consistent with the research results of many previous 
scholars.4,14,15

The core mechanism of dry eye disease is the loss of tear film homeostasis. The TF-OSI value and BUT value are 
direct observation indicators of tear film instability. The Schirmer test is currently a conventional method used in clinical 
exploration to evaluate the functional state of the lacrimal gland, and it can also indirectly reflect the stability of the tear 
film. In our study, Schirmer I test value of the experimental group was decreased at 1 day, 1 week, and 6 weeks after 
surgery compared with before surgery, and the differences were all statistically significant. However, there was no 
significant difference at each postoperative time point compared with before surgery in the control group. From the 
results of the Schirmer I test we obtained, it was found that the postoperative tear secretion ability of the patients in the 
experimental group was lower than that of the control group (there was a statistically significant difference between the 
two groups at 1 week and 6 weeks after surgery in the intergroup comparison). Less tear secretion leads to a decrease in 
tear film stability. It was found that the tear film stability of the patients in the experimental group was the worst at 
1 week and 6 weeks after surgery. Lambiase et al16 found that the levels of neuropeptide Y and calcitonin gene-related 
peptide (CGRP) in the tears of patients with dry eye were significantly lower than in healthy individuals. The lower the 
Schirmer I test results, the lower the CGRP levels in the tears, the shorter the tear film break-up time, the lower the 
neuropeptide Y levels in the tears. The study17,18 indicated that approximately 50% of patients experience dry eye 
symptoms within one week after laser in situ keratomileusis (LASIK), and patients who had undergone the procedure for 
more than 12 months had lower CGRP levels in their tears compared to healthy individuals, with a positive correlation to 
dry eye symptoms. This is related to the severing of corneal nerve fibers during surgery, which affects the tear secretion 
reflex arc and disrupts the supply of neurotrophic factors by the nerve fibers. In our experimental group, the increased 
incisions significantly raised the probability of nerve transection, affecting the regulation of tear secretion.

The OSDI scale is an internationally recognized dry eye questionnaire. It is a self-administered questionnaire that 
assesses the severity of the self-ocular surface condition. It focuses on the analysis of quality of life, and a score > 
12 is considered dry eye. Our research results show that at the time points of 1 week, 6 weeks, and 3 months after 
surgery, the postoperative scores of patients in the experimental group were all higher than those in the control 
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group, and there was statistical significance. In the results of the OSDI scale, the scores of patients in the 
experimental group at 1 week and 6 weeks after surgery have reached the dry eye scoring standard, while the 
scores of patients in the control group at all postoperative time points have not reached the dry eye scoring standard. 
Some research reports that the OSDI scale is negatively correlated with the amount of tear secretion.8 In our study, 
the tear secretion in the experimental group decreased after surgery, therefore, the subjective symptoms of dry eye 
will be more pronounced.

In our study, the ocular surface of the two groups were affected after the surgery, similar to the research results of 
Ameen et al19 we still aware that dry eye symptoms and ocular surface dysfunction symptoms are very common in 
elderly.20 In our daily clinical work, we often ignore the attention to the ocular surface before surgery. Previous studies 
have reported that the subjective symptoms and ocular surface diseases of patients after phacoemulsification are 
aggravated.21–23 Experts believe that it is very important to optimize the ocular surface before cataract surgery. To 
sum up, in the preoperative planning of cataract phacoemulsification especially combined with LRIs, optimizing the 
ocular surface can be appropriately supplemented with artificial tears, during the operation, the movements should be 
gentle, the light irradiation of the microscope should be reduced, and the operation time should be shortened. After the 
operation, artificial tears can also be used to assist in the recovery of the tear film.

Of course, our study has certain limitations, such as a small sample size, a short follow-up time after surgery, and no 
observation and recording of the peripheral corneal nerves and meibomian gland morphology. Another limitation of our 
study is that the patients used preservative-containing eye drops for treatment after surgery, so the ocular surface may be 
affected by it, not just the surgery itself.

Conclusion
Phacoemulsification combined with LRIs may cause more tissue damage to ocular surface compared to standard 
phacoemulsification alone, so it is very important to optimize the ocular surface in the perioperative period.
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