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Abstract
Purpose—To determine the effect of induced monocular blur on stereoacuity measured using
‘real depth’ and ‘random dot’ tests.

Methods—Monocular visual acuity deficits (range 20/15 to 20/1600) were induced with 7
different Bangerter filters (<0.1, 0.1, 0.2, 0.3, 0.4, 0.8, and 1.0) in 15 visually normal adults.
Stereoacuity was measured using Frisby and Frisby Davis Distance (FD2) ‘real depth’ tests and
Preschool Randot (PSR) and Distance Randot (DR) ‘random dot’ tests. Stereoacuity results were
grouped as either ‘fine’ (≤60 arcsec), ‘moderate’ (>60 and ≤200 arcsec), or ‘coarse/nil’ (>200
arcsec to nil) stereo.

Results—Across visual acuity deficits, stereoacuity was more severely degraded with random
dot (PSR, DR) than with real depth (Frisby, FD2) tests. Degradation to ‘worse than fine’
stereoacuity consistently occurred at 0.7 logMAR (20/100) or worse for Frisby, 0.1 logMAR
(20/25) or worse for PSR, 0.1 logMAR (20/25) or worse for FD2. There was no meaningful
threshold for the DR since ‘worse than fine’ stereoacuity was associated with −0.1 logMAR
(20/15). Course/nil stereoacuity was consistently associated with 1.2 logMAR (20/320) or worse
for Frisby, 0.8 logMAR (20/125) or worse for PSR, 1.1 logMAR (20/250) or worse for FD2, and
0.5 logMAR (20/63) or worse for DR.

Conclusions—Stereoacuity thresholds are more easily degraded by reduced monocular visual
acuity using random dot tests (PSR and DR) than real depth tests (Frisby and FD2). We have
defined levels of monocular visual acuity degradation associated with ‘fine’ and ‘nil’ stereoacuity.
These findings have important implications for testing stereoacuity in clinical populations.

Introduction
Reduced stereoacuity is commonly associated with either reduced visual acuity in one eye or
with ocular misalignment. In patients with ocular misalignment, the severity of stereoacuity
degradation appears to differ depending on which test of stereoacuity is used, as measured
stereoacuity is more severely degraded when using random dot tests than when using real
depth tests.1–4 There are few data on the effect of pure monocular blur on measured
stereoacuity, particularly for more recent clinical tests. Based on differences in performance
between random dot and real depth tests in strabismus patients,1–4 we hypothesized that
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there would be differences in performance on different stereoacuity tests at different levels
of visual acuity deficit. The purpose of the present study was to determine the effect of
induced monocular blur on stereoacuity measured using real depth and random dot tests and
to define the levels of monocular blur associated with reduced stereoacuity.

Subjects and Methods
Institutional Review Board approval was obtained and each patient gave informed consent
before participating. All procedures and data collection were conducted in a manner
compliant with the Health Insurance Portability and Accountability Act.

Subjects
We previously reported the effect of blurring one eye with Bangerter filters on different
modalities of visual function in 15 visually normal adults.5 In this present study we report
the effect on stereoacuity in the same 15 subjects, measured using four different stereoacuity
tests.

Participants, mainly volunteers from the local medical student population, were aged 22 to
35 years (median 24 years); ten (67%) of 15 were male and 8 (53%) were Caucasian. All
subjects had best corrected visual acuity of 20/25 Snellen or better in each eye, stereoacuity
of at least 40 arcsec using the Titmus as a screening test, and orthotropia at both near and
distance by cover test. No subject had a history of strabismus or other eye disease.

Methods
As described in our previous report,5 Bangerter filters (Fresnel Prism and Lens Co., LLC,
Eden Prairie, MN) were applied to the inner surface of plano trial lenses. Seven filter
densities were selected: <0.1, 0.1, 0.2, 0.3, 0.4, 0.8, and 1.0 (from most to least dense), the
same filters being used for all subjects. Mounted filters were placed over one eye, either in
trial frames or using Halberg clips over the subject’s spectacles. Filter testing order
progressed step-wise from the most dense (<0.1) to the least dense (1.0) filter. For each
subject, acuity and stereoacuity tests were performed with each of the seven filters over one
eye and then repeated, on a separate occasion, with each of the seven filters over the other
eye. Each Bangerter filter induced a range of visual acuity deficits.5 For each eye baseline
(without filter) measures were performed at the end of testing, creating a total of 240 trials
for each stereotest. Eye testing order was randomized by dominant or non-dominant eye,
determined using the distance hole-in-the-card test.6

Distance optotype visual acuity assessment—At each filter density, distance
optotype acuity was assessed monocularly using a standardized protocol on the electronic
M&S Smart System II PC Plus (M&S Technologies, Inc. Park Ridge, Illinois). Single
letters, with crowding bars, were displayed in a random sequence, first in a screening phase,
one letter per logMAR level until failed, then in a threshold determination phase7 in which
three of five correct responses were required to pass. If the subject could not identify the
largest optotype (20/400), they were moved to a quarter of the testing distance so that the
20/400 letter subtended 20/1600 (1.9 logMAR), from which point testing progressed by
decreasing 0.1 logMAR steps. Testing was performed at a distance of 3 m, and at 0.75 m if
needed. The range tested was 20/12 to 20/1600 (−0.2 to 1.9 logMAR).

Near optotype acuity—The Near Visual Acuity Test (Lighthouse International, New
York, NY) was used to assess optotype visual acuity at a distance of 40 cm. Near acuity
measurements were converted to logMAR values based on the test distance and the M value.
The range tested was −0.1 to 1.3 logMAR. Near optotype acuity was only measured in 10 of

Odell et al. Page 2

J AAPOS. Author manuscript; available in PMC 2014 February 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15 subjects (13 of 20 eyes) because it was added to the protocol after commencement of the
study.

Vernier acuity—As described previously,5 vernier acuity was also assessed at each filter
level, using vernier offset patterns mounted on cards8 (measuring 56 × 24 cm) with square
wave gratings of 0.5 cycles/degree and offsets of 3.72 mm, 0.93 mm, and 0.23 mm. There
were two gratings on each card, one with an offset, and one without. The presentation of the
grating with the offset was randomized by rotating the card. Through varied testing
distances (38 cm to 8 m), testing levels ranged from 6 arcsec to 1920 arcsec in logMAR
steps (−1.0 to 1.5 logMAR). Four of four correct responses were required to pass each
logMAR level.

Contrast Sensitivity—Contrast sensitivity was measured using Pelli-Robson optotype
based contrast sensitivity charts (Clement Clarke International, Harlow, UK), as described in
our previous report.5 Testing was performed in recommended lighting conditions at the
standard 1 m distance. The two testing charts were alternated each time the filter was
changed. Two of three correct responses were required to pass each contrast level and
thresholds were recorded in log units, ranging from 0.0 to 2.1 log units.

Stereoacuity—At each Bangerter filter level, stereoacuity was assessed using four
stereotests: two real depth tests (Frisby at near; Frisby Davis Distance (FD2) at distance) and
two random dot tests (Preschool Randot (PSR) at near; Distance Randot (DR) at distance).
At each filter level, stereoacuity was assessed in the following order: Frisby, FD2, PSR, DR.
Once testing had been completed with the final (1.0) filter, baseline (no filter) Frisby, FD2,
PSR and DR stereoacuity was assessed.

Real depth stereoacuity tests—The three plates of the near Frisby test were presented
at a range of distances (38 cm, 48 cm, 57 cm, 60 cm) to yield disparities of 400, 200, 100, 60
and 40 arcsec. At each disparity level, two of two correct responses were required to pass.
Threshold was recorded as the finest disparity at which two of two presentations were
correctly identified. Patients unable to pass the 400 arcsec level were recorded as having
‘nil’ stereo.

FD2 stereoacuity was assessed at 3 meters, testing disparities of 200, 160, 80, 40 and 20
arcsec, as described previously.9, 10 At each disparity level, two of two correct responses
were required to pass. Threshold was recorded as the finest disparity at which two of two
shapes were correctly identified. A monocular testing phase9 was performed the first time a
subject obtained a threshold of 200 to 80 arcsec to ensure that such threshold scores
reflected binocular, rather than monocular, responses. None of our subjects could pass 80,
160 or 200 arcsec using monocular cues. Patients unable to pass the 200 arcsec level were
recorded as having ‘nil’ stereo.

Random dot stereoacuity tests—The PSR test, a Polaroid vectograph, was performed
at 40 cm, testing fixed disparities of 800, 400, 200, 100, 60 and 40 arcsec.11, 12 Polarizing
glasses were placed over the trial frames or the subjects spectacles. Two correct responses
were required to pass each level, and threshold was determined by the finest disparity at
which two shapes were correctly identified. Patients unable to identify shapes at the 800
arcsec level were recorded as having ‘nil’ stereo.

The DR, a Polaroid vectograph, was tested at 3 meters, testing fixed disparities of 400, 200,
100 and 60 arcsec.2, 10, 13 Two correct responses were required to pass each disparity level,
and threshold was recorded as the finest disparity at which two shapes were correctly
identified. Patients unable to pass the 400 arcsec level were recorded as having ‘nil’ stereo.
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Statistical analysis—To account for potential bias of comparing stereotests with different
measurable levels, stereoacuity results were grouped as either ‘fine’ (≤60 arcsec),
‘moderate’ (>60 and ≤200 arcsec) or ‘coarse/nil’ (>200 arcsec to nil) stereo. Also, because
we found no systematic differences when comparing data from the blurring of dominant
versus non-dominant eyes, data were combined for analysis and generalized linear models
utilizing generalized estimating equation (GEE) methods were used to account for
correlation between the eyes.

Median stereoacuity values were calculated for each stereotest and compared between
stereoacuity tests using GEE methods with contrasting statements. The degradation of
stereoacuity across all filters was calculated for each stereotest, by absolute threshold and by
the three tiers of stereoacuity. For each stereotest, the worst level of monocular distance
optotype acuity consistently associated with ‘worse than fine’ stereoacuity was derived.

To examine the relationship between distance optotype acuity and the other modalities of
visual function, scatter plots were created to compare distance optotype acuity versus near
optotype acuity, distance optotype acuity versus vernier acuity and distance optotype acuity
versus contrast sensitivity. Spearman rank correlation coefficients were calculated for each
relationship.

Results
Baseline stereoacuity

As expected in this cohort of normal adults, the median stereoacuity values without
Bangerter filters were excellent: Frisby 40 arcsec (all 40 arcsec), FD2 20 arcsec (range 20 to
60 arcsec), PSR 40 arcsec (range 40 to 60 arcsec), and DR 60 arcsec (range 60 to nil; 5 of 15
patients demonstrated less than 60 arcsec stereoacuity without filters on both trials).

Overall effect of monocular blur across the range of filters
Median stereoacuity values across all filter levels were: Frisby 40 arcsec; FD2 60 arcsec;
PSR 100 arcsec, and DR >400 arcsec. Analyzed by categories of ‘fine,’ ‘moderate,’ or
‘course/nil,’ the median stereoacuity across filters was: Frisby ‘fine,’ FD2 ‘fine,’ PSR
‘moderate,’ DR ‘course/nil.’ Stereoacuity was more severely degraded with random dot
(PSR, DR) tests compared with real depth (Frisby, FD2) tests (P<0.0001 for each
comparison).

Stereoacuity degradation as a function of distance optotype acuity
To provide practical thresholds at which degradation of optotype visual acuity was
associated with degradation of stereoacuity, we report the distance optotype acuity at which
further degradation resulted in failure of some subjects to pass ‘fine’ levels (60 arcsec or
better).

Degradation below ‘fine’ stereoacuity occurred from 0.7 logMAR (20/100) or worse for
Frisby (Figure 1A), 0.1 logMAR (20/25) or worse for PSR (Figure 1B) and 0.1 logMAR
(20/25) or worse for FD2 (Figure 1C). For the DR test some subjects showed below ‘fine’
stereoacuity at −0.1 (20/15) (Figure 1D). Since optotype visual acuity was not measured at
levels finer than −0.1 (20/15) there was no meaningful threshold for the DR test.

Coarse/nil stereoacuity was associated with 1.2 logMAR (20/320) or worse for Frisby
(Figure 1A), 0.8 logMAR (20/125) or worse for PSR (Figure 1B) 1.1 logMAR (20/250) or
worse for FD2 (Figure 1C), and 0.5 logMAR (20/63) or worse for DR (Figure 1D).
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Distance optotype and near optotype acuity
Comparison of distance optotype and near optotype acuity showed overall good agreement
(r=0.88, P<0.0001 Figure 2A). There was a small systematic bias towards better optotype
acuity at near: mean difference = 0.075 +/− 0.19 logMAR (GEE adjusted), P<0.0001.

Since two of the tests of stereoacuity are performed at near (Frisby and PSR) the effect of
degradation of near optotype visual acuity on stereoacuity was examined in analogous
histograms to those shown for distance optotype visual acuity in Figure 1. A pattern similar
to distance optotype visual acuity was seen, where stereoacuity was degraded to ‘worse than
fine’ when the near optotype visual acuity was 0.6 logMAR or worse for Frisby and 0.0
logMAR or worse for PSR.

Distance optotype versus vernier acuity and contrast sensitivity
Since Bangerter foils simultaneously degrade vernier acuity and contrast sensitivity, in
addition to optotype visual acuity,5 we examined the relationships between distance
optotype acuity and vernier acuity (Figure 2B) and between distance optotype acuity and
contrast sensitivity (Figure 2C), under conditions of blur with Bangerter filters. Overall,
there was an association between degradation of distance optotype acuity and vernier acuity
(r=0.83, P<0.0001 Figure 2B), and between degradation of distance optotype acuity and
contrast sensitivity (r=−0.83, P<0.0001 Figure 2C).

Discussion
Measurable stereoacuity thresholds progressively degraded as optotype visual acuity was
degraded in one eye. The level of degradation was found to vary depending on the specific
stereotest used. Measurable stereoacuity was more easily degraded by monocular blur when
tested using random dot tests (PSR and DR) compared with real depth tests (Frisby and
FD2).

Previous studies examining the effects of induced optotype acuity deficits on stereoacuity
have used methods of either optical blur14–18 or diffusing filters.19, 20 Our study using
Bangerter filters is most similar to the latter studies. While some previous studies report a
correlation between decreasing optotype acuity and decreasing stereoacuity,14, 16–18

others15, 19 report a great deal of variability in response. Our study confirms that for a given
level of reduction of monocular optotype visual acuity, there may be a range of effects on
stereoacuity across subjects, even with the same stereoacuity tests.

Few previous studies have examined the influence of type of stereotest. Our findings appear
similar to those of Nakagawa et al,20 who also found that random dot tests degraded more
rapidly with decreasing optotype visual acuity than ‘solid pattern’ or real depth tests. Our
results also parallel previous studies by our research group, reporting a differential effect of
strabismus on measured stereoacuity depending on the type of stereotest used. Real depth
tests such as the near Frisby and the FD2 yielded finer thresholds than random dot tests such
as the Preschool Randot and the Distance Randot.1, 3 In particular, the near Frisby test seems
much more resistant to degradation by monocular blur than the other tests we studied.

The reasons for our findings remain speculative. It would seem possible that in free space,
the contours of real depth tests allow greater use of motor fusion mechanisms and therefore
improved ability to detect binocular disparity even when optotype visual acuity is degraded.
Nevertheless, Archer et al21 studied the effect of monocularly detectable contours on motor
fusion amplitudes and found that, using stereo targets in the amblyoscope, the presence or
absence of contours made no appreciable difference to motor fusion amplitudes. It is
possible that our condition of testing stereoacuity in free space, and our use of fine
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disparities, might have been the cause of the apparent inconsistency between our results and
that of Archer et al.21

The relatively poor performance of the Distance Randot stereotest in our study is
noteworthy. Several of our normal adult subjects could not pass the 60 arcsec level. This is
in contrast to the first report of normal adults evaluated with this test.2 If a proportion of
normal adults cannot achieve ‘fine’ stereoacuity levels, then failure on the Distance Randot
test may not be a clinically useful finding, unless the patient previously passed that level.

The main limitation of our study is that we were unable to separate the effects of degrading
optotype acuity, vernier acuity, and contrast sensitivity. Bangerter filters simultaneously
reduce all three modalities of visual acuity, although contrast sensitivity was less reduced
until the very densest of the filters.5 It is well known that reduction of contrast sensitivity
alone has an effect on measured stereoacuity thresholds.22–26 Although clinical conditions
may affect these modalities differentially, contrast and vernier acuity are often reduced when
optotype acuity is reduced, and so Bangerter filters may mimic some clinical conditions.
Another potential limitation of this study is that standardizing stereoacuity testing order may
have induced bias. Nevertheless, previous studies in adults by our group have shown no
apparent fatigue or learning effect when testing stereoacuity.10, 27

The thresholds that we describe for degradation to ‘worse than fine’ stereoacuity will be
useful for clinicians (i.e., 0.7 logMAR (20/100) or worse for Frisby, 0.1 logMAR (20/25) or
worse for PSR, 0.1 logMAR (20/25) or worse for FD2. If a patient has visual acuity at these
levels, such reduction may be enough in itself to explain any stereoacuity ‘worse than fine’
(worse than 60 arcsec). These data may prove useful in the assessment of possible factitious
visual loss. Our data also suggest that if the visual acuity in one eye is modestly reduced
(e.g. 20/25 to 20/80), it would be reasonable to use the near Frisby test preferentially, since
the other tests are frequently affected by monocular blur.

Additional analogous work on the effect of monocular blur on stereoacuity is needed in the
pediatric population, since the normal baseline visual acuity in younger children is not
20/20.28 Nevertheless, it is most likely that the same pattern of effects will be seen, where
small interocular differences have a more profound effect on measurable stereoacuity when
using Randot tests, compared with real depth tests such as the FD2 and Frisby, with the
Frisby test being most likely to resist monocular blur.
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Figure 1.
Comparison of distance optotype acuity to corresponding stereoacuity values across all
subjects, using the Frisby (A), Pre-school Randot (B), Frisby Davis Distance (C) and
Distance Randot (D) tests. Bars show percentage of subjects achieving ‘fine’ (≤60 arcsec),
‘moderate’ (>60 and ≤200 arcsec) or ‘coarse/nil’ (>200 arcsec to nil) stereoacuity at each
level of distance optotype acuity. Numbers at the top of each bar represent the number of
measures of stereoacuity for each level of visual acuity, totalling 240 observations..
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Figure 2.
Comparison of distance optotype acuity to near optotype acuity (A), vernier acuity (B), and
contrast sensitivity (C). For a given degradation of distance optotype acuity there is a similar
degradation of near optotype acuity (A; r=0.88, P<0.0001) with a small mean difference of
0.075 +/− 0.19 logMAR towards better near optotype acuity. There is an overall association
between degradation of distance optotype acuity and degradation of both vernier acuity (B;
r=0.83, P<0.0001) and contrast sensitivity (C; r=−0.83, P<0.0001).
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