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ABSTRACT

Introduction: To investigate the prevalence of
fundus tessellation (FT), and the threshold for
screening FT using an artificial intelligence (AI)
technology in Chinese children.
Methods: The Nanjing Eye Study was a popu-
lation-based cohort study conducted in chil-
dren born between September 2011 and August
2012 in Yuhuatai District of Nanjing. The data
presented in this paper were obtained in 2019,
when these children were 7 years old and
underwent 45� non-mydriatic fundus

photography. FT in whole fundus, macular area,
and peripapillary area was manually recognized
from fundus photographs and classified into
three grades. Fundus tessellation density (FTD)
in these areas was obtained by calculating the
average exposed choroid area per unit area
using artificial intelligence (AI) technology
based on fundus photographs. The threshold
for screening FT using FTD was determined
using receiver operating characteristic (ROC)
curve analysis.
Results: Among 1062 enrolled children (mean
[± standard deviation] spherical equiva-
lent: - 0.28 ± 0.70 D), the prevalence of FT was
42.18% in the whole fundus (grade 1: 36.53%;
grade 2: 5.08%; grade 3: 0.56%), 45.57% in
macular area (grade 1: 43.5%; grade 2: 1.60%;
grade 3: 0.50%), and 49.72% in peripapillary
area (grade 1: 44.44%; grade 2: 4.43%; grade 3:
0.85%), respectively. The threshold value of
FTD for screening severe FT (grade C 2) was
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0.049 (area under curve [AUC] 0.985; sensitivity
98.3%; specificity 92.3%) in the whole fundus,
0.069 (AUC 0.987; sensitivity 95.5%; specificity
96.2%) in the macular area, and 0.094 (AUC
0.980; sensitivity 94.6%; specificity 94.2%) in
the peripapillary area, respectively.
Conclusion: Fundus tessellation affected
approximately 40 in 100 children aged 7 years
in China, indicating the importance and
necessity of early FT screening. The threshold
values of FTD provided by this study had high
accuracy for detecting severe FT and might be
applied for rapid screening.

Keywords: Fundus tessellation; Fundus
tessellated density; Artificial intelligence;
School children; Prevalence

Key Summary Points

Why carry out this study?

Fundus tessellation (FT) is the earliest sign in
the natural course of myopic maculopathy,
and it is usually assessed and graded
manually based on fundus photographs.
However, little is known about its prevalence
in 7-year-old Chinese children and how to
screen it accurately and rapidly using
artificial intelligence (AI) technology.

This study aimed to investigate the
prevalence of FT, and the threshold for
screening FT using AI technology in Chinese
children.

What was learned from the study?

In this population-based study, FT affected
approximately 40% Chinese children aged
7 years. The threshold values of fundus
tessellated density (FTD), a quantitative
index of FT obtained by AI technology, were
determined by receiver operating
characteristic curve analysis and verified to
have high accuracy for detecting severe FT.

The high prevalence of FT in 7-year-old
children indicates the importance and
necessity of early FT screening, and the FTD
thresholds provided in this study might be
applied for rapid screening in the future.

INTRODUCTION

Myopia is a common cause of vision loss, and it
is estimated that by 2050 there will be 49.8% of
the world population with myopia and 9.8%
with high myopia [1]. Myopic maculopathy is
the most common myopic fundus lesion, and
also the main cause of irreversible myopic visual
impairment [2–4]. Fundus tessellation (FT),
defined as the visibility of choroidal vessels at
the posterior fundus pole, is the earliest sign in
the natural course of myopic maculopathy and
has close association with longer axial length,
higher myopic refraction, and better best-cor-
rected visual acuity (BCVA) [5, 6]. School-based
studies found that the prevalence of FT was
48.1% among children aged 9–16 years with
various refractive status and 52.4% among
children aged 9–12 years with lowmyopia [6, 7].
Therefore, screening of FT in children is neces-
sary and beneficial for timely prevention and
management of pathological myopic lesions.

FT is usually assessed and graded by oph-
thalmologists subjectively based on fundus
photographs. This manual method is time-
consuming and has a lack of repeatability,
which limits its use in FT screening. Yoshihara
et al. introduced three objective indexes of FT
by calculating the average intensity of red,
green, and blue pixels within a circular area of
250-pixel diameter between the fovea and the
optic disc using the ImageJ software [8]. How-
ever, this method is easily affected by fundus
color and cannot represent the degree of FT
outside the circular area. Pan et al. developed a
deep learning-based system using Inception V3
and ResNet-50 models to categorize fundus
images into three classes: normal, macular
degeneration, and FT, which is a qualitative
method to check whether FT is present [9].
Recently, a new quantitative method was pro-
posed, which is based on artificial intelligence
(AI) image processing technology to first extract
the exposed choroid from the fundus and then
calculate the average exposed choroid area per
unit area of the fundus; this method is named
fundus tessellated density (FTD) [10, 11]. It has
been reported that AI-based imaging processing
could improve the accuracy of FT diagnosis in
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young adults [11]. In one study that applied
machine learning methods employing gender,
age, and FTD as major factors, the correct clas-
sification rate of FT severity was reported to be
77.12–81.28% among the elderly [12]. FTD may
help to quickly identify and classify FT in
screening setting.

In this study, we aimed to investigate the
prevalence of FT and evaluate the threshold and
accuracy of FTD obtained by AI technology for
FT screening in 7-year-old primary school
children.

METHODS

Study Population

The Nanjing Eye Study (NES) is an ongoing
population-based cohort study in eastern
China, with the aim to investigate the occur-
rence and development of ocular diseases in
children longitudinally. The details of NES have
been reported previously [13, 14]. In brief, all
children born in Yuhuatai District, Nanjing,
China between September 2011 and August
2012 and entering kindergartens in Yuhuatai
District were invited to participate in the NES
for comprehensive eye examinations annually,
beginning in 2015. This study is part of the NES
and the data presented here were obtained in
2019 when these children were 7 years old.
Children who completed comprehensive
examinations were included in the analysis, and
those with incomplete examinations data, his-
tory of intraocular surgery, chorioretinal or
vitreoretinal abnormalities except for FT, sys-
temic diseases, or low-quality fundus images
were excluded from this study.

The study was approved by the Ethics Com-
mittee of the First Affiliated Hospital with
Nanjing Medical University and followed the
tenets of the Declaration of Helsinki. Written
informed consent was obtained from the par-
ents or legal guardians of all children, and oral
assent was obtained from all participants
immediately before the examination.

Eye and Anthropometric Examinations

Comprehensive examinations, including BCVA,
ocular surface, anterior segment, posterior seg-
ment, refraction, ocular alignment and motil-
ity, ocular biometric parameters, and
intraocular pressure, were performed in the
school during school breaks by a trained team
composed of ophthalmologists and
optometrists.

Noncycloplegic refraction was performed
using an autorefractor (model RF10; Canon
Inc., Tokyo, Japan) and retinoscopy, and
spherical equivalent (SE) was calculated as
sphere plus half of cylinder. Axial length (AL)
and corneal radius of curvature (CR) were
measured with the IOLMaster-500 (Carl Zeiss
Meditec AG, Jena, Germany). A non-mydriatic
fundus camera (model CR-2; Canon Inc.) was
used to capture 45� fundus photographs cen-
tered on macula. The camera was operated by
trained and experienced examiners in a dim
room to ensure that the pupil diameter was[
4 mm and the acquired fundus images were in
focus. Height and weight of each participating
child were measured without shoes and heavy
clothing, and body mass index was calculated as
weight in kilograms divided by the square of
height in meters (kg/m2).

Manual Grading of FT

The quality of fundus images was assessed
according to the following four criteria:

(1) Focus: the image is focused exactly on the
retina and the retinal features can be
clearly identified.

(2) Illumination: the image is properly
exposed, neither overexposed (the image
is low in contrast and has white tones) nor
underexposed (the image is low in bright-
ness and difficult to identify retinal
features).

(3) Image field: the center of the image is
located between the macula and the optic
disc, and both of the optic disc and macula
are at least one optic disc diameter away
from the edge of the image.

Ophthalmol Ther (2023) 12:2671–2685 2673



(4) Artifacts: there are no artifacts in the image
that would interfere with the recognition
of fundus features, such as dust spot, arc
defect, fingerprint, camera reflex, eyelash
image, among others.

Fundus images that did not meet the above
criteria were identified as low-quality images
and excluded from analysis.

The whole fundus, the macular area (a circle
with a diameter of 6 mm centering on fovea),
and the peripapillary area (a circle with a
diameter of 4 mm centering on the optic disc)
were assessed separately using 45� fundus pho-
tographs centered on the macula. FT was graded
according to the study of Yan and his colleagues
[5], with grade 0 referring to ‘‘no visibility of the
large choroidal vessels outside the region of the
parapapillary beta zone’’; grade 1 referring to
‘‘slight visibility’’; grade 2 referring to ‘‘moderate
visibility’’; and grade 3 referring to ‘‘marked
visibility’’. During FT grading, the contrast,
brightness, background pigmentation, and
quality of images were taken into account, and
standard photographs were used to recalibrate
subjective assessments. Two trained ophthal-
mologists (QYX and YQ) independently graded
the FT of all images in a blinded manner; in the
case of disagreement, a senior ophthalmologist
(HL) was asked to make the decision. The fluc-
tuations in measurements among the two oph-
thalmologists (QYX and YQ) were used to test
inter-observer variability. To determine intra-
observer variability, 100 images of 100 children
were randomly selected and read twice by an
ophthalmologist (QYX) in a blinded manner at
an interval of 2 weeks. The intra-observer and
inter-observer kappa values were[0.80.

Extraction of FTD by AI Technology

The signal strength of image data was evaluated
by a fundus image quality assessment system,
which consists of evaluations of exposure level
and clarity of fundus images [15]. More tech-
nical details were described in supplementary
materials. All fundus images that passed the
quality control in both the image acquisition
and manual FT grading processes had also pas-
sed the signal strength evaluation.

We then used AI image processing technol-
ogy based on deep learning, as reported in pre-
vious studies [10–12], to extract exposed
choroid images from fundus images and obtain
the average exposed choroid area per unit area
of the fundus, named the FTD. Briefly, this
process consisted of preprocessing, sample
labeling, segmentation by deep learning and
computer vision methods, and FTD
computation.

Firstly, fundus images were preprocessed in
four steps, namely, establishment of a region of
interest (ROI), denoising, normalization, and
enhancement, to improve the differences
between the internal features of each image and
to reduce the differences between images [16].
Secondly, sample labeling was performed
through channel calculation, as well as manual
modification and review. Thirdly, exposed
choroids and atrophic arcs were extracted by a
semantic segmentation network model based
on deep learning. Optic disc and macula were
automatically recognized based on a visual
attention mechanism to locate the optic disc
center and macular fovea [15]. Finally, on the
basis of the results of fundus feature recognition
and segmentation, FTD was calculated for the
whole fundus, for the macular area (a circle with
a diameter of 6 mm centered on the fovea), and
for the peripapillary area (a circle with a diam-
eter of 4 mm centered on the optic disc) (as
shown in Fig. 1). The technical aspects are
described in detail in the text of the Electronic
Supplementary Material (ESM).

Statistical Analysis

Data analysis was performed using the IBM
Statistical Package for the Social Sciences pro-
gram statistical package V13.0 (SPSS, IBM Corp.,
Armonk, NY, USA). Data on the right eye were
included in this analysis. Analysis of variance
(ANOVA) was performed to compare FTD, SE,
AL, CR, and AL/CR among the different FT
grades. We created receiver operating charac-
teristic (ROC) curves and calculated the area
under curve (AUC) and cut-off values of FTD.
The accuracy of the cut-off values for detecting
different FT grades was evaluated by sensitivity,
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specificity, and Youden index. All P values were
two-sided and considered to be statistically sig-
nificant at P\0.05. The 95% confidence inter-
vals (CIs) were determined. Continuous
variables were described as mean ± standard
deviation (SD), while frequency count and per-
centage were used for the categorical measures.
Myopia was defined as SE B - 0.50 D; emme-
tropia as SE[- 0.50 D and B ? 1.00 D;
hyperopia as SE[ ? 1.00 D.

RESULTS

Of the 1565 eligible children, 1090 were
recruited and completed comprehensive exam-
inations (69.65%); of these 1090 children, 28
were excluded, including nine children with
systemic diseases and 19 children with low-
quality fundus images. Therefore, a total of
1062 children were included in the analysis.
Between the 1062 children included in the
analysis and the 503 children excluded, there

was no statistical difference in gender (boys:
51.88% vs. 56.97%; P = 0.06) and only a small
difference in age (mean ± SD: 7.38 ± 0.29 vs.
7.32 ± 0.30; P = 0.001). Table 1 lists the char-
acteristics of the 1062 children, including the
mean (± SD) SE of - 0.28 ± 0.70 D (range
- 3.88 to 4.50 D), mean AL of 22.97 ± 0.77 mm
(range 19.25–26.22 mm), and mean AL/CR ratio
of 2.94 ± 0.08 (range 2.62–3.24). The majority
of children were emmetropic (72.89%,
774/1062), 25.42% were myopic (270/1062),
and a small proportion were hyperopic (1.69%,
18/1062). Children with myopia found to have
more severe FT and higher FTD than those with
hyperopia (all P\ 0.05; ESM Tables 1 and 2).

As shown in Table 2, the overall prevalence
of FT in whole fundus was 42.18% (95% CI
39.21–45.16), with 36.53% prevalence (95% CI
33.63–39.44) of grade 1 FT, 5.08% prevalence
(95% CI 3.76–6.41) of grade 2 FT, and 0.56%
prevalence (95% CI 0.11–1.02) of grade 3 FT.
The overall prevalence of FT in the macular area

Fig. 1 Quantification of fundus tessellated density by
artificial intelligence technology. a An eye in the macular
distributed group, b an eye in the peripapillary distributed
group. a1, b1 original image, a2, b2 fundus tessellation in the

macular area (circle of 6-mmdiameter centered on the fovea;
shown in figure as a green circle), a3, b3 fundus tessellation
in the peripapillary area (circle of 4-mm diameter centered
on the optic disc; shown in figure as a red circle)
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was 45.57% (95% CI 42.57–48.57), with 43.5%
prevalence (95% CI 40.52–46.49) of grade 1 FT,
1.60% prevalence of (95% CI 0.84–2.36) of
grade 2 FT, and 0.50% prevalence (95% CI
0.10–0.90] of grade 3 FT. The overall prevalence
of FT in the peripapillary area was 49.72% (95%
CI 46.71–52.73), with 44.44% prevalence (95%
CI 41.45–47.44)) of grade 1 FT, 4.43% preva-
lence (95% CI 3.19–5.66) of grade 2 FT, and
0.85% prevalence (95% CI 0.30–1.40) of grade 3
FT. In addition, five of the nine children
excluded from the analysis due to systemic
diseases were identified as having FT (3 with
grade 1 FT and 2 with grade 2 FT).

FTD, AL, and CR in the whole fundus, mac-
ular area, and peripapillary area increased sig-
nificantly with increasing grade of FT in these
areas (all P\0.05; Table 2, Fig. 2). There was a
borderline significant difference in SE among

the different grades of FT in the macular area
(P = 0.029), but no significant difference in
other areas. AL/CR was also not significantly
different among the different grades of FT in all
areas.

The ROC curve analysis showed that for FT
in the whole fundus, the cut-off values of FTD
were 0.016 in grade C 1 (AUC 0.949, sensitivity
89.3%, specificity 86.8%), 0.049 in grade C 2
(AUC 0.985, sensitivity 98.3%, specificity
92.3%), and 0.060 in grade 3 (AUC 0.984, sen-
sitivity 100.0%, specificity 92.1%), respectively
(Table 3; Fig. 3a). For FT in the macular area, the
cut-off values of FTD were 0.013 in grade C 1
(AUC 0.890, sensitivity 77.3%, specificity
84.8%), 0.069 in grade C 2 (AUC 0.987, sensi-
tivity 95.5%, specificity 96.2%), and 0.091 in
grade 3 (AUC 0.994, sensitivity 100.0%, speci-
ficity 97.7%), respectively (Table 3; Fig. 3b). For

Table 1 Demographic information on the right eyes of eligible children

Characteristics Mean Standard deviation Range

Systemic parameters

Age (years) 7.38 0.29 6.83–7.83

Sex (boy:girl) 551:511 NA

Height (cm) 128.73 6.50 94.50–167.00

Weight (kg) 27.25 5.71 16.40–58.00

BMI (kg/m2) 16.37 2.69 9.22–38.41

Ophthalmologic parameters

Intraocular pressure (mmHg) 18.53 2.47 10.00–26.00

BCVA (LogMAR) 0.01 0.04 - 0.10–0.30

Axial length (mm) 22.97 0.77 19.25–26.22

AL/CR atio 2.94 0.08 2.62–3.24

Corneal radius of curvature (mm) 7.80 0.24 7.02–8.76

Spherical equivalent (D) - 0.28 0.70 - 3.88–4.50

FTD

Whole fundus image 0.023 0.025 0.000–0.181

Macular area (6-mm diameter) 0.020 0.025 0.000–0.163

Peripapillary area (4-mm diameter) 0.035 0.046 0.000–0.350

AL/CR Axial length/corneal radius of curvature ratio, BCVA best corrected visual acuity, BMI body mass index, FTD,
fundus tessellation density, NA, not applicable;

2676 Ophthalmol Ther (2023) 12:2671–2685



T
ab
le

2
Pr
ev
al
en
ce

of
fu
nd

us
te
ss
el
la
ti
on
,a
nd

di
ff
er
en
ce
s
in

fu
nd

us
te
ss
el
la
ti
on

de
ns
it
y
an
d
oc
ul
ar

bi
om

et
ri
c
pa
ra
m
et
er
s
be
tw
ee
n
th
e
di
ff
er
en
t
fu
nd

us
te
ss
el
at
io
n

gr
ou
ps

Fu
nd

us
te
ss
el
la
ti
on

gr
ou

ps
a

N
um

be
r
of

ch
ild

re
n

P
re
va
le
nc
e,
%

(9
5%

C
I)

M
ea
n

FT
D

FT
D

st
an
da
rd

de
vi
at
io
n

P
b

SE
P
b

A
L
/C

R
P
b

A
L

P
b

C
R

P
b

W
ho
le
fu
nd
us

im
ag
e

10
62

42
.1
8

(3
9.
21
–4

5.
16
)

0.
02
3

0.
02
5

\
0.
00
1

0.
88

0.
86

0.
01

0.
00
1

G
ra
de

0
61
4

57
.8
2

(5
4.
84
–6

0.
79
)

0.
00
9

0.
00
7

-
0.
27

±
0.
66

2.
94

±
0.
08

22
.9
1
±

0.
75

7.
79

±
0.
24

G
ra
de

1
38
8

36
.5
3

(3
3.
63
–3

9.
44
)

0.
03
5

0.
01
7

-
0.
30

±
0.
68

2.
94

±
0.
08

23
.0
2
±

0.
80

7.
83

±
0.
25

G
ra
de

2
54

5.
08

(3
.7
6–

6.
41
)

0.
08
9

0.
02
7

-
0.
25

±
0.
75

2.
95

±
0.
06

23
.1
4
±

0.
64

7.
85

±
0.
23

G
ra
de

3
6

0.
56

(0
.1
1–

1.
02
)

0.
13
0

0.
04
0

-
0.
25

±
0.
29

2.
93

±
0.
05

23
.6
6
±

0.
42

8.
06

±
0.
14

M
ac
ul
ar

ar
ea

(6
-m

m

di
am

et
er
)

10
62

45
.5
7

(4
2.
57
–4

8.
57
)

0.
02
0

0.
02
5

\
0.
00
1

0.
03

0.
10

\
0.
00
1

0.
02

G
ra
de

0
57
8

54
.4
3

(5
1.
43
–5

7.
43
)

0.
00
7

0.
00
9

-
0.
25

±
0.
69

2.
94

±
0.
08

22
.8
8
±

0.
76

7.
78

±
0.
24

G
ra
de

1
46
2

43
.5 (4
0.
52
–4

6.
49
)

0.
03
2

0.
02
4

-
0.
32

±
0.
64

2.
95

±
0.
08

23
.0
5
±

0.
77

7.
83

±
0.
25

G
ra
de

2
17

1.
60

(0
.8
4–

2.
36
)

0.
10
3

0.
02
6

-
0.
25

±
0.
75

2.
95

±
0.
06

23
.2
4
±

0.
66

7.
83

±
0.
23

G
ra
de

3
5

0.
50

(0
.1
0–

0.
90
)

0.
13
1

0.
02
7

-
0.
25

±
0.
29

2.
93

±
0.
05

23
.7
8
±

0.
66

7.
91

±
0.
14

Pe
ri
pa
pi
lla
ry

ar
ea

(4
-

m
m

di
am

et
er
)

10
62

49
.7
2

(4
6.
71
–5

2.
73
)

0.
03
5

0.
04
6

\
0.
00
1

0.
72

0.
60

0.
00

\
0.
00
1

G
ra
de

0
53
4

50
.2
8

(4
7.
27
–5

3.
29
)

0.
00
9

0.
01
4

-
0.
27

±
0.
71

2.
95

±
0.
08

22
.9
0
±

0.
77

7.
78

±
0.
24

G
ra
de

1
47
2

44
.4
4

(4
1.
45
–4

7.
44
)

0.
05
1

0.
03
6

-
0.
29

±
0.
62

2.
94

±
0.
08

23
.0
2
±

0.
76

7.
83

±
0.
24

G
ra
de

2
47

4.
43

(3
.1
9–

5.
66
)

0.
14
5

0.
04
5

-
0.
28

±
0.
74

2.
94

±
0.
07

23
.1
2
±

0.
68

7.
87

±
0.
25

G
ra
de

3
9

0.
85

(0
.3
0–

1.
40
)

0.
22
0

0.
08
4

-
0.
53

±
0.
68

2.
98

±
0.
07

23
.7
1
±

0.
52

7.
95

±
0.
14

V
al
es

fo
r
SE

,A
L
/C

R
,A

L
,a
nd

C
R
ar
e
gi
ve
n
as

th
e
m
ea
n
±

st
an
da
rd

de
vi
at
io
n
(S
D
)

A
L
A
xi
al
le
ng
th

(m
m
),A

L
/C
R
ax
ia
l
le
ng
th
/c
or
ne
al
cu
rv
at
ur
e
ra
ti
o,
C
I
co
nfi

de
nc
e
in
te
rv
al
,C

R
,c
or
ne
al
ra
di
us

of
cu
rv
at
ur
e
(m

m
),
FT

D
fu
nd

us
te
ss
el
la
ti
on

de
ns
it
y,
SE

sp
he
ri
ca
l
eq
ui
va
le
nt

(D
)

a S
ee

se
ct
io
n
M
an
ua
l
G
ra
di
ng

of
FT

fo
r
de
ta
ile
d
de
sc
ri
pt
io
n
of

th
e
gr
ad
es

b A
na
ly
si
s
of

va
ri
an
ce

(A
N
O
V
A
)
w
as

pe
rf
or
m
ed

to
co
m
pa
re

FT
D
,S

E
,A

L
/C

R
,A

L
,C

R
at

di
ff
er
en
t
gr
ad
es

of
se
ve
ri
ty
.S
ta
ti
st
ic
al
si
gn
ifi
ca
nc
e
w
as

se
t
at

P
\

0.
05

Ophthalmol Ther (2023) 12:2671–2685 2677



FT in the peripapillary area, the cut-off values of
FTD were 0.018 in grade C 1 (AUC 0.917, sen-
sitivity 85.2%, specificity 83.7%), 0.094 in
grade C 2 (AUC 0.980, sensitivity 0.946%,
specificity 0.942%), and 0.118 in grade 3 (AUC
0.984, sensitivity 100.0%, specificity 94.3%),
respectively (Table 3, Fig. 3c).

DISCUSSION

In this study of 7-year-old children who were
predominantly emmetropic, the prevalence of
FT in the whole fundus, macular area, and
peripapillary area ranged from 42.18% to
49.72%. Moreover, severe FT (grade C 2) was

found among 5.64% children in the whole
fundus, 2.10% children in the macular area, and
5.28% children in the peripapillary area,
respectively. The cut-off values of FTD deter-
mined by the ROC curve analysis had good
sensitivity (C 94.6%) and specificity (C 92.3%)
for screening severe FT in the whole fundus,
macular area, and peripapillary area. To our
knowledge, this is the first attempt to screen FT
using AI technology in children. The cut-off
values of FTD found in this study might be
helpful for rapid screening of severe FT in
children.

Multiple studies in recent years have repor-
ted the prevalence of FT among different

Fig. 2 Fundus tessellation density (FTD) in the whole
fundus (a), macular area (b), and peripapillary area (c). FTD
in the macular area was measured in a circle with a diameter
of 6 mm centering on the fovea); in the peripapillary area,

FTD was measured in a circle with a diameter of 4 mm
centering on the optic disc. Bars are the means and whiskers
are the standard deviations. See section Manual Grading of
FT for detailed description of the grades
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populations with various refractive status
(Table 4) [5–8, 10, 11, 17–21]. Although com-
parisons between these studies are limited by
inconsistent grading and/or classification
methods, the findings demonstrate that FT is a
universal fundus sign in myopic people. In
hospital-based studies using the ETDRS grid to
grade the degree of FT, the prevalence of FT
exceeded 90% in young individuals with mod-
erate or high myopia [19, 20]. In our study
among 7-year-old children who were mainly
emmetropic, the prevalence of severe FT in the
macular area was lower than that reported in a
school-based study among junior students with
low myopia using the same grading method as
our study (2.1% vs. 5.45%); however, the
prevalence of mild FT (grade 1) in the macular
area in the present study was similar to that in
the school-based study (43.5% vs. 42.66%) [6].
In addition, the prevalence of severe FT in both
the whole fundus and peripapillary area was
approximately 5% in our study. Furthermore,
our study showed that mean AL became longer
with increasing FT grade, although no or only
borderline significant differences in SE and AL/
CR were found between different FT grades,

which might be caused by increased CR with
higher FT grades. These findings imply that FT
has become a common fundus change in
7-year-old children who are supposed to have a
healthy fundus in general, possibly indicating
that it is a portent of rapid AL growth and
myopia development in these children. A pre-
vious longitudinal study showed that about
19% of eyes with FT progressed into more severe
fundus lesions within 10 years of follow-up,
including diffuse chorioretinal atrophy, lacquer
crack, patchy atrophy, and macular atrophy
[22]. Thus, it is reasonable to conduct FT
screening in children to identify their potential
risk of myopic fundus lesions, even though they
are not myopic.

Sensitivity, specificity, and Youden index are
widely used indicators for evaluating the accu-
racy of a screening method. In our study, the
cut-off values of FTD exhibited increased sensi-
tivity, specificity, and Youden index with
increasing degree of FT from grade C 1, grade
C 2, to grade 3 in all of the three areas (whole
fundus, peripapillary area, and peripapillary
area). For severe FT (grade C 2), sensitivity and
specificity had exceeded 0.9, and the Youden

Table 3 Accuracy of fundus tessellated density for assessing fundus tessellation

Fundus tessellation groups Number of children AUC Sensitivity Specificity Youden index Cut-off value

Whole fundus image

C 1 448 0.949 0.893 0.868 0.761 0.016

C 2 60 0.985 0.983 0.923 0.906 0.049

3 6 0.984 1.000 0.921 0.921 0.060

Macular area (6-mm diameter)

C 1 484 0.890 0.773 0.848 0.620 0.013

C 2 22 0.987 0.955 0.962 0.916 0.069

3 5 0.994 1.000 0.977 0.977 0.091

Peripapillary area (4-mm diameter)

C 1 528 0.917 0.852 0.837 0.689 0.018

C 2 56 0.980 0.946 0.942 0.889 0.094

3 9 0.984 1.000 0.943 0.943 0.118

AUC Area under curve
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index was[0.8. For grade 3 FT, sensitivity even
reached 1.0, and the Youden index was[ 0.9.
Given the higher prevalence of severe FT than
that of grade 3 FT, the threshold values of FTD
for detecting severe FT found by our study are
more highly recommended in screening
settings.

As mentioned in the Introduction, a previ-
ous study that used machine learning methods
employing gender, age, and FTD as major fac-
tors to predict FT severity reported a good clas-
sification rate [12]. In addition, a deep learning-
based system was developed to identify the
presence of macular degeneration and FT in
fundus photographs, with an accuracy up to

93.81% and 91.76% using the ResNet-50 and
Inception V3 models, respectively [9]. Another
deep learning system for screening myopic
maculopathy based on fundus photographs was
developed and obtained AUCs [ 0.96 for dif-
ferent types of myopic maculopathy in the
external-testing dataset [23]. Compared with
these machine learning methods and deep
learning systems, the method for screening FT
based on FTD obtained by AI image processing
technology used in our study is not only easier
but also more available, as it can be achieved by
installing software in a fundus camera, but it
can also achieve quantitative results with high
accuracy. As myopic fundus lesions more severe

Fig. 3 Receiver operating characteristic curve analysis for fundus tessellation density detecting severe fundus tesselation
(grade C 2). a Whole fundus image, b macular area, c peripapillary area. AUC Area under the curve
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than FT are infrequent in children and because
FT is the earliest sign in the natural course of
myopic maculopathy, the method provided in
our study is suitable for fundus screening as well
as for the prevention and control of myopia
among children, especially in underdeveloped
areas and medical institutions lacking ophthal-
mologists. Moreover, a telemedicine platform
could be established based on this AI technol-
ogy, further enhancing accessibility and
affordability of FT screening. It is also important
to note that the accuracy of the AI image pro-
cessing technology can be affected by the
quality of fundus images, thus quality control of
fundus images should be considered during the
application of this technology.

This study has two main advantages. Firstly,
we reported the prevalence of FT in an age-
specific population, which is important as FT is
closely related to age [19, 22]. The age-specific
setting is helpful to attenuate the effect of age
on FT. In addition, children aged 7 years are
mainly emmetropic and at the beginning of
developing myopia; consequently, investiga-
tions in this age group may provide some
information on the change in the fundus in the
premyopic stage. Secondly, we applied an AI-
based indicator, FTD, to explore rapid screening
for FT in children, which has a high practical
value. However, the study also has several lim-
itations that must be considered. Firstly, the
manual grading of FT based on color fundus
photographs may be subject to subjective bias,
especially in borderline cases. Nonetheless, the
graders were well-trained ophthalmologists,
and in cases of disagreement, a third, senior
ophthalmologist made the final decision; this
approach can reduce the bias as much as pos-
sible. Secondly, cycloplegic refraction was not
available in this study due to its interference
with children’s subsequent learning, which
might limit the assessment of the association
between myopia and FT grade. However, we
evaluated the difference in AL/CR between dif-
ferent FT grades as a supplementary study. Pre-
vious studies have demonstrated that AL/CR is a
second choice to predict SE when cycloplegic
refraction is difficult to perform in children
[24, 25]. Also, a recent study assessed the asso-
ciation between refractive status under

cycloplegia and fundus tessellation in 9- to
12-year-old school children with low myopia,
and found no significant difference in cyclo-
plegic SE between different FT grades, which is
consistent with our findings, indicating that the
influence of noncycloplegic refraction used in
our study is acceptable [7]. Finally, there is a
possibility that the cut-off values of FTD pro-
vided in our study may not be applicable to
children of other ages and ethnicities. Further
research is warranted to validate the accuracy of
these cut-off values in other populations.

CONCLUSIONS

Fundus tessellation was found to be a common
fundus change in 7-year-old children from
eastern China who were mainly emmetropic,
indicating the importance of FT screening. The
threshold values of FTD based on AI image
processing technology provided in this study
had a high accuracy for detecting severe FT. This
technology has the potential to be applied for
rapid FT screening among children in the
future.
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regulation or exceeds the permitted use, you
will need to obtain permission directly from the

copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.
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