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Abstract
Aims—To investigate age related altera-
tions in the non-collagenous components
of the human lamina cribrosa.
Methods—Fibronectin, elastin, and glial
fibrillary acidic protein (GFAP) staining
were assessed in young and old laminae
cribrosae. An age range (7 days to 96 years)
of human laminae cribrosae were analysed
for lipid content (n=9), cellularity (n=28),
total sulphated glycosaminoglycans (n=28),
elastin content (n=9), and water content
(n=56), using chloroform-methanol ex-
traction, fluorimetry, the dimethylmethyl-
ene blue assay, and ion exchange
chromatography, respectively.
Results—Qualitatively, an increase in
elastin and a decrease in fibronectin and
GFAP were demonstrated when young
tissue was compared with the elderly.
Biochemical analysis of the ageing human
lamina cribrosa demonstrated that elastin
content increased from 8% to 28% dry
tissue weight, total sulphated glycos-
aminoglycans decreased, and lipid con-
tent decreased from 45% to 25%. There
were no significant changes in total cellu-
larity or water content.
Conclusion—These alterations in compo-
sition may be indicative of the metabolic
state of the lamina cribrosa as it ages, and
may contribute to changes in mechanical
integrity. Such changes may be implicated
in the susceptibility of the elderly lamina
cribrosa and also its response to glauco-
matous optic neuropathy.
(Br J Ophthalmol 2000;84:311–317)

Chronic open angle glaucoma (COAG) is an
optic neuropathy, often associated with a raised
IOP, characterised by retinal ganglion cell
death, optic disc cupping, and a characteristic
pattern of visual field loss. Whether genetically
or environmentally determined, the causes of
COAG appear to be multifactorial.1 Theories
as to the mechanisms of axonal damage in
glaucoma include direct and indirect eVects of
intraocular pressure and a vasogenic cause.
Evidence suggests a significant link between
raised IOP and the development of glaucoma-
tous optic nerve damage.2

Changes in the lamina cribrosa in COAG
include compression of the cribriform plates,
posterior rotation of the peripheral lamina, and
elongation of the pores. Regional diVerences in
architecture of the lamina cribrosa—namely, the
larger pore size and sparser connective tissue of

the superior and inferior regions,3 4 appear to
correlate with the development of inferior and
superior arcuate field loss in glaucoma, and rela-
tive preservation of nasal and temporal fibres,
which represent temporal and central field loss
respectively.5 Thus, the structure of the lamina
cribrosa appears particularly relevant to glauco-
matous optic nerve fibre damage.

The human lamina cribrosa consists of a
lattice-like arrangement of connective tissue
sheets called cribriform plates which form
channels through which the retinal ganglion
cell axons pass into the optic nerve proper.
Immunohistochemical and electron micros-
copy studies of connective tissue components
in normal,6 7 ageing,8 9 and glaucomatous
eyes10–15 have identified various collagen types,
elastin, proteoglycans, and glycoproteins in the
lamina cribrosa. However, few studies have
focused on the quantitative analysis of these
components or how they vary with age.

We have previously quantified changes in the
collagenous matrix of the ageing lamina
cribrosa—namely, a decrease in percentage
type III collagen relative to type I collagen, and
an increase in total collagen content and the
collagen cross link pentosidine.16 However,
quantitative analysis of non-collagenous com-
ponents has not previously been performed.
Other investigators have described the distri-
bution of proteoglycans, elastin, and glycopro-
teins both in monkey and human optic nerve
heads by ultrastructural and immunohisto-
chemical techniques, and qualitatively de-
scribed age related alterations of glycos-
aminoglycans13 14 and elastin.8

Since age is a significant risk factor in
COAG, and the structure of the human lamina
cribrosa has an important role in the suscepti-
bility of eyes to glaucomatous optic neu-
ropathy, the aim of this present investigation
was to identify changes in the non-collagenous
components of the ageing lamina cribrosa
which may influence its physical and functional
properties.

Materials and methods
SOURCE OF TISSUE

Human cadaver eyes, encompassing an age
range from 7 days to 96 years, were collected
within 48 hours of death. All eyes were received
from the corneal transplant service eye bank at
Bristol Eye Hospital, after corneas had been
removed for transplantation.

INDIRECT IMMUNOFLUORESCENCE

Optic nerves, aged between 15 and 86 years,
were rapidly frozen in liquid nitrogen cooled
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isopentane and embedded in Tissue-Tek. Sec-
tions 8 µm thick at the level of the lamina crib-
rosa were cut using a Bright cryostat. Sections
were incubated for 2 hours with primary
antibodies (Sigma) optimally diluted in phos-
phate buVered saline (PBS). Antibodies in-
cluded monoclonal mouse ascites with specifi-
city for elastin (1 in 5000 dilution) or glial
fibrillary acidic protein (1 in 400 dilution) and
a rabbit polyclonal antibody with specificity for
cellular fibronectin (1 in 400 dilution). Control
sections were incubated for 2 hours in rabbit
non-immune serum or a monoclonal antibody
against titin (1 in 400 dilution), an antigen
known to be absent in the lamina cribrosa.
After washing in PBS (three times), the
sections were incubated for 2 hours with
appropriate secondary fluorescein conjugated
antibodies (Sigma), which had been adsorbed
against human serum proteins. Following
extensive washing in PBS, the sections were
mounted in Citifluor (Agar Ltd) and viewed
using a Leitz Dialux microscope with epifluo-
rescence.

BIOCHEMICAL ANALYSES

Sample preparation
All laminae cribrosae were dissected as previ-
ously described,16 (56 samples were dissected
under PBS pH 7.4, blotted on filter paper and
wet weights recorded) and freeze dried for 24
hours. Each lamina cribrosa was then delipi-
dated for 48 hours in two changes of 3:1 chlo-
roform:methanol and freeze dried again. Dry
weights were recorded after each lyophilisa-
tion.

Water content, total sulphated glycosaminoglycans
and DNA content
Fifty six laminae cribrosae from 28 donors
were used in these analyses.

Water content—Percentage water content was
calculated as:

Papain digestion—Left and right laminae cri-
brosae from the same donor were paired and
digested in 500 µl papain digestion buVer
(sterile PBS containing 5 mM cysteine hydro-
chloride, 5 mM EDTA) pH 6.0 containing 300
µg/ml papain, in a water bath, at 60°C, for 48
hours. After digestion, a 50 µl aliquot was ana-
lysed for hydroxyproline as described by
Bannister and Burns.17 The remainder was
analysed for DNA and total sulphated gly-
cosaminoglycans content.

DNA analysis—Cellularity of the lamina cri-
brosa was assessed using a modified method of
Kim et al.18 19 A sample of 100 µl of each papain
digest was diluted to 2 ml using 0.1 µg/ml
Hoechst 33258 in dye buVer (10 mM TRIS,
1 mM EDTA, 0.1 mM NaCl, pH 7.4). This
working dye solution was made immediately
before use by dilution of a 1 mg/ml stock solu-
tion in distilled water, which was kept in an
amber bottle at 4°C. A Perkin-Elmer fluori-
meter was zeroed using 100 µl papain digestion
buVer in dye buVer, and the DNA content of

each sample was read at excitation/emission
wavelength 348 nm/457 nm. Readings of back-
ground tissue fluorescence were measured by
repeating the analysis using 100 µl of sample in
dye buVer (minus the Hoechst reagent) and
subtracted from the original values. DNA con-
tent of each sample was calculated from a
standard curve, prepared using standards
ranging in concentration from 0–10 µg/ml calf
thymus DNA.

Dimethylmethylene blue assay—Sulphated gly-
cosaminoglycans were quantitated using a
modification of the dimethylmethylene blue
assay, at a pH and salt concentration, whereby
DNA, RNA, and hyaluronic acid did not inter-
fere in the analysis.20 A sample of 20 µl of each
papain digest was pipetted in 96 well microtitre
plate wells. In neighbouring wells, 20 µl of each
glycosaminoglycan standard (dermatan sul-
phate or chondroitin sulphate, Sigma), ranging
from 5 to 25 µg/ml were included to provide a
standard curve. Duplicate wells with 20 µl of
papain digestion buVer were added to two
wells to provide blanks for the assay. A volume
of 125 µl of 1,9 dimethylmethylene blue dye
solution pH 3.0 (3.04 g glycine, 2.37 g NaCl,
95 ml 0.1M HCl, 16 mg of 1,9 dimethylmeth-
ylene blue) was added to each well and the
plates were read immediately using a Titertek
Multiscan automated plate reader at 540 nm.
Sample concentrations were calculated using
linear regression of the standard curves.

Analysis of lipid content, elastin and elastin cross
links
One hundred and eighty laminae cribrosae
from 90 donors, prepared as above, were
divided into nine groups of 20 laminae cribro-
sae within age ranges 0–9, 10–19, 20–29,
30–39, 40–49, 50–59, 60–69, 70–79, and
80–89 years.

Lipid content—Percentage lipid content was
calculated as:

Elastin content—Analysis of elastin in the
lamina cribrosa was carried out by the
measurement of the levels of the mature elastin
cross links; desmosine and isodesmosine, using
the method of Sims and Bailey.21 Elastin
content, calculated as a measure of the elastin
cross link desmosine, is widely used for the
quantification of tissue elastin content, since
acid hydrolysis is the only eVective method for
total solubilisation of the mature elastic fibre.

Following freeze drying, each group of 20
pooled laminae cribrosae was hydrolysed in
6M HCl at 110°C for 24 hours. After freeze
drying, the hydrolysate was rehydrated in 1 ml
of deionised water and an aliquot was assayed
for hydroxyproline.17 The remainder of the
sample was diluted using 4:1 butanol:acetic
acid to give a final butanol:acetic acid:water
ratio of 4:1:1. Cross linking amino acids in the
sample were separated using a CF1 cellulose
(Whatman) column as described by Sims and
Bailey21 Freeze dried eluents of the CF1
column (eluted in the polar phase) containing
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Figures 1–3(1) Cross sections of human lamina cribrosa: demonstrating the distribution of elastin staining in a 16 year old
(1a and 1b) (magnification ×140) and an 86 year old (1c and 1d) (magnification ×230). Positive localisation of elastin
was demonstrated in (1a) the walls of the sclera and in the extrafascicular matrix of the young lamina cribrosa, and (1b)
the elastic lamina of the central retinal artery; very faint staining was also observed in the walls of the central retinal vessels.
(1c) Much denser staining within the sclera and extrafascicular matrix and (1d) the sheaths of the central retinal vessels
was demonstrated in the 86 year old. (2) Cross sections of lamina cribrosa, immunolocalised for the glycoprotein fibronectin
in tissue aged 16 years (2a and 2b) and 86 years (2c and 2d). Positive staining was demonstrated in the extrafascicular
matrix (2a and 2c) (magnification ×140) and throughout the walls of the central retinal vessels, although staining was
much weaker in the 86 year old (magnification ×230). (3) Immunolocalisation of glial fibrillary acidic protein (GFAP) in
cross sections of lamina cribrosa (3a) 16 year old lamina cribrosa (magnification ×140): GFAP labelling was demonstrated
at the region of insertion of the lamina cribrosa into the sclera (Sc), and throughout the nerve fibre bundles (nb). (3b) 78
year old lamina cribrosa (magnification ×140): GFAP labelling followed the same distribution as that described in the
young lamina, but staining was much weaker. Note the high amount of autofluorescence.

Age related changes in the non-collagenous components of the extracellular matrix of the human lamina cribrosa 313
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the cross linking amino acids were rehydrated
in 100–200 µl 0.2M sodium citrate buVer pH
2.2, spun to bring sample to bottom of tube
and filtered through a 0.2 µm filter (Gelman
Sciences, Northampton). The sample was then
chromatographed on an LKB 4400 amino acid
analyser, using a 270 × 4 mm cation exchange
column, containing Aminex A9 11 µm resin
(Bio-Rad Labs, Hemel Hempstead). The
amino acids were then eluted using a gradient
of citrate buVer. The elastin cross links were
determined as nmoles of cross link per mg of
dry tissue weight. Assuming elastin to consist
of 2.7% desmosine,21 an estimation of elastin
content in the ageing lamina cribrosa was
calculated.

STATISTICAL ANALYSIS

Spearman’s rank correlation was used to test
the tendency of values of Y (for example, total
sulphated glycosaminoglycans, lipid, DNA
content, etc) to increase or decrease as values
of X (age) increase.

Results
INDIRECT IMMUNOFLUORESCENCE

Elastin
Elastin staining in the young laminae cribrosae
was less intense than that in the elderly. In
young laminae cribrosae, elastin was localised
to the sclera, the extrafascicular matrix (Fig 1a)
and the elastic lamina of the central retinal
artery (Fig 1b). In the elderly, more intense
staining was demonstrated throughout the
extrafascicular matrix, within the sclera (Fig
1c) and the central retinal artery wall (Fig 1d).

Fibronectin
Fibronectin, absent from sclera, was localised
to the cores of the cribriform plates (Fig 2a, c),
and within the walls of the central retinal
vessels (Fig 2b, d) with a greater intensity of
staining in young tissue (Fig 2a, b).

Cellularity of lamina cribrosa
Glial fibrillary acidic protein (GFAP), a
cytoskeletal cell marker specific for
astrocytes,22 was demonstrated diVusely

throughout the nerve fibre bundles and at the
region of insertion in the young lamina
cribrosa (Fig 3a). A similar distribution, but
less intense GFAP staining was demonstrated
in the elderly laminae cribrosae (Fig 3b),
indicative of an age related decrease in number
or reactivity, or a change in astrocyte cell type.23

GFAP was not present in the walls of the cen-
tral retinal vessels (not shown) or sclera Fig 3a,
b) consistent with the lack of astrocytes in
these tissues.

Negative staining was demonstrated in
control sections when using rabbit non-
immune serum or monoclonal mouse anti-titin
antibody.

BIOCHEMICAL ANALYSES

Water content
Water content of the human lamina cribrosa
expressed as a percentage of total wet weight of

Figure 4 Water content of the ageing human lamina
cribrosa. Percentage water content of the human lamina
cribrosa, calculated as the diVerence between wet weight and
dry weight after freeze drying, remained constant
throughout life. Spearman’s rank correlation rs=0.23, not
significant at p=0.039, n=56).
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Figure 5 Lipid content in the ageing human lamina
cribrosa. Percentage lipid was calculated in nine groups of
laminae cribrosae aged between 1 and 89 years of age. The
dry weight of each age group was measured after extraction
of lipid from each group in 3:1 chloroform:methanol. The
diVerence between this value and that of the total dry
weight was expressed as a percentage of total dry tissue
weight to provide a value for lipid content in each age
category. Lipid content decreased linearly from 42% to
24%. (Line fitted is a first order polynomial regression line
r=0.86.)
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Figure 6 DNA content of human lamina cribrosa. DNA
content was measured in an aliquot taken from papain
digested laminae cribrosae, using Hoechst 33256.
Fluorescence of DNA-Hoechst complex was detected at
excitation/emission wavelengths of 328 nm/457 nm using a
Perkin-Elmer fluorimeter. DNA content decreased with age,
not significant at p=0.291. Spearman’s rank correlation
rs= −0.21, n=28.
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the tissue did not appear to alter with age (Fig
4, p>0.1). The average water content calcu-
lated from 56 laminae cribrosae, aged between
5 months and 93 years was 78% of the total
wet weight.

Lipid content
Lipid content decreased linearly from about
42% in the 0–9 year age group to 24% in the
category aged 80–89 years (Fig 5, Spearman’s
rank correlation rs=−0.90, significant at
p=0.001, n=9).

Cellularity
The change in cellularity within the lamina cri-
brosa was expressed as the DNA content per
dry tissue weight of each pair of laminae
cribrosae as demonstrated in Figure 6. The
DNA content appeared higher than all other
values in the pair of laminae cribrosae aged 5
months. Thereafter there was a very slight but
insignificant (Spearman’s rank correlation
rs=−0.21, p=0.291) decrease with age.

Glycosaminoglycans
Sulphated glycosaminoglycans (GAGs) in the
human lamina cribrosa demonstrated a weakly
significant decrease with age (Fig 7, Spear-
man’s rank correlation rs=−0.45, p=0.017).
Wilcoxon signed rank correlation demon-
strated a significant correlation between values
of DNA and sulphated GAGs, correlation
coeYcient of 101, n=28, significant at
p<0.001.

Elastin
Elastin cross links—The mature products of
elastin cross linking—desmosine and iso-
desmosine increased significantly with age as
indicated in Figure 8. Desmosine increased
from 0.025 nmol/mg of tissue in the young to
approximately 0.11 nmol per mg tissue in the
80–89 year age group and isodesmosine
increased from 0.02 to 0.075 nmol per mg tis-
sue. Thus, both elastin cross links increased
significantly with age (Spearman’s rank corre-
lation rs=0.90, p=0.001 and rs=0.87, p=0.002
for desmosine and isodesmosine respectively).

Elastin content—Elastin content was calcu-
lated from values of desmosine (approximately

Figure 7 Sulphated glycosaminoglycans in the human
lamina cribrosa. Sulphated GAGs analysis of papain
digests of paired laminae cribrosae was carried out using the
dimethylmethylene blue dye binding assay at an absorbance
of 540 nm. Sulphated GAGs content of the human lamina
cribrosa decreased with age. (Spearman’s rank correlation
rs= −0.45, p=0.017, fitted line is a regression line, r=0.75,
n=28).
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Figure 8 Elastin cross links in the human lamina
cribrosa. The elastin cross links, desmosine and
isodesmosine, were analysed using ion exchange
chromatography, with ninhydrin detection.21 Both cross
links significantly increased with age. (Lines fitted are first
order polynomial regression lines with correlation coeYcients
r=0.87 and r=0.85, for desmosine and isodesmosine
respectively.)
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Figure 9 Elastin content of the human lamina cribrosa.
Elastin content was estimated from the values of desmosine,
and expressed as a percentage of total dry tissue weight.
Percentage elastin increased significantly with age from 7%
to 28%. (Fitted line is a second order polynomial regression
fit, r=0.87.)
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Figure 10 Collagen content of the human lamina
cribrosa. Collagen content expressed as a percentage of total
dry tissue weight increased from 24% to 47%.

50

40

30

20

0

10

70–79 80–8960–6940–49 50–59

Age group (years)

%
 C

o
lla

g
en

30–3920–290–9 10–19

Age related changes in the non-collagenous components of the extracellular matrix of the human lamina cribrosa 315

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.84.3.311 on 1 M

arch 2000. D
ow

nloaded from
 

http://bjo.bmj.com/


2.77% of elastin).21 Elastin values, defined in
nmoles, were calculated, converted into mass
and expressed as a percentage of total dry
tissue weight. Percentage elastin increased sig-
nificantly from 7% in the 0–9 year group to
28% in the 80–89 year group (Fig 9,
Spearman’s rank correlation rs=0.90,
p=0.001).

Collagen content
Total collagen content, as determined by
hydroxyproline analysis, significantly increased
from 24% in the 0–9 years age group to 45% of
total dry tissue weight in the group aged 80–89
years (Fig 10).

Discussion
Components of the extracellular matrix of the
lamina cribrosa include collagen, elastin, and
sulphated GAGs. This study confirmed previ-
ously published data that collagen forms a
major constituent, representing between 24%
to 45% dry tissue weight depending on age.21 24

This investigation has demonstrated that elas-
tin, particularly in the elderly, is also a major
component, with sulphated GAGs at 1–3% dry
tissue weight only a minor constituent. Any
variation in the proportions of these compo-
nents will aVect the functional and physical
properties of the lamina cribrosa as it ages. The
overall increase in total connective tissue, as
indicated by the cumulative increase in the
major constituents: collagen and elastin, is
consistent with the age related thickening of
cribriform plates identified by previous
investigators.8 9

Elastin content increased in the human
lamina cribrosa as a function of age from 7% in
the 0–9 year age group to 28% of dry tissue
weight, in the 80–89 year group, consistent
with increased elastin autofluorescence,24

immunofluorescent25 (also shown in this study)
and immunoelectron26 labelling of elastin, pre-
viously observed, and confirmed in this study,
in the human lamina cribrosa. Once laid down
elastin has a very slow turnover and the cross
link content remains constant.21 27 No evidence
of degradation of elastic fibres within the
cribriform plates has been identified even in
the eldest eye when examined by electron
microscopy,26 implying an accumulation of
elastic fibres.8 Binding of elastin to other
proteins is believed to contribute to the stiVen-
ing and loss of long range elasticity associated
with most ageing elastic tissues.27 28

The significant decrease in lipid content of
the ageing human lamina cribrosa may be
indicative of a decrease in cellular or mem-
brane associated lipids, associated with the
decrease in nerve axons in the ageing human
optic nerve25 29 or the decreased cellularity sug-
gested by the decreased GFAP labelling in the
ageing lamina cribrosa.

Total sulphated GAGs concentration in the
lamina cribrosa appeared to decrease with age,
consistent with the age related reduction in
length and diameter of cuprolinic blue positive
chondroitin/dermatan sulphate and also
heparan sulphate proteoglycan filaments previ-
ously observed.14

Total GAG content of the lamina cribrosa
constitute between 1% and 3% of tissue dry
weight. In articular cartilage, which contains
GAGs as 15% of its total tissue dry weight, the
large aggregating proteoglycan, aggrecan, con-
tributes to its adaptation to withstand large
compressive forces. In contrast, fibrous flexor
tendon which experiences predominantly ten-
sile forces comprises the small dermatan
sulphate proteoglycan, decorin, as less than 1%
dry weight.30 It is unlikely that GAGs in the
lamina cribrosa aVect tissue hydration or its
ability to withstand the forces exerted on it by
diurnal and age related fluctuations in in-
traocular pressure as suggested by Caparas et
al.13 Indeed no change in tissue hydration, con-
stant at approximately 78%, was observed in
the ageing lamina cribrosa.

Biomechanical properties of connective tis-
sues may be indirectly influenced by interac-
tions of proteoglycans, including collagen
fibrillogenesis, cell-cell interactions, growth
factor binding, and cell regulation.31 The small
dermatan/chondroitin sulphate proteoglycan
decorin, localised in association with the inter-
stitial collagens of the human lamina cribrosa,11

has a role in the regulation of collagen fibril
diameters and the assembly of matrix
components.30 Biglycan, a second small
dermatan/chondroitin sulphate proteoglycan,
also localised to the lamina cribrosa may play a
part in the development of the tissue.11 A
strong correlation exists between decreasing
total GAGs content and an increase in mean
fibril diameters. The higher level of total
sulphated GAGs content in young laminae cri-
brosae implies smaller collagen fibril diameters
which may contribute to creep resistant
properties within a tissue and therefore en-
hance its resilience.32 The young lamina
cribrosa is able to reverse optic disc cupping in
infant glaucoma,33 suggestive that the young
lamina cribrosa is more resilient than adult tis-
sue. Biomechanical studies in this laboratory
have confirmed this.24 34

Previous studies have suggested a heterogen-
eity of astrocytes in the human optic nerve
head.23 Cell culture studies have identified two
cell types in the human lamina cribrosa35 36: the
GFAP positive astrocyte and a large flat
polygonal cell named lamina cribrosa cell. The
latter cell type synthesises elastin, collagen
types I, III, and IV, components of the
cribriform plates, whereas the astrocytes syn-
thesise type IV collagen. Astrocytes in the
lamina cribrosa line basement membranes
along the cribriform plates and surrounding
the central retinal vessels, segregating the neu-
ral elements of the lamina cribrosa from
connective tissue—that is, forming a glial
limitans, as is true throughout the CNS.37

GFAP labelling demonstrated astrocytes
within nerve fibre bundles, making contacts
with both nerve axons and other neighbouring
astrocytes.38 The intimate relation between
astrocytes and with other elements in the nerv-
ous system provides metabolic support and
barrier functions.39 The relevance of an appar-
ent decrease in astrocytes with age in the
lamina cribrosa is unknown. However, astro-
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cytes are important during development when
the morphogenetic activity is high. As in other
tissues, labelling of fibronectin indicated codis-
tribution with collagen types I and III.40 41

Fibronectin is important in cell matrix interac-
tions in cell migration and proliferation. The
age related decrease in fibronectin, similar to
that in the dermis and peripheral nerves, may
be related to a decrease in morphogenetic
activity of the lamina cribrosa.42 43

In conclusion, the alterations of non-
collagenous components of the extracellular
matrix of the lamina cribrosa16 may contribute
to an age related stiVening and reduction in
resilience, described in the lamina cribrosa.24 34

GAGs or proteoglycans may indirectly influ-
ence these properties by their role in the regu-
lation of collagen fibril diameters. Ageing of
elastin results in a deficiency of functional elas-
tic fibres and subsequent reduction in recoil
properties and elasticity, generally associated
with ageing elastic tissues.44 The eVect of such
changes on the biophysical and biomechanical
properties of the ageing lamina cribrosa and its
implications in the susceptibility of the lamina
cribrosa to glaucomatous optic neuropathy
need further investigation.
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