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Amplitude of Accommodation and Refractive Error

Neville A. McBrien ond Michel Millodot

This paper investigates the amplitude of accommodation of
early onset myopes, late onset myopes, emmetropes, and hy-
peropes. Eighty subjects were used, 41 women and 39 men,
with an age range of 18-22 yr (mean = 19.82). All subjects
wore an optimum refractive correction, giving visual acuities
of 20/20 or better. Significant differences were found between
the four refractive groups, with late onset myopes having the
largest amplitude of accommodation, followed by early onset
myopes, emmetropes, and hyperopes. The results are dis-
cussed in the light of previous findings on tonic accommo-
dation and the accommodative response gradient and inter-
pretated in the context of a dual innervation to the ciliary
muscle. Invest Ophthalmol Vis Sci 27:1187-1190, 1986

There are three fundamental theories of refractive
development: the Biological-Statistical theory, the the-
ory of Emmetropization, and the Use-Abuse theory.'
The first of these strongly supports genetic influences
as being solely responsible for refractive development,
while the second and, especially, the third postulate
that environmental influences play a role. While there
seems little doubt that the components of refraction
show an hereditary tendency, as evinced by studies on
twins,2 there is now an increasing body of opinion that
strongly suggest that near work is a major factor in the
development of simple myopia. This view has been
strengthened by recent epidemiological studies on re-
mote populations in Greenland, Newfoundland, and
Alaska,1 which have all shown an inordinately high
increase in myopia in the present generation as com-
pared to previous generations. This increase has, in
each case, been closely associated with the introduction
or increase in formal education in these areas.

Further evidence of possible environmental effects
of near work on refractive development has been sug-
gested by recent work on accommodative hysteresis.3

It would seem feasible that, if accommodation, as is
suggested, is a major factor in refractive development,
then one would expect fundamental differences in the

accommodative responses of the various refractive
groups. That this is possibly the case has been shown
recently with regard to tonic accommodation4 and the
accommodative response gradient.5 The purpose of the
present investigation was to determine if another aspect
of the accommodative response, namely amplitude of
accommodation, varied with refraction.

Materials and Methods. The subject population
consisted of 80 university students aged 18-22 yr, split
into four refractive groups—hyperopes, emmetropes,
earlier onset myopes (onset 13 yr or earlier), and late
onset myopes (onset 15 yr or later)—after undergoing
a full refractive routine. The rationale for separating
the myopes this way was that it has been suggested the
two groups have a different etiology, late onset myopia
being caused by environmental influences.6 Each sub-
ject could attain 20/20 vision in both eyes and no an-
isometropic or amblyopic subjects were included in
the study. All subjects consented prior to taking part
in the study and following a full explanation of all ex-
perimental procedures.

Amplitude of accommodation was measured using
a standard near point rule, whose scale had been mod-
ified to increase measurement accuracy. The technique
employed was that of moving the target toward one
eye, along the median plane, until the subject reported
it becoming blurred, while exerting maximum accom-
modative effort. When this point was reached the target
was moved a few centimeters closer to the eye, then
very slowly moved away from the eye until the print
first became quite clear again (i.e., the recovery point).
The procedure was repeated three times on each eye
and the mean value taken as the amplitude.* The full

* The scale reading on the near point rule refers to the direct dis-
tance between the spectacle plane and the target. As the fixation word
is in the center of the card and the eye under measure is displaced
to one side of the median line, the linear distance given by the near
point rule will be shorter than the actual distance between the target
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Fig. 1. The relationship between amplitude of accommodation
and ocular refraction for 80 subjects. Each point represents the mean
amplitude of accommodation for subjects falling within the following
ranges of refraction -9.00D to -6.00D; -5.99D to -3.00D; -2.99D
to -0.26D; -0.25D to +0.75D; +0.76D to +3.00D; and +3.0ID to
+6.00D. The error bars represent ±1 S.E.M.

distance correction of each subject was placed in the
trial frame at a constant back vertex distance of 15 mm
before the measurements were taken. The target was
the central word on the N5 line of print of a near acuity
chart. Target luminance was 80 cd/m2 with 70% con-
trast.

The interpupillary distance was measured using a
corneal reflex pupillometer to an accuracy of 0.5 mm.
Pupil diameter was evaluated with the aid of an infrared
camera, which projected a magnified image of the eye
onto a video monitor enabling an accuracy of mea-
surement of 0.05 mm.

A possible objection to the above method of mea-
surement is that the angular size of the target becomes
larger as it approaches the subject's eye. A control study
was carried out to see if this had any appreciable effect
on the results. The five subjects with the highest spec-
tacle amplitude and the five subjects with the lowest
spectacle amplitude had their amplitude of accom-
modation measured again by keeping the target at a
fixed distance and adding concave lenses until the target
blurred. When the results were computed into ocular
amplitudes, it was found that the differences in am-
plitude between the subjects, for each technique, were
virtually identical. This finding shows that over the
range measured the variation in angular subtense of
the target had no marked effect on the results.

and that part of the spectacle plane which is intersected by the visual
axis of the eye under test. Thus, scale dioptric values were higher
than the actual amount of spectacle accommodation exerted. How-
ever, this factor, which is of course dependent upon the interpupillary
distance of the subject, was taken into account along with other factors
(e.g., effectiveness of spectacle correction at the eye) when computing
the final ocular amplitude of accommodation for each subject.

Results. The results for the two eyes of each subject
were found to be clinically identical, so results pre-
sented will be those of the right eye only.

Figure 1 shows amplitude of accommodation plotted
against ocular refraction and demonstrates that differ-
ences in amplitude of accommodation occur with re-
spect to refraction. However, the relationship is non-
linear, with low myopes exhibiting the largest clinical
amplitude of accommodation. Table 1 and Figure 2
present the results set out in the refractive groups dis-
cussed earlier. It is evident that the late onset myopes
(mean = 10.77D) have the largest clinical amplitude
of accommodation followed by the earlier onset my-
opes (mean = 9.87D), emmetropes (mean = 9.28D),
and hyperopes (mean = 8.63D). The differences found
between the refractive groups are all statistically sig-
nificant at the 1% level or above, except between em-
metropes and early onset myopes, which is significant
at the 5% level (t-test for independent samples using
the method of Welch, which does not assume equal
variance between groups). The average age for each
group was virtually identical, as was the pupil diameter,
with hyperopes having slightly smaller pupils than my-
opes (Table 1).

Discussion. This phenomenon of myopes having a
higher amplitude than emmetropes and hyperopes was
also found by Fledelius,7 who, although not putting
forward a possible mechanism or relating it to the de-
gree or onset of myopia, did suggest it as a possible
cause of environmental myopia. Maddock et al,4 in
reporting their findings on tonic accommodation (or
resting point, i.e., the position of focus the eye assumes
in the absence of visual stimulation) and refraction,
noted that low myopes had a higher amplitude of ac-
commodation than either high myopes or emmetropes,
but did not comment on the significance of these find-
ings. The present results expand on these findings and
suggest that late onset myopes may constitute a separate
aetiological group when compared to early onset my-
opes (Fig. 2).

If the results are viewed with respect to dual inner-
vation, autonomic nervous system control of accom-
modation (i.e., sympathetic innervation being respon-
sible for negative accommodation and parasympathetic
responsible for positive accommodation) then two
possible explanations are available.

As mentioned in the introduction, a relationship be-
tween refraction and tonic accommodation has been
found by several workers, with corrected hyperopes
having a dioptrically higher tonic position of accom-
modation than corrected myopes. In a recent investi-
gation (paper in preparation) by the present authors
on the same refractive groups discussed above, it was
found that it is specifically the late onset myopes that
possess a dioptrically lower tonic position of accom-
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Table 1. Mean values for amplitude of accommodation, age and pupil diameter,
and range of refractions for each refractive group.

Early onset myopia
n23

Late onset myopia
n 19

Emmetropia
n22

Hyperopia
n 16

Amplitude of accommodation (D)

Mean age (years)
Pupil diameter (mm)
Range of refractions (D)

X 9.87
SD [0.96]

19.89
4.57

-0.625—9.875

10.77
[1.17]
19.75
4.31

-0.375—2.875

9.28
[0.77]
19.72
4.20

-0.25-+0.75

8.63
[0.54]
19.91
4.01

+0.75-+4.75

modation (mean = 0.49D) compared to emmetropes
(mean = 0.89D) or hyperopes (mean = 1.33D) with
early onset myopes having a similar tonic accommo-
dation as emmetropes (mean = 0.92D).

A possible interpretation of these findings has been
put forward by Charman,8 who suggests that myopes
have a weak sympathetic or strong parasympathetic
innervation, which would tend to reduce the attainable
range of response in the sympathetic region of the re-
sponse curve (Fig. 3). This would adversely affect vision
of more distant objects, rendering the subject relatively
myopic. When this myopic eye is then corrected with
a suitable negative lens, its tonic position of accom-
modation would lie at a dioptrically lower value than
that of an emmetropic eye having a normal autonomic
balance. Conversely, a relatively strong sympathetic or
weak parasympathetic innervation results in hyper-
metropia and in the corrected eye having a higher
dioptric value of tonic accommodation. The present
results appear to support the hypothesis that myopes,
or, in particular, late onset myopes, have a strong para-
sympathetic/weak sympathetic innervation, by virtue
of their higher amplitude of near accommodation.
Conversely, hyperopes would have a reduced amplitude
of near accommodation due to a weak parasympa-
thetic/strong sympathetic innervation. Further sub-
stantiation of the above hypothesis is given by recent
work on the accommodative response gradient (ac-
commodative response/accommodative stimulus).
From the schematic model shown in Figure 3, it would
be predicted that all points on the response curve, and
not just the tonic position of accommodation, would
be shifted in the corrected ametropic eye. This has been
shown on the same refractive groups as above, with
late onset myopes having the lowest accommodative
response gradient and hyperopes the highest.5

While the above hypothesis seem feasible, it would
appear to be in conflict with recent pharmacological
findings.910 The hypothesis proposes that increased
sympathetic activity is responsible for adjusting ocular
focus for distance vision, while parasympathetic activity
is required for near vision. This would, however, re-
quire sympathetic mediated distance accommodation
to be as rapid as parasympathetic mediated near ac-

commodation. Tornqvist9 has demonstrated that
stimulation of the cervical sympathetic nerve of mon-
keys produces negative accommodation which devel-
ops slowly with a maximal effect after 10-40 sec, too
slowly to provide an effective response to the changing
stimulus conditions of a normal visual environment.
It is interesting to note that Tornqvist also found that
this sympathetic mediated negative accommodation
increased in effect when the underlying level of para-
sympathetic activity was increased. From this, he con-
cluded that sympathetic stimulation to the ciliary
muscle is inhibitory in nature. Recent work on the
effects of tropicamide on tonic accommodation10 sug-
gests that variations in the position of tonic accom-
modation between individuals is a consequence of
variations in the parasympathetic tone of the ciliary
muscle. This implies that a dioptrically higher tonic
accommodation position is indicative of a higher para-
sympathetic tone.

If the present results are viewed in the light of the
above pharmacological evidence, then, as each mea-
surement of the amplitude of accommodation took at
least 30 seconds, sympathetic mediated inhibitory ef-
fects on near accommodation would be expected to be
involved. If this is the case, then it would imply that
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Fig. 2. Differences in amplitude of accommodation between 23
early onset myopes, 19 late onset myopes, 22 emmetropes, and 16
hyperopes.




