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Introduction

Methods

• It is not fully understood how peripheral 
image quality affects emmetropization, but 
animal studies and optical myopia control ther-
apies suggest that peripheral defocus is impor-
tant.
• Due to large higher-order aberrations 
(HOAs), peripheral refraction is often hard to 
define.

Aim: to evaluate the through-focus peripheral 
image quality of children, to investigate 
depth-of-focus (DOF) and implications for de-
fining the peripheral refraction.
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• 33 children aged 6- to 11-years-old
• Central and peripheral retinal image quality 
(25° nasal/temporal visual field) was measured 
with a dual-angle wavefront sensor for two 
different accommodation levels (0.22 D and 
5 D).
• ~700 analyzed wavefronts per child

• Refractional DOF was larger in the periphery 
compared to on-axis; on average the 
full-width-at-half-maximum (FWHM) was
0.8 ± 0.3 D centrally and 1.4 ± 0.8 D in ±25° 
angle with natural pupils (mean pupil radius 2.9 ± 
0.4 mm).

• In five of the measured children the peripheral 
FWHM was twice that of the central for both 
the nasal and the temporal field at both levels of 
accommodation.

• Furthermore, 12 children had some inherent 
multifocality in the periphery, with two distinct 
peaks in the through-focus Strehl ratio as judged 
by at least two out of three independent investi-
gators.

• There was no difference in pupil size nor in 
maximum Strehl ratio between these 12 children 
and the other 21. However, the multifocality was 
only apparent with natural pupils; it disappeared 
when the wavefronts were scaled to 2 mm 
radius. This indicates that HOAs, which increase 
with pupil size, are the main factor behind the 
multifocality.

Results

Conclusion
Some children exhibited inherent peripheral 
multifocality, where different sphere-cylinder 
corrections yielded similar Strehl ratios. This 
multifocality could play a role in the process of 
emmetropization, but the relationship needs to be 
further investigated in a longitudinal study. 

ARVO: 2130

• For each wavefront, a 3D 
refraction map was calculated

▫   M, J0 and J45 were varied in 
0.1 D steps
▫   10,000 combinations of M, J0 

and J45 tested

• To assess the refractional 
depth-of-focus (DOF), the best 
Strehl value for each M value 
(varying J0 and J45) were 
extracted, yielding a through-focus 
track in the 3D map.

• The Strehl values in the 
through-focus track gives an 
indication of multifocality.
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Median through-focus curves were calculated for each child and visual field/accommodation target.

-4.5-4-3.5-3-2.5-2-1.5-1-0.50

Mean sphere [D]

0

0.01

0.02

0.03

0.04

0.05

0.06

S
tre

hl
 ra

tio

Through-focus track

FWHM

Acknowledgment
This study would not have been possible without the support by 
MD PhD Stefan Löfgren, OD PhD Abinaya Priya Venkataraman, 
OD PhD Alberto Dominguez Vicent, and the optometry 
education at Karolinska Institutet. Finally, and most importantly, 
we would also like to thank our fantastic subjects and their 
parents/guardians!

Swedish Research Council (2019-05354 and 2023-05428)
Kronprinsessan Margaretas Arbetsnämnd för synskadade (2022-042)
Ögonfonden
The Knowledge Foundation (20210047 01 H)
Synsam Group Sweden AB

Funding:

Two different 
sphere-cylinder 
regions with 
similar Strehl 
ratios! 


