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ABBREVATIONS 

 

DED- dry eye disease 

EDE- evaporative dry eye  

MCJ-mucocutaneous junction 

TFLL- tear film lipid layer 

MGD- Meibomian gland disease  
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Summary  

 

Title: Meibomian gland dysfunction 

 

Author: Ivan Štimac Rojtinić 

 

Meibomian gland disease (MGD) is defined as chronic and disperse dysfunction of 

Meibomian glands. MGD is a disease that can be acquired or congenital. This disease 

is recognized as an obstruction of the terminal duct of the gland and changes in the 

composition of the tear film. MGD covers the part of Dry eye disease (DED) that is 

known as evaporative dry eye (EDE). EDE is connected to the lipid part of the tear film. 

The lipid part of the tear film plays an important role in stabilizing the tear film, without 

the lipid component the tear film evaporation time dramatically decreases. With the 

decrease of tear film stability some of the symptoms can start showing. The most 

common type of MGD is obstructive MGD. Obstructive MGD encompases a lot of 

subtypes but the most important one would have to be hyperkeratinization. 

Hyperkeratinization is important because the process of obstruction is directly 

connected to the histology and embryology of the glands. MDG has a specific parent of 

presentation, because of that there are a lot of methods that can be used to diagnose 
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the disease. Although the methods used for diagnosis are precise and up to date there 

is a need to combine the different test to get the most accurate result. Finally the 

treatment for MDG is not complicated but some aspects of it can prove to be 

challenging for the patient whilst others may be painfull.   

 

Key words: Hyperkeratinization, Evaporative dry eye, evaporation. 

 

Sažetak 

Naslov: Disfunkcija meibomovih žlijezda 

Autor: Ivan Štimac Rojtinić 

Bolest meibomanske žlijezde (MGD) definirana je kao kronična i disperzna disfunkcija 

meibomanskih žlijezda. MGD je bolest koja može biti stečena ili urođena. Ova je bolest 

prepoznata kao začepljenje terminalnog kanala žlijezde i promjena u sastavu suznog 

filma. MGD pokriva dio bolesti suhog oka (DED) koji je poznat pod nazivom 

evaporativno suho oko (EDE). EDE je povezan s lipidnim dijelom suznog filma. Lipidni 

dio suznog filma igra važnu ulogu u stabilizaciji suznog filma, bez lipidne komponente 

vrijeme isparavanja suza filma dramatično se smanjuje. S padom stabilnosti suznog 

filma neki od simptoma mogu se početi prikazivati. Najčešća vrsta MGD je opstruktivni 

MGD. Opstruktivni MGD obuhvaća puno podvrsta, ali najvažnija od njih bi trebala biti 

hiperkeratinizacija. Hiperkeratinizacija je važna jer je proces opstrukcije izravno 

povezan s histologijom i embriologijom žlijezda. MDG ima specifičnu strukturu 



 
 

prezentacije, zbog čega postoji puno metoda pomoću kojih se može dijagnosticirati 

bolest. Iako su metode koje se koriste za dijagnozu precizne i suvremene, postoji 

potreba da se kombiniraju različiti testovi kako bi se dobio najprecizniji rezultat. 

Konačno, liječenje MDG-a nije komplicirano, ali neki njegovi aspekti mogu se pokazati 

izazovnim za pacijenta, dok drugi mogu biti bolni. 

 

Ključne riječi: hiperkeratinizacija, evaporativon suho oko, evaporacija
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1 Introduction  

 

1.1 Dry eye disease  

 

Dry eye disease (DED) affects hundreds of millions of people around the world and is 

one of the most frequent causes of patient visits to eye care practitioners. It is a 

symptomatic disease characterized by a cycle of tear film hyperosmolarity and instability 

which leads to increased ocular inflammation, damage and neurosensory abnormalities. 

Historically, DED was considered to be largely due to tear insufficiency and was treated 

by prescribing tear replacement products or by conserving the tears via punctal plugs. 

Ocular surface damage results from a wide variety of interplaying factors, such as 

increased tear evaporation, hyperosmolarity, proinflammatory mediators in the tears, 

and decreased lubrication between the lids and globe. It is generally believed that rather 

than representing two distinct categories, most people with symptoms related to ocular 

surface disease (OSD) suffer from variable combinations of both abnormal meibomian 

gland physiology (resulting in evaporative DED) and tear underproduction (resulting in 

aqueous deficient DED) 

The official definition of TFOS DEWS(II) from 2017 

“Dry eye is a multifactorial disease of the ocular surface characterized by a loss of 

homeostasis of the tear film, and accompanied by ocular symptoms, in which tear film 

instability and hyperosmolarity, ocular surface inflammation and damage, and 

neurosensory abnormalities play etiological roles.” 
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The multifactorial term acknowledges DED as a significant and complex, functional 

disorder that cannot be characterized by a single symptom, process or sign. In the 

classification of DED, the latest evidence supports a scheme based on its 

pathophysiology in which aqueous deficient dry eye (ADDE) and evaporative dry eye 

(EDE) exist as a union, such that elements of each need to be considered in diagnosis 

and management. 

 

1.2 Generally about the Meibomian gland disease 

 

Meibomian gland disease is recognized in the world as one of the leading causes of 

Dry eye disease. MGD is a chronic, diffuse abnormality of the meibomian 

glands, commonly characterized by terminal duct obstruction and/or 

qualitative/quantitative changes in the glandular secretion which in end result in the 

alteration of the tear film. Thus in turn affects the health of the ocular surface. MGD is a 

term that brings together a group of several mebomian gland disorders ranging from 

aquierd to congenital. A classification of MGD into two major categories based on 

meibomian gland secretion is proposed: low-delivery states and high-delivery states. To 

properly understand the MGD we must understand the glandular anatomy and 

physiology first. 

2 Structure of the Meibomian gland  

 

2.1 Anatomy of the Meibomian gland 
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A single meibomian gland is made up out of clusters of secretory acini that are 

arranged circularly around a long central duct and connected to it by short ductules. [1] 

The distal part of the central duct is blind, and the proximal end opens close to the 

posterior lid border, just anterior to the mucocutaneous junction(MCJ), at the lid margin, 

where the oily meibum on is delivered onto the tear meniscus. These separate glands 

are arranged in single parallel rows throughout the length of the tarsal plates in the 

lower and upper lids, in all probability they act in a coordinated fashion that is under 

control of hormonal and neural regulation and by the mechanical forces of muscle 

contraction during the eye blink.[2,3,4] The arrangement of the glands has been said to 

look like a chain of onions.[5] The length of the meibomian glands roughly corresponds 

to the dimensions of the tarsal plates in the lower and upper eyelids and therefore we 

can observe certain differences. For example the number of separate glands in the 

upper lid is given to be higher than the number of separate glands in the lower lid whit 

their median number being 31 to 26. [6] Additionally the lengths of the gland has been 

reported to differ with the length of the upper glands being approximately 5.5 mm and 

the length of the glands in the lower lid approximately 2 mm. and hence their calculated 

total volume is also higher: approximately double in the upper lid [5] 
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2.2 Embryology and Histology of the Meibomian gland 

 

2.2.1 Embryology 

 

The embryologic development of the meibomian glands occurs from the third to the 

seventh month of gestation, at the same time the sealed-lid phase of eyelid 

development occurs. [7] During this time, the loose connective tissue of the mesoderm 

in the lid folds differentiates into the tarsal plate and muscles (orbicularis and Riolan's 

muscle), the blood vessels, and the loose connective tissue underlying the outer lid skin 

and the conjunctiva. The development of the meibomian glands shows considerable 

similarities to that of the hair follicles, the hair anlage. The development of the 

meibomian glands shows considerable similarities to that of the hair follicles, the hair 

anlage. Both of them grow from the ectodermal sheet, which seals the fused lid folds 

down into the mesoderm, although the meibomian anlage is larger, grows deeper, and 

takes longer for complete development. [8] The epithelial cord of the meibomian anlage 

Figure 1 Anatomy of the Meibomian glands[1] 
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develops lateral outgrowths that later differentiate further into the connecting ductules 

and secretory holocrine sebaceous acini. Inside the epithelial cylinder of the meibomian 

anlage the production of lipids leads to the formation of a central canal that later 

develops into the central duct. Lipid production by the more mature meibomian anlage 

and by the ciliary glands of Zeis has also been found to be related to the formation of a 

canal between the two sealed lid folds, which leads to the separation of the then fully 

differentiated upper and lower lids in the seventh month of gestation. [8] 

 

2.2.2 Histology 

 

The meibomian glands are composed of secretory acini that are connected via smaller 

ductules to the larger, long, straight central duct that extends throughout the length of 

the tarsal plate and opens onto the free lid margin close to the posterior lid border. The 

whole internal ductal system is lined by a stratified squamous epithelium with signs of 

beginning keratinization. Full keratinization (cornification), as indicated by the presence 

of luminal keratin lamellae, is physiologically only present in the terminal part of the 

central duct. [9,2] An acinus is a special kind of sebaceous gland, the secretory acini of 

the meibomian glands follow a holocrine secretion mode. They are completely filled with 

secretory cells, termed meibocytes. [10] The meibocytes are located more toward the 

center of the acinus and show progressive accumulation of lipids in the cytoplasm. One, 

or sometimes more, acini are connected to a ductile. The ductules are lined by a 

stratified squamous epithelium and they connect the acini to the central duct. At the 

junction from the acinus to the ductile, a fast transition from the peripheral layer of basal 

meibocytes to the ductal epithelium can be seen. [11] This observation was confirmed 
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when comparing the content of the cells. The cells of the ductules didn’t show presence 

of lipid droplets inside them instead they contained keratohyalin granules. The 

connecting ductules enter the long central duct. The central duct is also lined by 

stratified squamous epithelium but has a wider lumen. The central duct extends 

throughout the total length of the gland, which corresponds roughly to the extension of 

the tarsus. [2,5,6] Around the terminal part of the central duct and among the terminal 

acini close to the free lid margin, there are various amounts of striated fibers of Riolan's 

muscle. Since epithelium of the free lid margin extends into the terminal part of the 

central duct and the epithelium in this terminal part has a different structure compared 

with the rest of the central duct, it appears justified to term it as an excretory duct. [12] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Physiology 

 

Figure 2 Histology of the Meibomian glands [1] 
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The secretion of meibum occurs when Basal meibocytes move during their maturation, 

which includes the production and accumulation of lipids, from the basal compartment 

of the acinus toward its center and eventually toward the entrance of the ductile. [13] 

During this process, the meibocytes go through several stages that can be 

morphologically differentiated (basal, differentiating, mature, and hypermature), 

depending on several structural characteristics. [14] Cell organelles that are necessary 

for the production of lipids inside the cells increase in number and size during this 

process. All the components of the whole cell including nucleic acids, lipids and proteins 

contribute to the oily secretory product, which is also called meibum.[10] The ductal 

system may contribute to the final secretory product that is released onto the posterior 

lid margin in an active or passive way since at least in one part the originally secreted 

mibomian lipids are modified by hydrolyzing enzymes from commensal bacteria inside 

the ductal system that lead to a breakdown of triglycerides into free fatty acids and small 

portions of monoglycerides and other modifications in patients with blepharitis and even 

in normal conditions. Because of the length of the meibomian glands, there is frequently 

a long distance between the cell biological process of secretion of the meibum in the 

secretory acini and its actual delivery onto the lid margin where it exerts its functions 

therefor we tend to separate secreation of the meibum from its delivery. Constant 

production of new meibocytes in the secretory acini and their disintegration into the final 

secretory product generates a continuous secretory force that drives the meibomian oils 

within the ductal system of the gland toward the orifice at the free lid margin. The 

hypothesis of a continuous production is not only supported by the observed generation 

time of new meibocytes but also by the finding that in the morning after sleep, during 
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which the lids are closed, an increased amount of lipid that has accumulated within the 

ductal system is then delivered in increased amounts onto the lid margin. [13,15] The 

constant secreation further represents a solid basis for the generation of increased 

pressure within an obstructed gland. Furthermore the mechanical action of the lid 

muscles also contributes to delivery. During the movement of the eyelids during a blink, 

the orbicularis muscle, generates a compression of the tarsal plate and the enclosed 

tarsal glands of Meibom. As well the contraction of Riolan's muscle exerts compression 

of the terminal part of the ductal system and acini and contributes to the delivery of the 

oily meibum onto the surface of the lid margin. It has been assumed that the constrictive 

forces of Riolan's muscle may also close the terminal part of the meibomian gland, 

hence preventing the outflow (i.e., act in a somewhat antagonistic way on the flow of 

meibum compared to the pretarsal orbicularis muscle). It has been speculated that, in 

the act of a blink, the pretarsal orbicularis performs a “milking action” while Riolan's 

muscle is relaxed and, vice versa, between blinks, while the orbicularis is relaxed, 

Riolan's muscle contracts to prevent the outflow of meibum. [16] 
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2.4 Meibum 

 

Increased expression of meibum in normal eyes correlates with reduced evaporation 

in both patients with DED and healthy individuals. The tear film lipid layer is derived 

from meibum which is secreted from the lid margins and is spread onto the tear film with 

each blink. It plays an important role in stabilizing the tear film and in the past has been 

thought to take part as a key role in retarding tear evaporation. The tear film lipid layer 

lowers the tear surface tension, consequently sustaining the tear film’s high area-to-

volume aspect ratio. In most cases the amount of meibum stored in the meibomian 

glands is in the range of several hundred micrograms per eyelid. [17] The lid reservoir 

contains at least 30 times the amount of lipid present on the surface of the tear film 

(approximately 300 μg vs. 10 μg, respectively). [15, 18] Meibum is composed of roughly 

95% non-polar lipids and 5% amphipathic lipids. [19] The most abundant components of 

the meibomian lipids are waxes and sterol esters, consisting of fatty acids and fatty 

Figure 3 Physiology of the Meibomian glands [1] 
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alcohols, long-chain (>20C) fatty acids and alcohols, and sterols, particularly 

cholesterol. Sterol esters are formed by condensation of sterols with fatty acids, and 

wax esters are formed by condensation of fatty alcohols with fatty acids. The most 

abundant fatty acid is oleic acid, which has 18C and is monounsaturated (18:1(cisΔ9) 

fatty acid.[20, 21] The non-polar component is composed of 30–50 mol% of wax 

esters,[22,23,24] 30–45 mol% of cholesterol esters,[25,26,27] and a really small 

percentage of triglycerides (~2%).[2] Other lipids that can be found in meibum include 

free cholesterol, which makes up <0.5 mol% and phospholipids, which make up <0.01 

mol% of meibum.[27] The predominant amphipathic lipid family that is found in meibum 

is the (O-acyl)-ω-hydroxy fatty acids (OAHFAs), which contains about 4 mol% of total 

meibum.[26,27,28] The amount of OAHFAs and the low level of phospholipids imply 

that OAHFAs are the major surfactants in the tear film lipid layer.[29] Theoretically, 

these lipid components could either be synthesized de novo in the acinar cells or taken 

up from the bloodstream or both. The evidence for de novo synthesis is supported 

because the synthetic enzymes for the components and the transesterases to form the 

final products have been detected either directly or indirectly (mRNA) in the acinar cells. 

There is no direct evidence to date that the lipids are taken up from the bloodstream, 

and this is an area that warrants further investigations. Such uptake could show 

variations in lipid composition with change in diet, and the plasma cholesterol levels 

warrant further investigation relative to the cholesterol  or cholesterol esters in tear fluid 

or meibomian secretions. [30] 

3 Patophysiology 
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All forms of DED are evaporative in the sense that the ocular surface and tear 

hyperosmolarity can only arise in response to evaporation. EDE comes about as a 

result of a loss of evaporative barrier function of the tears or due to reduced ocular 

surface wettability. This has led to a sub classification into lid-related EDE and ocular 

surface related DED. MGD falls into the category of Lid-related evaporative dry eye. 

Furthermore we can differentiate MGD that come from physiological and 

pathophysiological changes. Physiological changes encompass Age-related Meibomian 

gland changes and the influence of sex hormones on the Meibomian gland. The 

pathophysiological changes to the Meibomian gland can be divided into hypersecretory 

or high meibum delivery state and hyposecretory or Low meibum delivery state. Further 

we can divide the Low meibum delivery state as shown in the table. 

 

 

 

 

 

3.1 Physiological changes  

 

3.1.1 Age related Mebomian gland changes  

 

Age-related mebomian gland changes come from the change in the number of gland 

acini with increasing age. A study of Meibomian gland loss done by non-contact infra-

red meibography in 236 healthy volunteers between the ages of 4 and 98 years [31] has 

Hypersecretory Hyposecretory 

Mebomian Seaborrhea Cicatrical 

 Primary 

 Secondary 
 
Non-cicatrical 
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shown that there were few meibomian gland changes in either females or males 

younger than 20 years, after which there was a significant dropout with age, without a 

statistical difference between the sexes. Gland dropout was expressed as a combined 

score for the upper and lower lids of one eye. There have been reports that show that 

the Mibomian score becomes positive after 40 years of age [32], furthermore the 

observation of alteration in the expressibilty of meibum in keeping with obstructive MGD 

has been noted. Studies suggest that the defficite of meibomian acini with age 

may on the one hand be caused by a primary, age-related, nonobstructive acinar 

atrophy and on the other hand by obstructive MGD. at the cellular level, of reduced 

meibocyte differentiation and cell cycling, together with reduced expression of the 

lipogenesis factor, peroxisome proliferator-activated receptor gamma (PPAR g), in 

subjects over 50 years of age. Also, there are known, age-related changes in meibum 

polar and neutral lipid composition [33]. 

 

3.1.2 Sex hormone related Meibomian gland changes. 

 

Meibomian function is strongly influenced by the sex hormones, particularly 

androgens. Androgen deficiency is a risk factor for meibomian gland dysfunction and a 

corresponding evaporative DED. The presence of dihydroxitestosterone and 

testosterone have a significant role in upregulation of gene expression in the human 

Meibomian gland. Both of those compmounds are known for influencing the 

differentiation, development and lipogenesis of sebaceous glands. [34].The presence of 

androgens also helps in suppression of genes which are related to keratinization of the 

Meibomian glands. Androgens also influence the composition of the lipids and possibly 



13 
 

proteins within the Meibomian glands. In a study where an orchiectomy was done to 

rabbits shows marked alteration in the lipid profile of the meibomain glands thus proving 

the importance of androgens in normal functioning Meibomian gland. 

3.2 Pathophysiological changes  

 

3.2.1 High delivery state  

 

Meibomian seborrhea is the condition characterized with high Meibomian gland 

content expression. The prevalence of high delivery states has not been common but is 

still important. Seborrhea is described as “a disease marked by an excessive discharge 

from the sebaceous glands.” In seborrhea, “The mouths of the ducts of the sebaceous 

glands are less dilated, and from the dilated ducts slender filaments of sebaceous 

material can be readily expressed.”[35] Meibomian seborrhea has been encountered in 

association with rosacea and seborrheic dermatitis. The glands and the easily 

expressed meibum appear normal however, the clinical sign of bulbar injection and 

foam in the tear film support the likelihood that the chemical composition of the meibum 

has changed. [35] In meiboman seborrhea the symptoms frequently outweigh the 

clinical signs, symptoms being worse upon awakening. It is theorized that non-blinking 

during sleep causes retention of secretions upon first awakening the initial blinks 

release the stored secretions. Furthermore the composition of meibum make the 

secretion in this group of patients very fluid and toxic to the cornea. Toxicity of the 

meibum can be linked to the elevated levels of oleic acid present. The tear film appears 

to be thickened and although the release rate appears normal further production occurs 

while blinking which causes ocular irritation. In addition posterior blepharitis has been 
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seen to show clinical signs of high delivery of meibum, the signs can be seen by 

examining the posterior eyelid margin. Glands appear capped with oil, can be dilated, or 

be visibly obstructed.  

  

3.2.2 Low delivery state  

 

MGD is the most common cause of low meibum delivery, mainly due to obstructive 

disease. Obstructive MGD is the most frequent cause of EDE and it is believed that 

MGD-dependent EDE is the most common form of DED overall [1,38,39,40,41,42,43] 

3.2.2.1 Cicatricial Meibomian gland dysfunction  

 

Cicatricial MGD may occur as an isolated, primary condition, in combination with 

noncicatricial MGD or is most commonly found in association with the various forms of 

cicatricial conjunctivitis as a secondary condition.  

3.2.2.1.1 Primary 

 

In primary, cicatricial MGD, duct obstruction results from elongation, stretching and 

narrowing of the terminal ducts, so that each orifice and associated duct is 

dragged from its position anterior to the mucocutaneous junction and into the marginal 

conjunctival mucosa. As this occurs, the affected terminal duct comes to lie horizontally 

and is visible as a characteristic, elevated ridge in the occlusal mucosa of the free 

margin of the lid, which represents the dragged terminal ducts exposed under a thinned 

mucosal epithelium. [36] This is termed ductal exposure and presents as a slightly 

elevated, riblike feature that is a positive sign of the cicatricial process in addition the 
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affected orifices may be dragged posteriorly, across the MCJ, onto the tarsal plate, 

where they are ultimately lost to view or absorbed. [37] Primary, cicatricial MGD may 

affect scattered glands in the same lid exhibiting non-cicatricial MGD. It is probably less 

common than obstructive MGD but thefrequency of its occurrence has not been 

documented. 

3.2.2.1.2 Secondary 

 

Secondary, cicatricial MGD is caused by conjunctival scarring and occurs in 

cicatricial conjunctival diseases. It is most commonly found in association with 

trachoma, erythema multiforme, and pemphigoid. [37] It may also accompany rosacea 

and vernal kerato-conjunctivitis. The process is more extensive than in primary disease 

and the orifices and ducts are dragged into the tarsal mucosa, where, in severe 

cicatricial disease they may no longer be visible, as they are absorbed into the scar 

tissue. In both the primary and secondary forms of the disease, even at an early stage 

when the ducts are still patent, once the orifices have been dragged into the mucosa, 

and therefore into the region of the tear meniscus, any oil that the glands deliver is 

released into the aqueous phase of the tear film and therefore is unlikely to contribute 

effectively to the tear film lipid layer (TFLL). With increasing severity the process leads 

to duct obstruction. [37] The affected ductules are frequently obstructed, but on 

occasion, pressure over the glands may express clear meibomian oil. Ciactricial MGD 

should be regarded as both structurally and functionally irreversible. Although therapy 

may suppress the inflammatory events, it cannot restore anatomic relationships. [37] In 

both conditions the MCJ may also be dragged posteriorly. Cicatricial MGD has not been 
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studied histologically and it would be beneficial to do a clinicopathological study directed 

specifically at orifices, ducts and glands. 

3.2.2.2 Non-cicatrical Meibomian gland dysfunction 

 

Non-cicatricial MGD most commonly occurs as a primary disorder with increasing 

frequency after the age of 50 years. [44] It also has multiple secondary associations, 

including dermatoses such as atopic dermatitis, seborrheic dermatitis and rosacea. 

Additionally, the retinoid, isotretinoin, used in the treatment of acne vulgaris, causes 

meibomian gland atrophy in a number of patients, which shows features of MGD. 

[45,46] In non-cicatricial MGD, the terminal ducts are obstructed by a process of 

hyperkeratinisation and the shedding of duct lining cells into the duct lumen forming 

keratotic plugs. [1,47,48,49] The hyperkeratinisation process may be linked to the 

remarkably increased expression of keratin genes in meibomian glands. 

Hyperkeratinization is a major reason for obstructive MGD and causes degenerative 

gland atrophy and degeneration without inflammation. This typical pathology of the 

meibomian glands that comes as no surprise in view of the glands embryologic 

development. Factors increasing epithelial keratinization, meibomian gland obstruction 

and alterations of the lipid profile range from advancing age [50,51,52] and hormonal 

disturbances [53,54,55] to the toxic effects of medication and chemicals. [56,57] 

Histological changes of the glands has shown signs obstruction and dilatation of the 

ducts as well as cystic degeneration and loss of secretory meibocytes that were 

replaced by a squamous metaplasia of the acinar epithelium. [58] Alterations occurred 

without the appearance of inflammatory leukocytes. It can be assumed that acinar 

degeneration and atrophy of the ductal system that were caused by dilatation results in 
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obstruction of the gland which subsequently leads to a later secondary hyposecretion 

due to the loss of secretory meibocytes. Further, it is likely that obstruction is worsen by 

an increase in meibomian lipid viscosity due to changes in meibomian lipid chemistry, 

and possibly interactions of lipids with cytokeratin proteins. The gland orifices remain 

located in the skin of the lid margin, initially anterior to the MCJ although, with age they 

may come to lie behind it as the MCJ migrates forwards. [59] The importance of the 

migration lies in its therapeutic implications, since, if gland function can be restored, the 

orifices remain in position to deliver the oil. The obstruction made by the thickened and 

cloudy meibum accompanied by the sheding of the ductal lining blocks the ducts and 

causes plugging of the orifices which leads to secondary, disuse- or pressure-atrophy of 

the glands [13,60,61] which appears as gland ‘dropout’ on meibography. [31] Gland loss 

is similar between left and right eyes and correspond to the loss between lower and 

upper lids. But there are regional differences, with grater loss nasally than temporally 

and lower loss on the upper compared to the lower. [62,63] Dropout has positive 

correlation with MGD grade and is inversely related to Meibomian gland expressibility 

and TFLL thickness. Diagnosis of non-cicatrical MGD is based on the morphologic 

changes in the Meibomian orfices and gland acini observed by confocal microscopy, 

non-contact meibography and biomicroscopy. The changes seen are the narrowing of 

the orifices and lesser visibility of the distinctive ring which surrounds the healthy 

glands. [37,64] At an earlier stage, features include plugging of the orifices by cellular 

debris and absence of expressed. In severe stages the increase in vascularity and the 

appearance of telangiectasia can be noted as well as the distortion and finally scaring 

and atrophy of the orifices. Symptoms are present because of lid involvement and 
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ocular surface inflammation in the absence of increased evaporation. However, with 

progression of disease, the stage and extent of obstruction results in a reduced delivery 

of meibum to the tear film resulting in TFLL deficiency and loss of its barrier function. 

[65,66] 

3.2.3 MGD secondary to local disease 

 

3.2.3.1 Anterior blepharitis 

 

Anterior blepharitis-related MGD may occur in conjunction with anterior blepharitis, 

particularly when they are both secondary manifestations of a dermatosis such as 

rosacea. [67,68,69,70,71] Potential sources of inflammation are the commensal bacteria 

of the lid whose lipolytic enzymes are capable of degrading meibum, with the production 

of altered lipid species, such as free fatty acids, that are irritant to the tissues. [72] A 

plethora of bacteria products that are capable of inducing inflammation is being 

reviewed such as lipopolysaccharides and chemoattractant lipids. The role of 

microorganisms in the etiology of MGD is not yet fully proven and not all studies report 

an increased bacterial commensal population or a consistent bacterial profile.  Another 

cause of anterior blepharitis is the ectoparasite Demodex, which is found more and 

more with age on the surface of the human body. [73,74,75] Demodex folliculorum, is 

found in eye-lash and hair follicles and Demodex brevis, is found within sebaceous 

glands thetefor including the meibomian glands. [73,74,75] Ectoparasites have been 

observed non-invasively at the orifices of meibomian glands, but their causative role in 

MGD and DED is not established. 
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4 

Diagnosis and Therapy 

 

4.1 Diagnosis 

 

Diagnostic methods that can be used to confirm Meibomian gland dysfunction are  

 

 Lid wiper epiteliopathy 

 Interferometry 

 Meibography 

 Meibometry 

 Meibomian gland expressibility/duct assessment 

Figure 4 Pathophysiological pathways [1] 
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4.1.1 Lid wiper epitheliopathy  

 

A portion of the marginal conjunctiva of the upper and lower lid acts as a wiping 

surface that spreads the tear film over the ocular surface. [76,77] This contacting 

surface has been termed 'lid wiper'. It is postulated that when the tear film is thinned or 

becomes unstable that there might be a more mechanical/frictional effect on the lid 

wiper as the lid travels across the ocular during blinking. [76] As a result of insufficient 

boundary lubrication the wiper is traumatized and progresses into Lid wiper 

epitheliopathy. Lid wiper staining with dyes such as fluorescein and lissamine green, 

occurs principally in patients with abnormal eyelid structures and dry ocular 

surfaces. [76,78,79,80] 

4.1.2 Interferometry 

 

Oily substances spread over the surface of water to form a thin layer. Exposure of 

that layer to adequate light results in generation of an interferometric fringe pattern. The 

superficial oily layer of the tear film is thought to delay evaporation of the tears, and, 

with the rest of the tear film, produces an optically smooth surface over the cornea. 

[17,65,81] In conjunction with the surface reflection pattern and dynamics, 

interferometry can allow the thickness of the lipid layer of the tear film to be measured. 

Using slit lamp photometry to measure reflectivity, Olsen first estimated the thickness of 

the lipid layer of the tear film to be approximately 40 nm. [82] Interferometry is now an 

established technique for clinical examination of MGD that allows visualization of the 

kinetics of the oily layer of the tear film. 
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4.1.3 Meibography 

 

Meibography is a specialized imaging study developed exclusively for the purpose of 

directly visualizing the morphology of meibomian glands. [83,84,85,86,87] Meibography 

allows observation of the silhouette of the meibomian gland morphological structure. 

Several different scoring scales, such as the meiboscore, have been proposed for the 

evaluation of meibography. Meibography alone does not appear to be sufficient for the 

diagnosis of MGD, but instead should be interpreted in the context of other clinical 

parameters such as Interferometry [41,88,89,90] 

 

 

 

 

 

 

 Figure 5 Physiological Meibography [37] 

Figure 6 Transillumination meibography meibomian gland dropout [37] 
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4.1.4 Meibometry 

 

Meibometry is a technique developed to measure basal meibum levels at the eyelid 

margin. [91,92,93] Essentially, a sample of meibum at the lid margin is moved to 

specialized tape whose transparency is altered by exposure to meibum. The procentage 

of change in tape transparency is analyzed photometrically for the purpose of 

quantifying the amount of basal meibum levels at the lid margin. Studies have shown 

that basal meibum levels can be different in MGD. Unfortunately, MGD can vary in the 

position of the dropout, rendering meibometric analysis endangered to inconsistent 

measurements within a given eyelid depending on the site of meibum collection along 

the lid margin. [91] 

4.1.5 Meibomian gland expressibility/duct assessment 

 

Meibomian glands secrete meibum and the quantity, quality and expressibility are 

thought to reflect meibomian gland function. The expressibility of meibum, as an 

indicator of meibum secretion, is commonly determined by the application of digital 

pressure to the glands. In the normal eyelid, meibum is clear and readily expressed with 

gentle pressure. Conversely, the condition of meibum in patients with MGD is varied. In 

such individuals, meibum can lose its clarity to become cloudy and then opaque and its 

viscosity can be increased, becoming toothpaste-like and difficult to express in patients 

with severe MGD. The number and location of expressible glands, as well the response 

of the glands to different levels of digitally applied pressure, have thus been scored and 
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graded, providing information directly related to meibomian gland condition. 

[94,95,96,97] However, the diagnostic value of meibomian gland expressibility and duct 

appearance has not been established in DED. 

4.2 Treatment  

 

The treatment of Meibomian gland disease can be divided into the use of  

 Ocular lubricants 

 Warm Compresses 

 Physical treatment 

4.2.1 Ocular lubricants 

 

The final result of MGD is decrease in the lipid layer thickness, it may be beneficial to 

replace the lipids with ocular lubricant eye drops or sprays that which are lipid-based. 

Increased lipid layer thickness grade and normal tear break up time in patients with 

MGD that had their eyes treated with a liposomal spray was confirmed. [98] To enhance 

the potential performance of lipid-based drops, nano-technology concepts have been 

incorporated into lipid emulsion eye drops. [99,100] 

 

4.2.2 Warm compress 

 

The efficacy of warm compresses has been proven in clinical studies but the 

drawback has been that the compliance is often poor due to the time required and the 

difficulty to maintain the temperature of the compress for an extended time. The efficacy 

of warm compresses has been proven in clinical studies but the drawback has been that 
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the compliance is often poor due to the time required and the difficulty to maintain the 

temperature of the compress for an extended time. [101,102,103] A study has 

concluded that wet surface increased heat transmission through the lid and should be 

used versus dry treatments. The ability of warm compresses to soften or liquefy the 

obstructions in MGD has been proven. The exact temperature and time that is required 

for the melting of the obstructive material in the Meibomian gland excretory duct has not 

been definitively proven. Evidence from multiple studies show that the melting points 

which range from 32 to 45 C actually depend on the content and the complexity of the 

lipids in the mebomian glands. [104,105,106,107] The recommended temperature for 

treatment is 40 C for the palpebral conjunctiva and the glands. Extra care should be 

taken not to increase the heat of the eyelids to more than 45 C to avoid thermal 

damage. [108,109] Fortunately ones response to pain is the safeguard that prevents 

extensive thermal damage to the eyelid skin by simply removing the excessively hot 

cloth when it is not tolerable. One of the possibly biggest concerns with this treatment 

method is that if the cornea is heated for approximately 8 min at a temperature form 36 

C to 39.4 C it could be easily deformed ant visual blur can occur. [110,111] Therefore it 

has been deemed necessary to instruct the patient in the proper way of doing it.  

4.2.3 Physical treatment  

 

The purpose of applying physical treatment to the Meibomian glands is to restore and 

improve the function of the glands by relieving or removing ductal obstruction therefore 

allowing the glands to become functional. [112,114] Physical expression should not be 

confused with diagnostic expression, where minimal forces are used to determine if the 
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gland is functional. There are three established methods for physically treating ductal 

obstruction: forceful expression, intraductal probing and debridement scaling 

4.2.3.1 Forceful expression 

 

The forceful expression method includes isolating the eyelid to be expressed 

between the examiner's fingers and applying force by squeezing the eyelids against 

each other, or utilizing a rigid object on the inner surface of the eyelid or using another 

rigid object on the outer lid to apply force. [113] However the limiting factor whit these 

methods is pain experienced by the patient, which is only minimally relieved by topical 

anesthetics. 

 

 

 

 

 

 

 

 

4.2.3.2 Intraductal probing 

 

Intraductal probing is a procedure designed to clear obstructions in the meibomian 

glands. The procedure uses a probe to clear the ductal system from obstruction. It is an 

Figure 7 Forceful bimanual gland expression [37] 
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effective treatment for meibomian gland dysfunction. The procedure is considered non-

invasive, and is performed in the office with only topical anesthetic. [115] Intraductal 

probing may offer relief to MGD patients who are unresponsive to conventional 

treatment. 

4.2.3.3 Debridement scaling 

 

One of the primary mechanisms driving obstruction of the meibomian glands is 

hyper-keratinization of the eyelid margin and duct orifices. [1] Keratinized material is 

built up around and within the orifice, the gland is obstructed and meibum cannot be 

delivered from the gland to the tear film. This technique works by mechanically 

removing accumulated debris and keratinized cells using a stainless steel golf spud 

from the eyelid margin to allow increased flow of meibum into the tear film. 
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