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ABSTRACT

Introduction: To analyze outcomes on objec-
tive ocular surface parameters and subjective
symptoms of serial weekly sessions using the
Activa mask in patients with meibomian gland
dysfunction (MGD).
Methods: This is a prospective study including
patients with symptomatic MGD who were
treated with four weekly sessions using the

Activa mask (SBM Sistemi, Turin, Italy). Non-
invasive ocular surface examination was carried
out before (T0) and 2 weeks after the last mask
session (T1) using Idra (SBM Sistemi, Turin,
Italy) for the measurement of: (1) noninvasive
break-up time (NIBUT); (2) lipid layer thickness
(LLT); (3) tear meniscus height (TMH); (4) mei-
bomian gland loss (MGL) of upper and lower
eyelids. The I-Pen tear osmolarity system (I-Med
Pharma Inc, Dollard-des Ormeaux, Quebec,
Canada) was used to measure tear osmolarity
values. Ocular discomfort symptoms were
ascertained by means of the ocular surface dis-
ease index (OSDI) questionnaire.
Results: All 25 patients (11 males, 14 females;
mean age 57.1 ± 11.9 years) regularly com-
pleted the cycle of four mask sessions. No
patients used prohibited medications, and no
device-related adverse events were noted. At T1,
mean values of NIBUT and LLT increased sig-
nificantly compared to T0 (respectively from
6.0 ± 1.4 to 6.6 ± 1.2 s, P = 0.043, and from
53.2 ± 17.4 to 65.3 ± 16.3 nm, P\0.001),
while mean values of MGL and tear osmolarity
decreased significantly (respectively from
17.1 ± 9.3 to 15.1 ± 8.0%, P = 0.014, and from
307.3 ± 12.2 to 301.5 ± 6.8 mOsm/l,
P = 0.005). In parallel, OSDI score reduced sig-
nificantly from 62.4 ± 11.7 at T0 to 34.5 ± 11.2
at T1 (P\0.001).
Conclusion: Weekly serial sessions using the
Activa mask significantly improved objective
parameters of the ocular surface as well as
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subjective ocular discomfort symptoms in
patients with recalcitrant MGD. As a further
benefit from the treatment, patients were able
to avoid the use of concomitant medications,
apart from tear substitutes, throughout the
study.

Keywords: Eye mask; Activa mask; Meibomian
gland dysfunction; MGD; Dry eye

Key Summary Points

Why carry out this study?

Activa mask is a novel device designed for
in-office management of meibomian
gland dysfunction.

Although positive short-term effects
(30 min after a single mask session) of
Activa mask have been already reported
by our group in terms of improvement of
both tear film parameters and ocular
discomfort symptoms, no information is
available on long-term results of multiple
mask sessions.

What was learned from the study?

In patients with meibomian gland
dysfunction, weekly serial sessions using
the Activa mask significantly improved
objective parameters of the ocular surface
as well as subjective ocular discomfort
symptoms.

Use of Activa mask allowed patients not to
take concomitant medications apart from
tear substitutes (e.g., corticorsteroids) for
the entire duration of the study.

INTRODUCTION

Dry eye is a chronic multifactorial disease of
the ocular surface which affects millions of
people worldwide, representing the most
common conditions encountered in the rou-
tine ophthalmic practice [1]. Meibomian gland

dysfunction (MGD), a chronic progressive
condition characterized by terminal duct
obstruction and/or changes in the quality/
quantity of gland secretion, represents the
main cause of evaporative DED and is there-
fore a growing area of interest and research
[2, 3]. The goal of MGD treatment is to
improve the flow of meibomian gland secre-
tions by liquefying materials that otherwise
cause obstruction and by stimulating the
function of meibomian glands [4–6]. Apart
from tear substitutes aiming at restoring the
deficient lipid layer of the tear film, eyelid
hygiene is the main conservative treatment
and involves the use of warm compresses for
the local application of heat followed by self-
administered mechanical massage of the lid
margin to help the release of meibum lipids
into the tear film [3]. However, the efficacy of
this therapy is often hampered for several
reasons. First, patients often perceive eyelid
hygiene as tedious and time-consuming, and
this may result in poor compliance with
treatment [7]. Second, it can be difficult for
the patient to perform standardized maneu-
vers for a reproducible eyelid hygiene. In this
regard, the main obstacle is the need for
reheating the compresses every 2 min to
maintain the therapeutic levels of heat. Fur-
thermore, the mechanical force exerted on the
eyelids varies considerably depending on both
method employed and patient characteristics.

To overcome these drawbacks, novel devices
specifically designed for in-office MGD man-
agement—able to produce heating with or
without humidity and massaging—have been
developed and commercialized in recent years
[8–11]. Among these, Activa mask (SBM Sistemi,
Turin, Italy) was recently developed, and pre-
liminary data have shown positive short-term
effects (30 min after a single mask session) with
significant improvement of both tear film
parameters and ocular discomfort symptoms
when used both alone and in combination with
intense pulsed light [12, 13].

The aim of this work is to analyze outcomes
on objective ocular surface parameters and
subjective symptoms using the Activa mask in
weekly serial sessions in patients with symp-
tomatic MGD.
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METHODS

Study and Patients

This prospective study included MGD patients
who attended the ocular surface office of the
University Hospital of Catanzaro (Italy) for a
routine visit between February 2021 and Octo-
ber 2021. Consecutive patients aged 18–80 years
were screened for eligibility according to the
following inclusion criteria: presence of MGD
defined by the presence of signs consistent with
meibomian gland terminal duct obstruction
with abnormal quantity and/or quality of mei-
bomian gland secretions; presence of at least
one MGD-related ocular symptom such as dry-
ness, foreign body sensation, irritation and
burning not satisfactorily controlled with tear
substitutes and eyelid hygiene; pathological
value of Ocular Surface Disease Index (OSDI)
score (C 13); noninvasive break-up time
(NIBUT)\10 s (s). Patients were excluded from
the study if one of the following conditions was
present: active eye inflammation; eyelid mal-
position; recent (within 3 months) ocular sur-
gery; history of contact lens wearing; risk of
retinal detachment such as high myopia, lattice
degeneration and retinal break; recent (within
1 month) usage of anti-inflammatory eye drops
(topical corticosteroid or cyclosporine).

The study was approved by the local Insti-
tutional Review Board and followed the tenets
of the Declaration of Helsinki for research
involving human subjects. Written informed
consent was obtained from all participants after
the nature and possible consequences of the
study had been explained to them.

Study Treatment

Patients were treated with a recently developed
eye mask (Activa, SBM Sistemi, Turin, Italy)
(Fig. 1) for four sessions weekly. Technical
details concerning the device and the procedure
have been described previously [12]. Briefly,
through a fully automated touch screen-con-
trolled procedure, the device is able to melt the
meibum inside the glands and simultaneously
squeeze them. The entire treatment lasts 15 min

and incorporates two phases in the following
chronological order: (1) heating (5 min at
42 �C); (2) heating and vibration (10 min of
heating at 42 �C and vibration up to 20 Hz).

Ocular Surface Workup

All patients were examined before the first mask
session (T0) and 2 weeks after the last session
(T1) using Idra (SBM Sistemi, Turin, Italy) for
the automated measurement of the following
parameters: NIBUT; lipid layer thickness (LLT);
tear meniscus height (TMH); meibomian gland
loss (MGL) of eyelids [14–16]. The measure-
ments were repeated three times, and the mean
value was recorded. Briefly, NIBUT was mea-
sured without the need for fluorescein dye after
asking the patient to blink three consecutive
times and then hold the eyes open. LLT was
estimated by observing the interference pattern
and colors of the moving lipid tear film. TMH
was measured along the lower lid margin
immediately below the pupil. Infrared meibog-
raphy was performed in the upper and lower
eyelids, and MGL was calculated using ImageJ
image editing software (National Institutes of
Health; http://imagej.nih.gov/ij) as the per-
centage of gland loss in relation to the total
tarsal area. The I-Pen tear osmolarity system (I-

Fig. 1 The Activa mask (SBM Sistemi, Turin, Italy)
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Med Pharma Inc, Dollard-des Ormeaux, Que-
bec, Canada) was used to measure tear osmo-
larity values. Ocular discomfort symptoms were
scored using the OSDI questionnaire.

Study Characteristics

During the entire duration of the study, all
patients were instructed to instill the same
unpreserved hyaluronic acid 0.2%-based eye
drops four times daily. Concomitant use of
other therapeutic agents (e.g., corticosteroids)
for any ophthalmic disease was prohibited
throughout the study period.

The primary outcome measures were
improvement of NIBUT values and OSDI scores
after the cycle of four mask sessions. Secondary
outcome measures included increase of LLT and
decrease of MGL values at T1.

Sample Size

To determine the required sample size for the
study, an a priori power analysis was performed
based on the data of the study of Piyacomn
et al. [17]. With this assumption, a sample of 17
patients was required to detect a mean change
of 14.5 points in OSDI, with a power of 0.80 and
P value of 0.05. However, to ensure adequate
reliability, we aimed for a sample size of 25
patients.

Statistical Analysis

Statistical analysis was conducted using R (ver-
sion 4.0.0) and RStudio (version 1.2.5042) soft-
ware. The Kolmogorov-Smirnov test was used to
assess the normality of data. Due to the non-
normal distribution, ocular surface parameters
before and after the cycle of mask sessions were
compared using the Wilcoxon test. P\0.05 was
considered statistically significant.

RESULTS

Eighty patients with MGD were assessed for
eligibility during the study period. Twenty-five
of them (11 males, 14 females; mean age

57.1 ± 11.9 years) fulfilled the criteria and were
included in the study. No patient was dropped
from the study or used prohibited eye drops, so
data from all enrolled patients were ultimately
included in the analysis. Demographic and
clinical characteristics of these patients are
reported in Table 1. Previous medical treat-
ments used by patients for controlling MGD
included topical corticosteroids (6 patients, 24%
of the total), omega-3 fatty acids (4 patients,
16%), tetracycline ointment (5 patients, 20%)
and systemic doxycycline (2 patients, 8%).
None of the patients had previously undergone
treatment with other in-office devices such as
intense pulsed light therapy.

After treatment, mean values of NIBUT and
LLT increased significantly (respectively from
6.0 ± 1.4 at T0 to 6.6 ± 1.2 s at T1, P = 0.043,
and from 53.2 ± 17.4 at T0 to 65.3 ± 16.3 nm
at T1, P\0.001), while mean values of MGL
and tear osmolarity decreased significantly (re-
spectively from 17.1 ± 9.3 at T0 to 15.1 ± 8.0%
at T1, P = 0.014, and from 307.3 ± 12.2 at T0 to
301.5 ± 6.8 mOsm/l at T1, P = 0.005) (Fig. 2).
In parallel, ocular discomfort symptoms
improved after treatment with a significant

Table 1 Baseline characteristics of patients included in the
study

Parameter Value

Age (years) 57.1 ± 11.9

Gender (M/F) 11/14

Ethnicity

European 23 (92%)

Other 2 (8%)

Ocular rosacea 4 (16%)

Ocular allergy 2 (8%)

Duration of MGD (years) 5.3 ± 2.8

History of MGX 16 (64%)

History of MGP 4 (16%)

M male, F female, MGD meibomian gland dysfunction,
MGX meibomian gland expression, MGP meibomian
gland probing
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reduction of OSDI score mean value from
62.4 ± 11.7 at T0 to 34.5 ± 11.2 at T1
(P\0.001). Conversely, mean values of TMH
did not change significantly after treatment
(from 0.25 ± 0.06 to 0.25 ± 0.05 mm,
P = 0.841).

No device-related adverse events were noted
throughout the entire study.

DISCUSSION

Novel therapies are continuously becoming
commercially available in the setting of MGD,
aiming at helping clinicians and patients to
better cope with this disabling disease [18]. The
newly developed Activa eye mask has been
recently validated in a pilot study that showed

significant improvements of the main parame-
ters of the tear film (NIBUT and LLT) half an
hour after a single mask session; in parallel, all
patients also reported a distinct improvement
in ocular comfort and significant reduction of
their symptoms [12]. The mechanism by which
this device improves MGD symptoms is
thought to be multifactorial: the therapeutic
level of heat reached by the device allows liq-
uefying the meibum, which is more fluid at
higher temperatures. Heat also acts selectively
on tissue and free nerve ending with analgesic
effects [14]. On the other hand, the vibration of
the mask promotes the release of the liquefied
meibum into the tear film [13, 14]. Since the
Activa mask has another mechanism of action
compared to other devices such as intense
pulsed light and low level light therapy, those

Fig. 2 Charts showing ocular surface parameters before (V0) and after treatment (V1) with the Activa mask
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devices can potentially be used in combination
to increase treatment efficacy.

In the present article, we report the out-
comes of a more comprehensive study in terms
of treatment and follow-up duration as well as
completeness of ocular surface workup. In fact,
we analyzed the effects on objective parameters
of the ocular surface (NIBUT, LLT, TMH, MGL,
tear osmolarity) and on ocular discomfort
symptoms of serial weekly sessions of Activa
mask in patients with symptomatic MGD. Two
weeks after the last mask session, all objective
signs improved significantly, except for TMH,
whose values were within the normal range
already at baseline. In parallel, also ocular dis-
comfort symptoms were significantly amelio-
rated after these serial sessions. However, it
should be pointed out that the subjective score
continued to remain in the pathological range
even after mask sessions, suggesting the need to
repeat further cycles of treatment over time for
better controlling symptoms. Additional posi-
tive results are related to the high compliance of
patients who completed the entire cycle of four
sessions, avoiding the use of prohibited eye
drops such as corticosteroids or antibiotics in
the totality of cases throughout the entire
study.

The post-treatment improvements of NIBUT,
LLT and ocular symptoms are consistent with
those reported with other devices used for sim-
ilar tasks, namely the LipiFlow and iLux sys-
tems, which were recently compared in a
randomized clinical trial [19]. In these cases,
eyelid heat and vibrating therapy designed to
melt the meibum increased lipid re-incorpora-
tion into the tear film, thus reducing both the
rate of aqueous evaporation and degree of tear
osmolarity. The longitudinal improvement of
MGL after treatment needs to be further eluci-
dated. Reversibility of the MGL remains con-
troversial, particularly after short-term follow-
up studies [20]. On one hand, the improvement
of gland dropout after conventional treatments
for MGD based on tear substitutes and eyelid
hygiene has been described [21]. On the other,
another study did not detect any significant
changes in meibography after a thermodynamic
treatment for MGD [22]. Since it is reasonable to
consider revitalizing atrophic glands

impossible, the decrease of MGL after such
treatment may be related to the changes in the
appearance of meibomian glands that become
clearer and more distinguishable from the tarsal
plate. In this regard, a new index of meibomian
gland health called ‘‘vagueness’’ has been
recently described and quantified, showing
good reliability and diagnostic efficacy [23]. In
the near future, the implementation of this new
parameter in the diagnostic workup will add
more detailed information about the longitu-
dinal changes of meibomian glands after eyelid
therapies.

The present study suffers from several limi-
tations that deserve mentioning. Among these,
the main one concerns the study design that did
not include a control group of patients treated
with tear substitutes only. However, we enrolled
MGD patients who did not control their symp-
toms using conventional treatments (e.g. tear
substitutes, eyelid hygiene, meibomian gland
expression) as confirmed by the frank patho-
logical values of OSDI score at baseline. Thanks
to the mask sessions, patients were able to better
cope with their symptoms without needing to
add other medications such as antibiotics or
corticosteroids. However, ocular discomfort
score remained in the pathological range after
the cycle of treatment, and a study with a
longer follow-up is required to ascertain whe-
ther symptoms can further improve with addi-
tional mask sessions. Moreover, since all
patients were examined at baseline and after 2
weeks of treatment, the study could not explore
the impact of the duration of the treatment on
its efficacy.

CONCLUSIONS

In conclusion, serial weekly sessions of Activa
mask use significantly improved all objective
parameters of the ocular surface as well as sub-
jective discomfort symptoms in MGD patients
who were using conventional treatment with-
out satisfaction. Furthermore, the benefits from
the treatment allowed patients not to use con-
comitant medications, apart from tear substi-
tutes, for the entire duration of the study.
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