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 It has been hypothesized that hyperopic blur in the

retinal periphery in myopic eye degrades the quality of

retinal images and might promote central myopia as

shown in animal studies1.

 Several studies have reported differences in the

peripheral refraction patterns of emmetropes and

myopes. Emmetropes usually have relative myopic

shifts into the periphery, while myopes usually have

relative hypermetropic shifts 2.

 Most of the studies investigated refraction changes

only along the horizontal meridian, with some

reporting on the vertical meridian also 2.

To investigate the changes in peripheral refractive error

across four major meridians in myopes and

emmetropes.
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 20 myopic (-3.00 to -9.00 D) and 20 emmetropic

(+0.75 to -0.25 D) visually normal subjects were

recruited.

 Participants with >0.50 D of astigmatism, measured by

subjective refraction, or with a corrected visual acuity

poorer than 6/6 in the test eye were excluded.

 Peripheral refraction was measured in the right eye at

±30˚, ±20°, ±10°, 0˚ along the horizontal, vertical and

two oblique meridians (IT-SN, IN-ST) using a Shin-

Nippon NVision-K 5001 autorefractor.

 A device was designed to mount and rotate a beam

splitter and badal optometer, in front of the eye, so that

subjects could view a cross target at optical infinity in

the desired locations.

 Using vector analysis 3, we investigated the peripheral

refraction profile differences in 4 meridians in 2 major

refractive groups. (Figures 1-4)
 M = S+ C/2 J180 = - C cos (2θ)/2 J45 = - C sin (2θ)/2

Consistent with previous studies, our results showed that subjects with central myopia exhibited less myopic peripheral spherical values in all meridians with horizontal as the most myopic meridian and vertical as the least myopic meridian among all. Subjects who were emmetropic centrally often showed little difference between the central and peripheral refractive error. 
Our results showed a steady increase in astigmatism with increasing eccentricity in all meridians. The average amount of astigmatism was the same between refractive groups (p= 0.64) and increased from 0DC at the centre to about 5DC at 30° eccentricities in all meridians. 

 Consistent with previous studies, our results showed that subjects with central myopia exhibited less myopic peripheral

spherical values in all meridians.

 The area between ST and SN was identified as the most myopic region, and the Inferior retina was the least myopic region

across all myopic participants. (Figures 5a-5b)

 Subjects who were emmetropic centrally often showed little difference between the central and peripheral refractive error

with considerable inter-individual variation.

 Our results showed a steady increase in astigmatism with increasing eccentricity in all meridians. The average amount of

astigmatism was the same between refractive groups (P = 0.64) and increased from 0 DC at the centre to about 5 DC at

30° eccentricities in all meridians.
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Figures 1-4: Mean spherical equivalent refraction M,

J0 (90°_ 180° astigmatism) and J45 (45°_135° astigmatism)

as a function of eccentricity for emmetropes and myopes

in horizontal (1), vertical (2), along IT-SN (3) and along

IN-ST (4) meridians.

Peripheral refraction data from oblique meridians were found to be consistent with the well-established prolate elliptical

and spherical globe shapes found in myopic and emmetropic eyes respectively.
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Asymmetry in peripheral refraction:

 For mean spherical equivalent, there were asymmetrical

differences in horizontal (nasal more myopic), vertical

(superior more myopic) and oblique meridians ( SN and

ST as more myopic regions).

 As for M, there was inferior-superior asymmetry for
90°–180° astigmatism (J0) in which changes in refraction

into the peripheral location were generally greater for the

superior than the inferior for both groups.

5a 5b

 Figure 5: 3D graphs of mean spherical equivalent up to 30 degree

eccentricity with 10 degree steps along 4 major meridians for all myopic

participants.



Peripheral aberrations in myopia
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Peripheral image quality may influence ocular growth and thus affect development and progression of
myopia. Most previous studies have been restricted to the horizontal visual field or to a few positions
in the peripheral visual field. We measured higher-order aberrations across the central 42° x 32° of
visual field in emmetropes and myopes.

Figure 2. Mean refractive components (a) oblique astigmatism J45, (b)
spherical equivalent M and (c) with/against the rule astigmatism J180 in
A) young emmetropes and B) young myopes. The spherical equivalent
M across the field for any group is relative to the mean axial spherical
equivalent for that group (i.e. the RPRE is plotted). The color scales
represent the magnitude of each refractive component in dioptres and
are same for a given refractive component in panels A and B. S, I, N
and T represent superior, inferior, nasal and temporal visual fields,
respectively.

Figure 1. Setup for measuring peripheral
aberrations. The eye looked through a beam
splitter at a target eccentric to the instrument
axis. Targets were arranged in a 6 x 7 matrix
covering 42°x 32° of visual field.

Participants – 10 emmetropic (MSE: 0.1 ± 0.5 D) and 9 myopic (MSE: 3.7 ± 1.9 D) young adults.
Corneal topography measured using Medmont corneal topographer.
Peripheral aberrations measured using modified Hartmann-Shack aberrometer (Figure 1) for 5 mm pupil

at 555 nm for each target point, taking into account the elliptical shape of the off-axis pupil.

Along the horizontal field meridian, spherical equivalent refraction relative to the centre of the field
(RPRE) showed hypermetropic shifts in at least along one semi-meridian in 5 of the 9 myopes.

Across the field, RPRE showed negative shifts in the periphery for both groups (Figure 2). Both the
groups exhibited similar patterns of astigmatic components J45 and J180 (Figure 2).

Mean spherical aberration (Figure 3) across the field was significantly lower for myopes ( 0.007 ± 0.045
µm) than for emmetropes (+0.023 ± 0.043 µm).

Coma (Figures 3, 4) – increased at a higher rate across the field for myopes ( 0.014 ± 0.007 µm/deg)
than for emmetropes ( 0.006 ± 0.002 µm/deg).

Myopes (Figure 5) had smaller corneal radii of curvature (R: 7.65 ± 0.21 mm) and more negative
asphericities (Q: 0.16 ± 0.09) than the emmetropes (R: 7.73 ± 0.26 mm, Q: 0.08 ± 0.04).

Theoretical out-of-eye ray tracing using the Liou and Brennan model eye with 0.0 D and 4.0 D spherical
refractive error was performed (Figure 6). The majority of the differences in coma between the 2 groups
can be explained by differences in anterior corneal shape and axial length between the 2 groups.
However, modeling could not explain differences in spherical aberration, presumably because of some
lenticular factors which may play a role. (Figure 6).

Figure 3. Individual higher-order aberration coefficients across the
visual field for A) young emmetropes and B) young myopes. (a) trefoil
coefficient C(3, -3), (b) vertical coma coefficient C(3, -1), (c) horizontal
coma coefficient C(3, 1), (d) spherical aberration coefficient C(4, 0), (e)
higher-order root-mean-squared aberration (HORMS) and (f) total
root-mean-squared aberration (Total RMS). The scale for any co-

efficient is the same for both emmetropes and myopes. N, T, S and I
represent nasal, temporal, superior and inferior visual fields,
respectively.

Figure 4. Vertical coma coefficient C(3, -1) and horizontal coma
coefficients C(3, 1) along vertical (a, b) and horizontal (c, d) visual field
meridians, respectively, for emmetropes and myopes. Different
symbols represent different subjects.
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Figure 5. Vertical coma coefficient and horizontal coma coefficient
slopes m/deg for a 5 mm pupil) as a function of (a) anterior
corneal radius of curvature and (b) corneal asphericity for
emmetropes and myopes.

Figure 6. Theoretical effects of changes in anterior corneal
asphericity, vitreous length, and anterior corneal radius of
curvature on coma and spherical aberration (SA). R, Q and VL
represent anterior corneal radius of curvature, corneal
asphericity and vitreous length, respectively.

Conclusion

RPRE was similar for both the groups across the field,
with mean RPRE being myopic, although there was
substantial variation in different semi-meridians and
between subjects. Peripheral higher-order ocular
aberrations, especially coma and spherical aberration,
differed considerably between the two groups. The linear
rate of increase in coma with field angle was higher in
myopes than in emmetropes. Spherical aberration varied
little across the field and exhibited negative shift across
the field with myopia. In general, however, the
magnitude of the higher-order aberrations was always
small compared with that of second-order aberrations.
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