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Abstract
Purpose To investigate the morphological features of parapapillary beta zone and gamma zone and their associated factors
in eyes with chronic primary angle-closure glaucoma (CACG).
Methods The observational cross-sectional study included 65 CACG eyes and 65 non-myopic control eyes. On enhanced
depth imaging of optical coherent tomography images, the area of parapapillary beta zone and gamma zone, and the
peripapillary choroidal thickness at 6 sectors were measured. The optic disc ovality index and Bruch’s membrane opening
(BMO) shape were further calculated.
Results Beta zone was present in 103 (79.2%) eyes and gamma zone in 29 (22.3%) eyes. Compared to control eyes, CACG
was associated with larger parapapillary beta zone, female gender, and older age (P < 0.01). No significant difference was
observed in axial length and peripapillary choroidal thickness between both groups (P > 0.05). In multivariate analysis, beta
zone area was positively associated with older age and higher prevalence of CACG (P < 0.01), while a larger gamma zone
area was associated with a smaller disc ovality index and a higher BMO ovality ratio (P < 0.01). The peripapillary choroidal
thickness at six sectors was decreased with older age (P < 0.01).
Conclusions In mainly non-myopic subjects with or without CACG, larger parapapillary beta zone was correlated with older
age and presence of glaucoma, while a larger parapapillary gamma zone was correlated with disc ovality but not with
glaucoma. Parapapillary beta zone and gamma zone may play different roles in physiological and glaucomatous changes
around optic nerve head.

Introduction

The conventional ophthalmoscopic beta zone [1] of para-
papillary atrophy characterized by visible choroidal vessels
and the sclera has recently been divided into two subzones:
gamma zone and (new) beta zone [2, 3]. Based on spectral
domain optical coherence tomography (SD-OCT) findings,
gamma zone could be distinguished as the parapapillary
region free of Bruch’s membrane, and beta zone could be
distinguished by the presence of Bruch´s membrane and
absence of RPE. Both gamma zone and beta zone were
whitish zones upon ophthalmoscopy, while a delicate color
difference could be noticed to distinguish these two sub-
zones occasionally.

Growing evidence has suggested that parapapillary beta
zone was associated mainly with primary open angle
glaucoma and to a lower degree with axial myopia, while
parapapillary gamma zone was strongly correlated with
axial myopia [3–5]. Studies on the characteristics of SD-
OCT defined parapapillary atrophy in eyes with primary
angle-closure glaucoma have only scarcely been performed
[6], if at all. Moreover, the etiology of the parapapillary beta
and gamma zone in glaucoma has remained elusive so far.

Using the enhanced depth imaging of SD-OCT tech-
nology, we therefore performed this study to investigate the
morphological features of parapapillary beta zone and
gamma zone and associated factors in eyes with chronic
primary angle-closure glaucoma (CACG).

Methods

Subjects

The study population consisted of patients with CACG and
normal individuals attending or visiting the Shanghai Eye,
Ear, Nose and Throat Hospital of the Fudan University. The
study protocol and data collection adhered to the tenets of
the Declaration of Helsinki and was approved by the
Institutional Review Board. All study participants con-
sented to the ophthalmologic examinations before they were
performed.

CACG was diagnosed according to the International
Society for Geographical and Epidemiological Ophthal-
mology (ISGEO) system [7]. The diagnostic criteria were an
increased intraocular pressure, a synechial closure of the
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anterior chamber angle upon gonioscopy, no history and no
ocular signs of an acute glaucoma attack, and glaucomatous
optic nerve head changes with corresponding visual field
defects. Exclusion criteria were the diagnosis of secondary
angle-closure glaucoma, a combined pathomechanism for
glaucomatous optic neuropathy, and any ophthalmic dis-
eases other than glaucoma (e.g., diabetic retinopathy). For
those patients with bilateral CACG, only one eye randomly
selected was included into the study.

All individuals underwent a comprehensive ophthalmo-
logic examination including the assessment of visual acuity,
refractometry, slit-lamp biomicroscopy, Goldmann appla-
nation tonometry, biometry of ocular parameters including
axial length, central cornea thickness and anterior chamber
depth (Lenstar LS 900; Haag-Streit Diagnostics, USA),
color photography of the optic nerve head (CR-DGI;
Canon, Inc., Tokyo, Japan), and OCT-scanning of the fovea
and optic disc and measurement of the peripapillary retinal
nerve fiber layer thickness using spectral-domain optical
coherence tomography (SD-OCT) (Spectralis OCT, Hei-
delberg Engineering, Heidelberg, Germany). Gonioscopy
(Goldmann-type one-mirror lens, Haag Streit, Switzerland)
and standard automatic perimetry (Carl Zeiss-Humphrey
Systems, Dublinand, USA) were performed for all CACG
patients.

Determination of parapapillary beta zone and
gamma zone

We used the Spectralis HRA+OCT system to scan the
optic disc region. The images were captured in a rectangle
of 15° × 15° for horizontal scans including the whole optic
disc and peripapillary atrophy region. This rectangle was
scanned with 37 B-scans, the distance between each section
was 121 μm. We also captured 24 radial lines B-scans with
a 7.5° B-scan angle to cover the whole optic disc region and
the peripapillary region by the enhanced depth imaging
mode. The ART mode of both rectangle and radial scans
were set to 24 images averaged with a quality score more
than 15. Moreover, we captured a single scan of 100 ART
mode if necessary.

Within the parapapillary region, one has differentiated
between alpha, beta and gamma zones, as previously
described [3]. The alpha zone was characterized by the
presence of Bruch’s membrane covered by an irregular
RPE, in beta zone Bruch’s membrane was void of RPE
cells, and gamma zone extended between the end of
Bruch’s membrane and the inner border of peripapillary
ring as the optic disc border. We assessed the area of beta
zone and gamma zone using the measurement tools built
into the software of the Spectralis HRA+OCT. To avoid
an error of measurement, the determination of the Bruch’s
membrane opening (BMO), the delineation of the various

zones and the disc margin was performed by two experi-
enced examiners masked to each other (Figs. 1, 2).

On the B-scan OCT images, we measured the minimal
and maximal disc diameters, as well as the minimal and
maximal BMO diameters, using the built-in measurement
tools. The ratio of the minimal-to-maximal disc diameter
was calculated as the optic disc ovality index. The ratio of
the minimal-to-maximal BMO diameter was calculated as
the BMO ovality ratio. As previously described [8], the
optic disc diameter was defined as the length between the
two borders marked on Bruch’s membrane in eyes without a
parapapillary gamma zone, that is, in eyes in which the
peripapillary ring was covered by Bruch’s membrane. In
eyes with a gamma zone (i.e., eyes in which Bruch’s
membrane did not extend to the border of the peripapillary
ring), the peripapillary ring was defined to be the optic disc
border.

Measurements of peripapillary choroidal thickness
(PCT) and circumpapillary retinal nerve fiber layer
thickness (cpRNFL)

The PCT was measured in 6 meridians corresponding to the
nasal-superior, nasal, nasal-inferior, temporal-superior,
temporal, and temporal-inferior sectors. In each meridian,
the cross-sectional area of the choroid within a distance of
500 µm from the peripapillary border tissue of Elschnig was
measured using the built-in drawing tool of the Spectralis
viewer software. The sector PCT was obtained by dividing
the measured choroidal area by 500 µm. The mean PCT was
calculated as the average of the 6 sector PCTs. Measure-
ments were performed twice by each of the two masked
observers, and the mean of the measurements was taken for
statistical analysis. The values of the cpRNFL in the cor-
responding sectors were generated by the in-built software
of Spectralis OCT automatically.

Statistical analysis

All statistical analyses were performed using SPSS software
25.0 (IBM-SPSS, Inc., Chicago, IL, USA). The means,
standard deviations and ranges of the main outcome para-
meters were presented. First, a one-way analysis of variance
was used to evaluate parameters between CACG and con-
trol groups. Second, we performed a univariate logistic
regression to analyze parameters that influence the presence
of beta zone and gamma zone. Third, we performed a
univariate linear regression analysis to assess associations
between the area of gamma and beta zone, PCT and the
main systemic and ocular parameters. Then we conducted a
multivariate linear regression analysis with those parameters
which showed significant associations in the univariate
analysis as independent parameters. We dropped step by
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step those independent parameters that no longer showed
significant associations. All P-values were two-sided and
the statistical significance level was set at 0.05.

Results

The study included 65 normal eyes of 65 subjects and 65
eyes of 65 patients with CACG. The mean age was 57.04 ±
12.47 years (median, 58 years; range, 22–80 years),
and the mean axial length was 22.69 ± 0.83 mm (median,
22.67 mm; range, 20.45–24.41 mm). All eyes were phakic.

Compared with the control group, the mean age of the
CACG group (59.91 ± 10.45 years; range, 35–80 years) was

significantly older (P= 0.01) than that of the control group
(54.21 ± 13.67 years; range, 22–77 years). The beta
zone area in the CACG group (0.97 ± 0.93 mm2; range,
0–3.59 mm2) was significantly larger (P < 0.001) than that
in the control group (0.41 ± 0.53 mm2; range, 0–2.65 mm2).
Both groups did not vary significantly in axial length (P=
0.64), refractive error (P= 0.63) and mean PCT (P= 0.14)
(Table 1, Fig. 3).

In the whole study cohort, 103 eyes had a beta zone
(mean area 0.69 ± 0.81 mm2, range 0.10–4.84 mm2),
including 60 (92.3%) eyes in the CACG group and 43
(66.1%) eyes in the control group. With regard to the beta
zone locations, 13 (12.0%) eyes present with a circular beta
zone and 90 (87.4%) eyes with beta zone located only at the

Fig. 1 Fundus photograph and optical coherence tomography images
of the parapapillary beta zone (between black and yellow arrows) in
the normal and CACG eyes. Parapapillary beta zone often locates in

temporal region, and some are circular shape in chronic primary angle-
closure eyes
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temporal optic disc border. In univariate logistic regression
analysis, the presence of beta zone was associated with age
(P= 0.021), presence of CACG (P < 0.001), mean cpRNFL
thickness (P < 0.001) and central cornea thickness
(P= 0.042). The presence of gamma zone was associated
with disc ovality index (P < 0.001) and BMO ovality ratio
(P= 0.001).

To investigate the factors associated with the size of beta
zone, we performed the univariate and multivariate linear
regression analysis on beta zone area. In univariate analysis,
a larger beta zone area was significantly associated with
older age (P < 0.001), higher prevalence of CACG (P <
0.001), thinner mean PCT (P= 0.002), thinner cpRNFL
thickness (P < 0.001), thinner central cornea thickness (P=
0.003), and thicker lens thickness (P= 0.047). Model
building for multivariate analysis began with the list of
independent parameters including age, presence of CACG,

mean PCT, cpRNFL thickness, central cornea thickness and
lens thickness. From this full model, non-significant para-
meters were removed step by step beginning with the
parameter with the highest P-value (cpRNFL thickness P=
0.72). With the reduced list of independent parameters, the
multivariate analysis was repeated, leading to the exclusion
of mean PCT (P= 0.13) and lens thickness (P= 0.24), until
eventually all remaining independent parameters showed a
significant association with beta zone area. In final model
(R2= 0.257), a larger beta zone area was associated with
older age (P= 0.001), higher prevalence of CACG (P=
0.016) and thinner central corneal thickness (P= 0.03)
(Table 2).

In the whole study cohort, 29 eyes had a gamma zone
(mean area 0.37 ± 0.20 mm2, range 0.11–0.73 mm2),
including 13 (20.0%) eyes in the CACG group and 16
(24.6%) eyes in the control group. With regard to the
gamma zone locations, 12 (41.4%) eyes present with a
nasal gamma zone, 6 (20.7%) eyes present with a temporal
gamma zone, and 11 (37.9%) eyes present with an inferior
gamma zone. In univariate linear regression analysis,
larger gamma zone area was associated with a smaller disc
ovality index (P < 0.001) and higher BMO ovality ratio
(P= 0.001). In the multivariate linear regression analysis
(R2= 0.680), a larger gamma zone area was associated with
a smaller disc ovality index (P < 0.001) and higher BMO
ovality ratio (P < 0.001) (Fig. 4).

To further investigate the relationship between PCT and
parapapillary beta zone, we performed the univariate and
multivariate linear regression analysis on PCT in eyes with
beta zone. In univariate analysis, thicker PCT in the tem-
poral sector and nasal sector were only associated with
younger age. The PCT in the temporal inferior, temporal
superior, nasal inferior, and nasal superior sectors were
associated with age and beta zone area. In further multi-
variate analysis, the parameter of presence of CACG was

Table 1 Main ocular parameters
between chronic primary angle-
closure glaucoma (CACG) and
control eyes

Parameters CACG group (n= 65) Control group (n= 65) P-value

Age (year) 59.91 ± 10.45 54.21 ± 13.67 0.008

Axial length (mm) 22.65 ± 0.87 22.72 ± 0.80 0.636

Spherical equivalent(D) 0.088 ± 0.425 0.049 ± 0.437 0.691

cpRNFL thickness (μm) 60.79 ± 13.99 118.53 ± 15.47 <0.001

Beta zone area (mm2) 0.97 ± 0.93 0.41 ± 0.53 <0.001

Gamma zone area (mm2) 0.073 ± 0.176 0.093 ± 0.183 0.517

Mean PCT (μm) 114.61 ± 42.24 124.33 ± 28.59 0.137

PCT nasal superior (μm) 114.02 ± 43.84 126.62 ± 32.67 0.064

PCT nasal (μm) 113.24 ± 40.56 121.08 ± 41.88 0.279

PCT nasal inferior (μm) 104.52 ± 49.00 116.32 ± 30.25 0.099

PCT temporal superior (μm) 119.79 ± 47.33 134.52 ± 39.20 0.054

PCT temporal (μm) 119.26 ± 48.41 116.56 ± 40.19 0.729

PCT temporal inferior (μm) 106.12 ± 49.79 118.76 ± 31.49 0.085

Fig. 2 Boxplots showing the distribution of the parapapillary beta zone
area in the control group and in the chronic primary angle-closure
glaucoma (CACG) group
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added. From full model, we then removed non-significant
terms step by step beginning with the parameter with the
highest P-value. The presence of CACG and beta zone area
were removed step by step. In the final model, thinner PCT
at temporal superior sectors were related with older age and
larger beta zone area. Thinner PCT at temporal inferior,
nasal inferior, and nasal superior sectors was only related to
older age (Table 3).

Discussion

Our findings demonstrated that in mainly non-myopic eyes
with or without CACG, a larger parapapillary beta zone was
associated with older age and presence of glaucoma, while a

larger parapapillary gamma zone was associated with a
smaller disc ovality index. The PCT was negatively asso-
ciated with age, but not associated with the presence of
CACG or peripapillary RNFL thickness.

Age-related changes in parapapillary beta zone and the
peripapillary choroid thickness were observed in our study.
However, the CACG-related changes were observed for
beta zone, but nor for the PCT. Previous studies have
suggested a close relationship between peripapillary chor-
oidal thickness and beta zone in POAG [9–11]. Sullivan-
Mee et al. [9] reported that the juxtapapillary choroidal
volume was decreased in POAG eyes with beta zone in
comparison with normal eyes with beta zone, suggesting
beta zone might be a biomarker for a peripapillary deep
vascular compromise in POAG. Lee et al. [10] reported that

Fig. 3 Fundus photograph and optical coherence tomography images
of the parapapillary gamma zone (between black and yellow arrows) in
the non-myopic eyes. A majority of non-myopic eyes does not develop

gamma zone (a). While the presence of gamma zone, which is com-
posed by externally oblique border tissue, located quite often in
peripapillary inferior (b) and nasal (c) regions in non-myopic eyes
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PCT in the POAG group was significantly thinner than that
in a healthy control group in the inferotemporal location,
which was coincident with the location of the larger beta
zone. In our study, however, such differences on PCT were
not observed between CACG and normal eyes, even though
beta zone parapapillary atrophy was more prevalent and
larger in CACG vs. normal eyes. A possible explanation is
that although both are considered to be a chronic pathologic
process, the patterns and processes of glaucomatous damage
in CACG are different from those in POAG. The typical
development of CACG is angle-closure, intraocular pres-
sure elevation and optic nerve damage. In contrast, in many
eyes with POAG (including eyes with normal-tension
glaucoma), vascular factors have been considered to be

factors leading to the optic neuropathy [12–14]. Consider-
ing that the peripapillary choroid is nourished by branches
of the short posterior ciliary arteries which also supply the
deep optic nerve head structures via the arterial circle of
Zinn-Haller [15], a peripapillary choroidal atrophy might be
linked to microcirculatory defects around the optic nerve
head. Taken together, a peripapillary choroidal vascular
defect may not be a causal factor in the formation of beta
zone in eyes with CACG.

The conventional ophthalmoscopic beta zone has long
been considered to be related with age and glaucoma [16–18].
Recent studies on SD-OCT defined beta and gamma zone
further suggested that the (new) beta zone is related with
POAG, while gamma zone is mainly related with myopia.
Our previous study [3] showed that beta zone was associated
with the presence of POAG and longer axial length in mainly
myopic eyes with or without POAG. The average area of beta
zone was 0.85 ± 0.60mm2 in POAG eyes with an average
axial length of 25.6 ± 2.4 mm. Current data showed that beta
zone was associated with the presence of CACG and older
age in mainly non-myopic eyes. The average area of beta
zone was 0.93 ± 0.73mm2 in CACG eyes with an average
axial length of 22.66 ± 0.82 mm. The average area of beta
zone appears to be similar between POAG and CACG eyes in
advanced glaucoma. Uchida et al. [6] reported that the con-
ventional beta zone area in CACG is much smaller than that
in POAG. But one may assume that if the gamma zone area in
eyes with minor myopia was deducted from the measured
(traditional) beta zone area in those POAG eyes, the differ-
ence would be smaller. The similar size and shape of beta
zone in both POAG and CACG eyes suggests that the

Table 2 Linear regression
analysis of parameters
associated with peripapillary
beta zone area and gamma
zone area

Parameter Univariate analysis Multivariate analysis

P-value Standardized coefficient beta P-value Standardized coefficient beta

Beta zone area

Age (year) <0.001 0.372 0.001 0.300

Axial length (mm) 0.182 0.119

CACG <0.001 0.349 0.016 0.228

Optic disc ovality index 0.858 0.016

BMO ovality ratio 0.108 −0.144

Mean PCT (μm) 0.002 −0.280

cpRNFL thickness <0.001 −0.347

Central cornea thickness (μm) 0.003 −0.290 0.030 −0.199

Lens thickness (mm) 0.047 0.228

Gamma zone area

Age (year) 0.134 −0.132

Axial length (mm) 0.659 −0.040

CACG 0.517 −0.057

Optic disc ovality index <0.001 −0.404 <0.001 −0.926

BMO ovality ratio 0.001 0.287 <0.001 0.803

Mean PCT (μm) 0.501 0.061

cpRNFL thickness 0.505 0.059

Central cornea thickness (μm) 0.116 0.157

Lens thickness (mm) 0.750 0.037

Fig. 4 Scatterplot showing the correlation between parapapillary
gamma zone area and optic disc ovality index (R2= 0.157)
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development of beta zone may share a similar pathophysiol-
ogy in both glaucoma types.

An interesting finding is that the area of parapapillary
gamma zone was negatively associated with the disc ovality
index but positively associated with the BMO ovality ratio
in our study. The prevalence of gamma zone in non-myopic
eyes is much lower than that in myopic eyes [19]. Previous
longitudinal studies in children have showed that peripa-
pillary gamma zone may be an acquired feature during axial
elongation in myopic eyes [20–22]. However, the
mechanism underlying gamma zone development in non-
myopic eyes has remained unclear so far. According to the
EDI-OCT images, the parapapillary gamma zone appears to
be the reflection of the externally oblique border tissue in
non-myopic eyes. In contrary to the predominantly temporal
location in myopic eyes, we found that the parapapillary
gamma zone was located quite often in peripapillary inferior
and nasal regions, suggesting factors other than axial
elongation may be involved in the development of gamma
zone in non-myopic eyes. Since the ovality of optic disc has
long been accepted to be an index of disc tilt [23, 24], the
correlation between the gamma zone area and the decreased
disc ovality index and increased BMO ovality ratio suggest
that parapapillary gamma zone may perhaps play a bio-
mechanical role in disc stability in tilted non-myopic eyes.
One could assume that without the presence of gamma zone
in tilted optic disc, the shape of BMO would be less round
and hence less biomechanically stable. Yamada et al. [25]
reported that a larger gamma zone is associated with slow
visual field progression in POAG, suggesting a potential
protective role of gamma zone. Further studies are needed
to investigate the biomechanical roles of border tissue and
parapapillary gamma zone in the development of glauco-
matous optic neuropathy.

Potential limitations of our study should be mentioned.
First, it was a hospital-based research rather than a
population-based study, which may contain the possibility
of selection bias. Second, our study was a cross-sectional

research so that we were not able to perceive the dynamic
process of parapapillary atrophy development and its rela-
tionship with the susceptibility of glaucomatous optic neu-
ropathy. Third, the study sample size was relatively small,
so that clinically significant associations might not have
reached statistical significance. Future investigation on the
peripapillary border tissues in eyes with tilted optic discs
including their biomechanics may further contribute to the
understanding of optic nerve head pathophysiology in
myopia and glaucoma.

In conclusion, our findings demonstrated that in mainly
non-myopic subjects with or without CACG, parapapillary
gamma zone was correlated with disc ovality and para-
papillary beta zone was correlated with age and presence of
glaucoma. The development of beta zone may partially
share common mechanism in both POAG and CACG eyes,
and not necessarily be associated with parapapillary chor-
oidal vascular defect. The development of gamma zone and
its underlying border tissue may play a role in the bio-
mechanical stability of the optic disc.

Summary

What was known before

● The OCT defined (new) beta zone is related with POAG,
while gamma zone is mainly related with myopia; A
close relationship was suggested between peripapillary
choroidal thickness and beta zone in POAG

What this study adds

● In mainly non-myopic subjects with or without CACG,
parapapillary gamma zone was correlated with disc
ovality and parapapillary (new) beta zone was correlated
with age and presence of glaucoma; The development of
(new) beta zone may partially share common

Table 3 Parameters show
significant association with
peripapillary choroidal thickness
(PCT) in univariate and
multivariate linear regression

PCT location Mean PCT(μm) Univariate analysis Multivariate analysis R2

Parameter P-value Parameter P-value

Temporal inferior 112.44 ± 41.75 Age <0.001 Age <0.001 0.220

Beta zone area 0.002

Temporal 117.90 ± 44.31 Age <0.001 Age <0.001 0.237

Temporal superior 127.21 ± 43.88 Age <0.001 Age 0.002 0.192

Beta zone area 0.001

Nasal superior 120.37 ± 38.98 Age <0.001 Age 0.002 0.254

Beta zone area 0.016

Nasal 117.13 ± 41.25 Age 0.003 Age 0.003 0.106

Nasal inferior 110.42 ± 40.77 Age <0.001 Age <0.001 0.229

Beta zone area 0.016
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mechanism in both POAG and CACG eyes, and not
necessarily be associated with peripapillary choroidal
vascular defect.
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