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INTRODUCTION: THE OPTICAL
CORRECTION OF PRESBYOPIA

Presbyopia, an age-associated deterioration in the
focusing ability of the eye for near objects, is a normal
and expected feature of human visual physiology.

An age-related accelerating decline in the natural
accommodative adjustment of the crystalline lens can
be detected during adolescence, but it is only when an
individual’s near point has receded to an inconvenient
distance that any remedial action becomes necessary.
It is at this point, usually during the fifth decade of
life, that the refractive condition becomes identified
clinically as presbyopia. The practical inconvenience
and any associated asthenopic symptoms (ie, eye-
strain) are usually relieved by the provision of positive
lenses, either as a spectacle-mounted magnifying aid
or as a supplement to existing refractive correction.

It is important that the presbyopic optical correc-
tion be considered in relative terms, being subject to
influences that include the individual’s age, refraction,
body dimensions, specific near-vision environment,
and habitual close-range circumstances. The condi-
tion, although universal, is not necessarily suited to a
universally applied correction.

Historically, it is likely that the earliest provision
of eyeglasses (probably in the late 13th century) was
for the correction of failing near vision. The arrival
of the printing press in the late 15th century and the
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subsequent widening of the knowledge and skills
bases within the general population gave added impe-
tus to the need for the availability of near-vision aid.
The strength of early eyeglasses mounted with positive
lenses was usually determined by trial and error or it
relied on the unqualified spectacle vendor’s empirical
recommendations based on the age of the intended
user.! This approach, although still followed by many
presbyopes today, is considered to provide an infe-
rior correction compared with individually prescribed
near-vision aids that are obtained by using clinical
techniques.

This chapter will review several procedures that are
available to the clinician for determining presbyopic
optical correction.

THE AMPLITUDE OF
ACCOMMODATION

The amplitude of accommodation indicates the
maximum amount of accommodation (ie, focusing
ability) that an individual can exert. It is the dioptric
difference between the far point (accommodation
fully relaxed) and the near point (maximum accom-
modative effort); both are measured with reference to
a common point, usually either the spectacle plane or
the corneal apex.

In the case of emmetropes or fully corrected
ametropes, the far point will be at optical infinity.
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Consequently, the determination of the near point
(reciprocal of the near focus position measured in
meters) will give a direct indication of the accommo-
dative amplitude.

Because the amplitude of accommodation declines
with age, close work eventually becomes difficult, and
the use of reading spectacles is necessary to relieve
the near-focus problem and associated symptoms.
Knowledge of an individual’s amplitude of accommoda-
tion can assist with the prescribing decision (see ““One-
Half’ or ‘One-Third’ in Reserve” section on page 16).

Age-Associated Changes

Donders? is credited with recording the first quan-
titative description of the protracted decline of the
human eye’s accommodative facility with advancing
age. Donders’ results have proven to be substantially
robust when considered alongside the later and more
extensive studies by Duane? and others*> throughout
the 20th century (Figure 2-1).

Typically, the amplitude of accommodation of an
emmetropic 12 year old is approximately 14.00 D (ie,
near point at 7 cm). However, by the time an individ-
ual is approximately 35 years old, this value has halved
to ca 7.00 D (14 cm); 10 years later, accommodation
has halved again to ca 4.00 D (25 cm); and, from a
clinical perspective, accommodation has ceased by the
age of 55 to 60 years. An accommodative amplitude of
<4.00 D is frequently perceived as the clinical defini-
tion of presbyopia.

The selected amplitude of accommodation results
shown in Figure 2-1 are typical of the many (almost

exclusively cross-sectional) studies published over the
years, and this material provides useful general guid-
ance for the clinician when prescribing near refractive
additions (see “Determining Near Addition” sec-
tion). However, one must remember that subjective
amplitude of accommodation measurements, typi-
cally recorded by several clinical methods described
in the Measurements section, also include an element
attributable to ocular (pupillary) depth of focus. This
latter effect is most pronounced beyond the age of
50 years when age-associated pupillary miosis®
becomes a relatively greater influence, hence the even-
tual nonlinearity of the previously linearly declining
plots (see Figure 2-1) during the sixth decade of life.
Any need for an individual’s increased reading cor-
rection beyond the early 60s is to compensate for an
age-associated decline in acuity,” rather than to coun-
ter any continued loss in natural accommodation.
The introduction of increased positive lens power
requires the adoption of a shorter working distance
and thus increases the angular subtense and relative
visibility of object detail.® This physiological-optical
explanation of the amplitude of accommodation data
highlights the necessity for clinical skill and judgment
by the refractionist, rather than simple adherence to
a formulaic approach to presbyopia vision correction.

MEASUREMENT PRINCIPLES

The accommodative amplitude is typically mea-
sured by presenting a small card bearing several lines
of printed text at 40 to 45 cm to the optically corrected
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Figure 2-2. Commercially available near
fixation stick displaying graded sizes of
optotype at either end and a block of
printed text (N5) in the center.

patient (Figure 2-2). The card is then moved toward
the patient while he or she endeavors to maintain
print clarity. The near point is exceeded when blur-
ring of the text is reported. Repeating this procedure
several times and taking the reciprocal of the average
blur distance will adequately quantify the amplitude
of accommodation for clinical purposes (see ““Push-
Up’ Method” and “Push-Down’ Method” sections
on page 14). Although measurements in the binocular
situation might pertain to the majority of patients,
the recording of monocular and binocular amplitude
assessments is usually indicated.

Inter-Eye Asymmetry

Within a small margin of error (typically <1.00 D),
the 2 monocular accommodative amplitudes should
be similar and slightly less than the binocular range;
the convergence response under binocular conditions
induces a small amount of additional accommoda-
tion.

An inter-eye accommodative asymmetry should
prompt the clinician to seek an explanation for the
difference, including rechecking the distance refrac-
tion and binocular balance. Alternatively, observation
of the patient (signs) and any reported difficulties

(symptoms) might already have alerted the examiner
to a potential problem. Inflammation of the uveal
tract or pathological or neurological disease processes
associated with conditions such as glaucoma, meta-
bolic disorders including diabetes, and oculomotor
anomalies can compromise accommodative ability. A
substantial interocular refractive difference and the
visual deficiency associated with unilateral amblyo-
piad can also produce accommodative asymmetry.

Age-Related “Norms”

Expected values of monocular spectacle accom-
modative amplitude versus subject age, as determined
by several investigators, are shown in Table 2-1. The
linear relationship between these 2 variables® (see
Age-Associated Changes section) has been utilized>
to produce a regression equation that calculates the
probable (mean) amplitude for any age:

Average dioptric accommodative amplitude
=18.5-[0.3 x AGE],

where AGE represents the patient’s age in years.

The regression line fitting these calculated values is
shown by the dashed oblique line in Figure 2-1.

Deviation from expected values, including reduced
or asymmetric amplitudes, should alert the examiner
to the possibility of undetected trauma or pathology.
The clinician should also be aware of the adverse influ-
ence of certain ocular or systemic medications. An
apparently otherwise normal visual system may pres-
ent with accommodative deficiency. Environmental
conditions, including climate, may also influence the
accommodative amplitude; for example, it is possible
that the onset of presbyopia occurs relatively earlier in
individuals living in the tropics compared with indi-
viduals living in more temperate locations.1?

Measurement Techniques

Several subjective and objective methods are avail-
able to facilitate the determination of the amplitude of
accommodation across the age spectrum.

Adequate general room illumination, supplement-
ed by adjustable nonglare spot lighting at the patient’s
shoulder, is necessary for nonretinoscopic methods.
Distance and near visual acuity should have been
established previously, and the optimal refractive cor-
rection should be left in the trial frame. With patients
of middle age and older, the distance refraction must
be supplemented by an additional convex lens to
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TABLE 2-1. AMPLITUDE OF ACCOMMODATION VERSUS AGE
AMPLITUDE OF ACCOMMODATION (D)*
AGE (Y) DONDERS? DUANE3 TURNER# HOFSTETTERS
Push-up Push-up Push-down Mean Formula Value*
10 14.00 13.00 - 15.50
15 12.00 12.00 10.60 14.00
20 10.00 11.00 9.50 12.50
25 8.50 9.60 7.90 11.00
30 7.00 8.40 6.70 9.50
35 5.50 7.10 6.00 8.00
40 4.50 6.00 4.30 6.50
45 3.50 3.70 2.50 5.00
50 2.50 2.10 1.60 3.50
55 1.70 1.50 1.10 2.00
60 1.00 1.20 0.70 0.50
65 0.50 1.10 0.60 -
70 0.20 1.00 - -
*Monocular values, referenced to the approximate spectacle plane. Note: Compiled from sources as indi-
cated.
*Mean amplitude = 18.5 — [0.3 x AGE], where AGE refers to the patient’s age in years.

ensure adequate near acuity; the positive power of
this lens must then be subtracted from the measured
dioptric value to arrive at the actual accommodative
amplitude.

“Push-Up” Method

This popular technique is one with which the
presbyopic patient can usually relate because the
introduction of blur at near matches his or her pri-
mary presenting visual symptom. The test target can
be presented in free space or, for ease of the linear
measurement relative to the spectacle plane, mounted
on a slider attached or adjacent to a calibrated ruler.
The target usually comprises several lines of small
print (typically N5; see Figure 2-2) of sufficient detail
that even a slight defocus will be evident as the card
is steadily moved toward the patient. The position of
just-noticeable blur is recorded, and the forward tar-
get movement is continued to confirm blurring and
then moved back slightly to restore clarity. The point
between the first-blurred and first-clear positions

is assumed to represent the subjective near point,
acknowledging the spectacle plane displacement.

The procedure should be repeated several times on
each eye as well as binocularly, with short breaks in
between, and the average calculated.

“Push-Down” Method

The push-down method (sometimes termed push-
out) is simply a variation on the push-up technique.
The target card is initially placed well within the
patient’s anticipated near point, and it is consequently
blurred as it is steadily moved away from the spectacle
plane until the patient reports that the text is just
legible. Again, it is advisable to repeat this procedure
several times and take the average result, which will
invariably be lower than the accommodative ampli-
tude recorded with the push-up method. The aver-
age value of a combined push-up and push-down
approach may give the best indication of accommo-
dative amplitude under monocular and binocular
circumstances.
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Minus Lens Method

A lens-based technique favored by some clinicians
for monocular amplitude determination involves
placing the target card at 40 cm in front of the patient.
The use of a phoropter is most suitable for this meth-
od. Negative lenses are introduced in —0.25-D incre-
ments until the patient reports just-noticeable and
insuperable blurring of the text. The accommodative
amplitude is given by the sum of the total negative lens
power introduced and 4+2.50 D (reciprocal of 0.4 m) of
necessary vergence power.

As with the push-up or push-down techniques, an
additional positive lens element must be introduced to
facilitate clear focus at 40 cm before testing of a pres-
byopic patient commences. This element should then
be subtracted from the notional +2.50 D vergence
power, in addition to the total value of the negative
lens power introduced, to arrive at the amplitude of
accommodation.

This method demonstrates an improvement in
measurement accuracy compared with the push-up
or push-down techniques as a constant-sized target
is presented to the patient throughout the amplitude
determination; thus, the pupillary aperture remains
stable, and depth-of-field effects do not corrupt the
result. Accommodative amplitude values are invari-
ably smaller using this method primarily because
of this refinement, combined with the reduction in
proximal influences.” This point makes the minus
lens method suitable for patients with amblyopia or
binocular vision anomalies where proximal effects
can prove especially distracting.

Dynamic (Near) Retinoscopy

It has long been recognized that the retinoscope
can provide a quick and accurate measure of accom-
modative amplitude. It is especially useful in circum-
stances where verbal communication is difficult or
where subjective assessment is likely to be unreliable
(eg, with amblyopes).

The patient should be given his or her optimal dis-
tance refraction in a trial frame (not in the phoropter).
To minimize spuriously low results and to enhance
accuracy, the retinoscope beam intensity should be
greatly reduced from the usual level, and multiple
brisk lateral sweeps should be used to prevent the
patient from fixating on the compelling visual (but
poor accommodative) stimulus of a slow-scanning
bright beam® and having the room lights only par-
tially dimmed will assist with this endeavor. This

illumination level will also permit the patient to view
printed letters on a narrow vertically oriented card
held toward him or her at 40 cm by the examiner and
adjacent to the retinoscopy line of sight (see Figure
2-2). Starting at 50 cm and moving the retinoscope
horizontally, the reflex in the patient’s pupillary
aperture should show an “against” movement, which
will be neutralized as the examiner moves forward
to behind the fixation card. The card itself is then
moved forward closer to the patient, and if he or she
is able to increase accommodation to maintain a clear
view of the small printed letters, an against movement
will again be seen. The procedure is repeated until
the distance of retinoscopy reflex neutrality ceases to
advance with further forward movement of the fixa-
tion card. The reciprocal of this distance (measured
in meters) indicates the accommodative amplitude in
diopters of the eye under examination. The procedure
can then be repeated for the companion eye.

The accommodative response to a visual stimulus is
typically slightly less than the dioptric target distance
would suggest, with depth-of-focus providing sus-
tained clarity. Surprising or relatively large measures
of apparent accommodative deficit (lag) or excess
(lead) may indicate procedural error, or the wear-
ing of an inaccurate distance refractive correction at
assessment, or accommodative instability rather than
simply an inappropriate age-related accommodative
amplitude (see “Age-Related ‘Norms™ section on page
13). Such cases require repeat or further assessment.

DETERMINING NEAR ADDITION

The clinical determination of near addition (add)
is typically a 2-stage process—from a tentative evalu-
ation that is determined on the basis of a combination
of numerically derived estimates and clinical lens
manipulation to a final prescribed add value.

Prerequisites for
Accurate Determination

Three conditions must be met to facilitate the pro-
vision of a satisfactory and wearable add: (1) a precise
and binocularly balanced distance refraction, (2) an
accurate determination of the patient’s amplitude of
accommodation, and (3) a good knowledge of the
patient’s desired or habitual close working position(s).
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A degree of flexibility of focus position on either
side of the indicated near working point is desirable.
As accommodative amplitude declines with increas-
ing age and as the required add power increases,
this margin of flexibility narrows, and the precision
of determining the amplitude of accommodation
becomes paramount for successfully prescribing a
satisfactory near-refractive correction.

Preliminary Estimation
of the Add

The determination of the preliminary or tentative
add can be accomplished by using several clinically
derived rules of thumb and specific refractive tech-
niques. A methodology that derives a tentative result
closest to the final prescribed add is the optimum
approach.!l However, the refractionist must remem-
ber that the final arbiter of success will be the visual
satisfaction of the prescription wearer—the patient.

“One-Half” or “One-Third” in
Reserve

A logical starting point for the determination of
add power is the individual’s amplitude of accommo-
dation. Millodot and Millodot!2 reported that Landolt
(1886) first discovered that an individual can sustain
only a proportion of his or her amplitude of accom-
modation without experiencing asthenopic symp-
toms. Landolt suggested that one-third of accom-
modation should be held in reserve. Other relative
amounts have been proposed, with one-half of accom-
modation in reserve being the most popularly applied
ratio and possibly the best empirical estimate,1? but
one-third in reserve is probably more appropriate for
younger presbyopes.

For example, consider the presbyopic patient who
desires a working distance of 40 cm and has a mea-
sured amplitude of accommodation of 3.00 D; on the
basis of one-half of the accommodation being held
in reserve, the tentative add would be (2.5 — 1.5) or
1.00 D, whereas if one-third in reserve was considered
sufficient, the suggested add would be (2.5 — 2.0) or
0.50 D.

Age-Expected Predictions

Two disadvantages associated with subjective
methods of accommodative amplitude determina-
tion are (1) the time to administer the methods and
(2) the unfortunate finding that they may not provide

TABLE 2-2. AGE-EXPECTED NEAR
ADDITION

AGE (v) TENTATIVE ADD (D)
45 +1.00
50 +1.50
55 +2.00
60 +2.25

Note: Derived assuming a working distance of approx-
imately 40 cm. (Based on data compiled from Pointer
JS. The presbyopic add. Parts I-1ll. Ophthalmic Physiol
Opt. 1995;15(4):235-253.)

a sufficiently accurate or appropriate indication of the
patient’s required add.

Hanlon et al!3 assessed the add values when recheck-
ing the optical prescription of intolerant patients by
using several tentative assessment techniques. The
determination of the initial add simply on the basis of
a reference table of age-expected values accounted for
the least amount of prescribing errors (14%). By com-
parison, the one-half amplitude approach produced
errors in 30% of patients, and the binocular-fused
crossed-cylinder method (see “Fused Cross-Cylinder”
section on page 17) was apparently inaccurate in 61%
of patients.!3

The efficiency of the age-expected add-prescribing
approach has recently received further support!! while
acknowledging that the patient’s near requirements
are of paramount significance when establishing the
final prescribed add value.

Table 2-2 shows suggested age-expected values for
the tentative add (rounded to the nearest 0.25 D) for
patients aged 60 years or younger; a working distance
of approximately 40 cm is assumed. For a closer range
or for a more relaxed working distance (eg, computer
use), the dioptric value corresponding to the differen-
tial working distance will be added to or subtracted
from, respectively, the tabulated values to arrive at a
more suitable figure for the tentative add.

As previously stated, from approximately age 40 to
45 years, most individuals begin to show the signs
or experience the symptoms of presbyopia. Certain
ethnic groups, hyperopes, patients of small stature,
or those who require a close working position may
require their first near correction at an earlier age than
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Figure 2-3. The mean near add versus patient age group. An
initial steep increase in positive lens supplement is succeeded
beyond the mid-50s by a much steadier requirement. (Based on
data compiled from Pointer JS. The presbyopic add. Parts I-IIl.
Ophthalmic Physiol Opt. 1995;15(4):235-253.)

myopes or longer-limbed persons.l12 Over ensuing
years, the supplementary near refractive correction
must be steadily increased to counter the age-related
accommodative decline. This process continues up to
the mid-50s, at which time the accommodative ampli-
tude is effectively zero. Subsequent to this age, the near
addition still needs to be increased, but at a reduced
rate.l7 This clinical trend is illustrated in Figure 2-3.

This discontinuity in the progression of presbyopia
necessitates a differential approach to the age-expect-
ed tentative add derivation. For patients younger than
60 years, reference to an evidence-derived source such
as Table 2-2 should provide a useful prediction of the
required add but is subject to slight adjustment when
the desired working distance is substantially greater
or less than 40 cm. Beyond the age of 60 years, knowl-
edge of the patient’s preferred working distance will
more appropriately indicate the tentative add as being
essentially the dioptric distance less a small amount
to allow for depth of focus (this being typically 0.25 or
0.50 D, with higher adds requiring a slightly greater
reduction than lower adds).¢

Although Figure 2-3 provides some guidance when
prescribing for the older presbyope, clinical experi-
ence combined with attention to the patient’s near
requirements and a knowledge of his or her current
add will most usefully assist the add determination.
It must be stressed that the habitual working distance
requires careful estimation in what is an atypical
(clinical) environment for the patient. The exam-
iner should ensure that the patient is not relying on
assumptions or being influenced by the practitioner’s
estimate of the required add or even resting his or her
elbows on the consulting room chair.

\
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Figure 2-4. The multiple crossed-lines test target used in the
fused cross-cylinder method for the determination of the ten-
tative add.

Clinical Techniques
for Add Estimation

Several subjective techniques have been devised as
alternatives to the numerical approaches for the ten-
tative determination of the near add. Although these
techniques were developed for use with a phoropter as
part of the instrument’s refraction process, with care
they can be used with lenses mounted in a trial frame.

Ambient light levels should not be too high for
these methods. Lens changes should be brisk, espe-
cially when evaluating younger presbyopes who may
still manifest a small accommodative response (relax-
ation) to the introduction of plus lenses and when
testing under monocular conditions where a conver-
gent accommodative response will be absent.

Fused Cross-Cylinder

The cross-cylinder and its manipulation will be
familiar to refractionists. The same optical approach
can be used under binocular and reduced ambient
illumination to determine the near add.

The visual target is usually a cross-grid of multiple
black lines on a white background (Figure 2-4). The
patient views this target at his or her desired working
position through paired cross-cylinders oriented with
the negative cylinder axes in the vertical (90 degrees)
meridian. The horizontal grid lines will appear bolder
or darker to the optimally distance-corrected patient.
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Pairs of plus lenses are then introduced to balance the
intensity of the crossed sets of lines or, if the patient’s
decision on equality is doubtful, to produce a reversal
of contrast orientation.

Some practitioners prefer to start by adding a pair
of +3.00-D lenses to the distance correction. The
patient will then usually report that the vertical lines
are more prominent, and the binocular add is then
reduced in 0.25-D steps until equality is achieved.
This approach may give the patient more confidence
at recognizing a switch in orientation intensity and
influence subjective judgment of equality.

The test assumes that the patient’s accommoda-
tion is stable, so results might be more accurate
in advanced presbyopes than early presbyopes. A
+0.50-D cross-cylinder is usually adequate, but a
larger astigmatic interval may be necessary where cor-
rected acuity is poor.

Monocular testing may produce more variable
results. Of course, this is the approach that is likely to
be adopted when using loose lenses with a trial frame.
Where anisometropia is present, monocular testing
permits the determination of unequal accommoda-
tive demands and hence differing right and left add
powers.

The cross-cylinder method has a tendency to indi-
cate the highest plus power of all the tentative add
techniques. Consequently, the practitioner should
exercise caution when considering the application of
the indicated power to the final near prescription,
being especially mindful of the patient’s desired work-
ing distance. Past experience suggests that overcorrec-
tion is usually tolerated less than undercorrection.

Duochrome Chart

Clinicians will be familiar with the format of this
test from its application during the distance refraction
procedure. In a manner similar to distance, a balance
point at near is determined subjectively on the basis of
the chromatic focal interval (ca 0.44 D) of the human
eye. Shorter wavelength green light is refracted more
than longer wavelength red light; therefore, the green
focus will be anterior, and the red focus will be pos-
terior to the retinal reference plane, assuming that a
correct distance refractive correction is in place. A
pair of identical stimuli (usually a bold optotype or
Verhoeff’s concentric rings) is displayed on adjacent
red and green backgrounds (Figure 2-5). The color
filters should be of equal luminance transmittance,
with peak wavelengths at equal dioptric intervals
on either side of the yellow sodium line (589.6 nm).

Figure 2-5. A duochrome chart with pairs of concentric ring
test stimuli.

Color-anomalous individuals can satisfactorily per-
form the test—responding in terms of relative opto-
type clarity—although protans will probably report
that the red background appears dimmer than the
green.

The optimally distance-corrected patient views a
hand-held duochrome chart under reduced ambient
illumination at his or her chosen working position,
and pairs of positive spheres are placed before the eyes
until optotype clarity (or blackness) is balanced or just
biased toward the green.!4 Alternatively, and especial-
ly if a trial frame is used, monocular determinations
are made, leaving the result just on the red; binocular
viewing is then permitted, and binocular adjustments
are made by reducing the add by -0.25 D to produce
equality or a slight green bias.

Occasionally, older patients find the test difficult
to perform as age-associated crystalline lens changes
may compromise their subjective judgment criteria.

It is conceivable that a combination of the fused
cross-cylinder and duochrome methods might pro-
vide a useful tentative add determination technique.
Recent evidence!®> has suggested that a bichromatic
target background may moderate the tendency for the
cross-cylinder technique to overplus the tentative add
value.

Dynamic Retinoscopy

A retinoscopy technique has already been described
(see “Dynamic (Near) Retinoscopy” section on page
15) with regard to measuring the amplitude of accom-
modation. To indicate the magnitude of the tenta-
tive add, the narrow fixation card is held at the
patient’s chosen working position, and plus lenses are
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introduced over the distance refraction until neu-
tralization of the retinoscopy reflex movement is
achieved. Use of the phoropter will facilitate binocular
(laterally paired) lens changes.

The Presbyopic Prescription

To formulate the presbyopic prescription, the
patient should view (under general room illumina-
tion) a page of graded-size printed text at his or her
desired working position; the tentative add should
supplement any distance refraction in the trial frame.
The examiner can then refine the power of the addi-
tion binocularly to achieve clarity not only at the
patient’s preferred working position but also over a
range on either side of this point. If these conditions
are difficult to meet with a single near lens power,
progressive addition lenses, an intermediate prescrip-
tion, or (with the patient’s agreement) a compromise
prescription may be necessary.

The final lens power and any caveats should be
recorded, together with near acuity and the range
of clear vision, for future adjustments or subsequent
prescription intolerance.

Avoiding Near-Prescription
Intolerance

The key to providing a patient with an acceptable
reading or close work prescription is to pay careful
attention to his or her near-work requirements. The
patient should demonstrate the necessary working
distance to the examiner and indicate what tasks or
activities he or she intends to undertake at that posi-
tion. Without this knowledge, it is possible that valu-
able chair time will be spent determining the correct
add for the wrong position.

Undercorrection will probably be more of a source
of frustration to the patient rather than a cause of eye
strain. The examiner should be aware of this poten-
tial prescribing error if the patient has early nuclear
cataract changes that induce a myopic shift in his or
her distance refraction; a cautious increase in the add
above expected levels may be necessary in these cases.

In contrast, it is most likely that patients will be least
tolerant of an overcorrection at near. In this situation,
excessive convergence combined with a limited range
of useful near focus will soon cause many patients to
experience problems. The prescribing requirement
is for the provision of the weakest optical assistance

compatible with good near visual performance over a
reasonable range.

The preferred approach to presbyopic prescribing is
to use a trial frame and loose lenses. If a tentative near
add has been obtained using a phoropter, it is worth
double-checking the result with the indicated correc-
tion mounted in a trial frame before prescribing.

Persistent dissatisfaction with near focus, often
accompanied by asthenopic symptoms, may suggest
that the problem lies with the distance correction,
to which the near correction is but a supplement. An
equal add for each eye will be required in the majority
of cases. If this is not the case, a back-to-basics check
on the individual monocular distance prescription
elements is indicated followed by a review of the bin-
ocular balance with the final prescription.

Spectacle lens corrections for extreme ametropia
can be problematic. The angle of the line of sight is
subtly different for distance versus near viewing, but
usually this distinction proves to be of no practical
significance. However, in cases of high astigmatism,
an adjustment to the prescribed cylinder power (pos-
sibly a slight reduction in negative cylinder) may be
necessary to achieve best near acuity. In addition,
the small degree of excyclotorsion when the eyes are
converged may necessitate the slight rotation of a high
cylinder axis (especially if the latter is oblique) to sus-
tain ocular comfort and acuity at near.

In extreme cases, a separate optical aid may need
to be dispensed for close work. However, modern
progressive addition lens designs are more forgiving of
modest working position variation; therefore, appro-
priately corrected near vision remains an achievable
goal for the majority of presbyopic patients.

REFERENCES

1. Pointer JS. The presbyopic add. Parts I-IIl. Ophthalmic Physiol
Opt. 1995;15(4):235-253.

2. Donders FC. On the Anomalies of Accommodation and Refraction
of the Eye. (English translation by WD Moore.) London, UK:
The New Sydenham Society; 1864:204-214.

3. Duane A. Normal values of the accommodation of all ages.
J Am Med Assoc. 1912;59:1010-1013.

4. Turner M]J. Observations on the normal subjective amplitude
of accommodation. Br | Physiol Opt. 1958;15(2):70-100.

5. Hofstetter HW. Useful age-amplitude formula. Optom World.
1950;38:42-45.

6. Weale RA. The Aging Eye. London, UK: Lewis; 1963:12.

7. MacMillan ES, Elliott DB, Patel B, Cox M. Loss of visual acuity
is the main reason why reading addition increases after the
age of sixty. Optom Vis Sci. 2001,78(6):381-385.



20

CHAPTER 2

10.

11.

Charman WN. The path to presbyopia: straight or crooked?
Ophthalmic Physiol Opt. 1989;9(4):424-430.

Hokoda SC, Ciuffreda KJ. Measurement of accommodative
amplitude in amblyopia. Ophthalmic Physiol Opt. 1982;2(3):205-
212.

Kragha IK. Amplitude of accommodation: population
and methodological differences. Ophthalmic Physiol Opt.
1986;6(1):75-80.

Antona B, Barra F, Barrio A, Gutierrez A, Piedrahita E, Martin
Y. Comparing methods of determining addition in presby-
opes. Clin Exp Optom. 2008;91(3):313-318.

12.

13.

14.

15.

Millodot M, Millodot S. Presbyopia correction and the accom-
modation in reserve. Ophthalmic Physiol Opt. 1989;9(2):126-132.
Hanlon SD, Nakabayashi ], Shigezawa G. A critical view
of presbyopic add determination. | Am Optom Assoc.
1987,58(6):468-472.

Millodot M, Sivak J. Influence of accommodation on the chro-
matic aberration of the eye. Br | Physiol Opt. 1973;28(3):169-174.
Wee S-H, Yu D-S, Moon B-Y, Cho HG. Comparison of presby-
opic additions determined by the fused cross-cylinder meth-
od using alternative target background colours. Ophthalmic
Physiol Opt. 2010;30(6):758-765.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 80
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 80
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 80
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


