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PURPOSE. To assess the spatial relationship between the locations of the parapapillary
gamma zone and the fovea.

METHODS. In a non-glaucomatous subgroup of the population-based Beijing Eye Study
population, we measured the mean angle between the optic disc–fovea line and the hori-
zontal (disc–fovea angle), the vertical distance of the fovea from the horizontal through
the optic disc center (fovea vertical distance), and the location and width of the widest
part of parapapillary gamma zone.

RESULTS. The study included 203 individuals (203 eyes; mean axial length, 24.4 ± 1.5 mm;
range, 22.03–28.87 mm). The widest gamma zone part was located most often temporal
horizontally (51.7%), then inferiorly (43.8%), superiorly (2.5%), and nasally (2.0%). The
disc–fovea angle (mean, 7.50° ± 4.00°; range, –6.30° to –23.25°) was significantly higher
(P = 0.003; i.e., fovea located more inferiorly) in eyes with the widest gamma zone
inferiorly (8.46° ± 4.37°) than in eyes with the widest gamma zone temporally (6.71°
± 3.46°) and in eyes with the widest gamma zone temporally, superiorly, or nasally
combined (6.75° ± 3.53°; P = 0.003). The fovea vertical distance (mean, 0.65 ± 0.33
mm; range, –0.20 to 1.67 mm) was longer (P = 0.001; i.e., fovea located more inferiorly)
in eyes with the widest gamma zone inferiorly (0.73 ± 0.33 mm) than in eyes with the
widest gamma zone temporally (0.58 ± 0.30 mm) and in eyes with a temporal, superior,
or nasal gamma zone combined (0.58 ± 0.31 mm; P = 0.001). The fovea vertical distance
increased (multivariate analysis) with the widest gamma zone location inferiorly (β =
0.25; P = 0.001) and wider width of the gamma zone (β = 0.19; P = 0.01).

CONCLUSIONS. An inferior fovea location is associated with a wider inferior gamma zone
and vice versa, supporting the notion of an inferior shifting of Bruch’s membrane as the
cause for an inferior gamma zone.

Keywords: parapapillary gamma zone, gamma zone, Bruch’s membrane, Bruch’s
membrane opening, fovea, axial elongation, myopia

The optic nerve head canal consists anatomically of
three layers: the Bruch’s membrane opening (BMO),

the opening in the choroidal layer delineated by the peri-
papillary border tissue of the choroid (Jacoby), and the
scleral flange opening, covered by the lamina cribrosa and
delineated by the peripapillary border tissue of the scle-
ral flange (Elschnig).1,2 Recent studies have revealed that,
with axial elongation in moderately myopic eyes, the BMO
shifts from its original position backward, usually into the
temporal direction toward the fovea.3 This leads to an over-
hanging of Bruch’s membrane (BM) into the intrapapillary
compartment at the nasal disc border, as well as a lack of
BM in the temporal parapapillary region, referred to as a
gamma zone.3–5 Other studies have shown that the axial
elongation-associated enlargement of the distance between
the fovea and the optic disc is caused by the development
and enlargement of a temporal gamma zone.6 In contrast,

the distance between the fovea and the border of BM at
the peripheral margin of a gamma zone on the disc–fovea
line is independent of axial length.6 In a similar manner, the
distance between the temporal superior arterial arcade and
the temporal inferior arterial arcade as measured on a verti-
cal line through the fovea is independent of axial length.7

This observation led to the notion that BM at the poste-
rior pole does not markedly enlarge in axially elongated
eyes, unless macular BM defects have developed.6,8,9 Corre-
spondingly, the thickness of BM, in contrast to the thickness
of the choroid and retina, does not decrease with longer
axial length.10–12 The concept of a shifting BM in axially
elongating eyes can explain the dependence of the horizon-
tal fovea position on the presence and size of a temporal
gamma zone, with the horizontal fovea position measured as
horizontal distance between the fovea and the optic disc.8,9

Here we examined whether the vertical position of the fovea,

Copyright 2021 The Authors
iovs.arvojournals.org | ISSN: 1552-5783 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

mailto:yaxingw@gmail.com
https://doi.org/10.1167/iovs.62.1.18
http://creativecommons.org/licenses/by-nc-nd/4.0/


Parapapillary Gamma Zone and Vertical Fovea Location IOVS | January 2021 | Vol. 62 | No. 1 | Article 18 | 2

FIGURE 1. Vertical OCT image of the optic nerve head in an eye with an inferior gamma zone (between A and B), a corresponding
overhanging of Bruch’s membrane into the intrapapillary compartment at the superior optic disc border (between C and D), and a fovea
location 0.78 mm inferior to the optic disc horizontal.

measured as the distance between the fovea and a horizon-
tal line drawn through the optic disc center (fovea vertical
distance) is also dependent on the location and size of the
parapapillary gamma zone. The results may provide further
information regarding the validity of the notion of a shifting
of BM during the process of axial elongation.

METHODS

The Beijing Eye Study 2011 was a population-based cross-
sectional survey performed in Northern China. The Medical
Ethics Committee of the Beijing Tongren Hospital approved
the study protocol, and all participants gave informed writ-
ten consent. Out of 4403 eligible individuals fulfilling the
inclusion criteria of an age of 50+ years and living in rural or
urban study regions, 3468 (78.8%) individuals participated.
The mean age was 64.6 ± 9.8 years (range, 50–93 years). The
study population and the study design have been described

in detail previously.3,13 We included in the present study
the right eyes of individuals of an age-stratified, otherwise
randomly selected subgroup of participants of the Beijing
Eye Study population. Exclusion criteria for the present
study were the presence of glaucomatous optic neuropa-
thy, as the glaucomatous process might have changed the
configuration of the optic nerve head, and unclear visual-
ization of the BMO edges. Glaucoma was defined according
to the optic nerve head criteria of the International Society
of Geographic and Epidemiological Ophthalmology.14,15 The
inclusion criterion was the presence of a gamma zone.

All participants underwent a structured questionnaire
including questions on the level of education, systemic
examinations, and a comprehensive ophthalmic examina-
tion. The ophthalmic examination included measurement of
visual acuity, slit-lamp examination of the anterior and poste-
rior segment of the eye, and photography of the cornea, lens,
optic disc, and macula (CR6-45NM fundus camera; Canon
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FIGURE 2. Vertical OCT image (inferior image) of the optic nerve
head in an eye with an inferior gamma zone (between A and B),
a corresponding overhanging of Bruch’s membrane into the intra-
papillary compartment at the superior optic disc border (between
C and D), an angle between the disc–fovea line and the horizontal
of 23.25°, and a fovea location 1.50 mm inferior to the optic disc
horizontal.

Inc., Tokyo, Japan). The optic nerve head including the peri-
papillary area was additionally imaged by spectral-domain
optical coherence tomography (OCT) in enhanced depth
imaging mode (Spectralis; Heidelberg Engineering, Heidel-
berg, Germany). The optic disc scan protocol included six
radial scan lines with a scan length of 6 mm, centered on
the optic disc, and each was comprised of 100 A-scans. The
parapapillary region was examined with the intrinsic viewer
(Heidelberg Eye Explorer 1.7.0.0 software; Heidelberg Engi-
neering), which automatically synchronized the vertical lines
of each B-scan and the infrared image taken by the OCT
device. In eyes in which the end of BM did not reach the
optic disc border (defined by the peripapillary border tissue
of Elschnig), the parapapillary gamma zone was defined as
the region between the end of BM and the border of the
optic disc (Figs. 1–3). We measured the horizontal diameter
and vertical diameter of the BMO, with the measurement
lines running through the optic disc center, as well as the
largest width of the gamma zone and its location in one of
four parapapillary quadrants (i.e., temporal, superior, nasal,
and inferior) (Figs. 1–3). Using the fundus photographs, we
also measured the distance between the optic disc center and
the foveola and the angle between the disc–fovea line and
the horizontal.6 If the foveola was located above the hori-
zontal optic disc axis, the angle measurement was noted as
a negative value. The technique of assessing the disc–fovea
angle has already been described and applied in previous
investigations by, for example, Lamparter et al.,16 Denniss et
al.,17 Choi et al.,18 and Kim et al.19 The fovea vertical distance
was trigonometrically calculated. To obtain the disc–fovea
distance in real measurements, we corrected the magnifi-
cation by the optic media of the eye and by the fundus
camera using the Littmann and Bennett method.20 As already
described in detail, we additionally assessed the subfoveal
choroidal thickness by OCT.13,15

Using a commercially available statistical software pack-
age (SPSS Statistics 25.0; IBM, Armonk, NY, USA), we first
calculated the means and standard deviations, medians, and
ranges of the main outcome parameters: disc–fovea angle,

FIGURE 3. Vertical OCT image (inferior image) of the optic nerve
head in an eye with an inferior gamma zone (between A and B),
a corresponding overhanging of Bruch’s membrane into the intra-
papillary compartment at the superior optic disc border (between
C and D), and a fovea location 1.1 mm inferior to the optic disc
horizontal.

fovea vertical distance, and widest width of the gamma zone.
In a second step, we performed a univariate analysis to
assess associations among the main outcome parameters
and other ocular parameters. In a third and final step, we
carried out a multivariate analysis. We calculated the stan-
dardized regression coefficient (β), the non-standardized
regression coefficient (B), and the 95% confidence intervals
(CIs) of B. All P values were two sided and considered statis-
tically significant when they were <0.05.

RESULTS

The study included 203 eyes (203 individuals; 112 male,
55.2%) with a mean age of 61.6 ± 8.1 years (median, 60.0
years; range, 50–86 years) and a mean axial length of 24.4
± 1.5 mm (median, 24.3 mm; range, 22.03–28.87 mm). The
mean vertical diameter of BM opening was 1.79 ± 0.22 mm
(median, 1.80 mm; range, 1.26–2.62 mm).

The maximal width of the gamma zone was located most
often in the temporal horizontal quadrant (105 eyes, 51.7%),
followed by the inferior quadrant (89 eyes, 43.8%), the supe-
rior quadrant (5 eyes, 2.5%), and the nasal quadrant (4 eyes,
2.0%) (Table 1). The mean disc–fovea angle was 7.50° ±
4.00° (median, 6.98°; range, –6.30° to –23.25°), the mean
disc–fovea distance was 4.94 ± 0.34 mm (median, 4.97 mm;
range, 3.86–5.99 mm), and the mean fovea vertical distance
was 0.65 ± 0.33 mm (median, 0.61 mm; range, –0.20 to 1.67).

The disc–fovea angle was significantly higher (P = 0.003;
i.e., fovea located more inferiorly) in eyes with the widest
gamma zone located inferiorly (8.46° ± 4.37°) than in eyes
with the widest gamma zone located temporally (6.71° ±
3.46°) and in eyes with the widest gamma zone located
temporally, superiorly, or nasally combined (6.75° ± 3.53°;
P = 0.003) (Table 1, Fig. 4).

If only eyes with a disc–fovea angle of less than 15°
were included in the statistical analysis, similar results were
obtained, with the disc–fovea angle being significantly asso-
ciated with an inferior gamma zone location. The disc–
fovea angle was larger (P = 0.002) in eyes with an inferior
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FIGURE 4. Graph showing the distribution of the disc–fovea angle (defined as the angle between the disc–fovea line and the horizontal)
and the quadrant with the widest parapapillary gamma zone width.

location of the widest gamma zone (8.04° ± 3.93°) than in
eyes with a temporal location of the widest gamma zone
(6.40° ± 2.99°) and in eyes with the widest gamma zone
located temporally, superiorly, or nasally combined (6.46° ±
3.11°; P = 0.003).

In multivariate regression analysis, the disc–fovea angle
was associated with an inferior location of the widest gamma
zone (P = 0.001) and with older age (P = 0.008), whereas,
when added to the analysis, the parameters of gender (P =
0.37), region of habitation (P = 0.07), level of education (P
= 0.25), axial length (P = 0.66), BMO diameter (P = 0.24),
disc–fovea distance (P = 0.11), degree of fundus tessellation
(P = 0.46), and subfoveal choroidal thickness (P = 0.25)
were not significantly associated with the disc–fovea angle
(Table 2).

The fovea vertical distance (mean, 0.65 ± 0.33 mm;
median, 0.61 mm; range, –0.20 to 1.67) was significantly
longer (P = 0.001; i.e., fovea located more inferiorly) in
eyes with the widest gamma zone inferiorly (0.73 ± 0.33
mm) than in eyes with a widest gamma zone temporally
(0.58 ± 0.30 mm) and in eyes with a temporal, superior, or
nasal gamma zone combined (0.58 ± 0.31 mm; P = 0.001)
(Fig. 5). In multivariate regression analysis, the fovea verti-
cal distance increased with a location of the widest gamma
zone inferiorly (P = 0.001) and a wider width of the gamma
zone (P = 0.01). In that model, the fovea vertical distance
was not associated with age (P = 0.12), gender (P = 0.75),
region of habitation (P = 0.29), level of education (P = 0.72),
axial length (P = 0.96), BMO diameter (P = 0.51), disc–fovea
distance (P = 0.62), degree of fundus tessellation (P = 0.32),
or subfoveal choroidal thickness (P = 0.33) (Table 2).

DISCUSSION

In our study on eyes of healthy Chinese, the disc–fovea
angle was significantly larger and the fovea vertical distance
was significantly longer in eyes with the widest gamma
zone in the inferior quadrant than in eyes with the widest
gamma zone located in the temporal or superior quadrant.
Correspondingly, the fovea vertical distance increased with
a longer widest width of an inferior gamma zone and vice
versa.

These findings agree with observations made in previous
investigations, in which the disc–fovea distance increased
with longer axial length parallel to the development and
enlargement of a temporal gamma zone.6 In contrast, the
length of the macular BM, defined as the distance between
the fovea and the border of BM at the peripheral edge of
the temporal gamma zone, did not change.6 Although in the
previous study the horizontal fovea location defined as the
distance from the optic disc was associated with a tempo-
ral gamma zone, the present investigation showed a spatial
association between the vertical fovea location, defined as
the distance of the fovea from the optic disc horizontal, and
an inferior gamma zone. These finding support the hypoth-
esis that BM moves backward during the process of axial
elongation and myopization, leading to a backward shift of
the BMO, usually in direction of the fovea (with subsequent
development of a temporal gamma zone and secondary
elongation of the disc–fovea distance). In some eyes, the BM
shift may be directed more into the inferior–temporal direc-
tion, leading to a mainly inferior gamma zone and an inferior
location of the fovea (Figs. 1–3). This notion is supported by
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FIGURE 5. Graph showing the distribution of the vertical distance of the fovea from a horizontal line drawn through the optic disc center
and the quadrant with the widest parapapillary gamma zone width.

the finding that the distance between the temporal superior
vascular arcade and the temporal inferior vascular arcade
does not change in axial elongation if eyes with macular
BM defects are excluded.7,8 This notion is also supported
by the observation that the posterior choroid becomes thin-
ner (more compressed) with more marked longer axial elon-
gation.21 The mechanism of a backward shift of BM could
be explained by the assumption that the axial elongation
occurs due to enlargement of BM in the equatorial region.
By such a mechanism, the eye would predominantly become
longer and would enlarge only to a minor degree in the coro-
nal diameters. During myopization, the globe does, indeed,
change its shape from a mostly spherical configuration to a
prolate shape or to a tube-like shape with two half-spheres
at both of its ends.8,22,23 This observation fits with histo-
morphometric findings that, in the equatorial region, retinal
thickness and the density of the retinal pigment epithelium
(RPE) cells decrease with longer axial length, whereas at the
posterior pole retinal thickness, RPE density and choriocap-
illaris thickness are mostly independent of axial length.24–26

The notion of BM having biomechanical importance in the
process of axial elongation is supported by the observation
that the stiffness of BM is comparable to or higher than the
stiffness of other ocular tissues and that BM can sustain a
relatively high pressure before rupture.27

An alternative to BM as the primary tissue elongating the
eye is the sclera, as BM and sclera are the only biomechan-
ically strong tissue layers. The choroid and the retina are
biomechanically too weak in their structures to force the
other ocular tissue layers to expand. If the eye wall enlarge-
ment occurred primarily by an enlargement of the midpe-
ripheral sclera, the choroidal space at the posterior pole
would widen, and the peripapillary scleral flange opening
(i.e., the lamina cribrosa) in the optic nerve canal would
move backward. This would lead to an oblique course of the
optic nerve canal from the nasal inner layer to the tempo-
ral outer layer. Neither of these morphological features,

however, is found in myopic eyes, in which the choroid
at the posterior pole progressively becomes thinner with
axial elongation and the course of the optic nerve canal
runs from the temporal inner layer to the nasal outer layer.
These findings support BM, in contrast to the sclera, as being
the primary tissue elongating the globe during myopization.
There are additional findings favoring BM as the primary
tissue elongating the globe in myopia. The process of
emmetropization (and potentially the process of myopiza-
tion as an overshooting of the process of emmetropization)
is the adaptation of the length of the optical axis depend-
ing on the given optical properties of the cornea and lens.
The optical axis ends at the photoreceptor outer segments
in close proximity to the BM, whereas the sclera is separated
from the photoreceptor outer segments by the choroid, the
thickness of which fluctuates between morning and evening
and is additionally dependent on other parameters. It may
make it unlikely that the sclera could determine the length
of the optical axis with a precision of approximately 100 μm.
The notion of an enlargement of the globe in the equatorial
region during the process of emmetropization and myopiza-
tion fits with the observation that the afferent sensory part
of the feedback mechanism is located in the equatorial and
retro-equatorial regions.28 Studies have shown that a periph-
eral defocus leads to axial elongation.

Because the RPE, through its basal membrane, is rela-
tively firmly connected with BM, any movement of the poste-
rior BM may result in a corresponding movement of the
fovea. In the case of eyes with an inferior or inferior tempo-
ral gamma zone (and a corresponding overhanging of BM
into the intrapapillary compartment at the superior to nasal
superior disc region), the enlargement of BM in the equato-
rial region might be more marked in the superior region than
in the inferior region. This would lead to a surplus of BM
in the superior hemisphere, resulting in a shift of the BMO
inferiorly. Because the BMO and the fovea are both based on
BM, movement of BM in the inferior direction would result
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in an inferior location of the fovea in spatial association with
an inferior location of the BMO, which results in an inferior
gamma zone.

The measurement of the mean fovea location of about
0.65 ± 0.33 mm agrees with the results of a previous study
in which the same parameter was measured on fundus
photographs and a mean value of 0.53 ± 0.34 mm inferior
to the horizontal optic disc axis.29

The findings obtained in our study may have several clin-
ical implications. The position of the blind spot in the visual
field depends on the spatial relationship between the fovea
and optic nerve head. The results of our study suggest that
the blind spot may be located more inferiorly in eyes with
an inferior gamma zone compared to eyes without a supe-
rior gamma zone. In particular, in automated perimetry, such
an abnormal spatial relationship between the visual center
and the blind spot may influence the description of visual
field defects. Second, previous studies have shown that the
position of the peaks in the peripapillary retinal nerve fiber
layer thickness profile depends on the spatial relationship
between the optic disc and fovea.16–18,30 According to the
current study, eyes with an inferior gamma zone and inferi-
orly located fovea may have a different position of the reti-
nal nerve fiber layer peaks than eyes with a superior gamma
zone.

When discussing the results of our study, its limitations
should be considered. First, although the primary recruit-
ment of the study participants followed a population-based
system, the current study consists of a subgroup of randomly
chosen individuals with gamma zones and without disorders
of the optic nerve and macula. Second, the study population
consisted of only Chinese, so the results may not transfer
directly to other ethnicities. Third, only the location of the
widest gamma zone position was taken into account in this
study, so that an eye with a circumpapillary gamma zone
with the widest gamma zone located inferiorly fell into the
same category as an eye with a small gamma zone with
its widest part located inferiorly. To partially compensate
for this weakness in the study design, we also measured
the width of the widest gamma zone part and found that
this parameter correlated with the fovea vertical distance
(Fig. 5).

Fourth, one may argue that gamma zones are present
mainly in highly myopic eyes and that the mean axial length
of the participants of our study was almost normal (24.4
± 1.5 mm). The question may arise, then, as to why many
of the study participants had a gamma zone without being
highly myopic. Although gamma zones are largest in highly
myopic eyes, the majority of moderately myopic eyes show a
gamma zone of moderate size. It has been suggested that, in
eyes that are not highly myopic, gamma zones (located most
often in the temporal region) are due to a shift in the BMO
in the direction of the fovea and that the width of a gamma
zone on the temporal side corresponds to the length of the
overhanging part of BM at the nasal side of the optic disc.3

In highly myopic eyes, with a cutoff value of about 26.5
mm of axial length, the BMO enlarges so that eventually
the nasally overhanging part of BM retracts and a circular
gamma zone develops.3 Because the circular enlargement
of the BMO may not be due to a shift of BM but instead
could be due to an increase in the strain within BM, highly
myopic eyes with a circular gamma zone may not be useful
for assessing a relationship between a shift of BM and the
position of the fovea.31 The only moderately myopic range of
axial length of our study population may therefore support

the appropriateness of the study population for this study’s
goals.

Fifth, the largest disc–fovea angle in the study popula-
tion was relatively large (23.2°) (Fig. 2), so that one may
argue that some extreme outlier cases could have distorted
the results of the statistical analyses. If, however, eyes with
a disc–fovea angle of ≥15° were excluded from the statis-
tical analysis, then the results remained mostly unchanged.
Finally, one may also argue that a temporal gamma zone
could cause a more temporal location of the fovea, which
would then lead to a divergent pseudostrabismus; however,
the development of a divergent pseudostrabismus in myopic
eyes has not been detected for the majority of myopic eyes.
It is more likely that the assumed process of BM enlargement
in the equatorial region occurs in all meridians in a more or
less symmetric manner, so that the posterior pole with the
fovea in its center is equally pushed backward (resulting in a
compression and thinning of the posterior choroid) without
a marked change in the position of the fovea in the center
of the posterior pole.

In conclusion, the vertical position of the fovea measured
as vertical distance from the optic disc horizontal is asso-
ciated with an inferior gamma zone and increases with a
larger inferior gamma zone width. It supports the notion of
a shifting of BM, with an inferior gamma zone caused by a
downward shift of the BMO. This leads to a misalignment
of the BMO compared with the choroidal opening and the
peripapillary scleral flange opening (lamina cribrosa) of the
optic nerve head canal and is accompanied by an inferior
shift of the fovea.
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