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AMBLYOPIA is a catchall term used for
unexplained reduction of visual acuity.

"Unexplained" means that, in spite of any re-

fractive error being neutralized with lenses and
in the absence of detectable eye disease, the
acuity of the eye is still below normal. The
acuity criterion for amblyopia is ill defined, but
a standard often adopted is 20/40 or worse.

Amblyopia almost always affects only one eye.
Reduced monocular visual acuity is but one

feature of amblyopia. The amblyopic person
usually has difficulty in aiming and moving the
eye as well as in seeing an object when it is sur-

rounded by other forms. These difficulties
cause him to make peculiar responses on a mo¬

nocular acuity test.responses which aid the ex¬

perienced examiner in detecting amblyopia but
may lead the inexperienced examiner to pass the
amblyopic person as having normal acuity. On
an acuity test, the person with amblyopia sig-
nals himself by making errors over an abnor-
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mally large range of letter sizes (even though he
may correctly read some of the smallest letters).
He tends to miss letters in the middle of the
row and more often correctly reads those at the
ends. He frequently reads letters out of order,
and he has more difficulty reading letters when
their spacing is less than one letter apart.
Most persons with amblyopia have a signifi¬

cant refractive error, but neutralization of
the error with lenses permits them to have es¬

sentially normal acuity when both eyes are

open. Their everyday perception of depth is
generally unaffected because nearly all cues to
depth perception are monocular, and binocular
cues (which many amblyopic persons lack) add
little in ordinary visual situations. Since am¬

blyopia affects central and not peripheral vi¬
sion, the extent of the binocular field of vision is
not limited by amblyopia. If the amblyopia is
associated with an "eye turn" (strabismus), as

is often the case, then the lateral extent of the
binocular visual field tends to be smaller for
"crossed eye" (convergent strabismus) and
larger for "wall eye" (divergent strabismus).
These characteristics of amblyopia point up

the difficulties amblyopic persons may have
when attempting to see with the affected eye.
a temporary situation if the good eye is simply
covered, a more permanent problem if the nor¬

mal eye is lost or severely damaged. The visual
difficulties of the amblyopic person are thus
more potential than actual.
The most universally accepted view of the

origin of amblyopia is an amalgamation of
ideas proposed by Claude Worth (1) and Ber-
nard Chavasse (2). In substance, these au¬
thors stated that amblyopia is acquired in child¬
hood as a consequence of not using one eye be¬
cause it is "turned" (strabismus) or because it
has a refractive error very different from that
of the other eye (anisometropia). Acceptance
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of this disuse notion is reflected in present-day
use of the term "amblyopia ex anopsia" (liter-
ally, blindness from disuse of vision). Al¬
though the Worth-Chavasse view on the origin
of amblyopia is plausible and widely accepted,
there is little evidence to prove its correctness.
In spite of an enormous literature on am¬

blyopia, there are remarkably few papers on

prevalence, and only a small proportion of
these apply to the general population of adults
or children. Studies on the frequency of am¬

blyopia have been based mainly upon three
kinds of samples: (a) inductees for U.S. mili¬
tary service, chiefly Army, (b) clinical patients
seeking eye care, and (c) grade school children
and preschoolers. Interestingly, the most
widely quoted prevalence figures are based upon
military samples, even in papers dealing with
amblyopia in children. The following quota-
tion by Allen (3) is illustrative:
How common is amblyopia? Some idea of its fre¬

quency is given by an analysis of 60,000 military selec-
tees made during the last World War. Of these
healthy young Americans, more than three percent
were found to have one eye in which the best vision
with lenses was less than half the normal standard of
20/20. . . .

These statistics indicate that over four million
Americans are suffering from some degree of ambly¬
opia which could have been prevented. By the same

token, about 100,000 children's eyes are passing beyond
the help of treatment each year.

Apart from the misleading implication that
20/40 vision is only half as good as 20/20.on
the Ameriean Medical Association's scale (4)
20/40 is 85 percent as good as 20/20.and
the unsupported claim of an age limit for the
successful treatment of amblyopia, Allen clearly
has taken the prevalence of amblyopia among
men drafted into the U.S. Army in World War
II and applied it not only to the total popula¬
tion of Americans in 1956 but to all 7-year-old
Americans in that year. In the absence of
data for the general population, many authors
have resorted to the prevalence of amblyopia
among U.S. Army draftees and assumed it
could be generalized to other populations.

Purpose of Paper
The purpose of our paper is to (a) analyze

previous prevalence studies in terms of their
applicability to the general population, (b) re¬

port on the prevalence of amblyopia in 1,561
kindergarteners and 1,201 children in grades 1
through 6, and (c) describe how changing the
acuity criterion affected the prevalence of
amblyopia in these school children and in 7,017
adult eye patients.

Previous Studies

Military iriductees. Theodore and associates
(5) reported on newly inducted soldiers enter¬
ing Army basic training during World War II
whose vision was screened to determine their
suitability for flying duty, attendance at a U.S.
Army Air Forces service school, regular Army
duty, or limited service. Of 190,912 soldiers,
4.0 percent had amblyopia, defined as 20/50-or-
worse acuity in one eye, or both, with the best
possible corrective lenses. The authors stressed
that their data did not represent a "cross section
of the eyes of Ameriean men between the ages
of 18 and 36 ...

"

Downing (6) personally examined 60,000
selectees reporting to a U.S. Armed Forces
induction station to establish acceptability for
military service under World War II mobiliza-
tion regulations. Using the same acuity crite¬
rion as Theodore and associates (20/50-or-worse
acuity), he found 3.2 percent with amblyopia.
Although Downing was aware "that the inci¬
dence of the various conditions recorded here
can be applied only to a comparable group, and
not to the population at large," he nonetheless
extended his own figures on selectees (draftees)
to apply to all men of military age in the
United States. He did not, however, assert
that they were applicable to women or children.
During World War II, Glover and Brewer

(7) studied 21,446 men, 17 to 44 years old, from
10 Pennsylvania counties. Using 20/70-or-
worse acuity with corrective lenses as the
criterion, they found amblyopia in 2.4 percent
of their inductees. They reported that ambly¬
opia was unassociated with family income or

nationality, but did not present supporting
data.
The extent to which malingering was looked

for and found in these studies is relevant.
Downing (6) reported doing tests for suspected
malingerers, but Glover and Brewer (7) appar¬
ently did not. In the study by Theodore and
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associates (5), "almost all" of the amblyopic
subjects without strabismus or high refractive
error (only one-third of their sample) were

checked for possible malingering. "Kelatively
few malingerers or men with hysterical ambly¬
opia were encountered. . . ." Moreover, the
authors expressed the belief that "The tendency
of examiners to classify a man as a malingerer
merely because they can find no cause for the
supposedly impaired vision is to be condemned
except in rare instances."
A specific investigation of World War II

inductees for possible feigning of ocular defects
was made by Agatston (8). He estimated such
malingering at 0.5 to 3.0 percent and stated that
"While in private practice the veracity of the
patient is seldom questioned, in Army induction
examinations the honesty of the candidate must
frequently be proved." The aim of the "posi¬
tive" malingerer at an induction examination
is, according to Agatston, to evade all military
service or to obtain a limited, or perhaps a

noncombatant, status. Bona fide monocular
amblyopia of 20/40-or-worse acuity was found
by Agatston in only 1.8 percent of 2,400 con¬

secutive inductees who received thorough
reexaminations for possible malingering. This
figure of 1.8 percent may be a better indicator
of the true prevalence of amblyopia among
World War II inductees than the prevalences
reported in studies in which malingering was

not so carefully considered.
The rapid screening of millions of men dur¬

ing World War II would be expected to yield
frequent errors in identifying amblyopia. If
a man's acuity could not quickly be improved
by lenses to 20/40 and could not be explained by
a detectable injury or disease, then classifying
him as amblyopic would only result in his quali-
fying for some form of limited service. This
class of error appears to be more acceptable
than placing a man with impaired vision in a

military position in which his eyesight could
affect the safety of his fellows.
A phenomenon observed during World War

II probably tended to make all samples of selec¬
tees decidedly unrepresentative of the general
population of male adults of military age. A
significant proportion of younger men chpse to
enlist for duty in special branches of the mili¬
tary, sudi as the Navy, Marine Corps, and Coast

Guard, in preference to the seeming certainty of
being drafted into the Army to become a foot
soldier. Those who tried for such enlistment
but failed to meet the higher vision standards
that were required characteristically waited to
be called into the Army. This phenomenon
would tend to bias all samples of selectees
during World War II with an accumulation
of men having vision problems, including
amblyopia.

All these factors contributing to a high prev¬
alence of amblyopia in wartime were either
absent or minimized in a recent study by Helve-
ston (9). He reported on 9,000 men, primarily
enlistees but including some selectees, who were
examined during peacetime in all branches of
the Armed Forces except the Coast Guard.
Using the same procedure and acuity criterion
as Downing (6) and working at the same exam¬

ining station, Helveston found a prevalence of
amblyopia of 1.0 percent.only one-third of
Downing's figure for World War II selectees.

Clinical patients. People with vision prob¬
lems seek eye examinations more frequently
than people with normal vision. In a clinical
sample of eye patients, one expects, therefore, to
find a larger proportion of vision defects than in
a general population. Thus, the prevalence of
amblyopia observed in clinical samples is ex¬

pected to be higher than in the general
population.

In 1959, Cole (10) reported on 10,000 consecu¬
tive patients whom he examined in Nottingham,
England, under the supplementary ophthalmic
service of the National Health Service. The
examination was free to these patients. Cole
stated that most of them had some ocular com¬

plaint. Moreover, during the course of Cole's
study, additional young children suspected of
having amblyopia were referred to him as a
result of his informing his colleagues of the im¬
plications of amblyopia. On an Ameriean
acuity chart, Cole's criterion for amblyopia was
20/50-or-worse acuity for one eye with the other
eye at least twq Snellen lines better. The
observed prevalence of amblyopia in his clinical
sample was 5.3 percent. Cole concluded that
"

. . . of every 1,000 children born, 53 fail to
develop normal binocular vision" even though
he was working with a clinical sample in which
his youngest patient was 4 years old.
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Cholst and associates (11) went over the rec¬

ords of 2,986 children, mostly over 7 years of
age, who were examined at two eye clinics sup¬
ported by the Bureau for Handicapped Chil¬
dren of the New York City Department of
Health. These authors did not give an acuity
criterion for amblyopia, but amblyopia was

noted in the records of 4.7 percent of these
children.
In 1954, de Rotth (12) tabulated the eye de¬

fects for 1,000 consecutive new patients in his
private ophthalmological practice in Spokane,
Wash. Most of his patients were over 40 years
old; only a small number were of military age.
According to de Rotth, there were 45 cases of
amblyopia (2.25 percent of the 2,000 eyes) with
vision less than 20/40. Based on the frequency
of amblyopia among these 1,000 patients, the
prevalence would amount to 4.5 percent. The
truly clinical composition of his sample is shown
by the author's report that only 50 of his pa¬
tients (5 percent) were found to have no ocular
defect. Thus, de Rottlvs study, not unlike
other clinical studies, indicates the prevalence of
amblyopia among people with ocular defects.
An illustrative comparison of a military and

clinical sample is provided in a brief statement
by Irvine (13). He reported the prevalence of
amblyopia among U.S. Air Corps personnel at

discharge from the service to be only 1 percent;
among those for whom glasses were prescribed
at the Drew Field eye clinic, however, the
prevalence was 4 percent.

School children and preschoolers. Because
of compulsory education, most children of
school age are in school, and therefore studies
on the prevalence of amblyopia in children are

usually done in public schools. Attempts have
also been made recently, however, to uncover

amblyopia in preschoolers.
In an extensive study, McNeil (H) estimated

the prevalence of vision defects, including am¬

blyopia, among all children in an industrialized
English county borough of about 75,000 people
by reviewing the records of children who at¬
tended an ophthalmic clinic in the area. The
majority of children seen in the clinic were re¬

ferred to it as a result of periodic vision test¬
ing in the borough's schools (referral criteria
not specified). Attendance at the ophthalmic
clinic, however, was not required, and some

children who failed the school screening test
went elsewhere, or nowhere, for professional
attention. Thus, as McNeil noted, if the preva¬
lence of amblyopia among the borough's chil¬
dren were based only on its frequency among
children seen in the ophthalmic clinic, his esti¬
mate would tend to be low. On the other hand,
McNeil does not state to what extent children
with eye problems from outside the borough's
schools attended the ophthalmic clinic. If they
attended in significant numbers, the estimated
prevalence of amblyopia for the borough's
children would be high. McNeil's results must
be interpreted in the light of these two opposing
factors.
The ophthalmic clinic staff identified 189

children between the ages of 9 and 15 years as

having amblyopia of 20/30-or-worse acuity.
Relative to the total number of patients 9 to 15
years old seen in the clinic (758), 25 percent
had amblyopia of 20/30-or-worse acuity. But,
relative to the estimated population of children
9 to 15 years old in the borough (6,965), 2.7
percent had amblyopia. Interestingly, the
prevalence of amblyopia among boys was ap¬
proximately one-third higher than among girls
(P<0.05 by chi-square).
In a preliminary study aimed at establishing

the prevalence of amblyopia in 3-year-olds,
da Cunha and Jenkins (15) reported on 301
"normal" children examined at a maternity and
child welfare center in England. The Sjogren
hand test (to which 31 percent of the children
failed to respond) and the cover test were per¬
formed by an orthoptist; retinoscopy (to meas¬

ure the refractive error) was done by an oph-
thalmologist. Amblyopia was defined as a "dif¬
ference of more than one Snellen type line be¬
tween the visual acuity of both eyes." Visual
acuity of 20/60 in each eye was considered nor¬

mal for 3-year-olds. Only three children were

found to have amblyopia by the acuity test.
"Assessment of fixation by the cover test" dis-
closed two additional cases. These five children
comprised 1.7 percent of the sample.
A communitywide vision screening program

for the detection of amblyopia in preschool
children in Orange County, Calif., was reported
by Russell and associates (16) in 1961. Of
about 6,500 preschool children in the commu¬

nity, 1,572 children between 3 and 6 years old
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were brought in by their parents in response to
publicity. These children probably did not
represent the general population of preschoolers
in the county. The screening, done by lay vol¬
unteers, consisted of general observation of the
children, the recording of eye symptoms, and
the testing of acuity with E's. The acuity test

was considered a failure when there was a dif¬
ference between the eyes in excess of one line on
the Snellen chart for any child, or acuity of
20/50 or worse in either or both eyes for 3-year-
olds, 20/40 or worse for 4-year-olds. A total of
335 children failed one or more parts of the
screening and were referred for an eye examina-

Table 1. Prevalence of amblyopia in various samples from previous studies

Author and date
of study

Study population Criterion Percent of
population

Military inductees:
Theodore and associ¬

ates, 1944.

Downing, 1945_

Glover and Brewer,
1944.

Agatston, 1944_

Helveston, 1965_

Clinical samples:
Cole, 1959_

Cholst and associates,
1962.

de Rotth, 1945_

School and preschool
children:

McNeil, 1955_

da Cunha and Jenkins,
1961.

Russell and associates,
1961.

Vaughan and asso¬

ciates, 1960.

Newly inducted soldiers (190,012) entering
Army basic training; screened to establish
type of duty.

Author personally examined 60,000 selectees
reporting to Armed Forces induction sta¬
tion to establish acceptability for service
under existing mobilization regulations.

Men 17 to 44 years old (21,446) screened at
an induction station to establish accepta¬
bility for service.

A specific study of ocular malingering among
2,400 inductees in which only bona fide
cases of monocular amblyopia were counted.

Primarily enlistees (9,000) for all branches of
the Armed Forces (except the Coast Guard)
examined during peacetime.same station
and same criteria as Downing's wartime
study of selectees.

Author examined 10,000 consecutive patients
who presented themselves to him for eye
care under the British National Health
Service.

Authors surveyed records of 2,986 children
(mostly over 7 years of age) examined at
two eye clinics of the Bureau for Handi¬
capped Children, New York City Depart¬
ment of Health.

Author personally examined 1,000 consecu¬
tive new patients presenting themselves to
his private ophthalmological practice.

Author counted records of amblyopic children,
ages 9-15 years, examined in an ophthalmic
clinic in an English county borough. Re¬
ferrals chiefly from school screening. The
population of children of corresponding ages
within borough estimated to be 6,965.

Normal 3-year-olds (301) examined at a ma¬

ternity and child welfare center in England.
Lay volunteers screened 1,572 preschool

children, ages 3 to 6 years, who were offered
to the project. Reported incidence of 0.6
percent adjusted to 1.3 percent for children
referred for care but not seen professionally.

Health records of 25,000 public school chil¬
dren, grades kindergarten.12, reviewed
for failure on nurses' acuity tests. Only
children not already under care were ex¬
amined for amblyopia.

20/50 or worse

_do_

20/70 or worse

20/40 or worse.

20/50 or worse.

_do_

Physicians' diagnosis.

20/50 or worse

20/30 or worse

Difference between eyes
^2 acuity lines.

Physicians' diagnosis_

Difference between eyes
^2 acuity lines.

4.0

3.2

2.4

1.8

1.0

5.3

4.7

4.5

2.7

1.7

1.3

.6
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tion, but only 167 children (50 percent) received
professional attention. In all, 10 children were
diagnosed as having amblyopia ex anopsia.
Unfortunately the criterion for amblyopia was

not specified, but presumably the physicians
used one in the region of 20/40 to 20/50 acuity.
These 10 children with amblyopia comprised
0.6 percent of all children screened. It is rea¬

sonable to believe that there was a smaller pro¬
portion of children with amblyopia among
those children who did not obtain professional
attention than among those who did. Never-
theless, on the assumption that the proportions
were equal and assuming that no one with am¬

blyopia passed the screening, the prevalence of
amblyopia would become 1.3 percent.
In a study by Vaughan and associates (17),

health records of 25,000 children in San Jose,
Oalif., in grades kindergarten through 12 were

reviewed and pulled if there was a notation of
"at least a two-line difference in the visual acuity
between the two eyes" as determined by routine
screening by the school nurse. Although it is
not stated how many children failed by this
criterion, 489 were subsequently examined by an

orthoptic technician, who diagnosed 132 as hav¬
ing amblyopia ex anopsia. The orthoptist re¬

ferred 71 other children for further study by
Vaughan and Oook (ophthalmologists), who
found an additional 24 cases of amblyopia. In
all, 156 children with amblyopia were identified
in the study. Thus, 0.6 percent appears to be
the prevalence of newly discovered amblyopia
in 25,000 school children in a large California
city of heterogeneous population.
A study expressly conceived to identify pre¬

viously undetected amblyopia was reported by
Gilman (18). Of 6,553 kindergarten and first-
grade children screened by school nurses in
Marin County, Calif., only 12 children (0.2
percent) were found upon later examination by
eye specialists to have amblyopia (20/40-or-
worse acuity) which had not been known to
exist before the children entered school.

Bangerter, director of one of the world's
largest centers for treatment of amblyopia, in
St. Gallen, Switzerland, has estimated the prev¬
alence of amblyopia at 1 percent in the general
population and at somewhat more than 2 per¬
cent in localities of mixed industrial character
(19). Since the basis of these estimates and the

Table 2. School children in 2 California
school districts investigated for amblyopia

composition of the samples are not given, it is
not possible to fit these prevalences into the
framework of the other studies described here
and summarized in table 1.

Present Investigation
Our retrospective investigation is based on

two populations of children from two upper-
middle-class school districts and a population
of patients from a university eye clinic.
School children. One population of children

consisted of 2,055 kindergarteners who entered
the Lafayette (Calif.) School District during
the fall of the years 1959 through 1963. It was
the policy in this district for entering kinder¬
garteners not under the care of a private eye
practitioner to be screened in their schools dur¬
ing the fall semester by optometrists. Avail¬
able for study from Lafayette were 1,561 kin¬
dergarteners: 1,521 who were screened and 40
who were under professional care (table 2). Of
494 children not available for study, 9 were not
screened because they had been erroneously re¬

ported to be under the care of an eye practi¬
tioner, 241 were absent from school on their
scheduled day for screening, 19 had parents
who refused to allow vision screening (usually
for religious reasons), and 225 had moved out

334 Public Health Reports



of the district (their health records were not
available when the analysis was made in 1964).
A second population consisted of all the chil¬

dren in grades 1 through 6 in the Orinda
(Calif.) Union School District in 1954. Of
these 1,221 children, 1,201 were screened and
thereby comprised the Orinda sample (table 2).
Not available to the study were eight children
who were absent from school on the days of
screening. The number not screened was small
because the screening was done on several dif¬
ferent days at each school, and an effort was

made to screen every child who was absent from
school on his scheduled screening day. An
additional 12 children were unavailable because
their parents refused to allow any health tests
for religious reasons. Information on children
who had moved from the Orinda district was

available to the study because a record of their
vision data was retained in the district.
The screening in both samples was adminis¬

tered by optometrists. It consisted of tests of
monocular visual acuity (single projeeted E's),
refractive error in the vertical and horizontal
meridians (retinoscopy), binocular coordina¬
tion at distance and near (objective cover test
with prisms) and ocular disease (ophthalmos-
copy and external examination). A committee
of public health officers, ophthalmologists, and
optometrists has called this screening tech¬
nique the "modified clinical technique" and has
found it to be highly effective for vision screen¬

ing of school children (20).
A child failed the acuity test if he had 20/40-

or-worse acuity for either eye with his glasses,
or without glasses if none were worn. In the
Lafayette sample, clinical reports were re¬

quested from private praetitioners for all chil¬
dren who failed the screening as well as for all
children not screened because they were under
professional care. In Orinda, the screening
tests were given both to children not under care

and to children already under professional care.

Orinda children who failed the screening were

referred to the University of California School
of Optometry or to the Stanford University
Department of Ophthalmology for a complete
vision examination. A control group of 221
children had been randomly selected from the
rolls of the district by the assistant superintend-
ent of schools before the screening was begun.
These children were given complete vision
examinations in which the examiner looked for
vision defects that might have been missed in
the screening with the modified clinical
technique.
The prevalence of amblyopia was calculated

for several different acuity criteria. One of
these was monocular visual acuity of 20/40 or

worse when the refractive error was neutralized
by lenses and there was a difference in acuity
between the two eyes of more than one Snellen
line (the acuity notations on the abscissa of
figure 1 were considered as consecutive Snellen
"lines"). Table 3 shows that by this criterion
amblyopia could be attributed to 15 of 1,561
kindergarteners (1.0 percent) and to 14 of 1,201
children in grades 1 through 6 (1.2 percent).

Table 3. Prevalence of amblyopia in school children in 2 California school districts
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This difference in observed frequency is not
statistically significant by the chi-square test
(P is about 0.6). In the combined sample of
2,762 school children, the prevalence of am¬

blyopia by this criterion amounts to 1.0 percent.
Of the 29 children in the total sample who

were considered amblyopic, 26 had the diag¬
nosis established by their eye practitioner, who
sent a report to the child's school; 18 of these
had failed the acuity screening test, and 8 were

already under professional care. Three chil¬
dren were considered as probably amblyopic on

the basis of comparing their unaided acuity with
their refractive error determined by retinoscopy
(table 4).
Eight children in the sample had reduced

visual acuity that was not considered amblyopia
since their acuity was commensurate with an

existing ocular disease. Three children had
lenticular opacities (cataract), two had poste-
rior staphyloma of the choroid, one had post-
viral corneal scar, one optic atrophy, and one

bilateral macular pigmentary degeneration.
In 1953, a symposium of ophthalomologists

agreed that "visual acuity of 20/40 or less con¬

stituted a clinically significant amblyopia"
(22). From previous studies, it is clear that
different acuity criteria have been used in re¬

search on amblyopia. It is therefore reasonable
to ask in what way prevalence of amblyopia is
related to the acuity criterion used to define it.
In our study, 29 of the 2,762 children (1.0

percent) had amblyopia when the criterion was

20/40-or-worse acuity with more than one line
difference between the two eyes. If the cutoff
acuity had been 20/50, the prevalence would
have been 0.7 percent. Adopting progressively
worse acuities as a criterion leads to regularly
lower occurrences of amblyopia as shown by the
lower cumulative frequency curve in figure 1.
If the requirement of more than one line differ¬
ence between the eyes is neglected, the preva¬
lence of amblyopia for the 20/40-or-worse
criterion increases from 1.0 percent to 1.4
percent.

Since the acuity level for failure by the modi¬
fied clinical technique was set at 20/40, it is not
possible to ascertain the number of children who
would have had amblyopia for a criterion of
20/30-or-worse acuity, 20/25-or-worse acuity,
and so on. McNeil (14), however, using 20/30-

Table 4. Visual acuity, refractive errors,
and probable amblyopia in the 15 children
who failed vision screening and had no

followup report

1 By modified clinical technique.
2 Expected unaided acuities were obtained by refer¬

ring to a figure by Peters (reference 21).
3 The expected acuity with lenses was obtained from

the expected unaided acuity as well as from the acuity
actually found in the screening test.

4 3 children counted as amblyopic had a difference in
acuity between the eyes of more than 1 line.

5 2 children counted as amblyopic had a difference in
acuity between the eyes of 1 line or less.

or-worse acuity as his criterion for amblyopia
with no required acuity difference between the
eyes, found that 2.7 percent of children between
9 and 15 years old had amblyopia. Figure 1
shows that the frequency McXeil observed plots
as a reasonable extrapolation of the upper fre-
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quency curve for the present study. Theoreti-
cally, the upper cumulative frequency curve

should reach 100 percent at about 20/15 since
virtually all children must have 20/15-or-worse
acuity in at least one eye. The lower cumula¬
tive frequency curve should theoretically de-
celerate to the right of 20/40 since the require¬
ment of more than one line difference between
the eyes for a diagnosis of amblyopia limits the
number of cases of amblyopia with 20/30 and
20/25 acuity and excludes cases of amblyopia
with 20/20 acuity. Our study of clinical pa¬
tients bears on the change in prevalence when
these low grades of amblyopia are included.

Clinical patients. A study sample was

selected from approximately 25,000 patients
who had received free eye examinations between
1958 and 1963 at the clinic of the University of

California School of Optometry in Berkeley.
Patients at the clinic are students, faculty, and
employees of the university, as well as people
from Berkeley, Oakland, and suburban com¬

munities. About 90 percent are between 10 and
50 years old. Since a relatively large propor¬
tion of the clinic's patients over 50 years of age
have acuity losses associated with senility or

disease and a disproportionately large number
of those under 10 years have strabismus, it was
decided to restrict the sample to the ages of 10
to 50 years. All records in drawers A through
II of the alphabetical clinic files were reviewed,
and 7,017 persons were found to be in the
appropriate age group.
To obtain a more extensive range for the

cumulative frequency curve of amblyopia, the
acuity criterion for amblyopia was set very

Figure 1. Prevalence of amblyopia for different acuity criteria (upper curve) and for the
added criterion of more than one line difference between the eyes (lower curve) in 2,762
school children. Prevalence from other studies plotted for comparison
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low.20/25-or-worse acuity (with optimum
correction of the refractive error and no evi¬
dence of an existing ocular disease). The re¬

sulting cumulative frequency curves for the
clinical patients (fig. 2) have the same shape
as those for the school children (fig. 1), but are

about 0.4 percent higher. It is interesting to
note the relatively slow rise in the prevalence of
amblyopia in the clinical sample in the region
of 20/30 (2.3 percent) and 20/25 (2.5 percent)
acuities when the criterion of more than one line
difference in acuity is used. By contrast, when
this difference-in-acuity criterion is not used,
the prevalence is seen (fig. 2) to rise rapidly to
about 3.5 percent at 20/30 and (not shown in the
figure) to about 9.0 percent at 20/25. These

effects are consistent with the theoretical expec-
tations for prevalence of amblyopia.
With the amblyopia criterion of 20/40-or-

worse acuity and more than one line difference
between the eyes, the prevalence of amblyopia
in the clinical sample is 1.7 percent. This
prevalence is substantially less than is usually
found in clinical samples (table 1) and prob¬
ably results from the relatively large number
of visually normal persons, particularly stu¬
dents, who come to the university clinic. Most
new students and many students having dif¬
ficulty preparing for examinations routinely
come to the clinic for an eye examination. Al¬
though our clinical sample is undoubtedly
biased in respect to amblyopia, it appears to be
less so than other clinical samples.

Figure 2. Prevalence of amblyopia for different acuity criteria (upper curve) and for the
added criterion of more than one line difference between the eyes (lower curve) in 7,017
eye patients
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Tests with single letters. It is well known
that some eyes can exhibit normal or near-

normal acuity only in tests with single letters,
when the interacting influence of surrounding
contours is eliminated (23, 24) - In the present
investigation, screening of the children's visual
acuity was done with single projeeted E's;
children who were given a complete eye exam¬

ination were generally tested with a line or a

whole chart of letters. It is therefore possible
that some children had amblyopia at the time
of screening but escaped detection.
In the sample of 2,762 school children, 251

passed the single-E test but failed some other
part of the screening with the modified clinical
technique. After a complete clinical exami¬
nation, none of these children were found to
have amblyopia.
A control group of 221 children was randomly

selected as part of the Orinda study (20) to
ascertain the frequency of vision defects missed
with the modified clinical technique. These 221
children were given complete clinical exami¬
nations, and none who passed the acuity screen¬

ing were found to have amblyopia.
Von Noorden (24) has reported that 29 per¬

cent of his subjects with amblyopia had 20/40-
or-worse acuity with a line of letters (his criter¬
ion for amblyopia) but better than 20/40 with
single letters. Since von Noorden's sample
consisted entirely of persons previously treated
for strabismic amblyopia, a large number of
them would be expected to exhibit significantly
better isolated-letter acuity than whole-line
acuity (a common observation in amblyopic per¬
sons who have been treated). Among all per¬
sons with amblyopia, including persons with
nonstrabismic amblyopia and untreated ambly¬
opia, a smaller number of undetected cases is
expected. It is estimated that in not more than
0.2 percent of the present sample of children
was amblyopia undetected because of testing
with single letters.
Additional observations. Information avail¬

able for the Lafayette sample indicates that
only 40 (2.6 percent) of 1,561 kindergarteners
had received professional eye care before enter¬
ing school, a surprisingly low figure for an up-
per-middle-class school district. In contrast,
half of the amblyopic children (8 of 15, table 3)
had already received eye care before entering

kindergarten. This difference in preschool eye
care for children with and without amblyopia is
significant by chi-square at the 0.001 level. The
children with amblyopia obtained preschool eye
care 25 times more often than the others. It
appears that the major reason they obtained
care was strabismus since four-fifths of the 40
kindergarteners who had received previous eye
care had strabismus, a more obvious condition
than amblyopia.
How many of the nonamblyopic kindergart¬

eners might have had amblyopia at the time of
screening if they had not received professional
attention before entering school? To answer

this question, the parents and eye praetitioners
were asked about the child's early eye history,
the kinds of treatment used, and any improve¬
ment. Kesults of this inquiry, summarized in
table 5, show that 10 of 32 children might have
had amblyopia in kindergarten if they had not
previously been seen professionally. It is un-

likely that the other 22 children would have
had amblyopia. These conclusions are evident
in most cases; they are less clear cut for the
children who showed no preschool evidence
of amblyopia but showed improvement in
the frequency or laterality of their strabismus
following treatment. If the 10 children who
might have had amblyopia in kindergarten are

added to the 15 kindergarteners found to be
amblyopic, the prevalence of amblyopia would

Table 5. Effect of preschool vision care on

prevalence of amblyopia in 32 kinder¬
garteners
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be 25 of 1,561, or 1.6 percent. This proportion
is the prevalence expected if none of the chil-
dren had received preschool eye care.

Children found to be amblyopic in kinder-
garten who had not received professional eye
care before entering school were considered to
represent newly discovered cases. There were
7 such cases in the Lafayette sample of 1,561
kindergarteners (table 3), a prevalence of 0.4
percent. In other studies, the prevalence of
newly discovered amblyopia has been found to
be 0.2 percent (18) and 0.6 percent (17).
Although these figures are not entirely compar-
able, it is seen that the rate of uncovering
previously unknown amblyopia through school
screening may be low.
Accurate measurement of the visual acuity of

3- and 4-year-olds is difficult (15, 25). In the
present study, however, all the children with
amblyopia either had strabismus (38 percent),
had one diopter or more of anisometropia (34
percent), or had both conditions (28 percent).
Of the 122 persons with amblyopia in the clini-
cal sample, 119 (or 98 percent) had either or
both of these conditions. Elaboration of this
relationship and a description of how objective
tests for strabismus and anisometropia can be
used to detect amblyopia in infants will be
covered in a subsequent paper.

Summary and Conclusions
Amblyopia is a catchall term for unexplained

reduction of visual acuity, usually in one eye.
In spite of any refractive error being neutral-
ized with lenses and in the absence of detectable
eye disease, the acuity of the eye is still below
normal. As long as amblyopic persons have
one normal eye, their visual problems are more
potential than actual.
Many public and private agencies are embark-

ing on programs of screening, diagnosis, and
treatment of amblyopia. They are motivated
by the prevalence of amblyopia found in
samples of World War II inductees (1.8 to 4.0
percent) and in samples of eye patients (4.5 to
5.3 percent). Prevalence in these samples, how-
ever, is higher than that expected for the
general population of adults or children.
In the present investigation, 1.0 percent of

2,762 school children had monocular amblyopia

of 20/40-or-worse acuity with a difference be-
tween the eyes of more than one acuity line.
Newly discovered amblyopia amounted to 0.4
percent. If account is taken of those amblyo-
pic children who were perhaps missed by
screening (0.2 percent) and those children who
received preschool treatment which may have
prevented or eliminated an amblyopia (0.6
percent), the prevalence becomes 1.8 percent.
In a sample of 7,017 persons 10 to 50 years old

who attended the clinic of the University of
California School of Optometry, Berkeley,
prevalence of amblyopia was found to be 1.7
percent when a criterion of 20/40-or-worse
acuity with more than one line difference be-
tween the eyes was used. This proportion,
substantially less than usually found in clinic
samples, probably reflects the large number of
visually normal persons who attend the uni-
versity clinic.
Of all the amblyopic persons found in our

samples of school children and patients, only a
small proportion had worse than 20/200 acuity
(legal blindness), and a large proportion had
acuities in the region of 20/40. In this region,
prevalence of amblyopia was found to change
markedly with a small change in the acuity
criterion.
There was no significant difference in the

prevalence of amblyopia between kindergar-
teners and children in grades 1 through 6.
Since amblyopia seems to develop only rarely
after children reach school age, a similar preva-
lence is expected in children and adults.
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Short Time-Constant Thermosensitive Transducer

This invention is the result of
I 2~~5ja need for devices that can

Iw measure temperature changes
in biological organisms for a

I short period of time involv-
ing slight differences. A thermosensitive trans-
ducer of low mass and high output can be
constructed from oxidized copper wire. When
a length of copper wire is heated in a flame and
allowed to cool, the oxide coating behaves as a
thermosensitive resistor. Two such units are
used in series to increase sensitivity and to fur-
nish two electrical connections.
The method of preparation follows. Strip

the coating from the terminal first centimeter
of each of two lengths of No. 40 enameled wire.
Press enameled section of each to masking tape
so that the stripped sections are aligned in
parallel and are lightly touching. Heat the
stripped section in a flame to dull red and allow

to cool. Apply a drop of insulating cement to
the junction of the oxidized area with the
enameled area so as to bond the two wires.
Lightly apply silver circuit paint over the en-
tire oxidized area to complete the circuit.
Final coating of the entire unit with black
water-soluble paint, tempera for example,
decreases the time constant.

Resistance of this unit is 2 to 5 kilohms.
Applied voltage should be restricted to 50
millivolts to minimize noise level. Care must
be taken during fabrication to prevent flaking
off of the oxide layer caused by undue flexing
of the wire.-DR. ROBERT EDELBERG, profe8sor
of psychophysiology, University of Oklahona
Medical Center, Oklahoma City. The inven-
tion was developed under Public Health Serv-
ice grant No. MH-01904 and Public Health
Service research fellowship SF 219 (GM-K3-
15, 219).
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Eye Glasses Service in Alaska

An eye glasses program of the
Alaska Department of Health and
Welfare provides the means for sup¬
plying by mail an average of 335
pairs each month to Eskimos and
Indians who cannot afford to pay
commercial prices. In a family
where several children need glasses,
even the average $8.25 cost per pair
through the program requires scrimp-
Ing, as shows in the pennies, loose
stamps, and other small bits of legal
tender sent in with prescriptions.

Started nearly 20 years ago as

a small service with a revolving fund,
the program serves as a clearing¬
house between those needing the
glasses and the firm under contract
to supply them.

Alaska Native Health Service field
physicians and itinerant teams, as

well as staff of ear, eye, nose, and
throat clinics of the Alaska Division
of Public Health, conduct the vision
tests and provide prescriptions for
the glasses.

Measles Vaccine for Preschoolers
Age restrictions in New York

State's childhood measles vaccina¬
tion program have been relaxed be¬
cause the 1-year to 2-year group has
not used up the vaccine at the rate
anticipated despite promotional ef¬
forts. Parents now will be able to
take all their preschool children to
their physician or a clinic for im¬
munization against measles.

Standby Power Units in Hospitals
Approximately 76 percent of 5,649

hospitals responding to a recent
Ameriean Hospital Association sur¬

vey indicated that they had standby
power-generating facilities.
More than 80 percent of the hos¬

pitals with 100 or more beds re¬

ported standby power units; only
slightly more than one-half of the
smallest hospitals (25 beds or less)
had them. Nevertheless, 53 percent

of all hospitals reporting standby
power were of less than 100-bed size.
Short-term hospitals were more

likely to maintain auxiUary power
than long-term hospitals.
Standby power equipment has be¬

come a lively subject in the wake of
the large-scale power failure in the
Northeast from New York City to
Boston in 1965, according to The
Week for Hospitals, a publication of
the Ameriean Hospital Association.

Slowly More Women Doctors

The number of women medical
school graduates annually has in¬
creased from 204 in 1930 to 503 in
1965, or from 4.5 percent of the an¬

nual graduating class to 7.3 per¬
cent. Moreover, more women appli¬
cants are being accepted by medical
schools.
In the period 1949-58, 91 percent

of the men who entered medical
school and 84 percent of the women
ultimately received the M.D. degree.
The majority of men who drop out
do so because of academic problems.
Slightly more than half of the women
leaving medical school, however, do
so for reasons other than academic
diflficulty.

Physicians9 Continuing Education

Physicians in 12 of Maryland's
community hospitals can further
their medical education and learn of
the latest advances in medicine by
listening to lectures transmitted over

a telephone network at lunchtime.
Additional physicians hear the lec¬
tures through equipment installed at
headquarters of the Medical and
Chirurgical Faculty of Maryland,
the Hospital Council of Maryland,
and the State health department.
Two lectures each month emanate

alternately from Johns Hopkins
Medical School and Frederick Me¬
morial Hospital. Listeners receive
advance outlines, and each local
moderator uses duplicate slides or

other visual aids keyed to the speak-
er's manuscript. Following each
lecture, members of the audience
may direct questions to the speaker.
The pilot project was made pos¬

sible by funds available to the Mary¬
land State Health Department and
a $15,000 contribution from the
Medical and Chirurgical Faculty.
It is planned eventually to offer the
program to all hospitals in the State.

New York's Best 1965 Health News
The overwhelming support for

Governor Nelson Rockefeller's Pure
Waters Program that New York
residents evidenced at the polls was
"far and away the biggest and best
health news of 1965," according to
Dr. Hollis S. Ingraham, State Health
Commissioner.
"The sweeping four-to-one en-

dorsement by the voters of a billion
dollar bond issue was the boldest
stroke against water pollution taken
anywhere in the nation," he asserted.
The bond issue, Ingraham said,

will lead to construction of treatment
plants which will transform the
State's lakes and rivers from cess-

pools to basins of beauty. It will
mean enough water to meet growing
needs, better health through the re¬

duction of disease, new recreational
areas, expanded economic growth,
more job opportunity, and a finer
State in general.

Possible Diabetics in Pennsylvania
More than 2,700 possible diabetics

were detected in screening programs
conducted during the last 6 months
of 1965 by the Pennsylvania Depart¬
ment of Health. The possible dia¬
betics were discovered in clinics held
in 29 counties. The clinics were

sponsored by county medical so¬

cieties and tuberculosis and health
societies. Names of the suspects
have been sent to their family physi¬
cians.

Items for this page: Health depart¬
ments, health agencies, and others
are invited to share their program
successes with others by contributing
items for brief mention on this page.
Flag them for "Program Notes" and
address as indicated in masthead.
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