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INTRODUCTION
                   Glaucoma is defined as an optic disc neuropathy, which is a broad umbrella term encompassing various optic disc neuropathies in which nerve fibers are atrophied. However, there are distinctive morphological and histological differences in glaucomatous disc and non-glaucomatous optic atrophies. In this case, we question why there are distinctive differences in the glaucomatous discs and non-glaucomatous optic atrophies such as that found in multiple sclerosis?    

DISCUSSION

                There are a few misconceptions that we would like to address in the context of two established facts in glaucoma. First, the nerve fibers in glaucoma are always destroyed in an orderly fashion, from peripheral to central, never haphazardly or other way around. Second, the histology of a normal optic disc is densely packed with nerve fibers in contrast to end-stage glaucomatous disc, which depicts an empty crater devoid of nerve fibers and vasculature. These two aforementioned facts would be the focus of our discussion in this article.
What is cupping of the optic disc?

 Historical Background. After the invention of the ophthalmoscope in 1851 by Helmholtz, the ophthalmologists found that the optic discs of simple glaucoma patients, most likely in their end-stage, had turned into the shape of a cup and were thus named as a cupped disc.
                   In a way these ophthalmologists were correct as the optic discs, instead of being normally flat, had assumed the shape of a cup that they attributed to be resulting from the increased force of high IOP. To their credit, the ophthalmologists of 1850s were using candles to illuminate the fundus and the knowledge of glaucoma was in its infancy. The phenomenon of cupping was given by anatomist Heinrich Muller and endorsed by the prominent ophthalmologists of the time such as Von Graefe, Weber, Jaeger and others.(1)
                  Instead of questioning the authenticity of cupping, the term cup/disc ratio was introduced which gave further credence to the cupping theory. Since then, the cup/disc ratio terminology has become the standard for diagnosing and documenting the progression of glaucoma across the globe. In this article we will discuss whether cupping is occurring or not in the glaucomatous disc and further evaluate what may be occurring. 
What are the physiological cups of the optic disc?   Physiological cups of various sizes and shapes are produced due to varying degree of atrophy of Bergmeister’s papilla, which supplies nutrition to the lens in fetal life(2). This vestigial tissue is identified as central connective tissue meniscus (CCTM), lying superficially on the surface of the nerve fibers layer. The size of CCTM determines the base of physiological cups from 0.9 to none if no such vestigial tissue is present. Thus, the physiological cup is a remnant fibrous tissue, which is not an integral part of nervous tissue (3) and appears wrongly implicated in glaucoma.
Is the optic disc really cupping in glaucoma? Unlikely, according to the arrangement of nerve fibers in the retina and optic disc, the nerve fibers originating furthest from the optic disc lie deepest and exit closest to the scleral edge, whereas nerve fibers originating closest to the disc lie most superficial (closest to vitreous) and exit from the central most part of the disc(4). If cupping were occurring, then the central most fibers, which are also most superficial, should be destroyed first, resulting in concentric enlargement of a blind spot followed soon by a total engulfment of the macular fibers and thus total loss of central vision (immediate blindness) and the peripheral vision fibers would be the last to go. 
                  In actuality it is other way around as the peripheral fibers are destroyed first while the central fibers are destroyed last until the end-stage of glaucoma. In other words, the glaucomatous field defects contradict the phenomenon of cupping entirely. The aforementioned notion alone should be enough to reject the cupping theory.   
Is the cupped area is empty of nerve fibers? Unlikely, it is widely published that the cupped area is empty and the nerve fibers are present only in “neuroretinal rim”. It is hard to comprehend that in a 0.8 physiological cup, a million or so nerve fibers would only be present in 20% of the neuroretinal rim and central 80% of disc/LC would have empty hole or filled with non-neuronal tissue.  We believe this is a misconception as there is no histology available to support such a doughnut shaped arrangement of nerve fibers in any disc, glaucomatous or otherwise. 
                  The so called “neuroretinal rim” is in fact the exposed area of the nerve fibers uncovered by the vestigial tissue. If we examine the histology of a normal disc we will find that nerve fibers are present underneath this vestigial tissue (CCTM) as well(3). Some researchers believe that cup/disc ratio’s are not accurate but instead recommend using rim/disc ratios. We believe both concepts are two faces of same coin. Either we can sell a doughnut by the size of its hole or by the width of its rim. Both scenarios convey the message of cupping that may not be occurring at all in the glaucoma. 
Is the Lamina Cribrosa really bowing posteriorly (cupping) in glaucoma?  Unlikely,  it is commonly believed that the Lamina Cribrosa (LC) is bowing posteriorly, or in other words ‘cupping,’ due to raised IOP and even normal IOP in NTGs.  If the central cupped area is an empty hole in LC, then how can a holed LC bow posteriorly? Moreover, it is difficult to convince that a multilayered rigid connective tissue sieved plate (LC) would start bowing posteriorly with a rise of only 10 or 15 mmHg of IOP above the upper limit of its normal range (10 to 21) yet LC wouldn’t bow posteriorly in cases of acute glaucomas where IOP goes to 60mmHg and above? There is no acute cupping occurring in acute glaucoma. Most importantly, there is no histology available supporting the posterior bowing of LC in any glaucomatous stage, only the schematic diagrams of bowing LC presented textbooks.  
Is the raised IOP/ischemia directly destroying the Nerve fibers? Unlikely, the million or so nerve fibers densely packed in the optic disc are always being destroyed in an orderly fashion from peripheral to central fibers. It is inconceivable that raised IOP, ischemia, neuro-degeneration or in fact any pathology acting directly will always destroy the nerve fibers or their RGCs from peripheral to central in an orderly fashion and not randomly. 
Puzzling question:
                     If the raised IOP, ischemia, or any other pathology acting directly can’t destroy the nerve fibers or their RGCs in an orderly fashion, then why are the nerve fibers always being destroyed in an orderly fashion in glaucoma? 
We hypothesize that there has to be some indirect mechanism leading to the orderly destruction of nerve fibers even though that orderly mechanism may have resulted from raised IOP or due to some other pathology.
What may be the indirect mechanism? We propose that optic disc/LC is sinking in glaucoma due to atrophy of the border tissue of Elschnig (BT).  BT is solely supplied with ciliary circulation, which is of lower pressure compared to the retinal circulation.  Systemic circulatory pressure supplying the BT and IOP are opposing forces. Normally the circulatory pressure supplying the BT should be higher then the IOP for the proper perfusion and healthy maintenance of BT. However if this delicate balance is reversed, either due to raised IOP or due to decreased systemic pressure, even the normal level IOP can take the upper hand and thus slowly compress and chronically starve the circulation of the BT inducing chronic ischemia and its atrophy. Due to atrophy of the BT the LC will start sinking resulting in prelaminar nerve fibers being stretched then broken. 
                     In addition to border tissue, the 360 degrees of nerve fibers also anchor the LC as roots anchor a tree. Thus, the severance of nerve fibers leads to further disc sinking. The cascade of severance of the nerve fibers and sinking disc would become self- propagated and continue until all the nerve fibers are severed.  
Do we have proof for sinking disc? EDI-SD-OCT has revealed sliding posteriorly of LC from the initial stages of glaucoma(5,6) supporting  the fact that LC has detached and exhibits sinking in the scleral canal. 
Do we have proof for severance of nerve fiber? We believe there is ample evidence that the nerve fibers are severed and not atrophied in glaucoma in the following discussion.  
Occurrence of excavation in the glaucomatous disc. The apparent ‘cupping’ of the disc is in fact excavation (empty spaces) occurring in the glaucomatous disc resulting from severance of the nerve fibers. Excavation of disc and severance of the nerve fibers are unique features of glaucoma. In the non-glaucomatous optic atrophies the disc remains flat (non-excavated) as the nerve fibers in such conditions are truly being atrophied, not severed. The fibrous physiological cups are not truly enlarging but being disintegrated due to excavation. Other supporting features are the production of notching in the glaucomatous disc and wedge shaped empty spaces in the retina due to severance and depletion of the arcuate fibers. Most importantly the histology of end-stage glaucomatous disc may not be a fully cupped LC but an empty crater left over after the severance of all nerve fibers.   
Production of arcuate field defects in glaucoma?  We believe due to inherent temporal tilt of the disc, all the temporal fibers (macular, superior and inferior arcuate) are severed simultaneously. However, arcuate fibers being fewer in number compared to macular fibers would be depleted earlier resulting in arcuate/ring scotomas. It is a number game, not due to increased vulnerability or sensitivity of the arcuate fibers to IOP or its location.   
Occurrence of splinter hemorrhages in the glaucomatous disc?  We propose that splinter hemorrhages are due stretching and breaking of capillaries resulting from sinking of the LC - a fate similar met by nerve fibers. 
Why are the nerve fibers being destroyed in an orderly fashion?  Severance of the nerve fibers can explain the orderly destruction of nerve fibers in glaucoma. As the LC sinks, the peripheral fibers since being closest to the scleral edge are stretched and broken first. As a result the adjacent central fibers would move towards the periphery to occupy the space vacated by the preceding fibers and thus also get stretched and severed at the scleral edge. The movement of central fibers to the periphery would continue in an orderly fashion until the central most fiber is moved to the edge and severed. In nutshell, glaucoma may not be an optic disc neuropathy but an axotomy (7,8,9,10,11,12,)
CONCLUSION: 
                  If fellow colleagues agree that cupping may not be occurring and the physiological cups are nothing more than vestigial tissue having no role in glaucoma, then it is our professional obligation to undo the mistake. The use of the terms cupping and cup/disc ratio is creating a conundrum in glaucoma diagnosis. Subjects born with large physiological cups and normal IOPs are being treated as NTGs whereas those born with small cups but high IOPs are being ignored treatment as ocular hypertension. 
                 Even though many ophthalmologists don’t agree with concept of cupping, they still fail to denounce the notion either. Such a failure is unfair to our profession and to our patients.  We request glaucoma researchers to either definitively prove the occurrence of cupping or discard it altogether. We should be able to decide histologically in any case. If cupping is incorrect, then how can we ever solve the mystery of glaucoma when most of research is still centered on cupping paradigm? It is long overdue to re-examine the ‘cupping’ concept in glaucoma  and necessary for the betterment of our profession.
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