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PREFACE

A two years post matric teaching program of Dispensing Opticianry Technician for the
students of Allied Health Sciences. The purpose of this reading material is to provide
basic education to the paramedics about Dispensing spectacles. This reading material
attempts to cover almost all the basic theoretical knowledge required by students
about Dispensing, optics, spectacles manufacturing so that they can perform their

work better in Optical Laboratories.
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Section |
Unit 1;

The Eves

Eye is the organ of vision which contains two types of visual receptors, the rod cells
and cone cells. The two eyes are locatedin the deep cavities of the skull called orbits
which are situatedon the frontal side of the cranium. Two eyeballs rest on the pad of
fat.

Learning Objective:
The Opticians have a very significant role in managing opticianry problems so they
should have the knowledge of various structures of eye, particularly to ensure
appropriate referrals.
After completing this unit, the students will be able to demonstrate and describe the
basic structure and form of the eye ball and its adnexa.

STRUCTURE OF THE EYEBALL

Each eyeball is nearly spherical, fluid filled ball and is approximately 2.5 cm in
diameter. It consists of the coats of the eyeball and the refractory media of the
eyeball.
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Fig. 12.1: Structure of human eye

Coats of the Eyeball

The eyeball is covered by outer, middle and inner coats.

Outer Coat

The outer most tough fibrous layer of the eyeball is called the fibrous coat. It has
two parts:

1 Cornea and
2. Sclera.



Cornea: The anterior one-sixth of the eyeball is the cornea of the eye. It forms
the transparent bulging part of the eyeball. The dioptrical value of the cornea is
approximately + 42.00 D and the refractive index is 1.337. It has many layers. It
allows the light to enter the interior of the eyeball. That is why it is some times
termed as AWindow of the eye . 0

Sclera: The posterior five-sixth opaque white part is known as sclera. It gives
shape to the eye and prevents light rays topass through it.

Middle Coat

This is the vascular coat of the eyes and has two parts:
1. Choroid and
2. Ciliary body.

Choroid: The vascular layer which forms the inner lining of theopaque portion of
the sclera is called choroid. It is heavily charged with the black pigments called
pigmentum nigrum. Hence, this layer looks black. This is also a protective
coveringof the eyeball and does not allow any external reflection.

Ciliary body: At the anterior end of the choroid there is a circularzone which is
known as ciliary body. It holds the crystalline lens with the help of suspensory
ligaments. There is a colored disk situated in between the cornea and the lens
which is calledthe iris. At the periphery it is continuous with the ciliary bodyand
at the center there is a circular aperture called the pupil. The ciliary body muscles
contract and relax and thereby altering the lens thickness.

Inner Nervous Coat

Retina is the innermost light sensitive nervous layer and is present at the
posterior side of the eyeball between the choroidand vitreous humor. This layer
contains many neurons and

light sensitive cells called photoreceptors. According to the shapes, the
photoreceptors are called rod cells and cone cells. Rod cells are cylindrical and
are mostly found on periphery part of the retina. The cone cells are pyramidal in
shape and are found at the central portion of the retina, opposite to the pupil and
the lens. At about the center of the retina, there is a round depressed portion,
yellow in color which is extremely sensitive to the light and is called the Yellow
Spot or Macula Lutea. This area contains highly developed cone cells only. Just
below the yellow spot a disk like area is located which does not contain any rods
and cones. This is known as optic disk or blind spot. This is the place at which
optic nerves leavethe eyeball and blood vessels enter into the eyes.

Rods and cones contain photosensitive pigments calledrhodopsin and iodopsin
respectively. When the light falls on retina, these pigments are bleached and the
light energy is converted into visual impulse. Rod cells are responsible for dim
light vision and cones for bright light vision, color vision and for detail perception.
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Refractive Media of the Eyeball

There are four refractive media of the eye, which help toconverge the light rays
and focus them on the retinad cornea, aqueous humor, lens and vitreous humor.

Aqueous Humor

It is a watery fluid that fills up the chambers in front of the lens and supplies
nutrition to lens and cornea. The refractive index of this is 1.337.

Lens

The eye is provided with transparent, elastic circular lens, enclosed in a capsule
and suspended through the suspensory ligaments and is located approximately
2 mm behind the cornea. It is biconvex but its rear surface is more convex than

the front. The refractive index of the lens is 1.42 and is approximately + 18.00 D
of power.

Vitreous Humor

It is a protein matrix that forms a gelatinous but clear fluid and is present in the
compartment behind the lens. It maintainsthe eyeball pressure.

MECHANISM OF VISION

The working of the eye can be compared to that of a camera. Light is essential
to see an object as for taking a photographby a camera. Light rays reflected
from an object enters the eye through cornea, pupil, aqueous humor, lens,
vitreous humor and finally falls on retina.

The size of the pupil is regulated by the contraction of muscles present in the iris.
This contraction of muscles takes place reflexly. Size of pupil regulates the
intensity of light thatenters the eye. The light rays refracted by different refractory
media like cornea, lens, aqueous humor and vitreous humoris finally converged
on the retina. It forms an inverted and reduced size image. The muscles of the
ciliary body adjust thecurvature of the lens, thus light rays are clearly focused on
the retina. The rods and cones exposed to the light in the region of the image are
stimulated by photochemical reactions. They convert these stimulation into visual
impulse. It is conducted through the optic nerve into the visual center of the
cerebrum. The result is vision.

Passage of light through eye:

Light rays from an object
Cornea

Aqueous Humor

Pupil

Lens



Vitreous Humor
Retina

Optic Nerve
Brain

SOME DEFECTS OF VISION

A healthy eye focusses the parallel light rays exactly on the retina. This is called
emmetropia. However, some common abnormalities may occur due to which the
light rays are not focussed exactly on retina. This situation is known as
ammetropia.

Myopia

In this case, the person cannot see the distant object in any case but somehow
manage to see the near object at a certain distance. So they are called short-
sighted. The light rays are focussed in front of the retina. The defect can be
corrected by using a concave lens.

Hypermetropia

In this case, the person can manage to see the distant object by applying
accommodation but he fails to see the near objectat all. So they are called long-
sighted. The parallel rays comingfrom infinity comes to a focus behind the retina
when accommodation is at rest. The defect can be corrected by usinga convex
lens.

Astigmatism

It is a common structural defect in the cornea or the lens. There may be a
difference in the curvature of the two principalmeridians of the cornea or the lens.
The result being that the rays refracting by these surfaces do not focus at one
point. For this reason the vision is not sharp. The defect can be corrected by
using cylindrical lenses.

Presbyopia

Presbyopia is an age related visual defect. Usually above the age of 40 years the
person can see the distant object but he cannot see the near objects. This is due
to loss of elasticity of the lens and weakness of the ciliary muscles to
accommodate. Thedefect can be corrected either by using near power spectacle
or by bifocal lenses.

Cataract

It is a condition in which the crystalline lens inside the eye turn opaque and the
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vision is cut down to even total blindness. It can be corrected by surgically
removing the lens and by using a very high power convex lens compensating for
the removed lens. In new technique, a small artificial lens madeof plastics (IOL)
is implanted behind the iris.

ACCOMMODATION

A normal eye can see an object at infinity without giving any strain to the eyes.
This implies that a normal eye can focus theobject of infinity on the retina in a
state of relaxation. But when the object is brought nearer to the eyes, it is found
that the image has a tendency to focus behind the retina. But the ciliary body
muscles automatically get contracted and pulls the choroid coat in front. Thus,
the ligaments which are connected to the ciliary body become loose and the
surfaces, specially the anterior surface become more curve and the effective
focal length is thus reduced so that the images isnow focussed on the retina.
This process of the eye is known as accommodation of the eyes. In precise
words the process of focusing the objects at different distances is called the
accommodation. It is a reflex process and is mainly done by changing the
curvature of the elastic lens. The amplitude of accommodation is very strong in
case of children but reduces with the increase in age.

Sample Questions:

1. Draw and label cross section of the eye?

Ans: STRUCTURE OF THE EYEBALL

Each eyeball is nearly spherical, fluid filled ball and is approximately 2.5 cm in
diameter. It consists of the coats of the eyeball and the refractory media of the
eyeball.
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2. Discuss common conditions related to ocular structures?
1. Myopia



In this case, the person cannot see the distant object in any case but
somehow manage to see the near object at a certain distance. So they
are called short-sighted. The light rays are focussed in front of the
retina. The defect can be corrected by using a concave lens.

2. Hypermetropia

In this case, the person can manage to see the distant object by
applying accommodation but he fails to see the near objectat all. So
they are called long-sighted. The parallel rays coming from infinity
comes to a focus behind the retina when accommodation is at rest.
The defect can be corrected by usinga convex lens.

3. Astigmatism

It is a common structural defect in the cornea or the lens. There may
be a difference in the curvature of the two principal meridians of the
cornea or the lens. The result being that the rays refracting by these
surfaces do not focus at one point.For this reason the vision is not
sharp. The defect can be corrected by using cylindrical lenses.

4. Presbyopia

Presbyopia is an age related visual defect. Usually above the age of
40 years the person can see the distant object but he cannot see the
near objects. This is due to loss of elasticity of the lens and weakness
of the ciliary muscles to accommodate. The defect can be corrected
either by using near power spectacle or by bifocal lenses.

5. Cataract

It is a condition in which the crystalline lens inside the eye turn opaque
and the vision is cut down to even total blindness.It can be corrected
by surgically removing the lens and by using a very high power convex
lens compensating for the removed lens. In new technique, a small
artificial lens madeof plastics (IOL) is implanted behind the iris.

3. Define and explain accommodation?

ACCOMMODATION

A normal eye can see an object at infinity without giving any strain to the
eyes. This implies that a normal eye can focus theobject of infinity on the
retina in a state of relaxation. But when the object is brought nearer to the
eyes, it is found that the image has a tendency to focus behind the retina. But
the ciliary body muscles automatically get contracted and pulls the choroid



coat in front. Thus, the ligaments which are connected to the ciliary body
become loose and the surfaces, specially the anterior surface become more
curve and the effective focal length is thus reduced so that the images is
now focussed on the retina. This process of the eye is known as
accommodation of the eyes. In precise words the processof focusing the
objects at different distances is called the accommodation. It is a reflex
process and is mainly done by changing the curvature of the elastic lens. The
amplitude of accommodation is very strong in case of children but reduces
with the increase in age.



Unit 2;

Action of Eye

Properties of Light and Visual Function

Light may be defined as energy to which the human eye is sensitive. Scientists
do not yet fully understand the true nature of light in the physical sense, but the
behaviour and properties of light have been extensively studied and are well
known.

Learning Objective:
The Opticians have a very significant role in managing opticianry problems so they
should have the knowledge of functions and actions of various structures of eye,
particularly to ensure appropriate referrals.
After completion of this unit, students will be able to demonstrate the actions of eye
ball, functions of eye, basics of vision and form of the eye ball and its adnexa.

This chapter aims to describe those aspects of optics which are relevant to the
practicing opticians. In this chapter a simple account is given of the nature and
properties of light.

Electromagnetic Spectrum:
Optical Radiation

Optical radiation lies between X-rays and microwaves in the electromagnetic
spectrum and is subdivided into seven wavebands. Each of these seven
wavebands group together wavelengths which elicit similar biological reactions.
These seven domains are ultraviolet C (UV-C), 2001

The electromagnetic spectrum.

280 nm; ultraviolet B (UV-B), 2801 315 nm; ultraviolet A (UV-A), 315i 400 nm;
visible radiation, 40071 780 nm; infrared A (IRA), 7801 1400 nm; infrared B (IRB),
14001 3000 nm; and infrared C (IRC), 30007 10000 nm. As with all
electromagnetic radiation, the shorter the wavelength, the greater the energy of
the individual quanta, or photons, of optical radiation.

The cornea and sclera of the eye absorb essentially all the incident optical
radiation at very short wavelengths in the ultraviolet (UV-B and UV-C) and long
wavelengths in the infrared (IR-B and IR-C). The incident UV-A is strongly
absorbed by the crystalline lens while wavelengths in the range 4007 1400 nm
(visible light and near infrared), pass through the ocular media to fall on the retina.
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The visible wavelengths stimulate the retinal photoreceptors giving the sensation
of light while the near infrared may give rise to thermal effects. Because the
refractive surfaces of the eye focus the incident infrared radiation on the retina, it
can cause retinal damage, e.g. eclipse burns.

Colour Vision

The visible wavelengths of the electromagnetic spectrum are between 400 nm
and 780 nm. The colour of any object is determined by the wavelengths emitted
or reflected from the surface. White light is a mixture of wavelengths of the visible
spectrum. Colour is perceived by three populations of cone photoreceptors in the
retina which are sensitive to light of short (blue), middle (green), or long (red)
wavelength.

A congenital colour vision defect occurs if a cone pigment is absent or if there is
a shift in its spectral sensitivity. Hence, deuteranopia, protanopia and tritanopia
indicate absence of green, red and blue cone function, and deuteranomaly,
protanomaly and tritanomaly indicate a shift in the corresponding cone sensitivity.
The X-chromosome carries genes encoding for red and green pigment whereas
chromosome 7 carries the blue pigment gene. Of men 8% and of women 0.5%
have a defect of the red/green system; the commonest is deuteranomaly which
occurs in 5% of men and 0.3% of women. Tritan defects are rare.

Congenital colour defects characteristically affect particular parts of the colour
spectrum. Acquired colour defects occur throughout the spectrum but may be
more pronounced in some regions. For example, acquired optic nerve disease
tends to cause redi green defects. An exception occurs in glaucoma and in
autosomal dominant optic neuropathy which initially cause a predominantly bluei
yellow deficit; it has recently been found that visual field loss in glaucoma is
detected earlier if perimetry is performed using a blue light stimulus on a yellow
background. Acquired retinal disease tends to cause bluei yellow defects (except
in cone dystrophy and Stargardt's disease, which cause a predominantly redi
green defect).

Clinical Testing of Colour Vision

Ishihara pseudoisochromatic test plates specifically test for congenital redi green
defects, the most common abnormality of colour vision. The test plates consist
of random spots of varying isochromatic density. Numbers or wavy lines (for
illiterates) are represented by spots of different colours. A patient who is colour
blind will see only a random pattern of spots or incorrect numbers. The figures
can only be distinguished from their background by their colour and not by a
difference in contrast.



The Lanthony New Colour Test tests hue discrimination and can be used by
children.

Ultraviolet Light

The retinal photoreceptors are also sensitive to wavelengths between 400 nm
and 350 nm in the near ultraviolet (UV-A). These wavelengths are normally
absorbed by the lens of the eye. In aphakic eyes or pseudophakic eyes with
intraocular implants without UV filter, such UV radiation gives rise to the
sensation of blue or violet colours. Newly aphakic patients frequently remark that
‘everything looks bluer than before the operation'.

Of greater concern is the recent evidence that wavebands between 350 nm in
the UV and 441 nm in the visible spectrum are potentially the most dangerous
for causing retinal damage under normal environmental conditions. It is therefore
desirable that intraocular lenses filter out these wavelengths and protect the
retina. Intraocular implant lenses are therefore being produced which incorporate
a UV- A absorbing substance.

The bright illumination employed in modern ophthalmic instruments may also
cause retinal damage under some circumstances. Prolonged exposure to high
intensity indirect ophthalmoscope illumination, intraocular light pipe illumination
and operating microscope light is potentially damaging to the retina, which may
in many instances

already be unhealthy. Some instruments have yellow filters built into them to
reduce exposure to the most damaging wavelengths.

Fluorescence

Fluorescence is the property of a molecule to spontaneously emit light of a longer
wavelength when stimulated by light of a shorter wavelength. For example, the
orange dye fluorescein sodium when excited by blue light (4651 490 nm) emits
yellowi green light (5207 530 nm).

Wave Theory of Light

The path of light through an optical medium, e.g. glass, is always straight if no
obstacle or interface between optical media is encountered. Diagrammatically
light is represented as a straight arrowed line or ray. (By tradition optical diagrams
show rays travelling from left to right on the page.) However, some experimental
observations of the behaviour of light are not fully explained by the simple
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concept of light as rays, and it is now understood that light really travels as waves
although its path is often represented as a 'ray'.

Wave motion consists of a disturbance, or energy, passing through a medium.
The medium itself does not move, but its constituent particles vibrate at right
angles to the direc-tion of travel of the wave. (Imagine a ribbon tied to a rope
along which a wave is 'thrown'. The crest of the wave moves along the length of
the rope, but the ribbon moves up and down at one point on the rope.)

Interference

When two waves of light travel along the same path, the effect produced depends
upon whether or not the waves are in phase with one another. If they are in
phase, the resultant wave will be a summation of the two, and this is called
constructive interference. If the two waves of equal amplitude are out of phase
by half a cycle, they will cancel each other out: destructive interference. The final
effect in each case is as if the waves were superimposed and added (in the
algebraic sense) to each other. Phase differences of less than half a cycle thus
result in a wave of intermediate amplitude and phase.

Interference of two waves.

Destructive interference occurs within the stroma of the cornea. The collagen
bundles of the stroma are so spaced that any light deviated by them is eliminated
by destructive interference.

Interference phenomena are also utilised in optical instruments. One example is
low reflection coatings which are applied to lens surfaces. The coating consists
of a thin layer of transparent material of appropriate thickness. Light reflected
from the superficial surface of the layer and light reflected from the deep surface
of the layer eliminate each other by destructive interference.

Diffraction

When a wave front encounters a narrow opening or the edge of an obstruction,
the wave motion spreads out on the far side of the obstruction. It is as if the edge
of the obstruction acts as a new centre from which secondary wave fronts are
produced which are out of phase with the primary waves. This phenomenon is
called diffraction.

When light passes through a circular aperture, a circular diffraction pattern is
produced. This consists of a bright central disc surrounded by alternate dark and
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light rings. The central bright zone is known as the Airy disc.

Diffraction effects are most marked with small apertures, and occur in all optical
systems including lenses, optical instruments and the eye. In the case of lenses
and instruments, the diffraction effect at the apertures used is negligible
compared with the other errors or aberrations of the system (see Chapter 8). In
the case of the eye, diffraction is the main source of image imperfection when
the pupil is small.

However, the advantage of a large pupil in reducing diffraction is outweighed by
the increased effect of the aberrations of the refractive elements of the eye
(Chapter 8).

The principle of diffraction is used in the design of some multifocal intraocular
lenses.

Limit of Resolution; Resolving Power

The terms limit of resolution and resolving power refer to the smallest angle of
separation (w) between two points which allows the formation of two discernible
images by an optical system. The limit of resolution is reached when two Airy
discs are separated so that the centre of one falls on the first dark ring of the
other.

Angle of resolution (w).

Tests of Visual Acuity i Resolving Power of the Eye

It is important in clinical practice to be able to measure the resolving power of the
eye. There are many tests of visual acuity. The more commonly used and
important ones are discussed here. In young children, tests appropriate to the
age and development of the child must be selected. As soon as the child is old
enough, tests to which the response is behavioural should be replaced by those
requiring matching.

Babies are best examined when alert and not hungry. Fixation with either eye
should be central, steady and maintained (CSM). The best target is a face
(especially that of the mother), a toy, or a television cartoon. A strong preference
for one eye, indicated by an aversive response to occlusion of that eye, squint,
nystagmus, roving gaze, and eye poking, all suggest poor visual acuity.

Visually directed reaching develops between two and five months of age. When
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the vision is poor, the movements are exploratory in nature. Much can be
deduced from watching babies playing. The ability of a child aged 15 months or
older to pick up a tiny coloured 'hundreds and thousands' sweet suggests near
visual acuity equivalent to 6/24 or better and the absence of a serious visual
defect. However, good near visual acuity may develop in the presence of high
myopia.

The Catford drum comprises a white cylinder marked with black dots of
increasing size corresponding to visual acuities ranging from 6/6 to 2/60 when
viewed from 60 cm. The drum is masked by a screen except for a rectangular
aperture which exposes a single spot. This spot is made to oscillate horizontally
and stimulates corresponding eye movement if seen by the child. This test
overestimates the acuity both because the target is moving and because the test
is conducted at a short working distance.

The STYCAR (Screening Test for Young Children And Retards) rolling balls are
ten white polystyrene spheres ranging in size from 3.5 mm to 6 cm in diameter.
They are rolled across a well illuminated contrasting floor 3 m from the child.
Pursuit eye movements indicate that they are seen. The Worth's ivory ball test is
similar.

Other methods for assessing visual acuity in preverbal children depend upon
preferential looking and the measurement of visually evoked potentials.
Preferential looking can be used to assess the visual acuity of infants based upon
their turning their head or eyes towards a patterned rather than a uniform target.
A black and white square wave grating (alternating black and white stripes) is
presented simultaneously with a plain grey target of equal size and average
luminance. Children with better vision are able to see a finer grating and turn
towards it.

Visual evoked potentials are the electrical responses generated in the occipital
cortex by visual stimulation of the eye. The stimulus used is either a black and
white square wave grating or a chequerboard pattern in which the pattern
reverses at a set frequency.

An optotype is a symbol, the identification of which corresponds to a certain level
of visual acuity. All tests employ black letters or pictures on an opaque or
retroilluminated white background in order to maximise contrast. The
requirements of each optotype test correspond to the literary ability of the subject.
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Testing of young children requires them to match the optotype letter or symbol
on a card shown by the examiner who is 6 m or 3 m away by pointing to one of
a group of matching letters on a key card.

Children aged 18i 24 months may be able to perform a picture optotype test. The
Kay's pictures test uses pictures of objects such as a cat, train or house; the
Cardiff cards also use pictures. The STYCAR letter tests use the letters first
recognised by children (H ,O, T, V and X) to test children up to the age of
approximately 3 years. The Sheridani Gardiner test uses seven letters, adding U
and A.

Optotype testing of the literate involves the naming of letters. The Snellen visual
acuity test is the most commonly used. The test is based on the theory that the
smallest object which can be resolved by the eye subtends the same visual angle
at the nodal point of the eye as a cone photoreceptor, i.e. one minute of arc (see
Fig. 1.11). The test employs a chart with rows of letters of diminishing size. Each
row is accorded a number indicating the distance in metres at Snellen test type
letter.

which a person with normal visual acuity should correctly identify the letters. The
bars and spaces of each letter subtend an angle of one minute of a degree. The
test chart is normally read from 6 m (20 feet). Thus, a subject who identifies the
letters on the '12' line from 6 m has 6/12 vision (20/40) i the numerator indicates
the viewing distance. 'Normal' visual acuity is 6/6 (20/20) although young adults
often achieve 6/4 acuity. Children are sometimes able to perform the test before
5 years of age, and may be able to match the letters to a key card before 4 years
of age.

LogMAR (Logarithm of the Minimal Angle of Resolution) visual acuity charts (e.g.
the Baileyi Lovie test) are more precise than the Snellen test because they have
a regular progression in the size and spacing of the letters from one line to the
next and the same number of letters on every line (Fig. 1.12). Comparable results
are therefore possible at any test distance.

Near Visual Acuity Testing

The near visual acuity is usually tested at a distance of 251 33 cm. Near acuity
charts usually comprise unrelated words or passages of text.

The British N system is based on the use of the typesetters' point system to
specify the size of the metal block on which letters were traditionally cast. Each
point is equal to 1/72 inch and blocks are sized in multiples of this, e.g. the blocks
bearing N5 letters measure 5/72 inches in height. Times Roman is used as the
standard font because the size of printed text depends on the font chosen. Jaeger
text types are a less satisfactory alternative because they do not follow a logical
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progression in size.

Potential Visual Acuity Testing

These tests may be used to assess the potential visual acuity of eyes in which it
is not possible to see the macula e.g.

because of a cataract. Good potential visual acuity indicates that cataract
surgery is likely to be of benefit. The simplest clinical test is the pinhole test.

The blue field entoptic phenomenon is the ability to see moving white dots when
blue light diffusely illuminates the retina. They are thought to represent light
transmitted by white blood cells in the perifoveal capillaries. When this
phenomenon is present, macular function is grossly intact.

Interferometers project laser light from two sources on to the retina. Interference
occurs where the two sources meet and this is seen as a sine wave grating if the
macula is functioning.

The potential acuity meter projects a letter chart on to the retina through a small
aperture.

Contrast Sensitivity

Tests of visual acuity do not adequately reflect the ability of the eye to see low-
contrast objects such as faces. In many conditions, e.g. cataract, glaucoma and
optic neuritis, the visual acuity may be almost normal whilst the contrast
sensitivity is considerably reduced.

Contrast sensitivity is measured using a sine wave grating. This is a pattern in
which there is a gradual transition between alternating light and dark bands, i.e.
the edges of the bands appeared blurred.

Narrower bands are described as having a higher spatial frequency. A contrast
sensitivity curve is constructed by plotting a range of different spatial frequencies
against the lowest degree of contrast at which the eye can still detect the grating.
Low or very high spatial frequencies must have higher levels of contrast in order
to be seen.

In clinical practice, the contrast sensitivity is measured using either a television
monitor or a chart. The Pellit Robson contrast test chart displays letters that have
decreasing levels of contrast to their background. The VISITECH chart has 40
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circles with different sine wave gratings and levels of contrast. The subject must
indicate the orientation of the circles.

Glare Testing

Scattered light which reduces visual function is called glare. Glare may be the
predominant symptom of corneal oedema or scarring, cataracts or opacification
of the posterior lens capsule. The effect of a glare source depends on its position
and intensity and on the light scattering properties of the ocular media.

Glare testing refers to the measurement of visual function (e.g. visual acuity,
contrast sensitivity, colour vision) in the presence of a source of glare.

Polarisation of Light

The orientation of the plane of the wave motion of rays comprising a beam of
light is random unless the light is polarised. Figure 1.14a shows a beam cut
across and viewed end-on: the light is travelling perpendicular to the page. In
contrast, Fig. 1.14b shows the cross section of a beam of light in which the
individual wave motions are lying parallel to each other. Such a beam is said to
be polarized. (Elkington)

Cross section of beam of light to show plane of wave motion.

Polarized light is produced from ordinary light by an encounter with a polarizing
substance or agent. Polarizing substances, e.g. calcite crystals, only transmit
light rays which are vibrating in one particular plane. Thus, only a proportion of
incident light is transmitted onward and the emerging light is polarised. A
polarising medium reduces radiant intensity but does not affect spectral
composition.

Light is polarised on reflection from a plane surface, such as water, if the
angle of incidence is equal to the polarising angle for the substance. The
polarising angle is dependent on the refractive index of the substance comprising
the reflecting surface. At other angles of incidence the reflected light is partly
polarised, i.e. a mixture of polarised and non-polarised light. Furthermore, the
plane of polarisation of the reflected light from such a surface is parallel with the
surface. As most reflecting surfaces encountered in daily life are horizontal, it is
possible to prepare polarised sunglasses to exclude selectively the reflected
horizontal polarised light. Such glasses are of great use in reducing glare from
the sea or wet roads.

Birefringence
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Some substances have a molecular structure which transmits light waves lying
parallel to its structure but which selectively slows and therefore redirects light
waves vibrating in a plane perpendicular to its structure. Crystals of quartz have
this property, which is known as birefringence.

Because they split incident unpolarised light into two polarised beams travelling
in different directions, they have two refractive indices.

Dichroism

The molecular structure of dichroic substances completely blocks transmission
of light waves not aligned with its structure by absorption. Thus, only one beam
of polarised light emerges, much weakened in intensity compared with the
incident non-polarised light. Tourmaline and polaroid (the latter made from fine
iodine and quinine sulphate crystals embedded in plastic) are dichroic
substances, polaroid being commonly used in sunglasses.

Other examples of the use of polarised light in ophthalmology are the assessment
of binocular vision in which polarising glasses may be used to dissociate the
eyes, e.g. in the Titmus test in pleoptics to produce Haidinger's brushes; and in
the manufacture of optical lenses to examine them for stress.

Stereoscopic Vision

Stereopsis is the ability to fuse slightly dissimilar images, which stimulate
disparate retinal elements within Panum's fusional areas in the two eyes, with the
perception of depth. It is graded according to the least horizontal disparity of
retinal image that evokes depth perception, and is measured in seconds of arc.

The normal stereoacuity is approximately 60 seconds of arc or better (slightly
different values are quoted by different workers). An individual with very good
stereoscopic vision may have a stereoacuity of better than 15 seconds of arc,
which is the smallest disparity offered in the Frisby stereotest (range 6001 15
seconds of arc). The maximum stereoacuity is achieved when the images fall on
the macular area of the retina, where the resolving power of the eye is at its best.
Good stereoacuity is therefore a product of central single binocular vision. A
stereoacuity of better than 250 seconds of arc is said to exclude significant
amblyopia, while a stereoacuity of worse than 250 seconds of arc may be an
indicator of amblyopia.

Clinical Tests of Stereoacuity

There are quite a variety of tests of stereoacuity available, but those most
commonly used in the UK are the Titmus test, the TNO test, the Frisby test and
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the Lang stereotest.

The Titmus test, which includes the Wirt fly test, is in the form of vectographs. A
vectrograph consists of two superimposed views presented in such a way that
the light entering each eye is plane polarised, the light from one view being at
right angles to that from the other. The composite picture must be viewed through
a polarising visor or spectacles.

The Wirt fly is the largest target in the test, which also includes graded sets of
animals and circles, one of which is disparate and appears to stand forward. The
test must be viewed at 40 cm, and covers a range of stereoacuity from
approximately 3000 to 40 seconds of arc.

The Frisby test consists of three clear plastic plates of different thicknesses. On
each plate there are four squares filled with small random shapes. One square
on each plate contains a 'hidden' circle, which is printed on the back surface of
the plate. The random shapes give no visual clue to the edge of the 'hidden'
circle, and the test is purely three-dimensional and does not require polarising or
coloured glasses to be worn. At a 40 cm viewing distance the plates show a
disparity of 340, 170 and 55 seconds of arc, and by adjusting the viewing distance
the test can be used to give a disparity range from 600 to 15 seconds of arc.

The TNO test comprises computer-generated random dot anaglyphs. An
anaglyph is a stereogram in which two disparate views are printed in red and
green respectively on a white ground. Redi green spectacles are worn to view
the anaglyph. The eye looking through the red filter sees only the green picture,
as black, and the eye looking through the green filter sees the red picture, again
as black, and the two views may be fused to give a stereoscopic effect. In the
TNO test the disparities range from 480 to 15 seconds of arc.

The Lang stereotest targets are made up of fine vertical lines which are seen
alternately by each eye when focused through built-in cylindrical lens elements.
The displacement of the random dot images creates disparity ranging from 1200
to 550 seconds of arc. The test card must be held parallel to the plane of the
patient's face to avoid giving uniocular clues. The test is viewed at a normal
reading distance.

Quantitative Measurement of Light (Radiometry, Photometry)

This topic can be confusing because of the different nomenclatures that are used.
Radiometry quantifies radiant energy in all parts of the electromagnetic spectrum
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as an absolute value, whereas photometry quantifies part of the spectrum in
terms of the visual response it produces, i.e. the spectral sensitivity of the eye.
Photometric measurements are therefore more commonly employed in visual
science.

Radiometry measures light in terms of how much is emitted from a source
(radiant flux), its intensity (radiant intensity) and the amount falling on a surface
(irradiance) or reflected from it (radiance).

The total flow of light emitted in all directions from a source is termed either the
radiant flux, if measured in watts, or luminous flux, if measured in lumens (Fig.
1.15).

The intensity of light emitted from a source is a measurement of the flow of light
per unit solid angle of space extending away from it. It is called either the radiant
intensity if measured in watts per steradian or luminous intensity if measured in
candelas (lumens per steradian). A steradian is the unit of solid angle (resembling
a cone) and defined as the angle at the centre of a sphere which subtends an
area on the surface of the sphere measuring the square of the radius (r). Since
the surface area of a sphere is 4Dr2, it follows that a point source whose luminous
intensity is one candela emits a total of 4D lumens.

The original unit of luminous intensity was the candle, based on the emission
from a wax candle of standard composition. Attempts to produce a more uniform
and precise source of light by which others could be measured led to the current
standard unit, the candela, whereby the luminous intensity per square centimetre
of a black body radiator at the freezing point of platinum is defined as 60 candelas
because the black body radiator is 60 times brighter than the standard candle.

Automated Perimetry

Perimetry measures the light sensitivity of points on the retina by the ability of the
patient to detect light stimuli of varying intensity presented at corresponding
points in the visual field. Currently, most perimeters have a standard background
luminance of 31.5 apostilbs (asb). The eye to be tested should be positioned at
the centre of the hemisphere, and the near spectacle correction should be worn
whilst the patient maintains steady fixation. Spots of light are projected on to the
inner surface of the hemisphere.

Light stimuli may vary in intensity between 0.8 and 10 000 asb. This range can
be expressed as a logarithmic scale and the log units are termed decibels (dB; 1
log unit equals 10 dB). The range 0.87 10 000 asb used in perimetry corresponds
to 51 dB.
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Sample Questions:
1. What is stereo acuity? How it can be measured clinically?

There are quite a variety of tests of stereoacuity available, but those most
commonly used in the UK are the Titmus test, the TNO test, the Frisby test and
the Lang stereotest.

The Titmus test, which includes the Wirt fly test, is in the form of vectographs. A
vectrograph consists of two superimposed views presented in such a way that
the light entering each eye is plane polarised, the light from one view being at
right angles to that from the other. The composite picture must be viewed through
a polarising visor or spectacles.

The Wirt fly is the largest target in the test, which also includes graded sets of
animals and circles, one of which is disparate and appears to stand forward. The
test must be viewed at 40 cm, and covers a range of stereoacuity from
approximately 3000 to 40 seconds of arc.

The Frishy test consists of three clear plastic plates of different thicknesses. On
each plate there are four squares filled with small random shapes. One square
on each plate contains a 'hidden' circle, which is printed on the back surface of
the plate. The random shapes give no visual clue to the edge of the 'hidden'
circle, and the test is purely three-dimensional and does not require polarising or
coloured glasses to be worn. At a 40 cm viewing distance the plates show a
disparity of 340, 170 and 55 seconds of arc, and by adjusting the viewing distance
the test can be used to give a disparity range from 600 to 15 seconds of arc.

The TNO test comprises computer-generated random dot anaglyphs. An
anaglyph is a stereogram in which two disparate views are printed in red and
green respectively on a white ground. Redi green spectacles are worn to view
the anaglyph. The eye looking through the red filter sees only the green picture,
as black, and the eye looking through the green filter sees the red picture, again
as black, and the two views may be fused to give a stereoscopic effect. In the
TNO test the disparities range from 480 to 15 seconds of arc.

The Lang stereotest targets are made up of fine vertical lines which are seen
alternately by each eye when focused through built-in cylindrical lens elements.
The displacement of the random dot images creates disparity ranging from 1200
to 550 seconds of arc. The test card must be held parallel to the plane of the
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patient's face to avoid giving uniocular clues. The test is viewed at a normal
reading distance.

2. Discuss actions of the eye and describe few Visual Functions?

Potential Visual Acuity Testing

These tests may be used to assess the potential visual acuity of eyes in
which it is not possible to see the macula e.g.

because of a cataract. Good potential visual acuity indicates that cataract
surgery is likely to be of benefit. The simplest clinical test is the pinhole
test.

The blue field entoptic phenomenon is the ability to see moving white dots
when blue light diffusely illuminates the retina. They are thought to
represent light transmitted by white blood cells in the perifoveal capillaries.
When this phenomenon is present, macular function is grossly intact.

Interferometers project laser light from two sources on to the retina.
Interference occurs where the two sources meet and this is seen as a sine
wave grating if the macula is functioning.

The potential acuity meter projects a letter chart on to the retina through a
small aperture.

Contrast Sensitivity

Tests of visual acuity do not adequately reflect the ability of the eye to see
low-contrast objects such as faces. In many conditions, e.g. cataract,
glaucoma and optic neuritis, the visual acuity may be almost normal whilst
the contrast sensitivity is considerably reduced.

Contrast sensitivity is measured using a sine wave grating. This is a
pattern in which there is a gradual transition between alternating light and
dark bands, i.e. the edges of the bands appeared blurred.

Narrower bands are described as having a higher spatial frequency. A
contrast sensitivity curve is constructed by plotting a range of different
spatial frequencies against the lowest degree of contrast at which the eye
can still detect the grating. Low or very high spatial frequencies must have
higher levels of contrast in order to be seen.

In clinical practice, the contrast sensitivity is measured using either a
television monitor or a chart. The Pellii Robson contrast test chart displays
letters that have decreasing levels of contrast to their background. The
VISITECH chart has 40 circles with different sine wave gratings and levels
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of contrast. The subject must indicate the orientation of the circles.

Glare Testing

Scattered light which reduces visual function is called glare. Glare may be
the predominant symptom of corneal oedema or scarring, cataracts or
opacification of the posterior lens capsule. The effect of a glare source
depends on its position and intensity and on the light scattering properties
of the ocular media.

Glare testing refers to the measurement of visual function (e.g. visual
acuity, contrast sensitivity, colour vision) in the presence of a source of
glare.

. What is Polarization of light? Explain its significance?

Polarisation of Light

The orientation of the plane of the wave motion of rays comprising a beam
of light is random unless the light is polarised. Figure 1.14a shows a beam
cut across and viewed end-on: the light is travelling perpendicular to the
page. In contrast, Fig. 1.14b shows the cross section of a beam of light in
which the individual wave motions are lying parallel to each other. Such a
beam is said to be polarized.
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Unit 3:

Frame T nd Part

The purpose of this chapter is to acquaint the reader with the basic terminology
used in eyewear. This knowledge is essential to avoid misunderstanding the terms
used later in the text to describe in detail the actual dispensing procedures.

Learning Objective:

1. At the end of this unit, students will be able to learn types, parts and material of the
frame.

2. The purpose of this is to acquaint the students with the basic terminology used in
eyewear. This knowledge is essential to avoid misunderstanding the terms used later
in detail in the actual dispensing procedures.

BASIC PARTS

The frame is that portion of the spectacles that holds the lenses containing the
ophthalmic prescription in their proper position in front of the eyes.

A frame generally consists of the front, which in one form or another contains the
lenses, and the temples, which attach to the front and hook over the ears to help hold
the spectacles in place. Frames occasionally do not have temples and are instead
held in place by pressure on the sides of the nose (pince-nez), by attachment to
another frame (clip-ons), or by being held in the hand (lorgnettes).

Frame Fronts

That area of the frame front between the lenses that rests on the nose is the bridge. The
rim going around the lenses is known as the eyewire or rim. The outer areas ofthe
frame front, to the extreme left and right where the temples attach, are known as the
endpieces. A few plastic frames may still have a metal shield on the front of the
endpiece to which rivets are attached to hold the hinge in place (Figure 1-1).

The hinges hold the temples to the front, and consist of an odd number of inter ying t
barrels, the total number being three, yve, or seven. Hinges may vary in construc- tion,
but for simplicity are usually c | a sdsby theetotal number of barrels they have when
assembled, such as a three-barrel hinge.

Some frames have nose pads, which are plastic pieces that rest on the nose to support
the frame. These maybe directly attached to the frame or to connecting metal pieces
known as guard arms or pad arms.

Temples
The portion of the temple that is nearest its attachment to the front is known as the
butt portion or butt end. The place on the temple where it yrst bends down to go over
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the ear is called the bend. The portion of the temple

between the butt end and the bend is called the shank or shaft, and that portion
beyond the bend and behind the ear is referred to as the earpiece, bent-down
portion, or curl(Figure 1-2).

CONSTRUCTION

Frames

Frames without an eyewire going completely around the lens are called
mountings. Lenses are finserted ointo frames, but A muntedd into mountings.
Frames them- selves can be classiyed in a simpliyed manner by one of the
following categories of frames or mountings.

Plastic

Plastic frames are made of some type of plastic material. Plastic frames were
occasionally referred to as shell frames, dating back to the time when eyeglass
frames were made of tortoise shell. This term has fallen into disuse. Another
general term that many still use for certain plastic frames is zyl, since at one time
zylonite (cellulose nitrate) was a commonly used material. Zylonite is highly
pammable and no longer used for spectacle frames. The name fi Yo continues to
be used, but usually refers to the most commonly used plastic material- cellulose
acetate. Now, with the emergence of many newmaterials, either the exact name
of the plastic materialis used or the frame is simply referred to as plastic (Figure
1-3).

Metal

Metal frames are those made of all metal parts, except for the nose pads and the
posterior temple sections, which are plastic covered. The eyewire runs completely
around the lens (Figure 1-4).

Nylon cord frames

Nylon cord frames, sometimes called string mounted framesor nylon supras hold the
lenses in place by means of a nylon cord that yts around the edge of the lens.
This gives the glasses the appearance of being rimless. Usually the top of the lens
is ytted into the upper rim of the frames. The rest of the lens has a small groove
cut into an otherwise pat edge (Figure 1-5).

Combination

Combination frames are commonly frames having a metal chassis and plastic top rims and
temples (Figure 1-6). The chassis includes the eyewire and center or bridge section.
Although this is the most common construction, techni- cally any frame with a
combination of metal and plastic could be included in this category, as in the case
of a
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Figure 1-2. Parts of a temple.

frame with plastic eye-wires and metal bridge and temples.

Half-eye

Half-eyes are frames made especially for those who need a reading correction but
no correction for distance. They are constructed to sit lower on the nose than
normal, and are only half as high as normal glasses. This allows the wearer to
look over the top of the glasses. They may be of plastic, metal, or even nylon cord
construction (Figure 1-7). Less common are half-eyes for distant vision, which
allow the wearer to look under the lenses for reading.

Rimless, Semirimless, and Numont

Rimless mountings hold the lenses in place by some method other than eyewires or
nylon cords. Often screws are used, but cement, clamps, and plastic posts have
been used. Most rimless mountings have two areas of attach- ment per lens, one
nasally and one temporally (Figure 1-8). Rimless mountings are sometimes
referred to as 3-piece mountings.

Semirimless mountings are similar to the rimless exceptfor a metal reinforcing arm,
which follows the upper posterior surface of the lens and joins the centerpiece
ofthe frame to the endpiece. The centerpiece of a mount-ing consists of bridge,
pad arms, and pads (Figure 1-9). Numont mountings hold the lenses in place
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only at their nasal edge. They are seldom seen today. The lensesare attached at
the bridge area and the temples are attached to a metal arm that extends along
the posterior

Figure 1-4. One version of a metal frame.

Figure 1-5. A nylon cord frame or fstring mounto holds the lens in
place with a cord thatyts around the edge of the grooved lens.
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Figure 1-6. Examples of combination frames.

Figure 1-7. Half-eye frames in use. Half-eyes are made especially
for those who need a reading correction but no correction for
distance vision.

Figure 1-8. An example of a rimless mounting. The central area of
the frame is not connected to the endpieces. The only connecting
points are the lenses themselves.
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Figure 1-9. A semirimless mounting has a bar behind the top of the lens connecting
the endpieces to the bridge area.

Figure 1-10. A Numont mounting has only one nasal pointof attachment per lens.

Currently most dispensers refer to any of these three variations of a rimless mounting
as frimless.0 They do not differentiate between the three.

Other Mountings

Balgrip mountings secure the lens in place with clipsattached to a bar of tensile steel
that yts into a nasal anda temporal notch on each side of the lens. The lens can be
easily removed by pulling the clips back from the lens. For this reason, this type of
mounting can be used with more than one pair of lenses for the same frame. Sun-
lenses, special purpose lenses, or tinted lenses could then be used interchangeably with
the patien t degular lenses (Figure 1-11). Notches are now more often used in com-
bination with drilled holes in rimless mountings to lend stability to the mounting.

Bridge Area
The bridge area of a frame can be constructed of either plastic or metal. Because of
the variety of nose shapes,
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Figure 1-11. A balgrip mounting. In this form of rimless mounting, the slotted
lenses (A) are held in place with clips (B).

there is also quite an assortment of bridge constructionsin both materials.

Plastic Bridges

The bridge area of a plastic frame is preformed and sits directly on the bridge of
the nose. It is important, then, in picking out a plastic frame that the frame yt the
nose well, since adjustments to this part of the frame areextremely d i ity Rridge
adjustments for certain plas- tics, such as nylon, carbon yber and polyamide, are
not possible.

The saddle bridge is shaped like a saddle in a smooth curve and follows the bridge
of the nose (Figure 1-12). This spreads the weight of the frame evenly over the
sides and crest of the nose.
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Figure 1-12. The saddle bridge closely follows the contour of the nose, evenly
spreading the weight of the frame.
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Figure 1-13. The mod i y sadtle bridge has yxed nose pads attached at the back to
increase the weight-bearing area of the frame.

In the modifi ed saddle, the bridge area looks much the same as the saddle bridge does
when viewed from the front. The difference is that there are nose pads that are part
of the back of the bridge. These pads help to carry some of the weight of the frame
(Figure 1-13).

The keyhole bridge is shaped like an old-fashioned keyhole. At the top, the bridge
pares out slightly. The bridge rests on the sides of the nose, but not on the crest(Figure
1-14).

Metal Bridges

The bridge commonly used in metal frames is the pad bridge (see Figure 1-8). In the
pad bridge, nose pads are attached to the frame by metal pad arms. In this case, the
pads alone support the weight of the glasses.

When a metal frame is equipped with a clear plastic

Figure 1-14. Besides having an identifying shape, the keyhole bridge supports the

31



frame weight upon pads.

Figure 1-15. Metal saddle bridges were originally designed to rest directly on the crest
of the nose. They may still be used as originally designed shown in the frame pictured.
Often a metal saddle bridge is just for decorative purposes and is usedin conjunction
with nosepads.

Metal and rimless frames were, and sometimes still are, constructed with a metal
saddle bridgeD (Figure 1-15) and enjoyed widespread use for a period of history.
It may yet appear exactly as before or decoratively in con- junction with nose
pads.

With rimless mountings, the crest of the bridge does not include the pads or
straps, but is the center most area.

Endpiece Construction

Endpiece construction, like the bridge area construction, can be of either plastic
or metal.

Plastic Endpieces Construction
There are three general types of endpiece construction in plastic frames (Figure
1-16). The most commsaddle-type bridge, the bridge type is referred to
comfort bridge.
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Figure 1-17. This traditional metal endpiece has a turn-back design.

fi Gassic oRimless Fronts

The centerpiece of a rimless front consists of the bridge, pad arms, and pads. These
parts are the same as for metal also have straps to hold the lenses, as well as hinges

for temples.

Coloration

Plastic frames may be partially classiyed by coloration. A solid frame is all one
color. A vertically gradient frame is darker all the way across the top, including the
bridge, and is lighter across the bottom. A horizontally gradient frame is darker at
the temporal portions and lightens toward the central area. Clear bridge frames
somewhat resemble the horizontal gradient, but are dark at the top, except for the
bridge area. The bridge, along with the lower half of the frame, is clear plastic.
The multitude of color combinations available now makes categoriza- tion beyond
this di f ft.c u

FRAME MATERIALS

Plastic Frame Materials

The yrst classi cation of a frame is by the material used in its construction: either
plastic or metal. Several types of both are used to make frames.

The yrst plastics used for spectacle frames were made from bakelite and galalith.*
These did not perform well in cold weather because of their brittleness. Later
cellulose nitrate (zylonite) was widely used. Cellulose nitrate acceptsa good polish,
but is pammable if brought to a s u {fcigntly high temperature. Because of the
danger posed, cellulose nitrate has been banned by the FDA and is no longer
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used for spectacle frames. However, because these zylonite frames were the only
plastic frames commonly used for a period of time, plastic frames were known as

/SPRING

~<— ! F
A SHQEGHEIBED)

STRAP AREA

[ — -

Figure 1-18. The strap area in a classic-style rimless mounting has
the same construction at both center and endpiece locations.
Contemporary rimless mountings do not necessarily have this
classic-style construction.

Cellulose Acetate

A material used extensively for spectacle frames is cellu- lose acetate. The basic
cellulose material may be extracted from cotton or wood pulp and then further
processed.! When derived from cotton, the material used is the yberthat adheres to
the cottonseed after ginning and is too short to be used for making textiles. These
ybers are called cotton linters.? This cotton or wood material is treated with a mixture
of anhydride and acetic acid using sulfuric acid as a catalyst. Plasticizers and aging
stabiliz- ers are then added to this material.? Nevertheless, cel- lulose acetate does
become brittle with age.

Some allergies are attributed to wearing cellulose acetate frames, though this is rare.
More often skin problems are not so much allergic reactions to the mate-rial itself, but
to those things which can be absorbed by the material. Higher quality cellulose acetate
frames are coated in order to seal the surface. When left uncoated, cellulose acetate
may absorb materials which might be allergen producing. A good frame coating will
contain a UV inhibitor.* This inhibitor in the coating keeps frame color from fading.

*A fi U Whibitoroblocks out the suné siltraviolet rays.
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Cellulose acetate can be formed into sheets of plastic from which frame parts can
be cut, or it can be made into acetate granules that are used for injection molding.
For spectacle frames, cellulose acetate is generally madeinto sheets and milled
(Figure 1-21).

Propionate

Cellulose aceto-propionate, more commonly referred to as propionate, has many
of the same characteristics as cellulose acetate and works better for injection
molding.Propionate has less color stability than cellulose acetate and, unless it is
covered with a high quality frame- coating material containing UV absorbers, will
fade within a relatively short period of time. Propionate frames are made beginning
with granules of the material that are heated until liquid, then injection molded to
the desired frame shape. Granules may initially be colorless, allowing the frame
parts to be dyed to the desired color after they have been molded. Propionate
has a slightweight advantage over acetate, in that it is about three quarters of
the weight.

Optyl

Epoxy resin is used for spectacle frames and is known under the trade name of
Optyl. A liquid resin and a hardener are mixed together and drawn into the frame
molds using a vacuum process. The material is thermo- elastic. This means that it
will bend when heated and will return to its original shape when reheated. (Cellulose
acetate is thermoplastic. This means that it will bend when
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Figure 1-19. Frame fronts and temples can be milled from slabs of cellulose acetate.
They are ynished in steps until being polished, and usually coated to protect the frame
material from sunlight and to decrease the possibility of allergic reac- tions in sensitive
wearers. A, The frame front is being milled from a slab of plastic. B, One method for
making temples. Firstthe cellulose acetate is formed (top). Then the metal hinge and
core (middle) is injected into the plastic (bottom). From this point, the temple is milled
to the desired form and shaped.heated but does not return to its original shape when
reheated because it does not have a fi lastic memor y .Optyl is approximately 30%
lighter than cellulose acetate.? Because of its stability, Optyl is appropriate forthose
who might be allergic to other types of frame materials. (For more information on
working with Optylmaterial, see Chapter 7, Insertion into an Optyl Frame.)

Nylon and Nylon-Based Materials

Nylon. Nylon is a material of high pexibility. When used alone in spectacle frames,
nylon will lose that pex- ibility unless periodically soaked in water overnight.
Otherwise, over time, it will become brittle. i Pre onylon was previously used
extensively for sports eyewear. It has also been used for over-the-counter
sunglasses.? Itis now being combined with other material for added strength and
stability, remaining a part of the array of frame materials in use. (See Chapter 7,
Insertion into a Nylon Frame.)

Polyamide/Copolyamide. Polyamide is a nylon- based material that is quite
strong. Because it can be made thinner and is only 72% of the weight of cellulose
acetate, polyamide has a real weight advantage. Polyam-ide frames can be made
opaque or translucent. Frames made from polyamide are resistant to chemicals
and sol-vents, and are also hypoallergenic.® (For more on poly- amide frames,
see Chapter 7, Insertion into a Polyamide Frame.)

Grilamid. Grilamid is a nylon-based material used insports and performance type
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of eyewear. Unlike plain nylon frame material, grilamid has a large variety ofcolor
possibilities. Some manufacturers have fused Gril- amid with titanium to create a
strong, comfortable varia- tion of this frame material.

Carbon Fiber

Carbon fi ber material is used to create a thin, strongframe. This material is made
from strands of carbonybers combined with nylon. It is not adjustable and is
consequently used mainly for frame fronts. The temples are generally made from
another material. In other words, if a carbon yber frame does not yt well in frame
selection, do not plan on making it yt well later on. The principle advantage is the
light weight that can be achieved. Carbon yber is 60% the weight of cellulose
acetate. Not only is the material light weight, but because of its strength, it can also
be made thinner. Since carbon is black, frame colors will be opaque and are
limited.

Some problems may be encountered with breakage incold weather. Because of
the thermal problems, it is imperative that the material not be directly worked with
right after it has been outside. (For more information onworking with carbon yber
material, see Chapter 7, Inser- tion into a Carbon Fiber Frame.)

Polycarbonate

Polycarbonate is a material usually associated with lenses, but can be molded into
frames. Frames made from poly- carbonate are primarily for sport or safety
purposes. When made for nonprescription purposes, the lenses and frame are
molded as one unit.

Frames (and lenses) made from polycarbonate are very impact resistant.
Unfortunately, polycarbonate frames do not work well for conventional eyeglasses
because oftheir resistance to adjustment. They are better suited for

Figure 1-20. Polycarbonate sports frames can be ordered from the
manufacturer with plano lenses already in place. They can also be
ordered without lenses for prescription use.
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Figure 1-21. Safety frames with plano lenses can be molded as one unit. In the
sample shown, both the frames and lenses are molded together from polycarbonate
material.

the type of sports glasses that are held in place with elastic straps (Figure 1-20) or for
shield types of glassesthat may be used either alone or worn over conventional
glasses (Figure 1-21).

Kevlar

Kevlar is a material that is also mixed with nylon. It, too, is a strong, lightweight
ophthalmic frame material. Kevlar will remain stable over a large temperature range, but
isd i tlltytacadjust. Although it becomes pliable with heat, it will not shrink or stretch.

Rubber

Some sports eyewear and sunglass frames may be made from a combination of nylon
and rubber. As would be expected, these frames are pexible and will return to their
original shape, but are not adjustable.

Combinations of Plastic Materials

There are numerous possible combinations of plastic materials. These include
materials sometimes called memory plastics. Memory plastics are tough and pexible.
They can be bent or twisted and still return to their original shape.

Not all composite plastic materials are memory plas- tics. Other composite
plastics combine various materialsto produce frames and frame parts for spe c i y c
needs and purposes.

Metal Frame Materials

In the past, gold-containing alloys were the more pre- dominant metals used for
spectacle frames. (See Chapter 2, Gold C| a saiony for Metal Frames with
Substantial Gold Content.) Today few frames contain any gold.

Great progress has been made in metal frames because of the electrolytic treatment
techniques, which allow for corrosion resistance and ynished beauty. Any
nostalgia over the disappearance of gold alloy frames from the marketplace
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should be dispelled by the beauty and ser- viceability of the product that has
taken its place.

It is also common for frames to be made with more than one material. The temples
may be from one mate- rial for pexibility, the frame front from another, and the
connecting pieces something different still.

Nickel-Based Materials

Nickel is a material that is often used for eyeglass frames. It is strong and malleable.
The main disadvantage is the number of people who may have an allergic reaction
to nickel. It is reported that 10% of the population may be allergic to nickel.®
Fortunately high-quality ophthalmic frames are coated with a protective material
that both prevents corrosion and keeps the metal from coming in direct contact
with the skin while the coating remainson the frame.

Pure Nickel. Nickel resists corrosion. Because of malleability, pure nickel frames
are easily adjusted. Nicke b 6haracteristic of accepting color well makes these
frames versatile.

Nickel Silvers. Nickel silvers contain more than 50% copper, 25% nickel, and the rest
zinc. But A iskel silverdcontains no silver. Copper gives the material its pliabil- ity, zinc
adds strength, and nickel gives the alloy a whitish appearance. When the nickel content
of nickel silver exceeds 12%, the copper color no longer shows through.* Another name
for nickel silver is German silver.

Monel Metal. Monel is whitish in color, is pliable for good adjustment, resists
corrosion, and accepts a high polish. It is made from nickel, copper, iron, and traces
of other elements. The largest component of the material (63% to 70%) is nickel. The
second largest componentis copper. Iron constitutes only 2.5%, and there are traces
of silicium, carbon, and sulfur.! Monel is used quite often as a frame material.

Aluminum

Aluminum is both strong and extremely lightweight. It can be ynished in a wide variety
of colors and does not corrode. Aluminum does not solder or weld well, so must be
made such that its parts are assembled with screws or rivets.® It holds the adjustment
well, but has no pexibility. If it bends, it stays that way.

Stainless Steel

In the nineteenth century, some frames were made fromregular (nonstainless) steel
material. Stainless steel was developed in the early 20th century. It is made mainly from
iron and chrome and is highly resistant to corro- sion. Stainless steel is strong. When
made very thin, it has an element of springiness and pexibility that makes it well suited
for temples. Yet that very springiness means that fi djustments are difycult and often do
not hold.”0 Stainless steel is one of the more nonallergenic materials.

Titanium
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Titanium is a versatile and abundant material that has become increasingly common
for use in ophthalmic frames. The advantages include the following:

E Titanium is extremely light in weight. When compared with conventional metal
frame materials,allergies related to frame wear. This makes titanium a very
attractive frame material for those with skin allergies.

Z When used in combination with other metals, titanium allows frames to be
made so that they are very pexible. It should be noted that some frames use
titanium in combination with nickel to increase pexibility. Without an
appropriate coating on the frame, this would increase the likelihood of an
allergic response for some.

The disadvantages of titanium are fewer. These includethe following:
E Titanium is hard to solder or weld.
F Because the manufacturing process is more demanding, titanium is
more expensive thanconventional materials.

Titanium Marking Guidelines and Classiycations. The Vision Council of
America (VCA) has establishedvoluntary marking guidelines for frames containing
tita- nium. The reason for these guidelines was i t ead some of the confusion that
arises when frames are labeled ditaniumébut are actually only part titaniumd or
do not contain titanium at all.°0 Because these are voluntary guidelines, this
means that there may still be some con-fusion in marking. However, if frames
are markedaccording to VCA standards, then the buyer should know what that
particular frame contains. To be certi-yed, the titanium content of the frame must
be tested byan independent accredited laboratory. Here are theguidelines:*°

E Certifi ed 100% Titaniumd All major components ofthe frame are at least
90% titanium by weight and, to assure there will be no problems with wearer
allergy, the frame must not contain any nickel (Figure 1-24, A).

E Certifi ed Beta Titaniumd All major components of the frame are at least
70% titanium by weight, andthere must be no nickel content (Figure 1-24,

B).

Z titanium is 48% lighter.®

E Titanium is very strong, which allows titanium frames to be designed exceedingly
thin. Thinnessalso contributes to still more weight reduction.

E Titanium is very corrosion resistant. This makes titanium an excellent choice for
people in hot climates or those working in conditions where they would be
perspiring a great deal.

Z Titanium is hypoallergenic. It should be noted that

Certified 100%
Tltanium
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Certified beta
Tltanium

Vision Councilof America

B

titanium is often used in combination with other metals. If the wearer is allergic to
another of the metals in the alloy, then, unless the frame is appropriately coated,
allergic reactions could still occur. But when titanium is not mixed with other metals,
it is the metal of choice for those with skin

Figure 1-22. The Vision Council of America marking guide- lines for titanium uses
a symbol that would normally appear on the demonstration lens of the display
frame. A, Certiyed 100% Titanium means 90% titanium and there is no nickel
contained in the frame. B, Certiyed Beta Titanium means 70% minimum titanium
with no nickel content.

Not included in the Vision Council of American classi gation is what has been called
combination titaniumd a name applied to frames with titanium for the major parts of the
frame and trim pieces made from other metals.® The name nickel titanium or shape
memory alloy (SMA) is applied to a titanium alloy made with 40% to 50% titanium and
the rest nickel.!* Sometimes simply called memory metal,'? this material is extremely
pexible and returns to its original shape after being twisted or pexed. (It should be noted
that there will be other types of metal frame materials that will also function like a

~

fmemory meta | . 0 )

Bronze
Bronze is a metal alloy traditionally made from copper and tin. It is suited for spectacle
frames because it is corosion resistant, lightweight, and takes color well.

Magnesium

Magnesium is even lighter in weight than titanium. Frames made from magnesium are
extremely lightweight and exceptionally durable. The exterior of the frame is normally
sealed because of the corrosiveness of raw magnesium. Magnesium is also used as
part of an alloy in combination with other metals.

Other Materials and Alloys

There are other materials that are also suitable for frames, including cobalt, palladium,
ruthenium, and beryllium.

As would be expected, there are many different possible combinations of the
previously listed metals that may be combined to optimize certain characteristics.
Some have trade names applied especially for a particular combination used by a
given frame manufacturer. One, for example, called FX9 is a combination of copper,
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manganese, tin, and aluminum engineered to yield a hypoallergenic, lightweight, and
malleable material.1® Another, referred to as Genium, combines 12% carbon, 17.5%
to 20% manganese, 1% silicone, 17.5% to 20% chrome, and 58.9% to 63.9% steel.
These materials are combined to create a hypoallergenic frame that is thin, strong,
lightweight, pexible, and durable.!* As frame designs change, metal alloy
combinations will vary to meet these new design demands.

ALLERGIC REACTIONS TO FRAME MATERIALS

As previously noted, most frame manufacturers will use a coating on their plastic
frames to protect the frames and also to reduce any possibility of allergic reactions.
However, sometimes this is not enough.
To reduce the possibility of a reaction for people who have a history of skin reactions
to wearing frames, use frame materials that are known to be hypoallergenic.
Sample Questions

1. What are the key differences between plastic and metal frames?

2. Explain the purpose of nose pads and the different types available.

3. How do saddle bridges differ from keyhole bridges?

4. What are the benefits of using hypoallergenic frame materials?

5. Briefly describe the properties of cellulose acetate and propionate.

6. What are the advantages and disadvantages of nylon-based frame materials
like polyamide and Grilamid?

7. How is carbon fiber used in eyewear, and what are its limitations?

8. Discuss the use of titanium in spectacle frames and the different classifications
based on its content.

9. What are some emerging trends in frame materials and design?

10.How can frame selection be personalized to complement different facial
features and styles?

11.Discuss the different types of frame materials used in eyewear, highlighting
their pros and cons in terms of durability, weight, adjustability, cost, and
potential for allergic reactions. What factors should be considered when
choosing a frame material based on individual needs and preferences?
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12.Explain the various parts of a spectacle frame and their functions. How do
different bridge and temple designs impact the fit and comfort of the glasses?

13. Describe the evolution of rimless eyeglasses, exploring the different mounting
technigues and materials used throughout history. Discuss the advantages and
disadvantages of rimless frames compared to traditional full-rim styles.
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unit 4.

Frame Measurement and Markings

Learning Objectives:
At the successful completion of this unit, students will be able to learn:

1. Familiarity with frame measurements and how they are marked is essential to
proper ordering of prescription glasses.

2. Knowledge of measurement procedures assures receipt of the proper size when
ordering a replacement for a broken patrt.

3. The purpose of this is to give students a complete understanding of frame
dimensional properties. The confidence and capability achieved as a result of this is
the base on which to develop skKills.

THE OLDER DATUM SYSTEM

The previously used datum system for measuring lenseswas established as a system
of reference points for frames and lenses so that placement of lens optical centers and
bifocal segment heights would be consistent.

With the lens placed as it should sit in the frame, horizontal lines were drawn at
the highest and lowest edges of the lens (Figure 2-1). A line drawn halfway between
the two horizontal lines and parallel to them was known as the datum line. The width
of the lens along this line was called the datum length or eye size. The point along the
datum line halfway between the edgesof the lens is the datum center. The depth of
the lens, measured as the vertical depth through the datum center, was the mid-datum
depth. The datum system preceded the currently used boxing system.

THE BOXING SYSTEM

The boxing system improved on the foundation pro- vided by the datum system. The
datum system used two horizontal linesd one against the top and the other against
the bottom of the lens. The boxing system kept these two horizontal lines and added
two vertical lines. These vertical lines are placed against right and left edges of the
lens. All four lines form a box around the lens (Figure 2-2).

Horizontal Midline

There is a horizontal line halfway between the top and bottom of the lens. In the datum
system, this was called the datum line. This nhame continues to be used. However, in
the boxing system, this line is more commonly referred to as the horizontal midline
or the 180- degree line.

Geometric Center
The center of the lens is the point on the horizontal midline halfway between the
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two lens-bordering vertical lines. It is known as the geometric center or boxing center
of the edged lens. This term does not imply anything about the optical positioning
of the lens.

Size

The size of the lens then is the length and depth of the box containing the lens.
The horizontal length is now commonly referred to as the eye size when referring
to the frame and the lens size when referring to the lenses. Both are measured
in millimeters.

When most practitioners speak of lens size or eye size, they are referring primarily
to the horizontal measure of the lens, denoted by the letter /A0 in Figure 2-2.
Someframes list an eye size value that is different from and unrelated to the frame
A dimension. Such procedures attempt to relate this eye size numbertoa i yrgt i
va | uThis ds not a recommended practice and leads to confusion, but is so
commonplace that frame reference materials will usually list both an A dimension
and an eye size, even if they are the same value.

The letter /B alenotes the vertical measure of the boxenclosing the lens. Both i A 0
and fi Bdre in a sense independent of lens shape. The letter fi Cefers to the
width of the lens itself along the horizontal midline.? (This can vary considerably
from the A dimension.) The C dimension of a lens is seldom used. In the older
datum system, this was the eye size of the frame. Some people still mistakenly
measure the eye size this way.

The C dimension of a lens should not be confused with the fi &izeoof a lens.
C-size is the circumference of the edged lens and is sometimes used to increase
accuracy when duplicating an old lens size when edging.

Measurement

In determining the horizontal boxing dimensions of a frame, the measurement
begins at the inside of the groove on the left side of the imaginary enclosing box
and extends horizontally across the lens opening to thefarthest part of the
groove on the right side of the box (Figure 2-3). Do not ylt the box.

In measuring a lens, the measurement begins at the apex, or point, of the bevel on
the left side of the box enclosing the lens and extends to the apex of the bevel on the
right side of the box. Remember, the A dimensionis the width of the enclosing box. It
is not the width of the lens at the middle of the shape.

Effective Diameter

The effective diameter of a lens is found by doubling the distance from the geometric
center of the lens to the apex of the lens bevel farthest from it (see Figure 2-2).

Datum Line

depth
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Datum center

Figure 2-1. In the datum system, the mid datum depth may not always be equal to
the distance between the horizontal tangents. The datum eye size is the width of the
lens at the level of the datum line. The datum system eye size and the boxing system
eye size are not the same. Some measure the eye size according to the datum
system, thinking they are using the boxing system. The two eye size measures are
not the same.

Seg drop

Datum line Seg height

Effective diameter (EB)

Geometrical center distance
(GCD or fframe PD9

Figure 2-2. In the boxing system, the A dimension is the horizontal boxing width.
If the frame is properly marked, the eye size will be equal to the A dimension of the
frame. The B dimension is the vertical boxing length. The C dimension is the width of
the lens along the horizontal midline. This dimension is seldom used today. The C
dimension should not be confused with the i &izeoof a lens. The C-size of a lens
is the distance around the lens (i.e., its circumference). The dispenser uses the C-
size to ensure that a lens ordered by itself (without the frame) will be exactly sized
for that frame. This measurement helps determine the smallest lensblank from which
the lens can be cut.

Frame Difference

The difference between the horizontal and the vertical measurements is known
as the frame difference and is measured in millimeters. The larger the difference,
the more rectangular the enclosing box appears (Figure 2-4). Frame difference is
sometimes referred to as lensdifference.

Distance Between Lenses (DBL) or Bridge Size The boxing system also
makes it possible to de yie the distance between lenses (DBL). The DBL is the
distance between the two boxes when both lenses are boxed off

in the frame. This is usually synonymous with bridge size, although it is important
to note that manufacturers not adhering to the boxing system may mark a bridge
size that does not correspond to the distance between lenses.

Bridge size or DBL is measured on the frame as the distance from the inside nasal
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eyewire grooves across the bridge area at the narrowest point (Figure 2-5). This
distance is measured in millimeters. Naturally, two frames having the same DBL
will not necessarily yt the same person in the same manner because of variations
in lens shapes.

Geometric Center Distance (GCD)

The distance between the two geometric centers of the lenses is known as the
geometric center distance (GCD).

mn T ‘I"l "
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Figure 2-3. To measure the horizontal dimension of a frame, the measurement begins
at the inside of the groove on one side and extends across the lens opening to the
farthest part of the groove on the other. We cannot see the inside of the groove when
looking from the front. This means we can estimate where it will be and hold the ruler
so that the zero point is at the position of the left-hand side of the groove. Then we
need to read the ruler at the position where the groove will be on the right. If the
opening itself is measured, then about ¥2 mm per side needs to be added to the
measure to allow for the depth of the groove. This may vary somewhat, depending
upon the depth of the groove.

Y
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Figure 2-4. The difference between the horizontal and verti- cal measurements of a
frame is known as the frame difference.

It can be measured more easily as the distance from the far left side of one lens
opening to the far left side of the other (i.e., from the left side of one fi bxoto the left
side of the other fbox. @Oy the geometric center distance canbe calculated by simply
adding the eye size to the DBL. The result is the same.

ETRIC 1|mm

B

Figure 2-5. A, The DBL or bridge size is measured on the frame as the distance
from the inside nasal eyewire grooves across the bridge area at its narrowest
point. When measuring the bridge size, we cannot see the inside of the groove
and must estimate its location. B, If the measurement is made from lens opening
to lens opening, then approximately %2 mm per groove must be subtracted from
the measure depending upon the depth of the groove.

The GCD is also known by three other names:

1. Distance between centers (DBC)

2. Frame center distance

3. Frame PD
The term frame PD is commonly used in dispensing, but has no relationship to
the wearer sGnterpupillary distance or distance between pupil centers.*
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Figure 2-6. A-C, Various methods used in specifying temple lengths.

Seg Height

When specifying bifocal or trifocal segment height, the reference points are given in
millimeters as either (l) the distance below or above the horizontal midline (called seg
drop or seg raise), or (2) the distance from the lower line of the boxing system
rectangle enclosing the lens shape (called seg height). In the actual measuring process,
the level of the lower line of the box corresponds to the lowest point in the eyewire
groove. This level may be different from the depth of the point on the lens edge found
directly below the pupil as can be seen by looking carefully at Figure 2-2.

TEMPLE LENGTH

Most temples are currently marked with the total, or overall, temple length. Temple
lengths are expressed in millimeters. Temple length may be measured in one of the
following ways.

Overall Temple Length

The overall temple length is the distance from the center of the center barrel screw
hole to the posterior end of the temple, measured along the center of the temple
(Figure 2-6, A). Many times the center of the barrel *The term fir-rame P D énay have
originated when frame size was determined by selecting the correctly ytting bridge size,
then choosing an eye size so that the wearer& pupils would be at the geometric centers
of the f r a mlené spenings.screw hole will match the position of the butt end of the
temple. But this is not always the case. Also, when measuring the overall temple
length, it is necessary to measure around the bend and not in a straight line, unless
of course the temple is straight. The easiest way to do this is shown in Figure 2-7, A
through D.

Comfort cable temples are measured in terms of overall length. The actual
measurement is done by grasping the tip and extending the temple along the ruler
(Figure 2-8).

Length to Bend (LTB)

An older method of measuring temple length is in terms of the length to bend
(LTB). This is measured from the center of the barrel to the middle of the bend
(Figure 2-6, B). The distance from the middle of the temple bendto the end of the
temple is known as the length of drop (see Figure 2-6, B).
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Front to Bend (FTB)

If the endpieces wrap around in a swept-back manner, there is a distance
between the plane of the frame front and the actual beginning of the temple. In
this case, the temple length could be speciyed as frame to bend (FTB) (Figure 2-
6, C), which would be slightly longer than LTB. This measurement method is
seldom used.

FRAME MARKINGS

Most frames are marked according to size with three measurements: eye size,
DBL, and temple length. Metal frames that are manufactured from fi rlesl po | dré
also marked as to the amount of gold found in the frame. Rolled gold frames were
used regularly a good while ago. Any new rolled gold frames are very expensive.

Eye Size and DBL

When a frame marking such as 50% 20 is seen, it means that the eye size is 50
mm and the distance between lenses is 20 mm. The box between the numbers
means that the eye size is measured according to the boxing method; it also
serves to separate the two numbers and prevent confusion. The eye size and
DBL are sometimes simply marked 50-20 or 50/20.

Location of Markings

On a plastic frame the marking may be found in any of several places. It may be
printed on the inside of the nosepad, or it may be found on the upper outer section of
the eyewire. Some frames had the size printed on the back side of the endpiece, and
the temple must be folded closed to ynd it. Sometimes the eye size is printed on one
endpiece and the DBL on the other. As it should be, temple length is printed on the
inner side of the temples. Some manufacturers put all three measurements on the
temple. This is done because most frames are sold as a complete unit rather than a
frame front with a matching set of temples. Unfortunately this leads to confusion when
temples are exchanged.

On metal frames and frames with metal chassis, the eye size and DBL are usually on
the inside of the bridge, although occasionally they are printed on the underside of a
top reinforcing bar, or again, on the temples.
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Figure 2-7. Measuring overall temple length. A, Here is a temple marked with a temple
length of 140. We will be measuring this temple and comparing our results with
what is marked. B, Begin the measurement by placing the zero on the ruler at the
center of the hinge barrel, as seen in this measuring view. C, Looking at the temple
from the side it is evident that the zero point is not at the butt end of the temple. Often
times the position of the center of the barrel and the butt end of the temple are at the
same location. It is obvious from the photo that in this case they are not and the
beginning point for measuring does not start at the end of the temple. D, Turn the
ruler around the temple bend and note where the end of the templefalls on the ruler
scale. This is the overall temple length.

Figure 2-8. The overall temple length for a cable temple is obtained
by stretching the cable temple along the ruler.

Frame Manufacturer Name, Color, and Countryof Origin

Frames should also be marked as to country of origin, manufacturer, and frame name.
Many frame manufacturers use a number rather than a name. This can be confusing
if the frame color is also speci y éydnumber and both numbers are stamped on the
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frame. Consultinga frame reference catalog or database will help.

Safety Frame Markings

Frames that are suitable for use as safety glasses must have fZ8 7 @r fiZ87-2 @nd the
name or logo of the manufacturer stamped on the frame front and on both temples.
This is as speciyed by the American National Standards Institute (ANSI) in their
standard called American National Standard Practice for Occupational and Educational
Eye and Face Protection . The standard is numbered as Z87.1. If a pair of glasses has
safety lenses, but is not in a frame marked i Z 8d/r@&8M2,0 t lasses gre not safety
glasses. (For more on safety eyewear, see Chapter 23.)

Gold Class icgtions for Metal Frames WithSubstantial Gold Content

Metal frames may not have any gold or any sign icant amount of gold in the frame.
This does not imply any- thing about the quality of the frame. (See Chapter 1 for more
on frame materials.) When a frame has a substantial gold content, numbers other than
those indicating the size of the frame are printed on the frame to indicate the nature of
the gold content. Gold or part-gold articles can be class ied as yne gold, solid gold,
gold ylled, or having gold plating or gold pashing.

The color of a frame with gold content has nothingto do with its quality. The color
depends on what type

Name Meaning

Fine gold 100% pure gold

Solid gold Gold plus base metal evenly mixed throughout

Gold ylled Base metal inside a fsolid goldo coating Gold plating A base

metal thinly plated with gold

Gold pashing A base metal with gold thinly and quickly

applied in a manner similar to that ofgold plating of metal is used in combination
with gold to make the gold alloy.

The karat system is used to determine the amount of gold present. The number
marked on the article is the amount of gold by weight in comparison to a total of
24 units: an article marked 12k is an alloy made up of one- half gold and one-half
another metal.

Fine Gold

Fine gold is the name used for an article that has no metal in it other than gold. The
gold found in it is chemically pure. Although this is the purest form, it is not always
the most practical, as is the case in spectacle frames. Frames of yne gold would
be too malleable and would bend and dent too easily to be practical. Using the
karat system, yne gold is 24 karats yne, which means that by weight, 24 parts out
of 24 are gold.

Solid Gold
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Solid gold articles are actually an alloy of gold and another metal, a mixture of gold
and a base metal. Thus the termis misleading, as it does not mean all gold. The
solid gold article is made entirely of the gold alloy. It maintains its luster regardless
of how far down it is worn throughuse.

The symbol q is used to denote a 10k solid gold bridge; the symbol ¢ to denote a
12k solid gold bridge.

Gold Filled

Gold-fi lled articles are made of a metal other than gold and then covered with a
gold alloy. The term does not indicate that the article is fiylled with gold,0 but rather
the opposite: an outer wrapper of gold alloy is fi {fedid with a baser metal. To be
classi y easl gold ylled, a minimum of one twentieth of the artic | setdial weight
must be gold.

Articles in this classi cation are marked with a frac- tion, a karat rating, and the
abbreviation for gold ylled. The fraction shows what part of the total weight of the
article is represented by the gold alloy covering. The karat rating shows, as
always, the amount of gold by weight in the gold alloy in comparison to a total of
24 units. The GF c | a s ghe artécke as gold ylled. For example:

¥ 1/100 10% of the total weight of the article is alloy.

E 12kd 12 parts out of 24 parts of the covering alloy by weight are gold.

Z GFO The article is cla s s i gseald ylled.
Thus the article would bear the marking of 1/10 12k GF.
A gold-ylled article retains its luster until the gold covering eventually wears
through.
If a frame is made from parts having different per- cents of gold, the frame must
be marked according to the part containing the least amount of gold. If, for
example, the temples are 1/8 12k GF and the front is 1/10 12k GF, the frame
must be marked 1/10 12k GF.

Gold Plating

Gold plate articles are made of some other metal, the surface of which is plated with
gold, usually by an electrolytic process. Articles classi gd as gold plate have no
minimum requirement as to the total amount of gold used. Gold plate articles maintain

luster only until the thin plating is worn through and the base metal is exposed.

Gold Flashing

Gold pashing is a method of gold application that is donein almost the same way that
gold plating is done, only faster. Gold pashing is applied using a cyanide-based
bath instead of an acid-based bath.? It produces an extremely thin layer of gold. If it
were not for the protective coating, which works very well, the gold would not be very
durable. A large percentage of spectacle frames have gold pashing and because of

the coating are very serviceable.
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Sample Question:

1. Describe the ways to measure temple Length?

Most temples are currently marked with the total, or overall, temple length. Temple
lengths are expressed in millimeters. Temple length may be measured in one of the
following ways.

Overall Temple Length

The overall temple length is the distance from the center of the center barrel screw
hole to the posterior end of the temple, measured along the center of the temple
(Figure 2-6, A). Many times the center of the barrel *The term fi fame PD amay have
originated when frame size was determined by selecting the correctly ytting bridge size,
then choosing an eye size so that the wea r e pugdilswould be at the geometric centers
of the frame 6lens openings.screw hole will match the position of the butt end of the
temple. But this is not always the case. Also, when measuring the overall temple
length, it is necessary to measure around the bend and not in a straight line, unless
of course the temple is straight. The easiest way to do this is shown in Figure 2-7, A
through D.

Comfort cable temples are measured in terms of overall length. The actual
measurement is done by grasping the tip and extending the temple along the ruler
(Figure 2-8).

Length to Bend (LTB)

An older method of measuring temple length is in terms of the length to bend
(LTB). This is measured from the center of the barrel to the middle of the bend
(Figure 2-6, B). The distance from the middle of the temple bendto the end of the
temple is known as the length of drop (see Figure 2-6, B).

Front to Bend (FTB)

If the endpieces wrap around in a swept-back manner, there is a distance
between the plane of the frame front and the actual beginning of the temple. In
this case, the temple length could be speciyed as frame to bend (FTB) (Figure 2-
6, C), which would be slightly longer than LTB. This measurement method is

seldom used.

2. What is segment Height? Draw and Explain?

Seg Height

When specifying bifocal or trifocal segment height, the reference points are given in
millimeters as either (l) the distance below or above the horizontal midline (called seg
drop or seg raise), or (2) the distance from the lower line of the boxing system
rectangle enclosing the lens shape (called seg height). In the actual measuring process,
the level of the lower line of the box corresponds to the lowest point in the eyewire
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groove. This level may be different from the depth of the point on the lens edge found
directly below the pupil as can be seen by looking carefully at Figure 2-2.
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unit 5:

Measuring the Interpupillary Distance

Learning Objective:
At the successful completion of this unit, students will be able to learn:

Methodology for measuring the interpupillary distance (PD). Failure to accurately
determine the interpupillary distance results in a misplacement of the optical center of
the lenses. This induces unwanted prismatic effects, requiring the wearer to turn his
eyes inward, or even outward, to keep from experiencing double vision. Over time, this
effort causes visual discomfort and can result in a decreased ability of the eyes to work
together in binocular vision.

DEFINITION

The anatomic PD is the distance from the center of one pupil to the center of the other
pupil, measured in mil- limeters. Before ordering prescription glasses or even before
doing a visual examination, the distance betweenthe pupils must be determined. It
can be measured in a variety of ways.

DISTANCE PD

Binocular PD

The most common method used to measure the PD also requires the least amount of
equipment. The technigue uses a simple millimeter ruler, commonly referred to as a
PD rule.

Technique

When the PD is to be measured, the dispenser shouldbe positioned at a distance
of 40 cm (16 inches) directly in front of the subject, with his or her eyes at the same
vertical level as those of the subject. The PD rule is positioned across the subjectd s
nose with the measuring edge tilted back so that it rests on the most recessed part of
the nose. The dispenser holds the PD rule between thumb and fore ynger and steadies
the hand by placing

the remaining three yngers against the sub j e dhe¢ad. s

The dispenser closes the right eye and sights with theleft (Figure 3-1). The subject is
instructed to look atthe dispense r open eye while the dispenser lines up the zero
mark of the rule with the center of the subject& pupil.

When the zero mark is lined up correctly, the dispenser closes the left eye and opens
the right. The subject is instructed to look at the dispenser 6open eye. ThePD for
the distance prescription is read off as that mark falling in the center of the subjectd s
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left pupil (Figure 3-2).

The dispenser now closes the right eye and opens theleft. The subject is again
instructed to look at the dispenser Gopen eye. This step is primarily a recheck to
make sure the zero mark is still properly aligned. (This technique is summarized
in Box 3-1.)

When d i f y ¢swexperignced in determining the exact center of the pupil, the
edge of the pupil may be used as a measuring point if both pupils are the same
size. Measurement is read from the left side of one pupilto the left side of the
other. Measuring from the inside edge of one pupil to the inside edge of the other
would give an arti yally low reading; from the outside edge of one pupil to the
outside edge of the other, ana r t i yhigh raddihgy

When a person has dark irises or unequally sized pupils, it may be dif y tta lise
either the center or the edge of the pupil. In this case, the dispenser may use the
limbus edged the sharp demarcation between white sclera and dark iris (Figure
3-3). (Because the pupil is displaced 0.3 mm nasal ward from the center of the
limbal ring,* a limbal measure will be approximately

1.5 mm greater than the measure found using pupil centers.) The same rule must
be applied when using the limbus edge as when using the pupil edge: the same
sides of the limbus (both left or both right) must be used, or an extremely large
error is induced.

Common Diffi culties and Their Solutions

Dispenser Cannot Close One Eye. Occasionally theperson doing the measuring

is unable to close one eye independent of the other. This can be remedied by
occluding (covering) the eye with the free hand. The practice of holding the lid
down with one ynger gives an unprofessional appearance, especially when
wearing glasses. Occluding the eye with the hand held pat appears to be a natural

part of the test and does not reveal a person disability to close only one eye.
Dispenser Visually Impaired in One Eye. If the dispenser is blind in one eye, or

has visual acuity too poor to allow the ruler to be read accurately, then the
technique is mod i y €like. dispenser places the good eye directly in front of

the subj e criglt sye and at thenormal distance. The zero mark is lined up as
usual. Thedispenser then moves sideways until the good eye is positioned in front

of the subje c tleft &ye and the measurement is read. Unfortunately this method

can easily lead to parallax errors. The most desirable solution for someone with

this d i f ty s toluse another type of instrument that only requires the use of
one eye.

Subject Is Strabismic. The strabismic subject, whose eyes are in a tropic position (i.e.,
with one eye pointing in a different direction from the other) presents a specialproblem,
since the PD rule method of measurement may then give an a r tiallyyhigh or low
reading. To deter- mine a true reading, simply cover the subject sGeye not
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Figure 3-1. Position of the dispenser for beginning the PD measurement using just a
PD ruler.being observed. This ensures that the subject is yxating with the eye under
observation and ensures that it is notturned unless eccentric yxation is present. Even if
eccen- tric yxation is present, the PD measurement is still correct, since the subject
never uses this eye in any otherposition relative to the dominant eye.

In some instances where one eye turns out constantly, the prescribing doctor may
determine that the wearer is better served if the lenses are centered in front of the
pupils, even for the eye that is turned. This will require that a separate measure be
taken for each eye. One measurement will then be considerably larger than the other.
Subject Is an Uncooperative Child. If the subject isyoung or uncooperative, making
normal PD measurements impossible, the dispenser may have to take a canthus-to-
canthus measurement. (The canthus is the corner of the eye where the upper and
lower lids meet.) This is done by measuring from the outer canthus of one eye to the
inner canthus of the other eye. Unfortunately,this measurement is not entirely exact,
since the inner canthi of the eyes encroach farther across the sclera with younger
children.
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S e

Figure 3-2. The dispenser uses his or her left eye to establish the

zero point of the PD rule in the center of the pupil of the subjec & 6
right eye as shown here. The subject is looking atthe dispen s er 6 s
left eye. Next the subject looks at the dispense r dight eye. The
dispenser useshis or her right to read the pupillary distance at the
center of the subject® left eye. (This isnot what is seen in this
photo.)

Figure 3-3. When the subject has dark irises, the outside edge of
the limbus may be used asthe zero reference point and the inside
limbal edge of the other eye as the measuring point.

Common Causes of Errors
There are several common causes of errors inherent inusing a PD rule.?

1. There will be an error in measurement if the measurer6 D differs s i gcanitlyy
from the subjectd decause the lines of sight are not parallel. For example, if the
measurerd £D is 16 mm largerthan the subje c t thesreading will be 1 mm too
high because of this parallactic error.

2. The above error will be increased if the PD rule is not tilted on the subje ¢ tnése
so that the scale is in the most recessed area. The most recessed area
corresponds to the approximate position where the spectacles will be worn.

3. Just as error will be increased when the measurer s6PD is signiycantly different
from the sub j e cthedparallactic error will also be increased even more if the
dispenser is too close to the subject. Too close iscloser than the normal 40 cm
(16 inch) distance.
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4. A signi yamt error will be induced if the subject is strabismic (one eye turns in or
out) or if the subjectdoes not yxate binocularly* during the PD measurement.

5. An error can result if the subject® head moves.

6. An error can result if the person measuring moveshis or her head.

7. An error will result if the person measuring does not close or occlude one eye
at a time to ensure sighting from directly in front of the subj e c ey@&under
observation.

8. The subject may not look directly at the measur e rpdps during the test, as he
or she should, which willresult in an error.

*What does fi n oytxating binocularl yntean? It means that one eye may have a
tendency to turn in or out when the subject is not concentrating. In simple terms, they
will only be using one eye to seeinstead of both eyes. When this does happen, one
eye usually turnsoutward somewhat and the measurement is then too large.

Monocular PD

Since faces are not always symmetrical, it is often necessary to specify the PD
for each eye independently. The main goal in taking the PD is to eventually place
the optical centers of the lenses directly in front of the subje c teges to prevent
any undesired prismatic effect.

If one eye is set closer to a perso n @iase than is the other and the optical centers
of the lenses are placed symmetrically in the frames, the we a r dined sight
will not pass through the optical centers of the lenses. The error is not too serious
if the lenses are of the same power and are not strong. If, however, one lens is
very different from the other, the centers must be placed accurately to prevent
unwanted binocular prismatic effects (Figure 3-4). Monocular PDs are also
important when using aspheric lenses or high index lenses, including
polycarbonate lenses. High index lenses have more chromatic aberration than
crown glass or regular (CR- 39) plastic lenses. The negative effect of chromatic
aberration on vision is increased if the eye is not looking through the optical center
of the lens.

Procedure for Measuring Monocular PDsUsing a Ruler
The monocular PD is best taken using a pupillometer. When a pupillometer is
not available, monocular PDsare taken by measuring from the center of the nose
to the center of the pupils. The procedure consists of the following three steps:
1. Measure the binocular PD as described earlier inthe chapter. Use the
center of the pupil as thereference point.
2. Before moving the ruler, note the scale reading on the ruler at the center of
the nose. This is the rightmonocular PD.
3. Subtract this reading from the binocular reading toobtain the left monocular
PD.
For example, the binocular PD is 66. The scale readingat the center of the nose
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is 32. The monocular PD for the right eye is then 32. To calculate the monocular
PD

< 32 > < 32 >
< 64 >
/ < 64 >\
2mm < 30 e 34 >  2mm

/N

NOSE

Figure 3-4. Here the PD has been measured binocularly as shown
on the top measurements. However, the wearer has very different
monocular PDs. Even though the distance PD is 64, the monocular
PDs are not 32 and 32. Instead they are 30 and 34. When the lenses
are made as if the wearer had 32/32 monocular PDs, in this case
there will be unintended Base Out prism caused by the misplaced
lenses.

Figure 3-5. To measure monocular PDs using a marking pen and a frame with lenses
in the frame, the same procedure is followed as would be used with a ruler. It is
essential that the wearer be looking at the dispenserd ®ye that is directly in front of
the eye being measured. In other words, to mark the location of the wearer® right
pupil center, the wearer looks at the dispenserd spen, left eye. (The dispenserd sight
eye is closed.) To mark the location ofthe wearerd eft pupil center, the wearer looks
at the dispenser 6open right eye. (The dispenser dleft eye is closed.) for the left eye,
subtract 32 from 66, to get a reading of34. The procedure is the same as in taking a
binocular PD measurement, except that the two readings are independent of one
another and, for purposes of measuring, the center of the pupil is always used. (There
are other methods that are considerably more dependable than this method in their
ability to yield consistently accurateresults.)

Procedure for Measuring Monocular PDsUsing the Frame
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One error inherent in using a ruler alone appears whena person has an asymmetrical
nose. An asymmetrical nose often occurs when a nose has been broken. In this case,
the frame positions itself somewhat to the left or right. For the lenses to be accurately
placed, this factor must be taken into account. It is possible to use an over- head
transparency marking pen and the glazed* lenses

*Glazed lenses are also called ftoquilles,6fdummy lenses,0or i @mo lenses.o

in the sample frame. If the sample frame does not have glazed lenses, clear tape may
be placed over the lens opening of the empty frame.

The procedure for measuring monocular PDs begins by adjusting the frame. The
frame should occupy the exact position it will have with the lenses in place. The
dispenser should be at the same level as the wearer and approximately 40 cm away.
The dispenser closes the right eye. The wearer is instructed to look at the dispe ns er 6 s
open left eye. Since there is no ruler used, the dispenser uses an overhead
transparency marking pen and marks a cross on the right glazed lens. If there is no
lens in the frame, the clear tape placed over the lens opening is marked instead,
directly over the center of the wearer 6right pupil (Figure 3-5).

Next the dispenser closes the left eye and opens the right eye. The subject is
instructed to look at the dispenser Gopen eye. The dispenser then marks a cross on
the lens or tape directly over the left pupil center.

Because of the movement involved in marking pupil centers and the ease with
which unintentional head movement can occur, it is important that these markings

be carefully rechecked.

When the dispenser is conydent that pupil centers are accurately marked, the frames
are removed and the distances from the center of the bridge to the center of each
cross are measured.

Figure 3-6. The digital version of Essilo r pupillometer dis- plays monocular PDs
for the right and left eyes, as well as the binocular PD. It can be set to measure
distance or near PDs.
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PD Measuring Instruments

The interpupillary distance is most easily measured by using an instrument especially
designed for this purpose. Readings taken using this instrument are not nearly as
subject to parallax errors as those taken using a PD rule. Such a device also solves
the problems caused when the person doing the measuring is monocular or is amblyo-
pic in one eye.

Most instruments have an occlusion system, which allows for individual monocular
measurements, with each eye yxating alternately in cases of strabismus.

A well-designed PD measuring instrument should rest against the bridge of the
subje c tndss exactly as a frame would. This most accurately approximates the way the
glasses will position themselves. It should also posi- tion the measuring plane at the
approximate spectacle plane.

The subject will see a ring of white or colored light around a dark, central dot within
the instrument. The dispenser will see the subject®& eye and a scale appearingon it,
from which a direct measure is read. Alternately, in some instruments, a split image of
the pupil may be seen.

Ox 3.9

1

Steps in Measuring Monocular PDs
Usingthe Sample Frame

. The selected frame is adjusted in exactly the
2.

3.

samemanner as it will be when worn.
Dispenser positions at 40 cm from the wearer
and atthe same level.

Dispenser opens left eye, closesright eye,
and instruct s wearer to look at dispenserd s
open (left )eye.

Dispenser marks location of w e a rseightd
pupilcenter on glazed lens.

Dispenser opens right eye, closes left eye,
and instruct s wearer to look at dispenserd s
open (right)eye.

Dispenser marks location of w e a rséeft 0
pupilcenter on glazed lens.

Dispenser rechecks the locations of the
marked crossesby repeating steps 3 and 5
and notes thepositions of the marked
Crosses.

If one or both crosses are wong, the frames
are removed and the cross(es) erased using a
damp cloth.

When crosses are accurate, monocular PDs

ara-maagirad fraom frama cantar to crace

Instruments Using Corneal Refl exes

Although some instruments use a method of taking the PD where the reference
point is the geometric center of the pupil itself, the popular alternate corneal-repex
method is used in instruments such as the Essilor pupillometer (Figure 3-6) or the
Topcon PD-5, PD Meter. The instruments are supported by means of pads
positioned so as to cause the instrument to rest on the nose where the average
frame would rest. This is superior to a forehead support system used alone.
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The dispenser asks the subject to hold his or her end of the pupillometer so that
the pads rest on the nose (Figure 3-7). The forehead support should be against
the forehead. The dispenser uses one eye to look into the instrument. (A real
advantage for dispensers with good vision in only one eye.)

An internal light produces an image by repection on each cornea, and the hairline
within the device is moved until coincident with this corneal repection (Figure 3-8).
The measurement is assumed to correspond with the sub j e dine éofsight, but
is an objective measurement of the position of the corneal r e ftiencrather than
the position of the line of sight. In addition to a distance PD, near PD may be
measured for near points from 30 or35 cm to inynity.

The line of sight is deyned as a line passing from the center of the pupil to the
object of regard. This is theline that desirably passes through the optical center
of

Figure 3-7. To use a pupillometer, the subject (on the right) holds the pupillometer so
that the pads rest on the nose in the manner of normal eyeglasses. The dispenser
views the sub- ject Geges through the instrument.

Figure 3-8. The corneal repection as seen through Essilor sépupillometer. The hair
line is adjusted to the center of the corneal r e p €Courtesy of Essilor, Inc.)

the lenses and is the basis upon which the measurementof interpupillary distance
rests.

Corneal repections are observed along a line which intersects perpendicularly the
center of curvature of the anterior surface of the cornea. (Technically this line is
referred to as the pupillary axis.) This line intersects theline of sight at the entrance
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pupil of the eye. It varies in its orientation by an angle,* which for the average eyeis
approximately 1.6 degrees.! This places the corneal repection somewhat toward the
nose. Thus a PD deter- mined on the basis of corneal repections will vary slightly from
that determined by the centers of the pupils.

It is possible to use a corneal-repection-style instrument to measure a PD based on
pupil center distances. To do this, the hairline within the device is moved to the
center of the pupil rather than the center of the corneal repection. The corneal
r e pienc method is de y ely the method of choice when measuring a PD for
someone with pupils dilated from a recent eye examination.

*This angle is angle lambda, but is often commonly designated as angle kappa.

Using Corneal Refl ections to Measure the PD without a Pupillometer

It is possible to use corneal repections to measure inter- pupillary distance with
even a PD ruler, or by using the frame with glazed lenses. Procedures need only
be slightly modiyed. The dispenser should be positioned at the near working
distance. The dispenser holds a pen light directly below his or her eye and shines
it into the eye of the subject. The subject looks either at the pen light or the
dispe n s eayd Fhe repection of the pen light on the cornea is used as the
reference point instead of the geometric center of the pupil. The sequence of
measurements is followed exactly as outlined in Boxes 3-1 and 3-2, except that
the dispenser must position the pen light directly below his or her fopen eye 0
through- out the sequence.

Photographic Instruments for Measuring PD

There are instruments available for taking a wearer Girgerpupillary distance that
make use of a photograph ofthe wearer Gges with the frame in place. The frames
are adjusted as they are to be worn. The wearer yxatesa light in the instrument,
and the photo is taken. PD and segment height measurements are determined
using the picture. Up to this point, no photography-based PD measuring system
has successfully penetrated the U.S. ophthalmic market.

NEAR PD

The near PD is required for single vision reading glassesor for multifocals.

For single vision reading glasses, the lenses are set so that their optical centers will be
in the lines of sight of the eyes when the eyes are converged for reading.

For multifocals, the distance portion is ground to correspond to the distance PD,
while the bifocal or trifocal portion is decentered inward to be properly situated for
near vision. The near PD can be either measured or calculated.

Measuring Near PD With a PD Rule

To measure the near PD with the PD rule, the dispenser is positioned at the
subject Avsrking distance; that is, atthe distance for which the reading portion is
prescribed.

Closing his or her poorer eye, the dispenser aligns hisor her better eye directly

63



before the subjectd sose and instructs the subject to look into that open eye.
The PD rule is lined up with the zero point corresponding to the center of the
subje ¢ trighs pupil. Itshould also be held in the same place that the subjecté s
new frames will rest because this will also affect the reading.

The dispenser then notes the mark corresponding to the center of the subjectd deft
pupil. This is the near PD (Figure 3-9). The subject is not required to shift gaze, and
the dispenser is not required to change eyes during the procedure. (See Box 3-3 for
a summary of this technique.)

Subject

< Spectacle plane
0 61

Figure 3-9. Using a PD rule, near PD may be taken with the dispenser positioned as

shown. The distance between dispenser and subject is equal to the subject sGwvorking
distance.

Dispenser

It should be added that it is also possible to use the edge of the pupil or the limbus for
reference points in taking the near PD, as long as only the right or only the left edges
are used, and not both outer or both inner edges.
In practice, many who use a PD rule to measure the binocular distance PD, measure
the near PD at the same time. This is done as follows:
(The yrst three steps are how binocular distance PD measures begin.)
1. Dispenser is positioned at 40 cm.
2. The dispenser closes his or her right eye and the subject, using both eyes,
yxates on disp e n s deftefes
3. Dispenser lines up zero point of ruler on center of subjec t rigist pupil. (This next
step allows for the near PD measurement.)
The dispenser looks over at the sub j e deft éysand reads the scale on the ruler
at the location of the left pupil center. This is a measure of the near

PD for the distance from the subject to thedispenser.
The dispenser now continues the steps for ynding the binocular distance PD as
listed in Box 3-1.
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Taking Near PD Using a Pupillometer

Usually a PD measuring instrument will allow both distance and near PD to be
measured. This is done through the use of a movable internal lens that changes
the imagedistance and convergence for the subject. The near readings are carried
out in the same manner as the distance readings.

USING THE NEAR PD FOR BIFOCAL INSET

For the near freadin g @ea of a pair of glasses to be used most comfortably, it
must be positioned accurately in the lens. Horizontal placement of the near
segment viewing area is determined by the near PD.

The horizontal position of bifocal segments is speciyed as the distance from the
farpoint PD that the segments are set in toward the bridge. The total inset is the
difference between the distance PD and the near PD.

Because of the possibility of unequal monocular PDs, segment inset is usually
speciyed individually for each eye. Ordinarily segment inset is the difference
between the distance PD and the near PD, divided by 2:

Segment Inset D Ddistance PDD D Dnear PDD

2

For example, if the distance PD is 68 and the near PD is 64, then the segment
(seg) inset for each eye is2 mm.

Where inequality of the monocular PDs exists, this rule may result in errors, since
both eyes may not be required to converge equal angular amounts for near
yxation. The actual amount of error is usually so slight, however, that it is usually
ignored. The exceptions would be cases of very marked differences in monocular
PD or very strong lenses.

If there is a large difference in monocular PDs, inset- ting the bifocal segments
accordingly may result in a rather unusual-looking pair of glasses (Figure 3-10).
This effect can be made less noticeable by using a bifocalwith a wider segment.

Calculating the Near PD

There are several other factors to be considered when calculating the near
interpupillary distance, most notably those that cause differences in segment inset.

Calculation

The most logical way to calculate the interpupillary distance is to draw a triangle
with the center of rotation ofthe eyes being two points of the triangle and the near
point of yxation being the third. A similar triangle is then constructed by drawing
a line corresponding to the spectacle plane.

By similar triangles, the monocular near PD can be calculated from the monocular
distance PD (Figure 3-11).

When using a prewritten prescription, the working distance will normally never
exceed the reciprocal of the power of the near addition. For example, a D2.00
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diopter near addition will indicate a working distance no furtherthan 50 cm.

Figure 3-10. If there is a large difference in monocular PDs, insetting the bifocal
segments from these points may result in a rather unusual-looking pair of glasses. Using
a wider segment size or changing to a progressive addition lens is a better choice.

1
D2.00

D 0.50 meters D 50 cms

Unless the professional situation or physical build of the wearer indicates
otherwise, the customary near working distance can be assumed to be 40 cm. If,
however, the power of the near addition (add power) is greater than D2.50
diopters, then the working distance

' ilbe

>A4A—>i-<—>| —

18.5 mms
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Figure 3-11. a D monocular distance PD; b D calculated monocular near PD. The
distance from the front surface of the cornea to the center of rotation of the eye is
normally considered to be 13.5 mm. (The diagram is, for clarity, not drawn to
scale.)

The Infl uence of Distance Lens Power onSegment Inset

The power of the distance prescription has an effect on bifocal inset. When a
person looks at a near object, the eyes turn inward and are no longer looking
throughthe optical centers of the lenses. Negative power, or minus lenses, keep
the eyes from converging as much asthey normally would because of the Base
In prismatic effect at this point on the lens. Positive power, or plus lenses, cause
the eyes to converge slightly more than they normally would because of their Base
Out prismatic effect.

For positive lenses then both the measured or the Gerstman-calculated near PD
would need to be reduced (i.e., the segment inset of the bifocal increased). For
minus lenses, the near PD would need to be increased (i.e., the inset of the
segment reduced).

The position of the near reading area becomes more important when the reading
area is small. This means that for progressive addition lenses, the position of the
intermediate and near readings areas is very important. Progressive addition lens
designers are now taking dis- tance power into consideration when determining
how much inset the near viewing area should have.

Segment Inset Formula. There have been several factors listed as having an
effect on segment inset. These were:

E The distance the lenses are from the eyes

Z The distance PD

E The near working distance

E The power of the distance lens
Taking all these factors into consideration, Eller-brock* derived the following formula
for segment inset.

1
p 1ppD=piP

iD

S * t f

where P is one half the distance PD, D is the distance of the lens from the working
nearpoint, s is the distance from the lens to the center of rotation of the eye, and fis
the focal length of the lens in the 180-degree meridian. All measurements are
expressed in millimeters.

Summary of Factors
Fortunately the variations in segment inset caused by all these factors are not
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radically different from that found using the measured near PD. This assumes, of
course, that the near PD is measured at the appropriate working distance.

Table 3-2 summarizes the effect of distance lens power on segment inset for the
normal working distance (40 cm or 16 in).5

Recommendations For Finding The Near PD After all of these possibilities,
what is the most appropri- ate way to determine segment inset? Here are some
rec-ommendations for different situations. The idea is to

provide the best accuracy without makingittood i f yKeeplintmind that just using
a PD ruler may not be the most reliable method.

Recommendations for Finding the CorrectSegment Inset
Z When the working distance is normal (40 cm)
1. Measure the near PD with a pupillometer or aPD ruler.
2. If the distance lens powers are high, use Table 3-2.
¥ When the working distance is less than 40 cm

1. Again, measure the near PD with a pupillometeror PD ruler. Be certain to
set the correct working distance in the pupillometer before measuring.
When measuring with a PD ruler, the dispenser must be at the shorter
working distance.

2. If the working distance is less than that allowed for in the pupillometer, use
Gerstman 0 three- quarter rule (assuming adult PDs between 62 and 68
mm), or use Table 3-1.

Z When the distance lens powers are especially high

1. If the working distance is normal (40 cm), use Table 3-2.

2. If the working distance is closer than 40 cm, use Ellerbro ¢ kfdrmula.
(Ellerbrocké sformula could actually be used in any of the above
circumstances, but it is unhandy to work with.

Sample Questions:

1. For areading distance of 40 cm, and an add power of D1.00D, what is the inset
per lens?

Solution

To ynd the answer, we yrst need to know the dioptric demand. The dioptric demand is the
inverse of the working distance,not the inverse of the D1.00 add power. Therefore
since the working distance is 40 cm or 0.40 m, the dioptricdemand is

-1 pb2soD

0.40
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Having found the dioptric demand, we can ynd the insetper lens by multiplying by three-
quarters, as the rule name implies. Therefore the inset per lens is

250D 2D 1.9mm

4

2. What would the segment inset be for a person with a 70 mm distance PD who is
wearing a prescription of D6.50D? Assume they are wearing a D2.50 add, but
are working at anear working distance of 20 cm. The spectacle lenses are 25
mm from the center of rotation of the eye to the back of the lens.

Solution

We areusing E| | e r bfernouta.kinbEdlerbrockd formula P
is half the distance PD, so

PD L Db 35mm.

2

The value of D is the distance from the lens to the nearworking point in millimeters. This
distance is given as 20 cm, which is the same as 200 mm.
The focal length of the lens is the reciprocal of the powerof the lens. This is

1 D 0.1538 Meters

6.50
D 153.5mm

Since the lens is a sphere, the power in the 180-degreemeridian is the same as the
power in any other meridian.

The distance from the lens to the center of rotation of theeye is given as 25 mm, so s D
25 mm.

Inserting all of this into EI | e r b forodakrésudilts in

1ppPlplb

iD ——F

S f

b 35 10200AP+p P
25 153.5

D 4.5mm

So the inset per lens for this wearing situation is 4.5 mmper eye.
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Examples for Finding the Near PD

Here are some examples. Both the power of the prescription and the distance PD
are known. Use the most appropriate method to ynd the segment inset and then
the near PD.

3. A spectacle lens wearer has the following prescription

R: D1.00 D sphereL: D1.00 D sphereadd: D2.00
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TABLE 32

Insets to Make Reading Fields Coincide at 16 Inches

Power of distance—LRistance from N t nter of Pupil

lens in27 28 29 30 31 32 33 34 35 36
180th

D15 2.5 2.5 2.5 25 3 3 3 3 3 3
D14 2.5 2.5 2.5 2.5 2.5 3 3 3 3 3
D12 2 2.5 2.5 2.5 2.5 2.5 25 3 3 3
D10 2 2 2 2.5 2.5 2.5 2.5 2.5 2.5 3
D9 2 2 2 2 2.5 2.5 2.5 2.5 2.5 2.5
D8 2 2 2 2 2 2.5 2.5 2.5 2.5 2.5
D7 2 2 2 2 2 2.5 2.5 2.5 2.5 2.5
D6 2 2 2 2 2 2 2.5 2.5 2.5 2.5
D5 2 2 2 2 2 2 2 2.5 2.5 2.5
D4 2 2 2 2 2 2 2 2 2.5 2.5
D3 15 2 2 2 2 2 2 2 2 2.5
D2 1.5 15 2 2 2 2 2 2 2 2
D1 15 15 15 2 2 2 2 2 2 2

0 1.5 15 15 2 2 2 2 2 2 2
D1 15 15 15 15 2 2 2 2 2 2
D2 1.5 15 15 15 2 2 2 2 2 2
D3 1.5 15 15 15 15 2 2 2 2 2
D4 15 15 15 15 15 15 2 2 2 2
D5 15 15 15 15 15 15 15 2 2 2
D6 1.5 15 15 15 15 15 15 2 2 2
D7 15 15 15 15 15 15 15 15 2 2
D8 1.5 15 15 15 15 15 15 15 15 2
D9 15 15 15 15 15 15 15 15 15 15
D10 1.5 15 15 15 15 15 15 15 15 15
D12 1 15 15 15 15 15 15 15 15 15
D14 1 1 15 15 15 15 15 15 15 15
D16 1 1 1 15 15 15 15 15 15 15
D18 1 1 1 1 15 15 15 15 15 15
D20

The distance PD is measured as 64 mm. For a 40 cm workingdistance, what is the
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expected near PD?

Solution

Since the working distance is 40 cm, simply measure the near PD with a pupillometer
(or PD ruler). If a pupillometeris not available, use Table 3-2. In the table, we ynd the
inset for a 32 mm monocular distance PD with a D1.00 D power to be 2 mm. Therefore
the binocular near PD would be 4 mm less than the distance PD. Since 64 D 4 D 60
mm, then the near PD equals 60 mm.

4. Suppose an individual has a distance PD of 64 mm, a dis- tance prescription of
D1.00 D sphere for both eyes, and a bifocal add of D2.00. (These are the same
lens powers as given in the previous example.) What would the near PD beif
the near working distance was 25 cm instead of 40 cm?

Solution

Since the working distance is less than 40 cm, we would ynd the near PD either
by a direct measurement using a pupillometer (or PD ruler) or by using the three-
quarter rule. To ynd the near PD by measurement, the best option wouldbe to use

a pupillometer. Unfortunately, most pupillometers only measure up to 33 cm.
However, it is possible to use a PD ruler. If a ruler is used, the dispenser Gface
must be atthe subjectd sear working distance.

If the near PD is to be calculated, it is possible to do these calculations with Gerstman 6 s
three-quarter rule. To use the three-quarter rule, begin by the ynding the dioptric
demand. Dioptric demand is the reciprocal of the working distance in meters. In this
example, the working distance is 25 centi- meters or 0.25 meters. Therefore

Dioptric demand D D4D

0.25 meters
Next, to ynd the inset per eye, the dioptric demand is multiplied by 3/4.

§D4D3mmpereye

4

Thus the near PD will be

Distance PD D (segment inset x 2)Or
64 D 6 or 58 mm.

This means that a prescription for a person with a bifocaladd and a 25 cm working
distance should have the distance optical centers set for a far PD of 64 mm and the
segmentsset for a near PD of 58 mm.

Using Table 3-1 would have yielded an inset of 3.3 mm per eye and a near PD of 57.4
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mm. Remember that the three- quarter rule is a close approximation and because the
table does not list every PD and working distance, it may also be a close
approximation.

5. Aprescription reads as follows:

R: D1.50 D 1.00 x 180
L: D1.50 D 1.00 x 180
add D3.50

The distance PD is found to be 61 mm. What should the nearPD be?

Solution

A near addition with a power greater than D2.50 D should be a red pag to the
dispenser. An add greater than D2.50 Dmeans that the working distance will be less
than 40 cm.The near PD is best found by direct measurement with a pupillometer or
PD ruler. The three-quarter rule is not as accurate because the PD is smaller than the
normal 62 to 68 mm range. The next best thing is to use Table 3-1.

To measure directly with pupillometer or PD ruler, the working distance must be
known. When an add power is greater than D2.50 D, unless another distance is
speciyed the working distance is found by taking the reciprocal of the add power.

Working Distance D—1 D 0.29M or 29 cms3.5

Now the near PD may be measured for this 29 cm working distance with the pupillometer
or at this 29 mm workingdistance with a PD ruler.
Table 3-1 is not ideal, because neither the distance PD nor the fivorking distance @an
be found directly and mustbe interpolated, choosing a number in between those given
in the table. If the number halfway between is chosen, thismakes the closest seg inset
to be 2.75 mm per lens. This makes the near PD

NearPDD 61D D2D 2.75D
D61D5.5
D 55.5 mm
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Unit 6:

Frame Selection

Learning Objectives:
Frame selection entails considerably more than just helping a person try on frames.
Students will be able to learn;

1. At the very least, a working knowledge of basic facial shapes and right size of
frame according to need is necessary. The person aiding in selection must have
the ability to know what the frame will look like with appropriate lenses, and how
it will perform in fulfilling the wearerd seeds.

2. The knowledge necessary to acquire basic competency in frame selection

USING THE WEARE R 6 GLD FRAME

Sometimes a person wants to use their old frames instead of selecting something new.
This may or may not beappropriate.

There are a number of valid reasons for wanting to use the old frame and not purchase
a new one. These include cost, comfort of the old frames, and sometimes the inability
of the wearer to look in the mirror with any other frame and still have what they see
look right to them. Even though any of these could be consideredvalid, there are other
factors that could outweigh keeping the old frame. If none of these others are overriding
factors and the frames are in good condition, then there is no reason not to use the
old frames. However, even if there are valid reasons not to use the old frames, if the
wearer has been fully informed of the pitfalls and still persists, their desires should be
respected.

Factors to Consider Before Using the Wearer sbld Frames*
There are certain precautions that must be considered before using the old frame for
the new prescription. These are the most common:

Z Putting new lenses in an old frame may involve putting additional stress on the
frame. Older frames may not withstand that stress very well, particularly older
plastic frames that have become brittle with age. Sometimes frames will withstand
the stresses ofthe new lenses, but be weakened, only to break shortly thereafter.

*Many of the factors listed in this section are from the following brochure: Cook P:
Should | use my old frames, Item No. BRO011, 1999, Di v e rdOphthalmics.

E It is hard to predict how long an old frame will
last. Will it last the life of the new lens prescription?If the frame breaks, it is not
a simple task to ynd another frame into which those new lenses will
yt.
E If the old frame needs repairing in the future, will there be parts available? A
used frame may already be discontinued. If it has been and there are no parts
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available, any savings could be lost when both frames and lenses need to
be repurchased.

E Usually people keep their old glasses as a backup spare pair in case they
lose or break their new pair. Using the old frames eliminates the emergency
backup.

E Sometimes old lenses can be tinted and the older pair be transformed into
prescription sunglasses. This is particularly true if the only change in a
multifocal prescription is in the near vision portion. A person could get a
second pair of prescription eyeglasses for the cost of tinting the old lenses.

E If the existing frames have not been discontinued and the wearer decides
to get exactly the same frame, there is an advantage to having
interchangeability of parts should the new frame break.

E Does the lab need the old frames to make the newlenses correctly? If so,
can the wearer do without their current glasses while the frames are at the
laboratory?

E Are the old frames out of style or nearly out of style?If they are nearly out of
style, what will these older frames look like by the time the wearer is ready
for

the next prescription change?

In summary, there are a number of reasons why a person may not be well-served
in keeping their old frames. These reasons have to be logically and carefully
explained; otherwise the wearer will conclude that the dispenser is only interested
in their own ynancial gain.

COSMETIC CONSIDERATIONS

From an esthetic point of view, glasses are of no small importance to the person
wearing them. Each individual expects and should receive help, not only with
sizing, butalso with the cosmetic aspects of a frame.

The habitual wearer often needs just as much help in frame selection as the non-wearer
because individuals are used to seeing themselves in the frame style they are presently
wearing. Any new frame will represent a change and will look strange. The wearer who
is forced to change frames because the style has been discontinued will be especially
dependent on the advice of the personytting the frames.

Despite continuous changes in frame styles, there are still certain basics that can be
used to arrive at an aesthetically pleasing and comfortable frame. The wearer
ultimately has the ynal choice of what will be worn, but should not be allowed free
rein in selecting a frame.

Frame selection is often a process of trial and error, can be time consuming and is
frequently frustrating. An experienced ytter aware of the basics of frame selection can
save considerable time and earn the wearer ségratitude by being able to readily select
several frames that are obviously suitable.

Proper assistance in frame selection is especially important for the type of person who
may be inclined toaccept the yrst frame presented. Unless such a frame consists of a
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good bridge yt, proper eye size, and an acceptable shape, the ytter may inherit the
almost impossible task of attempting to adapt a frame to a face for which it was not
designed.

At the same time, what is cosmetically correct for a given face must be related to
whatever styles are in vogue. At a time when narrow frames are in fashion, a person
whose face requires a deep frame will not wear one quite as deep as when larger, deeper
frames are in style. The person with a narrow interpupillary distance can wear a wide
frame more acceptably when everyone is wearing large frames than when everyone
is wearing smaller frames. Just as changes in styles of clothingd longer or shorter
hemlines, wider or narrower necktiesd become customary by repetitious display, so
do variations inspectacle designs. Thus when basics in frame selection are noted, it
is understood that they are applied within the framework of current eyewear trends.

Frame Shape and Face Shape

Since frames are exceedingly obvious on the face, their shape tends to emphasize or
deemphasize characteristics of the face. A good frame selection can be simpli ed by
considering yrst which facial lines are complimentary tothe person. Those lines should
be emphasized through repetition, usually by the upper and lower eye wires. On the
other hand, uncomplimentary lines should not be repeated by the frame line.
Because a hairstyle can also alter the apparent shape ofthe face, frames are generally
chosen to compliment theface as it appears with the hairstyle being worn at the time of
frame selection. A radical change in hairstyle may alsoradically change the effect that
the frame has on the face. Few faces meet the artistic ideal in bone structure and
conformity. A well-selected frame can increase the attractiveness of a face by
emphasizing those planes andlines more closely approaching the fidieal and by drawing
attention away from those most contradicting it. Conversely, a frame that tends to
overemphasize or repeat the less desirable aspects of a face can make that face more
unattractive.

In most instances, the lines of the frame selected should create the effect of
balancing facial planes that are not components of idealized proportions. The
ideais the same as using vertical stripes to enhance the appearance of a short

or an obese person.

Facial Types
Knowledge of basic facial shapes is not essential for appropriate frame selection,
but it is a valuable aid in making a quicker and more accurate decision about a
s p e cframnee The average ytter can tell how appropriate a frame looks after it
has been placed on the face. The accomplished ytter who has an understanding
of facial shapes will know how a frame will look before placing it on the face.
The awareness of the considerable inpuence that spectacle frames can have on
the basic facial shape, either positively or negatively, is essential to competent
selection of the ultimate frame for each spec ic face.
Generally, there are seven basic facial shapes:

1. Ovald considered to be the ideal type
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2. Oblongad thinner and longer than usual, with the sides of the head being more
parallel to one anotherthan in the oval type
3. Roundd more circular than the oval
4. Squared again, the sides of the face are more parallel than in the oval, with
the face being widerand shorter than usual
5. Triangulard the lower part of the face is wider thanthe upper part
6. Inverted triangulard the upper part of the face, thetemple area, is wider than
the lower jaw area
7. Diamondd the central section of the face is wider, with the upper and lower
extremities of the face narrowing down considerably (Table 4-1)
To simplify the face shapes to help choose frame width and depth, the seven
shapes can be condensed to the following yve shapes.! The oval face is
considered normal and can wear almost any frame, so only the general rules
apply. The oblong face is simply referred to as long. Both the round and the
square face fall into the category of the wide face. The erect or base-down
triangular face is a category that does not lend itself to condensation. For ytting
purposes, the diamond face is included in the inverted or base-up triangular
classi y c a since these shapes are all yt in basically the same manner. Using
this simpliyed system, a face may deviate from the normal in four essential ways:
it may be either too long, too wide, or too triangular, with the base of the triangle
up or down.
This frule ds subject to modi cation with style changes, but the widest bony part
of the face is always used as the reference point.
The bone structure is used instead of the actual width because excess body and
face weight may cause the wearerd seatures to appear to be set in toward the
center of the face; a frame based on the width of the actual face rather than
structure would cause the person to appear cross-eyed.
As a general rule, the longer the face, the greater the vertical depth (distance from
the upper to the lower rim)
WideFace
Affecting the Length of the Face
For purposes of frame selection, we are concerned with the vertical and horizontal
dimensions of the frame, the roundness or squareness of the frame shape, and the
coloration of the frame front.
For simpliycation, discussion of the shape of frame suitability can be broken down into
two categories. The yrst concerns the width and depth of the frame (dimen- sions)
and whether the emphasis should be in the upper portion of the frame, as with a
gradient frame, or across the entire frame, as with a frame that is solid in color
(emphasis/coloration). These considerations all relate to the length and breadth of the
face. The second category deals with the angularity or roundness of the frame line
(shape) as related to the angularity or roundness of the face and the eyebrow line.
The proper width of the frame* can be gauged asapproximately equal to the widest
part of the skulld s
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*The width of the frame is taken as the outer width of the frame itself, and not simply
the outer edges of the lenses.would fall into this category. A solid frame seems to
curtail the length of the face in the area extending from the dark lower rim to the chin.

On a frame with a dark upper rim section and a lowerrimless or nylon cord section,

the reference point for face length is from the dark part of the frame at eyebrow
level (the part that immediately catches our eye) to the bottom of the chin. Thus
these frames have a face- lengthening effect, making them more compatible to
thewide face.

The outer areas of the frame may also be used to advantage in giving the illusion

of shortening or length- ening the face. The eyes are actually set very close to the
vertical center of the head, although they are usually assumed to be at the top
because the visual reference is from the hairline to the eyes and from the eyes to

the bottom of the chin.

Spectacle temples interject an artiycial dividing line. The lower the line, the shorter

the face appears; the higher the line, the longer it appears. Thus for long faces,
frame fronts with lower endpieces shorten the face. For wide faces, temples with
high endpieces add length to the face.

When the face is viewed from the side, it is divided by the location of the
spectacle temple, which interposesan a r tial dgividing line.

If the temple attaches high on the frame front, thereis more facial area below this
line, and the face appears lengthened (Figure 4-1, A). If the temple is attached lower
on the frame, there is less distance from this line to the bottom of the chin, and the
face appears shorter. If the face is too long, lower endpieces will help give the
appearance of less length; if the face is wide and short, higher endpieces are
desirable.

An extreme case of the wide face would be one with smallish features that appear to
be bunched centrally in the middle of a large face. Actually, as the person gains
weight, head size increases but features remain stationary, giving the face a
fbunched-up dook. The width of the frame should be gauged by the bone structure
of the face and not by the actual widest part of the head. Otherwise the persond face
will be overpowered by the frame or the eyes will appear abnormally close together.
The same rules that apply to ytting the wide face also apply to the pudgy face, but
must be adhered to more strictly. The less obvious the frame, the better. In a plastic
frame, a medium to lightweight plastic would be appropriate, but a better alternative
is the thin metal, nylon cord, or even rimless frame. Attention also must be given to
the vertical dimension of the frame.
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A B
Figure 4-1. A, If the temple attaches high on the frame front, there is more facial area

below this line, and the face appears lengthened. B, If the temple attaches lower,
there is less distance from this line, and the face appears shorter.

Affecting Facial Balance

With faces somewhat wider in one area than in another, frames can be used to
balance out a wider area and to shift the facial emphasis.

The widest part of the base-down triangular face is the lower area. Simply wearing
glasses often enhances the appearance of the face because the frames lend balance.
The frames themselves should be approximately the same width as the lower facial
area. The actual width will vary somewhat, depending on current frame styles.

An oval or upswept shape is preferable, as opposed to one of rectangular design.
This is particularly true ofthe lower rim, which, if it is a straight line parallelingthe
jawline, tends to emphasize the width of the base of

the triangle. Frames for men in these cases may appear satisfactory with somewhat
squared-off shapes because the lower line is not continuous and angular lines in a
man 6 face are not considered uncomplimentary. For women, a frame with
rounded lines will give a softer, more feminine look and squared-off lines a more
assertive look.

The frame should be a dark color for emphasis to further balance the overall facial
shape: solid if the face is long, vertically gradient or with emphasis on the upper part
of the frame if the face is short.

The base-up triangular face is somewhat more dif gult to yt. It is not possible to use
the mere location of the frames to counterbalance the wider part of the face.
Obviously a prominent frame on this type of face draws attention to the wider
facial area.

To avoid undue emphasis, the frame should be asunobtrusive as possible. The
frame should be the minimal width that still stays within current fashion lines. Keep
in mind that the farther out the frames extend fromthe side of the head, the more
pointed the chin will look.
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The frame should be of light or medium weight and of a lighter color when
possible. Metal or rimless like varieties lend themselves well to this type of face.
A heavy lower line sometimes helps to counterbalance. A rounded lens shape will
soften the triangularity of the face, but a squared-off frame will emphasize it. This
type of face on a woman usually has a certain delicateness to it; thus the frame
should also have delicate characteristics.

Frame Lines

Repeating a facial line through the line of the frame emphasizes the facial line.
This can be used to advantage provided the line being repeated is complementary

or used to achieve a desired effect. Inadvertently repeating an uncomplimentary
line can, by the same principle, have an undesirable effect.

The lines of the frame are determined by the curveor squareness of the upper
and lower rimsd in other words, by the basic shape of the lens. At this point, the
depth and width of the desired frame should be fairly well known, depending on

the length, width, or triangularity of the face.

As a general rule, when using the frame shape for cosmetic emphasis, the upper
areas of the frame are determined by the eyebrow line, while the lower frame
areas are determined by the lines of the cheekand jaw. The lower eyewire area
near the nose should follow the nasal contour of the face, as discussed previously.
The upper frame area, or upper rim, should have the same basic shape as the
eyebrow itself. Too much deviation from this line creates a disharmonious look to

the face, roughly similar to the confused effect of wearing stripes with plaids.
Ideally the upper rim should follow

the lower edge of the eyebrow, leaving it visible. At its highest possible position, the
upper rim bisects the eyebrow. This is not always possible or desirable. Some even
prefer an above-the-eyebrow position.? In any case,the most important thing to be kept
in mind when dispensing conventional eyewear is to follow the basic line of the
eyebrow with the upper line of the frame.

Balding males may bene y ftom a frame with a straight browbar.®> The theory underlying
this is that the brow bar takes away some of the forehead area, detracting from the
appearance of a large forehead.

As far as the lower frame area is concerned, apart froma squared or rounded effect,
which is determined by the squared or rounded aspects of the face, the most important
thing a lower rim can do is add a lift to a face that has begun to sag with age. Using
an upsweep on either upper or lower rim of a frame tends to counteract the downward
lines of the face. In general, a frame with a downward line, which emphasizes the
undesirable characteristic, should be avoided.

Frame lines can somewhat alter the mood expression of the face, causing the wearer
to have a happier, sadder,more stern, or even a somewhat surprised look, depending
on the interaction of the frame lines with the back- ground facial conyguration.
Another important effect that may be accomplished through the use of lower rims is
to help conceal the bagsthat many people have under their eyes. Helpful camou page
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is attained by choosing a frame with fairly thick lower rims of a dark color, properly
positioned to cover the lowest part of the bags.

Frame Color

Up to this point, frame color has been noted essentially in regard to how certain effects
can be emphasized through the use of a darker color or deemphasized through the
use of a lighter color. Although the actual color chosen may be left to the wearers, the
dispenser hasa responsibility to guide them toward the ynal choice.

Hair color, skin color, feature size, and eye color can all give valuable clues to the
suitability of eyewear color. With all the possible shades and degrees of translucence
in available frames, plus innovative uses of color combi- nations, yrm rules to guide
color selection are difycult.

Clothing and Accessories. The common sense rules that apply to clothing and
accessories also apply to the proper choice of eyewear. Certainly the favorite or
dominate color that the individual regularly wears ought notbe overlooked. Choosing
a frame color should not be done based on skin, eye, and hair color at the exclusion
of habitual dress. Eyeglasses are considered to be accessories and, as Dowaliby
states, fitlis traditional... that the best dressed are identiyed by accessories repeating
tones in the ensemble.?d

Considering that most people do not wear the same colors continually, it should be
understood that one

single frame cannot be expected to coordinate with every possible mode of dressd
both in color and in effect. Those who choose one pair of glasses to serve in every
work or recreational situation, with every style and color of clothing, should be aware
of the limitations this imposes.

Hair. Frames in pale tints of blue or rose beneyt gray hair. People with thicker,
darker hair are able to wear heavier, darker, bolder frames than individuals with
lighter, yner hair. A lighter-colored, more delicately styled frame is recommended
for the person with light, yne hair. A bold dark frame on a person with light, yne
hair draws attention to itself much more emphatically than it would on someone
with thicker, darker hair.

When a metal frame is to be dispensed, those with blond, light brown, or red hair
can wear gold well; those with gray hair can wear silver well. Those with black or
extremely dark hair can wear either color well. Individuals with salt-and-pepper
hair, or hair that is just startingto gray will ynd that choosing a silver frame will
make the /8 a lcdmponent of their salt-and-pepper hair more noticeable. It should
be kept in mind that not everyone may consider choosing a frame color that will
emphasize beginning grayness to be a detrimental choice. Much depends upon the
image the individual wishes to project. Therefore the role of the dispenser becomes
that of an aide in helping a person ynd a frame that produces the desired effect,
while avoiding any unintentional changesthe wearer may consider unpleasant.
Facial Features. As far as facial feature size is concerned, the smaller and more
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delicate the features, the lighter the frame color can be; the heavier the features,

the darker the frame color allowable.

Narrow and Wide-Set Eyes. A person whose eyes are set close together in
comparison to the total width of the face will want to choose eyewear that does

not draw attention to the center of the frame. Low-set, thick, dark-bridged frames

will make such an individual look as though the eyes are so close together there

is hardly room for the frame to sit on the nose. Instead, this person should choose

a frame with a clear bridge (little central emphasis) but with distinctive upper
temporal areas. In this way the observerd attention is drawn outward and away
from the close-set eyes.®

An individual with extremely wide-set eyes needs the exact opposite. The best
choice is the frame with a low-set, dark, thick bridge. The space between the
eyes isfl Yed in @&nd the eyes do not appear as widely spaced. Frame Color by
Season. In spite of suggestions given on frame color up to this point, it is very
difycult todetermine rules that work consistently. It is true thatsome people can
wear certain colors better than others.

The d i flty kes in ynding which colors are best suitedfor each individual. In an
attempt to facilitate ynding the colors that are most complimentary for a given
individual, one approach divides individuals into one of four basic groups.

Each group is identiyed by one of the four seasons. i F gust as nature has divided
herself into four distinct seasons, Autumn, Spring, Winter, and Summer, each with its
unigue and harmonious colors, your genes have given you a type of coloring that is
most complimented by one of the seasonal palettes.

To determine which fseason & person is, skin tone, hair color, and sometimes eye
color are evaluated. Finding the correct fi sasondis reportedly best done by trial and
error using colored fabric draping to discover those that are most complimentary to a
person& skin and hair color. All individuals, regardless of season fi . an wear almost
any color; it is the shade and intensity that count. If someone already knows which
fi saties and intensities @f color he or she looks best in, frame color selection may be
simpliyed. If not, trying on one frame after another while looking for the best effect is
certainly simpler than yrst trying to determine season, then selecting frame color.

In summary, although it may be possible to ynd a few starting points for frame color
selection, the process does not lend itself to simple answers. Most probably, inthe
end, personal tastes in color combined with trial and error will prevail.

Lens Tint

There are many purposes for a tint in prescription eyeweard so many, in fact, that a
complete chapter in this book is devoted to the subject. Yet sometimes the only reason
a person wants tinted lenses is to make the glasses look better. When this is the
case, the color ofthe tint is usually coordinated with the frame.

Frame Thickness
Many of the effects caused by the lightness or darkness of a frame go hand in hand
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with frame color. As with frame color, the smaller and more delicate the features, the
lighter (thinner) the frame should be. The larger and broader the features, the heavier
(thicker) the frame should be.

One exception is a man with large, broad facial features who is smaller in stature than
would be expected for the ruggedness of the face. To help neutralize the effect of a
head out of proportion to the body, a frame weight lighter than normal might be used.’
The size must not be too small for the face, however, because a frame that is too
small for the face is still too small, whatever the size of the body. A bold frame look
can be created by using a dark color in spite of the reduction in frame thickness.
Children and women with childlike features are especially complimented by a thin
frame. Using a frame too thick for these features will easily overpower the face and create
a puny appearance rather than add a complimentary facet to the face.

Occasionally the ytter will encounter a person whose features are not strong
enough for a heavy frame but who wants the heavy frame look. The answer is to use

a frame of medium thickness in a very dark color. The dark colormakes the frame
appear heavier. Similarly, a frame with clear lower rims makes the weight appear
less than it really is.

When in doubt as to which frame weight to choose, always select the lighter
weight.

B

Figure 4-2. To i | ehe g the nose, a frame is chosen that exposes as much of
the nose as possible. The frame in A is correct; the frame in B is incorrect.

Frame Weight __Indicated for

Heavy Large, broad features
Medium Normal features, large features, and small
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stature
Light Small, delicate features, women with childlike features,
children

Bridge Design

Frame selection can cause the nose to appear longer or shorter than it really is,
depending on the frame bridge chosen. Apparent nose length depends on the
extent of nose visible beneath the frame bridge, just as apparent face length
depends on the area of face observed below the frame.

To fiengthen &he nose, choose a frame that exposes as much of the nose as
possible (Figure 4-2). An open- bridged frame allows most of the nose to be seen
becauseit rests on the sides and not on the crest of the bridge.

Dark frame colors draw attention to the surrounding facial area and tend to
emphasize whatever characteris-tics are created by the yt of the frame. In the
case of the

B B
Figure 4-3. The lower the bridge, the greater the impression of shortening the nose.
The bridge in A is correct; the bridgein B is incorrect.

B

Figure 4-4. A, If the base of the nose is narrow, choose a frame with a high, thin
bridge style. B, If the base of the noseis wide, choose a frame with a low-set,
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vertically wide bridge. (Reprinted with permission from Wylie S: Eyewear Beauty
Guide: D o n 6hoose Your Eyewear Blindfolded! Oldsmar, Fla, 1986, Varilux
Press.)

keyhole bridge, using a dark frame color will increase the illusion of nose length. If for
reasons of physical yt the keyhole bridge must be used on a person with a longnose,
the lengthening effect will not be as emphasized if the bridge is clear or light-colored
or if a frame with darker endpieces is used.

The saddle bridge is designed to cut across the crest of the nose. The lower the
bridge, the greater the effect of shortening the nose (Figure 4-3). A darker color will
give a sharper demarcation and make the nose look shorter still, while a lighter color
has a tendency to reverse the effect.

Up to this point, the discussion has been on how frame bridge design affects the
apparent length of the nose. Yet with some individuals the length of the nose may not
be of primary importance, but rather the width of the base of the nose may matter
most. (The base of the nose refers to the lowest point of attachment at the sides of
the nostrils.) If the base of the nose is narrow, the bridge of choice is one that is
relatively high and thin. Whereas if the base of the nose is wide, the best bridge design
will be one that is low-set and vertically wide (Figure 4-4).

FITTIN NSIDERATION

Many difyculties associated with adjusting a pair of spectacles appropriately rest with
errors in the initial ytting or selection of the frame. Once the lens size and shape have
been selected, the essence of the well-ytted

frame rests in the choice of the proper bridge and the proper temple style and
length. The spread of weight or force over the largest surface is the objective for
both pads of the bridge and the behind-the-ear portion of the temple.

The Bridge

When the bridge is yxed, as in most plastic frames, the choice of the appropriate
bridge is determined by how well the weight of the frame is borne on the nose. If
the bridge is not properly selected, attempts to adjust the frame and the bridge to
secure wearer comfort are exceedingly dif yule and essentially hopeless.

The appropriate bridge is determined by its width, the position of its pads, the frontal
angle of the bridge at the pads, the pare or splay angle of the pads, and the vertical
angle of the pads. The bridge selected should not allow the eyewires to ride on
the cheeks.

The Signifi cant Nasal Angles for Fitting

If the nose is observed from the front, it will be noted that the two sides form a
frontal angle with each other, which if projected, would have its apex somewhere
on the forehead and its base across the nostrils and tip of the nose. The angle
with which each side deviates from the vertical is called the frontal angle (Figure
4-5).
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The splay angle is seen as the nose widens from front to back. It can be best
visualized as if viewed from aboveand is at the level where the nosepads of the
frame will rest (Figure 4-6).

Figure 4-7. With the frame pictured here, the frame frontal angle is too vertical for
the angle of the nose. As a result, the frame has a tendency to rest on the bottom
rims.

Figure 4-5. The angle with which each side of the nose deviates from the vertical is
called the frontal angle.
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Figure 4-6. The splay angle (b) of the nose is the angle formed by the side of the nose
as viewed from the top. The drawing shows a cross section of the nose at the level
where the nose- pads will rest.

Both of these angles are of prime importance to the proper yt of the frame. These
frontal and splay angles may vary greatly among individuals.

The Frontal Angle. If a frame has a frontal angle which does not parallel the sides of
the frontal triangle of the nose, either the inner bottom rims of the frame front or the
top of the bridge crest will rest on the nose rather than the pads which should support
the frame (Figures 4-7 and 4-8). Matching the angle becomes particularly important if
the bridge is yxed and unadjustable.

It should be remembered that the pads will lie on the side of the nose only if the
width of the bridge (or DBL) is proper, even after the angle has been matched. If
the bridge is too wide, even if the angle is correct the frame will still either rest on
the bridge crest or will rest low on the nose with the lenses too low. The lines of
sight will then be close to the upper rim, or the lower rim may touch the cheeks. A
keyhole bridge that is too large may yt like a saddle bridge.

If the bridge is too narrow, the upper rim may be above the eyebrows, the lines of
sight may pass through the lenses near the lower rim or in the bifocal, and the
lower rims may carry the weight on the side of the nose rather than on the pads.
To check bridge size, lift the frame very slightly from the nose and move it to the
left or right. There shouldbe about 1 mm of clearance between the nose and free
side of the bridge.

With noses that exhibit very broad frontal angles, rather pat crests, and wide
splay angles, it is recommended that a bridge design at least somewhat lower
than others be used. This type of frame is depicted in Figure 4-4, B. Despite the
wide area of the crest, a rather narrow bridge is recommended so that the actual
pads can be bent back enough to place their pat surfaces on the sides of the
nose.

If the bridge is adjustable, it is possible to align the pads to the matching angle
by bending the pad arms. Ifit is not adjustable, the frontal angle of the pads
(corresponding to the frontal angle of the nose) can be altered within limits by
changing the shape of the lenses.

Figure 4-8. With the frame pictured here, the bridge area is too pared for the nose.
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Since the nose and frame frontal anglesdo not correspond, the top of the bridge
crest is the only part supporting the weight of the frame.

Figure 4-9. If the frame is such that its bridge area does not pare enough when the
wearer @nase exhibits a wide splay angle, the back of the bridge area will cut into
the side of the nose. The drawing is a top view in cross section and has been
exaggerated for clarity.

An alternative for plastic frames consists of heating the empty frame eyewire and
reshaping the eyewire to conformto the wearerd $acial requirements. A pattern may
then be made from this mo ddd ghape, or the shape may be traced with a frame tracer.
Both lenses are cut to the new conyguration.

The Splay Angle. The nose becomes wider as it approaches the inner corners of the
eyes, therefore the pads must not only have an appropriate frontal angle, but must also
exhibit an appropriate splay angle so that the weight of the spectacles is distributed over
the entire fl at surface of the pad.

If the angle of the pads is such that the backs of the pads are about the same distance
apart as are the fronts, but the nose exhibits a wide splay angle, the backs of the pads
will cut into the sides of the nose. With a heavy frame this will produce painful and
obvious grooves in that area of the nose (Figure 4-10).

If the angle of the pads is such that the backs are farther apart than are the fronts and
the amount exceeds the splay angle of the nose, the fronts of the pads or eyewires will
cut into the sides of the nose (Figure 4-11).

The Crest Angle

Observing the face from the side reveals the crest angle of the nose: the angle from
base to top compared with a vertical plane roughly parallel to the brows and cheeks
(Figure 4-12).

This angle is not of great concern in bridge selection unless a saddle or contoured
bridge is used. Then the angle of the inside of the contour should parallel the

*If lenses are edged fin-housed an extra pattern for the selected frame can be
reshaped. When the altered pattern is used, left-right lens shape symmetry is assured.

crest angle so the bridge contacts the nose with its full expanse.
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Figure 4-10. If the frame is such that the pare of the nose area exceeds the
splay angle of the nose, the fronts of the bridge area may cut into the sides of the
nose. The drawing isa top view in cross section and has been exaggerated for

clarity.

Figure 4-11. The crest angle is that angle of the nose from the base to the top
compared with a vertical plane roughly parallel to the brows and cheeks.
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A
Figure 4-12. A, Notice how there is more support at the bottom of
this nosepad, making itmore suitable for children. B, Compare the
nosepad in (A) with an adult-style nosepad.

Adjustable Pads

The position of the pads on the nose is of utmost impor- tance. The essential objective
is that the full fl at surfaces of the pads rest on the sides of the nose. Since the pad
arms that carry the pads are malleable, the pads can be adjusted individually for each
side of the nose. In select- ing a frame with adjustable pads, the principal criteria
therefore are:

1. The DBL should be such that the pads can be easilyset to rest on the sides of
the nose without either stretching the pad arms a great deal laterally or
compressing them together.

2. When heavy frames or lenses are being selected, the following factors inpuence
pad comfort.

a. The inclination of the frontal angle of the nose on which the pad surface will
rest. The closer to vertical the pad is, the greater will be the pressure on the
nose to hold the frame in place.°

b. If the surface of the pad is almost vertical, it is best to use lightweight lenses.
Pads made from silicone material do not tend to slip as much as regular
plastic pads.

3. The questions of proper vertical angle, splay angle, and full contact of the broad
side of the pad are usually handled by bending the pad arms. (Refer to Chapters
8 and 9 for detailed descriptions.)

In selecting a frame with an adjustable bridge, however, care must also be given to
the type of pad arm and its attachment to the eyewire. Certain frames carry the pads
via practically straight, very short, vertically attached pad arms. Such arms allowonly
very limited adjustment of the pads. Any attempt to raise and lower pads with these
pad armsis almost impossible. Selection of frames with this type of pad arm requires
that the DBL and the lens position be correct almost from the beginning and that
adjustment of the pads be minimal. (For more on adjustable pads, see Chapter 9.)

4. The center of gravity of a heavy frame is closer tothe front. If the pads are set
closer to the frame front, the frame moves closer to the face. This places the
center of gravity farther back, resulting in the frame staying in place more
easily. Thus it is desirable to set the pads as close to the front as facial
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construction, lash length, and so forth, willallow.
Larger pads, which distribute the weight over a larger area on the nose, can also
be used as the massof the spectacles is increased.

Chi | crBeidgés

It has been found that in children between the ages of 3 and 18 years there is
only a slight change in the crest angle of the nose (the slope from the crest to the
tip of the nose).!* The main change is in the splay angle (the slope from the crest
of the nose to the cheek) and in the depth of the nasal bridge.

What this means in terms of ytting children is that there needs to be (1) more
support at the bottom of the nose pad area, and (2) a larger pad splay angle (more
pare to the pad). A larger pad or contact surface area helps the frame sit better
(Figure 4-13).

Temples

The distribution of forces necessary to hold a frame in place on the face
generally shifts from the nose to theears as the head is bent forward. Thus
the activity of the wearer and the intended use of the spectacles should be
considered to determine the temple style ordered. Because temple style is
greatly dependent on wearer preference, these considerations should be pointed
out. Spectacles with pat, straight-back, or library temples are suitable when their
removal and replacement withoutaltering adjustment is desired. This situation would
arise when the spectacles are to be worn only occasionally or mainly for reading
or desk work.

A skull temple is applicable if the wearer @Gastivity requires the normal amount of
movement or constant wear. If the head is to be lowered markedly or the indi-
vidual is physically active, riding bows or comfort cable temples are preferable.
All temples help hold the lenses in place primarily by the area of contact with the
side of the head and not by

TABLE 4-3

Fitting Temple Styles

Temple Style Indicated for Contraindicated for
Comfort cable or ridingActive people Off and on wear
bow Jobs  requiring  unusual head

positions Young children
Especially heavy frames and/or
lenses

Straight back Off and on wear Heavy lenses
Persons with parallel-sided noses
Persons with pat noses
Frames with weak fronts

81



Skull Normal, everyday wear Jobs requiring unusual

positions

head

pressure at the tip of the temple or against the upper crease in the ear. The choice of
proper length is there- fore important in frame selection. The temple should be long
enough so that the bend of the temple takes place just barely past the top of the
ear (see Figure 9-12).The exact yt of the bent-down portion or earpiece against the
head can be achieved during adjustment of the frame.

Table 4-3 summarizes the temple styles suitable when considering both the activity of
the wearer and the intended use of the spectacles.

Selecting Frames for the Progressive AdditionLens Wearer

A progressive addition lens wearer needs a frame with:

1. A minimal vertex distance.

2. An adequate pantoscopic tilt.

3. S u f gntcveertical depth in the nasal portion of the frame shape.
A minimal vertex distance* is required because of the relatively narrow viewing areas
afforded by the progres- sive optics of the lens for intermediate and near distances (see
Chapter 20). The closer the progressive viewing zone is brought to the eye, the wider
the intermediate and near viewing areas will be. Using a frame with an adequate
pantoscopic tilt will also help bring the lower (reading) half of the lens closer to the eyes.
When the eyes are turned downward for near viewing, the reading width will be
increased.
The shape of the frame is important with progressive addition lenses. If the lens has
too much of the lower nasal area cut away, as with the classic aviator shape, the
reading area is reduced (Figure 4-14, A). Also, when the lens is narrow vertically,
much of the near viewing area will be lost. This loss may be prevented if a progressive
lens speciycally designed for frames with narrow vertical dimensions is chosen (Figure 14-
14, B). However, frames with an extremely narrow vertical dimension will not

*Vertex distance is the distance from the back surface of the lens to the front surface
of the eye.

work well for progressive addition lenses. A good frame shape for a progressive
lens has a suffi cient vertical depth and not much nasal cut. The best design for a
progressive addition lens is one that has extra vertical depth in the inferior, nasal
portion of the shape. Unfortunately, style and function donot always agree.

Selecting Frames for the High Minus Wearer Although lenses are usually
chosen for optical appropriateness, the cosmetic effects of certain types of
lensesalso should be considered. These are usually lenses at

extreme powers of minus or plus, which notably minify or magnify the eyes and
face behind them. Several cosmetic factors must be taken into account when
ytting the high minus correction wearer (Box 4-1).
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Size

Size considerations include avoiding frames with lenses that are very large, since
the lens edge gets thicker farther away from the center. Frames with rounded
corners should be used when possible for this same reason.

A frame wider than the wearer &axe at the temple area should also be avoided,
since high minus lensesmake the side of the wearer& head look narrower through
the lenses.

Excessive decentration should be avoided or the outer lens edge will be much thicker
than the inner edge. An alternative is to use a wider bridge and smaller eye size.
The nose pads can be brought closer together, if necessary, rather than
decentering too much. For example, a 48% 20 can be used instead of a 503 18.
(For 012.00 D lenses, this will also reduce the weight of the lenses by a
considerable amount.)

Lens Material

Lens edges are thicker with low-index CR-39 plastic.Using a lens of a higher index
material will reduce the edge thickness. High index plastic lenses are chosen over
high index glass because of the weight factor. High index plastic lenses are an
excellent choice for high minus lenses.

Polycarbonate lenses offer both a weight and edge thickness advantage.
Polycarbonate lenses can be made with a thinner center thickness because of their
high impact resistance. This translates into a thinner edge. Even if a polycarbonate
lens has the same center thickness as a regular plastic CR-39 lens, the edge of
the polycarbonate lens will still be thinner than the CR-39. This is because the

polycarbonate lens has a higher index of refraction (1.586) than the CR-39 lens
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Figure 4-14. The best shapes for progressive addition lens wear have s u ¢ieft vertical
depth and are not restricted in the inferior nasal lens area. A, This frame choice is not
a good choice for progressive lenses. The area nasally where the progressive lens
near zone is located is cut away by the aviator- style shape of the frame. B, This
frame shape will work for a progressive if the progressive lens style chosen is
designed for frames with a narrow vertical dimension. A frame with a narrow vertical
dimension should not be used with standard- style progressive lenses. C, The best
frame style for progressive lenses is one that has enough vertical depth to allow full
use of both intermediate and near viewing areas of the progressive lens. D, Though
not always cosmetically appropriate, a frame with a generous inferior-nasal lens area
is optically ideal for a progressive addition lens.

High minus lenses minify objects. When high minus lenses are worn in a frame
that is too large, the observer sees the wearer6 $ace miniyed through the lenses.
This makesthe head look narrow in the area behind the lenses compared with the
rest of the face.

A B C

Figure 4-15. A, A regular 40-degree bevel is inappropriate for a high minus lens.
Fortunately, it is almost never used. B, A pat bevel reduces some of the internal
repections and concentric rings that would otherwise be seen with a regular 40-
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degree bevel. However, the edge will still appear thick. C, A rolled and polished
bevel reduces edge thickness.

Refl ections, Base Curve, and Lens Bevel

Refl ections, curve, and bevel are additional considerations. The larger the bevel, the
more re paton rings will be noticeable because these rings are ar e pienotthe lens
edge. Using a now-standard hidden bevel as shown in Figure 4-15, B (rather than the
older 40-degree bevel as shown in Figure 4-15, A) reduces the problem.

The edge of a high minus lens can be made less noticeable by rolling the edge. This
is especially true for metal or thin plastic frames. Rolling the edge changes it from pat
to rounded, as shown in Figure 4-15, C, givinga nice appearance to the lens when
polished and often reducing measured edge thickness by as much as 2 mm. Polishing
the edges will make the lens look better to an observer, but unless an antir esgtion
(AR) coating is used, such polishing will introduce internal repections, which are
disturbing to many wearers. Thus the combi- nation of roll and polish looks very good.
Some recommend using a roll and polish with caution because of the possibility of
wearer dissatisfaction because of the distortion caused by the rolled area in the
periphery of the lens. An edge does not have to be rolled to be polished. A
conventionally beveled lens edge can also be polished. With better manufacturing
techniques, polish edges are much easier to produce and are coming to be expected
on lenses with visible bevels.

Unless antirepection coated, a front curve reduced below 02.00 D will result in a high
r e piencot light from the front. Unfortunately, high minus lenses made with ordinary
spherical curves require a fairly pat front curve to give good optics. It is possible to use
an aspheric design to allow for a different front curve and to slightly thin the edge of
the lens by steepening the lens in the periphery. An aspheric high minus lens may have
a better cosmetic appearance than a conventional, spherically based lens of the same
power.

Even though a light tint will reduce internal lens r e piens, tan antirepection (AR)
coating does a much better job. Even lenses with pat front curves will lose their
mirrorlike repective appearances with an AR coating. Antirepection coatings also
eliminate the con- centric rings, which are frequently seen with high minuslens
prescriptions.

For wearers with excessively high minus lenses, aminus lenticular design is an
option.

Miscellaneous Factors

An interesting consideration is that high minus lenses tend to cause eye makeup
to show up less, whereas high plus lenses cause any type of makeup to be more
noticeable.

Selecting Frames for the High Plus Wearer

Size and Thickness
Size and thickness are considerations with high plus lenses (Box 4-2). Large lenses
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should be avoided because of excessive weight and the increase in center
thickness. High plus lenses magnify the wearerd syes. When lens size increases,
so does center thickness, causing an evengreater mag n ¢agon problem.

Because of differences in frame shapes, eye size isnot the only i rnu¢nce on
lens thickness. The effective diameter of a lens is increased whenever a lens
deviatesfrom a round or oval shape. The more the lens deviates from round or
oval, the larger and thicker the lens will be. A good rule of thumb for very high
plus lenses, such as the older cataract lenses, is to avoid frames with an effective

diameter more than 2 mm larger than the eye size.

Figure 4-16. The .'argé.‘; the effective

gdiemeter of a plus lens for a given eye size, the

thicker the edge appearance will be in certain meridians. Because a larger lens blank
size is required, the center thickness will also be greater.

Figure 4-17. When the effective diameter is close to the frame eye size, the edge
thickness will be more uniform and held to a minimum. Small effective diameters
also make possible a lens of minimal center thickness.

« 46 mm  E——

34 mm

()

N
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Figure 4-18. In the case of the high plus lens, the larger the frame
difference, the thickerthe lens will appear on the top and bottom.
The case is reversed with the high minus lens, however, since the

thicker edges will then be in the horizontal meridian.
A\
<O 9 29\
Frame Difference® 2e o
The firhme difference "Gs an additional factor when selecting a proper frame shape

for the high plus wearer

Frames with narrow lens openings (where the difference between horizontal and

vertical measurements is large) cause a high plus lens to be thickon the top and
bottom edges (Figure 4-19). This causes the strong plus lens to look even
stronger. For the high plus lens wearer, frame differences greater than 9 mm
should be avoided.

Cataract Lenses and UV Protection

Cataract lenses are very high plus lenses that were used after cataract surgery before
the advent of intraocular lens implants. They are now uncommon. Cataract lenses
usually range in power from 09.00 D to 022.00 D, depending upon the wearerd $ns
prescription before surgery. The prescription was this high because it hadto replace
the power of the crystalline lens of the eye that was removed during surgery.
Fortunately the crystalline lens is now replaced with a small lens implanted into the
eye. People who have had cataract surgery and have not received an intraocular lens
implant are aphakic (which means fi whiout le n s ®hey. are referred to as aphakes.
Aphakes must either wear contact lenses or high plus cataract spectacle lenses.
Fortunately intraocular lens implants are now the standard for cataract surgery and
such situations are rare.

Aphakes are often more light-sensitive than other individuals as a result of crystalline
lens removal. To prevent damage to the retina of an aphakic individual caused by
ultraviolet (UV) light, protection is essential. Only lenses with UV inhibiting properties
should be used for aphakes.
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Figure 4-20. The lens in A is positioned with a large vertex distance, whereas in B the
vertex distance is minimal. The same lens was used in both photographs, which were
taken under circumstances that were as identical as possible. The only difference
between the two photo- graphs is the distance from lens to eye. In both cases the eye
is magniyed, as can readily be seen by comparing the eye behind the lens with the eye
without the lens. However, the eye behind the lens in B shows less magniycation than
the eye behind the lens in A.

Frame Characteristics

There are certain frame characteristics that are absolutely necessary for properly
ytting high plus lenses. With medium power plus lenses, these characteristics can
be considered as suggested guidelines, but with high plus or cataract lenses they are
mandatory prerequisites.

Frames should be chosen for their ability to hold their alignment. Flimsy
construction allows the lenses to slide down the nose. This is not only irritating to

the wearer, but also has some rather serious optical side effects. These include:

1. The blurring of distance vision as a result of an increased effective lens
power.

2. A smaller yeld of view.

3. An increase in the magn ication of objects viewed by the wearer.

4. An increase in the apparent size of the wearer Gegesto an observer (Figure
4-20); as the vertex distance decreases for plus lenses, the wearerd6 ®yes
look lessmagniyed when viewed by an observer.

A frame should be chosen that allows the distance optical center of the lenses to
be positioned properly before the eyes. See Figures 4-21 and 4-22 for further
explanations.

Because yeld of view is increased and ma g rncatign decreased as plus lenses are
moved closer to the eyes, the frame selected should hold the lenses as close as
possible to the eyes. The weare r éyslashes should just clear the back surfaces
of the lenses.
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Optical center

Figure 4-21. To avoid adversely affecting the optical performance of the lens, for
every millimeter that the optical center is below the wearer dige of sight, there must
be 2 degrees of pantoscopic tilt. For example, as pictured here, the optical center
falls 4 mm below the lenses, requiring 8 degrees of pantoscopic tilt in relationship
to the plane of the face.

-l

Figure 4-22. When the pupil corresponds to the optical center of the lens, there
should be no pantoscopic tilt. Any lens tilt added will change the sphere power of the
lens and cause an unwanted cylinder component to be manifested. For low power
lenses, the power effect is negligible, but with a higher power lens it can be quite
evident. (For further explanation see Chapters 5 and 18.)

Optical center

Adjustable nosepads become more of a necessity as the power of the lenses increases.
They offer the advantage of versatility in allowing mo d i yon af the vertical position
of the frame. This allows the major reference point height, bifocal height, or
progressive lens ytting cross height to be exactly adjusted.

Adjustable nosepads also allow the lenses to be positioned at varying distances from
the eyes. This allows more precision in the refractive power of the correction. Unless
a high-powered lens is ytted at the refracting distance used during the eye
examination, an error in power will result. Unless a compensation for the vertex
distance change is made, signiycant error results. For example, if a 015.00 D lens is
intended for a 12 mm vertex distance between the cornea and rear lens surface, but is
ytted at 17 mm, the lens will be almost 01.25 D too strong. It is obvious then that with
high-powered lenses, power compensation for variations in vertex distance is a
necessity for bridge designs not using adjustable pads.

Serious consideration should be given to using comfort cable temples when the anatomic
features of the nose do not lend themselves to keeping the glasses in place or if the
prescribed glasses tend to be somewhat heavy. Cable temples help keep the glasses
from slipping down the nose and thus help avoid the di f y c Ulistet abevs.
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Selecting Frames for Children

When selecting frames for children, safety should be theyrst concern. Children

are always doing things that are unexpectedly hazardous, and children& eyeglasses

can be expected to endure much abuse. The main concern is notso much that the

frames and lenses hold up to such abuse, but rather that the child is not put at risk

because of a poorly chosen frame.

Remember, a frame that is small and sold for childrenmay not necessarily be the

best design for children. Because style is important to children, too, childre n 6 s

frames often mimic adult styles.

Children 6feames should be sturdy. Look for solidly built frames, be they plastic

or metal. The lens grooves should be deep so that the lenses are more securely

seated in the frame.

It is advisable to avoid nylon cord frames because thethin cord does not hold the

lenses in place securely enough for rough-and-tumble play.

When available, high quality spring temples are a good option. When hit from the

side, the spring takes much of the shock, instead of transferring all of it to the side

of the nose. In addition, spring temples will save trips back to the dispensary to have

the frames realigned.

Although not directly related to the subject of frame selection, it is important to

note that polycarbonate
BOX 4-2

Frame Selection for Children

Use Avoid

Surdy frames Lightly constructed copies
of adult frames

Frameswith shall ow
Deeply grooved frame grooves
fronts

Qudity spring temples

Bridgesthat give support Any lenses that are not

highly impact resistant,
especially glass lenses

in the area of the lower
portion of the nosepad

High impact lenses such

lenses or Trivex lenses are the lenses of choice for children. The increased safety far
outweighs any considerations given to the tendency for a polycarbonate lens to
scratch. In short, children need high-impact-resistant lenses and dispensers have a
responsibility to make sure that parents know why.

Both polycarbonate and Trivex lenses have the added ben e yof giving children
ultraviolet (UV) protection at no additional cost. The crystalline lens of a chil d éys
will let more light through than will the lens of an adult. UV light can begin to take its
toll early in life, and with the increased radiation because of the earth6 slecreased
ozone layer, it is never too early to begin protection.

If a child leaves the dispensary with lenses other than high impact lenses, the record
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should contain a dated statement noting that the parents were informed of the
advisability of using such lenses and refused that option. A form to that effect signed
by a parent is a further pre- caution against liability, but is not a legal requirement.
(For more on the issue of liability, see Chapter 23.)

With an increased emphasis on sports for children, specialty sports glasses should
not be overlooked. Children who participate in sports such as baseball may be at
greater risk than adults who play the same sport. Not all children can react quickly
enough to avoid a ball in the eye. Carelessness by other children when throwing balls
or swinging bats also adds to the risks. A conscientious dispenser will be aware of
options in sports eyewear for children and make them available. (For more on sports
eyewear, see Chapter 23.)

See Box 4-3 for a summary of factors in selecting frames for children.

Selecting Frames for Older Wearers

When selecting frames for older wearers, perhaps the most important factor to
consider is weight. With age, the skin looses its elasticity. This causes nosepads to
depress the skin and underlying tissue, leaving marks that do not rebound easily.
When the eyeglasses are heavy, red marks on the nose and ears can easily develop
into sores that are slow to heal. Therefore choosing a frame that is lightweight and
combining that selection with a lightweight lens material will do much to prevent
problems.

The bridge of the frame must yt correctly. If the bridge ytting principles that were
explained earlier in the chapter are exactingly applied, the frame will be
comfortable. Remember, with older wearers there is less room for error. The
bridge must seat itself over the largest area possible to evenly spread the weight

of the glasses. For this reason, when selecting a frame with adjustable pads, it is
helpful to use a frame with larger pads when available.

Unless the wearer has no distance prescription, the shape of the frame must leave
enough room for the type of multifocal design selected. (See the section in this
chapter on selecting frames for progressive addition lens wearers.)

It should not be assumed that the older wearer will be unconcerned with style, or

will only be interested in the same type of frame as they have been wearing. Older
individuals appreciate being accorded the same frame styling options given
everyone else.

Selecting Frames for Safety Eyewear

Safety frames are no longer limited to drab colors and fi S &dfety frame shapes,
but are available in a large variety of styles. In many cases they are not easily
distinguished from regular fi & s syewear. Although function is paramount, rules
for selecting a well-y t t inicegopking frame do not change dramatically when
selecting safety eyewear.

Remember that a safety frame is not just a sturdy frame with thick lenses. A
safety frame must comply with speci ystandards and be iden t ed with the mark
A &7 cor fZ87-2 don both the temples and frame front. Metal frames should be
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avoided when electrical hazards are present, and side shields are necessary when
eye injuries from the side are possible.

Devices That Help in the FrameSelection Process

One problem in selecting frames occurs when uncorrected visual acuity is so poor
that the frames cannot be seen without glasses. There are several possible
solutions.

1. Bring a friend
People who have been in the awkward situation of not being able to see the
new frame on themselvesoften bring a friend along to help them chose
something suitable. Bringing a friend, however, doesnot really deal with the
root problem.

2. Use a trial lens
If there is a trial lens set available, choose the spherical equivalent for the preferred
eye. The spherical equivalent of a lens is one half of the cylinder power added to
the sphere power. (Incidentally, if the wearer requires a near addition, it may be
helpful to add about one half of the prescribed near addition power to the spherical
equivalent.) With the frame on, the wearer holdsthe lens in front of the preferred
eye and looks in
the mirror. Although sometimes helpful, thissolution does not win high praise.

3. Use a Visiochoix
One system that addresses the problem of not being able to see the frame on the
wearer consists of usinga set of lenses mounted in a clear plastic panel. Each plastic
panel has a handle and can be held in front of the eyes. The person selecting their
frames can see the frames he or she is wearing behind the lenses because the entire
mounting is made of clear plastic. The lens pair closest to the prescription is chosen
from the Visiochoix set,* and the wearer is able to use both eyes. This solution is
usually much preferred over the single trial lens method.

4. Use a video system.
Just using a standard video camera will make it easier for someone to see
themselves clearly with a new frame. An individual can put on a number of frames,
one after the other. Each time a frame istried on, the wearer can turn his or her head
yrst one way, then the other, so that the frames in place can be seen from the side
as well. Once a series of frames have been tried, the tape is rewound and the person
can view the tape while wearing his or her own prescription. However, there is a
better video system for aiding in this process that offers much more than just a video
camera. This makes use of a computerized image-capturing system.

Computerized Image-Capturing Systems
Imaging systems that are made especially for the dispensary will offer several
advantages over a standard video camera and VCR. A computerized imaging system
can display an image faster and easier. Here are some of the other features available
at the time of this writing. Not all features are available on all systems.

¥ Shows images of the same frame from differentangles of view (Figure 4-23).

92



- Permits side-by-side comparisons of different frameson the same screen (Figure
4-24).

- May allow certain measurements to be calculated bythe system, such as PD and
multifocal segment

* Available from Bernell Corp., South Bend, IN.

Figure 4-23. Computerized image-capturing systems canshow images of the
same frame from different angles of view.

Figure 4-24. Here the image system permits side-by-side comparisons of different
frames on the same screen.

heights after the frame shape has been outlined (Figure 4-25).

- May show the thickness of certain lens prescriptionsfrom a side view of the
lens, (Figure 4-26). An accompanying on-screen table comparing two lens
materials for thicknesses and weight may be present.

- It may also be possible to take the image of the wearer with the prospective
frames being worn andshow what the lenses would look like:

1. If AR coated.
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2. If tinted to a certain solid or gradienttransmission.
3. If made from a photochromic material.
- Included in some systems are simulations of how different scenes might
appear to the wearer with andwithout an AR coating on the lenses.
In addition to the spectacle lens applications, some systems show an individual
what they would look like ifthey were wearing tinted contact lenses of different
colors.

A few systems allow web access by the wearer. Thiswould include:
E Web access to previously recorded images of whatcertain frames look like while
being worn. A password is required.

Figure 4-25. Some computer-based systems allow certain measurements to be
calculated by the system after the frame shape has been outlined, such as PD and
multifocal segment heights.

E Web access to a virtual frame try-on service from ahome computer. This
requires the wearer to have
a previously recorded image of their face placed in a database at the optical
dispensary. Then any frame in a data bank of possibilities can be superimposed
toscale on the image of the wearerd face. This means aperson could check later
on to see if there were any new frame styles available that they might like.

Closing the Frame Selection Process
Selecting a frame is a decision-making process. And making decisions is difycult.
A good dispenser can help in making that process easier. Here are a few
suggestions.
1. Do not prejudge a person 6ymancial situation by only showing less expensive
frames. Let each personmake his or her own decision on how much to spend.
2. Do not voluntarily categorize a perso n dase as being a certain shape for
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them. They may not agreewith you. Be diplomatic.

3. Do not insist on a certain frame if the wearer doesnot like it, even though
it may look best and be optically sound.

4. Do not allow the wearer to select a frame or lens style that you know would
be unsafe or optically unsound.

5. Do not have a large number of frames spread out at any one time. People
forget what they have looked

Figure 4-26. This image-capturing system shows the expected thickness of a lens
prescrip- tion as seen from a side view of the lens. An accompanying on-screen table
comparing two lens materials for thicknesses and weight may also be possible.at
and rejected. Too many frames out at once may cause a person to become confused
or overwhelmed. If a frame choice is unsatisfactory, return the frame to the display
or put it out of sight. Try and keep the number of frame styles being considered at
three or less at any given time.

6. Do not ask fi i dsk fivh i c Presénting procrastination as a possible alternative
is a disservice to those who ynd the decision-making process dif yule Helping
to narrow the choice totwo possibilities simpliyes matters.

7. Do not overlook the possibility of more than one pair. In many cases one pair
is not enough. Some people want or need more than one pair because:

a. They like both and can afford both.
b. They need a back-up pair and know it.
c. Their visual needs vary in different work situations.

8. Be sure to point out the positive aspects of the frames that are being
considered. People want to know they are buying an appropriate, quality
product. The typical wearer of eyeglasses usually knows very little about
frames and lenses. Tellingthe wearer why these frames and lenses are good
will help them to feel co n yrd in their decision.
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A WORD ON FRAME MANAGEMENT

To prevent this from happening, keep a log of which framesare selling and replace
those frames immediately. If a frame requires a long time to sell, do not replace that
frame whenyou sell it unless it is in the dispensary to serve a certain type of
clientele. It is advisable to consult with your frame representatives as they know
what frames are selling in your area.

Sample Questions:
1: SOME FIND FRAMES EASILY; OTHERS CANNOTEVEN GET STARTED

Unlike the previous situation where it is di f y touyhdttheright frame, in this
situation frame selection is frustrating with some people, but not everybody. It is
not just wearer indecision. The staff has trouble helping certain individualsynd
something that looks right for them, too.

Solution

When a frame representative comes into the ofyce, there are one or two of the
staff that looks over the new availableframes trying to decide what to buy. In the
process, the staff tries on the frames to see what looks good. As a result, overtime
the dispensary is ylled with frames that look great onthe staff, who may have one
facial type or one particular taste in style. People with other ytting characteristics
are unable to ynd frames that are appropriate for them.

To keep the inventory balanced, the buyer needs to think about what is necessary for
different facial types and different tastes in frames, such as conservative versus
trendy.

Good frame selection is based on the availability of variety of quality frames in the
dispensary. No matter how many frames are on the frame boards, if those frames are
all the same style, the frame selection process will not lead to a successful outcome. The
person responsible for buying frames needs to be aware of the various types of
individuals who will be selecting frames and choose frames to buy with that in mind.
Left alone, frame inventory will most certainly obey the Second Law of
Thermodynamics and go from order to disorder. Below are a few examples of what can
happen with frame inventory in the dispensary. The solutions given are not limited just
to the example stated, but are generally applicable to the dispensary.

2: TOO MANY fiDOGSO

People seem to be having an increasing hard time ynding frames they like. The staff
has trouble helping them. It seems that most of the frames are just not very appealing.
What went wrong?
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Solution

The person buying frames buys a logical selection of frames. Some frames sell
immediately. Unfortunately, they are notreordered. The ones that were not popular do
not sell and stay on the board. Another frame representative arrives and the same
scenario is repeated. Before long the dispensary has an overwhelming number of
frames that nobody really wants.

3: BACK-STOCK DRAWERS AND CABINETSARE FULL

Every dispensary has some place where extra frames are stored. There should
be a limited number of frames in backstock. In this case, however, every drawer
is full. What happened?

Solution

There is more than one reason why this situation could occur. The proper contents
of these storage areas arebackups for frames that are moving very quickly. If all of
the stored frames are discontinued or frames that just will notmove, then Example
4-1 above hasbeenfsolv e thyremovingthe fdo g $ram the board and ordering new
frames. Hereis an example of what can be happening if backups are notin this
category.

Frame companies often have promotions. With a certain sized order, the company
may give away a fpremium.o Thiscould include such things as trips, watches, or
computer- related prizes. If the buyer ynds these things desirable, it does not take
long to end up with too much stock. Do not buy frames just because they come
with rewards.

4: EVERYTHING IS DISCONTINUED

You have picked out just the right frame, but the color is wrong. You try to order
the needed color, but the frame has been discontinued. Unfortunately, this is
becoming a regu-larly occurring problem. What is wrong?

Solution

Some discontinued stock is unavoidable. But when the issuejust keeps growing, there
is a problem somewhere. Here are some typical causes and/or solutions. Most of
themare just generally good practices for responsible frame management.

1. You may be buying frames from too many places. Having too many companies
will make it difycult to track what is really happening with frame sales. Use a limited
number of frame companies and know your representatives well. If you are not a
large account for anybody, then your individual frame representatives do not have
much of an interest in seeing that your framesare up-to-date. If you know your
frame representatives and they know you, it should be in their best interest towork
with you for the long-term be n e of your dispensary.

2. If you receive a notice that a frame is to be discontinued, act now. You have a
limited time to returnit for credit. Do not miss that time. If you miss the cut- off, how
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to get rid of the frame is your problem.

. Be careful of i éa | whiere you can get a large numberof frames for a very low
price. Those frames may be scheduled to be discontinued or already be
discontinued.

. Before you bring a new frame company fi o lboard,0 askabout their return policy.
Tell the representative of that company that you expect them to keep you informed
offrames that are to be discontinued.

. Allocate a frame representative from a certain companya certain given number of
spaces on your frame board. Let them know that it is their responsibility to work
withyou to keep those frames current and moving. It will bein their best interest to
determine which frames sell best in your practice and which do not. They will not
want any discontinued frames taking up space in their area.

. Although it is good practice to immediately re-order frames that are selling
quickly, it is not good practiceto automatically re-order everything. If a frame is not
selling, do not re-order when it does sell. If you noticethat a frame is not moving,
do not wait to exchange it.

. If the problem exists already, try to recover without justmoving mountains of
discontinued frames into a fi sagepartso box. Figure out ways to move stock
that has not sold, is not returnable, and may still have value. Here are some
ideas: Mark it down. Put plano sunglass lenses in the frame and sell them at

an attractive price. If there are some frames that still will not move,donate
them to a charitable organization for a tax write-off.
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Unit 7:

Reference Point Placements Multifocal Height, and Blank Size
Determination

Learning Objective:
No matter how accurate the visual examination has been, if the lenses, either single
vision or multifocal, are improperly positioned before the eyes, the finished product is
of inferior quality. At the end of this chapter, students will be able;
1. To present the many ffine po i ninh lers positioning.
2. To master these fine points in addition to the general fitting rules to achieve
consistency in excellence. Failure to put these points into practice can result in
genuine visual hardship to wearers.

POSITION OF THE FRAME

If the frame is not properly positioned on the face forthe initial measurements, both
the frame and the lenses may not be in the correct positions when the frame is
dispensed and properly adjusted.

With metal frames, the best policy is to adjust the nose pads to a correct angle and
position before any measuring is done. This ensures a more correct bifocal height and
bridge size evaluation.

With plastic frames, it is fairly simple to evaluate the bridge size. If the bridge of the
sample frame is too small, the frame will sit too high; if itis too large, it will sit too low.

OPTICAL CENTERING FOR SINGLE VISION LENSES

Horizontal Placement of the Lensesin the Frame

Normally when spectacles are made, the lenses are positioned so that the optical
center (OC) of the lens will line up with the pupil of the eye. Therefore the optical
centerbecomes the major point of reference for the lens. Whenlight goes through the
optical center of the lens, it does not bend, but travels straight through. If the light
did not travel straight through, but was bent, there would be a prismatic effect at that
point. At the optical center ofa lens there is no prismatic effect. Prism in spectacles
is undesirable unless prescribed.

Prismatic Effect

To avoid undesired prismatic effects, the optical centers(OCs) of the lenses are placed
the same distance apart as the wearerd $ines of sight. The measurement techniques
for ynding the interpupillary distance (PD) are covered in Previous chapter.

In some cases, a lens prescription calls for a certain amount of prism. The optical
center of the lens has no prism, so it will not be placed in front of the weare r 6 s
pupil. Instead a point on the lens where the amount of prism equals that called for

in the prescription is chosen. This new point on the lens is now the point of major
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importance. This major reference point where the prismatic effect equals the
prescribed amount of prism is called just thatd the Major Reference Point (MRP).
Succinctly stated, the point on the lens where the prism is equal to that called for by the
prescription is called the major reference point (MRP).

Note that when there is no prism called for in the prescription, the OC and the
MRP are at exactly the same point on the lens. But when there is prism in the
prescription, the eye no longer looks through the OC. In other words, with
prescribed prism the OC and MRP are in two different locations. The MRP is in
front of the line of sight of the eye, whereas the OC is somewhereelse.

If the wearer0 syes are at different distances from the nose, and if the two lenses
are different in power, then the MRPs of the lenses must be placed according to
the monocular PD rather than the binocular PD, to avoid inducing unwanted prism
(see Figure 3-4).

Prentic e 6Ralle

The amount of prism induced by improper lens placement depends on the power
of the lens and the distance the OC is displaced. It is calculated according to
Prentice® rule, which states:

D DcF

where D is prism diopters of displacement, F is the dioptric power of the lens, and
c is the distance from the OC in centimeters.

For example, if the lens power is D2.00 D and the OC varies from the wearer6 s
interpupillary reference point (usually the center of the pupil) by 6 mm, the induced
prism will be:

62
DDO0.6D 200D I.2

The base direction for plus lenses is toward the centerof the lens, and the base
direction for minus lenses is toward the margin of the lens.

AFade®r mo

There is also a relationship between the placement of the OCs in the frame and the
extent to which the curve inthe frame front varies from the classical four-point touch
position (see Chapter 8 for an explanation of four-point touch). This curve in the frame
front is often referredto a s i foren,® leecause the frame front more closely conforms
to the curve of the face.

This curve serves both the cosmetic purpose of improving the frame appearance and
the optical purpose of aligning both surfaces of the lenses with the wearerd d¢ine of
sight.
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Allen! has shown the correct and incorrect face form relating to the wearer 6PD
(Figure 5-1). If the wearer &P® equals the frdme PD {eye size plus bridge size), then
no face form is required; the frame front should be straight (Figure 5-2).

If the wearerd #D is less than the eye size plus the bridge size of the frame, then the
frame front should be given face form by bending it at the bridge, allowing both
cosmetic and optical alignment (Figure 5-3). A perfectly straight alignment of the frame
front will tilt the OCs with reference to the line of sight and cause unwanted sphere
and cylinder powers (Figure 5-4).

If the weare r ®B is greater than the frame eye size plus the bridge size, then
theoretically the bridge shouldbe bent to curve the frame opposite to the normal curve
of the face. Although this permits proper optical alignment, it is cosmetically
unsatisfactory, and thereby impractical (Table 5-1). Such a frame adjustment should
not be done.

Vertical Displacement

Unless otherwise spe ¢ i yae dptical laboratory willmake a single vision lens so that
the MRP is centered verticallyd halfway between the top and bottom of the frame.
Low-powered lenses made from traditional mate-rials seldom need an MRP height
speciyed. Optical problems caused by a vertical MRP placement that mightneed to be
above or below the vertical frame center are so minimal with low-powered lenses that
few wearers are ever bothered. However, this is not the case when lens powers
increase, when different lens materials are used, or when aspheric lens designs are
employed. In these instances, vertical MRP placement becomes important.

Optically Correct OC Placement

Consider a lens placed before an eye with the OC of thelens directly in the
eyed $ine of sight (Figure 5-5). As light passes through the OC of the lens, it
enters and leaves the lens at right angles to both front and back surfaces.
The optic axis of the lens and the line of sightof the eye fall in the same place.
Note, however, that a lens with its OC directly in front of the eye should not be tilted.
Figure 5-6 shows this incorrectly tilted lens. Tilting the lens when the OC is directly
in front of the eye will both induce an unwanted cylinder component and alter the sphere
value of the lens. (An optical explanation of this is found in Chapter 18.)

With most frames, the eye is slightly higher than the center of the lens. This is shown
in Figure 5-7. The alignment shown in Figure 5-7 is not an optically correctalignment,
since the optic axis of the lens does not pass through the center of rotation of the eye.
Even though the lens is not tilted, light passing through the center of rotation of the
eye also passes through the lens at an angle to both lens surfaces.

Fortunately, lenses are usually worn with the lower lens edge tilted toward the
face. This pantoscopic tilt is the amount the frame front is tilted with reference
to the plane of the face. To avoid the lens aberrations that would otherwise be
caused by lens tilt, light following the line of sight through the center rotation of
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the eye must still pass through the lens OC at right angles. This can be
accomplished by lowering the OC of the lens 1 mm for every 2 degrees of
pantoscopic lens tilt and is shown in Figure 5-8. (Table 5-2 summarizes the
relationship between pantoscopic tilt and OC placement.)

Amount of Face Form Required 5.1

If Then

1. PD D Eye size D bridge size No face form

2. PD D Eye size D bridge size Positive face form

3. PDD Eye size D bridge size Negative face form (this is
impractical and should not be carried out)

Amount of Pantoscopic Tilt Required 5.2
If Then

1. Eyes at OC No pantoscopic tilt

2. Eyes above OC Pantoscopic tilt required

3. Eyes below OC Retroscopic tilt required (this, however,
is impractical and should not be carried out)

*For each millimeter the eyes are centered above or below the optical centers of
the lenses, two degrees of lens tilt are required.

In Figure 5-1, Allen' shows several examples of correct and incorrect pantoscopic
tilt with respect to vertical

90~
Correct pantoscopic angle ;\ i ’/-\
A k} CR%_/’
D S

Correct face form for when wearer6 D
equals fframe P D 0

F
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PN

CR C:C:

O

Correct pantoscopic angle

Optically correct retroscopic angle, but cosmetically incorrect
DO NOT USE

C

G

Correct face form for when wearerdé £D is less than fframe P D 0
H

Incorrect pantoscopic angle;either the frame is too high
or the pantoscopic angle is too great

D

Incorrect face form for when wearer6 D
is greater than fframe P D 0
|

@)

Incorrect pantoscopic angle; either the frame is too low

Figure 5-1. Here are a series of illustrations demonstrating both correct and
incorrect use of pantoscopic angle and face form, depending upon the placement of
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the lens optical center. The symbols C; and C2 show the location of the centers of
curvature for the yrst and second lens surfaces. They also indicate the position of the
optic axis of the lens. The location of the center of rotation of the eye is denoted by
CR and the optical center of the lens by OC.

4-point touch NO
FACE FORM

CR CR >

Optic axis and line of sight
Optic axis and line of sight

Figure 5-2. When the optical centers of the lenses are at the horizontal center of the
frame 6 Ens openings, the geometric center distance ( Fiame PDQJ equals the
wearer Oigterpupillary distance. The lenses should have no face form (a A 4oint
touchd. When this is the case, light entering along the line of sight strikes at right
angles to the front and back surfaces of thelens. This prevents inducing unwanted
sphere and cylinder power changes caused by tilting of the optical center.

N
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Optic axis and line of sight
Optic axis and line of sight

Figure 5-3. To prevent optical error caused by lens tilt, when the wear er 6 s
interpupillary distance is less than the frame®& geometric center distance (fFrame P D 0 )
face form is required. This is because more of the lens blank has been removed
nasally than temporally during edging. The object of adding face form to a spectacle

lens prescription is to keep the lens surfaces at the optical center perpendicular to

the line of sight.

Lens optical centgr
Lens optic axis
line of sight
*7

il

Figure 5-4. A pro adjusted lens allows the line of sight to pass through the optical
center of the lens at right anglesto the front and back surfaces. If the eyeis midway
between the top and bottom ofthe lens, and the optical center is directly in front of the
eye, the proper adjustment contains no face form.

CORRECT

Lens optic axis
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Lens optical center

Line of sight

Figure 5-5. When the optical center is measured for center-pupil height, if the glasses
have any pantoscopic tilt, the optic axis of the lens will not pass through the center of
rotation of the eye.

INCORRECT

Not at right angles

Line of sight r{ »—(\ —

CR

e

Lens optical center

Lens optic axis

INCORRECT

Figure 5-6. When the eye is above the horizontal midline of the lens, without
pantoscopic tilt the optic axis of the lens will not pass through the center of
rotation of the eye. This means that the wearer will experience lens aberrations
corresponding to the effect of alteringlens sphere and cylinder values.

Lens optic axis /7

CR
-
1

-
N

Line of sight
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Lens optical center

CORRECT

Figure 5-7. A correctly yt pair of glasses will drop the optical center 1 mm for every 2
degrees of pantoscopic tilt. This is also a good ytting situation because the average
viewing area isnot centered on a point on the lens directly in front of the eye. A T h e
average patient moves his eye through a yeld of view, which is centered in a slight
downward position, since we seldom have occasion to look as far above the
horizontal as we do below. Even for viewing tasks other than through the bifocal
segment, we look down at the sidewalk, down at store counters, even somewhat
downward to drive a car to look at the road directly in front ofus.%0

&> ) \ <>

Figure 5-8. To measure pupil center height, mark the location of the pupil on the glazed
lens with a short horizontal line or a cross. Pupil center height is the horizontal
distance from the lowest level of the inside bevel of the lower eyewire, up to the pupil
center. alignment, and correct and incorrect face form with respect to horizontal
alignment.

As a general rule, eyeglasses need to be adjusted so that the lower rims of the frame
are closer to the face. This widens the viewing area for the wearer and is more
cosmetically appealing. The correct ytting procedure is to yrst adjust the empty frame
for pantoscopic tilt. This angle of tilt in degrees is noted. Next the pupil center height
is measured. Afterwards 1 mm is subtracted fromthe height of the OC for every 2
degrees of pantoscopic tilt. This gives the MRP height.

Summarizing How to Determine MRP Height

MRP height is determined by yrst measuring pupil center height. Pupil center height
is measured with the dispenser oGeges positioned at the same level as the sub-jectd s
eyes. The subject looks at the bridge of the dispenser énsse. Using a water-based
overhead projector pen, the dispenser draws a horizontal line on the glazed lenses
through the pupil center for both right and left eyes (Figure 5-9). If there are no glazed
lenses in the frame, transparent tape may be used. (The use of trans- parent tape is
described in the section on measuring bifocal heights found later in this chapter.)
Next compensate for pantoscopic tilt using the 2-for-1 rule ofthumb.
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Simultaneously = Compensating for Pantoscopic Angle While
Determining MRP Height

There is a simple method that makes it possible to compensate for pantoscopic
tilt while determining MRP height. The dispenser is positioned at the same level
as the subject. With the frame fully adjusted for height, pantoscopic tilt, and
straightness, the subject is instructed to look at the bridge of the dispenser éesse.
Next the dispenser places a ynger under the subject® chin and tilts the subject 6 s
head back until the frame front is perpen- dicular to the poor (Figure 5-10). With
the subject® head in this position, a horizontal line is drawn on the glazed lens at
the level of the pupil center. The distance from the lowest portion of the inside
bevel of the lower eyewire to the horizontal mark on the lens is the MRP height.
This height has already been corrected for pan- toscopic tilt and does not require
any compensation. (This is summarized in Box 5-1.)

MRP Placement for Polycarbonate and Other HighIndex Materials

It is especially important to measure PDs monocularly and to consider the vertical
position of the MRP when using polycarbonate and high index materials. Many of
these materials have more chromatic aberration* than crown glass and regular
(CR-39) plastic.

Fitting eyewear correctly will help keep many types of aberrations under control
(for more on lens aberrations, see Chapter 18). If other aberrations are minimized
by good ytting techniques, a small amount oflowest point on the inside bevel of
the lower frame eyewireup to the pupil center is measured and found to be 28 mm.
If the pantoscopic tilt is 10 degrees, then the height must be lowered by 1 mm for
every two degrees of pantoscopictilt; which in this case is 10/2 or 5 mm. The new
MRP height

*Chromatic aberration causes objects with high contrast border areas to have
rainbowlike color fringes. Chromatic aberration may be visible with high-powered
prescriptions made from lens materials with low Abbé values.

Optical centers -~

Figure 5-11. Moving the optical center of a high minus lens too far upward will
cause the lower edge of the lens to be too thick. chromatic aberration is less likely
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to push overall aber- ration problems into the troublesome area. It should also be
noted that the farther from the OC the eye looks, the more evident chromatic
aberration may become.

MRP Placement for Aspherics

An aspheric lens typically has a central zone of constant lens surface power, with the
power gradually changing toward the periphery of the lens. This means that the central
zone must be well positioned both horizontally and vertically. Monocular PD and
measured MRP heights are important.

Other Ways of Positioning MRP Height
Some dispensers measure pupil height and do not lowerthe MRP from this position
to compensate for panto- scopic tilt. Although this may help prevent chromatic
aberration with distance viewing for polycarbonate and high index lenses, it can cause
aberrations because of lens tilt and also result in a thicker lens. Raising the OC ofa
minus lens makes the top thinner and the bottom thicker (Figure 5-11). Raising the
OC of a plus lens makes the top thicker and sometimes increases center thickness
(Figure 5-12). Therefore before ordering a high-powered lens with a high OC, it is
advisable to consider the resulting edge thickness.
If the dispenser fails to specify an MRP height, the laboratory will center the lens
vertically in the frame. For most low-powered crown glass and CR-39 plastic lenses,
no problems will be encountered. For polycar- bonates, aspherics and high index
lenses, the MRP heightshould be measured.
Notes:
1. It is not advisable to move an MRP height below the horizontal midline (datum
line) of the glasses unless the lenses are intended exclusively for nearwork.
2. When the pantoscopic angle is especially large, it may be advisable to (a)
reconsider the frame selected

Optical centers

Figure 5-12. These two high plus lenses have the same refrac- tive power. The lens
on the left has the optical center half way between the top and the bottom. The
lens on the right has the optical center too high for a lens of this power. As a result,
the upper edge is excessively thick. and choose one that will place the eyes
higher in the frame, (b) reduce the pantoscopic tilt, or (c) justnot lower the MRP
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by the full 2-for-1 amount.

Vertex Distance

Vertex distance is the distance from the back surface of the spectacle lens to the
apex of the cornea. A 14-mm distance is considered average, although the best
yt for spectacles is usually obtained by ytting the frame asclose to the eyes as
possible without having the lashes rub the lenses.

The depth of the base curve affects the ynal vertex distance, since each increase
of 1 diopter in the depth ofthe base curve increases the depth of the vertex
distance by approximately 0.6 mm. The exact amount of vertex distance increase
will depend on the size of the lens. Vertex distance is important when ytting
someone with long lashes. Be sure to observe the person from the side with the
sample frame. Have the person blink to notethe lash clearance. Vertex distance
becomes more of a concern in higher powered prescriptions because achange
in vertex distance induces a change in both the spherical and cylindrical power
of the lenses.

Measuring Vertex Distance With the Distometer

The instrument used to measure vertex distance is the distometer (Figure 5-13). The
following technique is used to measure vertex distance: With the spectacles in place,
the subject is instructed to close the eyes. The pat side of the i s sorséend of the
distometer is placed against the closed lid. When the end of the distometer is pressed,
the other side of the fscissor smipves out to touch the back surface of the spectacle
lens. When the two parts of the distometer touch the lid and lens simultaneously,
vertex distance is read from the instrument. The instrument takes average lid
thickness into consideration so the reading does not have to be compensated (Figure
5-14).

MEASURING FOR MULTIFOCAL HEIGHTS

The methods used for segmented multifocals and those used for progressive addition
lenses are very similar. The eye reference points are not the same. Progressive lenses

Figure 5-13. A distometer measures the distance from the back surface of the lens
to the front surface of the eye.
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Figure 5-14. The distometer is positioned so that the stationary part of the instrument is

against the closed lid. When the probe touches the back surface of the spectacle

lenses, the vertex distance may be read from the scale.

Measuring for Bifocals

The actual techniques for measuring bifocal height are not any more di f it thanl|
measuring the PD. There are, however, a few more considerations that must be
taken into account to preventcertaindi f ysul t i e

Measurement for segment height should be done using only the actual frame
that will be worn, or one of exactly the same size and type. Any variations in
size must be precisely compensated for, as previously explained at the beginning
of the chapter. The frame must be carefully positioned to sit at the same height at
which it will be worn.

Lower Limbus Method

The dispenser positions himself on the same level as the subject and directly in
front of him. The subject is instructed to yxate a point straight ahead at eye leveld

most often, the bridge of the dispe n s enosk.s

When using the PD rule to measure bifocal height, hold it vertically with the scale
extending downward and align the zero point with the lower limbus (Figure 5-15).
The bifocal height is indicated by the ygure on the scale of the ruler that
corresponds to the level of the lowest part of the groove inside the lower eyewire
(Box 5-2).

111



Figure 5-15. Measuring for bifocal height. When using the inside edge of the lower
eyewire as reference, an additional amount must be allowed for the depth for the
lens bevel in thegroove. Although this may vary somewhat, an additional

0.5 mm added to the measure is normally suitable. Alternately, it may be easier to
estimate the depth of the groove and measure directly to this estimated location.

The lowest portion of the eyewire must be used, evenif it is not precisely under the
limbus. Certain frames have a lower eyewire that slants, a problem best illus- trated
by the aviator frame shape. The distance from the top of the seg to the eyewire
immediately below it is notably different from the distance to the lowest part of the
eyewire (Figure 5-16).

Lower Lid Margin Method

The lower lid margin is often used as a reference point for measuring bifocal height
instead of the lower limbus. The difference is frequently academic because the two are
usually in approximately the same position.
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BOX 5-2

Steps in Measuri ng Bifocal Height Using Lower
Lid or Limbal Method

1.

2,
3.

Ftter positions himself or herself on the same level
as the subject.

Subject fixates the bridge of the fitter's nose.
Holding frame in correct wearing position, the fi tter
placesthe PDrule vertically infront of s u b j eight ¢ s
eye. The zero point is at lower limbus and the ruler
scale is positioned downward.

For arimmed frame, the fi tter readsthe scale at the
level of the lowest point where the inside of the
groove would be. For arimless frame, the reference
is the level of the lowest point on the demo lens.
Repeat for left eye.

Note: If the lenses are being marked for reference instead of usinga ruler in front of
the face, the glazed lenses are marked at the level of the limbus with a marking pen.
When both lenses have been marked, the ytter removes the frames from the subject
and mea- sures from the mark down to these reference points.

Incorrect Correct
Figure 5-16. The lowest portion of the lens as positioned in the frame must be used

in measuring seg height. This is true even if the height at the center of the seg has a
different mea- surement. (Note: The segment height is not measured using the outside
of the frame. The edge of the lens is the referenceused.)

The lower lid margin position can vary considerably more than the lower limbus
position, however, making the latter a more consistent reference point.

Subjective Determination

Subjective determination is the most accurate means of determining the seg
height and of assuring the wearer that the bifocal will be positioned properly. The
proper bifocal position for each person, of course, is determined with the
occupational and personal characteristics of the individual in mind.
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Marking on the Glazed Lens. When the sample frame has glazed lenses, the
level of the bifocal can be marked on each lens with a marking pen instead of
mea- suring with the PD ruler. With the dispenser and wearer on the same level
and the wearer looking straight ahead, a short horizontal mark is drawn at the
proposed level ofthe bifocal segment line (Figure 5-17). This can be checked
before ordering by lengthening the line to sim- ulate the width of the bifocal (Figure
5-18). This way the wearer can be given the opportunity to evaluate the suit- ability
of the proposed height. Ask the wearer to stand and evaluate the position of the
line.

Figure 5-17. Using a marking pen, the proposed level of the bifocal can be drawn
on the glazed lens in the new frame. Ifthe wearer will be using old frames, the
mark is made on the old lenses.

Figure 5-18. Drawing a complete line at the proposed bifocal height will allow the
wearer a realistic evaluation of where the segment will be located after the ynished
lenses are in the frame.
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Figure 5-19. To simulate the level of a bifocal segment, a strip of transparent tape is
placed across the lower half of each eyewire.

Figure 5-20. The simulated bifocal height is measured from the lowest part of the
inside of the lower eyewire.

Give the wearer something to hold in the reading position. Encourage the wearer to
simulate normal working conditions and evaluate whether the line is too high, too low,
or just right. If the line is too high or too low, redraw the line and have the wearer
reevaluate the new height. When the level is judged as satisfactory, measure the
distance from the lowest level of the inside bevel of the lower eyewire up to the drawn
bifocal line for each lens.

Using Transparent Tape. The method using trans- parent tape is slightly more time
consuming, but is useful for checking when there are no lenses in the frame. This
method also works for checking unequal seg heights. A strip of tape is placed across
the lower portion of the empty frame at exactly the level of the proposed segment (Figure
5-19). The proper height is checked in the same way as a regular bifocal (Figure 5-
20), and the tape is readjusted if necessary. When the wearer looks into the distance,
the taped area should not interfere with vision. When looking up close, the nearpoint
material shouldbe seen as if located within the area covered by the tape (Figure 5-
21).

Figure 5-21. Subjectively checking seg height: The wearer should be readily able
to locate reading or near point material within the transparent tape area. The same
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is true when using a frame with glazed lenses that have been marked for height
with a lens marking pen.

Figure 5-22. Fresnel press-on segments are removable and reusable. They offer a
greater degree of reality when asking the wearer to subjectively judge the most
appropriate segment height.

Using Fresnel Press-On Segments

By using Fresnel optics, it is possible to produce a uni- formly thin, pexible, stick-
on lens or prism. Such lenses are normally used to provide high amounts of prism
in visual training or to apply prism in certain sections of a lens. However, Fresnel
lenses are also available as tem- porary pat-top bifocal segments. By obtaining a
series of Fresnel press-on segments in increasing powers, it is possible to stick
the lenses on the wearerd sld single vision lenses, or on the glazed lenses in the
new frame (Figure 5-22). Having the wearerd frescribed near power in the
removable segment will add a dimension of reality that will enable the wearer to
judge more accurately the most useful bifocal height for a given work situation.

Measuring For Trifocals

The techniques for measuring trifocals are identical to those for measuring
bifocals, except the reference is the top of the trifocal intermediate segment rather
than the top of the lower near segment. The trifocal height isthe top line (Figure
5-23).

Bifocals enable the wearer to see at two distances clearly: (1) off in the distance
through the upper portionof the lens, and (2) at reading distance for the smaller

Distance portion

Intermediate portion

. Near portion
Trifocal P

height

Figure 5-23. No speci aton for lower seg line is necessary when ordering trifocal
lenses. The style of trifocal ordered dictates this position. The top of the intermediate

116



portion is the position measured.

Figure 5-24. Measuring for trifocal height starts as shown. Subtract a full millimeter
so that the intermediate seg does notget in the way for distance viewing. If the frame
has a groove for the bevel, that must also be considered.

segment area in the lower portion of the lens. Whenit becomes necessary to see
clearly at an intermediate distance (usually an extended armé fength), trifocals are
used. Trifocals differ from bifocals only through the addition of an intermediate portion
immediately above the near portion, giving the wearer three distances of clear vision
instead of two.

Lower Edge of Pupil Method

The lower edge of the pupil method is similar to the lower limbus and lower lid margin
methods used for bifocals. For trifocals, however, the lower pupil marginis aligned
with the zero mark of the vertically held PD rule. The reading is that point where the
scale intersectsthe level of the inside groove of the lower eyewire (Figure 5-24). Then 1
mm is subtracted to compensate for pupil clearance during yxation of the eye in
distance viewing.

Thus if the seg height for a trifocal measures 18 mm from the edge of the pupil,
the net seg height ordered would be 17 mm.

Subjective Determination

The subjective technique is again similar to that used for bifocals, with the addition
of a test for the third section of the lenses. When an overhead transparency pen
and glazed lens are used, the two trifocal lines may be drawnon the lens. The
area in between is fi @ored i nwdth the pen. Objects viewed through this colored
intermediate area will appear tinted.

If the total seg height is lowered, the near portion areawill be reduced, and vice
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versa. For example, assume that a trifocal with a 7-mm intermediate portion is to
beytted 17 mm high in the eyewire. This leaves 10 mm for the near portion of the
seg (17 total D 7 intermediate D 10 near). If the top of this intermediate seg is too
high, lowering it reduces the reading portion. If the reading portion is increased,
the top of the trifocal is raised.

The feasibility of using a trifocal in a given frame can thereby be easily
ascertained. If the trifocal seg is deliberately set very low, the resulting small near
(reading) portion will probably permit too little reading area; but on the other hand,
increasing the reading area may place the trifocal intermediate portion high
enough to inter- fere with distance vision. When no suitable trifocal position in the
selected frame is possible, a frame with a greater vertical depth is indicated.

Comparison With Old Lenses

When a person who is currently wearing bifocals is re §ted with new bifocals, the
segment position may be maintained or changed. If a personisdi s s at theyed,
complaint will indicate the necessary change in position. If the bifocals were
falways in the way , tlie seg height was too high. If the seg height was too low,

the wearer will complain of stiffness of neck caused by constanthead-tilting.

Any change that is made, however, should be done viathe same techniques
described for new multifocal wearer to ensure correct positioning. This is also true

for a bifocal wearer changing to trifocals. If the trifocal is merely added to the

bifocal height, the tops may intrudeinto the pupillary area.

Seg Height Factors

If a person is satisyed with the seg height currently worn,but is changing any aspect

of the frame, the s p e ¢ i y cnacessanyrtcs achieve the previous seg height may
A be different. Only with exactly the same frame shape andsize will the seg

height measurements be identical to the previous order.

One factor that inpuences the position of the seg issthe bridge. The shape and size of

the bridge determine the height at which the frame s$its on the nose. For example, two

frames might both have a vertical dimension of 38, but the bridge on one frame

might hold theeyewire higher on the face than a differently shaped bridge on the other

frame.

14 mm

The inpuence of lens size on segment height is evidentn the vertical depth if one frame
is a 38 eye size and theother 42. Even if the bridges hold both frames in relatively the
same position, as the horizontal size increases, so does the vertical size.

Lens shape inpuences segment. The seg height might be 15 mm for a narrow frame
and 20 mm for a deep frame, yet both frames could place the segment line rightat the
lower limbus.

When measuring to match the segment height of a new bifocal lens with that of an old
bifocal lens, have the person wear his or her old glasses. Note the location of the
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segment line on the face or in relation to the lower lid. Measure from the lower lid to
the seg line: plus if above the lower lid, minus if below it (Figure 5-25, A). Place the
new frames on the face. Measure the distance from the lower eyewire to the lower lid,
then add or subtract the distance from the lower lid to the old seg line (Figure 5-25,
B).

Other Methods

When a frame lacks glazed lenses, plastic segment- measuring devices are handy and
accurate alternatives to the PD-rule method of measuring bifocal height. Such a
device may be held in place in one of several ways. Onetype uses expandable wire
springs. Another uses the same principle, but is held in place by three vertical plastic
strips: two strips are positioned behind and one strip in front of the upper eyewire. A
third design uses double sided tape to hold the device to the frame. In all instances,
the scale can be read directly because the clear plastic segment portion is marked in
millimeters. Because such devices sit inside the frame bevel, there is no need to
compensate for bevel depth. An additional advantage is the fact that they enable
comparison of the segment heights of both eyes simultaneously (Figure 5-26).
Because frames come with demonstration lenses to

B

Figure 5-25. Duplicating the old seg height positions for use in the new frame or
for a second pair of glasses is done by yrst measuring from the lower lid, down
(or up) to the seg line. The measure will be plus if the old seg line is above the
lower lid and minus if it is below it. In the ygure, this measurementis D2 mm.
Next, with the new frame in place, the distance fromthe lower lens edge up to the
lower lid is measured. In the ygure, this measurement is 14 mm. The distance in
(A) is thenadded to the distance in (B) to determine the seg height forthe new
or second pair of glasses so that both old and new segment heights match. For
the example, this is D2 mm

D 14 mm D 12 mm.

Figure 5-26. Measuring for seg height using a segment mea- sufing device allows
for easy comparison of seg heights between left and right eyes.
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13-14 mm

eeecvercscenssssses

Figure 5-27. The double seg lens. Most double seg lenses have a 13 to 14 mm distance
between segs. Measure hD is therefore dependent upon seg height h and the vertical
dimension of the frame chosen.

increase frame stability, these devices are used much less that previously.

Measuring For Double Segs

A double seg lens has near segments in both the lower portion and the upper portion
of the lens (Figure 5-27). This upper seg allows the wearer to do near work more
comfortably when the working area is above eye level. Double segs are available in
several seg shapes.

Measuring for a double seg is done in practically the same manner as for the normal
bifocal. The only initial consideration is the lower seg height. This can be measured
by any of the methods described previously.

When a double seg lens is ordered, the lower edge of the top segment will automatically
be 13 to 14 mm above the lower seg line position. With the frame in place, notethe
position in the frame where the upper seg will begin. If there will not be a large enough
yeld of view in the upper seg, either a different frame with more area above eye level
must be chosen or the lower seg must be placeddeeper in the frame to bring down the
upper seg. A rea- sonable minimum area for the upper seg is considered tobe 9 mm.?
The opposite problem can result if the subject has previously worn the bifocal seg
lower than normal. The upper seg will be so low that it will partially obscure distance
vision. The lower seg then has to be raised untilthe upper seg is high enough that it is
no longer disturbing the wearer.

When the wearer is unsure of the applicability of double segments to his or her
situation, it may be helpfulto use a set of Fresnel segments* to demonstrate the
application. To do so, subtract 0.50 D from the power of the new bifocal add and select
Fresnel segments of this power. Position the Fresnel segments upside down and 14
mm above the wearer séold bifocals.

*Fresnel segments were described under the fSubjective Determinationd section
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earlier in this chapter.

Unequal Seg Heights

Both eyes should be measured independently for bifocal or trifocal heights (Figure
5-28). If one eye is higher thanthe other and the segments are placed at equal
heights, the wearer will have a blur area considerably larger than normal; one eye
sees the segment line yrst as the personlooks down, then as that eye begins to
clear, the other eye sees the line and begins to clear later.

Before prescribing unequal segment heights, be sure to check (using the actual
frame to be worn) to be certain that the frame sits straight on the face. A crooked
frame obviously will result in unequal segment heights.

When unequal segment heights are used, they shouldbe called to the wearer6 s
attention. Otherwise they will be discovered as an fi @orr . 0

Transparent Tape or Drawn Line MethodsUsed Subjectively

To subjectively check the relationship of the two segment heights to one another,
have the person look at a given near object and slowly tilt his or her head back
until the A | i or eop af the tape, yrst hits the object. Next, alternately occlude the
wearer Geges to determine whether the flinedis at the same point for each eye. If
not, move the tape until there is an equalization. Then measure the height of the
tape or drawn line from the lower eyewire for each lens (Box 5-3).

Transparent Tape or Drawn Line MethodsUsed Objectively

To check the segment height relationship objectively using the transparent tape

or drawn line methods, have the wearer look at the bridge of the dispense r Bose,

as the dispenser tilts the wearer® head back slowly and notes which feegme nt 0
reaches the lower pupil edge yrst. The tape level is readjusted until both flines o
reach the pupils at the same time (Box 5-4).

Segment Height and Vertical Prism
A prism causes the light to deviate from its path to a newdirection. A ray of light
will be bent toward the base of

Figure 5-28. A difference in prescribed seg heights is sometimes required so the
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p e r s eyasowdll meet the bifocal line simultaneously on downward gaze.

BOX 5-3

Steps in Subjectively Checking Equalityof
Seg Heights

1. Onempty sample frame usetape at seg level; on
glazed lens, draw a bifocal line with a marking pen;
on weare r 0ld glasses, use the existing bifocal line.

2. Wearer is positi oned in normal reading position.

3. Wearerfi xates a given reading line throughthe
distance porti on of the lens.

4. Wearer tilts head back until he experiences a blur of
the fi xated line.

5. Ftter alternately occludeswearerdseyesto seeif

same reading line blurs for both eyes.

If not, glasses are (tape or line is) adjusted.

7. Repeat until equal.

©»

BOX 5-4

Stepsin Objecti vely Checking Seg
Height Equality

1.
2.
3.

C

Ftter positions himself at weare r éyslevel.
Wearer fi xates bridge of fi tterd sose.

Fitter places fi nger under weare r &hén and slowly
tilts wea r e head back.

Fitter observes seg lines to see which line reaches
the pupil fi rst.

Glasses (or tape or drawn line level) adjusted.
Repeat until even.

the prism, causing the image of the object viewed tobe displaced in the direction
of the apex. This also causes the eye to turn in the direction of the perceived object.
A prism may be necessary in a prescription if there isa slight paralysis of one or more
extraocular eye muscles. Without the help of the prism, the person may experience
diplopia, or double vision. Even if a person does nothave double vision, a prism may
be prescribed for ocular comfort. If a tendency for the eyes to turn is present, the
person is said to have a phoria condition (i.e., a tendency of the eyes to turn, but with
no actual turning manifested) and must exert constant effort to keep both eyes
pointing straight ahead. This can lead to fatigue and headaches. A prism can be used
to relieve this discomfort. If one eye tends to turn down or up, a vertical prismwith the
base of the prism up or down is prescribed. If the eyes turn in or out, a horizontal prism
with the base of the prism out or in may be prescribed.

When a vertical prism is prescribed, one eye is allowed to turn up slightly more than
the other (Figure 5-29). Given equal seg heights, when a person with vertical
prism in the prescription is wearing bifocals or trifocals and looks down toward an
object in the near yeld of view, there is a point where one eye crosses the bifocal

122



line before the other. This inequality is not detected in measuring for seg heights
if the condition prescribed for is only a phoria.

The inequality of turn can be calculated, however, using the deynition of a prism
diopter: 1 cm displacement of the image of an object at a distance of 1 m.
Assuming 30 mm distance from the back surface of the spectacle lens to the
center of rotation of the eye, the difference in the vertical position of the two eyes
at the spectacle plane can be calculated. This is the difference in seg height from
that which was measured.

According to Figure 5-30, for one prism diopter it can be seen from similar
triangles that:

_10 D X
1030 30

and so

x D 0.29 mm

Iimage of
object

*
- I

Figure 5-29. A vertical prism causes the eye to turn. This requires
an alteration of segheight.
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Figure 5-30. Diagram showing required difference in seg heights (X)
when one prism diopter of vertical prism is prescribed.

Prism Diopters _ Total Seament Height Difference (mm

0.3
0.6
0.9
1.2
15
1.8

o Ok WDN PP

*When vertical prism is present in a pair of glasses, segment height must be
compensated. Each of the prism amounts listed on theleft requires a compensated
segment height difference as shown on the right.

or approximately 0.3 mm difference for every diopter of vertical prism prescribed.
Therefore, a good rule of thumb for prescribing differences in seg heights is to allow
0.3 mm for every prism diopter.

The segtopis always displaced from its original location in the direction of the apex or
point of the prism. (The seg line should be moved in the direction the prism apex
points.) If a prescription included three diopters of prism base up before the right
eye, then the right seg height should be lowered approximately 1 mm from its
measured position.

Variations of Seg Height

It is not reasonable to expect every person to be bestserved with a bifocal segment
height that comes to the level of the lower limbus. But because some starting point
must be used for seg height determination, the lower lid or limbal margin technique
was described. It should be understood that these rules should be used asa basis, or
starting point, for professional seg measure- ment. Other variations inpuence ynal seg
height placement.

Posture
Perhaps the most obvious inpuence on segment heightis posture. The person
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who i alks ta | dr @rect and carries the head back may ynd that the normally
placed segment is constantly interfering with distance vision. This person would
bene yftom a segment placed at a level lower than usual because tilting the head
back moves the segment higher and into the line of sight.

The person with the opposite tendency (i.e., that of carrying himself or herself in
a somewhat stooped-over manner) could wear the segment slightly higher than
usual.

These extremes in posture should be noted when apparent, although they are
not the norm.

Height

A tall person sometimes needs segments set slightly lower than normal because
the eyes must turn downward to a greater degree to sight the poor. The bifocal line
would be more likely to interfere if placed at the normallevel. Shorter persons,
however, should not be given higher than normal segs.

Occupational Need

The person who works at a desk all day may need a higher (and wider) segment
than the person who works outdoors and who seldom is required to do any close
work.

Round Segs

Different types of segs need to be set at different heights because of variance in
the distance to the OC of the bifocal segment and in the shape of the seg top.
Speci -ycally, round bifocals need to be positioned about 1 mm higher than pat-
top bifocals because their upper area is less useful, being limited in extent, and
because their OCs fall much farther from the top. The round bifocal is
positioned only | mm higher because it would be dif- ycult to raise it signiycantly
more without interfering with distance vision.

For example, a round, 22 mm-wide seg has its OC11 mm from the top. Its widest
usable area is also located at that 11-mm-from-the-top distance. If a seg were ytted
14 mm high, the center of the seg and the widest usable area would be 3 mm
above the frame6 fower rim. If a pat-top seg were used at the same height in the
frame asthe round seg (i.e., 14 mm high), the OCs would be9 mm above
the lower rim of the frame, as would the widest part of the bifocal.
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Figure 5-31. A blended bifocal works well for those who desire an invisible near
addition, but either do not want or cannot afford a progressive addition lens. (Courtesy
of Essilor of America, St. Petersbhurg, Fla.)

Blended or finvis i b IBdazals

The so-called blended bifocal follows the optical charac- teristics of the usual round-
seg bifocal, except that the demarcation line between the distant portion and the
bifocal is obliterated by a polishing process of the lensor lens mold that substitutes
a narrow nonoptical transi-tion area for the line of demarcation.

A blended bifocal is not a progressive addition lens. The only resemblance is that in
both lens designs the near segment is not obvious. Optically a blended bifocal
performs the same as a standard bifocal because only two actual zones of focus exist:
one for distance and one for near. Consequently, no aberration or unwanted cylinder
is noticeable peripherally.

Distortion is produced around the bifocal segment bythe blended area, which varies
in width from less than3 mm to just under 5 mm, depending on the power of the add
and the base curve (Figure 5-31). This area serves as the boundary of the bifocal,
and permits the lens to be ytted according to the same provisions that affect an
ordinary visible bifocal. Both the height of the segment and near PD need to be
speci yde

Because most blended bifocals are of the round seg type, and because the blend is
wider than the usual demarcation line, the bifocal may require either slightly higher
placement of the top of the segment or greater depression of the gaze for reading.
The manufacturer recommends ytting this bifocal 1 mm higher than is usual for other
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types of bifocals. The frame used should provide s u fieptespace in its lower area to
contain the bifocal.

The blended area is proportionately less visible in low powers than in higher ones.
The tendency for the lens segment to be slightly visible increases with an increase
of power in distance or near portions.

High Powered Lenses

Looking away from the center of a high plus lens will cause decreased visual acuity
because of lens aberrations. This is especially noticeable in regular, nonaspheric
lenses and very strong plus lenses such as are used for aphakic corrections.

For example, a regular nonaspheric D12.00 D lenswith a D3.00 D back surface
curve will show a power of

D11.40 D sphere in combination with a D0.94 D cylinder at a point 25 degrees
from the OC. Therefore, it may be seen that the farther from the central area of
the lens a person looks, the greater will be the departure from the desired power.
Since the power is increasingly affected as a person looks farther from the OC, it
is desirable thatthe reading area of the lens be as close to the distance OC as
possible. For these reasons, a straight-top bifocal is more likely to meet this
requirement than a round one, and the higher the bifocal is placed in the lens
(closerto distance OC), the better the optical requirements can be met.

Children

Bifocals are seldom prescribed for children because of an inability to focus near point
material. More often their need for a bifocal stems from a binocular visual problem.
Children will normally see clearly through both distance or near portions when
viewing near objects. Unless the seg height is properly placed, the child may
unconsciously use the distance portion above the seg line for readingor near
point work instead of the bifocal portion. To assure that the near addition is being
used, the bifocal should be measured and placed so that the seg line bisects the
pupil. For measuring purposes, the ytter should be on the same level as the child.
This ensures that no par- allax error occurs. Children adapt quickly and are not
bothered by the high seg placement.

The type of bifocal seg commonly used is a wide pat- top style. A wide near area
helps to guarantee that the whole near yeld will be covered by the add, ensuring
its prescribed use. (Some practitioners prefer using a progressive add lens for
children who need a near addition because the seg is invisible.) If a progressive
addition lens is used for children, the ytting cross is placed 4 mm higher than
normal (i.e., 4 mm above the pupil center).

Summary
As can be seen, a considerable number of factors can inpuence the bifocal height.
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Not all of these have been noted here, but those covered in this section can be
summarized as follows.

1. Head backd seg lower; head downd seg higher.

2. Tall persons: seg lower

3. Adapt the height to the occupational need. Of y prefessions (close work)d

seg higher; outdoor occupations (distance vision)d seg lower.
4. Set round segs 1 mm higher.
5. Set seg tops in high plus lenses as high as ispractical.

I n p ueai ¥ertex Distance on ApparentSeg Height

The apparent height of the segment is dependent on the distance that the lens is from
the eye, or the vertex distance.

If a wearer complains that the new bifocals are too high and always in the way, yet
from the front the segs look to be exactly the same height in relation to the eyesas the
old pair, the lenses are very likely sitting farther from the face than the old ones were.
To illustrate, imagine standing 3 feet away from a window and looking over the
window sill at the ground. Approaching the window, more of the ground can be seen,
even though the actual height of the sill has not changed. The same is true of the
dividing line of bifocals. If the bifocals are farther from the face, they inter- fere with
vision just as if they were placed higher.

The solution is to decrease the vertex distance by changing the adjustment of the pad
arms on metal or combination frames (see the section on nose pad adjustments or to
increase the pantoscopic angle of the frame, tilting the lower edge of the frame toward
the face (Figure 5-32). The pantoscopic angle can beincreased on almost any type of
frame and provides a workable solution because the bifocal section is apparently
lowered when it is moved closer to the face.

Because of the relationship between apparent seg height and vertex distance, one
seg will appear higher tothe wearer than the other if one lens is closer to the facethan
the other. This possibility should always be investigated if the wearer complains of
unequal seg heights (Box 5-5).

Prism-Compensated Segs

When a person has anisometropia (a large difference in power between the left and
right eyes), unequal prism isinduced when looking through any area of the lenses
except the center.

An individual who does not require bifocals is able toavoid the prism by turning the
head and keeping the lines of sight of both eyes close to the optical centers of the
spectacles. When reading, the chin is dropped to keep the OCs lined up with the
material. The amountthe eyes turn inward from these points is usually small enough
to elicit only a low amount of prism. The prism base is horizontal and is easily
compensated.

If the wearer attempts to read by lowering the eyes rather than the lenses, the
eyes will move away fromthe OCs and additionally induce deynite amounts of
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vertical prism. This may be clinically s i gcant. ySome individuals with
anisometropia, however, learn to com- pensate for this.

When an anisometrope is forced to use bifocals or trifocals, the prismatic
consequences of the prescriptioncan no longer be avoided because the reading
segments must be placed away from the OCs of the distance cor- rection. To
predict if this will be a problem, ask the wearer to read through the old (nonbifocal)
glasses. If the wearer drops the head to read, he or she is looking through the
OCs and may need help in the form of slab- off prism to counteract the unequal
prismatic effects. If, however, he or she drops the eyes to read and looks
through the bottom of the lenses, the wearer isaccustomed to reading through
this portion of the glasses and will probably not need any prismatic compensation
in the seg.

BFigure 5-32. A, Decreasing the vertex distance of a lens from the wearer @gpseint of
BOX

Seg Adjust ments Listed in Order to Be Tried

Segs Seem Hgh Segs Seem Low
1. Increase pantoscopic tilt. 1. Narrow pads.
2. Deaease vertex distance. 2. Bend pads down

by

adjusting pad arms.

3. Spread pads. 3. Increase

vertex

4. Move pads up by 4. Reduce

pantoscopicadjusting pad arms. tilt.

5. Stretch bridge (plastic 5. Srink bridge

(plasticframe). frame).

129



view will cause a reduction in the appar- ent height of the seg. B, Increasing the
pantoscopic angle of a frame also reduces the apparent seg height for the wearer.

COMPENSATING FOR AN INCORRECTLY SIZED SAMPLE FRAME

At the very beginning of the chapter, the importance ofa properly positioned frame
was emphasized. Before measuring for lens placement, the frame must be positioned
on the face where it will be worn, otherwise the measurements will be wrong. So with
metal frames, the nosepads are positioned for proper height. And as stated earlier,
with plastic frames, if the bridge of the sample frame is too small, the frame will sit too
high; if it is too large, it will sit too low. But what should be done if the sample frame is
not the same size as the frame that will be worn? Unless allowances for frame size
differences are made, the lens measurements will be wrong.

If the eye size is too large or too small, the depth ofa given frame style will vary
uniformly from one size to the next, according to the i &xi n godicept of lens size. If
the eye size is incorrect, the segment height ordered will need to be changed to allow
for the difference in lens depth. Since the usual difference in vertical dimension from
one given eye size to the next is 2 mm, the change required in either the optical center
(OC) or seg position from the bottom of the eyewire is 1 mm.

Obviously the chance of error is much greater when using a sample with a correct eye
size but an incorrect bridge size because compensation for eye size is relatively
simple.

When the Eye Size Is Incorrect

Suppose a person needs, for example, a 525 20, but the closest available sample is

50% 20. The bifocal is measured using the 509 20, and the height is determined to
be 15 mm. If the lenses are ground for the larger frame, a 15-mm bifocal height will
place the seg line too low. Thequestion is how much higher must it now be placed?
To determine the answer, consider that a given frame may use the same pattern for all
eye sizes. When the eyesize is increased by 2 mm across the A dimension, there is
effectively 1 mm of lens material being added to the outside edge in every direction
(Figure 5-33). This means that the distance from the geometric center to the lowerbevel
will be increased by 1 mm. At the same time, the distance from the desired seg top
position to the lower eyewire also increases 1 mm. Therefore, if a 50% 20 frame

requires that the seg line be 15 mm high, a 52% 20will mandate a 16 mm high seg to
maintain the location of the upper line at the desired level. By the same reasoning, a
sample frame having an eye size 2 mm too large will measure 1 mm higher than
actually required.

Rule of thumb: For an improper eye size, the seg heightis corrected by one half the
difference between sample frame eye size and desired frame eye size.

As with any rule of thumb, exceptions do occur. Theyare:
1. If the bridge of the frame is constructed proportionally higher (or lower) in the
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frame as the eye size changes, the variations will not be constant. (To check this,
for an individual frame style, the distance from the bridge crest to a line running
tangent to the upper rims is measured. The difference in these measured values
between eye sizes should be half the difference between the two eye sizes, as
in the rule of thumb.)

2. Because of the wearerd sose-cheek formation, if it appears that a larger eye size
will cause the inner, lower eyewire sections of the larger frame size to rest on a
different anatomic part of the face, a largereye size may rest higher on the face
than might be expected. Appropriate care should therefore be taken.

If the Correct Bridge Size Is Unavailable

Now consider the case where the correct eye size is avail- able, but the bridge is one
size too small. It is still not possible to measure directly using the frame as it sits
fnormall y oen pldiced directly on the face. When the bridge size is too small, the
whole frame will sit too highon the face. Any uncompensated direct measure will
result in a seg that is much too low. The right bridge sizewill allow the frame to be
at its correct lower position. Unfortunately, there is no conversion factor possible
using a sample frame with the wrong bridge size. Instead the ytter must move the
frame down the nose until properly positioned, then hold it in place while measur-
ing for seg height. (This presumes that the ytter is able to accurately estimate
where the correct size will place the frame.)

The Alternatives

Of the two situations presented, the more predictably accurate involves an
incorrect eye size combined with a correct bridge size. If the ytter has a choice
betweenusing either (1) an incorrect eye size and correct bridge size, or (2) a
correct eye size and incorrect bridge size, then the yrst instance should be
chosen.

INSTRUCTING THE NEW BIFOCAL WEARER

New multifocal lenses represent a completely foreign experience for the yrst-time
wearer. Some of the resultant problems may be prevented by direct advice ahead of
time.

Because of the magniycation produced by plus lenses, the wearer can expect objects
seen through bifocals to appear magniyed, creating the impression that these objects
are closer because they appear larger. Curbs look higher than they really are, and
staircases become real hazards when observed through the bifocal add. Distance
judgment returns to normal after a period of adatation despite the magniycation, and
the height of stairs, curbs, and so forth, are properly judged.

The new bifocal wearer will experience differences from well-established habits, and
the necessary adjustments to compensate for the differences should be explained to
him or her. For example, before wearing bifocals:
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1. The poor could be seen by keeping the head erect and dropping the eyes into
the lower portion of thelenses.

2. A book could be read by holding the eyes at the center of the lenses and dropping
the chin and head. To correctly use bifocals:

1. The poor is seen by holding the eyes at the centerof the lenses and dropping
the chin and head.

2. A book must be read by holding the head erect and dropping the eyes into the
lower portion of the lenses. These differences may be contradictory to the wearerd s
well-established habits. A period of adaptation is required, and the wearer can more
easily master the new responses required if he or she understands them ahead of
time.

DETERMINING LENS BLANK SIZE

A lens blank is a lens before it has been edged to yt into the frame. It may be either
ynished or semi yshed. A fi nished lens blank has the correct powers called for in the
prescription and needs only to be edged. A semifi nished lens blank has only one side
of the lens ynished, usually the front side; the back side needs to be ground and
polished to the correct power.

The dispenser is concerned with lens blank size for several reasons. For single vision
lenses, the question is

MBS for Single-Vision Lenses

The PD measurement in essence determines the position of the OCs of the
lenses and helps decide the total size of the ynished lens blank required for the
designated frame. It will be recalled from Chapter 2 that the effective diameter (ED)
of the spectacle lens is found by taking the distance from the geometric center of
the lens to the edge point of the lens farthest from the geometric center and
doubling it (see Figure 2-2). If a person 6eyes are notat the geometric centers of
the frame, the centers of the lenses must be displaced or decentered so they are
vertcally aligned with the centers of the weareré gupils.

For example, if the OC of the lens falls at the geometric or boxing center of the
frame Olesns shape, then a lensblank with a diameter equal to the frame shap e & s
ED is large enough to yll the framed dens opening. But if the lens must be
decentered, then as a general rule 2 mm must be added to the ED of the lens
blank for everyl mm the lens is decentered.*

Determining MBS for Finished, Single-Vision LensesUsing a Drawing
Itis possible to use the newly selected frame in combination with a scale drawing
to determine the minimum, ynished single-vision lens size necessary. This
drawing is shown to scale in Figure 5-34. Follow the directions given with the
ygure legend.
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Determining MBS for Multifocal LensesUsing a Drawing

For multifocal lenses, the location of the segment in the frame determines whether
or not the semiynished lens blank will be large enough. If the bifocal or trifocal
segment is too high, there may be an air space between the bottom of the edged
lens and the frame Ol@wver eyewire. It is always an embarrassment to the dispenser
when the surfacing lab calls to say that the lens will not cut out for the chosen
frame. This can sometimes mean that the wearer must be asked to return to select
a new frame. Therefore it is best to try and avoid problems in questionable cases
by verifying lens blank size ahead of time. This may be done using actual-size
drawings or charts. An example of a chart is shown as Figure 5-35.

All charts basically mimic the s e misled liens. The frame is placed on the scale
drawing of the lenses and moved vertically and horizontally to position the lens
segment as it will appear in the frame. If the frame dens
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Figure 5-35. To use a multifocal minimum blank size chart, place the right side of the

frame

face down over the chart. Move the frame left or right until the near interpupillary
distance line corresponding to the ordered near interpupillary distance is directly in the
center of the frame bridge. Move the frame up or down until the correct seg height
corresponds to the lowest part of the inside bevel of the lower eyewire. The smallest
circle that completely encloses the lens shape is the smallest blank possible for this

manufacturer. Because manufactu r e lens blanks will vary, blank size charts for

multifocal lenses are not interchangeabl opening is completely covered by the drawn lens,

the real lens blank will be large enough (Box 5-6).
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BOX 5-6

How to Use Scale Lens Drawingsto Determine
Minimu m Blank Size for Multifoca | Lenses

1. Placethe frame face down on the drawing.

2. Movethe frame up or down until the inside bevel of
the lower eyewire is over the line corresponding to
the correct segheight.

3. Movethe frame left or right until the center of the
bridge is over the line corresponding to the near PD.

4. Note whether the lensblank completely encirclesthe
f r a mlend opening.

5. If encirclement is complete, the blank is large
enough. If it is not, t he blank is too small.

If the Multifocal Lens Will Not Cut Out
Sometimes a lens will not cut out because the seg ordered is especially high or unusually
low. If a lens will not cut out for this reason, it is possible to move the frame up

or down until the drawn lens covers the fra me &rs opening, thus determining how
much the segment height will need to be decreased or increased so the lens will
cut out. This mod ie¢ height may be read directly from the drawing. Now the
dispenser must make a judgment. Can the seg height be modiyed, or should a
different frame or new multifocal lens style be chosen? Often a small change in
seg height will allow the chosen frameto be used.

Sometimes a lens will not cut out because the wearer& near PD is too small to permit
enough lens decentration. This may be a warning that the frame selected is
too large for the wearer. Moving the frame left or right on the minimum blank size
chart will show whatthe near PD must be so that the lens will cut out. (In some
cases, it may be permissible to modify the near PD if the bifocal segment is
wide enough. For more on this subject, see Brooks: Essentials for Ophthalmic
Lens Finishing.%)

Sample Questions:

1. A metal frame with adjustable pads and a 40 mm B dimension is selected. The
frame and pads are adjusted so that the frame sits on the nose and face as it
should after dispensing. The frame front is tilted to the correct pantoscopic angle
and is observed to be straight on the face. Neither lens is higher than the other.
The frame front has a 10- degree pantoscopic angle. Measure the MRP height
and modify this amount to compensate for the pantoscopic tilt.

Solution

In measuring the pupil center height, the distance from the
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Figure 5-10. If the chin is raised until the frame front is perpendicular to the poor,
major reference point height can be measured without compensating for
pantoscopic tilt.

is 28 D 5 or 23 mm. (Normally the MRP height would be on the horizontal midline
at a height of 20 mm.)

2.A new prescription calls for a D 2.00 add. It is possible thatthe wearer
would beneyt from an occupational, double-D segment. What power Fresnel
seg should be chosen for demonstration purposes?

Solution

Subtract 0.50 D from the D2.00 D add. This reduced

D1.50 D add will be the add power of the chosen segment. Find this power in a
Fresnel segment. Position the segmentupside down so that it adheres to the
upper portion of the wea r e olddegeglass lenses, exactly where the upper, occu-
pational segment will be. This demonstration will be realistic if the distance power of
the old prescription is not too muchdifferent from what the new prescription will be.

3

A wearer selects a new frame. The dispenser uses the newlyselected frame
to measure seg height. Both right and left seg heights are measured as 21
mm. If the right lens has 3

D of base down prism, what segment heights should be ordered so that the

pupils reach the segment lines at the same time once the prism is in place?
Solution

Because the right lens has base down prism, the righteye will turn upward toward
the apex of the prism. The amount the eye will turn equals 0.3 mm for each diopter of
vertical prism. Therefore the eye turns 0.3 x 3 D 0.9 mm, orl mm, when rounded. This
means that the right segmentheight must be raised 1 mm. The ynal seg height should be

ordered as:

R: 22 mm.
L: 21 mm.

4

Suppose a wearer has a prescription that reads as follows:
R: D2.50 D 1.00 x 180 2.5 D Base Up

L: D2.50 D 1.00 x 180 4.5 D Base Down
D2.00 add
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The selected frame is properly adjusted before seg height measurements are taken.
Seg heights are measured using the empty frame. They are found to be:

R: 21
L: 21

How should the seg heights be adjustedto allowforthei n p ce@frthe prescribed vertical
prism once the lenses are in place?

Solution

To solve the problem, yrst decide which seg height will be raised and which lowered.
Because the seg height will be displaced in the direction of the apex (i.e., opposite the
base direction), the right seg height will be lowered and the leftseg height raised.

To continue solving, next consider how far each seg heightmust be moved. Remember
that each prism diopter yields

0.3 mm of movement. For the right eye, this is 2.5 D x 0.3

D 0.75 mm of movement. For the left eye we ynd 4.5 D x

1.3 D 1.35 mm. Therefore, to the nearest millimeter the segheights will be:

R: 20 mm
L: 22 mm

The same principles that are explained here for segment heights also apply to
progressive addition lens ytting cross heights. For more information on how vertical and
horizontal prism affects ytting cross heights and monocular PDs, see Chapter 20.

Example 5

What would the MBS be for a ynished, single-vision lens that is to be placed in a frame
having the following dimensions?

AD52mmDBL D 18 mmED D 57 mm
The wearerd £D is 62 mm.

Solution
First ynd total decentration.

Total decentration D (A D DBL) D PDIn this case,
total decentration D (52 D 18) D 62

D 8 mm

Now that the total decentration is known, MBS is deter- mined by
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MBS D ED D total decentration D 2 mm
D57D8D?2
D 67

Therefore, if the prescription has no prescribed prism, the smallest ynished lens
blank that could be used has a diameter of 67 mm.
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Unit 8:

Ordering and Verification

Learning Objective:
This is basically a guide to procedures followed when ordering and verifying
prescriptions from an optical laboratory. Using uniform terminology and a checklist
approach assures a minimum of errors, which in turn improves the quality of service
to the spectacle wearer.
1. At the end of this unit, students will be able to understand ordering,
manufacturing and verification of lenses.

ORDERING

When ordering a prescription, use the manufacturers or supplier Gown printed form or
enter it online if possible. This will prevent many errors or omissions in processing.
Online ordering can help prevent errors because the program will often keep the order
from being sent until all necessary information is present.

With paper forms, it is very important to print the necessary information. Poor or
illegible handwriting usually results in errors.

General Procedures for Forms

Use a separate form for each job ordered, since the formitself may travel with the
materials during laboratory processing.

When ordering less than a total frame and both lenses, specify this clearly on the order
form. For printed forms, write this in fairly large letters or check the appropriate places
on the form.

Do not include superpuous data or information on any forms if such data are not
necessary or applicable tothe order. For example, do not supply eye size and bridge
size if only a temple is being ordered.

Lens Information

When writing the prescription in paragraph form, such as in a letter, always write the
data referring to the rightlens yrst, followed by the data for the left lens. For example,
i MMHensley was issued a prescription of OD:

03.00 D sphere, OS: 02.75, 01.50 x 1 7 5When written on a blank prescription pad,
such a prescription would be written with the left lens value directly below that of the
right lens. This would appear as follows:

OD: 03.00 D sph
0OS: 02.75 01.50 x 175

( A OB,dn this instance, the abbreviation for fiight e y €rom the Latin words
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oculus dexter, whereas fOSo0isthe abbreviation for the Latin words oculus sinister,
or left eye.) Always use at least three ygures for the sphere and cylinder
components. If the dioptric unit is less than 1.00D, use a prefatory zero before the
decimal point, as for example, 00.75 D. Carry ygures two places after the decimal
point, as for example, 02.00 D (not 02 D) or

1.50 D (not 01.5 D). State the axis as X, but do not puta degree sign after the
numbers representing the cylinder axis because it may be mistakenly read as an
extra zero. For example, 10 degrees may be misread as 100 when written out
with the degree sign in longhand as 10°. Many also use 3 numbers for the axis.
Therefore itis normal to see a 5 degree axis written as 005.

Check the base curve of the wearer Gokl lenses, particularly when only one lens
is being replaced.

Frame Information

Be sure to specify the style of temple desired if more than one style is available.
Print the name of the frame and include the name of the manufacturer (Figure 6-
1).

REORDERING FROM EXISTING SPECTACLES

Sometimes it is necessary to use a person 0egisting spectacle lenses as the basis
for ordering another pair of glasses. This can occur in an emergency situation if
the person has cracked or broken a lens and the lenses are still in the frame. It
may also happen that an individual has a pair of glasses and wants a second pair,
but no longer has the written prescription.

Obtaining Lens Information forExisting Spectacles

Although it is possible to read the prescription directly from the current
eyeglasses, it is best to contact the prescriber or previous dispenser to verify what
was orderedd not just what was received. For example, when taking a prescription
from an existing pair of glasses, one may misread a cylinder axis as 170, when the
lens is really axis 168. Yet the original order could have called for axis

104



Patient: 1 Date 19
SPHERE CYLINDER AXIS SR e DECENTRATION o

Ed

DISTANCE

-~

ADDITION SEG HEIGHT MRP DECENTRATION OECTTARNON DIST PD NEAR PD
R R
R
5 —= 4
2 n T
L
MATERIAL MULITFOCAL STYLE LENS COLOR & SHADE THICKNESS
REGULAR OTHER
PLASTIC SAFETY
POLYCARB 7 8 LAB USE ONLY
HI-INDEX cHem | AR
INITIAL
Gé SLAB-OFF DATE
SOLID GRAD
OTHER o 0s s/8" [ 1"

FRAME INFORMATION

NAME 1 0 COLOR 1
EYE SIZE DBL TEMP LENGTH | TEMP STYLE ‘B ED. ME L)
12 14115
L 8

SUPPLY FRAME FRAME LENS
NEW FRAME ENCLOSED 1 30 FOLLOW EDGEONLY
SPECIAL INSTRUGTIONS COLOR
OUE UNCUT

DATE FRAME 1_8
MISC

SRC

- 16

ARC

ROLL

POLISH

TOTAL

DATE

REC'D
Signature 1 7 DATE

SHIPPED

E Figure 6-1. Example order form. Order forms vary considerably from laboratory to
laboratory. It is crucial that an orderform be completely and correctly ylled out. Errors
in complet- ing the order form can result in glasses being improperly made,
necessitating a costly remake. At the very least, an incomplete order form could
delay the order or require thatthe wearer return so that the missing information can
be sup- plied. Instructions for completing each general area of the form are given
below. Areas left blank are self-explanatory.

1) Some recommend that the wearer6 st name be written here in all capital letters,
be underlined, and be listed before the yrst name. This is followed by a comma and
the yrst name printed in small letters.

@ List only if ordering special base curves. Otherwise leave blank.

@ List the MRP height only if it is other than at half the B dimension. Otherwise
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this is left blank. Often this is where ytting cross height is listed for progressive
addition lenses.

@ Do not give both binocular and monocular PDs. Use either one or the other,
but not both. If you use a binocular PD, write it once, right on the line between left
and right boxes.

) You must indicate a lens material.

©® Normally you do not specify a thickness for the lens. Be sure to indicate if the
lens is a regular thickness or is for safety eyewear, however. If the frame is a Z87
safety frame, circle feafety0o and the lenses will be properly marked to conform to
Z87 requirements.

@ Indicate multifocal type and seg size, or progressive lens brand when
appropriate.

® Indicate as speci y Ity aas possible what color lens you want. Indicate the
desired transmission or shade. If the lenses have no tint, write either fi learo or
i wte i Gircle either fsolid dor a uniform tint, or fi & d for a gradient tint.

© If slab-off is being ordered, indicate the prism amount of the slab-off.

@0y The frame name may be anything from fHa r rtg fd849.0 The name alone is
not enough; the manufacturer must be listed as well. It is not uncommon for more
than one manufacturer to use the same name or number.

11 Color may be a number.

12 Examples: skull, cable, riding bow, library.

13) Circle one on this row. i Fmeato Follo w eneans the frame is not with the
order. It is to be sent later.

@4 If the order is for i Inses onlyd (edge only), one wayto ensure a more accurate
yt is to remove the lens from the frame and measure the circumference of the lens
with a circumference gauge. This will allow for better duplication of the lens size.
However, a digital frame tracer works best.

@5 Indicate whether the frame is metal, plastic, or rimless. This is especially
important when the frame is not present. Be even more spe c i as ¢o lens material
if possible.

@e) fSpecial Instructionso is for calling attention to any- thing unusual about the
prescription. A SRROmMeans scratch resistant coating; flJ V dneans add ultraviolet
protection (plastic lenses only); i AG means antirepection coating (plastic or glass);
froll means to roll the edges of the lens to make the lenslook thinner; fpo | | mearts
to polish the edges.

7 Signature of the person or the name of the o f y that is ordering the
prescription.

@8 This section is for laboratory pricing.

165. So an axis 170 lens is ordered. But what if the new lens comes in as axis 172?
The dispenser will likely accept the lens because it is only two degrees off and
within ANSI standards. What the dispenser does not realize is that the axis of the
lens is really off by 7 degrees, com- pared with the original prescription.
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Take New Facial Measurements

Even when duplicating an old pair of glasses, it is still important to take new facial
measurements. Retake the wearerd #D. You may still wish to use the distance
between the OCs found in the old glasses, but you need to know the weareré
measured PD. Large differences may indicate the presence of prescribed prism.
If the lenses are either bifocal or trifocal lenses, note where the segment line falls
in reference to the lower limbus. This is important if the new segments are to
match the old ones. If the lenses are progressive additionlenses, ynd the location
of the ytting cross on the old lenses to verify that it falls in the center of the pupil
(see Chapter 20, Progressive Addition Lenses).

When the Wearer& PD Does Not Match the Distance Between Optical
Centers

If the wearer6 92D that has just been measured does not match the distance
between the OCs in the glasses that are being worn, the dispenser @est options
are to:

1. Find out where the prescription originated and callto verify the prescription.
Speci cally ask if the prescription contains prescribed prism. This is always
the correct yrst option, even when the prescription can be easily read from
the existing glasses because an error still may have occurred.

2. If the wearer has no idea where the prescription originated and does not
want to have a new eye examination, use the PD found in the existing
glasses.* You cannot be sure this is not part of the

*The exception to this generalized rule would be for lenses with very low powers
in the horizontal meridian. If the optical center ofa very low powered lens is off, there
is very little horizontal prismatic effect produced. This possibility will become more
obvious once the reader is familiar with ANSI Z80 Standards for PD and horizontal
prism. For low-powered lenses, the distance between optical centers can miss
the wearer 6osdered PD by a relatively large amount and still produce only a
negligible horizontal prismatic effect. When this occurs, the glasses are still
considered to be within tolerance.

For example: A lens pair has a power of 00.50 D sphere in both

eyes. The wear e rP®Dsis 60. However, the measured distance between lens
centers in the old glasses is 64 mm. This means that the resulting prismatic effect
will only be 0.20 prism diopters. Unwanted horizontal prism of this amount is well
within ANSI standards of acceptability. And it is also highly unlikely that the original
prescription included prescribed prism of an amount less than even one quarter
diopter.

To summarize, familiarity with ANSI standards for PD-horizontal prism will make it
easier to discern when differences such as theseare due to allowable tolerances
and when there is a truly prescribed prism present in the prescription.
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Figure 6-2. A manually-operated lensmeter has certain basic parts
common to mostinstruments.

original prescription and thus should duplicate what is being worn. (Besides, changing
an existing prismatic effect may present adaptation problems for the wearer.) You
should be certain that the reason for ordering a PD other than the weare r easured
PD is well documented in the record.

Obtaining Prescription Information forSingle-Vision Lenses

The heart of the lens prescription is the sphere, cylinder, and axis. These measures of
lens power are found using a lensmeter (Figure 6-2). Most lensmeters use line targets,
but others have targets consisting of a circle of dots. There are lensmeters with
internally viewed targets andthose with targets projected on a screen. Lensmeters
may also work manually or automatically. The most commonly used lensmeters are
manual and use a crossed- line target.

How to Find Single-Vision Lens Powers Usinga Crossed-Line-Target
Lensmeter

When using a lensmeter, begin by focusing the eyepiece to assure an accurate
reading. When looking throughthe eyepiece, imagine sitting on top of a tall building
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and looking at the street below. This will help relax your accommodation and keep
your eye from changing focus,

which can contribute to inaccuracies. First, rotate the eyepiece so that it moves
toward the operatord syed away from the rest of the instrument. Then looking at
the crosshairs and concentric circles (not the crossed-line, illuminated target), slowly
turn the eyepiece back toward the rest of the instrument until the crosshairs and
con- centric circles fi rst come into sharp focus. If you turn toofar and pass the yrst
clear focus, again rotate the eye- piece away from the instrument; then slowly
rotate it back toward the instrument to the yrst best focus.
The focusing procedure is only done once and need not be repeated for each pair
of spectacles being measured. However, this eyepiece focal adjustment will be
different for each individual. When more than one person uses the instrument, the
procedure must be repeated for each individual. (Time may be saved by having
each person who uses the instrument mark the edge of the eyepiece for their
own fzero point.0 )
Reading Sphere and Minus Cylinder Axis Powers.When reading a spectacle
lens prescription, which lens should be ver edyyrst? Here is how to decide.
E It is proper to begin with the strongest lens yrst. Forthis purpose the strongest
lens is deyned as the lens with the strongest power in the 90-degree meridian.
E If the lenses have similar powers and there is alsoprescribed vertical prism in the
prescription, then begin with the lens with the most prescribed vertical prism.
E If it is not evident which lens is stronger and there isno prescribed vertical prism,
begin with the right lens.

Place the glasses in the lensmeter so that the back side of the lens is against the
lensmeter aperture.

There are two ways to read or write a prescription. One is to read the cylinder in the
prescription as a minuscylinder. The other is to read the prescription so that thecylinder
is given as a plus power. We will yrst consider the prescription as being a minus cylinder
form prescription.

To read a prescription in minus cylinder form, begin by turning the power wheel in the
high plus direction. Now slowly turn the wheel back in the minus direction. If the
prescription is a sphere, with no cylinder component, the illuminated target will clear
all at once as shown in Figure 6-3. In older instruments, the target may consist of a
single line, which represents the sphere, crossed by three widely spaced lines, which
represent the cylinder. A more common conyguration consists of three closely spaced
lines for the sphere, crossed by threewidely spaced lines representing the cylinder.

If the prescription contains a cylinder component, the sphere and cylinder lines will not
focus simultaneously. Thus after the power wheel has been turned to the high plus,
slowly turn the power wheel in the minus direction. This will cause either the sphere or
the cylinder lines to begin to clear. The sphere lines need to be cleared first. If the
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narrower sphere lines begin to focus yrst, but do not fully clear, the axis wheel should
be turned until the sphere lines do clear (Figure 6-4). (It may be necessary to
alternately adjust both the power wheel and the axis wheel until the sphere power
lines do clear.) If the cyl- inder lines begin to clear yrst, the axis wheel should be
rotated 90 degrees, causing the sphere and cylinder linesto transfer places. The sphere
lines will then be clearer than the cylinder lines. When the sphere lines appear

Figure 6-3. When the illuminated target shows both sphere and cylinder lines that
are both clear at the same time, the lensis a sph
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Figure 6-4. Whether the operator is reading a spherocylinder lens in plus or minus
cylinderform, the sphere lines must come into focus before the cylinder lines.

Finding the Cylinder Power. To ynd the cylinder power, continue turning the
power wheel farther in the minus direction. The sphere lines will blur and the three
wide cylinder lines will come into focus (Figure 6-7). When the three cylinder lines
are in focus, note the new power wheel reading. The difference between the
sphere reading and this new reading is the power of the cylinder. This cylinder
value is recorded as a negative number.

Reading a Lens in Plus Cylinder Form. Some prescriptions are written with the
cylinder as a plus value instead of a minus value. When written this way, the
prescription is said to be in plus cylinder form. To read a prescription in plus
cylinder form, lensmeter measuring procedures are basically the same as when
reading in minus cylinder form, with one exception. When ynding the sphere
power, turn the lensmeter power wheel yrst in the high minus direction, instead

of the high plus
5
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BOX 6-1

How to Find Spherocylinder Lens Power Usinga
Standard, Crossed-Line-Target Lensmeter

1. Focusthe eyepiece.

2. Turn the power wheel into the plusuntil the
illuminated target blurs out.

3. Turnthe power wheel slowly in the minus directi on
until the sphere lines clear.

4. Adjust the axis wheel for optimum sphere line clarity.

Record sphere power and cylinder axis.

6. Turnthe power wheel farther in the minusdirection
until the cylinder lin es clear.

7. Take the difference between the two power wheel
readings and record as a minus cylinder.

o

direction. When the target is blurred out and the power wheel is in high minus
numbers, slowly turn the wheel back in the plus direction. If the prescription is a
sphere, the illuminated target clears all at once. If the prescription contains a cylinder
component, however, the spherelines must come into focus yrst. Turn the axis wheel
to achieve this. Sphere and cylinder axis may be recorded. (Note that the cylinder axis
will be 90 degrees away from what it was when the lens was recorded in minus cylinder
form. The sphere value will also be different.)

Next, turn the power wheel further in the plus direction until the three cylinder lines
are clear. The difference between the sphere power reading and this new reading is
the cylinder power. The cylinder power is recorded as plus.

Find and Spot the Optical Center of the Lens. After ynding the sphere, cylinder,
and axis, locate the optical center (OC) of the lens by centering the illuminated
target at the intersection of the cross hairs in the eye- piece reticle. This is done

by moving the glasses left or right on the instrument table, and moving the
instrument table up or down. (In practice, this is done at the same time as sphere,
cylinder, and axis values are being found.) Once centered, the lens is spotted
using the lens-meter spotting mechanism.

If the cylinder power is high, the sphere and cylinder lines cannot be seen
simultaneously. This makes centering of the lens difycult. To center the lens,
move it until the sphere line crosses the center of the reticle cross hairs. Then
focus the cylinder lines and recenter the lens so that the middle cylinder line
crosses the center of the cross hairs. Then repeat the process, going back and
forth between sphere and cylinder lines until both are centered without moving
the lens.

After the yrst lens is spotted, move the second lens infront of the lensmeter
aperture and determine sphere, cylinder, and axis values for the second lens.
Locate the OC of the second lens by centering the target on the reticle
horizontally. Do not try to center the lens vertically. Do not move the instrument
table up or down.
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If the target is not centered vertically, record the amount of resulting vertical prism
seen in the instru- ment. (How prism is recorded will be explained in more detail later.)
Spot the lens once. Now move the instru- ment table up or down until the target is
centered verti- cally. Spot the lens a second time. The second spotting shows the OC
height. It will also be used later on to tellif the prescription is within standards for
unwanted ver-tical prism. The yrst spotting is used to measure the horizontal distance
between left and right OCs.

If there is no prescribed prism in the prescription, this horizontal distance between OCs
should equal the wear-e r €. In practice, there is a certain amount of allow- able
tolerance for error. Tolerances will be covered laterin the chapter in the section on
lens veri aation.

The heights of the OCs are measured as the vertical distance from the lowest portion
of the lens bevels, upto the level of the spotted OC. When there is no pre- scribed
prism present, the OC and MRP are one-and- the-same. When this is the case,
measuring OC heightis the same thing as measuring MRP height.

How to Find Single-Vision Lens Powers Using a Corona-Target
Lensmeter

Some lensmeters use a circle-of-dots target instead of a crossed-line target to
measure lenses. To ynd the power of single-vision lenses with a circle-of-dots (corona)
type of instrument, begin by focusing the eyepiece. This is done in the same manner
as previously described for the crossed-line lensmeter.

To ynd the sphere power, turn the power wheel into the high plus direction until the
circle of dots disappears. Slowly turn the wheel back toward the minus direction. If the
whole circle of dots clears simultaneously, the lensis a sphere. Sphere power is read
directly from the power wheel.

If the dots elongate into clear lines as shown in Figure 6-8, the lens has a cylinder
component and the reading

Figure 6-9. With a spherocylinder lens, the circle of dots will elongate a second
time. Turn the eyepiece crosshair so that it parallels the direction of elongation.
This is the cylinder axis. Here the cylinder axis reads 70 degrees.
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BOX 6-2

How to Find Spherocylinder Lens Power Using a
Corona-Target Lensmeter

1. Focusthe eyepiece.

2. Turnthe power wheel into the plusuntil the
illuminat ed target blurs out.

3. Turn the power wheel slowly in the minus direction
until the dots in the target elongate into clear lines.

4. Record the sphere power.

5. Turn the power wheel farther in the minus direction
until the dots in the target elongate into clear lines
in the other direction (90-degrees away).

6. Turnthe measuring hairline until it parallelsthe
direction of elongation.

7. Record the cylinder asthe minusdifference between
the two power wheel readings, and the axis as the
dpgrppc indicated by the mpaqlring hairline

just found is the sphere component of this spherocylinder lens. To ynd the cylinder,
turn the power wheel further into the minus direction. The elongated fdots dwill
blur and re-elongate at right angles to their original direction. When they are once
again clear, note the power reading. The difference between the sphere power and
this second power wheel reading is the cylinder power.

To ynd the cylinder axis, use the rotating hairline and degree scale found in the
eyepiece. Rotate the hairline until it parallels the direction of elongation of the
circle of dots. Note where the hairline falls on the degree scale. This is the axis of
the cylinder (Figure 6-9). (For a summary of this procedure, see Box 6-2.)

Obtaining Prescription Information forMultifocal Lenses

Distance powers for multifocal lenses are measured in the same way that powers for
single vision lenses are measured. A multifocal differs from a single vision lens
because it has additional plus power for viewing at near. This near addition is plus
power that is added to the power of the distance prescription.

To measure the distance power of multifocal lenses, place the glasses in the lensmeter
in exactly the same way as would be done for single vision lenses (Figure 6-10). The
distance power is measured in the manner previ- ously described for single vision
lenses.

To measure the add (near addition) power, turn the glasses around backward in the
lensmeter so that the front of the lenses are against the lensmeter aperture. Now
remeasure the distance power. When measured this way, the power is called front
vertex power. When measured in the normal way, from the back, the power measured
is called back vertex power. For higher lens
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Figure. To measure the power of single vision lenses or the distance power of
segmented multifocals, the glasses are placed in the lensmeter as shown. This

measures the prescription in the correct manner. The power being measured is known
as the back vertex power.

powers, it is not unusual to ynd a difference between front and back vertex
powers.

It will be noted that the lensmeter-measured cylinderaxis for the front vertex power
is the mirror image of the axis for the back vertex power. In other words, a lens
having a 30-degree back-vertex-power axis will manifestan axis of 150 degrees
when turned around.

When remeasuring the distance power as front vertex power, do not measure the
lens at the OC. Instead measure the distance front vertex power at a location
above the OC. That point should be as far above the OC and inward as the point
where the add power will be measured is below the OC and inward (Figures 6-11
and 6-12). This technique ensures that any power variations caused by lens
aberrations or lens thicknesses will be the same in distance and near power
measurements.

Next measure the power of the lens through the near segment (Figure 6-13). (For
a summary of measuring near add power, see Box 6-3). The difference between
distance and near power readings is the power of the near addition. When the
lens is a spherocylinder lens, the near addition is the difference between the
distance sphere and the near sphere power components.

Figure 6-11. When measuring the add power of a lens, yrst turn the lens around.
Remeasure the distance power at a point above the optical center. This point should
be as far above the distance optical center as the near ve r i iprc @oint is below
the optical center.
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Figure 6-12. To measure multifocal lens power, the glasses must be turned around
backward in the lensmeter and distance power measured again, this time as front vertex
power. Note that the power is measured as far above the optical center of the lens as
the near veriycation point in the multifocal segment is below the distance optical center
of the lens.

Figure 6-13. With the glasses _étill backward, the power through the multifocal
segment is measured. This difference between distance and near powers is the power
of the near addition.

BOX 6-3
How to Measure Multi focal Add Power

1. Turn the glasses around backward in the lensmeter.

2. Measue the sphere value of the front vertex
distance power.

3. Measue the sphere value of the front vertex, near
power.

4. The differen ce between the two valuesis the add
power.

A
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Figure 6-14. A distance lens is meant to meet the needs of a farsighted eye using
a plus lens (A) or a nearsighted eye witha minus lens (B). This is done by taking
parallel light from a distant object and bringing it to focus at the far point of the
ametropic eye.* A lensmeter is made to optically position the illuminated target at
that far point. The light from the lens- meter target travels backward through the
lens.

difference is still the same 02.00 D add power found using the sphere lines.

If the prismatic effect of the decentered lens causes theentire illuminated target to
disappear off the viewing area,it may be necessary to use an auxiliary prism or
prism- compensating device to bring it back into view. The use of auxiliary prisms or a
prism-compensating device is described later in the chapter.

Why Spectacles Should Be Turned Around toMeasure the Add Power

The purpose of a distance lens is to take parallel light and bring it into focus. For a
plus lens, this will be a real image, and for minus lenses this will be a virtual image
(Figure 6-14, B). To measure this type of lens, the illuminated lensmeter target is
optically placed at the focal point of the lens. The light from the lensmeter target travels
from behind the lens, going through the back of the lens, and out the front. When
the light comes out the front of the lens, the rays are parallel and going into the eye
piece section of the lens- meter. Thus the distance lens is being measured under the
same circumstances as when it is being worn.? When being worn, parallel rays enter
the lens from the front. (Light paths are reversible.) The focal length is referenced
as the distance from the back side of the lens. Therefore the power being measured
is called the back vertex power.

Whereas a distance lens is designed to take incoming parallel rays of light and bring
them to a focus, a reading addition must take diverging rays of light coming froma
near object and change them so they appear to be coming from farther away. In
Figure 6-15 diverging light from an object at the focal length of the near segment is
seen to be changed to parallel rays when going out the back side of the segment. This
is easier to understand when shown together with a distance lens of zero power as
shown in Figure 6-16. The person wearing this bifocal lens will not have to focus for a
near object viewed through the segment of the lens.

*The ametropic eye has a refractive error and requires a lens prescription for
distance vision.
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Figure 6-15. The additional plus lens (which becomes the near addition) will change
diverging light rays from a near object and make them diverge less. To test for add
power accuracy, the reference is in front of the lens, making front vertex power the
correct power measurement. Both a 02.50 D add (A) and a 02.00 D add (B) will cause
light diverging from their respective focal points to appear as if coming from optical inynity.

Figure 6-17. The function of a near addition is to take light from a near object and
reduce the divergence of the rays. For both a plus-powered distance lens (A) and
a minus-powered distance lens (B), a near add has the ability to convert diverg-
ing light from the near add focal point so that it enters the distance lens parallel.
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Figure 6-16. When a near object is located at the focal point of the near addition,
diverging light is caused to leave the segment as parallel rays. When rays enter
parallel, the emme- tropic eye* does not have to accommodate in order to see clearly.

*An emmetropic eye has no refractive error and does not require any distance
prescription.
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From the previous ygure, it is evident how a near (reading) addition is really just
a small plus lens whichis fadded t otbe distance lens. To tell if this plus lens
segment is focusing the light as intended, we ynd the focal point by turning the
lens around in the lens- meter. This allows the illuminated target to be optically
placed at the focal point and referenced from the front surface of the lens. We are
now measuring front vertex power.

Combining both distance and near lenses together when the distance lens has
plus or minus power gives the situation shown in Figure 6-17. The near addition
takes light from a near object and refracts the rays so that optically the rays from
the near object resemble light rays coming from a more distant object. Now the
distance lens is able to bring the light to a focus to meet the refractive demands
of the near or farsighted presbyope.

Measuring the Near Addition When Lens PowersAre Low

It should be noted that when distance and add powers are both low, there will be
little difference between add powers found using front and back vertex powers.
For this reason, many use the easier method of measuring adds with back vertex
powers instead of turning the glasses around. As soon as distance or near powers
increase, however, multifocal adds measured with back vertex powers will give
wrong results.

Segment
size

-------

Segment
size

< —>

Figure 6-18. The width of a bifocal or trifocal segment ismeasured at the widest
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part of the segment.

Identifying Multifocal Segment Style and Size When ordering a replacement pair
or second pair ofglasses from an existing pair, it is important to identify the multifocal
type. Multifocals are identiyed by segment

style. The most commonly used visible segment styles are pat-top (sometimes called
i Dsegs), curve-top, and round segs.

Measuring Segment Size

Once segment style is identiyed, segment size must be found. Segment size is
measured across the widest portion of the segmentd not the top of the segment.
Trifocal sizes are identi y éydtwo numbers. The yrst number is the vertical size of the
trifocal section in millimeters. The second number is the widest horizontal measure of
the multifocal segment.

Measuring Segment Height

To measure and duplicate the segment height of an existing prescription, yrst the old
segment height for the existing prescription is measured. If the frame will remain the
same, so will the old segment height. If a different style frame is to be used, then the
location of the old segment line as it appears on the wearer must be duplicated.

For record keeping purposes, the segment height of the existing prescription must be
measured. Segmentheight is the vertical distance from the lowest part of thelens bevel
to the top of the bifocal or trifocal segment line.

Identifying Base Curve

The front curve of a multifocal lens is called the base curve. If an individual has more
than one pair of glasses of the same power, it is advisable to use the same base curve
for both pair of glasses. This is more critical for multifocal lenses than for ynished
single vision lenses because multifocal base curves change in bigger steps. Changing
the base curve may affect the way objects appear to the wearer. Straight lines may
seem curved, objects may seem larger or smaller than they actually are, and the
ground looks to be closer or farther away. Wearers usually adapt to normal base curve
changeswhen lens powers change. But when base curves change and lens powers do
not, switching back and forth between two pair of glasses is harder.

Base curves are measured using a lens clock* (lens measure).

YIt is important to note that a thick lens is not a safety lens unless it has been marked
on the surface as a safety lens with the manufacturer Gdentifying mark.

Identifying Lens Material
It is important that an attempt to identify the lens mate-rial in the existing prescription
be made. It is simple enough to tell the difference between glass and plastic. Lightly
tapping the lens with a metallic object, such asa ring, will result in a characteristically
different sound and feel.

120



Plastic materials are not as easy to differentiate one from another. When a
polycarbonate lens is dropped on a surface with its backside down, some compare
the sound to that of a poker chip. But a lens already in a frame will not be removed
just to perform this procedure!

Polycarbonate and higher index plastics are often made thinner than regular plastic
lenses of equal powers. Lens center thickness is measured with lens calipers. Center
thickness can be used to help determine the type of material from which the lens is
made. Minus lenses have their thinnest point at the optical center. Table 6-1 has some
fi ¢ emhickness cluesofor determining what type of material was used to make minus
lenses of certain thicknesses. Center thickness is measured at the location

*For aspheric and progressive lens surfaces, a lens clock is not a reliable method for
ynding base curves. Another method must be employed, such as measuring the
back non-aspheric curve, lens thickness and back vertex power, then, knowing the index
of refraction, calculate the base curve. (ANSI Z80-2005 Standards, pp 24-25)

Figure 6-20. In preparation for measuring lens thickness, the optical center of the
lens is spotted using the lensmeter. Then the center thickness of the lens may
be measured with a pairof calipers as shown in this photo.

of the lens OC as shown in Figure 6-20. But the bottom line is this. Whenever new
glasses are made, the wearer mustbe advised of the safety factors related to the different
available lens materials.
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Suppose a dispenser uses regular CR-39 material to replace a pair of glasses
that had been made in a safer material, such as polycarbonate. Without active
wearer involvement and documentation in the record, this decision could spell
disaster. And since people do not alwaysremember what material they have been
wearing, their answer cannot be depended upon. In short, the dispenser should treat
the choice of lens materials as if the individual was getting glasses for the first time.

Identifying Lens Tint

The lens tint of the old pair of glasses should be identi gd and recorded. Tints should
be considered afresh each time new glasses are ordered. It should not be assumed
that the wearer wants the same tint (or lack of tint) as he or she had before.

What to Keep in Mind When Ordering One Lenslinstead of Two

Occasionally, it becomes necessary to order one lensinstead of two. This occurs
when only one lens power changes from the previous examination or when one lensis
damaged or broken.

When a single vision lens is being replaced, the major reference point (MRP) height
of the remaining lens in the prescription should be measured. The MRP heightof the
new lens should match that of the remaining partner lens.

When only one lens is replaced in multifocal lenses, the lens should be ordered so
that the two segment heights match. This is true unless there is a measured seg height
difference between the wearerd teft and righteyes.

It is also important that the MRP height of the lens that is not being replaced be
measured. This is because many optical laboratories do not place the MRP on the
180-degree midline for multifocals with a segment that is set high in the frame. This
means that in order for the new lens to match the old lens, both MRP and seg heights
should be speciyed. This is true even if MRP height was never speciyed in the original
order (Figure 6-21).

In some countries a lens manufacturer may place the major reference point on their
bifocal lenses at a standard distance above the segment line, regardless of segment
height. With increasing globalization, this may occur in some lenses sold in the U.S.
With this in mind, ANSI Z80.1-2005 Prescription Recommendations deynes the term
Distance Reference Point or DRP. (DRP is commonly used with progressive addition
lenses, but is not often used for segmented multifocals.) The Distance Reference
Point is de fied as firhat point on a lens as speciyed by the manufacturer at which the
distance sphere power, cylinder power and axis shall be measured . dherefore if a
certain lens manufacturer always places the MRP

*ANSI Z80.1-2005 American National Standard for Ophthalmic- Prescription
Ophthalmic Lenses-Recommendations, Optical Laboratories Association, Fairfax, VA,
2006, p 8.
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Figure 6-21. When a laboratory receives no spe c i igsttuctions for MRP height,
the MRP is normally placed at midlevel (on the horizontal midline). However,
when the seg height is speciyed at a level that approaches or goes above this
horizontal midline, many laboratories place the MRP 3 mm above the seg line.
Therefore, when replacing only one lens of a multifocal prescription, the dispenser
should either send the old glasses to the laboratory, or tell the laboratory the
segment height and the MRP height for the new lens. This way the new lens will
match the old lens. Failure to specify MRP height when ordering one lens only
may result in unwanted vertical prism in the ynished pair of glasses.

5 mm above the bifocal segment, then for this manufacturer the distance power
would be measured at thatpoint.

ORDERING LENSES ONLY

Ordering fiLenses Onlyo Using a RemoteFrame Tracer

Sometimes a wearer wants new lenses for an old frame, but does not have a
spare pair of glasses. When the order cannot immediately be done in-house and
the wearer must keep the frame, the order to the laboratory is for flenseson | y .
The danger in ordering fienses onlyo and just specifying frame name and size is
that the lens can easily be too large or too small. The error is only evidentwhen
the wearer returns, and the dispenser attempts toinsert the off-sized lens pair into
the old frame. In this situation the method of choice is to remove the lenses from
the frame and use a remote frame shape tracer thatis connected to the computer
in the optical laboratory. With a frame tracer, a stylus can trace the inside bevel
of the eyewire. Both shape and size are electronically sent directly to the
laboratory (Figure 6-22). In the laboratory this frame information is downloaded
into the laboratory computer. The lenses are cut exactly to the traced shape and
size. Assuming that the frame did not distort during tracing, after the lenses are
returned fromthe lab, the new lenses should yt into the old frame.

Ordering i L e rss0mlyd by C-Size
Sometimes there is not a frame tracer available. Withouta tracer, it is still possible
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for the wearer to keep the

Figure 6-22. A frame tracer uses a stylus to trace the inside bevel of the frame,
recording the shape. This shape is then sent to the optical laboratory and downloaded
into their lens edger so that the lenses may be edged to exactly yt the measured
frame.

frames and still order the lenses. When the shape of the frame is well known, the
laboratory may have a factory pattern or an electronically stored shape on hand.
However, there may be a variation in size. Simply ordering the size stamped on the
frame may not be good enough. In this case, the lens may be removed and a
circumference gauge (Figure 6-23) used to ynd the C- size* or circumference of the
lens (Figure 6-24). When lens circumference is known, lens size can be reproduced with
more accuracy.

Ordering i L e rs ©wlyo for a Frame ofan Unknown Shape

If the frame name or lens shape is unknown, or if the pattern is not readily available
at the laboratory, then it will be necessary to trace the lens and measure for C- size.
The procedures for shape tracing and C-size measurements are:

Using the lensmeter, spot the distance OCs andthe 180-degree line.

Remove the right lens from the frame withoutdisturbing the three lensmeter dots
(this may require spotting over them with a noni water- soluble marking pen;
noni water-soluble marks canbe removed later using a solvent.)

Use a form, such as the one shown in Figure 6-25, and keeping the 180-degree line

124



horizontal, center the lens as if making a pattern (Figure 6-26). Inpractice one of these
forms may not be available. Ifnot, draw an fxdoand fi gaxis on graph paper and record
the necessary information. Graph paper will work just as well.*

Trace the lens onto the graph paper, using a sharp pencil. Keep the pencil
perpendicular to the paper the whole time the lens is being traced.

Measure the actual lens A and B dimensions (notthe dimensions of the lens
tracing) and record these dimensions. An easy, more accurate alternative* to
a simple ruler is to use a Box-O- Graph to measure the lens (Figure 6-27). The
tracing is only used for shape, not dimensions.

*C-size should not be confused with the C dimension of the lens. The C dimension
is used in the boxing system for measuring lensesand frames, and is the width of the
lens along the horizontal midline.

Figure 6-23. A circumference gauge is used to ynd the circumference of an edged
lens.

Figure 6-24. To measure the circumference of a lens, place the lens in the gauge
front-side- up. Close the tape around the lens and read the circumference directly
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from the tape.

Figure 6-25. Here is an example of one type of form that may be used to trace a
lens ofunknown shape for a flenses onl yodder.

*It is even possible to draw a horizontal line on a blank sheet of paper, then place
the lens on the paper with the three dots on thedrawn line. Draw around the lens and
record all the necessary measurements.

*An even more accurate method uses the same principle as the Box-0-Graph, but

Frame Name

Frame

Manufacturer

Men&/Women & srclg one)

A = Measured DBL

(or measured frame
PD

features a digital readout. This alternative, some- times used by optical laboratories,
is the Digi-sizer by Precision Tool Technologies.
(http://www.precisiontooltech.com)
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Frame
Frame Manufacturer
Men&/Women (circle one)

A = Measured DBL

(or measured frame PD

Name

B=

Lens circumference =

Frame Material (check one)

Plastic Metal
Rimless (Grooved? Y/N)
Other

Figure 6-26. Center the lens so that it is exactly in the middle of the grid both
horizontally and vertically. The three lensmeter dots must be exactly horizontal but
do not have to be exactly on the line; nor does the center lensmeter dot need to be
at the origin of the x and y axes.

@

HORIZONTAL
Lo

BOX-O-GRAPH 1Y sur josanse

Figure 6-27. For a lens or pattern to be measured correctly using a Box-o-Graph, it
must be placed on the surface of the Box-0-Graph in the same orientation as it has in
the glasses. Therefore it is helpful to put three lensmeter dots on the lens yrst so that
the 180-degree line is known. If spotted, the three dots on the lens should all fall
parallel to the horizontal lines on the device. Both horizontal and vertical Box-o0-Graph
bars are pushed securely against the lens, and the A and B dimensions read from the
scale.

Measure the DBL of the frame. Do not rely on thebridge size marked on the frame.
Using a circumference gauge, measure the circumference of the lens and

record.
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Record whether the lens is for a plastic, metal,nylon cord, or other type of frame.

Indicate whether the lens is a right or a left lens. (It is preferable to use
the right lens.) Mark fiN ofor nasal on the nasal side of the tracing.
Replace the lens in the frame and clean up the lenses.

VERIFICATION

Always use the original examination or prescription form rather than the actual
order form to verify a pre- scription received from the laboratory. This will reveal
any errors made when ylling out the order form as well as any errors made by
the laboratory.

Verifying Lens Powers and DeterminingError Tolerances

Lens power is veriyed using the lensmeter, and in the United States tolerances

for ophthalmic lens prescriptions are set by the American National Standards
Institute. The American National Standards Institute, abbreviated ANSI, is a
nongovernmental agency made up of representative segments of industry. The

s p e cstapdard for prescription lenses is identiyed by the number Z80.1 andis
titled MAmerican National Standard for Ophthalmicsd Prescription Ophthalmic
Lensesd Recommendation s Thi main points of this standard are summarized in
Appendix A in the back of the book.

Each aspect of a spectacle lens prescription has a small range of tolerance within which
that particular variable of the eyeglass prescription can fall and still be considered
acceptable. It must be recognized that it is a d i filtytask to fabricate a prescription
that meets ANSI standards in all variables.

Tolerance for Error in A S peh e Bower and Cylinder Axis

The technique for using a lensmeter to measure a lens of unknown power was
explained earlier in this chapter. Verifying a lens of known power with the lensmeter is
much the same.

After focusing the eyepiece, the lens with the stron- gest power in the 90 degree
meridian is placed in the lensmeter. If the lenses have similar powers and there isalso
prescribed prism in the prescription, then choose the lens with the most vertical prism
and start with that lens.*

The power wheel of the lensmeter is preset for the expected sphere power, and the
axis wheel is preset for the expected axis. If either of these two values is incorrect,
the lensme t eilfudisated target will blur.

With the sphere power and axis preset, center the lensmeter target on the reticle.
If the mires are unclear, focus the power wheel or axis wheel and note what the sphere
power and cylinder axis reads compared with what was ordered.

The question is, how far away from the expected value can the sphere power of the
prescription be and still be considered acceptable? According to older ANSI
standards, for most lenses, the allowable error tolerance was
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