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Chapter 6
Lamina Cribrosa

Lina Siaudvytyte

The lamina cribrosa, a multi-layered sieve-like structure in the optic nerve head, has 
been proposed as a primary site of axonal damage in glaucoma [1]. The lamina 
cribrosa provides structural and functional support to the retinal ganglion cells 
axons as they pass from the relatively high-pressure intraocular space to a low-
pressure region in the retrobulbar space. The collagenous beams of the lamina 
cribrosa provide mechanical support for the nerve fiber bundles, while nutritional 
support is provided by extracellular matrix components, glial cells such as astro-
cytes, blood vessels within lamina beams, and axonal transport [2, 3]. It also allows 
central retinal vein to leave the eye and central retinal artery to enter the intraocular 
space. Consideration of the anatomy of the lamina cribrosa and peripapillary sclera 
suggests that the classic mechanical and vascular mechanisms of glaucomatous 
injury are inseparably related [4].

Studies analyzing the importance of lamina cribrosa began to surface through 
post mortem studies of glaucomatous eyes [1, 5]. Histological studies found regional 
differences in lamina cribrosa architecture, showing that glaucomatous eyes had 
larger lamina cribrosa pores in the superior and inferior poles with narrow connec-
tive tissue beams compared to the nasal and temporal regions of the lamina cribrosa 
[1, 6]. Experimental studies showed posterior deformation and outward migration 
of lamina cribrosa in response to a chronic intraocular pressure (IOP) elevation [7–
9]. With the development of the enhanced depth imaging technique using optical 
coherence tomography (EDI-OCT), changes in lamina cribrosa have been studied 
in vivo. Several studies showed that the lamina cribrosa is thinner in glaucomatous 
eyes compared with healthy controls [10–12]. Seo et al. demonstrated a wide varia-
tion of laminar depth in healthy subjects (range 193.08–826.81 μm, with a mean 
402 (101.46) μm) [13]. Furthermore, males had significantly deeper located lamina 
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cribrosa than females, in agreement with a previous findings that males tend to have 
a larger cup depth than females [14]. You et al. found that focal lamina cribrosa 
defects (laminar holes or disinsertions) were associated with neuroretinal rim loss 
and acquired pits of the optic nerve. They concluded that these defects can be visu-
alized more effectively on EDI-OCT images than by clinical examination [15]. 
Other authors suggested that focal lamina cribrosa defects might be associated with 
focal retinal nerve fiber damage [16]. In another study, focal laminar defects were 
associated with disc hemorrhages, diagnosis of normal tension glaucoma (NTG) 
and more advanced glaucoma status [17]. Faridi et  al. showed that focal lamina 
cribrosa defects were strongly associated with glaucomatous visual field progres-
sion [18].

Several studies investigated the structure-function relationship between the 
morphology of the lamina cribrosa and glaucoma severity [19–24]. Kim et  al. 
found significant correlations between laminar depth, laminar thickness and 
glaucoma severity, with greater severity associated with increasing laminar depth 
and decreasing laminar thickness. Furthermore, only laminar depth was associ-
ated with visual field mean deviation in NTG group, whereas laminar thickness 
and IOP were correlated with visual field mean deviation in high tension glau-
coma (HTG) group. Authors concluded that the pathogenesis of NTG and HTG 
might differ [22]. Park et al. found that the laminar thickness was significantly 
thinner from the early and mid-stages of glaucoma in NTG compared with HTG 
subjects. Authors suggested that thinner lamina cribrosa in NTG group might 
have contributed to the development of retinal ganglion cell damage in a normal 
IOP range [20]. Ren et al. revealed relation between the anterior laminar depth 
and visual field status in early glaucoma or ocular hypertension (OHT) patients. 
In their study, the laminar depth increased with worse visual field status in 
younger eyes but not in older eyes [19]. Rho et al. reported age-related differ-
ences in laminar displacement in 8 of 12 clock-hour positions in primary open-
angle glaucoma (POAG) but interestingly found no age-related differences in 
laminar displacement in NTG patients [24]. Other studies demonstrated linear 
[21] or logarithmic [20] correlation between the laminar thickness and retinal 
sensitivity in OAG.

Some studies analyzed lamina cribrosa changes after glaucoma surgery proce-
dures [25–29]. Reduction of laminar depth following trabeculectomy was described 
at 6 months and over 2 years postoperatively [25–27, 29]. Reis et al. reported that 
both anterior laminar surface displacement and thickening of prelaminar tissue 
occurred after surgical IOP reduction in glaucoma patients (18 patients underwent 
trabeculectomy, 4–tube shunt implantation) [30]. Barrancos et  al. revealed that 
reversal cupping after non-penetrating deep sclerectomy was mainly due to changes 
in prelaminar tissue thickness, whereas lamina cribrosa changes in position were 
less pronounced [28]. Other authors concluded that reversal cupping after non-
penetrating deep sclerectomy was first of all caused by the anterior movement of 
lamina cribrosa [29].
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