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Abstract
Objective: The purpose of this study is to determine the effect of latent strabismus on stereoacuity.
Methods: Stereoacuities of normal individuals, ranging in age from 18 to 35 years, were measured using the TNO or Titmus tests. The study
population was divided into 2 groups regarding the achievement of the accepted excellent stereoacuity threshold of 30 arcseconds (group A)
or not (group B). The relationship between latent deviation angles and stereoacuity levels were evaluated.
Results: Latent deviation angles ranged from 0 to 35 prism diopters (PD). Both TNO (r=0.380 p=0.002) and Titmus (r=0.306 p=0.015)
stereothresholds tended to increase as the latent deviation angles increased. Group A included 27 participants who had either exophoria
(18) or orthophoria (9), and the mean deviation angle of this group was 3.07±3.26 PD. Group B included 36 participants, 28 of whom had
exophoria, three had esophoria, and the remaining five had orthophoria. The mean angle of deviation in group B was 6.50±6.92 PD. This
value was statistically higher than the mean deviation angle in group A (p=0.012). Though none of the esophoric participants achieved
excellent stereoacuity, the distribution of the deviation types did not cause any difference between the groups (p=0.077). The mean age of
group A was found to be higher than that of group B (p=0.006).
Conclusion: Latent deviation can mask true stereosensitivity potentials of subjects to some extent during the stereotesting procedure.
Keywords: Stereopsis, latent deviation, TNO test, Titmus test

INTRODUCTION
Stereopsis is defined as the relative ordering of visual objects
in depth. The differences between the locations of matching
features on the retinas are termed binocular disparities, and
the ability to perceive depth from these disparities is stereopsis
(1). A normal level of disparity arises from the viewing of
fixation point by both eyes with several minutes of the arc of
angle difference (2). However, disparity might increase in cases
of a monocular blur, ocular misalignment, and aniseikonia
(3,4). High-grade stereopsis requires bi-foveal fixation, precise
motor control of eyes, and bilateral high-level visual acuities as
prerequisites (2,3,5). However, subjects with unexpectedly lowlevel stereoacuities can be seen, despite orthotropia and normal
bilateral vision. Several explanations might account for this

condition. Disparity-selective V1 neurons in the striate cortex of
these subjects may be incapable of perceiving minor disparities
that result in fine stereopsis (1). The false-negativity related to
the stereotests used might be another explanation since the
stereoacuities obtained in stereograms using targets with and
without detectable monocular contours might differ quite a
great deal (4,6-8). Stereotests are applied while the eyes are in
dissociated conditions, and the manifestation of latent deviations
during the procedure might prevent fusion and, consequently,
stereopsis. It has been shown that microtropic subjects with a
horizontal deviation exceeding 4-5 prism diopters (PD) were
least likely to demonstrate stereopsis (9-12). However, these
microtropic subjects usually have central suppression, besides
microtropia, which might cause weak stereopsis. The effect of an
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isolated deviation on stereopsis can be determined by studying
subjects with only latent deviation and no other anomaly, such
as amblyopia, anisometropia, and strabismus history. This study
aims to investigate whether latent deviation amplitudes affect
measured stereoacuity levels using both contour-based (Titmus)
and random-dot (TNO) stereograms in normal subjects.

METHODS
This prospective study was conducted with participants recruited
from the hospital staff and medical faculty students. Informed
consent was obtained from all individual participants included
in the study. The study was performed in accordance with the
tenets of the Declaration of Helsinki with the approval of the
Institutional Review Board. Ethics Committee of İzmir Katip
Çelebi University (decision number: 56, date: 06.02.2019).
All participants had full eye examinations, including bestcorrected visual acuities, biomicroscopic anterior segment,
and fundus examinations. Spherical equivalents of refractive
errors were recorded. Next, an alternate cover test was used
to determine if any latent deviation for distant and near
fixation was present. If there was a latent deviation, control
of the deviation for distance and near fixation was evaluated.
Subjects who had control of the deviation immediately after
10 seconds of monocular occlusion were included. Deviations
were measured for near and distant fixations using the prismcover test. The Worth-4-Dot (W4D) test was used to evaluate
fusion.
The criteria for inclusion in the research are given below.
1- Normal visual acuity in both eyes (at least 20/20 Snellen),
2- No prior history of amblyopia or amblyopia treatment,
3- No prior history of intermittent or manifest strabismus,
4- Anisometropia less than -1.00 diopter myopia or astigmatism
and <+0.50 hypermetropia,
5- Fusion for distance and close in the W4D test, and
6- Age 18-35 years of old.
Stereoacuities were measured using both contour (Titmus test;
Stereo Optical Co, Chicago, IL, USA) and random-dot (TNO test;
15th edition, Lameris Ootech BV) stereograms. The Titmus test
uses contoured stimuli with polaroid glasses to separate the
stimuli presented to each eye. Clues are presented that allow
the circle with the disparity to be identified as different under
monocular viewing conditions. The TNO test uses random-dot
stimuli with red-green glasses to separate the images presented
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to each eye. There are no monocular clues that enable the
identification of the stereotarget. Only the near stereoacuity
thresholds were evaluated.
All participants had stereoacuity measurements in the same
examining room and illumination conditions. The time required
for each test was recorded. If the measured stereoacuity was
above 60 arcseconds, stereosensitivity was retested with the same
tests in the same circumstances to confirm the result. The lowest
measurement was recorded if the measurements were not the
same. Participants were divided into 2 groups, regarding the
achievement of the excellent stereoacuity level (30 arcseconds)
(13). Group A included participants who achieved 30 arcseconds
stereoacuity, and group B included the others.
Statistical Analyses
The correlations between stereoacuity levels and latent deviation
angles were tested using Pearson’s correlation analysis. Either
independent samples t-test or Mann-Whitney U test was used to
compare the continuous variables of group A and B after testing
the equality of variances of the groups with the Levene’s test.
The categorical variables of the groups were compared using
the Pearson chi-square test. A p value of <0.05 was considered
statistically significant.

RESULTS
Of the 63 individuals who met the criteria, 45 were female.
The mean age was 27.04±5.32 years. Absolute values of latent
deviation angles ranged from 0 to 35 PD, with an average of
5.03±5.86 PD. The stereosensitivity threshold values of the
Titmus stereotest ranged from 40 to 160 arcseconds, and the
stereosensitivity threshold values with the TNO test ranged from
15 to 480 arcseconds. The time required to perform the Titmus
stereotest was 30-60 seconds. On the other hand, performing
the TNO test required 3-5 minutes. Fifty-nine participants (92%)
showed 60 arcseconds or better stereosensitivity level at least
in one of the tests, and fifty-five (87%) participants showed this
level in both tests.
The common feature of four participants who could not
achieve normal stereosensitivity in both tests was that the
near-deviation angles were higher than those in the distance.
There was convergence insufficiency type exophoria in three
participants, and the fourth participant had convergence
excess type esophoria. In these four cases, the near-deviation
angles were 6-12 PD higher than the distance angles. Similar
convergence-divergence imbalances were observed in three of
the four participants, who achieved normal level stereoacuity in
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only the Titmus test. The fourth case in this subgroup had the
highest deviation (35 PD) of the study group for both near and
distance fixations. Another common feature of these cases was
their variable stereosensitivity thresholds detected on retesting
to confirm their abnormally high stereosensitivity thresholds.
There was a significant correlation between the Titmus and TNO
tests (r=0.802, p<0.001). However, as the near-deviation angles
increased, stereosensitivity thresholds also increased in both
tests but reached statistical significance at different levels (TNO,
p<0.01; Titmus, p<0.05) (Table 1). Twenty-seven participants
who achieved the perfect stereosensitivity level were grouped
in group A, and the rest of the participants who had lower
stereosensitivity were grouped in group B.
Comparisons of the group parameters are given in Table
2. Groups were similar in terms of gender distribution and
refractive errors. While the mean age was significantly higher
in group A (p=0.006), the distant and near-deviation angles
were significantly lower compared with group B. P values were
0.033 for the distant deviation angles and 0.012 for the neardeviation angles. Fourteen participants had a zero deviation
angle on the prism-cover test, and 64% of these achieved an
excellent stereoacuity level. The remaining 49 participants had
Table 1. Correlation between deviation angles and stereotest
results
Stereotests

TNO

Titmus

Statistics

Parameters
Age

Neardeviation
angle

Distant
deviation
angle

Pearson
correlation

-0.261

0.380

0.132

p

0.039

0.002

0.304

Pearson
correlation

-0.214

0.306

0.029

p

0.920

0.015

0.824

latent deviations that changed from 1 to 35 PD, and only 26%
of these achieved excellent stereoacuity. Latent deviation had a
negative effect on the measured stereoacuity level, but how did
the type of deviation affect the stereoacuity level? The deviation
types were 67% exophoria and 33% orthophoria for group A, and
78% exophoria, 14% orthophoria, and 8% esophoria for group B.
Pearson chi-square analyses did not show a significant difference
between the groups regarding the distribution of the deviation
types (p=0.077) (Table 2).

DISCUSSION
Individuals with bi-foveal fixation typically have 60 arcseconds
and lower stereosensitivity thresholds, whereas 30 arcseconds
and below are defined as excellent levels of stereosensitivity
(13). In this study, participants were grouped as having
either excellent stereosensitivity or not, and the effect of
latent deviation achieving on excellent level stereosensitivity
was evaluated. Forty-four percent of the group achieved
an excellent stereoacuity level. Both TNO and Titmus
stereothresholds tended to increase significantly as the
latent deviation angles increased. However, the correlation
was stronger for the TNO test. These results indicate that the
latent deviation angle has a significant effect on the measured
stereosensitivity level. Additional support for this argument
is the observed higher retesting variability in subjects with
higher near latent deviations. The decompensation of phoria
at different levels of each stereotesting might cause the
variability measured on the stereosensitivity level. Fender
and Julesz (14) studied Panum’s fusional areas for randomdot stereograms and found that images stimulating both eyes
must be aligned within 6 min arc disparity before fusion can
occur. Though study participants had fusion for both distance
and near on the W4D test, they might have lost their alignment
and manifested latent deviations during the testing period of

Table 2. Comparison of the group with excellent stereosensitivity (group A) with the group who could not achieve excellent
stereosensitivity (group B)
Parameters

Group A n=27

Group B n=36

p

Age (years)

29.14±5.57

25.47±4.60

0.006

Sex (F/M)

22/5

23/13

0.126

Refraction (diopter)

-1.07±1.32

-1.06±1.54

0.395

Eso/exo/orthophoria (%)

0/67/33

8/78/14

0.077

Near-deviation (prism diopter)

3.07±3.26

6.50±6.92

0.012

Distant deviation (prism diopter)

2.51±3.06

5.38±6.28

0.033

TNO (arcseconds)

24.44±7.38

99.44±97.91

0.000

Titmus (arcseconds)

42.22±11.24

52.22±31.81

0.089

F: Female, M: Male, Eso: Esophoria, Exo: Exophoria
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stereopsis. Performing the W4D test takes a few seconds, but
performing the TNO test takes 3-5 minutes and can lead to
decompensated phoria.
Experimental studies investigating the effect of fusional stress
on stereoacuity were done by simulating heterophoria using
base-out prisms or Synoptophore. Laird et al. (15) observed
degradation of stereoacuity as the convergence stress increased
with base-out prisms. However, Tidbury et al. (16) did a similar
study using Synoptophore instead of prisms and found no effect
of convergence stress on stereoacuity if the phoria was well
controlled. Both investigators compared baseline stereoacuities
with the stereoacuities at the fusion recovery limits. The median
fusion recovery limit was 20 (±4) PD for the Laird’s group,
whereas it was 8 (±6) PD for the Tidbury’s group. Differences in
their methodology might have caused the significantly different
median fusion recovery limits and opposite results.
Archer et al. (17) evaluated vergence amplitudes with an
amblyoscope using monocular and random-dot targets. They
showed that random-dot stereograms could produce fusional
vergence amplitudes once fusion had been obtained. They
observed similar fusional vergence break-up amplitudes with
random-dot and monocular targets. However, fusional recovery
was more difficult or not possible for some subjects in randomdot targets. Similarly, subjects with latent deviations must recover
fusion if their deviations are manifested during the stereotesting
procedure; otherwise, no stereosensitivity can be measured.
Higher stereosensitivity thresholds up to 120 arcseconds were
reported with the TNO test (18,19). In this study, the mean
stereosensitivity thresholds obtained with TNO and Titmus tests
were 67 (±83) and 48 (±25) arcseconds, respectively. Despite
full vision in both eyes, orthotropia, and fusion in the W4D test,
four subjects had stereosensitivity thresholds over 60 arcseconds
in both tests. The common feature of these subjects was the
convergence-divergence imbalance for near fixation. The coupling
of convergence-divergence imbalance with the disassociating
effect of stereotesting might have led to the degradation of
stereosensitivity thresholds. This condition corresponds to the
diminished distant stereosensitivity thresholds in exophoric
subjects who started to decompensate (20,21).
An interesting result obtained in the study was that the group
with an older average age showed improved stereosensitivity.
The main explanation for this observation was this group’s
lower average deviation angle. Studies evaluating the effect
of age on stereosensitivity report two different results: Age
has no effect on stereosensitivity (22) and stereosensitivity
decreases with age (3,23,24). But most of these studies have
18
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evaluated only age groups over 60 years. Garnham and Sloper
(23) evaluated stereosensitivity in normal subjects aged 1783 years and observed some decline in stereosensitivity with
age by all tests. The decline started over 30 years of age for
TNO and over 50 for the Titmus test. They also detected a
small decline with age in the fusional divergence range for
distance, but this change did not explain the stereosensitivity
decline in their group. They suggested that the reduction
found in these older subjects using a random-dot test might
have been caused by an actual loss of stereosensitivity at
the cortical level. The upper age range was 35 years in this
study. There were 18 participants over 30 years of age, and
most of them had stereosensitivities over the group average.
Since all of them were ophthalmologists or ophthalmology
residents, they might have shown an expert performance in
the stereotests.
Another subject to be determined is the effect of deviation type
on stereoacuity. As is known, divergence control mechanisms
are stronger. In addition to the stronger fusional convergence
amplitudes, accommodative, proximal, and tonic convergence
mechanisms are also active at close fixation (25). Besides,
whereas convergence is an active movement, divergence is
passive, which occurs with the loosening of convergence (25).
Decompensation of the exophoria could be compensated for by
an innate convergence effort of the eyes to capture the fusible
stereotarget. However, esophoria decompensation might be
difficult to compensate for in the disassociated conditions of
stereotesting. So, it might be expected that stereosensitivities
of esophoric subjects are more fragile under disassociated
conditions. None of the esophoric participants achieved an
excellent level of stereoacuity in this study group. On the other
hand, esophoria was a rare condition, and only 3 (5%) of the
participants were esophoric.
The weak point of this study is an inadequate representation
of esophoric subjects in the group. Though we had some clues
showing the negative effect of convergent latent deviation on
stereoacuity, we could not prove it with significant power.

CONCLUSION
Our results demonstrated that latent deviation angles could
mask true stereosensitivity potentials of subjects to some extent
during the stereotesting procedure.
Ethics
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