
EYELID REFLEX IN EMMETROPIA

The original paper giving the family tree of the Coppocks was
published in the Transactions of the Ophthalmological Society, 1906,
by Nettleship and Ogilvie.

Since then, similar cataracts have been found from time to time
in cases having no connection with the Coppock family.
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EMMETROPIA is usually defined as the normal condition of the
ocular refractive system in which, in a state of repose, infinity
and the retina are conjugate points. However, the emmetropic
condition could also be expressed in terms of near-point pheno-
mena. For example, it might be defined as the normal condition
of the eyes in which, without relative accommodation, a given
near-point and the retinae are conjugate. Although these defini-
tions appear to be appropriate descriptions of the normal refractive
system, it is clinically known that normal adult non-presbyopic
eyes do not conform to both these concepts. Specifically, the
usual static and dynamic* methods of refraction indicate, respec-
tively, that normal eyes are approximately emmetropic at distance
and hyperopic at near. The latter condition has been described
as a " lag of accommodation " accompanying near-vision.1 If
such a lag is a reality, positive relative accommodation must be
exercised in near-vision if blur is to be avoided.
The recently developed sensitometric method of refraction,2

involving identical techniques for all fixation-distances, reveals
that normal adult eyes are myopic at distance and emmetropic
over a rather wide range in near-vision when relative accommoda-
tion is avoided, as shown in Fig. 1. The indicated myopia may
be described as a " lead of accommodation " with respect to con-
vergence at distance;3 and its existence may be attributed to a
preferential adaptation to near-vision.4 If there is such a lead,
negative relative accommodation must be exercised for distant-
vision if blur is to be avoided. These static and dynamic findings
have been confirmed at the Dartmouth Eye Institute by measure-
ments made with the ophthalmoeikonometer.5 It will be noted
that the usual and the sensitometric examinations alike indicate

* These terms are used to indicate fixation for distance and near, respectively.
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FIG. 1.

Data for typical adult emmetropic subject. A, relations between
visibility and refraction for fixational distances of 6 metres and 40 cm.
The two curves are plotted from the average results obtained on eight
different occasions, and to facilitate comparison the visibility data are
plotted on a percentage basis. The actual values for maximal visibility
as read from the scale of the sensitometer were not the same for the
two distances, since such factors as the illumination of the test-object
and its angular size differed. B, relation between accommodation and
convergence, as determined from two concordant examinations. Data
are for the right eye, with accurately controlled convergence.

a refractive differential of the same algebraic sign betwNeen static
aind dynamic conditions; and it has been shown2 thlat this dioptric
difference is of the samiie order of magnitude in the two types of
tests.

Clinical experience indicates that the static definition of emmlile-
tropia is reasonably concordant with the results obtained by the
usual methods of static refraction; and that the dynamic definition
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is in accord with the results obtained in the dvnamic sensitometric
examination. Since the usual methlod suggests a lagging accom-
modation in near-vision, and the sensitometric method reveals a
leading accommodation in distant-vision, it is evident that an
adequate definition of emmetropia nmust involve fixation-distance
as a variable ratlher than as a constant factor. Obviously, the
ocular concepts arising from these distinctly different methods of
refraction afford unique bases for suclh a definition. Furthermore,
these possible definitions of emmetropia differ markedly in their
physiological implications and ultimately in their influence upon
the procedures of clinical refraction. In the present discussion,
the validity of these opposing concepts of the functioning of the
ocular refractive system is considered fronm the viewpoint of the
relative degree of ease of seeing afforded by the ophthalmic correc-
tions -which, for distance and for near, are indicated by the two
methods of " refraction."

Ocular Con fort.-If infinity and the retina were assumed to
be conjugate points in the case of the normal eve in a state of
repose, it 'would follow that minimal neuro-muscular effort should
be involved in seeing under these conditions; and that the addition
of either positive or negative power to the normal refractive system
would increase the difficulty of seeing. If normal adult eves are
actually mayopic under conditions of accomnmodative rest, as indi-
cated bhr the sensitometric test, it follows that distant-vision should
become easier witlh additional negative power. .Ak direct and critical
test of the validity of these conflicting viewpoints has been made
by deterimining the rates of involuntary blinking of a group of
subjects wAearing, respectively, the oplhthalmic corrections indi-
cated by the usual and by the sensitometric method. MIore than
a score of extensive formal researclhes6 have shown the rate of
blinking to be an unusually sensitive, reliable, and significant
indicator of maximum ease of seeing. In all situations so investi-
gated, it has been found that the rate of involuntary blinking
increases as the visual task is made more difficult.

In applying this criterion with fixation at distance (so-called
static conditions) a group of subjects possessing clinically normal
\-ision vieNed a continually changing patter-n of geometrical
designs projected upon a screen at a distance of (3 metres. TIhstis
the experimental task was optically similar- to that of viewing
motion-pictures. This task was performed by the subjects for
periods of 5 minutes while wearing, in addition to their habitual
corrections, plano lenses and -0715 dioptre spherical lenses. TIhlese
are the respective additions indicated by the usual andl the sensito-
metric tests under " static " conditions. It should be noted tlhat
no attempt was made to compensate for the exact lead of accom-
modation of the individual stibjects since* this investigation xas
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intended to serve only as a qualitative check upon the validity of
one or the other of the two concepts of the refractive state of the
eye concomitant with distant-vision. During the periods of viewing
the mobile patterns the rates of involuntary blinking were obtained.
The results are summarised in Table I.

TABLE I

The geometrical average rates of involuntary blinking of 9
emmetropic subjects while viewing a constantly changing test-
pattern at a distance of 6 metres and while wearing minus 075 and
plano lenses, respectively. These values were obtained during
5-minute periods of observation on each of four different days. The
order of wearing these lenses was reversed on alternate days.

Blink-rate
Subject

-0 75 D. Plano
. .~~~~~~

1 998 11 5
2 22-5 23-0
3 27-5 28-8
4 28-8 30'8
5 34*5 34*0
6 43,0 47 5
7 78 2 81 5
8 690 838
9 171 0 1868

Geometrical average ... 386 41-2
Relative rate ... ... 92'5 100 0
Per cent, probable error 20 -

These data indicate that the average rate of blinking while view-
ing the distant patterns through the negative lenses was 75 pet
cent. less than through the plano lenses. Since it has been shown
that the rate of blinking is invariably lowered when conditions
for seeing are made more favourable,6 these data indicate that the
addition of negative power to the normal eye made seeing easier
at distance. It also follows that the substitution of negative lens-
power for an equivalent amount of negative relative accommodation
is advantageous. Since the negative correction used was correct
only on the average, it may be presumed to be an over-correction
for approximately half of the subjects. Correspondingly, an
analysis of the results suggests that if the precise individual cor-
rections had been employed, the difference in the blink-rate would
have been approximately twice that shown in Table I. If the
eyes in a state of repose were emmetropic, as is usually postulated,

S
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the addition of negative power should produce an artiticial hvper-
opia and a resultant demand for positive relative accommodation.
In such a case, it is inconceivable that a lower rate of blinking
would occur witlh the addition of negative power. Thus these
empirical measures of ocular comfort support the concepts derived
from " static " sensitometrv.
The blink-rate criterion of visual effort is even mlore readily

applied under " dynamic " than under " static " conditions since
ordinary printedc matter may be used as a controlled and critical
visual task. If the accommodation lagged with respect to con-
vergence, as indicated by dynamic retinoscopy, it would follow
that the compensation of this accommodative lag by the addition
of plus-poNwer would make seeing easier at close range; and that
this fact would be revealed bv a decrease in the rate of blinking.
On the otlher hand, if the amount of accommodation linked -with
convergence produces conjugacy, as is revealed by sensitometric
tests, the addition of either positive or negative power should
increase the rate of blinking w\hile reading. The validity of these
assumptions and concepts was tested by determining the rates of
blinking of subjects possessing normal vision (with glasses in
about half the cases) wvhile the latter read -with the various oplhthal-
mic lenses undel- consideration. Thlle data are summar-ised in Table
1I and are presented in detail elsewhere.6

TABLE II

Number of blinks occurring during five-minute periods of reading
with additions of +0.50 dioptre, plano lenses and -0'50 dioptre,
respectively, in addition to any corrections habitually worn. These
vTalues are the geometric averages of the data obtained with 30
adult subjects. The probable errors include the systematic
differences among subjects.

+0 50 D. Plano Lens -050 D.

Averages for all subjects ... 37 1 25-9 36 1
Probable error ... ... ... 2'8 2 0 2 9

Averages for 17 subjects wear-
ing corrections ... ... 36 2 27 3 38 5

Probable error ... ... ... 4*0 3 1 4-8

Averages for 13 subjects not
wearing corrections ... ... 38-4 24-1 33 0

Probable error ... ... ... 3*9 2-5 34
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It will be noted from Table IL that the lowest rate of blinking
occurred with the plano lenses; and that the average rate of blink-
ing was increased nearly 50 per cent. by the addition of either
+0 5 dioptre or -0-5 dioptre lenses. These results are in agree-
ment with those obtained in the dynamic sensitometric examin-
ation. Obviously, if a lag of accommodation existed in reality,
the addition of plus-power should decrease rather than increase
the rate of blinking while reading. Thus the sensitometric findings
at distance and at near are supported by the critical and significant
blink-rate criterion of ease of seeing. In comparing the blink-rate
data obtained under static and dynamic conditions, respectively,
it will be noted the rate is altered to a greater extent by, the stimu-
lation of negative accommodation in near-vision than in distant-
vision. Since the visual tasks were radically different in the two
situations, it cannot be assumed that a given dioptric change
should result in the same change in the rate of blinking while
performing these diverse tasks.
Emmetropia.-In accordance with the results of sensitometric

examinations under both " static " and " dynamic " conditions,
emmetropia may be defined as:
The normal state of adult non-presbyopic eyes in wlhich con-

vergence makes any point within the range of habitual near-vision
conjugate with the retina without the exercise of relative accom-
modation, while more distant points may be made conjugate only
by the exercise of negative relative accommodation.
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