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ABSTRACT

Introduction:  Postoperative dry eye disease 
(DED) remains a frequent complication that 
can reduce patient satisfaction and surgical 
outcomes. Low-level light therapy (LLLT) is a 
non-invasive technology that has shown posi‑
tive outcomes in managing DED. This study 

aimed to assess the prophylactic application of 
perioperative LLLT for improving ocular sur‑
face parameters and symptoms in consecutive 
patients undergoing cataract surgery.
Methods:  In this prospective, double-masked, 
randomized sham-controlled study, patients 
scheduled for cataract surgery were rand‑
omized to receive either periocular LLLT or 
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sham treatment 1 week before and 1 week after 
surgery. Ocular surface assessments, including 
Ocular Surface Disease Index (OSDI) question‑
naire, tear film break-up time (BUT), Schirmer 
test type I, tear osmolarity, and corneal fluores‑
cein staining (Oxford score), were performed 
preoperatively before the first treatment/sham 
session (T0), and postoperatively 1 week (T1) 
and 1 month postoperatively (T2). All patients 
received the same postoperative therapy.
Results:  Out of 98 patients randomized to 
LLLT (50 patients) or sham treatment (48 
patients), 89 patients (45 males, 44 females; 
mean age of 73.75 ± 7.95  years) completed 
the study. Unlike controls, the LLLT group 
showed significant improvements from T0 to 
T1 and T2 for OSDI scores (respectively, from 
26.62 ± 15.42 to 15.53 ± 12.04 and 13.36 ± 11.69; 
p < 0.001) and BUT values (respectively, from 
5.76 ± 3.99 to 6.69 ± 4.48 and 8.38 ± 4.53; 
p = 0.002), and from T0 to T2 for tear osmolar‑
ity (respectively, from 300.69 ± 14.19 mOsm/l to 
296.11 ± 12.30 mOsm/l; p = 0.048). No significant 
differences were found in Schirmer test values 
within or between the two groups. No adverse 
effects were reported.
Conclusions:  Perioperative LLLT is a safe, well-
tolerated, and effective treatment for preventing 
iatrogenic DED in cataract surgery. Integrating 
LLLT into the routine perioperative care may 
enhance patient satisfaction and overall out‑
comes in the setting of cataract surgery.
Clinical  Trial  Registration Number :  
NCT07067294, retrospectively registered on 
05.07.2025.

Keywords:  Dry eye disease; Low-level light 
therapy; Ocular surface; Cataract surgery

Key Summary Points 

Why carry out this study?

Cataract surgery often induces or worsens dry 
eye, compromising visual quality and patient 
satisfaction.

Device-based therapies such as low-level light 
therapy (LLLT) are gaining interest in dry eye 
disease (DED) management, but data on their 
prophylactic use in real-world patients with 
cataracts are limited.

Previous studies focused on healthy popula‑
tions; this study evaluated LLLT in an unse‑
lected, real-life surgical cohort.

What was learned from the study?

Prophylactic LLLT significantly improved 
Ocular Surface Disease Index (OSDI) scores 
and tear-film stability in patients with cata‑
racts.

LLLT was effective in preventing postopera‑
tive increases in tear osmolarity and ocular 
surface damage.

The therapy was safe, easy to implement 
perioperatively, and could be incorporated 
into standard cataract surgery protocols.

INTRODUCTION

Cataract surgery is the most commonly per‑
formed ophthalmic procedure worldwide, and 
advances in surgical technology have dramati‑
cally accelerated visual rehabilitation, raising 
patient expectations accordingly [1]. However, 
dry eye disease (DED) is a frequent iatrogenic 
condition following cataract surgery that can 
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significantly reduce overall outcomes [2]. DED 
after cataract surgery is driven by multiple fac‑
tors, including topical medications, corneal 
incisions that disrupt nerve fibers, phototoxic‑
ity from the operating microscope, increased 
inflammatory mediators, loss of conjunctival 
goblet cells, and meibomian‐gland dysfunc‑
tion (MGD), among others [3, 4]. Since many 
patients with cataracts have undiagnosed DED 
or MGD already before surgery, early detection 
with routine preoperative ocular surface assess‑
ment optimizes surgical outcomes by improv‑
ing biometry accuracy and reducing the risk of 
postoperative exacerbation [5, 6]. Indeed, tear 
film instability significantly affects the quality 
of the refractive surface and changes dramati‑
cally between blinks in DED patients. There‑
fore, treating the ocular surface before ocular 
biometry (e.g., instillation of tear substitutes or 
secretagogue ophthalmic suspension) has been 
shown to significantly modify biometric param‑
eters including axial length and central corneal 
thickness [7, 8].

Dry eye symptoms typically worsen during 
the first postoperative weeks and may persist for 
several months [9, 10]. Treatment options range 
from tear substitutes and eyelid hygiene/warm 
compresses to short-term topical corticosteroids 
or immunomodulators such as cyclosporine or 
lifitegrast [2, 11]. Recent research has increas‑
ingly shown that optimizing the ocular surface 
prior to surgery can be beneficial for patients 
with existing ocular surface impairment, as well 
as for those without it, as the surgery itself may 
harm the ocular surface and lead to DED after 
the procedure [12, 13].

In addition to medical therapy, device-based 
approaches such as low-level light therapy 
(LLLT) have recently gained interest for DED 
management [14, 15]. LLLT increases adeno‑
sine triphosphate (ATP) production by enhanc‑
ing the absorption of red or near-infrared light 
by cytochrome c oxidase in the mitochondria 
through photobiomodulation [16]. This increase 
in energy activates transcription factors and 
signaling pathways that promote cell regenera‑
tion, anti-inflammatory response, tissue repair, 
and wound healing [17, 18]. A recent study on 
healthy patients demonstrated that prophylac‑
tic LLLT before senile cataract surgery preserves 

the ocular surface status and improves patient 
comfort [19]. However, a gap in understanding 
the effects of LLLT in a real-world surgical popu‑
lation is still present. Based on these findings, 
our study aims to evaluate the effects of two 
perioperative sessions of LLLT on ocular surface 
parameters and ocular discomfort symptoms in 
consecutive patients scheduled for senile cata‑
ract surgery.

METHODS

Study Design and Participants

This randomized, double-masked, sham-con‑
trolled prospective study was conducted at the 
Cai Ferate Clinical Hospital (Iasi, Romania). The 
study was approved by the local Ethics Com‑
mittee of the Cai Ferate Clinical Hospital of Iasi, 
Romania, (approval number: 54/29.07.2024) 
and retrospectively registered at ClinicalTrials.
gov (NCT07067294) on 05.07.2025. All proce‑
dures performed in the study involving human 
participants were in accordance with the ethical 
standards of the institutional research commit‑
tee and with the 1964 Helsinki Declaration and 
its later amendments. Written informed consent 
was obtained from all participants prior to inclu‑
sion in the study.

Consecutive adult patients (aged ≥ 60 years) 
scheduled for routine phacoemulsification sur‑
gery were screened for eligibility and considered 
for enrolment between January and March 2025. 
Exclusion criteria included a prior diagnosis of 
ocular surface disease (OSD) or dry eye disease 
DED, any history of ocular surgery in either eye, 
ocular comorbidities, and the current or regular 
use of topical ocular treatments (e.g., lubricants, 
corticosteroids, or cyclosporine), instrumental 
therapies, or oral supplements for OSD or DED, 
systemic treatments known to be associated with 
DED (such as diuretics, antidepressants, anti‑
histamines, or hormone replacement therapy), 
autoimmune diseases (e.g., Sjögren’s syndrome), 
regular contact lens wear, and any intraopera‑
tive or postoperative complications that could 
interfere with ocular surface assessment. One 
eye of each patient was included in the study. 
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Participants were randomly assigned in a 1:1 
ratio to receive either perioperative LLLT or a 
sham procedure, using a computer-generated 
sequence (http://​www.​seale​denve​lope.​com). 
Allocation was concealed by means of sealed, 
opaque envelopes to ensure blinding. The study 
was double-blinded: neither the participants nor 
the outcome assessors were aware of the treat‑
ment allocation, ensuring unbiased assessment 
of clinical outcomes.

Interventions

Participants assigned to the treatment group 
received periocular LLLT sessions using the 
eye-light® device (Espansione Marketing 
S.p.A, Bologna, Italy) with wavelengths of 
633 ± 10 nm. Each session lasted 15 min and 
was conducted 7 days before and 7 days after 
cataract surgery. Sham-treated controls under‑
went the same procedure using the device’s 

demo light mode, which delivered less than 
30% of the full treatment power, effectively 
simulating a standard LLLT session for patients 
without providing therapeutic exposure, as 
previously described.

All surgeries were performed by the same 
experienced surgeon using the standard micro‑
incisional phacoemulsification technique. 
Only eyes without intraoperative or postopera‑
tive complications were included in the final 
analysis.

Postoperative therapy was based on clini‑
cal practice evidence and was identical for all 
patients [20]. It included a combination of top‑
ical dexamethasone and netilmicin for 1 week, 
followed by tapering dexamethasone alone 
over two additional weeks; in parallel topical 
ketorolac three times daily for 1 month was 
administered; additionally, preservative-free 
artificial tears (cross-linked hyaluronic acid, 

Fig. 1   Schematic overview of the timing of ocular sur-
face assessments and treatments. Patients underwent an 
ocular surface evaluation 1  week before and 1  week after 
cataract surgery, followed by either low-level light therapy 

(LLLT, left panel) or sham treatment (right panel). A final 
ocular surface examination was performed in both groups 
1 month postoperatively

http://www.sealedenvelope.com
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trehalose, sterilamine in liposomes) was pre‑
scribed three times daily for 3 months.

Outcome Measures

Clinical assessments were conducted at three 
time points: 1 week preoperatively before the 
first LLLT/sham session (T0), 1 week postopera‑
tively before the second LLLT/sham session (T1), 
and 1 month postoperatively (T2). At each visit, 
a standardized, non-invasive ocular surface eval‑
uation was carried out. The outcome measures 
included: Ocular Surface Disease Index (OSDI) 
score, tear film breakup time (BUT), Schirmer 
test type 1 (without anesthesia), tear osmolar‑
ity (TearLab™ osmometer), and ocular surface 
staining (Oxford score). All assessments were 
performed under consistent environmental 
conditions by the same experienced examiner, 
who was masked to the treatment allocation to 
ensure unbiased data collection. Figure 1 illus‑
trates the timeline of ocular surface evaluations 
and treatment interventions.

Statistical Analysis

Statistical analyses were performed using SPSS 
for Macintosh (version 30.0.0.0, SPSS Inc., 
Chicago, IL, USA). Quantitative variables were 
expressed as mean ± standard deviation (SD), 
and the Shapiro–Wilk test was used to assess 
data normality. Between-group comparisons 
for continuous variables were conducted using 
independent t tests or Mann–Whitney U tests, 
depending on data distribution. Categorical vari‑
ables were compared using Fisher’s exact test. 
To evaluate interaction effects between treat‑
ment and time, a two-way mixed ANOVA was 
applied. Within-group changes were analyzed 
using repeated-measures ANOVA, and one-way 
ANOVA was used to compare groups at each 
follow-up time point.

A post hoc power analysis was performed 
using G*Power software (version 3.1.9.6), based 
on the primary outcome (OSDI score) difference 
between the treatment and control groups. The 
estimated effect size (Cohen’s d) was 0.93. With 
a two-sided test at an alpha level of 0.05, the 
calculated statistical power was approximately 

0.99 (99%), confirming that the sample size 
(n = 89) was sufficient to detect the observed dif‑
ference. A p value < 0.05 was considered statisti‑
cally significant.

RESULTS

Study Population

A total of 315 patients were evaluated for eli‑
gibility during the study treatment. Among 
these, 217 were excluded (208 did not meet 
the inclusion or exclusion criteria, six declined 
to participate, and three for other unspeci‑
fied reasons). The remaining 98 patients were 
randomized, with 50 assigned to the LLLT 
group and 48 to the sham group. During the 
study period, five patients were lost to follow-
up (three in the LLLT group and two in the 
sham group) primarily due to scheduling con‑
flicts or other health issues, while four were 
excluded due to postoperative complications 
unrelated to the study treatment. Ultimately, 
89 patients (45 males, 44 females; mean age of 
73.75 ± 7.95 years) completed the entire study 
and were included in the final analysis. Given 
the low and balanced dropout rate, the power 
of the study remained above 80%, as originally 
calculated. No significant differences in base‑
line demographics were observed between the 
groups in terms of age (p = 0.636) or sex distri‑
bution (p = 1.000). The patient recruitment and 
allocation process is illustrated in Fig. 2.

Ocular Surface Parameters

A comprehensive assessment of ocular surface 
health was performed at baseline (T0), 1 week 
(T1), and 1 month (T2) after cataract surgery to 
evaluate the effect of perioperative LLLT on both 
subjective symptoms and objective clinical indi‑
cators of DED. Time-dependent changes within 
each group and comparisons between the treat‑
ment groups at each time point were analyzed 
to identify statistically and clinically meaningful 
effects, as summarized in Table 1. The detailed 
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results for each parameter are described below 
and reported in Fig. 3.

Ocular Surface Disease Index (OSDI)

A significant interaction between treatment and 
time was observed for OSDI scores (p < 0.001). 
In the LLLT group, OSDI scores improved 
substantially from T0 (26.62 ± 15.42) to T1 
(15.53 ± 12.04) and T2 (13.36 ± 11.69), with a 
significant within-group time effect (p < 0.001). 
Conversely, the control group exhibited a 

worsening trend, with OSDI scores increasing 
from T0 (20.80 ± 12.67) to T1 (22.32 ± 14.86) 
and T2 (25.50 ± 14.26), also showing a signifi‑
cant time effect (p = 0.033). Between-group com‑
parisons revealed statistically significant differ‑
ences at both T1 (15.53 ± 12.04 vs. 22.32 ± 14.86; 
p = 0.02) and T2 (13.36 ± 11.69 vs. 25.50 ± 14.26; 
p < 0.001), indicating a higher improvement of 
subjective symptoms in patients treated with 
LLLT.

Fig. 2   CONSORT flow diagram of the randomized con-
trolled trial. This diagram illustrates the number of patients 
assessed for eligibility, randomized, allocated to interven-

tion groups, and followed throughout the study period. 
CONSORT consolidated standards of reporting trials, 
LLLT low-level light therapy
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Tear Film Break‑Up Time (BUT)

BUT demonstrated a significant treatment-
time interaction (p = 0.002). Patients in the 
LLLT group showed a steady increase in BUT 
from T0 (5.76 ± 3.99  s) to T1 (6.69 ± 4.48  s), 
reaching 8.38 ± 4.53  s at T2. This improve‑
ment was statistically significant within the 
group (p = 0.002). In contrast, the control 
group showed no significant change across 
time points (T0: 7.14 ± 3.65 s, T1: 6.45 ± 4.15 s, 
T2: 7.14 ± 4.08 s; p = 0.416). However, between-
group comparisons did not reach statistical 
significance at any time point (p > 0.05), pos‑
sibly due to inter-individual variability and a 
relatively small sample size.

Tear Osmolarity

Tear  osmolar i ty  leve l s  s igni f icant ly 
improved in the LLLT group, with a reduc‑
tion from 300.69 ± 14.19  mOsm/l at T0 to 
296.11 ± 12.30  mOsm/l at T2 (p = 0.048). 
In contrast, the control group experi‑
enced a significant increase in osmolar‑
ity, from 296.66 ± 15.64  mOsm/l at T0 to 
306.20 ± 14.59 mOsm/l at T2 (p = 0.002). The 
between-group difference at T2 was statistically 
significant (p < 0.001), highlighting the benefi‑
cial effect of LLLT in stabilizing tear film osmo‑
larity postoperatively.

Table 1   Ocular parameters measured during each time point in patients undergoing cataract surgery and randomised to 
receive low-level light therapy or sham treatment

ANOVA analysis of variance, LLLT low-level light therapy, OSDI Ocular Surface Disease Index, BUT break-up time. Bold 
indicates statistical significance
*Time effect in each group; repeated-measures ANOVA
† Treatment effects at each time point; one-way ANOVA

Parameter Group T0 T1 T2 p value*

OSDI LLLT 26.62 ± 15.42 15.53 ± 12.04 13.36 ± 11.69 < 0.001

Control 20.80 ± 12.67 22.32 ± 14.86 25.50 ± 14.26 0.033

p value† 0.055 0.02 < 0.001

BUT (s) LLLT 5.76 ± 3.99 6.69 ± 4.48 8.38 ± 4.53 0.002

Control 7.14 ± 3.65 6.45 ± 4.15 7.14 ± 4.08 0.416

p value† 0.092 0.799 0.179

Corneal staining (Oxford) LLLT 0.22 ± 0.59 0.26 ± 0.49 0.26 ± 0.53 0.770

Control 0.28 ± 0.52 0.56 ± 0.57 0.51 ± 0.67 0.003

p value† 0.605 0.010 0.062

Schirmer test (mm/5′) LLLT 10.29 ± 8.10 10.27 ± 7.62 12.11 ± 8.71 0.129

Control 9.25 ± 7.59 10.39 ± 8.20 10.77 ± 8.52 0.430

p value† 0.535 0.943 0.466
Tear osmolarity (mOsm/l) LLLT 300.69 ± 14.19 – 296.11 ± 12.30 0.048

Control 296.66 ± 15.64 – 306.20 ± 14.59 0.002
p value† 0.206 – < 0.001
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Corneal Fluorescein Staining

Corneal fluorescein staining scores (Oxford 
scale) remained stable in the LLLT group 
across all time points (from 0.22 ± 0.59 at T0 to 
0.26 ± 0.49 at T1 and 0.26 ± 0.53 at T2; p = 0.770), 
suggesting no significant postoperative worsen‑
ing of corneal epithelium integrity. In contrast, 
the control group showed a substantial increase 
in staining scores, indicating damage of the 
corneal epithelium (from 0.28 ± 0.52 at T0 to 
0.56 ± 0.57 at T1 and 0.51 ± 0.67 at T2; p = 0.003). 
A significant between-group difference was 
noted at T1 (p = 0.010), emphasizing the protec‑
tive effect of LLLT on the ocular surface during 
the early postoperative period.

Schirmer Test

No statistically significant interaction or differ‑
ences were found in Schirmer test (type 1) values 
within or between the two groups. In the LLLT 
group, mean values were 10.29 ± 8.10 mm/5′ 
at T0, 10.27 ± 7.62  mm/5 ′ at T1, and 
12.11 ± 8.71 mm/5′ at T2 (p = 0.129). Control 
group values were 9.25 ± 7.59  mm/5′ at T0, 
10.39 ± 8.20 mm/5′ at T1, and 10.77 ± 8.52 mm/5′ 
at T2 (p = 0.430). These data indicate that tear 
production, as measured by the Schirmer test, 
was not significantly affected by LLLT in this 
cohort.

Safety and Tolerability

No adverse events related to the treatment ses‑
sions were reported in either group throughout 

Fig. 3   Comparison of ocular-surface parameters at each 
follow-up in patients with cataracts randomized to LLLT 
versus sham treatment. LLLT low-level light therapy, 
OSDI Ocular Surface Disease Index, TBUT tear break-up 

time, T0 1 week before surgery, T1 1 week after surgery, T2 
1 month after surgery. Bold p values indicate statistical sig-
nificance (p < 0.05)



2565Ophthalmol Ther (2025) 14:2557–2569	

the treatment and follow-up periods. The pro‑
cedure was well tolerated and did not interfere 
with the standard postoperative course.

DISCUSSION

The present study demonstrated that prophy‑
lactic LLLT administered one week before and 
one week after cataract surgery in consecutive 
patients significantly improves ocular discom‑
fort symptoms and ocular surface parameters; 
in contrast, both subjective and objective 
parameters worsened postoperatively in the 
control group because of the detrimental effects 
related to surgery. These findings suggest that 
LLLT may enhance postoperative comfort and 
increase overall patient satisfaction with surgi‑
cal recovery.

In the LLLT arm, BUT and OSDI improved 
markedly, whereas corneal staining remained 
unchanged, indicating that the integrity of 
corneal epithelium was preserved despite the 
surgical injury. On the contrary, in the con‑
trol group, there was a significant worsening 
of symptoms as well as an increase in corneal 
fluorescein staining score. Notably, tear osmolar‑
ity decreased significantly in the LLLT group at 
1 month postoperatively, whereas it increased 
in the control group. Schirmer test values did 
not change from baseline in either group after 
surgery. This is not surprising, since it mainly 
measures aqueous tear volume, whereas iat‑
rogenic DED involves multiple mechanisms 
beyond aqueous deficiency [21]. The selective 
improvement in tear osmolarity highlights the 
multifactorial nature of postoperative dry eye 
and suggests that LLLT may exert effects beyond 
tear volume restoration, potentially modulat‑
ing inflammatory pathways and epithelial cell 
homeostasis. In addition, from a clinical per‑
spective, this finding highlights the value of tear 
osmolarity as a sensitive biomarker for both ocu‑
lar surface stress and recovery, potentially guid‑
ing personalized therapeutic strategies during 
the perioperative period.

Giannaccare et al. reported for the first time 
the prophylactic use of LLLT before cataract sur‑
gery to avoid the occurrence of iatrogenic DED 

in otherwise healthy patients. In their double-
masked, randomized study, 131 healthy patients 
received LLLT or sham treatment [19]. Consist‑
ent with our findings, BUT and OSDI improved 
only in the LLLT arm in their study [19], while 
tear-meniscus height (TMH), redness score and 
meibomian gland loss were assessed showing 
no changes after surgery. Unlike that study, the 
present one focused on a more heterogeneous, 
real-world population of consecutive patients 
reflecting the routine clinical setting character‑
ized by a wide patient variability; furthermore, 
tear osmolarity was evaluated herein for the first 
time. Elevated tear osmolarity is recognized as 
a trigger for ocular surface inflammation and 
cellular stress and is therefore considered an 
important process in the development, progres‑
sion, and aggravation of DED [22, 23]. In addi‑
tion, tear hyperosmolarity has been associated 
with poorer surgical outcomes and lower patient 
satisfaction in cataract surgery candidates with 
mild ocular surface disease [24, 25]. According 
to the most recent TFOS III report, there may be 
a relationship between changes in tear osmolar‑
ity and iatrogenic effects, and osmolarity may 
be linked to certain DED subtypes [26]. To date, 
no previous studies have specifically analyzed 
the impact of LLLT alone on this parameter. 
While Marta et al. reported an increase in tear 
osmolarity following combined intense pulsed 
light (IPL) and LLLT in 31 patients with MGD 
[27], Pérez-Silguero et al. observed a significant 
reduction in tear osmolarity in a larger cohort 
of 156 patients treated with the same combi‑
nation therapy [28]. In contrast, our study was 
the first to evaluate the independent effect of 
prophylactic LLLT on tear osmolarity in a surgi‑
cal setting. Notably, we provided novel evidence 
that LLLT alone may exert a protective role in 
preventing the typical postoperative rise in tear 
osmolarity, thereby supporting its potential util‑
ity in maintaining ocular surface stability after 
cataract surgery.

The increasing popularity of device-based treat‑
ments in ophthalmology has led to their use both 
in DED management and ocular surface optimiza‑
tion before cataract surgery. In this context, sev‑
eral studies examining vectored thermal pulsation 
therapy applied preoperatively have reported 
significant improvements in meibomian gland 
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function and tear film stability [29–32]. Indeed, 
vectored thermal pulsation therapy is an invasive 
procedure that specifically targets the meibomian 
glands by applying synchronized thermal and 
mechanical energy to the eyelids, which increases 
gland temperature and promotes meibum expres‑
sion [29–32]. Moreover, even in patients without 
preoperative MGD, the application of this treat‑
ment prevented the occurrence of MGD postoper‑
atively and favorably affected tear-film parameters 
[30]. Also IPL, another device-based treatment, 
targets the meibomian glands and uses high-
intensity heat with photocoagulation to improve 
meibum flow. Only a few studies have examined 
the preoperative use of IPL before cataract surgery, 
focusing mainly on patients with MGD-related 
DED [33, 34]. In contrast to the above-mentioned 
technologies, LLLT is gaining increasing atten‑
tion in the armamentarium of methods used to 
treat the ocular surface, thanks to its non-inva‑
sive nature, crucial for the prophylactic use. Lit‑
erature assessing LLLT as a stand-alone treatment 
for DED is growing, reporting improvements in 
both lacrimal secretion and meibomian gland 
function [35–39]. Iatrogenic DED after cataract 
surgery is caused by multiple intertwined mecha‑
nisms including surgery-induced inflammation 
and cytotoxic effects of peri-operative medica‑
tions among other. LLLT represents a promising 
approach for the management of multifactorial, 
iatrogenic DED after cataract surgery due to its 
anti-inflammatory, tissue-repairing, and analgesic 
effects as well as its ability to increase meibum 
flow from the meibomian glands through endog‑
enous heating [40]. A major advantage of this 
therapy is its non-invasive and ease-of-use nature, 
with no need for operator presence during the 
entire treatment. The availability of compact, 
portable LLLT devices further supports its practi‑
cality even for home use. Additionally, the appli‑
cation of a standardized protocol and the minimal 
training required for its application make LLLT a 
suitable option for integration into routine clini‑
cal practice as part of standard perioperative care 
[39].

The relatively short follow-up period of 
1  month limits the assessment of the long-
term sustainability and durability of treatment 
effects, particularly for chronic conditions like 
DED. Future studies should incorporate longer 

follow-up intervals of at least 3–6 months to 
monitor prolonged therapeutic benefits. Addi‑
tionally, stratified analyses based on baseline dis‑
ease severity according to specific ocular surface 
parameters could help identify subgroups that 
derive the greatest benefit from LLLT and estab‑
lish more tailored treatment algorithms. Mul‑
ticenter trials involving larger cohorts are war‑
ranted to strengthen the evidence and validate 
these findings.

CONCLUSIONS

In conclusion, this prospective double-masked 
randomized controlled clinical trial supports 
the perioperative use of LLLT as a safe and non-
invasive modality that can be easily incorporated 
in the workflow of routine cataract surgery as an 
effective supportive treatment for the prevention 
of iatrogenic DED.
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