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CORRECTIONOF PRESBYOPIA
WITH SPECTACLELENSES

Darryl J. Meister, ABOM and Gregory L. Stephens, OD, PhD

Many options exist for the correction of presbyprovide a correction for both distance vision and close
opia, including spectacles, contact lenses, and surgigsibn.
procedures. Spectacles have been in use the longest
period of time and are the most mature technology,
with many different options available to the wearer. SINGLE VISION LENSES
Spectacle lenses generally provide better vision quality . )
than alternative methods of correction, such as multi- Single vision OreadingO or near vision-only lenses
focal contact lenses and IOLs, which often rely on thr@vide the total near vision refraction. A single-
creation of multiple images or simultaneous visiorvision correction for near vision may be provided in
These images overlap on the retina, with a defocusetegular spectacle frame or in a vertically shallow
image decreasing the contrast of the image focusedfame, commonly referred to as half-eyes or half-
the intended viewing distance. In addition, spectagtasses, which allows uncorrected distance vision
lenses are relatively simple to prescribe, powers slaave the upper rim of the frame (Figure 13-1).
be modified easily as the visual needs of the patienThe reading or near vision-only prescription is
change, few risks are associated with their use, dattrmined by simply adding the prescribed add
many types of spectacles are relatively inexpensivgpower to the sphere power of the distance prescrip-
The additional plus power prescribed when cotion. The cylinder power and axis remain unchanged.
recting presbyopia with spectacle lenses is knowrnFas example, consider the following spectacle correc-
the near addition or OaddO power. It typically rangies:

from +1.00 to +3.00 D, depending on the residual OD +0.75/+1.50 ! 180

amplitude of accommodation and near vision require- OS +1.00/+1.25 ! 175

ments of the wearer (see Chapter 2). Because this +1.25 Add OU

additional plus power is suitable only for close and Far/Near PD = 68/64

midrange vision, there are 2 general approaches terpe power prescribed for reading glasses is:
the correction of presbyopia with a spectacle lens: (1) OD +2.00/+1.50 ! 180

single vision lenses worn on a part-time basis dur-

I
ing near-vision work and (2) multifocal lenses that OS +2.25/+1.25 1 175

Near PD = 64
Pallikaris 1G, Plainis S, Charman WN.

-113 - Presbyopia: Origins, Effects, and Treatment (pp. 113-126).
© 2012 SLACK Incorporated.
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M ULTIFOCALS

Multifocals are lenses that provide 2 or more
focal powers for seeing objects at different distances
clearly. A bifocal provides 2 different focal powers,
a trifocal provides 3, and a progressive addition lens
(PAL) provides a continuous change in focal power.
Occupational multifocals are available that provide an
additional focal power in the upper portion of the lens
for viewing tasks above eye level. Flat-top bifocals and
PALs each make up roughly one-half of all multifocals
sold2 Furthermore, almost all multifocals are now
made from various plastic lens materials. Glass lenses
of any type are considerably less common.

Figure 13-1. Compared with a standard frame (top), a half-eye

frame (bottom) combines vertically shallower lenses with Bifocals
higher bridge so that the frame rests low on the nose, allowing

the patient to see above the eyewear. A bifocal lens has 2 distinct areas of focal power:
the major or distance portion, which is the upper
. . . portion of the lens used for distance vision, and the
Note that the near interpupillary distance (nealy;ment (or OsegO for short), which provides the add
PD) is used when prescribing readlng glasses to p dlwer for near work in the lower portion of the lens.
tion the optical center of each IepsNor the point wit his segment behaves optically as a small plus lens
no prismNin front of the patientOs Iine of sight Whe_foixed to the distance portion. The segment also has
the eyes converge to read at the intended WOrking,,int that contributes no additional prism to the
distance. _ inherent prismatic effect of the distance prescription,
Over-the-counter reading glasses and half-eyes gigrred to as theegment optical centBifocals are
another simple and inexpensive solution for presbygaijaple in a variety of shapes and sizes (Figure 13-2).
opia. These spectacles have spherical power, the pay% most commonly used bifocal type is the flat-top
ers of the right and left lenses are equal, and the ngap_shaped bifocal, formed by truncating the top
PD is fixed. Powers are commonly available in 1.005Pan otherwise round segment. Flat-top bifocals are
steps. Over-the-counter reading glasses or half-e@sijaple in several sizes, ranging from 25 to 45 mm in
are best for patients with little or no astigmatism Qfiqth. The flat-top-28 (FT-28) is the most commonly
anisometropia. The patient can just choose the poygleq size, followed by the flat-top-35 (FT-35).
that works best, or the power chosen could be baseg, i pifocals are 1-piece lenses that produce the
on th_e _re_sults of the refraction, with guidance fro'%?dd power by increasing the curvature of the surface
the clinician. of the segment. Consequently, plastic bifocal segments
Reading glasses and half-eyes are a good solyligfde from the lens surface. For flat-top bifocals,
for patients who have little distance correction, Whgnich are truncated at the top, the bifocal segments
read for large amounts of uninterrupted time, or whugit in a ledge that is proportional in height to the
prefer a large field of view when reading. Readifgyih of the segment and the add power. Wider seg-
glasses may also be indicated for patients engagegdfs will therefore result in a more prominent ledge.
midrange viewing tasks for extended periods of tifgass flattop and round bifocals are fused lenses,
or for pati_ents who requirg either a prism correctiopreated by countersinking a segment made from a
for near vision only or a high add power that exceegigh.index glass into the major (distance) portion of
the range available in multifocal form._Readlng gla_s%é lens blank under high heat. Glass segments are
must be removed to see clearly at distance, so intgfiooth to the touch. The minimum center thickness

mittent use can be annoying. Reading glasses gpthese lenses is often limited by the width of the seg-
half-eyes are typically the least expensive solutiond@nt and the add power.

the problem of presbyopia.
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Figure 13-2. Bifocals are commonly available in several sizgsgure 13-3. Trifocals have a segment divided into a lower

and shapes. The position of the segment optical center hagar section and an upper intermediate section that provides

been marked on each drawing. midrange vision. Occupational and quadrifocal lenses include a
second segment in the upper portion of the lens for close work
above eye level.

Although less common today, the round bifocal is

another segment type. Round bifocals are available.in. .

several sizes, ranging from the standard size of szfocals and OCCU pat|0n8.|

to an OultexO size of 38 mm or more. Because the W‘?UltifOC&'S

cal line is less conspicuous compared with the ledge o

flat-top bifocals, round bifocals are often considered aA trifocal lens has 3 distinct areas of focal powerN

good cosmetic choice for children who require a nesie distance portion of the lens for faraway vision and

addition for an anomaly of binocular vision or to slow segment divided into 2 separate sections (Figure

the progression of myopfaBlended round bifocals 13-3). The lower section of the segment, referred to as

are also available with the line of demarcation blendg@ near, provides the add power for reading vision,

into the distance portion of the lens. These lenses pihereas the upper section, referred to as the interme-

duce an annular band of blur around the perimeter dfate, provides half as much plus power for midrange

the segment. vision at armOs lengthNor approximately 60 cm or

The OExecutive-styleO bifocal is another commmore. Trifocals have been largely superseded by pro-

segment type. This bifocal segment extends acrosgjtiessive addition lenses.

entire lower half of the lens, providing the widest pos-As a patientOs presbyopia advances, clear vision

sible reading field. Most patients, however, will fingirough a distance correction will no longer be pos-

the reading field of view of a flat-top-35 segment masible, even for objects as close as armOs reach. Further,

than adequate. Because the segment extends aeioshe add power of the bifocal segment is increased,

the entire lens blank, Executive-style bifocals oftgwe focal length becomes shorter. The shorter length

have extremely prominent ledges that may necessitaiduces the maximum extent of viewing distances

extremely thick, heavy lenses in high add powers ooWer which objects remain clear through the bifocal

hyperopic prescriptions. segment. Eventually, the patient will no longer be able
to see clearly at armOs reach, either through the dis-
tance portion of the lens (objects will be too close for
the individualOs available accommodation) or through
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Figure 13-4. Unlike bifocals
which produce a gap in midrang
vision through either the distanc
portion or the segment in highe
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the bifocal segment (objects will be too far away forFinally, the quadrifocal lens has 4 distinct areas of
the focal length of the addition). As the prescribed aflztal power, thus providing the occupational equiva-
power approaches +2.00 D or higher, trifocals may leat of a trifocal with a second segment in the upper
indicated for adequate midrange utility (Figure 13-4portion of the lens.

Trifocals are available in several shapes and sizes, . .
including flat-top, round, and Executive-style se@pthS Of Blfocals and Trlfocals
ments. Flat-top-28 and flat-top-35 trifocals are the . )
most widely utilized. The height of the intermediate The presence Qf a blurred and magmf!e_d area in
section of most trifocals is 7 mm, although flat-top-3&1€ lower visual field caused by the additional plus
trifocals are available in heights of 8 mm or mor@ower of a multifocal segment will disrupt the per-
Most trifocals provide a fixed intermediate powéf€Ption of space, which may make it difficult for the
of approximately 50% of the total add power. ch}atlgnf[ to n_egotlate st_eps or curbs_ at first. A patient
example, consider a prescription with an add pow&c€iving his or her first pair of bifocals should be
of +2.50 D: The near section of the trifocal segmenty@rned of this difficulty and advised that a period
+2.50 D, while the plus power provided by the inteP adjustment may be required. Further, compared
mediate section is 0.50 | +2.50 D = +1.25 D. with single-vision lenses, bifocals and trifocals have

An occupational or Odouble segO lens is a bif stricted field of view, which represents the extent

with a second segment in the upper portion of the lefis (€ visual field that can be seen through the seg-
that provides clear reading or midrange vision durif§€nt- The field of view through a segment decreases
up gaze. Occupational bifocals are designed prim@r- the a}dd POWET Increases, due_to magnification.
ily for patients whose occupation requires close wayjest patients will find the field of view of a 28-mm

above eye level, including some painters, carpentSRgMent adequate. For patients who have extensive

mechanics, and electricians. The upper segmenﬂ%}?@‘r'\”s'on requirements, a 35-mm segment may

typically located 13 to 15 mm above the lower bif§¢ indicated. The horizontal field of view at 40 cm
cal segment. The add power of the upper segmenols@ *2-50 D addition ranges from approximately
typically equal to the add power of the lower segme%%'l cm for a round-22 bifocal to 47.4 ¢m for a flat-

although different combinations are also availabﬁ%p'35 bifocal. For comparison purposes, an A4 page

to allow for different working distances through thl$ 21 ¢m wide, a US letter page is 21.6 cm wide, and

upper segment newspaper broadsheet pages are up to 38 cm wide.
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Another optical consequence of bifocals is t
change in prismatic effect that occurs as the patiefl| T#$%& 13-1R!I"#$$!%&!& N!'(
ment, refered to a5 image jamp. mage jump ool Pty G D%, O#( Ci$1+%
because the bifocal segment acts as a separate [+#%. #0 D+./%"! P)*+” (’ D+./%"
lens, producing a base-down prismatic effect in tffj '%0& W#(2+%3 D+./%"!
region between the upper edge of the segment and|fine
segment optical center. Image jump is proportional N!I"# PD ($$)
both the add power and the distance to the segmgnt
optical center. Round segments will produce the mgst D%&"()! W*#+%(, D%&™()!
image jump, flat-top segments will produce appro PD ($$) | 50)$ | 40" |33)$ |25)%
mately half as much image jump as round segmerjts; 5a 55 52 52 55
and Executive-style segments will produce no image 59 56 55 o5 3
jump because the optical center is located at the [pp 60 57 56 13 4
edge of the segment. 61 ca 57 56 o5

Image jump causes objects to appear to maje 62 59 58 57 56
upward suddenly when the line of sight crosses fhe 63 60 59 58 57
segment boundary. In addition, as the line of siglt 64 61 60 59 58
nears the segment boundary, the finite size of e 65 62 61 60 59
pupil admits rays of light from both the distanc 66 63 62 61 60
portion and the segment simultaneously, producingy 67 64 63 62 60
disparate overlapping images on the retina. A zgfje 68 65 64 63 61
of confusionNor area of double visionNtherefore 69 65 65 64 62
circumscribes the boundary of the segnfeihese 70 66 66 65 63
2 effects create a small area at the top of the segmejjtin 71 67 67 66 64
which a multifocal wearer will not have useful visi 75 68 67 67 65
until the pupil of the eye has completely cleared tfjie

segment line, although most patients adapt to t
effect quickly.

.. ; ; pupillometer set to the appropriate reading distance,
Flttlng Bifocals and Trifocals although it is often easier to refer to a table of recom-

Bifocal d trifocal fitted using 3 mended near PD values (Table 13-1). The near PD may
|tocz;1_|s an ¢ rIII OC;S are% : t% l:js.'rt]g msgsur&;so be increased or decreased slightly to account for
ments. Horizontally, the patients distance p?l?'é prismatic effects induced by the distance prescrip-

:lr(])nsa_ti:e prism ;(_afere?ce phOIInt or Op:;fi' ”C]entert.(ﬁon; myopic bifocal wearers will converge slightly less
the distance portion ot €ach lens so that the pg.'?ﬂ}ring near vision, whereas hyperopic wearers will
is looking through the proper amount of prismNif

o . g ...__converge slightly more.
anyNduring distance vision. The near PD positions - .
the center of each segment slightly in from the dis—When determining the height of the segment, a

tance PD so that the patient is looking through ti%OOd rule of thumb for the first-time flat-top bifocal

wearer is to position the top of the segment at the lower
center of each segment when the eyes converge to“. X=

ate a nearby object. This ensures that the fields of vie, pr lower limbal margin (Figure 13-5). Eor round
. bifocal wearers, 1 mm is often added to this measure-
through the segments overlap properly, while also . )
A - . ment. For trifocal wearers, a good rule of thumb is to
minimizing any unwanted horizontal prism from the

segments. Vertically, bifocals and trifocals are fittgasmon the top c_)f_the segme_nt at the lower pupil mar-
by taking a Oseg height® measurement. gin or, if the pupil is small, midway between the pupil

Tvoically. th PD is 2 1o 5 and the limbus. Occupational and quadrifocal lenses
ypically, the near IS 0 © MM NarroWel, o fitted like a bifocal or trifocal, respectively, using
than_ the dlstancg .PD' T_he near PD will decreqﬁ% lower segment. In some cases, it may be preferable

relative to the original distance PD, as the readlfbgmodify the seg height of a bifocal or trifocal slightly

distance decreases or as the' d(ljsta_trnhce PD 'rl]:,c[r)e?ﬁgflect the visual demands of the patient or the seg-
as more convergence 1s required. ihe near t placement of his or her previous correction.
be measured directly, using either a PD ruler or a
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DISTANCE PD

BIFOCAL
SEG

HEIGHT
NEAR PD
DISTANCE PD
PAL ZONES PAL MARKINGS
Figure 13-6. A typical progressive addition lens (PAL) has a

1 stabilized zone of distance vision, a zone of near vision, and a

TRIFOCAL . : . : " .
SEG progressive corridor of intermediate vision, flanked to either

HE'GHT_ side by Oblending® regions of unwanted astigmatism; PALs

l markings include both temporgrink markings and permanent
esemivisible engravings.

NEAR PD

Figure 13-5. Bifocal segments (top) are typically fitted at th
lower lid or lower limbal margin and are separated by a dis-
tance equal to the near PD. Trifocal segments (bottom) al
typically fitted at the lower pupil margin.

5 optical limitations. First, the horizontal fields of

view through the distance, intermediate, and near
zones of the lens are relatively narrow compared with
PROGRESSIV@\DDITION LENSES conventional bifocals and trifocals. Second, areas
of unwanted astigmatism in the blending regions

The progressive addition lens (PAL) is the mogEoduce maghnification effects that can distort the

popular multifocal lens, and most ophthalmic lengPPearance of objects viewed through the periphery

research is devoted to improvements in PAL desi che lens, while also causing those objects to appear

The add power of a PAL increases gradually fro Osﬁsr‘;/]vaz_iyeosrv:/?r?qve unnaturallyNa phenomenon known
stabilized zone of distance vision in the upper poar‘- 9 '

tion of the lens to a stabilized zone of near vision in I\_/Ioder_n PAL_de5|gns hav_e m|_n|r_n|zed unwant_ed
the lower portion of the lens, without visible line@Stigmatism to its mathematical limits, thereby wid-
of demarcation or abrupt changes in magnificatioﬁn'ng the fields of clear vision and reducing peripheral

This gradual variation in plus power produces jstortion. In fact, studies show that patients almost
variable-focus intermediate zone or progressive c8fWays prefer modern PALs over standard multifocals

ridor between the distance and near zones that aIIdW%en given the chance to wear both types of Ié"nse-s.
: ané\éesvertheless, a small number of patients may still

Tlpéefer conventional, lined multifocals over PALs due
do optical or cost factors. Further, some patients may
ﬁsr(?nt with contraindications that reduce the likeli-

of success with PALSs, including anomalies of
inocular vision; sensitivity to vertigo or motion sick-
S%; extensive near-vision demands over a wide field;
ol advanced presbyopia without prior PAL experience.

by locating the appropriate amount of add power.
flatter curvature within the distance zone of the pr
gressive surface must essentially be OblendedO in
steeper curvature of the near zone, resulting in regi
of poor vision quality that flank the central viewin
zones (Figure 13-6). These blending zones are are
varying surface astigmatism that produce unwant
cylinder power.

PALs have a number of advantages comparedFt)JOgreSSive Addltlon

bifocals. First, PALs are cosmetically superior becalj_sens Markings
there are no OtelltaleO segment lines. Second, vision

through a PAL can be made clear for any viewingA newly made PAL is returned from the optical
distance after the patient has located the proper fodaloratory with either a set of temporary ink mark-
through the lenses. Third, because the change in #ugh or a plastic template affixed to the lens surface.
power is smooth, PALs have no image jump or abruptese markings identify the various reference points
changes in magnification. Nevertheless, PALs hafeghe lens for verification purposes, including the
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distance reference point (DRP) for verifying thpower measured by a focimeter, or ray-traced power
distance prescription in a focimeter; the near refdahat simulates the optical performance of a lens eye
ence point (NRP) for verifying the add power; themodel. These plots indicate areas of blur and distor-
prism reference point (PRP) for verifying any preion, as well as areas of rapidly changing power. The
scribed prism; and the fitting cross (FC) for verifyingt00-D cylinder power contour represents a boundary
the fitting height and interpupillary distance of théhat has been associated with the limits of clear and
lens. PALs also have permanent, semivisible marmfortable vision in PAL&Contour plots of equiva-
ings engraved on the progressive surface of the lérst,spherical power that depict the distribution of add
including 2 horizontal alignment symbols for reappower over a PAL are also available.
plying the temporary ink markings, located 17 mm Progressive lens designers seek to minimize
to either side of the PRP; 2 or 3 numeric charactefsvanted astigmatism and to determine the opti-
to identify the add power, located under the temporaial distribution of add power and astigmatism over
symbol; and possibly additional markings locatatle lens design. The size of the distance zone, size
under the nasal symbol for identifying the PAL bransf the near zone, length of the progressive corridor,
or other lens parameters (see Figure 18-6). and design of the lateral blending regions are all fac-
When verifying or evaluating lenses that have hemis that must be carefully manipulated by the lens
the factory ink markings removed, the markingdesigner to maximize visual performance and util-
should be reapplied using the manufacturerOs layibutfor the patient. Progressive lens designers have
and centration chart for the specific PAL design. pursued various, novel approaches to the problem of
this case, the permanent, semivisible horizontal aligrentrolling the distribution of unwanted astigmatism
ment markings must first be located. If the specifiwer PAL designs.
PAL brand is unknown, the design of the horizontal Unwanted astigmatism at the boundary between
alignment symbol and any markings under the nasak central viewing zones and the lateral Oblending®
alignment symbol may be used to identify the PAtegions of the lens varies as a function of 3 fagtors.
An indispensable guide for identifying PAL markrirst, the rate of increase in unwanted astigmatism is
ings is theProgressive Lens Identifpeblished by the proportional to the add power of the lens, so that an
Optical Laboratories Association (www.ola-labs.orghdd power of +3.00 D produces approximately 3 times
as much astigmatism as an add power of +1.00 D.

OptiCS Of the ProgreSSive Second, the rate of increase in astigmatism is inversely
o proportional to the corridor length of the lens, so that
Addltlon Lens astigmatism increases more rapidly as the separation

The change in power that occurs from the distanfgtween the distance and near zones becomes shorter.
portion to the near portion of a PAL is the result c;Ifhlrd_, the rate of increase in astigmatism increases as
a change in curvature over one of the lens surfadB§, Size of the regions over the lens that are virtually
Unfortunately, it is not possible to produce a graduff€ from unwanted astigmatism increases, so that
change in curvature without introducing unwant/enseés with wider central viewing zones also have
ed surface astigmatism. A vertical meridian pasS&¥e rapidly increasing astigmatism at the peripheral
through the center of the distance, intermediate, aR@undaries of these ZONes. _
near zones of a progressive surface, along which th@HardO PAL designs generally confine unwanted
curvature of the surface is essentially spherical at 8f{jgmatism to relatively small regions of the lens,
given point. In the vicinity of this vertical meridianthereby increasing the size of the clear distance and
the zones of the lens are relatively free from unwanf&fr zones? This improves visual utility during sus-
surface astigmatism. Away from this meridian, howained viewing tasks, especially for sedentary patients
ever, surface astigmatism begins to increase towid current bifocal wearers, at the expense of higher
the lateral regions of the lens. levels of blur, distortion, and image swim in the lateral

The distribution of unwanted astigmatism oveplending regions of the lens. At the other extreme,
a PAL is often depicted graphically using a contagsofto PAL designs spread the unwanted astigmatism
plot.” Similar to topographic maps, these plots shde" relatively large regions c_)f the Ieng, thereby_red_uc-
isocontour lines that connect points of equal cylind&d the levels of blur, distortion, and image swim in
power. Astigmatism plots can represent measureméift 1ateral blending regions. This improves dynamic
quantities derived from either surface power, vert¥igion and wearing comfort, particularly for active
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ASTIGMATISM PLOT ASTIGMATISM PLOT ASTIGMATISM PLOT ASTIGMATISM PLOT
“HARD” PAL DESIGN “SOFT” PAL DESIGN STANDARD DESIGN SHORT-CORRIDOR
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PLANO RX, +2.00 ADD PLANO RX, +2.00 ADD PLANO RX, +2.00 ADD PLANO RX, +2.00 ADD

Figure 13-7. OHarderO progressive addition lens (PAL) desidgtigure 13-8. Standard progressive addition lens (PAL) designs
have larger zones of clear vision with more rapidly increasir(tgft) do not provide sufficient reading utility in small frames
levels of unwanted astigmatism in the periphery, whereadecause the near zone is cut away when the lens is edged.
OsofterO PAL designs have smaller zones of clear vision ®i@hort-corridorO PAL designs (right) have a shorter progressive
more gradually increasing levels of unwanted astigmatism. corridor that provides readup utility in smaller frames.

patients and first-time PAL wearers, at the expense

of narrower distance and near zones (Figure 13;@0cupational Progressive

Modern PAL designs are seldom strictly hard or stri e

ly soft. Instead, most PALs usually represent a reas®eldlition Lens

able compromise between these 2 design extremes. In. _ )

some cases, the relative OhardnessO of the PAL desYg#ion in an office environment or at a computer

may intentionally vary as a function of add power $fOF station often requires excellent visual acuity for
base (front) curve. prolonged periods of time over working distances

that range from up-close to room-length and a field
ShOrt-CorridOr ProgreSSive of view that must extend to either end of a desk. The

relatively limited range of clear vision and field of view

Addition Lens of conventional multifocal lenses may prevent opti-
) . mal visual performance under these conditions. This
_Con\{eptlonal, .g_eneral—_purpose P.ALS are des'grﬁr@mpted the invention of occupational PALs, which
with minimum fitting heights ranging from 17 _toare specifically designed for office or workstation use.
22 mm (Figure 13-8). The relatively long Comdor.OccupationaI PALs typically provide wider inter-

length of these lens designs precludes their US€liate and near zones at the expense of distance
small frame styles, as the near zone of the lens

¥on (Figure 13-92 Th len re similar n-
be cut away after the lens is edged into the frame. % (Figure 13-9fThese lenses are similar to co

. : : ventional PALs, but the intermediate and near zones
increase in popularity of small frame styles prompt% e distributed over a larger region of the lens. Some

the invention of Oshort-corridorO PALs, which ha omputer® PAL designs may offer clear vision out

minimum fitting heights of 15 mm or le$5Short- to.the length of a typical office. Alternatively, some

cor_ridor PA."‘? essentially OcompressO the p.rogre%%}fﬁpational PAL designs may offer only midrange

optics to fit into smalle_r frame_s by shortening thgnd close vision. These lenses, sometimes referred to

Ic?onngntehs 2{ t;geesrc;%fesso';/ﬁmcrzr:fc}gl Oi;c(;g;sr?’ I?éssl Oenhanced near visionO lenses, provide the widest

of unwanted as?igmatism narroSveryviewing zgtjjne‘ll%l%is o_f midran_ge_ and rea_ding visi_on, but the range of

. ) : clear vision is limited to viewing distances associated

and a smaller_ |nterm_ezd|_ate Zone, in ac_cordance W\'/yﬂh a typical workstation (up to 2 or 3 m). There is

the mathematical limitations of PAL optics. also a class of PALs intended for prepresbyopic wearers
who may benefit from a small amount of add powerN
less than +1.00 DNfor close-up vision. These lenses
offer the utility of a single-vision distance correction
combined with a weak progressive add power in the
lower region of the lens.
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ASTIGMATISM PLOT ASTIGMATISM PLOT
“COMPUTER” PAL ENHANCED NEAR LENS

INTERMEDIATE

PLANO RX, +2.00 ADD READING RX +2.00 SPH PANTO

Figure 13-9. Occupational lenses for office or workstation usegrigure 13-10. The position of wear represents the orientation

include OcomputerO progressive addition lens designs that ofééithe fitted spectacle lens on the patient, including the pan-
room-distance vision and Oenhanced near visionO lenses tidacopic tilt (panto), face-form tilt (wrap), and the back vertex
provide a wide field of clear vision at a computer workstatioglistance (BVD) of the lens.

or desk.
] Free-form surfacing has recently made it possible
Free-Form ProgreSSNe to grind and polish complex lens surfaces, such as
. aspheric and progressive designs, directly onto a lens
Addition Lens blank. Relying on computer-controlled, single-point

%utting and flexible polishing techniques, free-form

Traditional PALs are fabricated by first molding faci I tical laboratory t fact
semi-finished lens blank with the intended progre%yr acing ajlows an optical faboratory to manutacture

sive surface at a mass-production factory and thign OWN Progressive lenses. A PAL design may be com-

- . oo ... Pined with the prescription curves required for the
grinding the desired spherocylindrical prescri t|oR . .
curves onto the back of Ft)he bla)r/1k atan oSticaI Igbopa—lt'ent and then directly surfaced onto the back of

tory. Each combination of lens material, base (fror} ngllel;wrs?n Ietns bl%nk’ knO\_/vtn aﬁ a pLéﬁk' This _altlowfs
curve, add power, and eye (right or left) requires © 'avoratory to produce a virtually enciess variety o

unique progressive lens mold. This can easily necP sl-‘ deS|gns_ fro_m a handful OT pucks, thereby sﬁgnifi-
sitate over a thousand unique molds for a single P %ntly reducing Inventory requirements. Alternatively,

design, which are expensive to produce, as well rgg—form or OdigitalO surf_acmg allows the laboratory
producing an inventory of tens of thousands of e apply a complex aspheric surface onto the back of

blanks to satisfy order demands. Each additional I%ga:iltlontz;l, fac;[_o ryl-mol;jed progresfstlr\]/ € I'f:f g'a’?k to
material or design variationNsuch as a short-corridor "¢ UN€ e optical performance ot the esign.

versionNincreases these requirements exponentially. Optics of Free-Form

Consequently, because of the massive product devel- : s
opment and inventory costs associated with semi- Progresswe Addition Lens

finished PALs, traditional PAL designs are designedf an optical laboratory with a free-form surfacing
using only a handful of base curves that must wagplatform also has access to optical design software
sufficiently well for a broad range of prescriptions am@pable of designing PALs in Oreal time,O a free-form
frame-fitting geometries. Most commonly, the PAPAL design may be optically customized for the
design applied to each base curve is optically optiMque visual requirements of the patient, immedi-
mized using computer ray tracing for a single, spheri@ély prior to fabricatiod3 This frees the lens designer
power near the center of the prescription range assdtdm the constraints of traditional, semifinished PAL
ated with that base curve. An average position of wagnufacturing. Without some form of optical cus-

is assumed during this ray tracing procedure, whitdmization for the individual patient, however, the
describes the location and orientation of the fittedsual benefits of free-form surfacing are negligible.
spectacle lens on the patient, including the pantoscoplacing the progressive optics on the back surface of
(vertical) tilt; face-form(horizontal) tilt or OwrapO; andthe lens may increase the fields of view slightly, by
back vertex distance of the lens (Figure 13-10). bringing the viewing zones closer to the eye, but the
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Figure 13-11. As thesel CONVENTIONAL LENS  CONVENTIONAL LENS CUSTOMIZED LENS
ray-traced astigmatisnh SPHERE POWER ONLY  WITH 1.50 D CYLINDER  WITH 1.50 D CYLINDER
plots demonstrate, it ig .

possible to customize

free-form  progressive
addition lens design fo
the specific prescrip
tion requirements of the
patient to minimize aber
rations caused by cylir]-
der power and variation
from the ideal sphere
power. (Reprinted with
permission of Carl Zeig: +3.00 SPH, +2.00 ADD +3.00 -1.50 x 135 +3.00 -1.50 x 135
Vision.)

improvement in optical performance due only to theorm of optical customization for free-form PALSs.
placement of the progressive optics is small. Typically, ray tracing, using an average position of
Free-form surfacing can offer meaningful improvewear, is utilized to calculate the ideal optical perfor-
ments in vision quality by minimizing the optical abemmance at multiple points over the lens. This ideal opti-
rations produced by the lens. Ideally, each prescriptioal performance results in a complex aspherization of
power requires a unique base curve or aspheric desitth PAL design that minimizes the residual optical
to eliminate oblique astigmatism, which is an opticaberrations introduced in the periphery of traditional
aberration that degrades vision quality in the peripPAL designs, thereby producing wider, more sym-
ery of spectacle lenses. Further, if the prescriptimetrical fields of clear vision, particularly in stronger
requires cylinder power, no conventional lens desigrescriptions or prescriptions with cylinder power
can completely eliminate the oblique astigmatism thitigure 13-11).
occurs simultaneously through both principal merid- : : e
ians of the lens. The orientation of the fitted spectacle Customization for Position of
lens also introduces a form of oblique astigmatism \Aear

be_cause the line of sight forms an al_ngle o the OF?tic""bptical customization for the patientOs specific
axis of the lens when the Ie.ns' IS tllted._The obligyEsition of wear represents an increasingly popular
astigmatism caused by lens tilt is proportlonal to bo rm of optical customization for free-form PALs.
the poyver of the Igns and the a”g'e oftilt. _Again, ray tracing is utilized to calculate the ideal
Optical aberrations are especially problematic fghyical performance at multiple points over the lens,
PALs, because oblique astigmatism interacts opticali,nugh the patient®s actual position of wear is uti-
with the surface astigmatism of the PAL design, caisaq in this case, instead of an average position of
ing the viewing zones of the lens to shift and shrinkpay. This ideal optical performance results in a com-
size. Fortunately, it is possmle to customize the Opttﬁéx aspherization of the PAL design that compen-
of free-form PAL designs for a number of factotgyes for the optical effects of tilt over the entire lens,
specific to the individual wearer by using computgherehy producing wider and clearer fields of vision,
ray tracing and numerical optimization methodsyarticularly in stronger prescriptions or in frames

Forms of optical customization applied to free-fornyiin extreme fitting measurements (Figure 13-12).
PALs range from preserving the intended optical per-

formance of the lens design for any combination of CUStOMIzation for Frame Size
prescription and position of wear to manipulating the  gptica| customization for the patientOs fraize is
basic structure of the lens design to better match hesiher important form of optical customization for
visual requirements of the patieit. some free-form PALs. The progressive corridor length
Customlzatlon for Prescrlptlon of OstandardO PAL designs offers insufficient reading
. utility at shorter fitting heights, whereas the progres-
ReqUIfementS sive corridor of Oshort-corridorO PAL designs restricts
Optical customization for the specific prescriptiothe fields of clear vision, often resulting in unnec-
requirements of the patient represents the most baggsary optical compromises in all but the smallest
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CONVENTIONAL LENS
NO LENS TILT

+3.00 SPH, +2.00 ADD

CONVENTIONAL LENS
15° TILT & 15° WRAP

EFFECTIVE RX:
+3.51 -0.43 x 044

+3.00 SPH, +2.00 ADD

CUSTOMIZED LENS
15° TILT & 15° WRAP

EFFECTIVE RX:
+3.00 SPH

+3.00 SPH, +2.00 ADD

CUSTOMIZED LENS
16 MM CORRIDOR

CUSTOMIZED LENS
13 MM CORRIDOR

CUSTOMIZED LENS
10 MM CORRIDOR

Figure 13-12. As ray-

traced astigmatism plots
demonstrate, it is possible
to customize a free-form
progressive addition lens
design for the specific
position of patient wear to

minimize lens aberrations
and changes to the effec-
tive power of the prescrip-
tion caused by the spe-
cific tilt and orientation of

the fitted lens. (Reprinted
with permission of Carl
Zeiss Vision.)

Figure 13-13. Free-form
progressive addition lens

designs can be customized
for the patientOs frame size

by varying the corridor
VIEWIVI\\l/é;DEONES \ length tp maximize the sige
—— g of the viewing zones, while

“—] ensuring sufficient reading

utility at any fitting height
by shortening the corridor
length between the dis-
tance and near zones as
needed. (Reprinted with
permission of Carl Zeiss
Vision.)

PLANO RX, +2.00 ADD

PLANO RX, +2.00 ADD PLANO RX, +2.00 ADD

frames. It is possible to tailor the progressive corridmre known, it is possible to tailor the progressive cor-
and viewing zones of the PAL design exactly to the sider length or viewing zone configuration of the PAL
or fitting height of the patientOs chosen frame stylesign to emphasize either distance vision, midrange
This tailoring results in a PAL design that takes fwikion, or reading vision.

advantage of the available lens area, thereby producing Customization fOF Head—

wide viewing zones combined with sufficient reading }
Movement Propensity

utility, regardless of frame size (Figure 13-13).

Customization for Visual Optical customization for the patientOs head-move-

Lifestvle ment propensity is possible with certain free—form~

y PALs to better match the PAL design to the patientOs
Optical customization for the patientOs visual lifeaysiological utilization of the lenses. When fixat-

style is possible with certain free-form PALs to bétg an object away from the median plane of the
ter match the PAL design to the visual requiremertisdy, the total change in gaze is due to a combina-
associated with the patientOs most common visimm of head movement and eye movement. Patients
tasks. The ideal design of a PAL for a given patiemto exhibit more head movement are referred to as
may depend on the patientOs occupational and avédaead movers,0 whereas patients who exhibit more
tional visual demand$. For example, a patient whoeye movement are referred to as Oeye maveéied
uses PALs mainly for driving or distance vision maye-tracking measurements of the patient have been
prefer a lens with a larger distance zone. Conversedytured by a suitable device, it is possible to tailor
a patient who uses PALs primarily for office workhe PAL design to the head-movement propensity of
or a low hyperope who wears PALs only to read, nihg patient. Often, OharderO PAL designs with wider
prefer a larger near zone. Once these visual dematidsance and near zones are used for Oeye movers,0O
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at pupil center using monocu | :

lar distance PD measurement:
from the center of the bridge
of the frame and monocula
fitting height measurements

; OD MONO 0OS MONO
from the lowest point on each "5 ir1 NG FITTING
lens. HEIGHT HEIGHT

whereas OsofterO PAL designs that produce less imdge free-form PALs that are customized for the
swim during compensatory head movements are upiesition of wear, additional measurements may also be
lized for Ohead movers.O submitted to the optical laboratory, including the pan-
. . toscopic tilt angle of the frame, the face-form (wrap)
Customization for Center of angle of the frame, and the back vertex distance of the
Rotation lens. Manufacturers that offer free-form lenses with
tgnf's feature generally make inexpensive tools available

Optical customization for the patientOs centerf r taking these measurements. In addition, sophis-
rotation distance is also possible with certain freer 9 ' » SOp

form PAL designs to better match the PAL designt{Sated video centration devices are also available for

the ocular anatomy of the patient. The distance fro plt;)r ”E (;rc]:ifne ;}‘iﬁs&en:ggsi i?gﬁg%ﬁﬁagg s(Elgl:iree q
the corneal plane to the center of rotation of the e ' P P P P

ball typically varies as a function of refractive errijy the optical laboratory with free-form PALs that

resulting in a longer center of rotation distance f rave been customlz_ed' for the position of wear. The
Impensated prescription represents the powers that

myopes (ie, longer globe) and a shorter distance f . : .
hyperopes (ie, shorter gloB€)This distance is use ?EQUId hbe dmeasured n a_fo_mmete(; fo(; dthe patlenft to
njoy the distance prescription and add power origi

with the back vertex distance of the lens during co I o - .
puter ray-tracing calculations to maximize opticﬂi1 yspecmed by_the clinician after the_ lenses are in
performance. The center of rotation distance may ¢ intended position of wear on the patient.
estimated from biometry measurements of a sample

population or measured individually with a suitable M ISCELLANEOUS

device.
- _ M ULTIFOCALLENSES
Fitting Progressive _ S
Other novel multifocal lenses are occasionally intro-

Addltlon LenseS duced, sometimes with limited success. For example,
PALs must be carefully positioned in front of th\éarious adjustable-power lenses have recently become

eyes for the patient to enjoy optimal visual perfo?—va”able' Qne tyPe_ of adjustable-power Ien§ "?COV'
mance through each viewing zone of the lens. TRYates a sgmgle-ws_lon lens formed by a fluid-filled
fitting cross of the PAL design should be positiong&embrané‘ By altering the pressure of the fluid and

at the center of the pupil (Figure 13-14). Horizontallg,"e surfa]:ceh culrvature ofbthe Inem(;:)rane, the gphericalf
the monocular distance PD of the patient should BEWer of the lens may be altered. A second type o

measured, ideally with a pupillometer. Vertical@dju'stable-power lens ﬁs a bicha_l lens with an electro-
the monocular fitting height of each lens should platic segment that relies on liquid crystal technology.

measured. This is the distance from the center of {HBPIYINg an electrical current to the segment activates
pupil to the lowest point along the edge of the lens. ‘F."dd power Of. the led8.For additi_onql_product
ensure accuracy, these measurements should be t éﬁ'ls or to confirm the current availability of suc_:h
after the frame has been adjusted only and the patigiS€S: consult the lens manufacturer or your optical
has assumed his or her habitual posture. laboratory of choice.
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Result Screen ﬁ
1.
2.
3.
H
4,
oo 5.
. = 6
J Back MH ,,,,,
I

Figure 13-15. Sophisticated video centration devices are avail7.
able that automatically capture progressive addition lens fit-
ting and position-of-wear measements easily and accurately

(Reprinted with permission of Carl Zeiss Vision.) 8.
9.
VERTICALIMBALANCE
AT THE READING LEVEL 10.
11.

For patients with anisometropia, or a significant
difference in refractive error between the right and left,
eyes, differences in vertical prism occur as the lines of
sight drop below the optical centers of the lenses duritg
near vision. This results in vertical prism imbalance at
the reading level or the position within each bifocal
segment typically used for reading. Vertical imbal<.
ance is proportional to both the difference in power,
between the lenses and the distance below the optical
centers at which the patient reads. Excessive vertical
imbalance may elicit symptoms of asthenopia (ey&&
strain) or even diplopia (double vision). Once the ver-
tical imbalance exceeds approximately 1.50 prism B,
the most common form of optical compensation is
slab-off prisn?! Slab-off prism is produced by grind-
ing a second optical center within the lower half of
the distance portion of 1 lens to offset the difference
in vertical prism induced at the same reading lev&t
within the opposite lens. Additional details regarding,
vertical imbalance compensation can be found in any

standard text on ophthalmic optics. ’
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