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ABSTRACT 

Objective: To determine the agreement between subjective and objective parameters using meibography. 
Study Design: Cross-sectional observational study. 
Place and Duration of Study: Armed Forces Institute of Ophthalmology (AFIO), Rawalpindi Pakistan from August 2021 till 
February 2022. 
Methodology: 100 patients were included in the study. Non-contact infra-red meibography was performed on each patient. 
Subjective assessment was done using the four-grade and five-grade scales while objective assessment was done by applying 
computerized grading. 
Results: A total of one hundred (n=100) patients participated in the study. Out of total, 60% patients were male and 40% were 
females, with a mean age 42.25±14.9 years. There was statistically significant difference was seen Session I OII vs Session II OII 
as p-value <0.001 in Grade-4, Session-I OIII vs Session-II OIII as p-value <0.001 in Grade-5. There was not statistically 
significant difference seen in Computerized Grading (100-grade scale) as p-value >0.05. Correlations between observers was 
best with the 5-grade scale followed by the computerized 100-grade scale and 4-grade scale. 
Conclusions: We found that the reliability of the 5-grade scale was poorer to that of the 4-grade scales. We also concluded that 
computerized grading offers a better  intra and inter-observer assessment. 

Keywords: Computerized grading system, Dry eye disease, Meibography, Objective grading system, Subjective grading 
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INTRODUCTION 

The tear film helps to keep the human eye moist. 
The three layers that make up the tear film are the 
outside lipid layer, which is created by the meibomian 
glands, the middle aqueous layer, which is maintained 
by the lacrimal gland, and the inner mucous layer, 
which is produced by the conjunctival goblet cells. 
Meibum, which is secreted by the meibomian glands, 
aids the outer layer of the tear film in preventing the 
aqueous layer from evaporating and prevents the eye 
from drying out. Additionally, it functions as a 
surfactant, allowing the tear film to spread.1,2 

Meibomian gland dysfunction (MGD) causes 
poor quality and amount of meibum secretion, affec-
ting the composition and purity of the tear film's outer 
(lipid) layer. As a result, there is an increase in tear film 
instability, inflammation, tear hyperosmolarity, and 
ocular surface injury. This interplay of all these 
adverse outcomes leads to a complex syndrome called 
Dry Eye Syndrome varying in severity over a vast 
spectrum of symptoms and signs.3,4 

Meibography is a specialized imaging technique 
that was first reported by Tapie et al. in 1977 who visu-
alized meibomian glands on Infrared (IR) photography 
with the help of infrared light.5 It was officially named 
as Meibography by Maters et al. in 19916. Maters et al. 
also significantly improved the traditional technique 
by using video IR meibography which greatly accele-
rated the imaging of meibomian glands.7 Meibography 
allows us to visualize the morphology of the meibo-
mian glands in vivo. Before the advent of Meibo-
graphy, meibomian glands could only be visualized ex 
vivo histologically. Since then, various types of Meibo-
graphic techniques have been developed and can be 
classified either as contact or non-contact. Contact 
meibography provides imaging using a specialized 
camera that transilluminates the eyelid after the skin is 
everted with the help of a light probe. This method 
relies on operator expertise, is time consuming and 
causes discomfort to the patient.5,8 These problems led 
to the development of non-contact meibography which 
was first described in literature by Arita et al. in 2008.9 
This technique images a digitally everted eyelid with 
the help of a slit lamp having an IR filter that is 
coupled to a video camera. The fact that it does not use 
a light probe as compared to contact meibography 
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results in it being much better tolerated by the patients, 
faster and simple to use. A greater surface area of the 
eyelid is able to be imaged. Although other newer 
techniques such as Laser confocal meibography,10 and 
Optical Coherence Tomographic Meibography (OCTM),11 
have the advantages of visualizing microscopic struc-
tures and microenvironment of the meibomian glands 
along with the ability to perform a volumetric analysis 
of the morphology of the meibomian glands respec-
tively, non-contact IR meibography remains the 
mainstay and most popular technique. 

Normal Meibomian glands are typically visua-
lized as hypo-illuminescent grape like clusters while 
the underlying tarsus and ducts appear as hyperillumi-
nescent.8 In comparison, abnormal meibomian glands 
show dilated ducts and enlarged, tortuous glands. 
However, imaging the meibomian glands alone by 
itself is not enough if those images cannot be interp-
reted. As such several grading systems have been 
proposed which would help in documenting the prog-
ression and treatment response in MGD. Meiboscore 
and Meibograde systems were first described by Arita 
et al. and Call et al. respectively.9,12 Similar variations of 
the 4-grade scale have also been described.13,14 
Recently, a 5-grade scale and a computerized 100-
grade scale have been proposed.15,16 

The objective of our study was to compare whe-
ther a 5-grade scale provides a better intra and inter-
observer repeatability as compared to existing 4-grade 
scales and whether objective grading was superior to 
subjective grading.  

METHODOLOGY 

This was a cross-sectional study conducted at 
Armed Forces Institute of Ophthalmology (AFIO), 
Rawalpindi, Pakistan which is a specialized tertiary 
centre for people with eye disease. The study was 
conducted from August 2021 to February 2022. Non-
probability convenient sampling technique was used. 
Ethical approval was granted by the Ethics Review 
Committee (ERC) at AFIO, (ERC dated: 22 December 
2020). A sample size of 75 was calculated by Open Epi 
Online software keeping reference prevalence of Dry 
eye disease to be 5%.1 We included all the patients 
fulfilling the inclusion exclusion criteria during the 
study period. 

Inclusion Criteria: We included patients diagnosed 
with Meibomian Gland Dysfunction.  

Exclusion Criteria: We excluded patients presenting 
with chronic diseases such as diabetes and hyperten-

sion, any history of ophthalmic surgery, any recent 
ocular infections which could change the curvature of 
the ocular surface, any seasonal allergies which had 
ocular manifestations, use of any topical eye drops, 
any current or previous use of contact lenses and any 
recent ocular trauma. Furthermore, images that were 
out of focus, improperly illuminated and those that did 
not capture the whole eyelid were discarded as they 
would have led to biased results. 

Data was collected by a single investigator. All 
the participants signed a written informed consent 
proforma for enrolment into the study. A single 
investigator performed Non-contact infra-red meibo-
graphy on each patient with the help of portable non-
contact meibograph (PCNM). Hundred images were 
selected randomly (1 from each patient). Meibography 
images were classified according to three different 
scales: a 4-grade scale, a 5-grade scale, and a compu-
terized 100-grade scale by three different observers 
(O1, O2, O3). The 2nd session was repeated the follo-
wing day. Observers were masked against sessions as 
well as each other to eliminate any bias. Subjective 
assessment was done using the four-grade and five-
grade scales while objective assessment was done by 
applying computerized grading and measuring the 
area of MG loss using Image J software. 

RESULTS 

A total of one hundred (n=100) patients partici-
pated in the study. Out of total, 60% patients were 
male and 40% were females. The ages of participants 
ranged from a minimum 18 years to a maximum 66 
years with a mean age 42.25±14.9 years. Observed 
Meibomian gland (MG) loss ranged from 0-4 on the 5-
grade scale and from 0-3 on the 4-grade scale. There 
was statistically significant difference seen in Session-I 
OII  vs Session-II OII  as p-value <0.001 in grade-4, Ses-
sion-I OIII vs Session-II OIII as p-value <0.001 in grade-
5. There was not statistically significant diffe-rence 
seen in Computerized Grading (100-grade scale) as p-
value >0.05 shown in Table-I. 

 Subjective grading Intra-observer agreement: 
95% confidence interval (CI) for O1, O2 and O3 are all 
similar. CI was poorer for all 3 observers for the 5-gra-
de scale when compared to the 4-grade scale (Table-II). 

Correlation between the observers was better than 
the 4-grade scale but worse than the 5-grade scale. The 
detail of Correlation shown in Table-III. 

DISCUSSION 

While Meibography techniques are well estab-
lished and have been well documented, no officially 
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recognized grading scales exist for interpreting these 
images. Pflugfelder et al. proposed a 4-grade scale 
based on gland dropout where “Grade-0=No gland 
dropout, Grade-1=33% gland dropout, Grade-2=34-
66% gland dropout and Grade-3=>66% gland dro-
pout”.14 Similarly, Nichols et al. proposed a 4-grade 
scale based on loss of partial meibomian glands where 
“Grades 0-3 corresponded to no partial glands, <25% 
partial glands, 25–75% partial glands and >75% partial 
glands respectively”.13 Arita’s 4-grade “meiboscore” 
method is based on percentage of meibomian gland 
loss area where grades 0–3 correspond to no loss of 
meibomian glands, loss less than 1/3rd of total meibo-
mian gland area, loss between 1/3rd and 2/3rd of total 
meibomian gland area and loss >2/3rd of total meibo-

mian gland area respectively.9 However, recently Pult 
et al. proposed a newer 5-grade scale which has been 
postulated as being more sensitive regarding treatment 
efficacy and progression of severity of MGD. Further-
more, Pult et al. also reported on a computerized 100-
grade scale by comparing it to subjective grading.17 
The mean age of patients was 42±14.9 years. 60% were 
males in our study population. Significant differences 
were found between sessions (p<0.001) and observers 
in our study. 

Pult et al. in their study found no significant diffe-
rences between sessions and observers which directly 
contradicted the findings of our study.16 For the 
subjective grading scales, they also reported 95% CI of 
O1 and O3 as being better than O2 while our study 
reported 95% CI as similar for O1 and O2 compared to 
O3 for the subjective grading scales. However, limits of 
agreement in both the studies were same for the five-
grade and the four grade scales. The major difference 
in both studies was that 95% CI was found to be 
superior for 5-grade scale versus the 4-grade scale by 
Pult et al. This phenomenon was not observed in our 
results as 95% CI was poorer amongst all observers for 
the 5-grade scale in comparison to the 4-grade scale. 
This contradicts Pult et al. major observation of the 5-
grade scale having a much better intra-observer repeat-
ability as opposed to the 4-grade scale. Our study also 
identified that the CI sessions correlated well for all 
grading systems for observer 3 while also correlating 
well for the five-grade and four-grade systems for 
observer.2 Similar results were seen by Pult et al. We 
also did not find inter-observer agreement to be super-
ior for the 5-grade scale when compared to the 4-grade 
scale which was reported by the German study. The 
only results in our study that seemed to back the find-
ings of Pult et al. were those of computerized grading. 
We observed that the 95% CI were best for compu-
terized grading for both intra and inter observer 
agreements. Similarly, intra-observer correlations were 
best for the computerized grading as well. However, 
surprisingly the inter-observer correlation was best for 
the 5-grade scale followed by the computerized gra-
ding and the 4-grade scale. 

All in all, while our study does support the find-
ings of the published study by Pult et al. in terms of 
computerized grading being the best scale to evaluate 
MGD, we did not find the 5-grade scale to be a better 
scale as compared to the 4-grade scale as suggested by 
Paul et al. The reasons given by Pult et al. were four-
fold: 1) better intra-observer repeatability was obser-

Table-I: Standard Deviation and Mean classified according 
to various grading systems 

 

4-Grade Scale 5-Grade Scale 
Computerized 
Grading (100-
grade scale) 

Mean±SD 
p-

value 
Mean±SD 

p-
value 

Mean±SD 
p-

value 

Session-I 
OI 

1.79±0.31 

0.789 

2.06±0.24 

0.134 

0.29±0.13 

0.746 
Session-II 
OI 

1.80±0.24 2.11±0.23 0.30±0.28 

Session-I 
OII 

1.90±0.81 

<0.001 

2.08±0.17 

0.712 

0.34±0.14 

0.159 
Session-II 
OII 

1.00±0.89 2.09±0.21 0.31±0.16 

Session-I 
OIII 

1.82±0.91 

1.000 

2.30±1.06 

<0.001 

0.31±0.12 

0.656 
Session-II 
OIII 

1.80±0.28 2.2±1.11 0.32±0.19 

 

Table-II: 95% confidence interval (CI)  (n=100) 

Confidence 
Interval 

4-Grade 
Scale 

5-Grade 
Scale 

Computerized Grading 
(100-grade scale) 

O1: S1-S2 1.73–1.85 2.06–2.11 0.29–0.29 

O2: S1-S2 1.75–1.85 2.06–2.15 0.28–0.29 

O3: S1-S2 1.74–1.85 2.05–2.13 0.28–0.29 

S2: O1-O2 1.74–1.85 2.05–2.14 0.28–0.29 

S2: O1-O3 1.76–1.87 2.05–2.12 0.28–0.29 

S2: O2-O3 1.74–1.86 2.04–2.10 0.28–0.29 
 

Table-III: Correlation between sessions and observers 
according to various grading systems (n=100) 

Correlation 4-Grade Scale 5-Grade Scale 
Computerized 
grading (100-
grade scale) 

 r-value p-value r-value p-value r-value p-value 

OI: SI-SII -0.124 0.219 0.228 0.023 0.053 0.471 

O2: S1-S2 0.205 0.041 -0.248 0.124 0.006 0.956 

O3: S1-S2 0.460 < 0.001 0.120 2.33 0.138 0.172 

S2: O1-O2 0.009 0.936 0.113 0.64 0.027 0.792 

S2: O1-O3 0.944 <0.001 0.326 <0.001 0.097 0.338 

S2: O2-O3 0.287 0.004 0.541 < 0.001 0.028 0.76 
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ved for the 5-grade scale, 2) five-grade scale showed a 
better inter-observer agreement, 3) the 5-grade scale 
gave more consistent increments and 4) the kappa 
statistics supported a higher reliability for the 5-grade 
scale. Our results directly contradicted reasons 1 and 2 
and showed the opposite. Our results did support 
reason 3, as inter-observer correlation was highest for 
five-grade scale and is largely due to the ease of classi-
fying the images due to smaller increments. Unfor-
tunately, we are unable to verify the fourth reason as 
our study did not calculate the kappa statistic. 

LIMITATIONS OF STUDY 

The Limitation of our study is the absence of kappa 
statistic. The simple kappa statistic represents the true 
measure of agreement while the weighted kappa statistic 
considers the degree of disagreement between the various 
sessions of the observers. The absence of these means that we 
are unable to comment on the reliability of the various 
grading scales. Furthermore, we believe that proper training 
of the observers are of the utmost importance to eliminate 
any possible bias in the interpretation of the images. 
Furthermore,, we didn’t document the operative difficulty 
and patient discomfort during the procedure. Previous data 
shows an easy learning curve and limited patient inconve-
nience during meibography study.18 However, we believe 
Artificial Intelligence based on its technology will eliminate 
the need for even having an observer interpreting the images 
using a scale. As such it will eliminate observer bias in 
future. 

CONCLUSION 

While we have seen the evolution of Meibographic 
Techniques over the decades, scaling grades for interpre-
tation of those images have not evolved at the same pace. 
Several have been proposed. We found the reliability of the 
5-grade scale to be poorer to that of the 4-grade scales which 
is contrary to the findings reported in an earlier study. 
However, we also think that computerized grading offers a 
better intra and inter-observer assessment as reported by 
several studies. 
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