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Abstract
Objectives To establish the norms of binocular and monocular acuity and interocular acuity differences for southern Chinese
infants and compare these norms with the results for northern Chinese infants.
Methods A prospective, comparative, and noninterventional study was conducted from January to August 2018. Teller
Acuity Cards II were used to determine the binocular and monocular acuity of infants. The tolerance intervals and limits with
a stated proportion and probability were used to evaluate the norms of binocular and monocular acuity and interocular acuity
differences. An unpaired t-test was used to compare the obtained norms with the reported northern Chinese norms.
Results The tolerance intervals of binocular acuity (mean acuity of 3.73, 7.35, and 12.01 cpd, respectively, at 12, 24, and
36 months), monocular acuity (mean acuity of 2.88, 6.91, and 10.75 cpd, respectively, at 12, 24, and 36 months), and
interocular acuity differences (mean difference of 0.92, 2.89, and 3.99 cpd, respectively, at 12, 24, and 36 months) were
obtained, exhibiting an increasing trend with age. The binocular visual acuity norms of southern Chinese infants were
significantly lower than those in northern China (4.37 vs. 6.9 cpd at 8 months and 7.35 vs. 26 cpd at 24 months) (P= 0.011).
Conclusions Northern and southern Chinese infants exhibited distinct acuity norms and visual development patterns.
The establishment of population-specific visual acuity norms is necessary for current populations of infants from
different regions.

Introduction

The development of normal visual function and ocular
structures is important for the early acquisition of visual
information and intelligence development [1–4]. Visual
assessments, particularly assessments performed during
the first year of life, are clinically important because

early detection and timely interventions to correct
abnormal visual function can prevent long-term visual
impairment [5–10]. The establishment of visual acuity
(VA) norms can help clinicians monitor visual develop-
ment patterns, facilitate the diagnosis of visual abnorm-
alities, and enable the evaluation of therapeutic effects
[11, 12].

Infant vision assessments are derived from a report of
Fantz published in 1958 that showed for the first time that
the pattern preference of infants could be successfully
measured to evaluate VA [13]. Subsequently, Teller and
McDonald created the acuity card procedure in 1985. One
year later, Teller designed the Vistech-Teller Acuity Cards
(TAC), which greatly improved the practicality of vision
assessments in infants [14, 15]. Initial binocular and
monocular norms were obtained using the original TAC in
several studies [11, 16–22]. In 1995, the results of a study of
646 infants were used to modified the test procedure, and
binocular and monocular norms were obtained [12]. The
Teller Acuity Cards II (TAC II) were subsequently accepted
as a standard vision test for infants, and the VA norms
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established with the original TAC have been used as
references up to present [23].

VA norms must be established for Chinese infants for the
following reasons. More than 15 million infants are born
each year in China, and they account for 1% of the total
Chinese population [24]. The recent implementation of the
two-child policy and the tendency toward later marriage and
childbirth lead to an increased risk of congenital defects,
including many ocular diseases [25–27]. However, the VA
norms for Chinese infants have not been well-established.
So far, only one study has obtained the VA norms for
northern Chinese infants [28]. Generally, a universally
applicable norm requires data collection on a massive scale,
yet previous studies that have attempted to obtain new
norms have been constrained by the limited data on infants
from few districts.

In this study, we aim to establish VA norms of binocular
and monocular acuity and interocular acuity differences
(IADs) for infants from southern China using the TAC II to
update the current standards for diagnosis and treatment
evaluations. In addition, we compare the VA norm for
southern Chinese infants with the previously established
VA norm for northern Chinese infants to investigate the
potential regional differences in VA development.

Materials and methods

A prospective study was conducted at the Zhongshan
Ophthalmic Center (ZOC), Guangdong, China. This study
was approved by the Ethical Review Committee of ZOC,
and the tenets of the Declaration of Helsinki were followed
throughout this study.

Study sample

Overall, 218 infants aged 0–36 months were enrolled from
Guangdong, southern China. The inclusion criteria were as
follows: (1) the infants weighed 2.5–4.0 kg and had an age
of 37–42 weeks of gestation at birth; (2) the infants were
younger than 37 months; and (3) no obvious abnormalities
were found in eye position, eye movement, and anterior
segment examination. The exclusion criteria were as fol-
lows: (1) a previous diagnosis of an ocular disease; or (2) a
previous diagnosis of congenital diseases. The test proce-
dure was described to the guardians of the infants in detail,
and only children whose guardians signed the informed
consent document were tested.

Test procedure

Each child was tested in a quiet room that was specifically
designated for testing with the TAC II at the ZOC. A

standardized apparatus and procedure were adopted: the
apparatus consisted of a stage and a video recorder placed
directly facing the infants. The stage was used to minimize
interference from the ophthalmologist, and the video
recorder was used to record all test processes for quality
inspection and to ensure the reliability of the test results.
The test procedure followed the instructions of the TAC II
handbook, which was provided by the University of
Washington, and the contrast settings of the cards were
~60–70% [29]. Specifically, infants were either held or
seated alone at 38 cm (birth to 6 months) or 55 cm
(7–36 months) from the acuity cards while facing the tester.
The tester attempted to attract the infant’s attention. When
the infant looked straight ahead, the tester held up a card.
Based on a variety of cues, including fixation, pointing, and/
or verbalization, the tester made an initial decision regard-
ing whether the child could see the grating. Coarser or finer
gratings were then presented, and this process was repeated
until the tester could determine the finest grating that the
child could see. This grating indicated the infant’s VA. The
monocular test was performed after the binocular test. The
initial eye examined in the monocular test was randomly
selected, and a single eye patch was used in the monocular
test. All tests were performed and recorded by the same
ophthalmologist (XL), who had been well-trained in
administering the TAC II tests following the instructions of
the TAC II handbook.

Statistical analysis

After a transformation of the data to determine the acuity at
55 cm and the calculation of the log values of the VA
scores, all visual data were analyzed using R 3.5.1. The
concept of a “tolerance interval” was used to illustrate the
normative range [14]. This method describes a fixed pro-
portion of the population with a stated confidence, including
both one- and two-sided intervals. The endpoints of the
tolerance interval are called tolerance limits and are calcu-
lated with the equations TLl=mean−K × SD and TLu=
mean+K × SD. TLl and TLu represent the lower and upper
limits, respectively; K is a constant based on the type of
tolerance interval, the number of the subjects, the expected
probability, and the proportion; SD is the standard deviation
of the mean [30]. In our study, a two-sided interval was
used to calculate the lower and upper limits with a fixed
proportion and confidence level, according to the number of
participants in each group. A proportion of 90% and a
confidence level of 95% were adopted for most groups. The
binocular norms for the first two age groups (the 0–3 and
4–6 months groups) and the IAD for the 28–30 months
group were calculated with a proportion of 90% and a
confidence of 90%. The IAD norms for the first three age
groups (0–6, 7–12, and 13–18 months groups) were
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calculated with a proportion of 90% and a confidence of
80% according the group number. An unpaired t-test was
used to compare the differences between the binocular and
monocular norms, the diversity of the IADs in our results,
and the discrepancy between northern and southern China.
P < 0.05 was considered statistically significant.

Results

Overall, 218 infants (107 females and 111 males) from
southern China were enrolled and 215 (98.6%) infants
completed the binocular test. Monocular data were obtained
from 208 eyes of 108 (50.2%) infants, and 100 infants
completed the monocular test for both eyes.

Binocular and monocular norms of southern China

The binocular tolerance interval was based on the VA
scores of 215 infants, aged 2–36 months, and the monocular
interval was based on the VA scores of 208 eyes. The
binocular and monocular normative ranges, including
the mean acuity and upper and lower limits for the different
age groups, are shown in Table 1. The increasing trends of

the binocular and monocular norms are presented in Fig. 1.
Both binocular and monocular norms exhibited steady and
rapid growth after birth. The duration of the rapid growth
for the monocular norms (nearly 1 year) was longer than
that for the binocular norms (8 months). Overall, the mean
binocular acuity was slightly higher than that of monocular
acuity, but the difference between the binocular and
monocular VA norms was not significant.

IADs with slow growth

Overall, 100 infants, aged 2–36 months, completed the
monocular test for both eyes, and the IADs were calculated.
IADs can be classified into three types as follows: the VA of
the oculus dexter is equal to that of the oculus sinister
(VOD=VOS); the VA of the oculus dexter is higher than
that of the oculus sinister (VOD > VOS); and the VA of the
oculus dexter is lower than that of the oculus sinister (VOD
< VOS). The number of participants classified in each age
group is shown in Supplementary Table 1. Each IAD type
accounts for approximately one-third of all participants. The
mean absolute IADs of the VOD >VOS type and the VOD
<VOS type are presented in Supplementary Table 1, and
both types exhibited a rising tendency with age and
accounted for approximately one-third of each age group.
There was no statistically significant difference between
the two IAD types. Table 2 and Fig. 2 show the mean
absolute IADs and their upper limits in different age groups.
The upper limits of the IADs exhibited a slow growth with
age and became stable at the third year.

Regional differences of VA norms

A study performed in northern China revealed VA norms of
5–24 months, based on 241 infants from middle-to-high
income families in Beijing [28]. The norms in our study
were compared with previous results from northern China,
and both norms were obtained following the test instruc-
tions for TAC II equipped with a stage. A significant

Table 1 Norms of different age groups.

Age
(months)

Number Mean acuity
(cyc/deg)

Lower limit
(cyc/deg)

Upper limit
(cyc/deg)

Binocular norms

2–3 8 1.18 0.41 3.42

4–6 14 2.32 0.86 6.26

7–9 25 4.37 2.18 8.74

10–12 19 3.73 1.44 9.66

13–15 19 4.62 1.67 12.78

16–18 15 4.37 1.28 14.92

19–21 13 5.82 1.34 25.18

22–24 12 7.35 1.58 34.22

25–27 19 6.93 3.21 20.80

28–30 12 10.68 3.64 31.37

31–33 24 10.02 2.65 37.88

34–36 35 12.01 3.10 46.50

Monocular norms

2–6 12 1.97 0.55 7.06

7–12 11 2.88 0.91 9.17

13–18 13 4.04 1.72 9.50

19–21 10 4.39 1.15 16.78

22–24 14 6.91 2.08 22.91

25–27 29 5.91 2.13 16.41

28–30 19 7.95 3.11 20.31

31–33 41 8.77 2.01 38.19

34–36 59 10.75 4.75 24.34
Fig. 1 Binocular and monocular mean acuities and tolerance
limits. B binocular, M monocular.

Study to establish visual acuity norms with Teller Acuity Cards II for infants from southern China 2789



difference between VA values was observed between the
two regions, as shown in Fig. 3 (P= 0.011 for binocular
acuity, P= 0.099 for mean monocular acuity). The mean
binocular and monocular acuities of infants in northern
China obviously surpassed those of infants in southern
China, with a superiority ranging from 50 to 200%. The
mean acuity of infants from northern China approached the

normal acuity level of adults at 24 months (26 cpd, 0.83),
while most infants from southern China were still in a low
vision state (7.35 cpd, 0.24). In addition, the mean VA of
infants from northern and southern China was 6.9 and 4.37
cpd (1.57 times), respectively, at ~8 months and 26 and
7.35 cpd (3.54 times), respectively, at 24 months, thus
indicating an increasing VA gap with age.

Discussion

The lack of VA norms can impede the diagnosis and
treatment of visual abnormalities in infants. Thus far, only
VA norms for northern Chinese infants have been docu-
mented. However, discrepancies in the VA norms from
reported studies highlight the importance of establishing
more orientated and specific VA norms [16–20, 22].
Moreover, additional data are required to verify the
applicability of previous norms and establish a more inte-
grated set of norms. In this study, we prospectively col-
lected VA data from 215 healthy infants from southern
China and analyzed these data using the TAC II. We then
calculated new norms applicable to southern Chinese
infants and compared these norms to the norms for northern
Chinese infants.

We showed that the VA norms of binocular and mono-
cular acuity for infants in southern China exhibited a steady
growth after birth, although the growth rate of VA slowed
down after the first year. This finding can be explained by
the change of axial length: infants are physiologically
hyperopic at birth and gradually approach emmetropization
with ocular development and axial length growth. The axial
length growth rate primarily determines the time needed to
reach emmetropization and the increment speed of VA.
Previous reports have indicated that axial length exhibits a
rapid initial growth during the first 12 months after birth and
increases slowly from ages 1 to 3 years [31, 32], which is
similar to the growth pattern of VA. Therefore, we speculate
that the “initially rapid and then slow” growth pattern of VA
norms is primarily influenced by the axial length
growth rate.

Here, we establish the norms for IAD for Chinese infants
for the first time using the TAC II. The mean absolute IAD
and upper limits were similar for the VOD >VOS and
VOD <VOS types, and both types progressively increase
and approach a steady state at 3 years of age. However,
systematic variations in the mean IAD have been reported
in several studies, indicating that IAD is highest at birth and
gradually decreases with age [33–35]. Because each type of
IAD (VOD=VOS, VOD >VOS, and VOD <VOS)
accounted for approximately one-third of all participants in
our study and obvious IADs were observed in previous
studies [33–36], we assume that the development of both

Table 2 Norms of IADs in different age groups.

Age (months) Number Mean absolute IADa

(cyc/deg)
Upper limit
(cyc/deg)

2–6 5 0.68 2.11

7–12 5 0.92 3.86

13–18 6 1.42 3.69

19–24 11 2.89 7.17

25–27 14 2.06 7.60

28–30 9 3.82 7.08

31–33 18 3.04 8.35

34–36 32 3.99 8.20

IAD interocular acuity difference.
aInterocular acuity data did not assume that the visual acuity of the
oculus dexter was equal to the oculus sinister when calculating the
mean absolute IAD.

Fig. 2 Mean absolute IAD and upper limits. IAD interocular acuity
difference.

Fig. 3 Mean binocular and monocular acuity of infants from
southern China and northern China. B binocular, M monocular.

2790 Y. Xiang et al.



eyes is not always identical. Patterns of similar acuity, better
oculus dexter acuity, or better oculus sinister acuity are all
possible because the two eyes may be in slightly different
developmental stages during early age when acuity devel-
ops rapidly [33]. In addition, a remarkable double rise in
IAD for the same age group was revealed over 10 years
[34, 35], which indicates that the developmental differences
between two eyes become larger, and infants with IAD can
be considered normal only if the IAD is within the upper
limits [34].

The results for southern and northern Chinese infants
exhibited a considerable gap in acuity levels and the
methodologies of both studies were the same. This incon-
sistency in VA norms was also detected during the estab-
lishment of norms with the original TAC [12, 16–21]. The
differences in VA norms may be related to the test proce-
dures and test conditions, or the income of the infant’s
family [11, 12, 37]. However, more intrinsic reasons, such
as the incidence of ocular disease and environment differ-
ences among different regions, may also contribute to the
differences in VA development [38–41]. For example, the
incidence of visual impairment in adults in southern China
(5.38%) is much higher than that in northern China (0.1%)
[40, 41]. In addition, the prevalence of refractive error in
children from developed cities in southern China (33.22%)
is greater than that of developed cities in northern China
(25.5%) [38, 42]. Therefore, we do not exclude the possi-
bility that the differences of VA development between
infants from southern and northern China may be attributed
to the susceptibility of ocular disease. Consequently, we
speculate that the regional differences in visual develop-
ment are non-negligible in the application of visual norms.

Limitations

The limitations of our research should be considered. First,
the IAD data from the early age groups are limited; there-
fore, the upper limits of the IADs require additional
investigation to ensure their accuracy. Second, the specific
explanation for regional differences in VA is still unclear.
Further studies are warranted to investigate the factors that
generate the regional variety.

Conclusions

Our study is the first study to define the VA norms for both
binocular and monocular acuity for southern Chinese
infants and the IADs for Chinese infants. VA norms and
early visual development processes are diverse among dif-
ferent regions and time points, thus confirming the necessity
of establishing population-specific VA norms for infants.

Summary

What was known before

● The lack of visual acuity (VA) norms can impede the
diagnosis and treatment of visual abnormalities in
infants.

● A universally applicable VA norm requires data
collection on a massive scale.

● The VA norms for Chinese infants have not been well-
established and only one study has obtained the VA
norms for northern Chinese infants.

What this study adds

● Our study is the first study to define VA norms of IADs
for Chinese infants and to define VA norms of both
binocular and monocular acuity for southern Chinese
infants.

● There is an obvious discrepancy of VA norms between
northern and southern Chinese infants.

● The establishment of population-specific VA norms is
necessary for infants from different regions.
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