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Purpose: To determine the efficacy and safety of eyelid exfoliation
treatment in dry eye disease (DED), blepharitis, and contact lens
(CL) discomfort patients.
Methods: A systematic review that included only full-length
randomized controlled studies, reporting the effects of eyelid ex-
foliation treatment in 2 databases, PubMed and Web of Science, was
performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement. The search period was be-
tween October 29, 2022 and December 6, 2022. The Cochrane risk of
bias tool was used to analyze the quality of the studies selected.
Results: A total of 7 studies were included in this systematic review.
Eyelid exfoliation treatment influence on DED, blepharitis, and CL
discomfort were analyzed in 6, 4, and 2 studies, respectively. Eyelid
exfoliation treatment achieved a better improvement than control
group interventions in all reported variables. The mean differences
between both groups were as follows: Ocular Surface Disease Index
score of –5.0 ± 0.9 points, tear breakup time of 0.43 ± 0.2 seconds,
ocular surface staining of –1.4 ± 1.5 points, meibomian glands
secretions of 1.2 ± 1.1 points, meibomian glands yielding liquid se-
cretion of 0.6 ± 0.3 points, microorganism load of –3.2 ± 4.7 points,
and Contact Lens Dry Eye Questionnaire-8 of –2.15 ± 0.1 points.
Minimal discomfort (n = 13) and eyelid irritation (n = 2) were the
main complications after an eyelid exfoliation treatment.
Conclusions: Eyelid exfoliation is a safe and effective treatment that
should be indicated for DED, blepharitis, and CL discomfort.

Key Words: blepharitis, contact lens discomfort, dry eye disease,
eyelid exfoliation treatment, meibomian gland dysfunction
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INTRODUCTION
Eyelid exfoliation is a novel in-office treatment that works

by cleaning the eyelashes and exfoliating the eyelid margins to
remove the accumulated biofilm debris, epithelial keratiniza-
tion, and capped meibomian glands, resulting in better
meibum outflow.1 This treatment may be known as
microblepharoexfoliation (MBE) or eyelid debridement-
scaling (LDS) when it is performed with the BlephEx instru-
ment (BlephEx LLC) or the stainless-steel golf club spud
(Hilco Wilson Ophthalmics), respectively. Currently, evidence
suggests that all forms of dry eye disease (DED) have an
evaporative component because ocular surface hyper-
osmolarity can only arise in response to evaporation.2 Mei-
bomian gland dysfunction (MGD) is the most common form
of evaporative dry eye, and it is characterized by meibomian
gland atrophy and dropout due to terminal duct obstruction
and/or changes in meibum quality and quantity.2,3 MGD
causes tear film evaporation, leading to tear hyperosmolarity,
which promotes the release of inflammatory mediators and
proteases that cause damage to the ocular surface, resulting in
the usual symptoms of DED, such as gritty and foreign body
sensation.4 In addition, other conditions may alter the lipid
layer tear film and lead to tear film evaporation, such as
blepharitis2,5 and contact lens (CL) wear.6,7

Blepharitis is chronic eyelid inflammation based on
progressive bacterial biofilm maturation along the eyelid
margin.8 Lipase activity by commensal eyelid bacteria may
disrupt meibum from meibomian glands, resulting in a de-
ficient outer protective lipid layer tear film.9,10 In addition,
the presence of Demodex folliculorum mites on the eyelid
margin is another known pathogenic risk factor for
blepharitis.11,12 A recent study by Akkucuk et al13 reported
that 75.5% of patients with blepharitis had Demodex folli-
culorum, which may be identified clinically by the patho-
gnomonic sign of collarettes at the eyelash base.14,15 As
blepharitis progresses, meibomian gland dropout and cica-
tricial eyelid changes can occur.16,17

CL wear has also been associated with reduced lipid layer
thickness and tear stability,18 leading to CL discomfort.19,20

Some studies have suggested that patients with CL discomfort
have a higher prevalence of MGD.21–23 Moreover, Alghamdi
et al24 reported that CL wearers had poor meibum ex-
pressibility compared with non-CL wearers, leading to mei-
bomian gland obstruction. Therefore, healthy meibomian
gland morphology and secretion are crucial for successful
contact lens fitting.25DOI: 10.1097/APO.0000000000000607
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To date, some published studies have evaluated the
efficacy of eyelid exfoliation treatment in DED,26–31

blepharitis,10,28,30,31 and CL discomfort.10,29 However, to our
knowledge, no systematic reviews have explored the available
literature regarding clinical applications of eyelid exfoliation
treatment. Therefore, the purpose of this systematic review
was to evaluate whether MBE and LDS are safe and effective
treatment options for DED, blepharitis, and CL discomfort in
the available scientific literature.

METHODS

Data Sources and Search Strategy
This systematic review was performed according to the

Preferred Reporting Items for Systematic Reviews and Meta-
analyses.32,33 We identified 77 articles published before De-
cember 6, 2022, through the following databases: PubMed
and Web of Science. The data search strategy with Boolean
operators was as follows: (lid debridement OR lid debride-
ment-scaling OR LDS OR blepharon exfoliation OR blephEx
OR blepharoexfoliation OR microblepharoexfoliation OR
MBE) AND (dry eye OR meibomian gland dysfunction OR
MGD OR blepharitis OR demodex blepharitis). The refer-
ences of the retrieved articles were reviewed to identify other
related studies if they met the inclusion criteria.

Study Selection
All those 77 articles identified through the search

strategy were considered and analyzed. Duplicate studies
were removed by DistillerSR software (DistillerSR Inc.).
The remaining studies underwent additional screening
stages, which included title screening, abstract screening,
and full-text screening. Studies unrelated to the topic were
excluded from the review during the title and abstract
screening. Full-text screening studies that did not include
eyelid exfoliation treatment were also excluded from the
review. These studies were reviewed by 2 investigators who
selected them according to the inclusion and exclusion
criteria.

The inclusion criteria were as follows: human studies, full-
length original articles, and prospective randomized con-
trolled studies. The exclusion criteria included non-English
publications and unindexed journals. There were no re-
strictions placed on the country, in which the study was per-
formed, the follow-up period, the sample size, or the results of
the studies.

Quality Assessment and Data Extraction
The data from each study were collected and summar-

ized independently in tables designed by 2 researchers. The
following information was obtained from each article: (1)
author and date of publication (year), (2) study design, (3)

FIGURE 1. Flowchart study selection process according to the PRISMA statement. MGX indicates meibomian glands expression; PRSIMA, Preferred
Reporting Items for Systematic Reviews and Meta-analyses.
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TABLE 1. Summary of Included Randomized Controlled Trials

Author (Date) Design
Follow-Up
(months)

Patients
(TG/CG) Age* (TG/CG)

Sex
(F/M) Eyes

Eyelid
Exfoliation
Device

Clinical
Application Intervention Control Complications CoI

Korb et al1

2013
MC, RD,
CT, DM

1 28 (16/12) 54.8 ± 15
(55.9 ± 15/
53.7± 15.0)

20/8 56 Golf club spud DED MBE + AT and
warm compresses

AT and warm
compresses

No discomfort
(n = 28)

Yes

Ngo et al2 2015 MC, RD,
CT, UM

1 13 (7/6) 60.2± 9.5
(58. ± 8.1/
62.3± 11.6)

13/0 26 Golf club spud DED MBE alone No intervention Minimal
discomfort
(n = 13)

NR

Murphy et al3

2017
MC, RD,
CT, MK

1 86 (28/58) 41.8 ± 16.2
(44.3 ± 18.6/
40.6± 15.0)

NR 172 BlephEx Blepharitis MBE and 1,2-
Octanediol

Terpinen-4-ol Or 1,2-
Octanediol

NR No

Siddireddy
et al4 2019

MC, RD,
CT, UM

0.25 30 (NR) 23 (18-41) (NR) 24/6 60 BlephEx CL discomfort MBE alone Hypoallergenic foam
cleanser

NR No

Epstein et al5

2020
MC, RD,
CT, DM

2 46 (23/23) 73.3± 5.4
(71.0 ± 5.8/
75.6 ± 5.0)

38/8 92 BlephEx Blepharitis MBE and
Terpinen-4-ol

MBE and Sham
scrubs

NR NR

Siddireddy
et al6 2020

MC, RD,
CT, UM

0.25 30 (NR) 23 (18-41) (NR) 24/6 60 BlephEx Blepharitis CL
discomfort

MBE alone Hypoallergenic foam
cleanser

NR No

Amir Arabi
et al7 2023

MC, RD,
CT, UM

2 81 (42/39) 53.5± 8.1
(53.0 ± 7.7/
54.1 ± 8.5)

46/35 162 BlephEx Blepharitis MBE and
Terpinen-4-ol

Sham MBE and
Terpinen-4-ol

Eyelid Irritation
(n = 2)

No

AT indicates artificial tear; CG, control group; CL, contact lens; CoI, conflict of interest; CT, controlled; DED, dry eye disease; DM, double-masked; MBE, microblepharoexfoliation; MC, monocentric; MK,

masked; NR, not reported; RD, randomized; TG, treatment group; UM, unmasked.

*Expressed as mean ± SD or median (interquartile range).
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mean follow-up of all patients in the whole procedure
(expressed in months), (4) number of patients, (5) mean age
of the patients (expressed in years), (6) patient sex (male/
female), (7) number of eyes involved, (8) eyelid exfoliation
device, (9) clinical application of eyelid exfoliation, (10)
study group intervention, (11) control group intervention,
(12) patient experience, and (13) conflicts of interest.

Regarding the results of the studies, the following data
were collected: (1) Ocular Surface Disease Index (OSDI,
values from 0 to 100)34; (2) Standard Patient Evaluation of
Eye Dryness Questionnaire (SPEED, values from 0 to 28)35;
(3) tear breakup time [TBUT, expressed in seconds]; (4)
ocular surface staining (OSS, assessed with Oxford grading
score or Sjogren’s International Collaborative Clinical Alli-
ance Ocular Staining Score)36,37; (5) meibomian gland se-
cretions (MGS, grading from 0 to 4, where grade 0 is no
expression, grade 1 is “ropy” meibum, grade 2 is turbid and
viscous oil appearance, grade 3 is turbid oil, and grade 4 is
normal meibum)38; (6) meibomian glands yielding liquid
secretions (MGYLS; defined as the number of MGYLS,
values ranging from 0 to 15)38; (7) microorganism load (re-
ported as Demodex folliculorum count or gram-positive

cocci and rods recorded as colony-forming units per swab)
10,39; (8) lipase activity [defined as the clearance zones in the
tributyrin agar after overnight incubation, expressed in
millimeters]10; (9) Contact Lens Dry Eye Questionnaire-8
(CLDEQ-8, values ranging from 0 to 37)40; and finally (10)
author’s opinion expressed by commenting in favor or
against of eyelid exfoliation treatment. Baseline and end-of–
follow-up values for all these variables were collected in the
treatment (T) and control (C) groups. Intragroup clinical
outcomes were defined as “end follow-up (E)—baseline (B)
differences”. Intergroup clinical outcomes were defined as
“T group (E–B)—C group (E–B) differences”. Mean ± SD
(range) for each variable was calculated to report intragroup
and intergroup clinical outcomes.

The literature that remained after the full-text screening
was examined to assess the quality of the studies. To avoid the
risk of bias, 2 dependable authors created a synopsis based on
the Cochrane risk of bias tool,41 which includes the following
items: (1) random sequence generation, (2) allocation con-
cealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment, (5) incomplete outcome data,
(6) selective reporting, and (7) other sources of bias. A third

TABLE 2. Baseline, End Follow-Up and Differences (End Follow-Up – Baseline) Outcomes in the Treatment Group

DED Blepharitis
CL

Discomfort

Author (Date)
OSDI
(0–100)

SPEED
(0–28) TBUT OSS

MGS
(0–4)

MGYLS
(0–15)

Microorganism
Load

Lipase
Activity

CLDEQ-8
(0–37)

Korb et al26 (2013)
Baseline NR 13.4 ± 4.6 NR NR 2.6± 1.3 NR NR NR NR
End follow-up NR 10.5 ± 3.8 NR NR 3.8± 1.4 NR NR NR NR
Difference E-B — −2.9* — — 1.2* — — — —

Ngo et al27 (2015)
Baseline 63.2± 13.3 NR 3.1± 0.8 6.6± 2.9 1.0± 1.2 0.0 ± 0.0 NR NR NR
End follow-up 46.9± 19.4 NR 3.4± 1.0 5.0± 3.9 3.1± 1.7 0.6 ± 1.0 NR NR NR
Difference E-B −16.3* — 0.3 −1.6* 2.1* 0.6 — — —

Murphy et al28 (2018)
Baseline 30.1± 19.8 NR NR NR NR NR 6.5 (1–25) NR NR
End follow-up 12.8± 12.8 NR NR NR NR NR 2.7 (0–9) NR NR
Difference E-B −17.3* — — — — — −3.8* — —

Siddireddy et al29 (2019)
Baseline NR NR 9.5± 1.0 NR NR NR NR NR 12.3
End follow-up NR NR 9.9± 1.0 NR NR NR NR NR 9.7
Difference E-B — — 0.4* — — — — — −2.6*

Epstein et al30 (2020)
Baseline 19.1± 8.5 NR NR 0.9± 0.3 1.5± 0.2 1.9 ± 0.3 4.7 ± 1.5 NR NR
End follow-up 15.1± 8.9 NR NR 0.7± 0.3 1.6± 0.2 2.2 ± 0.3 2.6 ± 1.2 NR NR
Difference E-B −4.0 — — −0.2 0.1 0.3 −2.1* — —

Siddireddy et al10 (2020)
Baseline NR NR NR NR NR NR 129.2 ± 16.5 50.5± 4.7 12.3
End follow-up NR NR NR NR NR NR 87.5 ± 13.7 26.5± 8.7 9.6
Difference E-B — — — — — — −41,7* −24.0* −2.7*

Amir Arabi et al31 (2023)
Baseline 33.7± 12.9 NR 7.4± 2.4 NR NR NR 4.8 ± 1.3 NR NR
End follow-up 22.6± 8.2 NR 8.9± 2.3 NR NR NR 2.6 ± 1.1 NR NR
Difference E-B −11.1* — 0.4* — — — −2.2* — —

Mean±SD E-B† −12.1± 5.3 — 0.7± 0.5 −0.9± 0.7 1.1± 0.8 0.5± 0.2 −12.5± 16.9 — −2.6± 0.1

The significance of bold values* is P< 0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS,

meibomian gland yielding liquid secretion; NR, not reported; OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient

evaluation of eye dryness; TBUT, tear breakup time.

*Statistical significance level P< 0.05.

†Mean ± SD E-B values of the Difference E-B for each variable.
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nonblinded assessor decided the quality of the studies when
disagreements occurred between the 2 assessors. This assess-
ment did not determine the exclusion of any study.

RESULTS

Study Characteristics
The study selection process of this systematic review is

presented with a flowchart diagram in Figure 1. The design of
the included studies was prospective randomized controlled
trials published between 2013 and 2023. This systematic
review included 628 eyes from 314 patients with a mean age of
47.1 ± 16.1 years. The sex distribution was 165 females
(72.3%) and 63 males (27.7%). One study did not report sex
distribution.28 Patient follow-up, expressed in months, ranged
from 0.25 months10,29 to 2 months,30,31 with a mean follow-up
of 1.1 ± 0.6 months. Regarding the eyelid exfoliation device,
2 studies used the stainless-steel golf club spud26,27 and 5
studies utilized the BlephEx instrument.10,28–31 Concerning

clinical applications of eyelid exfoliation treatment, 2 stu
dies used this treatment for DED,26,27 4 studies for
blepharitis,10,28,30,31 and 2 studies for CL discomfort.10,29

Regarding study group intervention, 2 studies performed
eyelid exfoliation treatment alone,27,29 whereas 5 studies
performed eyelid exfoliation treatment combined with
antimicrobial lid scrubs composed of terpinen-4-ol30,31

and 1,2-octanediol28 or warm compresses.26 Different
interventions were used in the control group, such as warm
compresses,26 terpinen-4-ol,28 1,2-octanediol,28 LidHygenix
(Optimed Ltd.),10,29 eyelid exfoliation treatment combined
with sham lid scrubs,30 sham eyelid exfoliation treatment
combined with terpinen-4-ol,31 and no intervention.27 One
study had conflicts of interest among the authors.26 More
detailed study characteristics are presented in Table 1.

Outcomes
Regarding eyelid exfoliation treatment in DED, 5 studies

reported symptom outcomes,26–28,30,31 of which 4 studies used
the OSDI questionnaire27,28,30,31 and 1 study used the
SPEED questionnaire.26 Five studies also reported sign

TABLE 3. Baseline, End Follow-Up and Differences (End Follow-Up – Baseline) Outcomes in the Control Group

DED Blepharitis
CL

Discomfort

Author (Date)
OSDI
(0–100)

SPEED
(0–28) TBUT OSS

MGS
(0–4)

MGYLS
(0–15)

Microorganism
Load

Lipase
Activity

CLDEQ-8
(0–37)

Korb et al26 (2013)
Baseline NR 13.9± 5.5 NR NR 2.7 ± 1.5 NR NR NR NR
End Follow-up NR 14.5± 7.5 NR NR 2.4 ± 1.1 NR NR NR NR
Difference E-B — 0.6 — — −0.3 — — — —

Ngo et al27 (2015)
Baseline 58.3± 22.1 NR 2.9± 1.5 7.0± 4.5 1.3 ± 1.5 0.3± 0.5 NR NR NR
End follow-up 48.3± 29.0 NR 2.8± 1.7 8.2± 3.5 1.0 ± 0.9 0.0± 0.0 NR NR NR
Difference E-B −10.0 — −0.1 1.2 −0.3 −0.3 — — —

Murphy et al28 (2018)
Baseline 28.0± 20.2 NR NR NR NR NR 4.3 [0-21] NR NR
End follow-up 14.9± 16.2 NR NR NR NR NR 1.9 [0-8] NR NR
Difference E-B −13.1* — — — — — −2.4* — —

Siddireddy et al29 (2019)
Baseline NR NR 9.5± 1.0 NR NR NR NR NR 12.3
End follow-up NR NR 9.7± 0.2 NR NR NR NR NR 11.8
Difference E-B — — 0.2* — — — — — −0.5

Epstein et al30 (2020)
Baseline 16.9± 7.9 NR NR 0.6± 0.2 1.6 ± 0.2 2.1± 0.3 5.1± 1.4 NR NR
End follow-up 17.2± 8.5 NR NR 0.3± 0.3 2.0 ± 0.2 2.1± 0.2 2.5± 0.9 NR NR
Difference E-B 0.3 — — −0.3 0.4* 0.0 −2.6* — —

Siddireddy et al10 (2020)
Baseline NR NR NR NR NR NR 129.3± 16.5 50.5± 4.7 12.3
End follow-up NR NR NR NR NR NR 99.0± 5.5 43.2± 10.3 11.8
Difference E-B — — — — — — −30.3 −7.3 −0.5

Amir Arabi et al31 (2023)
Baseline 32.9± 10.6 NR 8.3± 2.9 NR NR NR 4.8± 1.6 NR NR
End follow-up 27.1± 9.1 NR 9.1± 2.7 NR NR NR 3.0± 1.2 NR NR
Difference E-B −5.8* — 0.8* — — — −1.8* — —

Mean±SD E-B
† −7.2± 5.0 — 0.3± 0.4 0.5± 0.8 −0.1± 0.3 −0.2± 0.2 −9.4± 12.5 — −0.5± 0.0

The significance of bold values* is P< 0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS,

meibomian gland yielding liquid secretion; NR, not reported; OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient

evaluation of eye dryness; TBUT, tear breakup time.

*Statistical significance level P< 0.05.

†Mean ± SD E-B values of the Difference E-B for each variable.
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TABLE 4. Intergroup Differences [(Treatment Group E-B) – (Control Group E-B)] Outcomes

DED Blepharitis CL Discomfort

Author (Date) OSDI (0–100) SPEED (0–28) TBUT (s) OSS MGS (0–4) MGYLS (0–15) Microorganism Load Lipase Activity CLDEQ-8 (0–37) F/A

Korb et al26 (2013)
T difference E-B NR −2.9* NR NR 1.2* NR NR NR NR F
C difference E-B NR 0.6 NR NR −0.3 NR NR NR NR —

Difference T-C — −3.5 — — 1.5 — — — — —

Ngo et al27 (2015)
T difference E-B −16.3* NR 0.3 −1.6* 2.1* 0.6 NR NR NR F
C difference E-B −10.0 NR −0.1 1.2 −0.3 −0.3 NR NR NR —

Difference T-C −6.3 — 0.4 −2.8 2.4 0.9 — — — —

Murphy et al28 (2018)
T difference E-B −17.3* NR NR NR NR NR −3.8* NR NR F
C difference E-B −13.1* NR NR NR NR NR −2.4* NR NR —

Difference T-C −4.2 — — — — — −1.4 — — —

Siddireddy et al29 (2019)
T difference E-B NR NR 0.4* NR NR NR NR NR −2.6* F
C difference E-B NR NR 0.2* NR NR NR NR NR −0.5 —

Difference T-C — — 0.2 — — — — — −2.1 —

Epstein et al30 (2020)
T difference E-B −4.0 NR NR −0.2 0.1 0.3 −2.1* NR NR F
C difference E-B 0.3 NR NR −0.3 0.4 0.0 −2.6* NR NR —

Difference T-C −4.3 — — 0.1 −0.3 0.3 0.4 — — —

Siddireddy et al10 (2020)
T difference E-B NR NR NR NR NR NR −41,7* −24.0* −2.7* F
C difference E-B NR NR NR NR NR NR −30.3 −7.3 −0.5 —

Difference T-C — — — — — — −11.4 −16.7 −2.2 —

Amir Arabi et al31 (2023)
T difference E-B −11.1* NR 1.5* NR NR NR −2.2* NR NR F
C difference E-B −5.8* NR 0.8* NR NR NR −1.8* NR NR —

Difference T-C -5.3 — 0.7 — — — -0.4 — — —

The significance of bold values* is P< 0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS, meibomian gland yielding liquid secretion; NR, not reported;

OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient evaluation of eye dryness; TBUT, tear breakup time.

F/A = authors opinion expressed by commenting in favor or against of eyelid exfoliation treatment.

*Statistical significance level P < 0.05.
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outcomes,26,27,29–31 of which 3 studies evaluated TBUT27,29,31

and MGS26,27,30 and 2 studies assessed OSS and MGYLS.27,30

Concerning eyelid exfoliation treatment in blepharitis, 4
studies evaluated microorganism load10,28,30,31 and 1 study
assessed lipase activity.10 Regarding eyelid exfoliation treat-
ment in CL discomfort, 2 studies evaluated CL wearer’s dis-
comfort with the CLDEQ-8.10,29

Intergroup clinical outcomes are presented in Tables 2
and 3. Regarding the treatment group, most of the outcomes
achieved an improvement, with a mean OSDI questionnaire
score of –12.1 ± 5.3 (–17.3 to –4.0) points, mean TBUT of
0.7 ± 0.5 (0.3 to 0.4) seconds, mean OSS of –0.9 ± 0.7 (–1.6
to –0.2) points, mean MGS of 1.1 ± 0.8 (0.1 to 2.1) points,
mean microorganism load of –12.5 ± 16.9 (–41.7 to –2.1)
points, and mean CLDEQ-8 of –2.6 ± 0.1 (–2.7 to –2.6)
points. The SPEED questionnaire and lipase activity also
achieved an improvement of –2.9 points and –24.0 mm,
respectively. MGYLS remained almost unchanged with a
mean value of 0.5 ± 0.2 (0.3 to 0.6) points. Regarding the
control group, most of the outcomes also achieved an
improvement, with a mean OSDI questionnaire value of –

7.2 ± 5.0 (–13.1 to 0.3) points, mean TBUT value of 0.3 ±
0.4 (–0.1 to 0.8) seconds, mean OSS 0.5 ± 0.8 (–0.3 to 1.2)
points, microorganism load of –9.4 ± 12.5 (–30.3 to –1.8)
points, and CLDEQ-8 –0.5 ± 0.0 (–0.5 to –0.5) points. The
lipase activity also showed an improvement of –7.3 mm,

whereas the SPEED questionnaire remained almost
unchanged with a value of 0.6 points. MGS and MGYLS
also remained almost unchanged with a mean value of –0.1 ±
0.3 (–0.3 to 0.4) points and –0.2 ± 0.2 (–0.3 to 0.0) points,
respectively.

Intergroup clinical outcomes are presented in Table 4.
Regarding eyelid exfoliation treatment in DED, blepharitis,
and CL discomfort, all outcomes were in favor of the
treatment group, with a mean OSDI questionnaire score of
–5.0 ± 0.9 (–6.3 to –4.2) points, mean TBUT of 0.43 ± 0.2
(0.2 to 0.7) seconds, mean OSS of –1.4 ± 1.5 (–2.8 to 0.1)
points, mean MGS of 1.2 ± 1.1 (–0.3 to 2.4) points, mean
MGYLS of 0.6 ± 0.3 (0.3 to 0.9) points, mean microorganism
load of –3.2 ± 4.7 (–11.4 to 0.4) points, and mean CLDEQ-8
of –2.15 ± 0.1 (–2.2 to –2.1) points. The SPEED
questionnaire and lipase activity achieved a treatment group
improvement of –3.5 points and –16.7 mm compared with the
control group, respectively. Regarding complications,
1 study reported no complications after an eyelid exfliation
treatment.26 However, 2 studies reported nonsevere
complications after an eyelid exfoliation treatment, which
include minimal discomfort (n = 13)27 and eyelid irritation
(n = 2).31

Risk of Bias
The risk of bias summary of the included studies is pre-

sented in Figure 2. Risk of bias assessment was classified into
3 evidence level groups: (1) studies with a low risk of bias
(Korb and Blackie,26 Murphy et al.,28 Epstein et al,30 and
Amir et al31), (2) studies with an unclear risk of bias (Ngo
et al27 and Siddireddy et al29) and (3) studies with a high risk
of bias (Siddireddy et al10). The overall risk of bias summary
of the domains used in each study is presented in Figure 3. The
items used to assess the risk of bias showed an overall low risk
of bias, which was > 50%. The Robvis tool (NIHR) was used
to create the risk of bias assessment figures.42

DISCUSSION
Tear film evaporation is considered the trigger for the

ocular surface inflammatory mechanisms that lead to the signs
and symptoms of dry eye.2 For this reason, new treatment
options have been designed to improve the lipid layer tear
film, thus reducing the tear evaporation ratio.43,44 Eyelid ex-
foliation treatments are designed to improve eyelash health

FIGURE 2. Risk of bias summary of the included studies with traffic light
plot. The traffic lights represent the author’s risk of bias judgment in
each domain used to assess the quality of the studies. D indicates
domain; RCTs, randomized controlled trials.

FIGURE 3. Overall risk of bias summary of the domains with bar plot. Bars represent the overall author’s risk of bias judgment in each domain presented
as percentages.
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and meibomian gland expressibility, which is responsible for a
healthy lipid layer tear film. This systematic review aimed to
report the effects of eyelid exfoliation treatment in conditions
that cause tear film evaporation, such as DED, blepharitis,
and CL discomfort.

Eyelid Exfoliation Treatment in Dry Eye Disease
Although there are different questionnaires to assess dry

eye symptoms, the OSDI questionnaire is the most widely
used for DED studies.45 Ngo et al,27 Murphy et al,28 and
Amir et al31 reported a treatment group OSDI questionnaire
improvement of –6.3, –4.2, and –5.3 points compared with the
control group, respectively. Murphy et al28 and Amir et al31

also reported a significant OSDI questionnaire improvement
in the control group, which may be because both control
groups were treated with eyelid hygiene. Some studies have
reported the benefits of eyelid hygiene in dry eye
symptoms.46,47 Murphy et al46 reported a nonsignificant OS-
DI questionnaire improvement of –5.5 and –6.5 points after
eyelid hygiene treatment with 1,2-octanediol and terpinen-4-ol
lid scrubs, respectively. Moreover, Arici et al47 obtained a
significant symptom improvement of 10.1 points with terpi-
nen-4-ol lid scrubs. Score differences between both studies
may have been because they used different questionnaires to
assess dry eye symptoms. Arici et al47 used the blepharitis
symptoms (BLISS) questionnaire, whereas Murphy et al46

used the OSDI questionnaire. In addition, Arici et al47 in-
cluded 24 patients in the terpinen-4-ol group, whereas Murphy
et al46 included 12 and 13 patients in the 1,2-octanediol and
terpinen-4-ol groups, respectively. Sample size differences may
explain the statistical results obtained in both studies. Epstein
et al30 also reported a treatment group OSDI questionnaire
improvement of –4.3 points compared with the control group.
However, they obtained a nonsignificant OSDI questionnaire
improvement in the treatment group, which may also be ex-
plained by the smaller sample size reported. In addition, it is
important to consider that Ngo et al27 reported a significant
treatment group OSDI questionnaire improvement with a
smaller sample size than Epstein et al30 However, these studies
are not comparable since both treatment groups received
eyelid exfoliation treatment with different devices. Korb and
Blackie26 is the only study that assessed DED symptoms with
the SPEED questionnaire, and they reported a treatment
group SPEED questionnaire improvement of –3.5 points
compared with the control group.

Tear film stability and damage to the ocular surface are
recommended by the Tear Film and Ocular Surface Society
Dry Eye Workshop II for DED diagnosis.45 Tear film stability
was evaluated by TBUT. Ngo et al,27 Siddireddy et al,29 and
Amir et al31 reported a treatment group TBUT improvement
of 0.4, 0.2, and 0.7 seconds compared with the control group,
respectively. Siddireddy et al29 and Amir et al31 also reported
significant TBUT improvements in the control groups. This
may be because both control groups received eyelid hygiene as
an intervention. Moreover, Arici et al47 reported significant
TBUT improvement with terpinen-4-ol lid scrubs after
8 weeks of treatment. Ngo et al27 reported the lowest
noninvasive break-up time (NIBUT) improvement in the
treatment group. This may be because they included patients
with Sjogren syndrome, who have higher DED and MGD

severity.2 Damage to the ocular surface was assessed by the
OSS. Ngo et al27 reported that eyelid exfoliation treatment
alone achieved a treatment group OSS improvement of 2.8
points compared with the control group. However, Epstein
et al30 reported a similar OSS improvement in both groups.
This result may have been due to the treatment and control
groups receiving eyelid exfoliation treatment, obtaining non-
significant OSS improvements of 0.2 and 0.3 points, re-
spectively. In addition, score differences between both studies
may be explained because Ngo et al27 assessed OSS with
Sjogren’s International Collaborative Clinical Alliance Ocular
Staining Score, whereas Epstein et al30 used the Oxford
grading score. Therefore, the OSS results are not comparable.

Meibum quantity and quality are recommended by the
international workshop on MGD.38 Meibum quantity was
evaluated with MGS. Korb and Blackie26 and Ngo et al27

reported that the eyelid exfoliation treatment group obtained
an MGS improvement of 1.5 and 2.4 points compared with
the control group, respectively. However, Epstein et al30 re-
ported an MGS improvement of 0.1 and 0.4 in the treatment
and control groups, respectively. This result may be because
both groups received eyelid exfoliation treatment. Score dif-
ferences between the aforementioned studies may be because
Korb and Blackie26 and Ngo et al27 performed LDS, whereas
Epstein et al30 performed MBE. Meibum quality was assessed
with MGYLS. Ngo et al27 and Epstein et al30 reported that
MGYLS remained unchanged in both groups, which suggests
that eyelid exfoliation treatment increases the quantity of
meibum expressed without improving the quality of meibum.
This is in accordance with the mechanism behind eyelid ex-
foliation treatment, which allows the removal of the epithelial
keratinization and debris accumulated in the eyelid margin
that prevents the delivery of meibum onto the ocular
surface.26 An increased quantity of meibum expression im-
proves the lipid layer tear film, resulting in a better TBUT
and, therefore, lower DED symptoms.

Eyelid Exfoliation Treatment in Blepharitis
Approximately 42% of patients attending eye care prac-

titioners have been diagnosed with blepharitis;48 therefore, it is
a common eye condition.49 However, blepharitis is often in-
sufficiently treated,29 leading to a high risk of anxiety and
depression due to the eyelid appearance and ocular symptoms,
which may affect the patient’s social life.50 Some studies have
reported that eyelid hygiene is an effective treatment for
blepharitis,51,52 but this treatment is only limited to eyelash
cleaning. Murphy et al28 and Amir et al31 reported that eyelid
exfoliation treatment combined with eyelid hygiene achieved
reductions in Demodex folliculorum of –1.4 and –0.4 points
compared with eyelid hygiene alone, respectively. However,
Epstein et al30 reported a similar Demodex folliculorum count
improvement in both groups. This result may be due to the
treatment and control groups receiving eyelid exfoliation
treatment and eyelid hygiene as interventions, obtaining sim-
ilarly significant reductions in Demodex folliculorum counts
of –2.1 and –2.6 points, respectively. Siddireddy et al10 re-
ported a treatment group microorganism load improvement
of –11.4 points compared with the control group. Score dif-
ferences between the aforementioned studies are due to the
type of microorganism load analyzed. Siddireddy et al10 an-
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alyzed gram-positive cocci and bacilli recorded as colony-
forming units per swab, whereas Murphy et al,28 Epstein
et al,30 and Amir et al31 analyzed the count of Demodex
folliculorum present on patient eyelashes as examined by
microscopy. Siddireddy et al10 also reported lipase activity,
obtaining a treatment group lipase activity improvement of –
16.7 mm compared with the control group. In addition, Wong
et al53 reported that lipase activity remained unchanged after
terpinen-4-ol lid scrub treatment for blepharitis. All these re-
sults suggest that eyelid exfoliation treatment combined with
eyelid hygiene is more effective than eyelid hygiene alone.
Eyelid exfoliation treatment also cleans the eyelashes but
more efficiently than the lid scrubs used for eyelid hygiene.31

In addition, eyelid exfoliation treatment is able to remove the
microorganism load present on the eyelid margin, reducing
the lipase activity that saponifies the meibum and inflames the
meibomian glands.31

Eyelid Exfoliation Treatment in Contact Lens
Discomfort

CL discomfort is one of the main reasons for CL wear
discontinuation.54 There are different risk factors for CL
discomfort, of which DED is the most common cause.55 In
addition, some studies have reported that CL wear is asso-
ciated with higher MGD prevalence,21–23 resulting in reduced
lipid layer thickness and tear stability,7 increasing the proba-
bility of experiencing CL discomfort.19,20 Siddireddy et al
201929 and 202010 reported that eyelid exfoliation alone ob-
tained CLDEQ-8 improvements of –2.1 and –2.2 points, re-
spectively, compared with hypoallergenic eyelid cleansing
foam. Some studies have suggested that eyelid hygiene reduces
CL discomfort in MGD patients.56 However, this treatment is
only effective in certain grades of MGD.29 These results
suggest that eyelid exfoliation treatment is more effective than
eyelid hygiene for CL discomfort management. This may be
due to the fact that eyelid exfoliation treatment cleans the
eyelid margin, removing the meibomian gland capping, which
improves their expressibility. Increasing meibum secretion
volume leads to a better lipid layer tear film, which reduces the
tear evaporation ratio and therefore discomfort symptoms in
CL wearers.

Complications
Murphy et al,28 Siddireddy et al,10,29 and Epstein et al30

did not report whether the patients experienced any compli-
cations after an eyelid exfoliation treatment. Korb and
Blackie26 and Ngo et al27 reported that 28 patients experi-
enced no discomfort and 13 patients had minimal discomfort
after LDS treatment, respectively. However, Amir et al31 re-
ported 2 cases of eyelid margin irritation after eyelid exfolia-
tion treatment with the BlephEx instrument. This device
performed eyelid exfoliation with a medical-grade micro-
sponge; thus it is common for patients to not experience sig-
nificant complications after this treatment. In addition,
nonsevere complications were reported in the articles included
in this systematic review.

Strengths and Limitations
All studies included in this systematic review are

randomized controlled studies with an overall low risk of
bias. The main limitation of our review is the heterogeneity

of the treatment and control group interventions, which
complicates comparisons between the included studies. In
addition, Korb and Blackie26 and Ngo et al27 performed
eyelid exfoliation treatment with a stainless-steel golf club
spud, whereas Murphy et al,28 Siddireddy et al,10,29 Epstein
et al,30 and Amir et al31 used the BlephEx instrument; thus
the methodologies of all studies were not remarkably sim-
ilar. The short follow-up period is also a limitation that may
have influenced the results reported by the included studies.
Another limitation is that Ngo et al27 and Siddireddy
et al10,29 were the only studies that analyzed the efficacy and
safety of eyelid exfoliation treatment alone. Therefore,
larger, well-designed, strictly blinded, multicenter random-
ized controlled studies with extensive follow-up are needed
to determine the safety and efficacy of eyelid exfoliation
treatment alone versus eyelid exfoliation treatment com-
bined with other treatments, such as intense pulse light or
meibomian gland expression, and their duration over time.

CONCLUSIONS
This systematic review demonstrated that eyelid exfolia-

tion treatment achieves better results than eyelid hygiene, re-
porting minimal complications. Concretely, LDS and MBE
are effective and safe treatments that should be recommended
as a treatment option for DED, whereas MBE should be
recommended for blepharitis and CL discomfort. LDS and
MBE decrease DED symptoms and increase TBUT. How-
ever, there is insufficient evidence to suggest that LDS and
MBE improve OSS. In addition, LDS seems to achieve better
meibomian gland expressibility than MBE, and a decrease in
microorganism load, lipase activity, and CL discomfort has
been reported after MBE. Therefore, combining both eyelid
exfoliation treatments should be considered when blepharitis
and MGD coexist.
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