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ARTICLE OPEN

Global metrics on ocular biometry: representative averages and
standard deviations across ten countries from four continents
Durga Ganesh1 and Shawn R. Lin1✉

© The Author(s) 2022

BACKGROUND/OBJECTIVES: We provide global averages and standard deviations for ocular biometry—axial length (AL), corneal
radius of curvature (CR), anterior chamber depth (ACD), lens thickness (LT), white to white (WTW), and central corneal thickness (CT).
We hope a better understanding of normal and abnormal values will help clinicians gain further insight into their surgical
outcomes, especially for off-target eyes.
SUBJECTS/METHODS: We searched the MEDLINE database using keywords “axial length, corneal power, anterior chamber depth,
lens thickness, white to white, and corneal thickness.” We included studies that reported averages and standard deviations on eye
biometry for at least 1300 eyes. Global weighted averages and standard deviations were calculated using the Cochrane method.
RESULTS: Fourteen studies were included, originating from Asia (Japan, Singapore, Myanmar, Iran, South Korea, China), Europe
(Germany, United Kingdom, Portugal), Australia, and North America (United States). Global ocular biometry metrics were: AL—
23.49 mm± 1.35 mm, CR—7.69 mm± 0.28mm, ACD—3.10 mm± 0.47mm, WTW—11.80 mm± 0.42 mm, LT—4.37mm± 0.43 mm,
and CT—544 μm± 38 μm. Total eyes per value ranged from 19,538 to 90,814.
CONCLUSIONS: We report global ocular biometry averages and standard deviations. No eyes were from studies in Africa or South
America, highlighting the need to publish eye biometry data from these continents. We hope that promoting a deeper
understanding of biometry values will help clinicians gain insight into surgical outcomes and drive innovations in lens calculations.

Eye (2023) 37:511–515; https://doi.org/10.1038/s41433-022-01961-3

INTRODUCTION
Although there have been studies in the past decade that detail
global ocular metrics, including this study [1] that reported
average AL, ACD, and LT for 212,000 eyes stratified by sex, there
remains a gap in publishing global averages in conjunction with
associated standard deviations for global ocular metrics. Calculat-
ing and providing these values would allow ophthalmologists to
understand their patients’ eye biometry values in the context of
global values. Thus, physicians can understand how normal or
abnormal these parameters may be for their individual patients.

METHODS
Biometry data
We searched the MEDLINE database via PubMed using the keywords “axial
length, corneal power, anterior chamber depth, white to white, lens
thickness, and corneal thickness,” yielding 163 total papers. We included
studies that reported averages and standard deviations on eye biometry
for at least 1300 eyes. We also identified a study that reported ocular
biometry averages for 213,000 eyes from across the world and reviewed its
35 references.

Statistical analysis
The reported mean and standard deviations for AL, CR, ACD, WTW, LT, and
CT were combined and weighted by study sample size using the Cochrane
method [2]. For studies where only the confidence interval was reported
rather than an explicit standard deviation, the standard deviation was back

calculated using standard deviation= sqrt(N) × (Upper limit− Lower limit)/
3.92. We used the two-sided, two sample t-test with unequal variance to
compare eye biometry values between each study and all other studies.
This allowed us to determine whether there was a significant difference in
these studies. We calculated p values for each eye biometry parameter (AL,
CR, ACD, WTW, LT, and CT) for each study. We compared each study’s
average and standard deviation to the combined average and standard
deviation for all other studies. As we compared a differential number of
studies per biometric parameter, significance was achieved if p < 0.05/
(number of studies compared per parameter) using the Bonferroni
correction. Thus, we had the following thresholds for significance: AL—
p < 0.00357, CR—p < 0.004, ACD—p < 0.0038, WTW—p < 0.016, LT—p <
0.00635, and CT—p < 0.01. Statistical analysis was performed using Excel.

Global population distribution calculations
We compared the proportion of the world population per continent with
our aggregate global eye dataset, to report our results in context.

RESULTS
Table 1 and Fig. 1 show the averages and standard deviations for
each of the studies [3–17] that were used to compute global
averages and standard deviations for eye biometry, including
country of origin, year of publication, and sample size. In cases
where only confidence intervals were reported, we back
calculated averages and standard deviations. An asterisk repre-
sents cases in which the eye biometry value for a study was
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significantly different from the average of the corresponding
biometry values in all the other studies (e.g., AL for Portugal, 2017).
The global average and standard deviation values for each eye

biometry parameter are reported in Table 2. Global averages and
standard deviations for AL, CR, ACD, WTW, LT, and CT were
calculated from 14 studies originating from Asia (Japan, Singapore,
Myanmar, Iran, South Korea), Europe (Germany, United Kingdom,
Portugal), Australia, and North America (United States). Biometric
parameters had the following averages with standard deviations in
parentheses: AL—23.49mm (1.35mm), CR—7.69mm (0.28mm),
ACD—3.10mm (0.47mm), WTW—11.80mm (0.42mm), LT—4.37
mm (0.43mm), and CT—544 μm (38 μm). The total sample size used
to calculate metrics for each biometry value ranged between 19,538
and 90,814 eyes.
We also compared our aggregate eye dataset with the break-

down of the world population. In particular, we used a breakdown of
the world population by continent [18] in 2020 to estimate the
proportion of the world population that fell in the following regions:
Asia, Africa, North America, South America, Europe, and Australia/
Oceania (Fig. 2A). We provide a side by side comparison of these
percentages, along with the breakdown of the data we used to
calculate global averages (Table 3 and Fig. 2B).

DISCUSSION
We report large scale ocular biometry data, drawn from
representative global studies across four continents. Our dataset
includes eye biometry data from a diverse set of countries
spanning North America, Europe, Asia, and Australia. Although our
study does sample from a wide range of geographic locations, it is
worth noting that the ethnic breakdown of eyes in our dataset
does not match the distribution of the population of different
ethnic groups (Table 3). Studies from Europe are vastly over-
represented compared to the global European population (ratio of
individuals in aggregate dataset to world population: 6.57), while
studies from North America (ratio of individuals in aggregate
dataset to world population: 1.33) and Australia (ratio of
individuals in aggregate dataset to world population: 2.51)
generally match their respective population percentages. Asia is
underrepresented (ratio of individuals in aggregate dataset to
world population: 0.43). None of our eyes are from studies in Africa
or South America, yet those two continents combined represent
22.73% of the world population. Thus, our analyses further
highlight the need to collect and publish routine eye biometry
data from the regions that are underrepresented and/or
nonexistent in our aggregate eye dataset. We understand that
data may vary according to ethnicity, so reporting data by
continent has its limitations. Nonetheless, as ophthalmologists
generally work within a geographic location, we feel that there is
utility in reporting these values by continent, to provide clinicians
with context on their patients.
Although we observed heterogeneity between eye biometry

values, this does not seem to be country dependent.
In addition, the data revealed a general increase in the average

AL recorded over time, as more recent studies reported longer AL
values than older studies. Older studies used A scans for
calculating AL, which tend to result in smaller AL. Newer studies
tended to use optical low-coherence reflectometry, a technique
which uses patient fixation and results in longer AL readings.
Among the studies reporting lens thickness, one study [14] had a
significantly different lens thickness than the other studies, as it
was performed on a non-cataract, college aged population
(Table 1). Thus, we have provided this study’s results as reference,
without including it in our global average and standard deviation
calculations for ocular biometry.
Clinicians may use our computed values for eye biometry when

trying to compare their patient’s ocular biometrics to global
averages. We have condensed the information in our study into aTa
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Fig. 1 Averages and standard deviations for each study used to compute global ocular metrics. A Average axial length (mm), B corneal
radius of curvature (mm), C anterior chamber depth (mm), D lens thickness (mm), E white to white (mm), and F corneal thickness (μm)
reported by each study. Mean values are reported, with SD in parentheses. Studies that did not report a biometric parameter are indicated
with an empty bar.

D. Ganesh and S.R. Lin

513

Eye (2023) 37:511 – 515



one page reference sheet, including an approximate conversion
from CR to keratometry. Keratometric power (Pk) was determined
using Pk= (nk− 1)/CR, where nk= 1.3375 is the keratometric index
of refraction and CR is in meters [19]. Our reference sheet may be
easily printed for clinicians’ ease of use (Supplementary Fig. 1).

SUMMARY

What was known before

● Although there have been studies in the past decade that
detail global ocular metrics, including one study that reported
average Axial Length, Keratometry, Anterior Chamber Depth,
and Lens Thickness for 212,000 eyes stratified by sex, there
remains a gap in publishing global averages in conjunction
with associated standard deviations for global ocular metrics.

● Calculating and providing these values would allow for
ophthalmologists to understand their patients’ eye biometry
values in the context of global values, to understand how
normal or abnormal these parameters may be for their
individual patients.

What this study adds

● We are the largest recent study to report large scale ocular
biometry metrics, drawn from representative global studies
across four continents.

● Our dataset includes eye biometry data from a diverse set of
countries spanning North America, Europe, Asia, and Australia.
Clinicians may use our computed values for eye biometry
when trying to compare their patients’ ocular biometrics to
global averages.
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