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Introduction

The funduscopic parapapillary beta zone defined by visible 
choroidal vessels and the sclera has been put forward for 
about 30 years (1). With the application of spectral domain 
optical coherence tomography (SD-OCT), the funduscopic 
beta zone has recently been divided into 2 subzones: gamma 

zone and (new) beta zone (2,3). Parapapillary gamma zone 
was defined as the peripapillary region free of Bruch’s 
membrane (BM), and the (new) parapapillary beta zone was 
defined by the continued presence of BM and absence of 
retinal pigment epithelial. 

Several studies have shown that parapapillary beta zone 
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was associated with age and glaucoma, while parapapillary 
gamma zone was strongly correlated with axial myopia (3-5).  
It has been suggested that the development of gamma 
zone was related to a vertical optic disc rotation during 
axial elongation and the reduced risk of macular BM 
defect (6,7). However, gamma zone could be observed in 
hyperopic eyes, whose location and morphology seem to be 
different with those in myopic subjects. We hypothesized 
that factors other than axial myopia may be correlated with 
the onset and development of gamma zone. Therefore, 
we conducted this study to explore the microstructural 
features of parapapillary gamma zone and beta zone in non-
myopic healthy eyes by using the enhanced depth imaging 
technology of SD-OCT. We present the following article in 
accordance with the STROBE guideline checklist (available 
at http://dx.doi.org/10.21037/aes-20-88).

Methods

Participants 

The participants included were from the Shanghai Eye & 
ENT Hospital of Fudan University from June, 2017 to 
April, 2019. The participants included were required to 
have refractive error no less than −1 D, axial length less 
than 24.5 mm, and a best corrected visual acuity of 0.6 
or more. Meanwhile, we excluded those with ophthalmic 
diseases (e.g., glaucoma, diabetic retinopathy) or history of 
refractive surgery. The study protocol was approved by the 
Institutional Ethics Committee. All subjects consented to 
participate before the ophthalmologic examinations were 
performed. The study protocol and data collection adhered 
to the tenets of the Declaration of Helsinki (as revised in 
2003) and was approved by the Institutional Review Board 
of Shanghai Eye & ENT Hospital of Fudan University 
(2019-003). All study participants consented to the 
ophthalmologic examinations before they were performed.

Data collection

All subjects underwent comprehensive ophthalmologic 
examinations,  including visual  acuity assessment, 
refractometry, intraocular pressure (IOP) measurement 
using Goldmann applanation tonometry, slit-lamp 
biomicroscopy. Other ocular parameters measurement 
included axial length, central cornea thickness, anterior 
chamber depth, etc. (Lenstar LS 900; Haag-Streit 
Diagnostics, USA), color photography of the optic nerve 

head (CR-DGI; Canon, Inc., Tokyo, Japan) and SD-OCT 
(Spectralis OCT, Heidelberg Engineering, Heidelberg, 
Germany) scanning of the optic disc and fovea.

Determination of parapapillary beta zone and gamma 
zone

Spectralis HRA + OCT system was used to scan the optic 
disc and peripapillary region. In the study, the whole optic 
disc and peripapillary region was captured in a 15° × 15° 
rectangle for horizontal scans. This rectangle was scanned 
with 37 B-scans, the distance between each section was 
121 μm. Meanwhile, we captured 24 radial lines B-scans in 
enhanced depth imaging mode with a B-scan angle of 7.5° 
to include the entire optic disc and peripapillary region. 
Both rectangular and radial scanning automatic real time 
(ART) modes were set to 24 images, and scans with quality 
score less than 15 were excluded from further measurement. 
In addition, operator would capture a single scan in 100 
ART modes if not satisfied with the imaging quality. 

Microstructure of peripapillary atrophy (PPA) area has 
been divided to alpha, beta and gamma zones (3). The alpha 
zone was characterized by the presence of BM covered by 
an irregular retinal pigment epithelium (RPE), while in beta 
zone BM was devoid of RPE cells, and gamma zone extended 
between the end of BM and the inner border of peripapillary 
ring as the optic disc border. The area of beta zone and 
gamma zone were measured by the measurement tools built 
in the Spectralis HRA + OCT software. Measurements were 
performed by a masked observer (D Zhuang).

Assessment of disc rotations around 3 axes and optic disc 
shape 

As described previously in detail (8), the optic disc rotation 
was divided around vertical axis, horizontal axis and sagittal 
axis. Rotations around the horizontal and vertical axis were 
calculated by trigonometry as the cosine of the ratio of 
horizontal and vertical diameters measured on the red-free 
fundus photographs to corresponding diameters measured 
on the OCT images. Sagittal rotation was measured 
directly on the red-free fundus photograph by the angle 
between the vertical axis and the longest disc diameter. 
The minimum and maximum diameters of optic disc and 
Bruch’s membrane opening (BMO) were measured using 
the built-in tools on the SD-OCT image. Disc ovality index 
was calculated as the ratio of the minimum diameter to the 
maximum diameter of the optic disc. BMO ovality ratio 
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was calculated as the ratio of the minimum diameter to the 
maximum diameter of the BMO. 

Statistical analysis 

SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used 
for data analysis. Continuous variables were presented as 
means ± standard deviations, category variables as n (%). 
Student’s t-test was used to evaluate data between two 
groups. Univariate analysis was performed to determine the 
correlations between the size of gamma and beta zone and 
major ocular parameters. Those parameters which showed 
significant associations in the univariate analysis were 
further included in multivariate linear regression analysis 
to explore the independent factor. Two-tailed P<0.05 was 
considered statistically significant.

Results

A total of 132 healthy eyes from 71 subjects were included in 
this study. Mean age was 50.27±15.40 years (median, 53 years; 
range, 16–77 years). Mean axial length was 22.79±0.81 mm  
(median, 22.78 mm; range, 21.18–24.41 mm). All eyes were 
phakic. 

Sixty-two eyes of 36 subject had a gamma zone, including 
10 unilateral and 26 bilateral. There was no significant 
difference in age, sex, axial length, anterior chamber depth, 
and lens thickness between gamma zone group and control 
group (P>0.05, Table 1). The presence of gamma zone was 

associated with smaller disc ovality index (P<0.001), larger 
BMO ovality ratio (P<0.001), thicker cornea thickness 
(P=0.014) and larger rotation degree around vertical 
(P<0.001) and horizontal axes (P<0.001). 

Among the eyes with gamma zone (Figure 1), 22 gamma 
zones were located at temporal region (35.5%), 22 gamma 
zones were at inferior region (35.5%) and 18 gamma zones 
were at nasal region (29.0%). Eyes in temporal gamma zone 
group had a longer axial length (23.67±0.70 vs. 22.34±0.65 mm,  
P<0.001), less disc ovality index (0.80±0.07 vs. 0.85±0.07, 
P=0.013), larger degree rotations around vertical axis 
(11.15°±2.96° vs. 8.31°±2.17°, P<0.001) and sagittal axis 
(2.44°±19.89° vs. −23.53°±31.81°, P=0.002) than those in 
non-temporal gamma zone group. BMO ovality ratio in 
eyes with a gamma zone was significantly larger than disc 
ovality index (P<0.001). 

The average gamma zone area was 0.40±0.22 mm2. 
In univariate analysis, gamma zone area was significantly 
correlated with BMO ovality ratio (P=0.037), disc ovality index 
(P<0.001), central cornea thickness (P=0.027), the longest 
disc diameter (P=0.004), minimum BMO diameter (P<0.001) 
and maximum BMO diameter (P=0.001). In multivariate 
analysis, we dropped age (P=0.103), axial length (P=0.248), 
vertical rotation (P=0.155), horizontal rotation (P=0.531), 
sagittal rotation (P=0.748), aqueous depth (P=0.578), and the 
shortest disc diameter (P=0.994). Finally, gamma zone area 
was correlated with disc ovality index (P<0.001, Figure 2) and 
longest disc diameter (P=0.040, Table 2).

Fifty-five eyes of 36 subjects had a beta zone, including 

Table 1 Main ocular parameters in gamma zone group and non-gamma zone group

Variables Non-gamma group (n=70) Gamma group (n=62) P value

Age (years) 52.2±14.2 47.65±16.4 0.090

Female, n (%) 44 (62.9) 41 (66.1) 0.698

Axial length (mm) 22.81±0.75 22.77±0.88 0.794

Disc ovality index 0.91±0.06 0.84±0.07 <0.001

Vertical rotation (°) 5.94±2.59 9.38±3.10 <0.001

Horizontal rotation (°) 1.23±1.88 2.97±2.86 <0.001

Sagittal rotation (°) −11.74±23.31 −14.21±30.57 0.600

BMO ovality ratio 0.91±0.06 0.94±0.05 <0.001

Central cornea thickness (μm) 539.65±28.97 551.39±31.34 0.034

Aqueous depth (mm) 2.48±0.58 2.45±0.60 0.762

Lens thickness (mm) 4.22±0.50 4.36±0.49 0.184
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17 unilateral and 19 bilateral. The presence of beta zone was 
only correlated with age (P<0.001). The rotation around 
all three axes was not significantly correlated with presence 
of beta zone, respectively (P>0.05). The average beta zone 
area was 0.53±0.38 mm2. In univariate analysis, beta zone 
area was correlated with age (P=0.007), and sagittal rotation 

(P=0.035). In multivariate analysis, beta zone area was only 
associated with age (P=0.015, Table 2). The disc ovality 
index in eyes with parapapillary beta zone did not have a 
significant difference compared to those without beta zone 
(P=0.887). Eyes with a beta zone showed no difference 
between BMO ovality ratio and disc ovality index (P=0.120).

Figure 1 Fundus photograph and OCT images of the parapapillary gamma zone (between blue arrow and red arrow) in the non-myopic 
eyes. The gamma zone, which is composed by externally oblique border tissue, could locate in temporal (A), inferior (B) and nasal (C) 
regions around disc in non-myopic eyes. 567 mm × 761 mm (72 × 72 DPI). Green arrows indicate location of the B-scan. OCT, optical 
coherent tomography.
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Figure 2  Scatterplot  showing the correlat ion between 
parapapillary gamma zone area and disc ovality index. 440 mm × 
306 mm (144×144 DPI).

Discussion

These results demonstrated that in non-myopic eyes, 
the parapapillary gamma zone located quite often in 
peripapillary inferior and nasal regions, other than temporal 
region. The presence of gamma zone was significantly 
correlated with the disc ovality index, BMO ovality ratio 
and disc rotations around vertical and horizontal axes. 
In eyes with gamma zone, the BMO ovality ratio was 
significantly higher than ovality index and closer to 1. While 
the presence and area of beta zone was only associated with 
age in non-myopic eyes, no significant relationship was 
found with disc rotation around 3 axes and ovality index.

Our findings revealed that the presence of gamma zone 
was associated with tilted discs in non-myopic eyes. A tilted 
optic disc was previously defined as a disc ovality index 
less than 0.75–0.80 according to fundus photos (9,10). In 
the current study, we further measured the disc diameters 
and disc rotation angles around 3 axes based on SD-OCT 
images, which could provide more accurate data about 
three-dimensional optic disc shape (8). Tilted optic discs 
have been reported as a morphologic feature associated 
with myopia (9-12). In myopic eyes, gamma zone was 
located most often in the temporal peripapillary region. It 
has been suggested that the development of gamma zone 
was associated with the reduced risk of macular BM defect 
during myopic axial elongation (7). In accordance with 
this notion, our data found that compared with the non-
temporal gamma zone group, eyes with temporal gamma 
zone had a longer axial length and rotated more around 
vertical axis. However, gamma zone was often located in 
the nasal and inferior regions whose average axial length 

of those eyes was 22.34 mm in our study, suggesting other 
factors may involve in the gamma zone development in 
non-myopic eyes. The interrelationship among the presence 
of gamma zone, the decreased disc ovality index, and the 
increased BMO ovality ratio, indicates the biomechanical 
role that parapapillary gamma zone may play in disc 
stability. It could be postulated that the shape of BMO tends 
to keep round to make structures strong in response to 
biomechanical influence around optic nerve head. If there is 
no gamma zone neighboring the tilted disc, the shape of the 
BMO would be not enough round and probably less stable.

The parapapillary gamma zone in non-myopic eyes 
appeared to be composed by externally oblique border 
tissue in SD-OCT images. Our data indicated that the 
length of externally oblique border tissue was strongly 
associated with the gamma zone area and disc ovality index. 
In myopic eyes, it may additionally include peripapillary 
elongated sclera flange as part of gamma zone (5,13). 
Anatomically, the optic nerve head is a three-layered 
foramen in the posterior region of the ocular globe. The 
first layer is BM, forming the papillary BM’s opening. The 
second layer is the peripapillary choroid which opens up 
in the region of the optic nerve head. The deepest layer 
is formed by the peripapillary scleral flange and act as a 
biomechanical anchor for the lamina cribrosa (14). While 
BM simply ends at the border of BM opening, the edge of 
the peripapillary choroid and sclera flange is separated from 
the intrapapillary region by border tissue of Elschnig and 
Jacoby (15,16). The gamma zone and its underlying border 
tissue connecting between BM and the optic nerve pia 
mater may have importance for biomechanical stability of 
optic nerve head. It may also have potential importance for 
optic disc head related diseases, such as glaucoma. Previous 
reports have showed that gamma zone is related to the 
absence of glaucoma. The rate of glaucoma progression was 
slower for eyes with beta zone devoid of BM (equivalent 
to gamma zone) than for eyes with beta zone with intact 
BM (17,18). Further studies are needed to clarify whether 
gamma zone has a protective effect to on glaucomatous 
optic neuropathy and its mechanism.

The biomechanical stress of the border tissue may not 
be even in some tilted disc of non-myopic eyes, and then 
the gamma zone may develop to balance the stress and 
strain. The size of parapapillary gamma zone may serve as a 
sign of border tissue stretching. In extreme conditions, the 
biomechanical strength of border tissue may not be strong 
enough to bear the tension of optic nerve dura mater on 
the peripapillary region. Stretching of the border tissue 
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of Elschnig and Jacoby may finally lead to the disruption 
of border tissue and the development of peripapillary 
intrachoroidal cavitations (19-21). It was evidenced by 
our previous findings that the eyes with peripapillary 
intrachoroidal cavitations had optic discs that were more 
spindle like configured mainly due to a disk rotation 

around the vertical axis and around the sagittal axis (22). 
One thing to point out is that not all tilted optic disc has 
a gamma zone in our study, and differences in individual 
susceptibility to optic nerve head strain could be a possible 
explanation. Further studies are warranted to explore the 
biomechanical properties of the border tissue and how the 

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

Variable
Univariate analysis Multivariate analysis

P value Standardized coefficient beta P value Standardized coefficient beta

Gamma zone area

Age (years) 0.103 −0.209 – –

Axial length, mm 0.248 0.149 – –

Disc ovality index <0.001 −0.547 <0.001 −0.499

BMO ovality ratio 0.037 0.266 – –

Vertical rotation (°) 0.155 0.183 – –

Horizontal rotation (°) 0.531 −0.081 – –

Sagittal rotation (°) 0.748 0.042 – –

Aqueous depth (mm) 0.578 0.077 – –

Lens thickness (μm) 0.137 −0.236 – –

Longest disc diameter (μm) 0.004 0.367 0.040 0.270

Shortest disc diameter (μm) 0.994 −0.001 – –

Maximum BMO diameter (μm) 0.001 0.435 – –

Minimum BMO diameter (μm) <0.001 0.542 – –

Beta zone area

Age (years) 0.007 0.236 0.015 0.256

Axial length (μm) 0.353 −0.120 – –

Disc ovality index 0.401 0.109 – –

BMO ovality ratio 0.123 −0.135 – –

Vertical rotation (°) 0.113 −0.203 – –

Horizontal rotation (°) 0.975 −0.004 – –

Sagittal rotation (°) 0.035 0.184 – –

Aqueous depth (mm) 0.605 0.072 – –

Lens thickness (μm) 0.809 −0.039 – –

Longest disc diameter (μm) 0.146 −0.190 – –

Shortest disc diameter (μm) 0.634 −0.063 – –

Maximum BMO diameter (μm) 0.113 −0.207 – –

Minimum BMO diameter (μm) 0.052 −0.173 – –

BMO, Bruch’s membrane opening.
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border tissues change parallel to other optic disc changes 
during adolescence.

There are several limitations to our study. First, this 
was a hospital-based research so that the prevalence of 
gamma zone and the prevalence of titled discs in non-
myopic eyes cannot be calculated, which might be much 
lower than those in myopic eyes. These values may be 
of importance to clarify the biomechanical role of the 
parapapillary gamma zone. Second, as a cross-sectional 
research, this study was unable to investigate the dynamic 
process of gamma zone formation. It also held true for 
tilted and rotated optic discs. The reported prevalence 
of tilted optic discs in adult was 3.5% in Tanjong Pagar 
study (9) and 1.6% in Blue Mountains study (11). 
However, there was no report on these values in infants 
and children. Previous longitudinal studies in children 
have showed that tilted disc and PPA may be an acquired 
feature in myopic eyes (23). As the myopic peripapillary 
tissue changed, the size and shape of the border tissue 
changed, whereas the BMO diameter remained relatively 
stable. Knowledge gained on the developmental change 
of optic disc and peripapillary region in emmetropic and 
hyperopic eyes will greatly help to understand the optic 
nerve head biomechanics. 

In summary, our findings demonstrated that the presence 
of gamma zone was correlated with a more oval disc rotated 
around vertical and horizontal axes in non-myopic eyes. 
From a biomechanical perspective, parapapillary gamma 
zone and its underlying border tissue may contribute to 
optic disc stability in association with the structure of 
BMO. Future studies are warranted to address the role of 
parapapillary gamma zone involved in the susceptibility of 
glaucomatous optic neuropathy.
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