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ABSTRACTS
Objective  The objective of this study is to determine 
the validity and reliability of the red filter meibography 
by smartphone compared with infrared in assessing 
meibomian gland drop-out.
Methods and analysis  An analytical cross-sectional 
study was done with a total of 35 subjects (68 eyes) with 
suspected MGD based on symptoms and lid morphological 
abnormalities. Meibomian glands were photographed 
using two smartphones (Samsung S9 and iPhone XR) on 
a slit-lamp with added red filter. Images were assessed 
subjectively using meiboscore by the two raters and drop-
out percentages were assessed by ImageJ.
Results  There was no agreement in meiboscore and 
a minimal level of agreement in drop-out percentages 
between red filter meibography and infrared. Inter-rater 
reliability showed no agreement between two raters. Intra-
rater reliability demonstrated weak agreement in rater 1 
and no agreement in rater 2.
Conclusion  Validity of the red filter meibography 
technique by smartphones is not yet satisfactory in 
evaluating drop-out. Further improvement on qualities 
of images must be done and research on subjective 
assessment was deemed necessary due to poor results of 
intrarater and inter-rater reliability.

INTRODUCTION
Meibomian gland dysfunction (MGD) is a 
chronic and diffuse disorder of the meibo-
mian glands, characterised by obstruction 
of the terminal ducts and/or qualitative 
and quantitative changes in glandular secre-
tion.1 2 MGD is often found in clinical 
practice and is a main cause of evaporative 
dry eye disease in the elderly.3–5 Morpho-
logical changes called meibomian gland 
drop-out (MG drop-out) can be seen in 
vivo with a technique called meibography.6 
Meibography can help evaluate morpho-
logical changes, assess the degree of MG 
drop-out, guide treatment decisions and 
monitor therapeutic effects as well as patient 
education tools to improve adherence.

Most of the meibography modalities to date 
still use infrared techniques and the assess-
ment of MG drop-out from meibography 

often uses subjective assessment by examiners 
with four scales called meiboscore although 
there is no agreement. However, infrared 
meibography is costly and not readily avail-
able in practices hence meibography is not 
routinely performed. Lee et al hypothesised 
that the visibility of the meibomian glands 
on non-contact infrared meibography is due 
to the loss of the shadow of the conjunc-
tival blood vessels that are above the gland 
so that alternative methods that can remove 
the shadow of the conjunctival blood vessels 
can also increase the visibility of the meibo-
mian glands without the infrared system.7 
This study reports a moderate agreement 
between the meiboscore values of the images 
produced from the slit lamp with the addition 
of a red filter to infrared meibography.

The use of smartphone cameras to take 
pictures of the meibomian glands from a 
slit lamp with a red filter is expected to be 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Meibography is a technique to evaluate meibomian 
gland in vivo. Currently, it still uses infrared as the 
main modalities to visualise meibomian glands with 
excellent results. However, as MGD cases were 
still on the rises, we needed to develop inexpen-
sive, simpler and readily available techniques using 
smartphone camera rapid improvement to perform 
meibography.

WHAT THIS STUDY ADDS
	⇒ Although the validity and reliability in grading drop-
outs are not comparable to infrared method, the 
meibomian gland can still be visualised using a red 
filter and captured by smartphones. This is prom-
ising and valuable, especially in rural and remote 
areas where infrared technology is not available.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Many can improve the affordable red filter technique 
to be comparable to the conventional infrared meth-
ods. In the future, artificial intelligence can be devel-
oped to analyse the red filter-meibography results.
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a cheaper, non-invasive alternative to meibography and 
can be performed by most ophthalmologists. However, 
currently, there is no standardisation of image capture 

and reports on the validity of this technique. The purpose 
of this study was to determine the validity and reliability 
of the red filter meibography technique by smartphone 
compared with infrared meibography in assessing MG 
drop-out.

MATERIALS AND METHODS
This study is an analytical cross-sectional study to evaluate 
the validity and reliability of meibography examina-
tion using a red filter by a smartphone compared with 
infrared meibography. We investigated a total of 68 eyes 
of 35 patients aged more than 18 years and with suspected 
MGD based on history and eyelid morphology who came 
to Department of Ophthalmology, Cipto Mangunku-
sumo Hospital-Kirana, which is located in Jakarta in 
March 2021. Patients or the public were not involved in 
the design, conduct, reporting or dissemination plans of 
our research. We exclude patients with eyelid abnormal-
ities that made it difficult to be everted, had a history of 
eyelid surgery due to trauma or tumour, had a history of 
eyelid trauma, showed severe conjunctival inflammation, 
a history of ocular surgery <4 weeks and patients with 
severe systemic disease.

All patients underwent slit-lamp examination of the 
anterior segment. Images of meibomian gland were 
then captured using the same slit-lamp biomiscroscopy, 
specifically the Haag-Streit BP 900-LED, set in a well-
illuminated room with no windows. The slit-lamp was 
configured with background illumination light and posi-
tioned at a 30°–45° angle with 10 times magnification. A 
custom red filter was placed in front of the light source 
in the slit-lamp’s illumination system. Upper and lower 
eyelid images were acquired after everting the eyelid and 
photographs were taken by two types of smartphones 
(Samsung S9 and iPhone XR) consecutively. Patients also 
underwent infrared meibography using OCULUS Kera-
tograph 5M. Photos from smartphones will be converted 
to black and white using filters settings embedded in 
camera application of the smartphone.

The resulting set of images was then masked by a 
research assistant and assessed by two raters (RLDN and 
SW) for a subjective assessment using the meiboscore. 
The assessment of randomised images was done in a 
dark room with a 22-inch LED monitor. Both raters will 
assess the same set of images 2 weeks apart after the first 
assessment for evaluation of intra-rater reliability. The 
highest meiboscore of the two assessments by rater 1 will 
be used in the statistical analysis. Then, for the evaluation 
of inter-rater reliability, a comparison of the meiboscore 
values between the two raters was analysed. Each set of 
images was digitally processed using ImageJ software by 
the researcher (GHA) to assess the drop-out percentage. 
The researcher and the two raters underwent training on 
subjective image assessment and computer application 
before conducting the study.

The meiboscore agreement analysis uses Cohen’s 
kappa (κ) while the agreement analysis of the drop-out 
percentage by ImageJ uses the intraclass correlation 

Table 1  Demographic and clinical characteristics of 
subjects

Characteristics No. of patients (%)

Age in years (mean±SD) 60.01±13.5

 � 18–40 years 6/68 (8.8)

 � 41–60 years 24/68 (35.3)

 � >60 years 38/68 (55.9)

Gender

 � Male 27/68 (39.7)

 � Female 41/68 (60.3)

Predisposing factor

 � Age >50 years 50/68 (73.5)

 � Menopause (n=41) 29/41 (70.7)

 � Antihistamine 8/68 (11.8)

 � Sjogren syndrome 8/68 (11.8)

 � Antidepressant 4/68 (5.9)

 � Postmenopausal hormone (n=41) 2/41 (4.9)

 � Contact lens use 2/68 (2.9)

 � Isotretinoin 2/68 (2.9)

Lid margin morphology

 � Lid plugging 68/68 (100)

 � Lid irregularities 45/68 (66.2)

 � Lid telangiectasia 36/68 (52.9)

 � Lid thickness 9/68 (13.2)

Expressibility

 � 0 3/68 (4.4)

 � 1 27/68 (39.7)

 � 2 34/68 (50)

 � 3 4/68 (5.9)

Stage MGD

 � 1 1/68 (1.5)

 � 2 33/68 (48.5)

 � 3 32/68 (47.1)

 � 4 2/68 (2.9)

NIBUT (in seconds) 5.64 (4.41–8.18)*

OSDI score 38±22.2†

OSDI stage

 � Normal 16/68 (23.5)

 � Mild 6/68 (8.8)

 � Moderate 6/68 (8.8)

 � Severe 40/68 (58.8)

*Median with IQR.
†Mean±SD.
MGD, meibomian gland dysfunction; NIBUT, non-invasive break-
up time; OSDI, Ocular Surface Disease Index.
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coefficient (ICC) in the form of a two-way mixed-effects 
absolute agreement. The guidelines used for interpre-
tation of κ values were as follows: <0.20 indicated no 
agreement; 0.21–0.39, minimal; 0.40–0.59, weak; 0.60–
0.79, moderate; 0.80–0.90, strong and >0.91, almost 
perfect as suggested previously.8 While guidelines used 
for interpretation of ICC values were as follows: <0.50 
indicated poor value; 0.50–0.75, moderate; 0.75–0.90, 
good and >0.90, excellent as suggested previously.9

RESULTS
A total of 68 eyes of 35 patients were included in this 
study. Demographic and general characteristics of all 
patients are summarised in table 1. Subjects ranged from 
25 to 83 years with a mean of 60 years.

The clinical characteristics of subjects are shown in 
table 1. Most of the subjects suffered from MGD in stages 
2 and 3 based on clinical symptoms, clinical signs and 
ocular surface staining. The results of the Ocular Surface 
Disease Index questionnaire examination showed that 
most of the research subjects suffered from dry eyes with 
severe symptoms.

The kappa value appears to be less than 0.2, which 
means that there is no agreement for meiboscore between 
the two techniques (table 2). The same thing was found 
in the drop-out percentage analysis where there was a low 
agreement between the meibography with both types of 
smartphones to infrared meibography (table 3).

There is a positive correlation between meiboscore 
and drop-out percentage using ImageJ (table 4), which 
means the increase of meiboscore is directly proportional 
to the increase in the drop-out percentage even though 
the correlation value is low (Spearman correlation value 

is less than 0.5). However, meiboscore correlation value 
with drop-out percentage using ImageJ of smartphone 2 
(iPhone XR) images appears slightly higher than images 
produced by smartphone 1 (Samsung S9).

The results of the inter-rater reliability analysis showed 
minimal to weak agreement between the two raters in 
assessing images produced by standard infrared meibog-
raphy techniques (online supplemental table 1). There is 
also no agreement between the two raters in assessing the 
images produced by smartphone 1 (Samsung S9) while 
there is only minimal agreement between two raters in 
assessing the images produced by smartphone 2 (iPhone 
XR).

Intra-rater reliability analysis of the two raters showed a 
weak to moderate agreement value in assessing the images 
produced by the infrared meibography. Rater 1 shows 
a weak agreement in assessing the image produced by 
smartphone 1 (Samsung S9) and rater 2 shows no agree-
ment between the two assessments. Then, in assessing the 
image produced by smartphone 2 (iPhone XR), rater 1 
showed weak agreement in assessing the upper eyelid but 
obtained minimal agreement in assessing the lower lid. 
Rater 2 also showed a minimal agreement in assessing the 
upper and lower lids of the photos produced by smart-
phone 2 (iPhone XR).

DISCUSSION
This study showed that there is no agreement in meibo-
score and drop-out percentage between red filter 
meibography technique by the Samsung S9 and iPhone 
XR smartphones compared with infrared. However, there 
is a positive correlation between the meiboscore and 
the drop-out percentage using ImageJ on the red filter 

Table 2  Meiboscore agreement between red filter meibography and infrared meibography

Meiboscore Kappa value (95% CI) P value

Smartphone 1 Lower lid −0.036 (−0.089 to 0.027) 0.338

(Samsung S9) Upper lid 0.094 (0.008 to 0.186) 0.038

Lower and upper lid −0.022 (−0.060 to 0.023) 0.468

Smartphone 2 Lower lid 0.146 (−0.012 to 0.322) 0.054

(iPhone XR) Upper lid 0.090 (0.003 to 0.196) 0.027

Lower and upper lid 0.041 (−0.069 to 0.153) 0.422

Table 3  Drop-out percentage using ImageJ agreement between red filter meibography and infrared meibography

Drop-out percentage ICC (95% CI) P value

Smartphone 1 Lower lid 0.231 (−0.088 to 0.511) 0.001

(Samsung S9) Upper lid 0.057 (−0.055 to 0.203) 0.049

Mean lower and upper lid 0.120 (−0.069 to 0.369) 0.001

Smartphone 2 Lower lid 0.215 (−0.074 to 0.473) 0.001

(iPhone XR) Upper lid 0.046 (−0.054 to 0.176) 0.116

Mean lower and upper lid 0.096 (−0.069 to 0.301) 0.006

ICC, intraclass correlation coefficient.
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meibography technique by both types of smartphones, 
although the correlation value is weak. Furthermore, 
inter-rater and intrarater reliability for the meiboscore 
assessment of the red filter meibography technique by 
both types of smartphones showed no agreement to weak 
agreement between the two raters.

None to low agreement found in this study indi-
cates that the red filter meibography technique is not 
comparable to the infrared method in displaying the 
Meibomian glands (figure 1). The images produced by 
red filter meibography using smartphones have short-
comings, including the presence of very bright light 
reflections that make the intact Meibomian glands look 
like areas with drop-outs (figure  1A1–C1). In addition, 
the visualisation of the meibomian glands in the upper 
lid is also more difficult than the lower lid. Meibomian 
gland contrast in the image produced by the red filter 
meibography also appears so low that it is indistinguish-
able from the surrounding area (figure 1A2–C2). Such 
difficulties were also found in study by Lee et al although 
they found moderate agreement in meiboscore between 
red filter and infrared meibography.7

We encountered several limitations during implemen-
tation that may have caused suboptimal images. This 
includes the lack of characterisation of red light passing 
through the red filter due to the unavailability of spec-
troscopic equipment owned by the institution or nearby 
optical laboratories. We conclude that the red-filtered 
light source does not adequately reach the spectrum 
for visualising the meibomian glands. Research by Peral 
et al found that there are three optimal wavelengths for 

observation of Meibomian glands, namely at 600 nm 
(visible red light wavelength), 725 nm and 950 nm 
(infrared wavelength) and concluded that meibomian 
gland contrast decreases rapidly when the wavelength is 
less than 600 nm.10 The red filter used in this study may 
not fully absorb light other than red and infrared wave-
lengths, thus unabsorbed light with wavelengths lower 
than the red light spectrum disturbs the visualisation and 
contrast of meibomian glands.

Second, the smartphone camera sensor is also not 
optimal in capturing invisible infrared light because 
it is embedded with an anti-infrared optical filter. 
Smartphone cameras have a complementary metal-
oxide-semiconductor detector that is sensitive to visible 
light and near-infrared (NIR) light, but the camera 
is equipped with a filter that blocks NIR wavelengths 
for ordinary photography because it will affect image 
quality.11

Lastly, settings contrast, brightness, colour composition 
on smartphone cameras are done automatically by soft-
ware so that the visualisation of the meibomian glands 
is not optimal. Infrared meibography is also difficult to 
assess if the resulting image is low in contrast, the illumi-
nation is not uniform and the gland area is out of focus.12

However, there are several things that can be done to 
overcome the lack of quality of the photos mentioned 
above for further research. First, using a tool capable of 
performing infrared imaging or often referred to as NIR 
optical imaging. Several studies on smartphone-based 
medical imaging use NIR imaging techniques. Meibog-
raphy research using alternative sources of infrared light, 

Table 4  Correlation between meiboscore and drop-out percentage using ImageJ in red filter meibography

Spearman correlation coefficient (ρ) P value

Smartphone 1 Lower lid 0.230 0.06

(Samsung S9) Upper lid 0.269 0.027

Lower and upper lid 0.331 0.006

Smartphone 2 Lower lid 0.492 0.001

(iPhone XR) Upper lid 0.354 0.003

Lower and upper lid 0.491 0.001

Figure 1  Results of meibography photos taken on research subjects. The top row shows the upper lid and the bottom row 
shows the bottom lid. (A1 and A2) Infrared meibography, (B1 and B2): Red filter meibography by smartphone 1 (Samsung S9), 
(C1 and C2) Red filter meibography by smartphone 2 (iPhone XR).
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among others, was carried out by Osae et al with a simple 
infrared video camera usually used for closed circuit 
television and by Wang et al who also added an infrared 
camera module to Android-based smartphones.13 14 
Research by Osae et al stated that the use of a homemade 
meibographer was able to depict meibomian glands and 
could be used in developing countries with limited access 
to complex and expensive imaging systems.13 Research 
by Wang et al uses a 2-megapixel infrared camera module 
which has a lamp array with a light wavelength of 850 nm 
and is connected to an Android-based smartphone.14 The 
smaller size is said to be able to visualise the meibomian 
glands quickly and more easily.14 However, these two 
studies did not compare the results of the images with 
standard meibography.

We found that inter-reliability scores showed low 
agreement in assessing images produced by infrared 
meibography. This may be due to the difficulty of using 
meiboscore in MG drop-out scoring. When compared 
with several meibography with different percentages of 
atrophy, the images near the grading transition limits 
(0%, 33% and 66%) are very similar and difficult to 
classify.15 Meiboscore method was interesting because 
of its simplicity but it is the biggest drawback because 
it fails to take into account changes in the meibomian 
glands before drop-out occurs.16 The use of meiboscore 
for subjective assessment of MG drop-out is difficult for 
untrained raters and discussion of raters is needed to 
reach a good agreement.

The new meibography method with smartphones still 
has hope for improvement and room for innovation. 
The use of the red filter in this study was able to display 
the meibomian glands in a relatively easy and inexpen-
sive way, although the visualisation was not optimal for 
grading drop-outs both subjectively and with the help of 
computer applications. Future research can use more 
optimal methods in visualising the meibomian glands, 
for example, using additional cameras and infrared 
sensors on smartphones. The image quality is expected 
to improve with this method so that later the image can 
be segmented automatically by a computer, as in the 
research by Celik et al and Koh et al.17 18 In the near future, 
processing and analysis of meibography images can also 
be carried out by artificial intelligence systems which 
offer various advantages such as reduced time for anal-
ysis, increased diagnostic efficiency and help to overcome 
intrarater and inter-rater variability of subjective assess-
ment by clinicians.12 15 19 Then, the use of smartphones as 
a diagnostic tool for point-of-care test is also very prom-
ising and important to be studied further because it is 
compact, portable and relatively inexpensive.20 Despite 
the many weaknesses in this study, it is hoped to provide 
the knowledge that there is an alternative to meibomian 
gland visualisation if infrared meibography is not avail-
able and forms the basis for further studies of MGD.
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