
fmed-09-938484 August 4, 2022 Time: 15:5 # 1

TYPE Methods
PUBLISHED 10 August 2022
DOI 10.3389/fmed.2022.938484

OPEN ACCESS

EDITED BY

Alejandro Navas,
Instituto de Oftalmología Fundación
de Asistencia Privada Conde
de Valenciana, I.A.P, Mexico

REVIEWED BY

Melis Palamar,
Ege University, Turkey
Pablo De Gracia,
Midwestern University, United States
Qihua Le,
Eye, Ear, Nose, and Throat Hospital
of Fudan University, China

*CORRESPONDENCE

José-María Sánchez-González
jsanchez80@us.es

SPECIALTY SECTION

This article was submitted to
Ophthalmology,
a section of the journal
Frontiers in Medicine

RECEIVED 07 May 2022
ACCEPTED 21 July 2022
PUBLISHED 10 August 2022

CITATION

Sánchez-González MC,
Capote-Puente R,
García-Romera M-C,
De-Hita-Cantalejo C,
Bautista-Llamas M-J, Silva-Viguera C
and Sánchez-González J-M (2022) Dry
eye disease and tear film assessment
through a novel non-invasive ocular
surface analyzer: The OSA protocol.
Front. Med. 9:938484.
doi: 10.3389/fmed.2022.938484

COPYRIGHT

© 2022 Sánchez-González,
Capote-Puente, García-Romera,
De-Hita-Cantalejo, Bautista-Llamas,
Silva-Viguera and Sánchez-González.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.
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María-José Bautista-Llamas, Carmen Silva-Viguera and
José-María Sánchez-González*
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We describe the role of OSA as a new instrument in the study of dry

eye, and we recommend a protocol for conducting the tests as well as

describe the advantages and disadvantages compared with other instruments.

A comparison with other ocular surface devices (Tearscope Plus, Keratograph

5M, anterior-segment ocular coherence tomography, Easy Tear View-Plus,

LipiView, IDRA, and LacryDiag) were presented due to manual or automatic

procedure and objective or subjective measurements. The purpose of this

study was to describe the OSA as new non-invasive dry eye disease diagnostic

device. The OSA is a device that can provide accurate, non-invasive and

easy-to-use parameters to specifically interpret distinct functions of the tear

film. This OSA protocol proposed a lesser to higher non-invasive ocular

surface dry eye disease tear film diagnostic methodology. A complete and

exhaustive OSA and OSA Plus examination protocol was presented within

the subjective questionnaire (Dry Eye Questionnaire 5, DEQ5), limbal and

bulbar redness classification (within the Efron grade Scale, interferometry

lipid layer thickness (LLT) (according to Guillon pattern), tear meniscus height

(manually or automatic), first and mean non-invasive break up time (objective

and automatic) and meibomian gland (MG) dysfunction grade and percentage

(objective and automatic). The OSA and OSA Plus devices are novel and

relevant dry eye disease diagnostic tools; however, the automatization and

objectivity of the measurements can be increased in future software or device

updates. The new non-invasive devices supposed represent a renewal in the

dry eye disease diagnosis and introduce a tendency to replace the classic

invasive techniques that supposed less reliability and reproducibility.
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ocular surface analyzer, dry eye disease (DED), dry eye syndrome diagnostic, tear film,
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Introduction

Ocular surface pathology is a general term that includes
dry eye, with involvement of the cornea, conjunctiva, eyelids,
and meibomian glands (MGs). Dry eye is a group of disorders
characterized by loss of tear film homeostasis, due to either
lipid layer alteration owing to the MGs (evaporative dry eye)
or insufficient aqueous tear production (hyposecretory dry eye)
leading to tissue damage and inflammation (1).

There are various techniques for measuring and diagnosing
dry eye. The most common tests for this diagnosis are
invasive and can yield results that differ from the natural
properties of the tear, so non-invasive methods would
be more appropriate (2). Ocular surface diagnostic tests
for dry eye disease should combine high precision, good
sensitivity and reproducibility. Among the most commonly
used diagnostic devices, Placido method rings have been
used in different studies as an alternative to break-up time
(BUT) to avoid the use of fluorescein, although they have
a weak correlation with other dry eye disease diagnostic
measurements (3).

It has been recommended that ocular surface measurements
be performed from less invasive to more invasive (4). Such
measurements include the use of a questionnaire to collect
symptoms (5), evaluation of limbal and bulbar conjunctival
hyperemia (6), assessment of tear meniscus (7), study of lipid
layer thickness (LLT) and pattern (8), non-invasive tear break-
up time (NIBUT) (9) and infrared meibography (10). However,
some of the measures used to evaluate dry eye can be influenced
by the subjectivity of the examiner.

Among the non-invasive devices for dry eye measurement
are Tearscope Plus R© (Keeler, Windsor, United Kingdom),
Polaris (bon Optic, Lübeck, Germany), EasyTear Viewplus R©

(EasyTear, Rovereto, Italy), Oculus Keratograph 5M R©

(Oculus, Arlington, WA, United States) (K5M), LipiView R©

interferometer (TearScience Inc., Morrisville, NC,
United States), IDRA R© Ocular Surface Analyzer from SBM
System R© (Orbassano, Torino, Italy), LacryDiag R© Ocular
Surface Analyzer (Quantel Medical, Cournon-d’Auvergne,
France) and Ocular Surface Analyzer (OSA) from SBM
System R© (Orbassano, Torino, Italy) (11–13). A summary of
the functionalities of the ocular surface devices is presented
in Table 1. Regarding Tearscope Plus, the device is attached
to the slit lamp, and the measurement is achieved through
image analysis software (14). Polaris uses LED light to improve
the visibility of both the lipid layer of the tear film and the
tear meniscus (15). On the other hand, Oculus Keratograph
introduces tear analysis software with an integrated caliper
that allows capturing images for a better measurement of the
height of the tear meniscus (16). Anterior segment optical
coherence tomography (AS-OCT) also allows the measurement
of the height of the tear meniscus through integrated software,
producing a very high-quality resolution in micrometers.

AS-OCT and Keratograph are two comparable methods (17).
EasyTear Viewplus R© is also attached to the slit lamp, and
through white LED lights, it achieves analysis of the lipid layer,
NIBUT and tear meniscus; with infrared LEDs, it performs
meibography, and the software quantifies the image structures
(18). LipiView R© allows automated measurements of the lipid
layer with nanometer precision. The limitation is that only
values greater than 100 nm are displayed (19). IDRA R© is
attached to the slit lamp to perform the measurement quickly
and in a fully automated manner (20). LacryDiag R© uses white
light in its system to capture images and infrared light for
the analysis of the MGs (13). Finally, OSA R© is designed to
perform dry eye assessment based on the following diagnostic
measurements: Dry Eye Questionnaire (DEQ-5), limbal and
bulbar conjunctival redness classification, tear meniscus
height, LLT interferometry, NIBUT, and meibography gland
dysfunction loss percentage.

In the present study, we describe the role of OSA
as a new instrument in the study of dry eye, and we
recommend a protocol for conducting the tests as well as
describe the advantages and disadvantages compared with
other instruments.

Materials and equipment

Questionnaire

Many questionnaires to analyze and classify symptoms
are entered into the software of the instruments for dry
eye assessment: Ocular Surface Disease Index (OSDI)
in Keratograph 5M (21), Standard Patient Evaluation
of Eye Dryness Questionnaire (SPEED) in IDRA (20)
and Dry Eye Questionnaire (DEQ-5) in OSA (5). On the
contrary, LD (3, 22), LipiView (19, 20), EasyTear Viewplus,
Polaris and Tearscope Plus (23, 24) have no questionnaires
in their software.

The sensibility and specificity are influenced not only by
the number of items in each questionnaire, or the time studied
but also by the capacity to classify symptoms. The OSDI
is a 12-item questionnaire focusing on dry eye symptoms
and their effects in the previous week. In subjects with
and without dry eye disease, the OSDI has shown good
specificity (0.83) and moderate sensitivity (0.60) (25). The
SPEED has eight items to evaluate the frequency and severity
of symptoms in the last 3 months. Sensibility and specificity
values are 0.90 and 0.80, respectively (26, 27). In the DEQ-
5, the symptoms in the past week are analyzed through five
questions. This survey has been validated in comparison to
the OSDI (Spearman correlation coefficients, r = 0.76) (28)
and (r = 0.65, p < 0.0001). The sensitivity is 0.71, and the
specificity is 0.83 (29). Thus, any of these three questionnaires
could be a good option to analyze dry eye symptoms, although
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the DEQ-5 might be quicker to use, given the number of
items. The advantage that OSA presents with respect to other
dry eye analyzers is that the questionnaire has few items
and is completed quickly. However, as disadvantages, we find
that questionnaires with a greater number of items have
greater repeatability.

Limbal and bulbar redness
classification

Regarding the limbal and bulbar redness classifications
(LBRC), Keratograph 5M has software (R Scan) to save images
and objectively classify them into four degrees ranging from 0
to 3 (30). IDRA, LacryDiag and OSA use subjective procedures,
given that the software only shows the image taken and the
analysis must be carried out by an observer using a scale (31).

Efron is software widely used to subjectively classify
redness in eyes (entered in OSA, IDRA and LacryDiag).
The Efron scale has achieved excellent reproducibility (32,
33) and is one of the more accurate scales based on fractal
dimension (34). Comparing objective and subjective redness
classifications, the highest reproducibility is observed when
hyperemia is assessed and scored automatically (6, 30).
Among the rest of the ocular surface devices, Tearscope Plus,
Polaris, EasyTear Viewplus and LipiView interferometer do
not offer a redness analyzer. Therefore, the ideal device has
to implement and automatic, objective, non-invasive LBRC
assessment integrated into a platform and software within
the rest of the ocular surface parameters. The advantage
that OSA presents with respect to other dry eye analyzers is
that the LBRC is carried out according to the international
scale established by Efron. However, as disadvantages, we
find that the analysis of redness is subjective while the
Keratograph 5M presents a software that performs it objectively
and automatically.

Lipid layer thickness

There are different devices to measure the thickness of the
lipid layer, most of which are based on optical interferometry,
such as OSA. These devices are Tearscope Plus, EasyTear
Viewplus, Polaris, Keratograph 5M, and LipiView. The basic
technology in them is the same; the measurement is performed
non-invasively by observing the phenomenon of interference
fringes, which allows the thickness of the lipid layer secreted by
the MGs to be analyzed.

With Tearscope Plus, EasyTear Viewplus and Polaris, the
result obtained has a subjective and qualitative component,
as the observer compares the image he sees with the same
classification that exists for the thickness of the lipid layer
in five different categories as described by Guillon (35)
(amorphous structure, marbled appearance, wavy appearance,
yellow, brown, blue or reddish interference fringes). This
same classification allows a quantitative equivalent (from
thinner to thicker: < 15 nm–not present, ∼15 nm–open
meshwork, ∼30 nm–closed meshwork, ∼30/80 nm–
wave, ∼80 nm–amorphous, ∼80/120 nm–color fringes,
∼120/160 nm–abnormal color) used by OSA and IDRA.
Keratograph 5M uses four interferometric patterns instead of
five 1 = open mesh (13–15 nm); 2 = closed mesh (30–50 nm);
3 = wave (50–80 nm); and 4 = color fringe (90–140 nm). In both
devices, the subjectivity of the observer is influential during
classification; this type of measurement is considered to be
more reliable and repeatable, with less deviation in the results
(36–38).

Only LipiView is capable of measuring with nanometer
precision (39). It is a non-invasive instrument that takes live
digital images of the tear film, measures its lipid component, and
assesses LLT using an interference color unit (ICU) score (usual
average ≥ 75 score points). Illumination is projected over the
lower third of the cornea from a color interference pattern as a
result of the specular reflection at the lipid aqueous border. The

TABLE 1 Ocular surface diagnostics devices comparison.

Questionnaire Redness hyperemia Meniscus Lipid layer NIBUT Meibomian glands

Tearscope plus − − Manual Guillon pattern Subjective −

Polaris − − − Guillon pattern Subjective −

Keratograph 5M OSDIa R Scan Manual Guillon pattern Objective Objective

AS-OCTb
− − Manual − − −

EasyTear ViewPlus − − Manual Guillon pattern Subjective Subjective

LipiView − − Manual Guillon pattern − Subjective

IDRA SPEEDc Efron scale Manual/automatic Guillon pattern Objective Objective

LacryDiag − Efron scale − − Objective Subjective

OSA (Plus) DEQ-5d Efron scale Manual/automatic Guillon pattern Objective Objective

aOSDI, Ocular Surface Disease Index.
bAS-OCT, Anterior Segment Ocular Coherence Tomography.
cSPEED, Standard Patient Evaluation of Dry Eye.
dDEQ-5, Dry Eye Questionnaire 5-item.
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FIGURE 1

Ocular Surface Analyzer (OSA) device fit in a slit lamp tonometer
hall. (A) OSA measurement head device. (B) Slit lamp
illumination system. (C) Placido grid measurement cone. (D)
Plain measurement cone.

detected color is related to the device and is shown as an ICU,
which is equivalent to nanometers.

Different publications support the reliability of the LLT
measurement with LipiView, both in its value as a diagnostic
element compared to other devices in which the observer
intervenes and in its intra- and interobserver repeatability (19,
20, 40, 41). The advantage that OSA presents with respect
to the rest of dry eye analyzers is that the classification of
the lipid pattern of the tear film is carried out in accordance
with the international scale established by Guillon. However, as
disadvantages, we find that the analysis of the lipid thickness is
of a qualitative nature, while LipiView presents a software that
measures the thickness of the lipid layer quantitatively.

Tear meniscus height

Several ocular surface devices (EasyTear Viewplus, AS-
OCT, Keratograph5 M, LipiView, OSA and IDRA) present
the possibility of measuring tear meniscus height, and the

acquisition of multiple images is performed non-invasively, as
the water content can be accurately evaluated with an integrated
caliper along the edge of the lower or superior eyelid. OSA
Plus and IDRA are unique devices that automatically and
objectively measure the tear meniscus height of the lower lid.
Scientific evidence is needed to establish the repeatability and
reproducibility of these devices.

The works presented on tear meniscus height are scarce, but
they support its repeatability, in both the one carried out in a
slit lamp (42) and the one completed with Keratograph 5M,
which has a significant correlation with traditional diagnostic
tests for dry eye disease (43, 44). Future lines of research should
measure the tear meniscus volume instead of the height to
estimate the aqueous layer of the tear. The advantage that OSA
presents with respect to other dry eye analyzers is that the height
of the tear meniscus is measured manually (with OSA) and
automatically (with OSA Plus), making it an objective test. In
this sense, the rest of the dry eye analyzer devices perform a
manual measurement of the height of the tear meniscus.

Non-invasive break-up time

NIBUT is objectively measured by Keratograph 5M, OSA,
IDRA and LacryDiag. These devices record the first alteration of
the tear film (FNIBUT) as well as the average BUT for all points
of measurement (MNIBUT). Keratograph 5M (45–48) performs
the measurement automatically for 24 s, but using OSA (49),
IDRA (12, 50, 51) and LacryDiag (13, 52), the clinician manually
activates and stops video recording. Keratograph 5M has
shown good repeatability and reproducibility in patients with
dry eye and healthy controls (43). It is the most commonly
utilized instrument in ocular surface studies and is used for
the validation of the other devices (11, 13, 36, 53). OSA and
LacryDiag measurements of NIBUT are obtained through the
detection of distortions in circular rings that are reflected in the
tear film using the Placido rings accessory (13). Employing OSA
Plus and IDRA, grids can be inserted into the internal cylinder
of the device to project structured images onto the surface of
the tear film, and the examiner can choose between manual or
automatic analysis. In a validation study, IDRA showed good
sensitivity and specificity values for NIBUT (12).

NIBUT can be subjectively measured by Tearscope Plus,
Polaris and EasyTear Viewplus. These instruments project a grid
of equidistant circles of light onto the surface of the eye that
are blurred by the tear film rupture. The NIBUT is taken as the
time elapsed until the blur of the lines can be observed. Polaris
(54), EasyTear Viewplus (55), TS (56–58) and Keratograph
5M produced similar average results relating to NIBUT in the
study carried out by Bandlitz et al. (11). Because Keratograph
5M is the only device that performs the NIBUT measurement
fully automatically, it is the recommended instrument for
the measurement of this parameter. The advantage that OSA
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FIGURE 2

Limbal and bulbar redness classification. All presented images are Grade 1 within the Efron Scale. (A,B) Right and left eye, respectively, with blood
vessels fluidity of conjunctiva switch off. (C,D) The same right and left eye, respectively, with blood vessels fluidity of conjunctiva switch on.

presents with respect to the rest of dry eye analyzers is that
the measurement of the FNIBUT and MNIBUT is carried out
automatically and objectively. Therefore, it is on a par with
other dry eye analyzer devices such as the Keratograph 5M
and the LacryDiag.

Meibomian gland dysfunction

Non-contact infrared meibography is a technique used
to study MG dysfunction by evaluating MG dropout. The
qualification of the degree of MG dropout can be determined
subjectively by means of a scale or objectively through software
that automatically calculates the relationship between the area of
loss of MG and the total area of the eyelid (value ranging from
0 to 100%) (59). Automatic objective measures may be more
useful for detecting early gland loss (60).

The non-invasive instruments that can perform the study
of MG dysfunction are Keratograph 5M, OSA, IDRA, EasyTear
Viewplus, LacryDiag and LipiView. The analysis of meibography
with EasyTear Viewplus and LipiView (20, 61, 62) is carried

out subjectively by comparing it with a scale. In LacryDiag,
the analysis is semiautomatic. The examiner manually delimits
the exam area, and the software provides the percentage of
MG loss (13). OSA (49) and IDRA (12, 20, 50, 51) have
automatic, semiautomatic or manual procedures for analyzing
the present and absent gland area and show MG loss in a
classification of four degrees: 0–25, 26–50, 51–75, and 76–
100%. In the manual procedure, the examiner selects the area
in which the MGs are located. In addition, OSA Plus and
IDRA perform automatic 3D meibography. Using Keratograph
5M, the analysis can be subjective by comparing the image
obtained with a reference scale with four degrees (ranging
from 0 to 3) (13, 45, 46) or semiautomatic through the
ImageJ software that provides the total area analyzed and the
area covered by MGs (47, 60, 63, 64). The advantage that
OSA presents with respect to the rest of dry eye analyzers
is that the measurement of the MGD percentage is carried
out automatically and objectively. Therefore, it represents an
improvement over other dry eye analyzer devices such as the
Keratograph 5M and the LacryDiag that perform manual or
semi-automatic measurement using software.
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FIGURE 3

Lipid layer thickness assessment within the optic interferometer. (A) No lipid present (<15 nm of lipid thickness). (B) Open meshwork pattern
(∼15 nm of lipid thickness). (C) Close meshwork pattern (∼30 nm of lipid thickness). (D) Wave pattern (∼30/80 nm of lipid thickness). (E)
Amorphous pattern (∼80 nm of lipid thickness). (F) Color fringes pattern (∼80/120 nm of lipid thickness) and no patient achieved abnormal
color (∼120/160 nm of lipid thickness).

FIGURE 4

Tear meniscus height (TMH) measured with the caliper. The central green circle represents a standard measure of reference to calculate the
TMH. (A,B) Images represent the right and left eye, respectively. A result ≤0.20 mm implies an abnormal TMH and >0.20 mm suppose a within
the norm TMH.
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The ocular surface analyzer
protocol: Methods and anticipated
results

Non-invasive tear film analysis is performed with the
Integrated Clinical Platform (ICP) within the OSA. The OSA
includes a full assessment of the ocular surface through a
combination of dry eye disease diagnostic tests. The test allows
the quick assessment of the details of the tear film composition,
including the lipid, aqueous and mucin layers, in addition to
conjunctival redness classification and MG assessment. The
instrument is fit in the slit lamp tonometer hall. Regarding
the technical data, the image resolution is six megapixels, the
acquisition mode is multishot and movie acquisition, the focus
can be manual or automatic, and Placido disc and NIBUT grids
are available. Furthermore, the color and sensitivity to infrared
cameras are accessible, and the light source is an infrared or blue
light-emitting diode (LED). An OSA device image was presented
in Figure 1.

The OSA protocol examination includes all available non-
invasive dry eye disease tests in the device. Temperature
and humidity room examination conditions must be stable
during all measurements. Illumination of the room should
be performed under mesopic conditions. The patient must
not wear soft or rigid contact lenses at least 48 h prior
to the examination. In addition, no lubricants, eyedrops or
make-up should be used before the measurements. Ocular
surface tests are taken in alternating fashion between both eyes.
Furthermore, between OSA measurement steps, the subjects
blink normally within 1 min. Prior to the next measurement,
the subject blinks deliberately three full times. The order of the
measurements is from minor to major tear film fluctuations in
the following order.

Subjective questionnaire

The questionnaire included in the OSA platform is the
DEQ-5 (5, 65–67). It has five questions divided into three blocks:
(I) Questions about eye discomfort: (a) During a typical day
in the past month, how often did you feel discomfort (from
never to constantly) and (b) When your eyes feel discomfort,
how intense was the feeling of discomfort at the end of the
day, within 2 h of going to bed? (from never have it to very
intense). (II) Questions about eye dryness: (a) During a typical
day in the past month, how often did your eyes feel dry? (from
never to constantly) and (b) When you felt dry, how intense
was the feeling of dryness at the end of the day, within 2 h of
going to bed? (from never have it to very intense). (III) Question
about watery eyes: (a) During a typical day in the past month,
how often did your eyes look or feel excessively watery? (from
never to constantly).

At the end of the questionnaire, the OSA platform
summarizes the results, with scores ranging from 0 to 4 for
questions I-a, II-a and III and scores ranging from 0 to 5
for questions I-b and II-b. The total possible score in this
questionnaire is 22 points. Chalmers et al. (5) described mean
healthy population results of 2.7 ± 3.2 points within a clinical
difference to detect six points (68) (based on the variation
between severity classification) (5).

Limbal and bulbar redness
classification

The LBRC was detected within the blood vessel fluidity of
the conjunctiva to evaluate the redness degree with the Efron
(69) Scale (0 = normal, 1 = trace, 2 = mild, 3 = moderate
and 4 = severe). For this measurement, no cone was placed
on the device. A central picture must be taken to assess limbal
conjunctival redness (Figure 2). Therefore, a nasal and temporal
picture must be taken to assess bulbar conjunctival redness
(Figure 1). Efron (69) and Wu et al. (30) did not report mean
healthy population values, although they established clinically
normal as grade 0–1. The clinical difference to detect is 0.5
grading (68).

Lipid layer thickness

At this point, the quality of the tear film lipid was assessed.
The LLT evaluation was performed with optic interferometry.
Furthermore, the evaluation of the quantity of the lipid layer
was classified into seven different pattern categories defined
by Guillon (35). For this measurement, a plain cone is
placed on the device. The patient must blink normally during
an approximately 10-s video recording. Later, the video is
compared with the seven videos to match the exact lipid layer
pattern (Figure 3).

Tear meniscus height

The TMH test evaluates the aqueous layer quantity within
a millimeter caliper (≤ 0.20 mm–abnormal and > 0.20 mm–
normal). For this measurement, the plain cone is placed on
the device. The picture consists of a central capture of the
tear meniscus focalized in the center of the green square
(Figure 4). Later, the millimeter caliper is placed at the start
and end of the tear meniscus, and the height is obtained.
Multiple measurements can be performed as well as nasal
or temporal TMH. Mean healthy population results were
presented by several authors. Nichols et al. (42) reported
0.29 ± 0.13 mm (measured with a slit lamp), Wei et al. (44)
reported 0.29 ± 0.04 mm (measured with Keratograph 4),
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FIGURE 5

Non-Invasive Break-Up Time (NIBUT). (A) Placid disk rings reflected on tear film just after initial double deliberate blinks. (B) First Placido rings
deformation (difficult to see visually by a human) this moment automated establishes the first non-invasive break-up time (FNIBUT). (C) Mean
and general Placido rings deformation (difficult to see visually by a human) this moment automated establishes the mean non-invasive break-up
time (MNIBUT).

FIGURE 6

Meibomian gland pattern and dysfunction measured with an infrared non-contact camera. All images were real, and the green zone automatic
or manual establishes glands presence. (A) Right eye upper eyelid real meibomian gland pattern. (B) Left eye upper eyelid real meibomian gland
pattern. (C) Right eye low eyelid real meibomian gland pattern. (D) Left eye low eyelid real meibomian gland pattern.

FIGURE 7

Simulated 3D meibomian gland pattern performed with the intranet software of the Integrated Clinical Platform (ICP) within the Ocular Surface
Analyzer (OSA) from SBM System R© (Orbassano, Torino, Italy). (A) Simulated 3D right eye upper eyelid real meibomian gland pattern. (B)
Simulated 3D left eye upper eyelid real meibomian gland pattern. (C) Simulated 3D right eye low eyelid real meibomian gland pattern. (D)
Simulated 3D left eye low eyelid real meibomian gland pattern.
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Tian et al. (43) reported 0.27 ± 0.12 mm (measured with
Keratograph 5M), Li et al. (70) reported 0.19 ± 0.02 mm
(measured with ocular coherence tomography, OCT) and
Wang et al. (71) reported 0.34 ± 0.15 mm (measured with
OCT). The minimal clinical difference to detect was set at
0.1 mm (68).

Non-invasive break-up time

Regarding this measurement, the tear film mucin layer
quantity is assessed. The FNIBUT and MNIBUT are evaluated
with a special grid cone, which evaluates the tear film break in
seconds. The Placido cone is set for this test. The patient must
deliberately blink two times; after this, the video recording starts
and stops at the first involuntary blink. The device auto analyzes
the measurement and reports the first point of the blur grid as
the FNIBUT and the generalized tear film BUT as the MNIBUT
(Figure 5). Mean healthy population results were established by
Nichols et al. (58) 11.2 ± 6.8 s (measured with Tearscope Plus)
and Tian et al. (43) 10.4 ± 4.2 s (measured with Keratograph
5M). The minimal clinical difference to detect was set at 5 s (68).

Meibomian glands dysfunction

The MG dysfunction percentage us measured with an
infrared non-contact camera that evaluates the upper and lower
lid after everting it with a swab. For this measurement, no
cone is placed on the device. MG pictures of the upper and
lower eyelids must be captured inside the green square. After
the catch, MG assessment can be performed automatically
or manually (Figure 6). In addition, a combination of both
methods can be performed with the semiautomated method that
allows the addition or removal of non-detected MGs manually.
The MG dysfunction percentage can be classified into four
degrees: ∼0%–Grade 0, < 25%–Grade 1, 26–50%–Grade 2,
51–75%–Grade 3 and > 75%–Grade 4 (72, 73). The device
permit to perform a simulated or real (with OSA Plus) 3D MG
pattern (Figure 7).

Future research lines and
limitations

New emerging lines of research are focused on the search for
identifiers that allow us to recognize biomarkers of the effects of
the ocular surface in a more objective, automated and minimally
invasive way. To enhance the field, the development of new
algorithmic calculations and the incorporation of software
for data analysis, such big data and machine learning, will
allow us to recognize, detect and classify more accurately the
different values, including the interrelations between them, in an

automated way with different parameters (74). Independent and
dissociated observation of the tear film, inclusion of palpebral
parameters and analysis of proinflammatory factors without the
need for invasive, expensive, rapid or invited tests are potential
future directions that should be analyzed (75, 76).

Future researchers should consider that the intensity
of illumination produced by these instruments in their
measurements can cause an increase in the blink rate and
reflex tearing (77). Therefore, the main limitations found
are the lack of objectivity and automation in the measures
conducted, absence of correlations between existing tests and
lack of extrapolation to other similar systems. However, the
lack of intra- and interobserver repeatability in some of the
measurement tools due to the interaction of an observer
limits neutrality and increases biases, which impact the validity
of the results. Within the limitations of this study, an
accuracy and repeatability research is needed to validate this
ocular surface device.

Conclusion

The OSA is a device that can provide accurate, non-
invasive and easy-to-use parameters to specifically interpret
distinct functions of the tear film. The use of variables and
subsequent analysis of results can generate relevant information
for the management of clinical diagnoses. The OSA and
OSA Plus devices are novel and relevant dry eye disease
diagnostic tools; however, the automatization and objectivity
of the measurements can be increased in future software
or device updates.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Author contributions

MS-G, RC-P, M-CG-R, CD-H-C, M-JB-L, CS-V, and
J-MS-G: conceptualization, methodology, writing—original
draft preparation, writing—review and editing and supervision.
All authors read and agreed to the published version
of the manuscript.

Funding

This study received funding from ESTEVE Pharmaceuticals
S.A (English Editing Services and Article Processing Charges).

Frontiers in Medicine 09 frontiersin.org

https://doi.org/10.3389/fmed.2022.938484
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-938484 August 4, 2022 Time: 15:5 # 10

Sánchez-González et al. 10.3389/fmed.2022.938484

The funder was not involved in the study design, collection,
analysis, interpretation of data, the writing of this article or the
decision to submit it for publication.

Acknowledgments

We appreciate the support offered by the members of
the Department of Physics of Condensed Matter, Faculty
of Physics, University of Seville, with special thanks
to Javier Romero-Landa and Clara Conde-Amiano. In
addition, we also appreciate the technical support offered
by the members and facilities of the Faculty of Pharmacy,
University of Seville, with special thanks to María Álvarez-de-
Sotomayor.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. Jones L, Downie LE, Korb D, Benitez-del-Castillo JM, Dana R, Deng SX, et al.
TFOS DEWS II Management and Therapy Report. Ocul Surf. (2017) 15:575–628.
doi: 10.1016/j.jtos.2017.05.006

2. Kottaiyan R, Yoon G, Wang Q, Yadav R, Zavislan JM, Aquavella JV. Integrated
multimodal metrology for objective and noninvasive tear evaluation. Ocul Surf.
(2012) 10:43–50. doi: 10.1016/J.JTOS.2011.12.001

3. Remongin PE, Rousseau A, Best AL, Ben Hadj Salah W, Legrand M, Benichou
J, et al. [Multimodal evaluation of the ocular surface using a the new Lacrydiag
device]. J Fr Ophtalmol. (2021) 44:313–20. doi: 10.1016/J.JFO.2020.06.045

4. Foulks GN. Challenges and pitfalls in clinical trials of treatments for dry eye.
Ocul Surf. (2003) 1:20–30. doi: 10.1016/S1542-0124(12)70004-6

5. Chalmers RL, Begley CG, Caffery B. Validation of the 5-Item Dry Eye
Questionnaire (DEQ-5): discrimination across self-assessed severity and aqueous
tear deficient dry eye diagnoses. Contact Lens Anterior Eye. (2010) 33:55–60. doi:
10.1016/j.clae.2009.12.010

6. Peterson RC, Wolffsohn JS. Sensitivity and reliability of objective image
analysis compared to subjective grading of bulbar hyperaemia. Br J Ophthalmol.
(2007) 91:1464–6. doi: 10.1136/BJO.2006.112680

7. Niedernolte B, Trunk L, Wolffsohn JS, Pult H, Bandlitz S. Evaluation of
tear meniscus height using different clinical methods. Clin Exp Optom. (2021)
104:583–8. doi: 10.1080/08164622.2021.1878854

8. Arita R, Fukuoka S, Morishige N. Functional morphology of the lipid layer of
the tear film. Cornea. (2017) 36:S60–6. doi: 10.1097/ICO.0000000000001367

9. Lan W, Lin L, Yang X, Yu M. Automatic noninvasive tear breakup time
(TBUT) and conventional fluorescent TBUT. Optom Vis Sci. (2014) 91:1412–8.
doi: 10.1097/OPX.0000000000000418

10. Arita R, Suehiro J, Haraguchi T, Shirakawa R, Tokoro H, Amano S. Objective
image analysis of the meibomian gland area. Br J Ophthalmol. (2014) 98:746–55.
doi: 10.1136/BJOPHTHALMOL-2012-303014

11. Bandlitz S, Peter B, Pflugi T, Jaeger K, Anwar A, Bikhu P, et al. Agreement and
repeatability of four different devices to measure non-invasive tear breakup time
(NIBUT). Cont Lens Anterior Eye. (2020) 43:507–11. doi: 10.1016/J.CLAE.2020.02.
018

12. Vigo L, Pellegrini M, Bernabei F, Carones F, Scorcia V, Giannaccare G.
Diagnostic performance of a novel noninvasive workup in the setting of dry eye
disease. J Ophthalmol. (2020) 2020:5804123. doi: 10.1155/2020/5804123

13. Ward CD, Murchison CE, Petroll WM, Robertson DM. Evaluation of
the repeatability of the lacrydiag ocular surface analyzer for assessment of the
meibomian glands and tear film. Transl Vis Sci Technol. (2021) 10:1. doi: 10.1167/
TVST.10.9.1

14. Uchida A, Uchino M, Goto E, Hosaka E, Kasuya Y, Fukagawa K, et al.
Noninvasive interference tear meniscometry in dry eye patients with Sjögren
syndrome. Am J Ophthalmol. (2007) 144:6. doi: 10.1016/J.AJO.2007.04.006

15. Abdelfattah NS, Dastiridou A, Sadda SVR, Lee OL. Noninvasive imaging of
tear film dynamics in eyes with ocular surface disease. Cornea. (2015) 34:S48–52.
doi: 10.1097/ICO.0000000000000570

16. Baek J, Doh SH, Chung SK. Comparison of tear meniscus height
measurements obtained with the keratograph and fourier domain optical
coherence tomography in dry eye. Cornea. (2015) 34:1209–13. doi: 10.1097/ICO.
0000000000000575

17. Arriola-Villalobos P, Fernández-Vigo JI, Díaz-Valle D, Peraza-Nieves JE,
Fernández-Pérez C, Benítez-Del-Castillo JM. Assessment of lower tear meniscus
measurements obtained with Keratograph and agreement with Fourier-domain
optical-coherence tomography. Br J Ophthalmol. (2015) 99:1120–5. doi: 10.1136/
BJOPHTHALMOL-2014-306453

18. Zhou N, Edwards K, Colorado LH, Schmid KL. Development of feasible
methods to image the eyelid margin using in vivo confocal microscopy. Cornea.
(2020) 39:1325–33. doi: 10.1097/ICO.0000000000002347

19. Lee Y, Hyon JY, Jeon HS. Characteristics of dry eye patients with
thick tear film lipid layers evaluated by a LipiView II interferometer. Graefes
Arch Clin Exp Ophthalmol. (2021) 259:1235–41. doi: 10.1007/S00417-020-05
044-5

20. Lee JM, Jeon YJ, Kim KY, Hwang K-Y, Kwon Y-A, Koh K. Ocular surface
analysis: a comparison between the LipiView R© II and IDRA R© . Eur J Ophthalmol.
(2021) 31:2300–6. doi: 10.1177/1120672120969035

21. Guarnieri A, Carnero E, Bleau AM, Alfonso-Bartolozzi B, Moreno-Montañés
J. Relationship between OSDI questionnaire and ocular surface changes in
glaucomatous patients. Int Ophthalmol. (2020) 40:741–51. doi: 10.1007/s10792-
019-01236-z

22. Verrecchia S, Chiambaretta F, Kodjikian L, Nakouri Y, El Chehab H, Mathis
T, et al. A prospective multicentre study of intravitreal injections and ocular surface
in 219 patients: IVIS study. Acta Ophthalmol. (2021) 99:877–84. doi: 10.1111/aos.
14797

23. Lawrenson JG, Birhah R, Murphy PJ. Tear-film lipid layer morphology and
corneal sensation in the development of blinking in neonates and infants. J Anat.
(2005) 206:265–70. doi: 10.1111/j.1469-7580.2005.00386.x

24. Prabhasawat P, Tesavibul N, Kasetsuwan N. Performance profile of sodium
hyaluronate in patients with lipid tear deficiency: randomised, double-blind,
controlled, exploratory study. Br J Ophthalmol. (2007) 91:47–50. doi: 10.1136/bjo.
2006.097691

25. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability
and validity of the ocular surface disease index. Arch Ophthalmol. (2000) 118:615–
21. doi: 10.1001/archopht.118.5.615

26. Ngo W, Situ P, Keir N, Korb D, Blackie C, Simpson T. Psychometric
properties and validation of the standard patient evaluation of eye dryness
questionnaire. Cornea. (2013) 32:1204–10. doi: 10.1097/ICO.0b013e318294
b0c0

Frontiers in Medicine 10 frontiersin.org

https://doi.org/10.3389/fmed.2022.938484
https://doi.org/10.1016/j.jtos.2017.05.006
https://doi.org/10.1016/J.JTOS.2011.12.001
https://doi.org/10.1016/J.JFO.2020.06.045
https://doi.org/10.1016/S1542-0124(12)70004-6
https://doi.org/10.1016/j.clae.2009.12.010
https://doi.org/10.1016/j.clae.2009.12.010
https://doi.org/10.1136/BJO.2006.112680
https://doi.org/10.1080/08164622.2021.1878854
https://doi.org/10.1097/ICO.0000000000001367
https://doi.org/10.1097/OPX.0000000000000418
https://doi.org/10.1136/BJOPHTHALMOL-2012-303014
https://doi.org/10.1016/J.CLAE.2020.02.018
https://doi.org/10.1016/J.CLAE.2020.02.018
https://doi.org/10.1155/2020/5804123
https://doi.org/10.1167/TVST.10.9.1
https://doi.org/10.1167/TVST.10.9.1
https://doi.org/10.1016/J.AJO.2007.04.006
https://doi.org/10.1097/ICO.0000000000000570
https://doi.org/10.1097/ICO.0000000000000575
https://doi.org/10.1097/ICO.0000000000000575
https://doi.org/10.1136/BJOPHTHALMOL-2014-306453
https://doi.org/10.1136/BJOPHTHALMOL-2014-306453
https://doi.org/10.1097/ICO.0000000000002347
https://doi.org/10.1007/S00417-020-05044-5
https://doi.org/10.1007/S00417-020-05044-5
https://doi.org/10.1177/1120672120969035
https://doi.org/10.1007/s10792-019-01236-z
https://doi.org/10.1007/s10792-019-01236-z
https://doi.org/10.1111/aos.14797
https://doi.org/10.1111/aos.14797
https://doi.org/10.1111/j.1469-7580.2005.00386.x
https://doi.org/10.1136/bjo.2006.097691
https://doi.org/10.1136/bjo.2006.097691
https://doi.org/10.1001/archopht.118.5.615
https://doi.org/10.1097/ICO.0b013e318294b0c0
https://doi.org/10.1097/ICO.0b013e318294b0c0
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-938484 August 4, 2022 Time: 15:5 # 11

Sánchez-González et al. 10.3389/fmed.2022.938484

27. Hashmani N, Munaf U, Saleem A, Javed SO, Hashmani S. Comparing speed
and osdi questionnaires in a non-clinical sample. Clin Ophthalmol. (2021) 15:4169–
73. doi: 10.2147/OPTH.S332565

28. Simpson TL, Situ P, Jones LW, Fonn D. Dry eye symptoms assessed by
four questionnaires. Optom Vis Sci. (2008) 85:b013e318181ae36. doi: 10.1097/OPX.
0b013e318181ae36

29. Akowuah PK, Adjei-Anang J, Nkansah EK, Fummey J, Osei-Poku K, Boadi
P, et al. Comparison of the performance of the dry eye questionnaire (DEQ-5) to
the ocular surface disease index in a non-clinical population. Contact Lens Anterior
Eye. (2021) 2021:101441. doi: 10.1016/j.clae.2021.101441

30. Wu S, Hong J, Tian L, Cui X, Sun X, Xu J. Assessment of bulbar redness with
a newly developed keratograph. Optom Vis Sci. (2015) 92:892–9. doi: 10.1097/OPX.
0000000000000643

31. Baudouin C, Barton K, Cucherat M, Traverso C. The measurement of bulbar
hyperemia: challenges and pitfalls. Eur J Ophthalmol. (2015) 25:273–9. doi: 10.5301/
ejo.5000626

32. Pérez-Bartolomé F, Sanz-Pozo C, Martínez-de la Casa JM, Arriola-Villalobos
P, Fernández-Pérez C, García-Feijoó J. Assessment of ocular redness measurements
obtained with keratograph 5M and correlation with subjective grading scales. J Fr
Ophtalmol. (2018) 41:836–46. doi: 10.1016/j.jfo.2018.03.007

33. Amparo F, Wang H, Emami-Naeini P, Karimian P, Dana R. The ocular
redness index: a novel automated method for measuring ocular injection. Invest
Ophthalmol Vis Sci. (2013) 54:4821–6. doi: 10.1167/IOVS.13-12217

34. Schulze MM, Hutchings N, Simpson TL. The use of fractal analysis and
photometry to estimate the accuracy of bulbar redness grading scales. Investig
Ophthalmol Vis Sci. (2008) 49:1398–406. doi: 10.1167/iovs.07-1306

35. Guillon JP. Non-invasive tearscope plus routine for contact lens fitting.
Contact Lens Anterior Eye. (1998) 21:S31–40. doi: 10.1016/S1367-0484(98)80035-0

36. Markoulli M, Duong TB, Lin M, Papas E. Imaging the tear film: a
comparison between the subjective keeler tearscope-plusTM and the objective
oculus R© keratograph 5m and lipiview R© interferometer. Curr Eye Res. (2018)
43:155–62. doi: 10.1080/02713683.2017.1393092

37. Tong L, Teng LS. Review of literature on measurements of non-invasive break
up times, lipid morphology and tear meniscal height using commercially available
hand-held instruments. Curr Eye Res. (2018) 43:567–75. doi: 10.1080/02713683.
2018.1437454

38. García-Marqués JV, Talens-Estarelles C, García-Lázaro S, Cerviño A.
Validation of a new objective method to assess lipid layer thickness without the
need of an interferometer. Graefes Arch Clin Exp Ophthalmol. (2022) 260:655–76.
doi: 10.1007/S00417-021-05378-8

39. Finis D, Pischel N, Schrader S, Geerling G. Evaluation of lipid layer thickness
measurement of the tear film as a diagnostic tool for Meibomian gland dysfunction.
Cornea. (2013) 32:1549–53. doi: 10.1097/ICO.0B013E3182A7F3E1

40. Chou YB, Fan NW, Lin PY. Value of lipid layer thickness and blinking
pattern in approaching patients with dry eye symptoms. Can J Ophthalmol. (2019)
54:735–40. doi: 10.1016/J.JCJO.2019.03.005

41. Zhao Y, Tan CLS, Tong L. Intra-observer and inter-observer repeatability of
ocular surface interferometer in measuring lipid layer thickness. BMC Ophthalmol.
(2015) 15:53. doi: 10.1186/S12886-015-0036-9

42. Nichols KK, Mitchell GL, Zadnik K. The repeatability of clinical
measurements of dry eye. Cornea. (2004) 23:272–85. doi: 10.1097/00003226-
200404000-00010

43. Tian L, Qu JH, Zhang XY, Sun XG. Repeatability and reproducibility of
noninvasive keratograph 5m measurements in patients with dry eye disease. J
Ophthalmol. (2016) 2016:8013621. doi: 10.1155/2016/8013621

44. Wei A, Le Q, Hong J, Wang W, Wang F, Xu J. Assessment of lower tear
meniscus. Optom Vis Sci. (2016) 93:1420–5. doi: 10.1097/OPX.0000000000000986

45. Yu T, Shi W-Y, Song A-P, Gao Y, Dang G-F, Ding G. Changes of meibomian
glands in patients with type 2 diabetes mellitus. Int J Ophthalmol. (2016) 9:1740.
doi: 10.18240/IJO.2016.12.06

46. Wang X, Li J, Zhang R, Li N, Pang Y, Zhang Y, et al. The influence of overnight
orthokeratology on ocular surface and meibomian gland dysfunction in teenagers
with myopia. J Ophthalmol. (2019) 2019:5142628. doi: 10.1155/2019/5142628

47. Liu S, Li S, Li M, Zeng S, Chen B, Zhang L. Evaluation of the ocular surface
and meibomian gland in obstructive sleep apnea hypopnea syndrome. Front Med.
(2022) 9:832954. doi: 10.3389/FMED.2022.832954

48. Wang X, Lu X, Yang J, Wei R, Yang L, Zhao S, et al. Evaluation of dry eye
and meibomian gland dysfunction in teenagers with myopia through noninvasive
keratograph. J Ophthalmol. (2016) 2016:6761206. doi: 10.1155/2016/6761206

49. Totuk ÖMG, Kabadayı K, Özkapı C, Aykan Ü. Efficacy of intense pulsed
light treatment for moderate to severe acute blepharitis or blepharoconjunctivitis:

a retrospective case series. Turkish J Ophthalmol. (2021) 51:89–94. doi: 10.4274/tjo.
galenos.2020.28924

50. Jeon YJ, Song MY, Kim KY, Hwang KY, Kwon YA, Koh K. Relationship
between the partial blink rate and ocular surface parameters. Int Ophthalmol.
(2021) 41:2601. doi: 10.1007/S10792-021-01819-9

51. Marta A, Baptista PM, Marques JH, Almeida D, José D, Sousa P, et al.
Intense pulsed plus low-level light therapy in meibomian gland dysfunction. Clin
Ophthalmol. (2021) 15:2803. doi: 10.2147/OPTH.S318885

52. Tóth N, Szalai E, Rák T, Lillik V, Nagy A, Csutak A. Reliability and clinical
applicability of a novel tear film imaging tool. Graefe’s Arch Clin Exp Ophthalmol.
(2021) 259:1935. doi: 10.1007/S00417-021-05162-8

53. Best N, Drury L, Wolffsohn JS. Clinical evaluation of the Oculus Keratograph.
Cont Lens Anterior Eye. (2012) 35:171–4. doi: 10.1016/J.CLAE.2012.04.002

54. Sandra Johanna GP, Antonio LA, Andrés GS. Correlation between type 2
diabetes, dry eye and Meibomian glands dysfunction. J Optom. (2019) 12:256.
doi: 10.1016/J.OPTOM.2019.02.003

55. Fagehi R, Al-Bishry A, Alanazi M, Abusharha A, El-Hiti G, Masmali A.
Investigation of the repeatability of tear osmolarity using an I-PEN osmolarity
device. Taiwan J Ophthalmol. (2021) 11:168. doi: 10.4103/TJO.TJO_65_20

56. Prabhasawat P, Tesavibul N, Mahawong W. A randomized double-
masked study of 0.05% cyclosporine ophthalmic emulsion in the treatment of
meibomian gland dysfunction. Cornea. (2012) 31:1386–93. doi: 10.1097/ICO.
0B013E31823CC098

57. Guillon M, Theodoratos P, Patel K, Gupta R, Patel T. Pre-contact lens and
pre-corneal tear film kinetics. Contact Lens Anterior Eye. (2019) 42:246–52. doi:
10.1016/j.clae.2019.02.001

58. Nichols JJ, Nichols KK, Puent B, Saracino M, Mitchell GL. Evaluation of tear
film interference patterns and measures of tear break-up time.OptomVis Sci. (2002)
79:363–9. doi: 10.1097/00006324-200206000-00009

59. Han SB, Liu YC, Mohamed-Noriega K, Tong L, Mehta JS. Objective Imaging
Diagnostics for Dry Eye Disease. J Ophthalmol. (2020) 2020:3509064. doi: 10.1155/
2020/3509064

60. Pult H, Riede-Pult B. Comparison of subjective grading and objective
assessment in meibography. Cont Lens Anterior Eye. (2013) 36:22–7. doi: 10.1016/
J.CLAE.2012.10.074

61. Zhang J, Wu Z, Sun L, Liu XH, Liu YC. Function and morphology of the
meibomian glands using a lipiview interferometer in rotating shift medical staff. J
Ophthalmol. (2020) 2020:3275143. doi: 10.1155/2020/3275143

62. Wang CY, Ho RW, Fang PC, Yu HJ, Chien CC, Hsiao CC, et al. The function
and morphology of Meibomian glands in patients with thyroid eye disease: a
preliminary study. BMCOphthalmol. (2018) 18:9. doi: 10.1186/S12886-018-0763-9

63. Satitpitakul V, Rattanaphong T, Pruksakorn V. Meibomian glands dropout
in patients with inactive thyroid related orbitopathy. PLoS One. (2021) 16:250617.
doi: 10.1371/JOURNAL.PONE.0250617

64. Li J, Ma J, Hu M, Yu J, Zhao Y. Assessment of tear film lipid layer thickness
in patients with Meibomian gland dysfunction at different ages. BMC Ophthalmol.
(2020) 20:8. doi: 10.1186/S12886-020-01667-8

65. Fernandez CA, Galor A, Arheart KL, Musselman DL, Venincasa VD, Florez
HJ, et al. Dry eye syndrome, posttraumatic stress disorder, and depression in
an older male veteran population. Invest Ophthalmol Vis Sci. (2013) 54:3666–72.
doi: 10.1167/iovs.13-11635

66. Galor A, Felix ER, Feuer W, Shalabi N, Martin ER, Margolis TP, et al. Dry eye
symptoms align more closely to non-ocular conditions than to tear film parameters.
Br J Ophthalmol. (2015) 99:1126–9. doi: 10.1136/bjophthalmol-2014-306481

67. Camp A, Wellik SR, Tzu JH, Feuer W, Arheart KL, Sastry A, et al. Dry eye
specific quality of life in veterans using glaucoma drops. Contact Lens Anterior Eye.
(2015) 38:220–5. doi: 10.1016/j.clae.2015.02.001

68. Wolffsohn JS, Arita R, Chalmers R, Djalilian A, Dogru M, Dumbleton K,
et al. TFOS DEWS II Diagnostic Methodology report. Ocul Surf. (2017) 15:539–74.
doi: 10.1016/j.jtos.2017.05.001

69. Efron N. Grading scales for contact lens complications. Ophthalmic Physiol
Opt. (1998) 18:182–6. doi: 10.1016/S0275-5408(97)00066-5

70. Li J, Shen M, Wang J, Ma H, Tao A, Xu S, et al. Clinical significance of
tear menisci in dry eye. Eye Contact Lens. (2012) 38:183–7. doi: 10.1097/ICL.
0b013e318252ce0c

71. Wang J, Palakuru JR, Aquavella JV. Correlations among upper and lower tear
menisci, noninvasive tear break-up time, and the schirmer test. Am J Ophthalmol.
(2008) 145:795–800. doi: 10.1016/j.ajo.2007.12.035

72. Arita R, Itoh K, Inoue K, Amano S. Noncontact infrared meibography to
document age-related changes of the meibomian glands in a normal population.
Ophthalmology. (2008) 115:911–5. doi: 10.1016/j.ophtha.2007.06.031

Frontiers in Medicine 11 frontiersin.org

https://doi.org/10.3389/fmed.2022.938484
https://doi.org/10.2147/OPTH.S332565
https://doi.org/10.1097/OPX.0b013e318181ae36
https://doi.org/10.1097/OPX.0b013e318181ae36
https://doi.org/10.1016/j.clae.2021.101441
https://doi.org/10.1097/OPX.0000000000000643
https://doi.org/10.1097/OPX.0000000000000643
https://doi.org/10.5301/ejo.5000626
https://doi.org/10.5301/ejo.5000626
https://doi.org/10.1016/j.jfo.2018.03.007
https://doi.org/10.1167/IOVS.13-12217
https://doi.org/10.1167/iovs.07-1306
https://doi.org/10.1016/S1367-0484(98)80035-0
https://doi.org/10.1080/02713683.2017.1393092
https://doi.org/10.1080/02713683.2018.1437454
https://doi.org/10.1080/02713683.2018.1437454
https://doi.org/10.1007/S00417-021-05378-8
https://doi.org/10.1097/ICO.0B013E3182A7F3E1
https://doi.org/10.1016/J.JCJO.2019.03.005
https://doi.org/10.1186/S12886-015-0036-9
https://doi.org/10.1097/00003226-200404000-00010
https://doi.org/10.1097/00003226-200404000-00010
https://doi.org/10.1155/2016/8013621
https://doi.org/10.1097/OPX.0000000000000986
https://doi.org/10.18240/IJO.2016.12.06
https://doi.org/10.1155/2019/5142628
https://doi.org/10.3389/FMED.2022.832954
https://doi.org/10.1155/2016/6761206
https://doi.org/10.4274/tjo.galenos.2020.28924
https://doi.org/10.4274/tjo.galenos.2020.28924
https://doi.org/10.1007/S10792-021-01819-9
https://doi.org/10.2147/OPTH.S318885
https://doi.org/10.1007/S00417-021-05162-8
https://doi.org/10.1016/J.CLAE.2012.04.002
https://doi.org/10.1016/J.OPTOM.2019.02.003
https://doi.org/10.4103/TJO.TJO_65_20
https://doi.org/10.1097/ICO.0B013E31823CC098
https://doi.org/10.1097/ICO.0B013E31823CC098
https://doi.org/10.1016/j.clae.2019.02.001
https://doi.org/10.1016/j.clae.2019.02.001
https://doi.org/10.1097/00006324-200206000-00009
https://doi.org/10.1155/2020/3509064
https://doi.org/10.1155/2020/3509064
https://doi.org/10.1016/J.CLAE.2012.10.074
https://doi.org/10.1016/J.CLAE.2012.10.074
https://doi.org/10.1155/2020/3275143
https://doi.org/10.1186/S12886-018-0763-9
https://doi.org/10.1371/JOURNAL.PONE.0250617
https://doi.org/10.1186/S12886-020-01667-8
https://doi.org/10.1167/iovs.13-11635
https://doi.org/10.1136/bjophthalmol-2014-306481
https://doi.org/10.1016/j.clae.2015.02.001
https://doi.org/10.1016/j.jtos.2017.05.001
https://doi.org/10.1016/S0275-5408(97)00066-5
https://doi.org/10.1097/ICL.0b013e318252ce0c
https://doi.org/10.1097/ICL.0b013e318252ce0c
https://doi.org/10.1016/j.ajo.2007.12.035
https://doi.org/10.1016/j.ophtha.2007.06.031
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-938484 August 4, 2022 Time: 15:5 # 12

Sánchez-González et al. 10.3389/fmed.2022.938484

73. Arita R, Itoh K, Inoue K, Kuchiba A, Yamaguchi T, Amano
S. Contact lens wear is associated with decrease of meibomian
glands. Ophthalmology. (2009) 116:379–84. doi: 10.1016/j.ophtha.2008.
10.012

74. Ashwini DL, Ve RS, Nosch D, Wilmot N. Efficacy of blink software in
improving the blink rate and dry eye symptoms in visual display terminal users -
A single-blinded randomized control trial. Indian J Ophthalmol. (2021) 69:2643–8.
doi: 10.4103/ijo.IJO_3405_20

75. McMonnies CW. Diagnosis and remediation of blink inefficiency. Cont Lens
Anterior Eye. (2021) 44:101331. doi: 10.1016/j.clae.2020.04.015

76. Petrillo F, Pignataro D, Lavano MA, Santella B, Folliero V, Zannella C,
et al. Current evidence on the ocular surface microbiota and related diseases.
Microorganisms. (2020) 8:8071033. doi: 10.3390/microorganisms8071033

77. Arita R, Fukuoka S, Morishige N. New insights into the morphology and
function of meibomian glands. Exp Eye Res. (2017) 163:64–71. doi: 10.1016/j.exer.
2017.06.010

Frontiers in Medicine 12 frontiersin.org

https://doi.org/10.3389/fmed.2022.938484
https://doi.org/10.1016/j.ophtha.2008.10.012
https://doi.org/10.1016/j.ophtha.2008.10.012
https://doi.org/10.4103/ijo.IJO_3405_20
https://doi.org/10.1016/j.clae.2020.04.015
https://doi.org/10.3390/microorganisms8071033
https://doi.org/10.1016/j.exer.2017.06.010
https://doi.org/10.1016/j.exer.2017.06.010
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Dry eye disease and tear film assessment through a novel non-invasive ocular surface analyzer: The OSA protocol
	Introduction
	Materials and equipment
	Questionnaire
	Limbal and bulbar redness classification
	Lipid layer thickness
	Tear meniscus height
	Non-invasive break-up time
	Meibomian gland dysfunction

	The ocular surface analyzer protocol: Methods and anticipated results
	Subjective questionnaire
	Limbal and bulbar redness classification
	Lipid layer thickness
	Tear meniscus height
	Non-invasive break-up time
	Meibomian glands dysfunction

	Future research lines and limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


