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Meibography first emerged in the late 1970s." 2 While this technology allowed for the observation of the
meibomian glands in vivo for the first time, the technique required direct contact with the eyelids.? It was
challenging to perform, and was poorly tolerated by patients because it was time-consuming and uncomfortable.®
However, within my academic career, modern, non-contact meibography has emerged as common practice.

This more recent method negates most of the pitfalls associated with contact meibography, which has allowed

for the imaging of large groups of patients in a relatively short amount of time.# ® This has subsequently allowed
our understanding of meibomian gland morphology to explode. Since this field is ever-evolving, this article will
address a number of commonly asked questions, so readers have the most up-to-date information for their clinical
decision making.

How should we grade meibomian gland atrophy?

The community currently has a number of available methods for subjectively grading meibography images.
Perhaps the most commonly used grading scale is the meiboscore grading system introduced by Arita et al.
(2008) during their seminal report on non-contact meibography.® The meiboscore grading scale uses a 0 to 3
grading scale, with a grade of 0 representing no meibomian gland atrophy, with grades of 1, 2, and 3 representing
1% to 33%, 34% to 66%, and 267% of glands lost, respectively.® Pult et al.’s 0 to 4 grading scale is likewise
commonly used.7 Much like the meiboscore scale, a grade of O represents no atrophy while grades of 1, 2, 3, and
4 represent <25%, 26% to 50%, 51% to 75%, and >75% glands lost, respectively.7 Both scales have been found
to have good repeatability.” 8

There are reports of objectively grading meibography images by assigning a percentage of glands loss with
computer programs such as ImageJ (https://imagej.nih.gov/ij/).>® When Pult et al. used digital grading, the
authors found that upper eyelid atrophy had a sensitivity of 0.889 and a specificity of 0.857 for diagnosing dry
eye when a cutoff value of 16.9% was used, and they found that lower eyelid atrophy had a sensitivity of 0.818
and a specificity of 0.778 for diagnosing dry eye when a cutoff value of 28.7% was used.® Pucker et al. did not
find objective grading to improve the rater’s ability to diagnose dry eye disease when making a comparison

to subjective grading.® Nevertheless, recent data suggests that digital grading may be preferred for tracking
meibomian gland morphology over time, since small amounts of change in atrophy typically occur over the
course of a clinical trial.1%'2 While digital image analysis may be valuable in the research laboratory, it may be too
cumbersome for a clinician in routine practice since it typically requires investigators to export the meibography
images and subsequently determine atrophy percentages with non-automated software.®

Evaluating meibomian gland tortuosity is also gaining popularity because Arita et al. have found gland tortuosity to

be associated with gland function.'® Halleran et al. (2016) have since introduced a descriptive grading scale that
can be easily employed within the clinic.' The Halleran et al. grading scale specifically evaluates the number of
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tortuous glands with grades of 0, 1, 2, 3, and 4 representing none, <25%, 26% to 50%, 51% to 75%, and >75%,
respectively, of the glands being tortuous.' Pucker et al. have since used this scale to determine that worse
upper eyelid meibomian gland tortuosity is associated with being more likely to drop out of contact lenses.' The
Dry Eye Assessment and Management (DREAM) study has recently introduced a number of other meibomian
gland morphology metrics (distorted, hooked, shortened, overlapping, ghost, and tadpoling glands); however, the
utility of these metrics for diagnosing dry eye disease has yet to be fully explored.'®

Is there a normal level of meibomian gland atrophy?

Some level of meibomian gland atrophy can be expected in both normal adults and normal children. Arita et al.
found in their 2008 study of adults that 55% of their normal participants had at least some level of meibomian
gland atrophy.® Wu et al., Tichenor et al., and Rojas-Carabali et al. have likewise provided evidence that it is
common in normal children to have some level of meibomian gland atrophy.'¢'® Therefore, a grade 2 or more on
either of the above-mentioned subjective grading scales may be the point that one might consider meibomian
gland atrophy to be at a clinically significant level.

Are meibomian glands able to regenerate?

Atrophy can be defined as “a diminished volume of cells under certain pathologic conditions after normal
development of cells and tissue”.'® This degenerative process in meibomian glands has generally been thought
to be irreversible; nonetheless, recent data calls this assertion into question. Arita et al. (n = 10) found that when
participants with obstructive meibomian gland dysfunction were treated with topical diquafosol 3% ophthalmic
solution that their visible area of meibomian glands increased by an average of 4.6% when analyzing upper and
lower eyelids together after participants were treated for at least 4 months.'® Maskin et al. (n = 28) found with a
retrospective review that after performing intraductal meibomian gland probing on patients who had obstructive
meibomian gland dysfunctionthat at 4.5 to 12.0 months post treatment that these patients had a 4.87% increase
in glands. They also found at 12 to 25 months post treatment that participants had a 11.19% increase in
meibomian glands." Hura et al. (n = 43) lastly found with participants who were treated with a thermal pulsation
system that 69% of the treated eyes showed an increase in visible meibomian glands at the 1 year visit compared
to the baseline visit.'> While the above changes of ~11% or less in meibomian gland atrophy over a clinical trial
are unlikely to be clinically meaningful based upon conventional, subjective grading scales, these data overall
suggest that meibomian glands can either regenerate after gland obstruction is removed, or that existing glands
may become more visible on meibography after gland function/health improves. Nevertheless, the finding that
glands may be able to regenerate is intriguing because it provides hope for patients who have severe meibomian
gland atrophy, and because it suggests that it may be possible to create a treatment that specifically promotes
gland regrowth. More research on this topic is still needed to confirm and fully understand what is occurring when
glands become more visible on meibography.

Should clinicians screen for abnormal meibomian gland in asymptomatic patients?

Non-obvious meibomian gland dysfunction may have been first documented by Korb and Henriquez in 1980,%°
yet this condition has not become recognized by the greater community until relatively recently.2! Non-obvious
meibomian gland dysfunction is a condition where the patient is typically asymptomatic, lacks obvious signs of
inflammation, and lacks obvious eyelid damage/obstruction; nevertheless, when a clinician attempts to express
these patient’s meibomian glands, they fail to be able to express meibum or normal meibum.?' Excessive blinking
may indicate mild irritation and non-obvious meibomian gland dysfunction.?' Blackie et al. indicate that non-
obvious meibomian gland dysfunction may not become symptomatic until a patient stresses their ocular surface
with a factor such as a contact lens;?! thus, it may be best to screen (meibomian gland atrophy, meibomian gland
expressibility) on a regular basis, such that a practitioner can catch and treat these early stage patients, to avoid
them advancing into a pathological condition.
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What is the typical meibomian gland morphology in children?

It has long been known that the level of meibomian gland atrophy present increases with age.® It has also
historically been thought that childhood dry eye and meibomian gland atrophy is rare. However, recent prevalence
data suggests that somewhere between 0.4% and 23.7% of children have dry eye.??2* Wu et al. (n = 70) have
also found in normal children and adolescents that 28% of the participants in their study had some level of
meibomian gland atrophy, finding a mean meiboscore of 0.39 £ 0.70; no difference in atrophy was found in this
study between children and adolescents.'” Tichenor et al. (n = 225) in a group of normal children later found a
mean of 9.9% atrophy in the upper eyelids of participants and a mean of 8.5% atrophy in the lower eye lids of
participants.'® The authors also found that there was no difference in symptoms between participants with and
without dry eye symptoms. Rojas-Carabali et al. (n = 60) lastly determined in their group of normal children
that 37% of their participants had at least some level of meibomian gland atrophy.'® Thus, clinicians need to
be commonly screening children for dry eye, and they should consider initiating treatments in these patients
when non-obvious meibomian gland dysfunction is found, because early treatment may delay or even prevent
bothersome dry eye, and it may promote additional years of happy contact lens use.

How do contact lenses affect the meibomian glands?

One can easily hypothesize that a worn contact lens may result in meibomian gland damage/atrophy because
the interaction between the blink and the meibomian glands may cause repeated mechanical insult to the glands
throughout the wear day. Arita et al. provided one of the first large, cross-sectional studies investigating this issue
by comparing a group of contact lens (n = 121) and non-contact lens (n = 137) wearers.?5 The authors of this
study determined that with greater years of contact lens use there were greater amounts of meibomian gland
atrophy.?® This same study interestingly failed to find a difference in atrophy between soft and gas permeable
contact lens wearers, which lends less credence to the mechanical insult theory. Alghamdi et al. (n = 100) later
found that meibomian gland atrophy increased over the first two years of contact lens use and subsequently
stabilized thereafter.2® These two studies are in contrast to the majority of the other studies found in the literature.
This is highlighted by Pucker et al. (n = 112) and Machalinska et al. (n = 75) who failed to find any association
between atrophy and contact lens use in their matched pair studies that compared comfortable contact lens
wearers to age- and sex-matched non-contact lens wearers.> 2” Pucker et al. (n = 112) later compared contact
lens dropouts to participants who were comfortable contact lens wearers and failed to find an association with
contact lens status and meibomian gland atrophy.?® Llorens-Quintana et al. (n = 41) furthermore followed a group
of daily disposable contact lenses wearers for 12 months, and found no change in meibomian gland atrophy

at the 12-month visit compared to baseline when analyzing the group as a whole.?® Ugakhan and Arslanturk-

Eren (n = 190) and Gu et al. (n = 141) have since found a significant association between contact lens use and
meibomian gland atrophy; however, these significant differences were not clinically meaningful 2% 3! These data
overall suggest that while there is a chance that contact lenses may negatively impact meibomian gland structure,
this impact is likely limited and if it does occur, it most likely just occurs during the initial years of contact lens use.

Summary

Meibomian gland atrophy and dysfunction in general are common and are the primary source of dry eye
disease.®? With non-obvious meibomian gland dysfunction being common in both adults and children, eye care
professionals should regularly be screening for meibomian gland function and morphology to catch any issues
before they precipitate into significant damage and highly bothersome symptoms. While there is data suggesting
that contact lens use may stress the meibomian glands, contact lens wear itself is unlikely to directly damage and
promote progressive meibomian gland atrophy. All of these data together indicate that while contact lenses may
have a minimal impact on meibomian gland morphology, these patients should be closely monitored, because
contact lenses may stress the ocular surface, impede meibomian gland function, and eventually result in contact
lens intolerance if the ocular surface is not treated appropriately in a timely manner.
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