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and specifically suppression and reading, is less clear. Does
suppression, or does it not, affect reading? Further, does the
type of suppression, constant or intermittent. make a difference
in the effect on reading?
Some opinions suggest a disruption of continuous normal
vision by.an intermittent suppression should negatively affect
reading.' '" Other studies, sometimes blurring the division between non-strabismic suppression and the constant suppress jon
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INTRODUCTION
Much work has been done searching for a link between
vision problems and reading problems. Certainly, a strong case
can be made that ocular motor malfunctions can aff'ect reading
efficiency.l The picture in the literature of sensory malfunctionl
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of strabismus and amblyopia, suggest no link.s 6.7 8 a.r..r I Further
obscuring the picture of sensory malfunction (suppression) and
reading is the myriad of tests used to operationally define
suppression in those studies. The apparent assumption is that
strabismic and non-strabismic suppression are the same and
can be diagnosed using the same tests. In order to answer the
questions about suppression and reading, we first have to
answer the question of whether the tests used in the literature
are equivalent. Can varying results of different suppression
tests help explain the discrepancies in opinion in the literature?
Strauss and Immerman' found the most direct link of suppression to reading, finding a significant number of students
with reading problems also had "macular suppression.',
Macular suppression was defined as "an involuntary, temporary suspension of vision in one or both eves..." in nonstrabismic/non-amblyopic persons. Renaming this condition
Intermittent Central Suppression (ICS) removes a questionable
anatomical basis.
The clinical implication of Strauss and Immerman's study
is that intermittent central suppression (ICS) in non-strabis-
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RESULTS

Proportions shows this

Relative diagnostic effectiveness of the five possible suppression tests is shown in figure 2.
a. Seven (11.1E;) subjects scored less than 9 (40
arcseconds) on the Titmus Wirt dot test. The Test of
Dlagnosls of lntermlttent Central Suppression:
Commonly used tesls compared to vectographlc refractlon
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is significantly different

e reference crirerion (z=9.7 4,p<0.01). In

this group stereopsis did not effectively diagnose ICS.
b. Eight (l3.3Ea) subjects showed a suppression (loss

of lights) with the Worrh 4-dor at 50cm. This is
significantly different from the reference
(z=9.58,p<0.01). ICS was nor effectively diagnosed
by the Worth 4-dot. (A smaller ICS group was tesred
at 3.5 meters with the Worth 4-dot showing l97o
suppression responses.)
c. Including any color luster abnormalities noted with
the Worth 4-dot diagnosed an additional 17 subjects
for a total of 2 4 (41 .7 Eo). This is significantly different
from the reference (z=7.03,p<0.01 ).
d. Seventeen (28.3ok) of the ICS subjects showed a
definite suppression response with the Jampolsky 4-

prism test. This is significantly different from the
reference (z=8.19,p<0.01). Considering any questionable responses (slow or late vergence movements
after introduction of the prism) to be a suppression
response diagnosed an additional 10 ICS patients for
a Iotal of 45Vo of the 60 subjects. This is significantly
different from the reference (z=6.75,p<0.0 I ).
e. The new bisected diamond test diagnosed 58
(96.7Ea) of the 60ICS patienrs. This is not significantly different from the reference (z=1.43,p>0.10) indicating the two tests diagnosed the same populations
and therefore the same condition.
Table I (following page) shows inter-test correlations for
these suppression tests using phi coefficients. Note that only
the Worth 4-dot (loss of lights) and the Worth test including
luster anomalies correlate more than weakly.
f. Figure 3 (following page) shows durarion and frequency of suppression periods in ICS. A typical
intermittent central suppression would be two to five
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FIGURE 4
of a 4-prism test might determine whether 1) the suppression
is detected, 2) a delayed vergence response is seen as
binocularity resumes, or 3) a normal response is seen. Perhaps
a test protocol difference of this type might explain the contradictory results of Nom10 and Bettman, et al.r2 with dyslexics.
Other studies might research changes in protocol for each of
these strabismus suppression tests to make them more usable
in testing for ICS. These findings say nothing regarding the
tests' well established usefulness in strabismus and amblyopia.
In this group of suppressors, ICS exists concurrently with
normal refractive findings, acuities, and stereopsis. This suggests two things. First, a simple distance refraction can't be
used to comment on suppression or reading problems related
to vision. Second, the impact of minimal hyperopic corrections
on the visual system should be investigated. A causal relationship should be explored, or possibly an at-risk group defined
among those presently considered visually normal.
Seventy-seven percent of these intermittent suppressors
failed either accommodative facility or saccade testing. These
tests could provide a referral criterion for clinicians not involved in therapy, or possibly for screenings. Certainly combined with the knowledge that intermittent suppressors tend to
complain about reading, a strong case for referral to a developmental optometrist for complete testing could be made. Special
care should be taken to not dismiss a reading complaint in the
presence of normal acuity. Forty-one (68.37o) complained of
reading problems, blur or discomfort, but showed acuities of
20125 or better. The implications of these data for school
screenings will become more important as the effects of interVolume 2llJune 1990

mittent central suppression on reading and perception are investigated more fully.
An unknown in the detection of intermittent central suppression is the effect of fatigue. In the refraction procedure for this
study, near testing (and thereby some fatigue) preceded the
distance refraction where the reference diagnosis of ICS was
made. The Wirt-dot, Worth, and 4-prism tests were given after
all other testing, which should have maximized any fatigue
effects. If fatigue is a factor, the fatigue from repeat near
vergences appears to be enough to elicit a suppression with the
bisected diamond test.

Is it possible intermittent central suppression as further
defined by these data can help explain, or aid interpretation of,
findings in the literature on vision and reading? For example,
visual confusion is a consistent symptom in studies of reading
problems.z3 Mowrer2a states, and is iupported by some of the
findings of Schilder25 and Vellutino et al.,'u that when impaired

readers are placed in a forced-choice situation in reading
words, they make the necessary substitutions and reversals of
letters to construct acceptable words, violating rules for correctly decoding words. ICS may contribute to visual confusion,
resulting in a forced-choice situation.
One possible explanation for the visual confusion is that ICS

might impair contour detection and resolution.2t A purely
mechanical explanation might be that the suppression of one
eye's central field allows a minor vergence fluCtuation,tt causing a non-registered aiming enor. Then, as the suppression left
and binocularity returned, diplopia and super-position ofletters
would occur. A correctional vergence movement would follow,
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the whole process to be repeated in another 3 seconds or so'

Visual confusion would occur as the patient becomes

binocular, before and during the correcting vergence movement. Since this would randomly affect specific words while
reading, this may help explain why parents complain their child
will read a particular word differently each time it appears. In
fact, ICS may make the word look different each time he sees it.
If accurate. this model could affect the conclusions drawn
aboutpoor readers in tachistoscope studies:"''6'2t'28 if a constant
perceptual problem, such as a constant minor vision were

present, tachistoscopic presentation shouldn't necessarily
make a difference in perception. However, individual cases
have shown facilitation of recognition of simple isolated
words, letters, and digits, by the tachistoscope."'n The short
tachistoscope time may randomly select out the visual confusion period theorized.

CONCLUSION
Certainly these findings only begin to clarify our understanding of intermittent central suppression. However, they
provide some guidelines for both clinicians and scientists.
Clinicians should understand that the simple distance refraction of a child with reading problems often seen in the literature
will not yield the information necessary to comment on possible visual causes for that reading problem. Even if extra
testing is done to try to find a reading related vision problem,
care must be taken to test thoroughly for intermittent central
suppression, using valid tests and understanding the intermittency of ICS.
This same care in choosing tests should be taken in research.
This implies the conclusions"of Norn, et al..'t Park.ro Bedwell.

et al..'t'Bishop. et al..6 Schorr and Svagr,ra Bettman, et al.,12
Norn,tu and Aasved" that suppression is not related to reading,
may be invalid, incorrect, or should at least be modified to be
specific for type of suppression and diagnostic criteria. Yet to
be firmly established is whether ICS directly causes reading
problems. However, if we exclude the above studies as having
used questionable techniques, and re-evaluate the literature on
suppression and reading, the literature supports intermittent
central suppression (ICS) as a probable cause of reading
problems.
ICS patients tend to show accommodative and eye movement problems, as do poor readers. These three, ICS, accommodative infacility, and slow, inaccurate eye movements, may

form the foundation of a quantifiable visual syndrome that
affects reading. Accommodative and eye movement normative
tests can, and have, helped identify patients with these visual
problems that affect reading. But, because of invalid testing,
intermittent central suppression may have been a missing link
in the diagnosis and remediation of reading problems.
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