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portunity was afforded to institute any 
treatment. 

From the very meager reports we 
have of case histories, it may be as­
sumed that lipemia retinalis is a rare 
condition. In my opinion the scarcity 
of recorded cases may be accounted for 
partly by the fact that these patients, 
because of unaltered visual acuity, are 

In June, 1912, the author presented 
to the Ophthalmological Section of the 
American Medical Association a re­
port1 summarizing the work he had 
carried on for five years, on the ampli­
tude of accommodation at all ages. In 
the chart accompanying the report, the 
values of the accommodation found 
in 2,000 eyes were plotted, and from 
these values a curve was drawn show­
ing the mean and also the maximum 
and minimum values found for the ac­
commodation at each year of life. 

These results showed certain im­
portant modifications of the mean 
curve obtained by Donders in his 
pioneer investigations made over a 
half a century before. That the modi­
fications were in general correct is de­
duced from the fact that the results 
obtained were derived from eight times 
as many cases as Donders used, and the 

seldom advised to seek the assistance 
of ophthalmologists. I believe, too, as 
has been pointed out by Cohen, that 
with the more general and systematic 
use of the electric ophthalmoscope by 
the internist, a greater proportion of 
cases will be discovered in the future 
than there have been recorded in the 
past. 

tests, moreover, were made under con­
ditions designed to insure rather 
greater accuracy. For example, Don­
ders assumed that a middle aged in­
dividual who had normal vision and 
did not accept a convex glass was em-
metropic. This assumption, we know, 
is far from correct—such subjects often 
having a latent hyperopia of a diopter 
or more. The failure to recognize 
this hyperopia would obviously make 
the estimate of the accommodation in 
the subject tested just that much too 
low. In our own series of cases, every 
subject up to the age of 47 was tested 
under homatropin, in order to de­
termine the true refraction, and on the 
basis of this finding the results of the 
accommodative test were evaluated. 

A more important difference be­
tween the two sets of observations was 
the fact, that in our series observations 
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were multiplied, until it was possible 
to determine with some degree of cer­
tainty not simply the mean but also 
the maximum and minimum values at 
each age. This was not possible with 
the comparatively few observations 
that Donders gathered. 

The importance of determining these 
values, particularly the minimum at 

Fig. 1. Accommodation Line. The test for the ac­
commodation consists of. a fine * « » " ^ e

e , $ . 
graved on' a *ard which is held in a JUitaDie CHJ. 

each age, is obvious. In measuring the 
accommodation in different patients ol 
the same age, we meet with wide varia­
tions. Clinically, it is a matter of con­
siderable interest for us to know, first, 
how wide these variations may be in 
normal cases; second, what the mini­
mum limit is, below which the accom­
modation at a given age must be re­
garded as subnormal. Both these 
questions are answered by the curves 
which we have plotted and the tabular 
values deduced therefrom. 

These observations excited but little 
interest among ophthalmologists. It 
was felt apparently, as stated by one 
distinguished critic, that they did not 
differ essentially from those of Don­

ders, or else, as another man, himself 
a most able observer, said, that they 
were mere laboratory experiments and, 
as such, presumably inapplicable to the 
conditions of our office work. But 
both criticisms are invalid. The ob­
servations do differ materially and in 
a very practical sense from those of 
Donders; and they not only have a 
verv important clinical bearing, but are 
readily applied in the routine of office 
work. 

Altho in the main these observations 
have been confirmed by those made 
continuously since, it has been felt that 
they needed amplification in two re­
gards. First, the observations at the 
very beginning and end of the series 
(below 30 and above 55) were not 
numerous enough to afford absolutely 
certain indications as to the maximum 
and minimum limits. Second, they 
concerned only monocular accommoda­
tion. But, as clinically speaking, bi­
nocular accommodation is much more 
important than monocular, it seemed 
necessary to determine the former also, 
and from an equally large number of 
oases. (See papers 1, 2 and 3.) 

Accordingly, the writer nas collated 
the results of five or six thousand ob­
servations taken since the original set 
was compiled, and has added to the lat­
ter the values of the monocular ac­
commodation for over two thousand 
additional eyes. Furthermore, during 
the last two years, he has made 
measurements of the binocular accom­
modation in some five hundred cases, 
and has determined the relation that 
this bears to the monocular accom­
modation in each case. The results 
are shown in the accompanying charts 
and tables. 

In making the measurements on 
which these charts and tables are 
based, the same precautions were taken 
as in getting the original- set1. These 
need not be rehearsed here. I will 
simply say that in each case the re­
fraction was carefully determined 
homatropin being used in all cases ot 
46 or under, and in some cases above 
46- that repeated tests were made 
whenever possible, the near point be­
ing determined by means of the hnc 
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Fig. 2. Accommodation Rule. This is a modified 

Prince's rule divided into cm. and diopters. The 
notch at the end is slipped over the nose, so that 
the zero point of the scale is placed 14 mm. in 
front of the cornea (practically in the plane of 
the patient's correcting glass). The accommoda­
tion line is carried along either side of the rule to 
measure the accommodation of either eye separately 
(the other eye being closed), and along the top 
of the rule to measure the binocular accommoda­
tion (in this case, of course, both eyes being left 
open). When the line is brought to the point 
where it just begins to blur or double, the distance 
of the near point is read off in cm., or the corres­
ponding accommodation is read off in D. 

line test object (Fig. 1) and the modi­
fied Prince's rule (Fig. 2) , either with 
the full distance correction or with 
such determinate addition to that cor­
rection as would bring the range with­
in measurable limits. In all cases the 
near point was measured from the an­
terior focus of the eye (14 mm. in front 
of the cornea). Every precaution was 
taken to avoid error and to insure uni­
formity in methods used. Observa­
tions were discarded if repeated ob­
servations gave capriciously varying 
results, or if tests made a year or so 
later gave higher values. 

MONOCULAR ACCOMMODATION. 

The values for the accommodation 
in each eye taken separately, as deduced 
from the examination of over 4,200 
eyes, are shown in Fig. 3, and the max­
imum, mean, and minimum curves de­
duced from these \alues are shown in 
Fig. 4. 

In making these charts, we had to 
bear in mind that what we are measur­
ing in each case is not the average but 
the maximum amount of accommoda­
tion put forth by each individual. If, 
for example, a man at various times 
shows an accommodation of 7.4 D, 7.8 
D, and 9 D, and the tests in each case 
seem equally well authenticated, we 
say that his range is at least 9 D, the 
highest of the three measurements, in­
stead of 8.1 D, or their mean. In fact, 
even the highest accommodation found 
in a given case may be and often is 
below the patient's true maximum. 
Hence a great many of the dots shown 
in Fig. 3, especially those near the bot­
tom of the mass, should probably be 
placed a little higher than they are, 
and hence also the curves drawn in 
Fig. 4, namely, the minimum curve A 
skirting the lower margin of the galaxy 
of dots, the maximum curve C skirting 
the upper margin, and the mean curve 
B passing thru the densest portion of 
the mass, are put as high as they can 
properly be placed. 

The values obtained for each age are 
given in the following table: 

file:///alues
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I. TABLE OF ACCOMMODATION AT VARIOUS AGES. 

In D and tenths. Near point reckoned 
from anterior focus of eye (14 mm. in front 
of cornea). 

ACCOMMODATION 
Minimum Mean Max. 

11.6 
11.4 
11.1 
10.9_ 
"10.7 
10.5 
10.3 
10.1 
" 9.8 
9.6 
9.4 

_9.2_ 
8.9 
8.7 
8.5 
8.3 
8 
7.8 
7.5 
7.2 
7 
6.8 
6.5 
_6.2_ 
6 
5.8 
5.5 
5.2 
4.9" 
4.5 
4.1 
3.7 

13.8 
13.6 
13.4 
J3.2 
12.9" 
12.7 
12.5 
12.3 
12 
11.8 
11.6 
11.4 Tl.l" 
10.9 
10.7 
10.5 

52 
53 
54 
55 
56 
57 
58 J9_ 
60 
61 
62 
63 
"64 
to 
72 

3.4 
3 
2.7 
2.3 
2.1 
1.9 
1.7 
Jl.4 
1.2" 
1.1 
1 
_°9 
"0.9 
0.9 
0.8 
<X8 
0.8 
0.8 
0.7 
07 
0.7" 
0.6 
0.6 
_0.6_ 
0.6 

10.2 
9.9 
9.7 

_9.5_ 
9.2 
9 
8.7 

_8.4_ 
8.1 
7.9 
7.6 

_7.3_ 
7 
6.7 
6.4 
6.1 

"5:8 
5.4 
5 

_4.5_ 
4 " 
3.6 
3.1 
27 
"2.3 " 
2.1 
1.9 
17 1.6" 1.5 1.4 J.3 

~ 1.3" 
1.3 
1.3 
1.2 

16.1 
15.9 
15.7 
_15.5 
15.2" 
15 
14.8 
_141 
14.3" 
14.1 
13.9 
116_ 
13.4 
13.1 
12.9 
12.6 
12.4 
12.2 
11.9 
11.6_ 
1L3 
11 
10.8 
10.5 

1.2 
1.2 
1.2 
1.1_ 
1.1 
to 
1 

10.2 
9.8 
9.5 

_9.3_ 
9 
8.8 
8.5 

_8.2_ 
7.9 
7.5 
7.1 
67 
6.3 
5.9 
5.5 

_ 5 _ 
4.5" 
4 
3.2 
2A 
2.2 
2.1 
2 
1.9 

" 1.8" 
1.8 
1.8 
1.7 
1.7 
1.7 
1.6 
_L6 
1.6 

BINOCULAR ACCOMMODATION. 

The above are the limits for each eye 
tested separately. For binocular accom­
modation the values here given for the 
minimum and mean limits should be in­
creased by 0.6D for ages 10 to 17; 0.5D for 
ages 18 to 31; 0.4D for ages 32 to 53; and 
0.2-0.3D for ages above 53. 

Th i s table differs s l ightly from tha t 
de te rmined ten years ago and re­
pr inted since in a n u m b e r of publica­
tions. In par t icular , the values given, 
especially at the earlier ages, are some­
what lower. T h e differences, how­
ever, a re not mater ia l and, in a sense, 
they are more apparent than real. I t 
mus t a lways be remembered t ha t the 
upper and lower l imits de termined 
from a plot of observat ions of this sort 
mu.st be more or less indefinite. F o r 
the reason already given, this is par­
t icularly the case with the lower limit. 
T h u s it is difficult to tell in the case of 
the lowest dots in Fig. 3 which are to 
be counted as low normal and which 
are actual ly subnormal . Mos t of t h e m 
doubtless are to be counted as subnormal, 
but in order to be on the safe side and to 
exclude no normal cases, the min imum 
curve, A, has been set rather low. Thus 
we are able positively to assert that an ac­
commodat ion which pers is tent ly falls 
below the min imum value in Tab le I 
is certainly subnormal . Qui te likely 
it is subnormal even w h e n s o m e w h a t 
above this l imit—at all events , it m u s t 
be regarded wi th suspicion. 

TABLE I I . 
Comparison of Monocular and Binocular Accommo­

dation at Different Ages. 

Age. 

8-15 
16 34 

35-38 

39-44 

45-50 

51 and higher . . 

Excess of Binocular over 
Monocular Accommodation. 

Extreme ex­
cess in D. 

0 to 6 
0 to 3 or 4 

0 to 2.5 

0 to 2 
0 to 1.4 (in one 

instance 1.75) 
0 to 0.9 

Usual excess 
in D. 

I to 2 
0.5 to 1.5 (ID 

quite common) 
0 to 1.5 (usually 

not over 1) 
U s u a l l y not 

over 1 
Usually below 

1; often be­
low 0.8 

Usually below 
0.5 

NOTE—The extreme differences noted above are 
in some cases to be regarded with suspicion, it being 
likely that the subject's observation was faulty or 
that he failed in the monocular test to put forth his 
full effort. Tn one or two instances, however, there 
is no question that a considerable difference, i. e., 
one of several D.. existed. 



MONOCULAR AND BINOCULAR ACCOMMODATION 869 

BINOCULAR ACCOMMODATION. 

In testing the binocular accommoda­
tion, the same routine was used and 
the same precautions were adopted 
as in testing the monocular. In each 
case the subject was provided with his 
full correction, or with a known addi­
tion thereto. Then the accommodation 
was taken with the accommodation 
line and the Prince's rule, first for the 
right eye, then for the left, and lastly 
for both together. At the same time 
the width of the pupils was measured, 
both when the eyes were converging 

I6t 20 24 2.8 32 

to 25 cm. and to 10 cm. This was done 
in order to ascertain whether there 
was any truth in the contention that 
any excess found in binocular over 
monocular accommodation is attribu­
table not to real increase in accommoda­
tive action, but to a sharpening of vision 
due to the stenopaic action of pupils 
contracted by the convergence effort. 
Lastly the distance of the convergence 
near point was noted, and the presence 
of any motor anomaly, particularly the 
presence of any great amount of ex-
ophoria in convergence, or any condi-

Fig. 3. Values of Monocular Accommodation. Each dot represents the maximum value 
accommodation in a given eye. The results obtained in over 4,200 eyes are here pli 

in D. of the 
otted. 
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tion interfering with binocular fixation 
or binocular vision at near points. 

The values thus obtained for the 
binocular accommodation, plotted on 
the same scale as that used for the 
monocular accommodation, are shown 
in Fig. 5. 

The number of cases examined is 
yet too few to establish with certainty 
the mean, maximum, and minimum 
limits of binocular accommodation, yet 
the following may be stated as fairly 
certain conclusions: 

1. The binocular accommodation is 
regularly higher than the monocular. 

(Compare Fig. 6, in which the monocu­
lar accommodation of the cases shown 
in Fig. 5 are exhibited.) In individual 
cases the difference may at times be 
considerable. (See Table II.) 

2. The excess, altho varying greatly 
in different cases and even in the same 
case at different times, is quite con­
stantly present. There are but few 
cases in which the binocular accommo­
dation is not notably superior to the 
monocular; and even when the two 
seem to be equal, as shown by one 
measurement, a repetition of the test 

AGE 8 12 16 20 24 28 32 36 40 44 48 SZ 56 60 64 68 72 

Fig. 4. Accommodation Curves. These are deduced from Fig. 3. A represents the extreme minimum, 
and C the maximum limits oi those dots in the whole mass shown in Fig. 3, which can be regarded as 
representing normal values. B is the curve representing the mean value of the accommodation. 
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usually shows that the binocular ac­
commodation is the higher. 

3. Only in the rarest instances was 
the binocular accommodation found 
lower than the monocular, and even 
these few cases are open to suspicion, 
since the values then found were gen­
erally deduced from but a single ob­
servation, and the conditions were such 
as not to insure accuracy. 

4. While the individual differences 
between the monocular and the binocu­
lar accommodation may run up to 1.5 
D or more, the average difference de­
duced from the entire mass of observa­
tions is a comparatively moderate one. 
Thus the values tentatively derived 

for the mean value and the minimum 
limit of the binocular accommodation 
are, for ages between 10 and 17, about 
0.6 D—0.7 D higher than for monocu­
lar vision; while from 18 to 31, the dif­
ference amounts to 0.5 D ; from 32 to 
53 to 0.4 D, and for higher ages, to 0.3 
D. 

5. The excess of the binocular over 
the monocular accommodation is not 
in ordinary cases attributable to the 
clearer vision produced by the contrac­
tion of the pupil that the convergence 
induces. This is abundantly proved 
by our pupillary measurements, par­
ticularly in the older subjects. In 
these the extra contraction of the 

-Age 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 

Fig. 5. Values of Binocular Accommodation. These are plotted in the same way as the monocular 
values in Fig. 3. 



872 MONOCULAR AND BINOCULAR ACCOMMODATION 

pupil set up by converging to the 
binocular (as distinguished from the 
monocular) near point, is quite negli­
gible. In very young subjects, with very 
high accommodation and extremely 
mobile pupils, this element may be a 
factor, and may account for the con­
siderable discrepancy sometimes found 
between the monocular and binocular 
values. 

6. On the other hand, there seems 
every reason to think that, in the main, 
the accommodative surplus in binocular 
vision is due directly to the converg­
ence action itself, which being strong­

ly stimulated sets up an extra accom­
modative effort, impossible for one 
who is not converging. In other 
words, it is a true heightening of the 
accommodation, not a pseudoaccom-
modation as would be the case if it 
were due to the pupillary contraction. 
The difference, in fact, between mon­
ocular and binocular accommodation 
means that in monocular vision there 
is a certain degree of inertia of the ac-
accommodation, which is overcome by the 
extra effort set up when the two eyes 
converge. This inertia must be seated 
in the ciliary muscle, i. e. is an inertia 

64 68 11 

Fig. 6. Comparison of Monocular and Binocular Accommodation. The spots here represent the values of 
the monocular accommodation in the subjects in whom the binocular values shown in Fig. 5 were 
determined. I t will be observed how the general sweep of the galaxy of dots in 5 rises above that in 6. 
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of what Fuchs calls the physiologic 
accommodation. 

7. To a certain extent the enhanced 
accommodation in binocular vision 
may be due to the added clearness 
and, we may say, added realness of the 
binocular as opposed to the monocular 
image. But this surely is a subsidiary 
factor. That the enhancement due to 
the binocular act may be present with­
out it, is proved by the fact, repeatedly 
observed, that the binocular enhance­
ment exists either when one eye is 
amblyopic, so that the images cannot 
reinforce each other, or when there is 
divergent squint, so that there is no 
superposition of images at all, and yet 
still a strong attempt at convergence 
is made. 

8. In any case, the added range and 
clearness effected by binocular vision 
constitute a very real advantage, espe­
cially in presbyopia. A man who is de­
prived of the use of one of his eyes is 
quite aware that his range of near vi­
sion is considerably less, and the sight 
itself is less satisfactory than if he had 
two. We must reckon with this fact 
in giving him a reading glass which 
must, as a rule, be at least 0.5 D 
stronger than if he were two eyed. 

9. Above the age of 55, there is a 
true accommodation varying from 0.5 
D or less to 1.5 D, and averaging about 
1 D. The contention is made by some 
that the accommodation shown at this 
age is spurious, being due to the small 
size of the pupil, which so diminishes 
the size of the diffusion images, that 
the eye can see distinctly at near points 
without accommodating at all. This 
contention is negatived by our observa­
tions, which show that often in these 
elderly subjects the pupils are 3 mm. or 
more even when converging to their 
reading point. Nor is the size of the 
pupil essentially different when the 
eyes are adjusted for distance and 
when they are focused for 25 cm., 
which is about the nearest point to 
which they are usually adjusted by 
glasses. We may say, then, that ordi­
narily distinctness of near vision is not 
secured in these older subjects by a 
contraction of the pupil. 

In very young subjects, as we have 
already seen, a contraction of the pupil 
may possibly produce a pseudoaccom-

modation, but our observations lead us 
to suppose that this occurs but rarely. 

THEORY OF THE MECHANISM OF 
ACCOMMODATION. 

Accommodation is effected by a pas­
sive expansion of the elastic lens, that 
takes place when the pressure exerted 
by the suspensory ligament upon the 
lens is relaxed. This passive expansion 
is aptly termed by Fuchs the physical 
accommodation, and the near point to 
which the eye can be actually focused 
by the elastic expansion of the lens is 
called the physical near point. Owing 
to the sclerosis which takes place in 
the lens progressively from youth on, 
the physical accommodation steadily 
diminishes and the physical near point 
steadily recedes with age. 

Contrasted with this purely passive 
expansion, which decreases from year 
to year, is the active contraction of the 
ciliary muscle by which the relaxation 
of the zonula and hence the passive ex­
pansion itself are" effected. This active 
contraction constitutes the physiolog­
ic accommodation (Fuchs), and the 
near point to which the eye could be 
adjusted if this active contraction were 
pushed to its limit and the lens also 
were perfectly fluid, is the physiolog­
ic near point. 

Now while the physical accommoda­
tion diminishes steadily from youth up, 
it is generally held that the physiolog­
ic accommodation does not diminish 
at all until advanced life. There seems, 
indeed, no reason why the ciliary 
muscle, which is kept in continual prac­
tice all thru life, should contract any 
less vigorously at the age of 45 than 
it does at the age of 10. In fact, persons 
of both ages should have a physiologic 
accommodation of maximum amount, 
equivalent to a physical accommodation 
of not less than 20 D. 

Now this inference, which is fully 
accepted by Hess and other exponents 
of the Helmholtz theory, involves cer­
tain corollaries which are not borne 
out by clinical evidence. 

For example, suppose that a man of 
45 has a maximum physical accommod­
ation of 4 D, i. e., this represents all 
that he can possibly do in the way of 
relaxing his lens. This relaxation in­
volves a very moderate amount of ef-
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fort on the part of the ciliary muscle— 
in fact only a fifth of the whole 20 D 
that the full activity of the latter is 
supposed to represent. It would seem 
perfectly easy for him to put forth this 
minimum amount of his total ciliary 
activity and under all conditions get 
4 D of manifest accommodation. Now, 
as a matter of fact, this is not the case. 
Tested with either eye singly, such a 
person rarely exerts more than 3.5 D. 
and often not over 3 D of accommoda­
tion. When in this case he shows only 
3 D of physical accommodation, it is 
evident that this also represents the 
total ciliary effort (physical accommo­
dation) that he is making at the t ime; 
for if he made any greater effort his 
physical accommodation would rise 
above 3 D, since the lens itself can re­
lax up to 4 D if the ciliary muscle con­
tracts correspondingly. Instead, then, 
of uniformly showing 4 D of accommo­
dation under all conditions, he does so 
only under the extra stimulus afforded 
by binocular vision and convergence, 
and even then attains the maximum 
only part of the time. 

The above statement holds good 
even up to the age (60 or over) when 
the accommodation is reduced to a 
minimum. Thus a person of 60 who 
has a monocular accommodation of 
only 1 D, will quite regularly have a 
binocular accommodation of 1.3 to 1.4 D. 
The extra amount of ciliary contraction 
required according to the ordinary 
theory, to produce the sight additional 
relaxation which would be neeeded to 
effect the differences between 1 D and 
1.3 D of lenticular refraction is so 
small, that one does not see how any­
body could fail to make it if he had a 
really large ciliary power to draw on. 
Yet evidently nearly everyone does 
fail to make it, unless some extra 
stimulus like that imposed by binocular 
vision and the convergence of the eyes 
impels them to a maximum effort. 

It seems inconceivable that one who 
really had a contractile force equiva­
lent to 15 to 20 D should be unable to 
put forth under all conditions, when 
called on, the comparatively small 
fraction required to produce a change 
of 2 to 4 D in the refractive state. Far 
more likely does it seem that from 
some cause—perhaps from physiolog­

ic inhibition — the ciliary energy itself 
actually diminishes with the years, i. 
e., that the physical and the physiolog­
ic accommodation diminish together, 
altho not necessarily at the same rate. 

What lends additional plausibility to 
this view is the behavior of the eyes 
under homatropin. According to the 
usual views as enunciated by Hess and 
others, a boy of 15, a young man of 25, 
and a man of 40 would each have a 
physiologic accommodation ( c i l i a r y 
contraction) of equal amount, say one 
equivalent to a physical accommoda­
tion of 20 D. The actual physical ac­
commodation, produced by the relaxa­
tion of the lens, would on the contrary 
be very different. In the first case it 
might be 16 D, in the second 10 D, in 
the third 5 D. In the first case there 
would thus be 4 D, in the second 10 D, 
in the third 15 D of latent ciliary 
energy, i. e., of energy which is never 
expended in changing the shape of the 
lens, and the abolition of which, there­
fore, would produce no effect on the 
physical accommodation. If now we 
instill a gradually acting poison 
like homatropin into the eyes of all 
these subjects, it should begin to show 
an effect only after the latent energy 
in each case had been abolished by the 
paralysis. In the case of the boy, as 
only 4 D are latent, the effect should 
be manifest very soon—in about ten 
minutes—after the instillation. In the 
second case the effect should not be 
manifest until quite a little later, and 
in the third case it should be manifest 
only after the lapse of 30 or 40 minutes, 
if at all. Now as a matter of fact, in 
a great many instances at least, the 
cycloplegia begins to show itself al­
most if not quite as soon in the middle 
aged man as it does in the boy. In 
fact, in persons of 46 or 48, the cyclo­
plegia due to homatropin may become 
manifest in from 10 to 15 minutes after 
the instillation, and then proceed at 
a rate quite like that of the youth. 
These facts are supported by a large 
number of observations in which care 
was taken to exclude disturbing fac­
tors, such as the blurring due to the 
mydriasis, etc. It does seem, therefore, 
that the hypothesis that the ciliary 
power in the young and middle aged 
is equal is untenable. 
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THE ACCOMMODATION IN MALES AND 
FEMALES. 

Examination of the great mass of 
statistics shows that, in general, the ac­
commodation is equal in the two sexes, 
and that the march of presbyopia is 
the same in each. This is graphically 
shown in Fig. 5. 
POSTCYCLOPLEGIC EFFECTS OF HOMA-

TROPIN. 
Ordinarily the effect of homatropin, 

if applied in a thorogoing way, may 
be said to wear off in 48 hours. But a 
moderate effect noticeable by careful 
tests often persists for several days 
later. For this reason it is best to 
defer a postcycloplegic test till five or 
six days, at least, after the instillation. 

There is, however, a more lasting 
effect produced by the instillation, es­
pecially in eyes with latent hyperopia. 
We have repeatedly noted that tests 
made even some weeks after the homa­
tropin, and after the application of the 
correcting glasses, show an accommo­
dation distinctly below that present 
before the use of cycloplegic. Ifwould 
seem as if the eye, having once learned 
to give up a compensating accommo­
dative effort, could not for a time there­
after put forth even the normal ac­
commodative power. Whether this 
postcycloplegic accommodative insuf­
ficiency, which usually is never of any 
great amount, produces any symptoms 
or not I do not know. 

CLINICAL APPLICATIONS. 
The observations recorded have an 

important clinical bearing2,3. Since they 
establish the norms of accommodation, 
they afford a means of judging when 
and how such a given accommodation 
varies from the normal. 

Subnormal Accommodation; Hypocy-
closis.—Since the days of Donders, the 
role of accommodative strain in caus­
ing the asthenopia of hyperopes and 
astigmatics has been a commonplace. 
It is all the more remarkable that, on 
the whole, so little attention has been 
paid to the part played by subnormal 
accommodation in causing eye troubles. 
Rarely, in fact, is the accommodation 
tested except in a perfunctory way, 
and, previous to this series of investi­
gations, there has been little if any 
attempt to fix the maximum and mini­

mum limits of accommodation at each 
age. Yet until these latter are known, 
we cannot, except in extreme instances, 
say definitely whether a given accom­
modation is normal or not. 

It can now be positively stated that 
a monocular accommodation which is 
persistently below the minimum limit 
indicated in Table 1 is certainly sub­
normal, and that it is probably sub­
normal if it never rises much above this 
limit. Furthermore, the binocular ac­
commodation should in young persons 
be at least 0.5—0.6 D, and in older sub­
jects 0.3—0.4 D higher than this mini­
mum. 

It does not fall within the scope of 
this paper to consider at length the 
varieties, symptoms, and treatment of 
subnormal accommodation. It will 
suffice to say, that it is a frequent con­
dition and that there are two kinds. 
In one, which may be called lenticular 
hypocyclosis, the ciliary muscle ap­
parently acts in normal fashion, but the 
crystalline lens is more rigid than 
usual. In other words, there is a con­
dition of premature presbyopia. Tn 
such a case, there are few if any symp­
toms of eyestrain, but as years go on 
the accommodation remains persistent­
ly lower than normal, and presbyopia 
sets in much earlier than usual. 

In the second kind of subnormal ac­
commodation, the lens has the usual 
rigidity, but the ciliary muscle is un-
deractive. Except in cases due to 
structural disease of the central nerv­
ous system, the accommodation in 
this variety shows wide variations 
from time to time, and when it is low 
there is often marked asthenopia. This 
form of low accommodation is often 
associated with convergence insuffi­
ciency, and the symptoms often attri­
buted to the motor anomaly are with­
out doubt in many cases due to ac­
commodative disturbance, or at least 
are aggravated by it. 

Ciliary hypocyclosis can often be 
relieved and the symptoms greatly 
helped by convergence training and by 
direct training of the accommodation. 
For the latter purpose, exercise several 
times a day in focusing on the accom­
modation line, first with one eye, then 
with the other, and lastly with both, 
is useful. 
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Unequal Accommodation; Anisocy-
closis.—Not infrequently the accommo­
dation is found to be unequal in the 
two eyes. Usually this inequality 
seems to be due to unequal rigidity of 
the crystalline lenses. I t rarely causes 
any disturbance,but has to be reckoned 
with in correcting presbyopes; for if 
they show an unequal accommodation, 
it is sometimes helpful to give them 
also an unequal addition to the correc­
tion for distance. The fact that the ac­
commodation may be thus unequal in 
the two eyes is sufficient reason for our 
habitually testing it in each eye 
separately as well as in both together. 

Accommodation Measurements in Test­
ing the Depth of Homatropin Cyclo-
plegia.—This is an application of the 
accommodation tests which I regard 
as of great importance. The ordinary 
practice of making the refractive ex­
amination at a fixed time—an hour, it 
may be—after the first instillation of 
the homatropin, leaves out of consid­
eration the fact that the march of 
homatropin cycloplegia varies greatly 
in different persons. In some few it 
seems complete in less than an hour; 
in others it is not complete for some 
two hours. Moreover, there seems 
reason to think that the acme of the 
effect is soon passed; at least if the 
test is not done until long after the 
instillation, the results may be uncer­
tain. 

The most satisfactory method is to 
make tests of the residual range at 
intervals, beginning an hour after the 
first instillation, and to defer the ex­
amination of the refraction until the 
range has been reduced below 1 D, 
then make it at once. Furthermore, 
when the refraction has been deter­
mined, the far point with a + 3 D. 
added to the full correction should be 
at 33 cm. and the near point at some­
thing over 25 cm. and preferably not 
less than 28 cm. (representing in the 
latter case a range of 0.6 D ) . When 
the range is much wider than this, our 
results must be regarded as somewhat 
uncertain. 

ACCOMMODATION TESTS I N OFFICE 
PRACTICE 

The tests used require only the sim­
plest of apparatus and can be made 
very quickly. They are hence adapted 

to the exigencies of office practice, of 
which, considering their importance, 
they should form a part in the regular 
routine of the examination of each case. 
In applying them the following pre­
cautions should be used: 

1. The patient is placed in a good 
light and provided with his full correc­
tion, and (in presbyopic cases) with 
such addition thereto as will bring his 
near point within measurable limits. 
In this case, of course, the accommoda­
tion read off on the scale must be dim­
inished by the strength of this added 
glass. 

2. In very young subjects with high 
accommodation (12 D or more), it is 
often well to add a —3 or —4 D to the 
distance correction, in order to carry 
the near point out to a place on the 
rule where, the graduations being 
further apart, there will be less likeli­
hood of error in the measurement. Of 
course, in this case the accommodation 
as read off on the scale must be in­
creased by the strength of this added 
glass. 

3. The zero point of the Prince's rule 
is placed 14 mm. in front of the cornea 
(practically in the plane of the pa­
tient's correcting glass). 

4. The left eye is covered and the 
accommodation card carried in along 
the rule until the line seen with the 
right eye blurs or doubles. The corre­
sponding value of the accommodation 
is then read off in D. Then the right 
eye is covered, and a similar test made 
with the left, and lastly the accommo­
dation is measured with both eyes 
open, the patient at the same time be­
ing urged to converge on the test-
object. 

5. It is well to make sure that the 
patient understands exactly what we 
desire him to observe, and to make sev­
eral observations in succession in order 
that we may get his maximum effort. 

SUMMARY. 

1. The examination of the accommo­
dation in 4,200 eyes enables us to state 
with precision the maximum and mini­
mum limits, as well as the mean values 
of the monocular accommodation at all 
ages. The results obtained are shown 
in the curves and tabular values here 
presented. 
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2. These observations substantially 
confirm those made ten years ago. The 
mean and lower limits have been set 
somewhat lower, so as to be sure not 
to exclude any low normal cases. Any 
case whose accommodation is persis­
tently below the minimum limit is cer­
tainly subnormal, and any case in 
which the accommodation remains 
only slightly above the minimum limit 
is probably so. 

3. The binocular accommodation is 
regularly higher than the monocular, 
the excess being regularly equal to 0.6 
D or more below the age of 17; 0.5 D 
from 18 to 31; 0.4 D from 32 to 53; 
and 0.3 D for ages over 53. In indi­
vidual cases the difference may be 
much greater. 

This difference is a very real advan­
tage especially in presbyopes. Binocu­
lar accommodation is not only higher 
but better as regards ease and clear­
ness. This fact must be borne in 
mind especially in prescribing reading 
glasses, and in cases of monocular vi­
sion (monocular cataract, etc.), we 
must prescribe a glass 0.5 D or so 
stronger than we would for a two eyed 
patient. 

5. The excess of binocular accom­
modation apparently represents an 
actual increase of ciliary effort, imposed 
doubtless by the act of convergence. 
I t cannot be attributed to the added 
clearness secured by a contraction of 
the pupils, since it is quite uniformly 
observed even when no such contrac­
tion exists. 

6. As little can the contraction of 
the pupil be called in to account for 
the accommodation of 1 D or more, 
quite regularly observed in patients 
over 55. The accommodation in this 
case, in all probability, represents the 
same process as in youth, i. e., relaxa­
tion of the lens produced by contrac­
tion of the ciliary muscle. 

7. These observations and others ad­
duced should lead us to modify some­
what our conceptions of the accommo­
dative process. Particularly these 

should lead us to think, contrary to the 
prevalent view, that not only the elas­
ticity of the lens (physical accommo­
dation) but the activity of the ciliary 
muscle (physiologic accommodation) 
diminishes with age, and that in ad­
vanced life only a comparatively small 
amount of ciliary energy can be put into 
play. 

8. The accommodation is equal, and 
presbyopia advances at the same rate 
in the two sexes. 

9. The relaxation of effort produced 
by homatropin and by the prescription 
of correcting glasses seems in many 
cases to set up a condition of moderate 
accommodative insufficiency, lasting, it 
may be, for a number of weeks. 

10. The practical applications of 
these observations are of considerable 
importance. In particular, the obser­
vations determine whether a given ac­
commodation is subnormal or suspici­
ously low, and enable us to tell when 
we have succeeded in raising it to near 
the normal limit. Subnormal accom­
modation is frequent and comprises 
two kinds, lenticular and ciliary. The 
former, which may be called a prema­
ture presbyopia, is a stable condition, 
causing apparently little or no reflex 
symptoms; the latter is a variable con­
dition, often causing marked astheno-
pia and requiring active treatment. 
The other practical applications con­
sist, first, in the recognition of the fact 
that the accommodation may be un­
equal in the two eyes, so that in pres­
byopia an unequal reading addition 
may be required; and, second, in the 
employment of the accommodation 
tests in determining the depth and 
reliability of homatropin cycloplegia. 

11. In order to make the tests avail­
able for practical application, they 
should be performed in a uniform way 
and with certain precautions. When so 
performed they give reliable results. 
They are readily and briefly made with 
simple apparatus, and hence are easily 
adapted to the conditions of ordinary 
office work. 
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