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ABSTRACT
Background: Falls impose a heavy financial 
burden on society, and the incidence is age-
related. The correction of refractive errors 
has been mooted as a valuable procedure 
to prevent falls. However, depth perception, 
estimated by stereo acuity tests, is reduced 
in the older population and has been cited as 
contributing to the higher incidence of falls in 
the elderly. Objective: To explore the clinical re-
lationship between age, interocular differences 
in the corrected distance and near logMAR 
visual acuities, refractive errors, axial (eyeball) 
lengths, pupil sizes, and higher-order ocular 
aberrations (HOAs) on clinical measures of 
stereoacuity and aniseikonia in asymptomatic 
presbyopic habitual spectacle wearers. Meth-
ods: Total amount of 91 subjects underwent clini-
cal assessment of i) subjective refractive error, 
ii) stereoacuity at 6m and 40cm (Randot Stereo-
tests), iii) aniseikonia at 6m (Awaya test along 
vertical and horizontal meridian) iv) higher 
order aberrations (Hartman-Shack aberrom-
eter) v) eyeball length and pupil size (IOL master 
700). The Pythagorean theorem was applied 
to each pair of aniseikonia values to calculate 
the resultant aniseikonia (AR). Results: Mean 
(±sd,95%CI) age of the subjects was 56.2years 
(±8.10,54.6-57.9). Root mean square (RMS) 
interocular differences (±sd,95%CI) in spheri-
cal refractive errors, axial lengths and pupil 
sizes were 0.66D(±0.93,0.47-0.85), 0.24mm 
(±0.33,0.17-0.31), 0.15mm (±0.11,0.12-0.17). The 
median (mode, interquartile range) values for 
AR were 2.8(1.0,1.3-4.0). Significant correlations 
(p<.01) were revealed between: a) log distance 
stereoacuity (y1), age (x1) and RMS difference 
in the corrected distance logMAR visual acuity 

(x2). b) log near stereoacuity (y2), RMS differ-
ences in the corrected distance (x2) and near 
visual acuities (x3). These key associations are 
best described by: y1=0.011x1+1.101x2+1.553 (r² 
=0.169, n=91); y2=1.715x2+1.883x3+1.725 (r² = 
0.239, n=91). Conclusion: Stereoacuity is age-
related, influenced by interocular differences 
in the corrected visual acuities but not related 
to interocular differences in pupil sizes, HOAs 
or clinical measures of aniseikonia in older 
habitual spectacle wearers. Assessment of ste-
reoacuity and aniseikonia, in older persons 
is useful when advising to prevent accidental 
mis-location and falls.
Keywords: Stereoacuity, visual acuity, anisei-
konia, presbyopia, quality of life.

1.	BACKGROUND
Falls impose a heavy financial burden on 

society, and the incidence is age-related (1-
3). The correction of refractive errors has 
been mooted as a valuable procedure to pre-
vent falls (3, 4). However, depth perception, 
estimated by stereo acuity tests, is reduced 
in the older population and has been cited 
as contributing to the higher incidence of 
falls in the elderly (3-8). A person relies on 
various cues besides stereoacuity to prevent 
falling over. Nevertheless, several factors 
have been cited for influencing stereoacuity, 
including aniseikonia and interocular dif-
ferences in visual acuity (9-11). Aniseikonia 
describes the condition when the two reti-
nal images are unequal in size and/or shape 
(12). Therefore, increasing the disparity 
between the retinal images should enhance 
aniseikonia and reduce stereoacuity. In-
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terocular differences in the refractive errors and axial 
lengths augment this disparity and carry the potential 
to reduce stereoacuity (7-11). Inter-ocular differences 
of the more complex higher-order optical aberrations 
of the eyes (HOAs) have been cited as affecting anisei-
konia (13). The magnitude of HOAs depends on pupil 
size, so interocular differences in HOAs and pupil sizes 
could also affect stereoacuity. HOAs, pupil sizes, and 
axial lengths are measured objectively; stereoacuity, 
aniseikonia, and visual acuities are measured sub-
jectively, and refractive errors can be measured both 
objectively (by autorefractometry) and subjectively 
(by refraction). 

Hence, interocular differences evaluated by objec-
tive tests may contribute to any association between 
the subjective measures of stereoacuity and age. If a 
correlation between stereoacuity and age occurs in 
asymptomatic older people in the absence of other 
interocular differences, then by process of elimina-
tion, the likely cause may be related to other percep-
tual factors. 

2.	OBJECTIVE
The aim of this study was to determine if there were 

detectable relationships between clinical measures of 
stereoacuity and age in habitual spectacle-wearing 
presbyopes free of any symptoms linked to binocular 
vision and to determine if the stereoacuity correlated 
with aniseikonia, interocular differences in refractive 
error, HOAs, pupil size, and visual acuities.

3.	MATERIAL AND METHODS
Study Design
A partially masked, semi-randomized, case-by-case, 

clinical investigation, approved by the Ethics commit-
tee at the Specialty Eye Hospital Svjetlost in Zagreb. 
The tenets of the Helsinki agreement were followed 
throughout. All subjects provided signed consent after 
they were fully informed of the purpose of the study. 
All subjects were examined, where appropriate, by the 
same clinical team. The subjects were patients attend-
ing for routine eye examinations. 

Inclusion Criteria
Subjects with significant distance refractive error 

(sphere and/or astigmatic correction outside the range 
±0.50D), requiring a presbyopic correction, free of any 
signs or symptoms associated with binocular vision 
anomalies and corrected distance visual acuity of 
logMAR 0.3 or better. 

Exclusion Criteria
Subjects with a history of ocular surgery, binocu-

lar vision anomalies, systemic conditions known to 
affect quality of mono- or binocular vision, corneal 
dystrophies, glaucoma, macular disease, retinopathy, 
orthoptic treatment, tropias, amblyopia, anisocoria, 
irregular pupils, anisometropia >2D sphere and/or 
astigmatism >1D, or corrected distance visual acuity 
worse than logMAR 0.3, were excluded. 

Refraction
All subjects underwent subjective refraction, and 

astigmatism was assessed using a Jackson cross-cyl-
inder. The best corrected logMAR visual acuity was 
measured using distance and near charts (CSO Visio 
Chart Mod. CVC 01, Firenze, Italy).  

Stereoacuity
Stereoacuity, with the subject’s best spectacle cor-

rection in place, was assessed at distance with a Randot 
Stereotest having a range from 20 to 640 arcsecs (ʺ) in 
steps of 20ʺ [CSO, Visio Chart CVC03 v2.0.0, Firenze, 
Italy], then at 40cm with a binocular +2.50D near ad-
dition in place using a near Randot Stereotest with a 
range from 20 to 400ʺ in steps of 20ʺ [Precision Vision, 
Woodstock, USA]. These tests are stereograms con-
structed using a polarizing vectograph process result-
ing in a disparity between binocularly viewed targets. 
The just noticeable change in stereoacuity associated 
with these tests is 20” or more. The subject was asked 
to point out which target stood out as appearing either 
closer or further away from the rest, whilst wearing 
the test cross-polarized glasses. The test was halted 
once the subject made two consecutive errors. The ste-
reoacuity value recorded was the value of the setting 
where the subject correctly identified the target (closer 
or further away) prior to making the two mistakes. 

Aniseikonia
Aniseikonia was measured at 6m using the Awaya 

test (14) with the subject wearing customised red-
green glasses over their spectacle correction. The sub-
ject was asked to look at two red and green vertically 
orientated semi-circles of different sizes, the size of 
one of the semi-circles was adjusted until the subject 
reported they both appeared to be the same size. The 
changes in size in this test are in steps of 1%, there-
fore the noticeable value of aniseikonia is 1% or more. 
The magnitude of aniseikonia was the size of the im-
age viewed by the right eye as a percentage (larger or 
smaller) compared with the size of the image viewed 
by the left eye. The percentage value of any aniseiko-
nia was recorded as positive when the semi-circle seen 
by the right eye was larger than the semi-circle seen 
by the left eye, and negative if it was smaller. The test 
is constructed to measure aniseikonia in the vertical 
meridian. The test was modified to measure anisei-
konia along the vertical meridian then the horizontal 
meridian. 

Axial Length and Pupil Diameter
The eyeball lengths and pupil diameters were 

measured using IOL master 700 (Carl Zeiss Meditec 
AG, Jena, Germany). The mean value of 6 consecutive 
readings, each separated by a blink, were recorded for 
the right eye then the left.  

Abberometry
The ocular higher order aberrations (HOAs) were 

measured using an aberrometer based on Hartman-
Shack principles (L80 wave+TM, Luneau SAS, Prunay-
le-Gillon, France). The subject was dark adapted for at 
least ten minutes to allow the pupils to dilate naturally 
prior to measurement of HOAs. The specific HOAs re-
corded were coma, trefoil and spherical aberration for 
pupil diameters of 3mm and 5mm. Three consecutive 



39Mater Sociomed. 2025; 37(1): 37-42 • ORIGINAL PAPER 

Depth Perception and Intraocular Differences in Visual Acuities Among Older Spectacle Wearers

readings, separated by a blink, were taken for the right 
eye then the left. For each eye, the average values for 
coma, trefoil and spherical aberration for 3mm and 
5mm pupils were recorded for later analysis.  

Data and Statistical Analysis 
All data were stored on an Excel spreadsheet [Micro-

soft, Redmond, WA] prior to analysis.
Treatment of Refractive Data
Each spectacle prescription was reduced to the cor-

responding B, M, J0 and J45 vectors, in accordance with 
standard methods thoroughly described elsewhere 
(15, 16). The interocular differences in refractive er-
rors (or anisometropia) are indicated by ΔB, ΔM, ΔJ0 
and ΔJ45 

Treatment of Aniseikonia Data
The vertical and horizontal measurements of anis-

eikonia can be used to draw the corresponding sides 
of a right-angled triangle and the length of the hypot-
enuse can be interpreted as a single figure representing 
the resultant aniseikonia experienced by the subject. 
The Pythagorean theorem was applied to individual 
pairs of vertical and horizontal measures of anisei-
konia to derive the resultant aniseikonia perceived 
by the subject.

Data were assessed to determine the significance 
of any association, where appropriate, using either 

Spearman’s rho [rs] or Pearson correlation coefficient 
[r], between:

1) Stereoacuity, at distance and near, and i) subject 
age; ii) aniseikonia; iii) anisometropia as indicated 
by the ΔB, ΔM, ΔJ0, and ΔJ45 difference vectors; iv) in-
terocular differences in HOAs, eyeball lengths, pupil 
diameters or corrected visual acuities. 

2) Aniseikonia and i) subject age, ii) anisometropia 
as indicated by the ΔB, ΔM, ΔJ0, and ΔJ45 difference 
vectors; iii) interocular differences in HOAs, eyeball 
lengths, pupil diameters or corrected visual acuities.

In addition, data would be subjected to multiple 
linear regression if stereoacuity and/or aniseikonia 
values were significantly associated with more than 
one factor.  Data sets were assessed for normality using 
the Kolmogorov Smirnov test and subjected to non-
parametric tests where appropriate. A comparison was 
considered statistically significant when p<.05. This 
was adjusted using Holm’s modification of the basic 
Bonferroni correction (17).

Figure 1 Age and log distance stereoacuity. The solid line represents 
the linear relationship between subject age (years) and log distance 
stereoacuity (arcsec). The equation of this line is, y = 0.012x + 1.537 
(r2= 0.131, p<.01, n=91). The hatched lines represent the upper and 
lower 95% confidence limits of this line. There was no significant 
correlation between subject age and log near stereoacuity (p=.106).

Figure 2 RMS interocular difference in the corrected visual 
acuities and near stereoacuity. Empty circles represent interocular 
differences in distance acuities and empty circles represent the 
differences in near acuities. The solid line represents the relationship 
between RMS interocular difference in the corrected distance visual 
acuity (x) and log near stereoacuity (y). The equation of this line is, 
y = 1.735+ 4.227x -9.152x2 (r² = 0.204, p<.01, n=91). The hatched line 
represents the relationship between RMS interocular difference in 
the corrected near visual acuity (x1) and log near stereoacuity (y). 
The equation of this line is, y = 1.727+ 4.951x1 -13.463x12 (r² = 0.204, 
p<.01, n=91). NB, larger filled circles represent cases where distance 
and near data points overlap.

OD OS RMS Δ
Sphere 0.62(±2.50, 0.11-1.13) 0.62(±2.50, 0.11-1.13) 0.66(±0.93, 0.47-0.85)
Astigmatic power 0.87(±0.70, 0.73-1.01) 0.87(±0.70, 0.73-1.01) 0.17(±0.27, 0.11-0.23)
Astigmatic axis 101.5(±67.5, 87.7-115.4) 113.7(±61. 0,101.1-126.2) 36.7(±59.1, 24.4-49.0)
Axial length 23.27(±1.19, 23.03-23.51) 23.23(±1.22, 22.98-23.48) 0.24(±0.33, 0.17-0.31)
Pupil diameter 2.83(±0.46, 2.73-2.93) 2.84(±0.42, 2.75-2.93) 0.15(±0.11, 0.12-0.17)
CDVA 0.00,0.00 (0.00-0.02) 0.00,0.00 (0.00-0.02) 0.02(±0.05, 0.01-0.03)
CNVA 0.00,0.00 (0.00-0.05) 0.00,0.00 (0.00-0.00) 0.02(±0.04, 0.01-0.03)

Table 1 Breakdown of all refractive errors, axial lengths, corrected distance and near acuities (n=91).  Mean (±sd, 95% CI) sphere and 
astigmatic powers values in diopters, astigmatic axis values in degrees, axial lengths and pupil diameters in mm. Median and mode 
(interquartile range) of corrected distance (CDVA) and near (CNVA) logMAR visual acuities are shown. None of the interocular differences 
were significant (where appropriate, either paired t-test or Wilcoxon signed rank test, p>.05). The root mean (±sd, 95% CI) square differences 
between right (OD) and left (OS) eyes are listed under RMS Δ.
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4.	RESULTS
Ninety-one subjects, 61 females 

and 30 males, were recruited during 
this study. The mean (±sd, 95% CI) age 
of the subjects was 56.2 years (±8.10, 
54.6 to 57.9). Chief details of the re-
fractive errors, the corrected visual 
acuities, stereoacuities (distance and 
near), aniseikonia (vertical, horizon-
tal, and resultant), eyeball lengths, 
HOAs and results of vector analysis 
are shown in Tables 1-4. The ranges of 
distance sphere and astigmatic pow-
ers, in positive format, were -13.00DS 
to +5.00DS and 0.00DC to +4.00DC 
respectively. 

Stereoacuity
Figure 1 shows there was a signifi-

cant association between age and log 
distance stereoacuity acuity (Spear-
man Rank rs = 0.372, p<.01), but not 
between age and near stereoacuity 
acuity (Spearman Rank rs = 0.169, 
p=.106). The least squares regres-
sion line describing the relationship 
between age and log distance stereoacuity acuity is 
shown in Figure 1. 

Stereoacuity (both distance and near) and anis-
eikonia were not associated with any descriptors of 
anisometropia, root mean square (RMS) interocular 
differences in axial lengths, pupil diameters or HOAs 
(p>0.05). Application of the Holm’s sequential Bonfer-
roni procedure (13) revealed significant correlations 
between, 

a) log distance stereoacuity and age (p<0.01), the 
RMS interocular difference in the corrected logMAR 
distance visual acuities (Spearman Rank rs = 0.246, 
p=.036),

b) log near stereoacuity and RMS interocular dif-
ference in the corrected logMAR distance (Spearman 
Rank rs = 0.400, p<.01), and near visual acuities (Spear-
man Rank rs = 0.421, p<0.01).

Multiple-linear regression revealed the association 
between log distance stereoacuity (y1), age (x1) and 
RMS interocular difference in the corrected logMAR 
distance visual acuities (x2) is described by:

y1=0.011x1+1.101x2+1.553 
(r²=0.169,p<.01;r² for x1=0.131,p<.01;r² for 

x2=0.054,p=.026;n=91). (eq.1)

The variance inflation factors (VIF) for both x1 and 
x2 were 1.011.

The association between log near stereoacuity (y2), 
x2 and RMS interocular difference in the corrected 
logMAR near visual acuities (x3) is described by:

y2=1.715x2+1.883x3+1.725 
(r²=0.239,p<.01;r² for x2=0.200,p<.01;r² for 

x3=0.198,p<.01; n=91). (eq.2)
The variance inflation factors (VIF) for both x2 and 

x3 were 1.813.

Figure 2 shows the best fit least squares single re-
gression lines describing the relationships between, 
y2 & x2, and y2 & x3. These are described by:

y2 = 1.735 + 4.227x2 - 9.152x22 (r² = 0.204, p<.01, 
n=91) (eq.3)

y2 = 1.728 + 4.951x3 - 13.463x32 (r² = 0.204, p<.01, 
n=91) (eq.4)

Aniseikonia
Linear regression analysis did not reveal any mean-

ingful associations between aniseikonia and age, any 
descriptors of anisometropia, interocular differences 
in eyeball lengths, pupil diameters or HOAs. 

5.	DISCUSSION
The association between distance stereoacuity and 

age, as shown in Figure 1, supports previous findings 
(5-8). Tables 1,3 and 4 show there were no significant 
inter-ocular differences in the refractive errors, axial 
lengths, pupil diameters, CDVA, CNV, HOAs and de-
scriptors of anisometropia. Furthermore, the RMS 
interocular differences in the objectively derived 
measurements were not associated with either stereo-
acuity or aniseikonia. These objective measurements 
cannot predict stereoacuity in asymptomatic older 

Test Me, Mo, IQ
Distance Stereoacuity 160, 160, (80-320)
Near Stereoacuity 70, 70, (40-80)
Aniseikonia Vertical 0.0, -1.0, (-1.0 to +1.0)
Aniseikonia Horizontal 0.0, 0.0, (-1.0 to +1.0)
Total Resultant Aniseikonia 2.8, 1.0, (1.3 to 4.0)

Table 2 Breakdown of stereoacuity and aniseikonia. Legend: Median 
(Me) and mode (Mo) values of distance and near stereoacuity 
(arcsec), vertical horizontal and resultant aniseikonia (%) values 
are shown with the corresponding interquartile ranges (IQ) in 
parentheses.

OD OS RMS ΔHOA
For 3mm pupil
Coma 0.05(±0.05, 0.04-0.06) 0.05(±0.05,0.04-0.06) 0.04(±0.06,0.03-0.05)
Trefoil 0.05(±0.06,0.04-0.06) 0.05(±0.04,0.04-0.06) 0.03(±0.06,0.02-0.04)
Sph Aberr 0.01(±0.05, 0.00-0.02) 0.01(±0.04,0.00-0.02) 0.02(±0.04,0.01-0.03)
For 5mm pupil
Coma 0.11(±0.11,0.09-0.13) 0.12(±0.08,0.10-0.14) 0.08(±0.10,0.06-0.10)
Trefoil 0.10(±0.10,0.08-0.12) 0.10(±0.07,0.10-0.12) 0.06(±0.10,0.04-0.08)
Sph Aberr 0.04(±0.07,0.03-0.06) 0.03(±0.07,0.02-0.04) 0.04(±0.05.02-0.05)

Table 3 Breakdown of higher order abberations Legend:  Mean (±sd, 95% CI) values of the 
three higher order aberrations (HOA in units of µm) for right (OD) and left (OS) eyes, and 
root mean square interocular differences are listed under RMS Δ HOA. RMS ΔHOA = √ 
[(value of HOA at right eye – value of HOA at left eye)2]. Sph Aberr is the abbreviation for 
spherical aberration. Apparent interocular differences of mean coma, trefoil and spherical 
aberration were not significant (paired t-test, p>.05 for 3mm & 5mm pupil sizes).

OD OS RMS Δ
M 0.55(±2.87,-0.22 to 1.32) 0.85(±2.63,0.14 to 1.56) 0.88(±1.04,0.59 to 1.17)
J0 0.08(±0.42,-0.04 to 0.19) 0.05(±0.50,-0.08 to 0.18) 0.15(±0.13,0.12 to 0.19)
J45 0.04(±0.26,-0.03 to 0.11) 0.01(±0.28,-0.0 to 0.09) 0.22(±0.34,0.13 to 0.31)
B 2.27(±1.88,1.76 to 2.78) 2.54(±2.03,1.99 to 3.09) 1.08(±1.30,0.73 to 1.43)

Table 4 Cases where astigmatism was present (n=53).  Legend: Vectorial representations 
of refractive errors in the cases where astigmatism was present Mean (±sd, 95% CI) values 
of M, J0, J0 and B for right (OD) and left (OS) eyes, and the root mean square interocular 
differences (RMS Δ) of M, J0, J0 and B are shown. Apparent interocular differences of mean 
M, J0, J45 and B values were not significant (paired t-test, p>.05).
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subjects. Table 2 shows the interquartile ranges of 
aniseikonia were similar to the ±2% range of repeat-
ability of the Awaya test for aniseikonia (18, 19). Thus, 
the aniseikonia of the subjects included in this study 
should have negligible influence on the measurement 
of stereoacuity.

The measurement of stereoacuity can be instru-
ment dependent (20). This is not unusual considering 
the outcomes of subjective tests depend on factors such 
as prevailing test conditions, intricacies of instrument 
design, subject alertness, duration of the test, the pro-
cess used to elicit responses from subjects and ambient 
factors (19, 21, 22). Yet, stereoacuity was confirmed to 
be significantly associated with the interocular differ-
ences in the corrected visual acuities.

The mean pupil sizes vary between 2.6mm and 
3.5mm in presbyopes when reading under well-lit 
conditions (23). Table 1 shows the pupil diameters of 
the subjects assessed during the study fell within this 
range and none of the subjects had any obvious signs 
of anisocoria or irregular pupil shapes. 

Near stereoacuity was influenced by interocular 
differences in both corrected distance and near visual 
acuities. Figure 2 shows there was a gradual decline in 
near stereoacuity as the gap between right and left eye 
corrected acuities widened. This further supports pre-
vious findings though these other reports were more 
centered on interocular differences in retinal blur 
rather than visual acuity (7, 8, 10, 11). This depends on 
our understanding and definition of blur. Interocular 
differences in low contrast acuity, or contrast sen-
sitivity curves, could be considered as indicative of 
interocular differences in blur may also be associated 
with stereoacuity. A drawback of this investigation 
is that neither low contrast acuity measurements 
nor contrast sensitivity assessments were considered 
from the outset. Horwood (24) claimed that ‘Blur is the 
subjective awareness that the edges of a high contrast 
image are indistinct.’ Differences in high contrast acu-
ity can be considered as differences in blur. Therefore, 
it is reasonable to interpret the associations between 
stereoacuity and interocular differences in acuity as 
indicative of the relationship between stereoacuity 
and interocular differences in blur.

One of the axioms governing regression analysis 
is the dependant variable (x) is standardized, that is, 
controlled. Clearly, Figures 1 and 2 show there maybe 
trends between stereoacuity, age and interocular dif-
ferences in the corrected visual acuities, and the cor-
responding rs values confirm the significance of some 
of these trends.  

Hence, it is practical to apply linear regression 
analysis to determine some form of valuation that 
signifies the relevance of any combination of trends.

The value of r2 in eq.1 implies that age and interocu-
lar differences in the corrected distance visual acuities 
contribute towards 17% of the variance in distance 
stereoacuity, and the value of r2 in eq.2 suggests the 
interocular differences in the corrected visual acuities 
account for about 24% of the variance in near stereo-

acuity. A rise of interocular differences in the corrected 
visual acuities reduces the clinical measurement of 
stereoacuity, but other factors are also affecting this 
measurement. 

For eqs 1 and 2, the variance inflation factors (VIF) 
for age and interocular differences in CDVA and CNVA 
were all below 2.0. The likelihood of a multicollinear-
ity problem affecting the estimation of distance and 
near log stereoacuities using age and the interocular 
differences in CDVA and CNVA is negligible (25). Thus, 
age and the interocular differences in CDVA and CNVA 
can be considered as independent variables when esti-
mating distance and near log stereoacuities.

Eq.1 predicts distance stereoacuity values of 98.5ʺ 
and 270ʺ at ages of 40 and 80 years when the interocu-
lar difference in the distance corrected visual acuities 
is zero. Distance depth perception is approximately 
halved over a span of 400 years. This change is not 
related to any of the ocular factors considered in the 
study.

6.	CONCLUSION
These values increase respectively to 210ʺ and 580ʺ 

for a difference in corrected visual acuities of 0.3 
(≈20/40). Eq. 2 predicts near stereoacuity of 53ʺ when 
the interocular difference in corrected distance and 
near visual acuities are zero. The near stereoacuity 
deteriorates to 637ʺ when interocular differences in 
the corrected distance and near visual acuities are 0.3. 
Such differences in the perception of depth may pre-
dispose aged individual to mislocate objects in visual 
space and, in extreme cases, misstep leading to falls.   
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