The Optic Nerve Head in High Myopia

Jost B. Jonas

The optic nerve head (ONH) or “papilla nervi optici” is a
defect in the wall of the posterior segment of the eye to allow
the exit of the retinal nerve fibers and central retinal vein and
the entrance of the central retinal artery. Simultaneously, it is
part of the ocular wall and thus serves to keep up the differ-
ence between a higher pressure inside of the eye (so-called
intraocular pressure) and outside of the eye. The ONH can be
regarded as a three-layered hole, with Bruch’s membrane
hole forming the inner layer, the hole in the choroid forming
the middle layer, and the scleral canal forming the outer layer
of the ONH. The ONH can be divided into the intrapapillary
region as all area within the scleral canal and the parapapil-
lary region as the area surrounding the ONH. If the scleral
canal is taken for the definition of the intrapapillary region,
the ophthalmoscopically visible boundary of the ONH is the
peripapillary ring ophthalmoscopic appearance of which
may be the pia mater gleaming through the border tissue of
the ONH at the level of the lamina cribrosa. Although the pia
mater is a relatively thin structure with a diameter of about
30-100 pm, the ophthalmoscopic examination in an almost
en face perspective onto the surface of the ONH leads to an
axial view onto the pia mater so that the peripapillary ring
may appear as a thin whitish mostly homogenous band com-
pletely surrounding the ONH. This yet unproven assumption
is particularly based on the histology of highly myopic eyes,
in which the stretching of the peripapillary scleral flange left
nothing else at the ONH border than the pia mater and a very
thin scleral flange covering the pia mater.
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10.1 Intrapapillary Region

10.1.1 Optic Disc

Ophthalmoscopically, the intrapapillary region is composed
of the neuroretinal rim as the equivalent of the retinal nerve
fibers and the central optic cup as the whole area not filled up
by the optic nerve fibers [1, 2]. The optic disc is the sum of
optic cup and neuroretinal rim. The area of the ONH shows
a marked interindividual variability of about 1:7 within a
normal non-highly myopic Caucasian population. The ONH
area additionally shows an interethnic variability, with
Caucasians having the smallest optic disc and Afro-
Americans the largest discs. As rule of thumb, the disc size
increases with the decreasing distance to the equator. Within
the non-highly myopic group, the disc size is slightly corre-
lated with the refractive error and thus the size of the globe:
The disc is smaller in hyperopic eyes, and it is slightly larger
in myopic eyes. At a cutoff value of about —8 diopters of
myopia or an axial length exceeding 26.5 mm, the disc size
steeply increases with myopic refractive error. It leads to
secondary or acquired macrodiscs in highly myopic eyes.
These secondary macrodiscs have to be differentiated from
primary macrodiscs in non-highly myopic eyes. Primary
macrodiscs have a normal mostly circular shape, and their
size is not markedly associated with refractive error or axial
length. Primary macrodiscs are associated with large and
relatively flat corneas and with large globe diameters in the
horizontal and vertical direction, without much elongation of
the sagittal globe diameter. Secondary macrodiscs in highly
myopic eyes appear to have an elliptical or oval shape. This
may at least partially be due to an ophthalmoscopical arti-
fact, since the myopic elongation of the globe moves the
ONH more to the nasal wall of the globe. By that, the oph-
thalmoscopic view onto the ONH is no longer en face or
perpendicular, but it occurs in an oblique direction onto the
ONH surface. This can lead to a seemingly oblique disc
shape and an underestimation of the disc size, in particular of
its horizontal diameter. In non-highly myopic eyes, the disc
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size is correlated with the number of cones and rods of the
retinal photoreceptors, the number of retinal pigment epithe-
lium cells, the number of retinal nerve fibers (and presum-
ably retinal ganglion cells), and the number of lamina
cribrosa pores and the total pore area [3, 4]. Since high myo-
pia is an acquired condition and since the number of retinal
cells does presumably not increase after birth, the relation-
ship between disc size and retinal cell number may not be
valid in highly myopic eyes. The variability in optic disc size
is pathogenetically important since optic disc drusen, pseu-
dopapilledema, and non-arteritic anterior ischemic optic
neuropathy occur almost exclusively in small optic discs,
while congenital pits of the optic disc are more common in
large optic nerve heads. The prevalence of arteritic anterior
ischemic optic neuropathy and of central retinal artery occlu-
sion or central retinal vein occlusion is independent of the
disc size. It may imply that the frequency of disc drusen,
pseudopapilledema, and non-arteritic anterior ischemic optic
neuropathy may be lower in ethnic groups with large optic
disc than in Caucasians with relatively small ONHs and the
prevalence of these diseases may be lower in highly myopic
eyes than in emmetropic eyes.

The optic disc has a slightly vertically oval form with the
vertical diameter being about 7-10 % larger than the hori-
zontal one [1, 2]. The disc form is not correlated with age,
gender, and body weight and height. Abnormal disc shapes
may be divided into discs with a rotation around the vertical
disc axis (“vertically rotated discs”) (potentially due to a pas-
sive movement of the ONH to the nasal ocular wall by the
myopic enlargement of the posterior pole, leading to an
oblique view onto the ONH surface and a seemingly reduced
horizontal disc diameter as an optical artifact in a two-
dimensional ophthalmoscopical examination) and into discs
with a rotation along the sagittal axis. These discs may be
called “tilted discs.” The prevalence of tilted discs is inde-
pendent of the refractive error, while vertically rotated discs
are associated with high myopia. Tilted discs are signifi-
cantly correlated with an increased corneal astigmatism and
amblyopia. In contrast, vertically rotated discs in highly
myopic eyes may not be associated with an increased corneal
astigmatism, since the changes associated with the develop-
ment of high myopia occur mostly behind the equator and
leave the cornea unchanged. A rotation of the ONH around
the horizontal axis may be the least common type of disc
rotation and may occur together with a rotation around the
sagittal axis in eyes with “tilted discs.”

10.1.2 Neuroretinal Rim

The neuroretinal rim is the intrapapillary equivalent of the
retinal nerve fibers and optic nerve fibers [1, 2]. As any bio-
logic quantitative parameter, the neuroretinal rim size is not

J.B. Jonas

interindividually constant but shows, similar to the optic disc
and cup, a high interindividual variability. The rim size is
correlated with the optic disc area. The increase of rim area
with enlarging disc area is most marked for eyes with no disc
cupping, medium pronounced for eyes with a temporal flat
sloping of the optic cup, and it is least marked in eyes with
circular steep disc cupping. The correlation between rim area
and disc area corresponds with the positive correlation
between optic disc size and optic nerve fiber count. These
associations are valid only for non-highly myopic eyes since
high myopia develops after birth in contrast to the number of
retinal nerve fibers which do not increase after birth. Possible
reasons for the interindividual size variability of the rim are
differences in the nerve fiber count, in the ratio between
formed and regressed retinal ganglion cell axons during
embryogenesis, in the density of nerve fibers within the optic
disc, in the lamina cribrosa architecture, in the diameters of
retinal ganglion cell axons, in the proportion of glial cells on
the whole intrapapillary tissue, and other factors. The nerve
fibers within the neuroretinal rim are retinotopically arranged,
with axons from ganglion cells close to the optic disc lying
more centrally in the optic disc while axons from cells in the
retinal periphery lie at the optic nerve head margin. It corre-
sponds to the nerve fiber distribution in the retinal nerve fiber
layer. Although not examined in highly myopic eyes, one
may assume that the retinotopic arrangement of the retinal
nerve fibers is preserved in highly myopic eyes.

The shape of the neuroretinal rim follows the ISNT
(inferior-superior-nasal-temporal) rule: It is usually wider at
the inferior disc pole, followed by the superior disc pole and
the nasal disc region, and it is smallest in the temporal disc
sector (Fig. 10.1). While many normal eyes can have a wider
rim superiorly than inferiorly and while the rim width in the
nasal region is of minor clinical importance, the most impor-
tant part of the ISNT rule is the “T” in that more than 95 %
of normal eyes have the smallest rim part in the temporal 60°
of the ONH. The ISNT rule is of importance for the early
detection of glaucomatous optic nerve damage and is valid
also in highly myopic eyes.

In non-highly myopic eyes, the rim shape (ISNT rule) is
associated with the diameter of the retinal arterioles which
are significantly wider in the inferotemporal arcade than in
the superotemporal arcade, with the visibility and the thick-
ness of the retinal nerve fiber layer which are significantly
better detectable and thicker in the inferotemporal region
than in the superotemporal region, with the location of the
foveola about 0.5 inferior to the horizontal optic disc axis
center, with the morphology of the lamina cribrosa with the
largest pores and the least amount of inter-pore connective
tissue in the inferior and superior regions as compared to the
temporal and nasal sectors, and with the distribution of
the thin and thick nerve fibers in the optic nerve just behind
the ONH where the thin fibers from the foveal region are
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Fig. 10.1 Optic disc photograph of a primary macrodisc, illustrating
the ISNT (inferior-superior-nasal-temporal) rule: the neuroretinal rim
(arrows) is wider at the inferior disc pole, followed by the superior disc
pole and the nasal disc region, and it is smallest in the temporal disc
sector Between black arrows: Neuroretinal rim

located in the temporal part of the nerve. Although these
relationships have not explicitly been examined in highly
myopic eyes, one may assume that they prevail also in highly
myopic eyes unless the position of the fovea has markedly
changed by the myopic elongation of the posterior pole.

While the neuroretinal rim gets lost and changes its shape
in glaucoma, rim size and shape remains mostly unchanged
if non-glaucomatous optic nerve damage develops. These
statements hold true for non-highly myopic eyes as well as
for highly myopic eyes.

The delineation of the neuroretinal rim from the optic cup
is more difficult in highly myopic eyes than in emmetropic
eyes, since the spatial contrast between the height of the rim
and the depth of the cup is reduced due to the myopic stretch-
ing of the ONH in high myopia; the spatial contrast addition-
ally appears optically to be diminished due to the longer axis
in the highly myopic eyes and the consequent reduction in
the size of the image of posterior fundus structures.
Furthermore, the color contrast between the neuroretinal rim
and the optic cup is decreased since the rim in highly myopic
eyes is markedly less pink than in emmetropic eyes. It has
remained unclear whether this effect is due to the thinner
nerve tissue in the highly myopic neuroretinal rim so that the
underlying collagenous tissue of the lamina cribrosa can bet-
ter gleam through and/or whether it may reflect a decrease in
the density of blood capillaries or blood supply into the neu-
roretinal rim. These problems in outlining the border between
neuroretinal rim and optic cup are one of the reasons for the

difficulty in detecting glaucomatous optic nerve damage in
highly myopic eyes. Other reasons are that the assessment of
the retinal nerve fiber layer is markedly hampered by the
bright fundus reflectance in highly myopic eyes; that the fun-
dus changes associated with myopic retinopathy are suffi-
cient reasons for perimetric defects so that the role of
perimetry for the detection of glaucoma is reduced; and that
the intraocular pressure in the highly myopic type of primary
open-angle glaucoma is often within the normal range.

10.1.3 Optic Cup

Parallel to the optic disc and the neuroretinal rim, also the
optic cup shows a high interindividual variability. Large optic
cups (macrocups) can be differentiated into primary macro-
cups which occur in primary macrodiscs and secondary or
acquired macrocups. The latter can further be subclassified
into secondary, highly myopic macrocups in highly myopic
eyes with secondary macrodiscs due to the myopic stretching
of the optic nerve head and into secondary macrocups which
developed due to the glaucomatous loss of neuroretinal rim.
In non-glaucomatous eyes including non-glaucomatous
highly myopic eyes, the areas of the optic cup and disc are
correlated with each other: The larger is the optic disc, the
larger is the optic cup. Due to the vertically oval optic disc
and the horizontally oval optic cup, the cup/disc diameter
ratios in normal eyes are horizontally significantly larger than
vertically. In less than 7 % of non-glaucomatous eyes, the
horizontal cup/disc ratio is smaller than the vertical one. It
indicates that the quotient of the horizontal-to-vertical cup/
disc ratios is usually higher than 1.0. It is important for the
diagnosis of glaucoma, in which, in the early to medium
advanced stages, the vertical cup/disc diameter ratio increases
faster than the horizontal one. It leads to an increase of the
quotient of horizontal-to-vertical cup/disc ratios to values
lower than 1.0. This holds true also in the detection of glau-
comatous optic nerve damage in highly myopic eyes. As ratio
of cup diameter to disc diameter, the cup/disc ratios depend
on the size of the optic disc and cup. The high interindividual
variability in the optic disc and cup diameters explains the
high interindividual variability in cup/disc ratios ranging in
the non-glaucomatous population between 0.0 and almost
0.9. It includes the highly myopic group.

10.2 Histology of the Intrapapillary Region

The bottom of the intrapapillary region is formed by the
lamina cribrosa which extends from the circular peripapil-
lary scleral flange (Figs. 10.2 and 10.3) [5]. The lamina
cribrosa may be compared with a multilayered structure of
collagenous sheets with numerous pores. In the region of the
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Fig. 10.2 Electron micrograph of the inner surface of the lamina
cribrosa after digestion of the retinal nerve fibers. White arrow, central
retinal vessel trunk; red arrows, large lamina cribrosa pores in the infe-
rior and superior disc region; blue arrows, small lamina cribrosa pores
in the temporal and nasal disc region; the pores are generally larger
closer to the optic disc margin

neuroretinal rim, the retinal nerve fibers pierce through the
lamina cribrosa pores, get myelinized just when leaving
the lamina cribrosa, and form the retrobulbar optic nerve. In
the region of the optic cup, the lamina cribrosa pores appear
to be sealed by connective tissue covering the lamina
cribrosa. It has remained unclear whether this tissue sheet is
watertight or whether it allows a leakage of intraocular fluid
into the retrobulbar cerebrospinal fluid space. Clinical obser-
vations on accumulations of large pigmented particles at the
bottom of the cup in eyes after pars plana vitrectomies may
allow the speculation that the lamina cribrosa can function
like a sieve allowing some leakage of fluid and keeping
larger particles back. If that is the case, it would mean an
additional outflow pathway of aqueous humor and would
indicate that the cerebrospinal fluid just behind the globe
may have another composition than in the apex of the orbit.

In normal eyes, the lamina cribrosa has a hanging-mat-
like shape. In eyes with advanced glaucomatous optic nerve
damage, the lamina cribrosa gets condensed and thinned,
and it changes its shape [6]. It develops a slight elevation in
its central region, where the central retinal vessel trunk
appears to stabilize the lamina cribrosa, and a sectorial deep-
ening in the inferior and superior peripheral regions. It leads
to a W-shaped configuration.

The thickness of the lamina cribrosa was not significantly
associated with the thickness of the cornea in a previous
histologic study [7]. In a parallel manner, corneal thickness
was neither correlated with the thickness of the peripapil-
lary scleral flange nor with the shortest distance between

Fig. 10.3 Photomicrograph of a normal optic nerve head in a medium
myopic eye. Black arrows, lamina cribrosa of normal thickness; yel-
low arrow, end of Bruch’s membrane, leaving a parapapillary region
free of Bruch’s membrane (“gamma zone™); red stars, peripapillary
scleral flange of normal thickness and length; blue arrows, pia mater
of the optic nerve; green arrow, dura mater of the optic nerve; black
star, retrobulbar cerebrospinal fluid space; white arrow, arterial circle
of Zinn-Haller

intraocular space and cerebrospinal fluid space. It suggested
that an assumed relationship between central corneal thick-
ness and glaucoma susceptibility could not be explained by
a corresponding anatomy between corneal thickness and the
histomorphometry of the optic nerve head.

In highly myopic eyes, the lamina cribrosa is markedly
thinned and elongated (Fig. 10.4) [8]. It has been speculated
that this myopia-associated lamina cribrosa changes may be
one of the reasons for the increased glaucoma susceptibility
in highly myopic eyes [9]. The thinning of the lamina cribrosa
leads to a shortening of the distance between the intraocular
space with the intraocular pressure and the retrobulbar space
with the orbital cerebrospinal fluid pressure. A decrease in
the distance is associated with a steepening of the trans-
lamina cribrosa pressure gradient. Recent studies have dis-
cussed that the trans-lamina cribrosa pressure difference (and
gradient) more than the transcorneal pressure difference (so-
called intraocular pressure) is important for the physiology
of the optic nerve head and may potentially play a role in the
pathogenesis of glaucomatous optic neuropathy [10].
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Fig. 10.4 Histophotograph showing the optic nerve head of a highly
myopic eye; black arrows, thinned lamina cribrosa; red star, intraocular
compartment; green stars, retrobulbar cerebrospinal fluid space

Studies by Anderson and later by Hernandez, Quigley,
and colleagues assessed the elastic fibers in the lamina
cribrosa and their replacement or augmentation by collagen
fibers with increasing age or the development of glaucoma
[11, 12]. Investigations by Burgoyne and coworkers
addressed the remodeling of the lamina cribrosa in glauco-
matous ONHs [13]. It has remained unclear so far whether
the lamina cribrosa changes in high myopia are comparable
to the age-related and glaucoma-associated changes in the
connective tissue of the lamina.

10.3 Parapapillary Region
10.3.1 Parapapillary Atrophy

Conventionally, the parapapillary region was divided into an
alpha zone and beta zone (Fig. 10.5) [14, 15]. Alpha zone
was defined by an irregular pigmentation and was detected in
almost all eyes. On its outer side, alpha zone was adjacent to
the retina, and on its inner side, it was in touch with beta
zone, or if beta zone was not present, with the peripapillary
ring. Beta zone was ophthalmoscopically characterized by a
visible large choroidal vessels and visible sclera and was
found in about 25 % of normal eyes and in a significantly
higher proportion of glaucomatous eyes. In cross-sectional
and in longitudinal studies, beta zone, not alpha zone, was
associated with an increasing glaucomatous loss in neuro-
retinal rim and an increasing glaucomatous visual field loss.
All highly myopic eyes had the (old) beta zone due to the
myopic crescent surrounding highly myopic ONHs, inde-
pendently whether there was glaucomatous optic nerve dam-
age (Fig. 10.6) [16]. In contrast to glaucomatous optic
neuropathy, non-glaucomatous optic nerve damage was not
associated with an enlargement of beta zone.

Fig. 10.5 Optic nerve head photograph of a glaucomatous, non-highly
myopic optic nerve head. White arrows, parapapillary beta zone; red
arrows, parapapillary alpha zone; black arrows, peripapillary ring

Fig. 10.6 Optic nerve head photograph of a highly myopic optic nerve
head. Green arrows, parapapillary alpha zone; red arrows, parapapil-
lary beta zone; black arrows, potentially the insertion line of the dura
mater of the optic nerve into the posterior sclera; central to this line
would be the peripapillary scleral flange; white arrows, peripapillary
ring
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Fig. 10.7 (a) Photomicrograph of a glaucomatous optic nerve head in
a non-highly myopic eye. Black arrows, condensed thinned lamina
cribrosa; blue arrows, pia mater of the optic nerve; red arrow, arterial
circle of Zinn-Haller; yellow arrows, (I) end of Bruch’s membrane at
the optic nerve head border, (2) end of photoreceptors, (3) end of retinal
pigment epithelium layer, and (4) end of regularly structured layer of
the retinal pigment epithelium; green arrow, dura mater of the optic

nerve black star, retrobulbar cerebrospinal fluid space. (b)
Photomicrograph of a glaucomatous optic nerve head in a non-highly
myopic eye (same eye as in a; higher magnification). Yellow arrows, (1)

In recent clinical and histological studies, however, the
concept of (old) beta zone has been challenged [17-19]. In a
histological study, it was differentiated between alpha zone
characterized by the presence of Bruch’s membrane with
irregularly structured and pigmented retinal pigment epithe-
lium, beta zone defined as the presence of Bruch’s mem-
brane without retinal pigment epithelium, gamma zone
characterized by the lack of Bruch’s membrane and normal
thickness of the peripapillary scleral flange, and delta zone

end of Bruch’s membrane at the optic nerve head border and (2) end of
photoreceptors; black arrow, end of open choriocapillaris. (c)
Photomicrograph of a glaucomatous optic nerve head in a non-highly
myopic eye (same eye as in a; higher magnification). Yellow arrows, (2)
end of photoreceptors and (3) end of retinal pigment epithelium layer;
black arrow, open choriocapillaris. (d) Photomicrograph of a glauco-
matous optic nerve head in a non-highly myopic eye (same eye as in a;
higher magnification). Yellow arrows, (3) end of retinal pigment epithe-
lium layer and (4) start of regularly structured retinal pigment epithe-
lium; black arrow, large choroidal vessel

characterized by the lack of Bruch’s membrane and a mark-
edly elongated and thinned peripapillary scleral flange
(Figs. 10.7 and 10.8). It was shown that beta zone (Bruch’s
membrane without retinal pigment epithelium) was corre-
lated with glaucoma but not with globe elongation; that
gamma zone (peripapillary sclera without overlying choroid,
Bruch’s membrane and deep retinal layers) was related with
axial globe elongation and that it was independent of glau-
coma; and that delta zone was present only in highly axially
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Fig. 10.8 Photomicrograph of a highly myopic eye. Black arrows,
elongated peripapillary scleral flange (“delta zone™); green arrows,
dura mater of the optic nerve; red arrows, pia mater of the optic nerve;
black star, retrobulbar cerebrospinal fluid space; white arrow, optic
nerve

elongated globes and was not related with glaucoma. One
also inferred that during the development of parapapillary
atrophy, the complete loss of retinal pigment epithelium may
have occurred before the complete closure of the choriocap-
illaris, since the region with occluded choriocapillaris was
smaller than beta zone. Interestingly, gamma zone was
strongly associated with axial length with a steep increase
starting at an axial length of 26.5 mm. The cutoff value of an
axial length of 26.5 mm was similar to the cutoff values of
about —8 diopters for the differentiation between medium
myopia and high myopia as suggested in clinical studies.
The finding that beta zone was associated with glaucoma
and that it was not associated with myopia suggested that the
histological changes observed in histological beta zone, i.e.,
loss of retinal pigment epithelium cells and photoreceptors
and a closure of the choriocapillaris may be related to the
glaucomatous optic neuropathy. Since the old beta zone
summarized (up to now) the histological new beta zone,
gamma zone, and delta zone and since gamma zone and delta
zone were not related with glaucoma, one may infer that a
clinical differentiation between new beta zone, gamma zone,
and delta zone may increase the clinical diagnostic value of
the redefined clinical beta zone (without gamma zone and
delta zone) for the diagnosis of glaucoma. Interestingly, the
region of Bruch’s membrane with the underlying choriocap-
illaris occluded was significantly smaller than beta zone
(defined as Bruch’s membrane without retinal pigment epi-
thelium cells). It suggests that a complete loss of retinal

pigment epithelium cells may occur earlier than a complete
closure of the choriocapillaris. It could indicate that a loss of
retinal pigment epithelium cells would lead to the closure of
the choriocapillaris since an intact choriocapillaris depends
on an intact RPE layer. One has to clearly keep in mind, how-
ever, that disturbances in the blood perfusion of the chorio-
capillaris may have first led to a damage and loss of the
retinal pigment epithelium, which could then lead to the
complete choriocapillaris closure.

The parapapillary zones gamma and delta are associated
with changes in the deep layers of the macula in highly myo-
pic eyes [20]. Highly myopic eyes can show holes in Bruch’s
membrane in the macular region as demonstrated in recent
histologic and clinical studies. These defects in Bruch’s
membrane are associated with a complete lack of retinal pig-
ment epithelium and choriocapillaris and a marked reduction
of photoreceptors and large choroidal vessels. The existence
of such macular Bruch’s membrane holes is strongly associ-
ated with axial length and with the parapapillary gamma
zone and delta zones.

The macular Bruch’s membrane defect in highly myopic
eyes as secondary or pathologic defect in Bruch’s membrane
can be differentiated from the primary or physiological hole
in Bruch’s membrane as the inner layer of the optic nerve
head which can be regarded as a three-layered canal through
Bruch’s membrane, the choroid, and the sclera. For the optic
nerve head, one may argue that the holes in these three layers
may primarily fit each other. During the growth and elonga-
tion of the eye, in particular if myopia develops, the posi-
tion of the ONH as defined by the scleral canal may shift
slightly to the nasal side of the posterior eye wall. If Bruch’s
membrane does not follow in the same manner, the hole in
Bruch’s membrane may get relatively translocated into direc-
tion of the macula. It leads to an overhanging of the edge of
Bruch’s membrane hole into the nasal region of the ONH (as
defined by the scleral canal) and to a lack of Bruch’s mem-
brane at the temporal border of the ONH. The latter would
explain the gamma zone in the temporal parapapillary region
of myopic eyes. The basis for the argument of an acquired
misalignment between the scleral canal and the opening in
Bruch’s membrane, in particular in myopia eyes, is the slid-
ing Bruch’s membrane theory. Since the Bruch’s membrane
is not firmly fixed with the sclera but separated from the sclera
by the spongy choroid, one may imagine that the spongy cho-
roid allows a sliding or movement of Bruch’s membrane in
spatial relationship to the sclera. The “supertraction” of the
retina and choroid to the temporal side with an overhang-
ing of Bruch’s membrane into the open area of the scleral
opening of the ONH and a region on the temporal ONH side
with no Bruch’s membrane has already been described by
Heine in 1899. [21] The sliding Bruch’s membrane theory
has been based on these former and the actual observations.
Ophthalmologists used to call Bruch’s membrane pushing
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into the nasal intrapapillary region “supertraction” and how
Bruch’s membrane opening moved temporally away from the
temporal side of the nerve a “distraction crescent.” Sliding
Bruch’s membrane theory has recently also been discussed to
be associated with the development of myopia [22].

The parapapillary zones alpha, beta, gamma, and delta as
defined and described in histological studies can also be
visualized and analyzed clinically by using enhanced depth
imaging of optical coherence tomography [19]. In a recent
clinical study, gamma zone was significantly associated with
longer axial length, longer vertical disc diameter, older age,
and absence of glaucoma, while beta zone was associated
with longer axial length and presence of glaucoma. It shows
that gamma zone and beta zone can clinically be differenti-
ated from each other and that the differentiation is clinically
useful.

10.3.2 Peripapillary Scleral Flange

The peripapillary scleral flange originates in the inner half
of the posterior sclera and continues into the lamina cribrosa,
the thickness of which is almost identical with the thickness
of the peripapillary scleral flange (Figs. 10.3, 10.8, and 10.9)
[17, 18]. While the inner 50 % of the posterior sclera form
the peripapillary scleral flange, the outer 50 % of the sclera
merge with the dura mater of the retrobulbar optic nerve. The
peripapillary scleral flange is the part of the sclera between
the optic nerve border (defined as optic nerve head scleral
canal or the anterior continuation of the pia mater) and the
point where the optic nerve dura mater merges with the
sclera. The peripapillary scleral flange thus forms the ante-
rior roof of the orbital cerebrospinal fluid space. The peri-
papillary scleral flange may also serve for functional dynamic
purposes: The pulse wave in the orbital cerebrospinal fluid
space and the pulse wave in the eye (“ocular pulse”) may
have their maxima at slightly different time points. This
would lead to a fluctuating change in the trans-lamina
cribrosa pressure difference and consequently to an undulat-
ing movement of the lamina cribrosa in sagittal direction.
The peripapillary scleral flange could function here as a
flange similar to the flange or a hinge in a door swinging in
and out.

The length of the scleral flange increases with axial
length and decreases with the thickness of the flange
[17, 18]. The increased length of the flange in highly myo-
pic eyes leads to an extension of the orbital cerebrospinal
fluid space into the retrobulbar peripapillary region. At this
location, the cerebrospinal fluid is separated from the vitre-
ous cavity just by a thin peripapillary scleral flange (as thin
as 50 pm), retinal nerve fibers, and the retinal inner limiting
membrane. It has remained unclear, whether, and if yes, in
which layer, a watertight shed exists between the intraocular

A

Fig. 10.9 Photomicrograph of a normal eye. Black arrow, posterior
full-thickness sclera; yellow stars, peripapillary scleral flange; green
arrows, dura mater of the optic nerve; red arrows, pia mater of the optic
nerve; black star, retrobulbar cerebrospinal fluid space

compartment and the compartment of the extended peripap-
illary cerebrospinal fluid space. Considering that the highly
myopic scleral flange is not covered on its inner side by
Bruch’s membrane and retinal pigment epithelium, one may
speculate whether there may be some leakage of fluid
though the retinal nerve fiber layer and the water permeable
scleral tissue. This fluid leakage would reduce the intraocu-
lar pressure and lead to a different composition of the cere-
brospinal fluid in the retrobulbar region as compared to the
apex of the orbit. It has also remained unclear so far, whether
the extension of the retrobulbar cerebrospinal spinal fluid
space into the parapapillary region has pathophysiological
consequences. One may speculate whether the very thin
peripapillary scleral flange in highly myopic eyes may act as
open fontanelles do in babies. The scleral flange may undu-
late as consequence of the ocular pulse and may thus lead to
a change in the ocular pulse.

In highly myopic eyes, the peripapillary scleral flange
elongates from about 500 pm to 5 mm by a factor of 1:10.
Simultaneously, the flange thins from about 500 to 50 pm by
a factor of 10:1. Considering the peripapillary scleral flange
as biomechanical anchor for the lamina cribrosa, the myopia-
associated stretching and thinning of the flange may be one
of the reasons for the increased glaucoma susceptibility in
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highly myopic eyes. The biomechanical consequence of
a thin parapapillary sclera in the highly myopic eyes may
further be aggravated by the finding that the highly myo-
pic eyes did not have the normal composition of the para-
papillary anatomy. In the highly myopic eyes as in contrast
to the non-highly myopic eyes, the parapapillary retina is
composed of retinal nerve fiber layer (or its remnants) only,
without elements of any other retinal layer, without para-
papillary Bruch’s membrane or choroid. The implications
of a missing of Bruch’s membrane as stable element in the
whole architecture of the retina-choroid complex and the
consequence of a missing of choroidal vessels at the border
of highly myopic optic nerve head have remained unknown
so far.

The elongation of the peripapillary scleral flange in
delta zone of highly myopic eyes is associated with an
increased distance between the peripapillary arterial circle
of Zinn-Haller and the optic disc border. The arterial cir-
cle of Zinn-Haller is usually located close to the merging
point of the dura mater with the posterior sclera [23]. Since
the arterial circle of Zinn-Haller supports the blood vessels
in the optic nerve head, in particular in the lamina cribrosa,
one may speculate whether the tenfold increase in the dis-
tance between the arterial circle and the lamina cribrosa
may lead to a malperfusion of the lamina -cribrosa.
Anatomical studies which specifically examined the com-
municating vessels between the arterial circle of Zinn-
Haller and the tissue of the lamina cribrosa in highly
myopic eyes are missing yet.

The thinning of the scleral flange in highly myo-
pic eyes is paralleled by myopia-associated changes of
the sclera in other fundus regions. Examining formalin-
fixed human globes, a recent histomorphometric study
showed that in non-axially elongated eyes with axial
length of <26 mm, the sclera was thickest at the pos-
terior pole (0.94+0.18 mm), followed by the periop-
tic nerve region (0.86+0.21 mm), the midpoint between
posterior pole and equator (0.65+0.15 mm), the limbus
(0.50£0.11 mm), the ora serrata (0.43+0.14 mm), the
equator (0.42+0.15 mm), and finally the peripapillary
scleral flange (0.39+0.09 mm) [24]. In axially elongated
eyes, scleral thinning occurred at and posterior to the equa-
tor, being more marked closer to the posterior pole and the
longer the axial length was. Scleral thickness anterior to the
equator did not markedly differ between the highly myo-
pic eyes and the non-highly myopic eyes. Within the ante-
rior and posterior segment, respectively, scleral thickness
measurements were correlated with each other. Posterior
scleral thickness was correlated with lamina cribrosa thick-
ness. Scleral thickness measurements at any location of
examination were not significantly correlated with corneal
thickness or with age, gender, and presence of absolute sec-
ondary angle-closure glaucoma.
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