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Designing the most optically precise and cosmetically 
appealing eyewear goes beyond common myths and optical 
roulette.

Instead, it requires a knowledge of both geometric, and 
applied optics and a sense of cosmetic appeal.  

This careful lens cosmesis allows us to Master Light…
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The Journey
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Emmetropia Vs. Ametropia

Emmetropia

• Emmetropia = ideal
• Axial length  = 24 mm 
• Power = 62.00 D
• The lens system focuses 

light on the fovea centralis, 
where an image forms

Ametropia

• Refractive error
• Light fails to focus images 

on the fovea centralis
• Patient experiences 

blurred vision 
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Myopia
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• Light focuses 
in front of the 
retina

• The eye has 
too much
convergence 
power
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Hyperopia
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• Light focus is 
behind the 
retina

• The eye has 
lacks 
convergence 
power
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Astigmatism

•Most common ametropia
• Two primary independent focal points
• Irregular shaped cornea
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Astigmatism
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Lens Aberration
Aberration is the failure of a mirror or lens to bring light rays to a single focal point. 

Chromatic (Transverse)

Spherical

Coma (Comatic Flare)

Radial Astigmatic Error

Curvature of Field

Distortion (Barrel and Pincushion)

Trefoil

Quadrafoil
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Chromatic Aberration

Red = 656n
Orange = 610n 
Yellow = 588n
Green = 510n
Blue = 486n
Indigo = 410n
Violet = 380n
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Spherical Aberration

Broad peripheral light rays focus at a different point than 
paraxial rays.

Pupil diameter of 3 to 5 reduces spherical aberration
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Coma
Broad light rays pass obliquely through a lens.

Axial and peripheral rays do not intersect at the same point.
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Radial Astigmatic Error
Narrow parallel light rays pass obliquely through a lens creating two 

opposing line focal points.
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Curvature of Field

Inherent curvature of images in the image plane a result of
lens curvature.

The result is a blur in the periphery of the lens.
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Barrel (Minus Lens)
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Pincushion (Plus Lens)
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Effects of Vertex Compensation

• All lenses increase in plus power
as vertex increases

• + Plus lenses become stronger

• - Minus lenses become weaker
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Lens Geometry Based on Base Curve
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Lens 
Matters

• Clarity
• Thin
• Light
• Strong
• Economical to produce / 

purchase
• Surface integrity for lens 

treatments
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Increasing Refractive Index

Current Base Curve New Substrate Flatten BC

1.498n 1.549n 7.5%

1.498n 1.60n 15.0%

1.498n 1.65n 20.0%

1.498n 1.70n 25.0%
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Base 
Curve 

Selection
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New prescription is within 1.00 D of 
previous Rx and the patient is 
comfortable with the view through the 
lenses, keep the same base curve 
(unless the refractionist specifies 
otherwise)

New Rx has changed by more than 1 
diopter, change the base curve

Flatter curves are used for lens’ with higher 
refractive indices

Always increase parabolic angle when 
decreasing the base curve
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Field of View and Curvature
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Steeper 
base curves 
decreases 

field of view

Stronger 
plus lenses 
decreases 

field of view

Flatter base 
curves 

increases 
field of view

Stronger 
minus lenses 

increases 
field of view
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Decreased Field of View 
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Increased Field of View 
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Lens Plate Height
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Lens Clock
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Aspheric Lens Surface
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+6.00 +6.12 +6.25 +6.37 +6.50

28

Atoric Lens Surface
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+6.00
+6.05

+6.10

+6.15

+6.20

+6.05

+6.10

+6.20

+6.15

+6.15 +6.15

+6.00

+6.10 +6.10

+6.05+6.05
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R.A.E. Mitigation
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Lens Designs for Drill Mounts
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Rimless eyewear - Fashion demands have challenged technology to create a 
lens that can handle drill mounts

Lenses are secured by only two points of  tension for each lens

Traditional lenses cannot handle the stress of drill mounted eyewear

Polycarb is impact resistant but not heat resistant and lacks 3D integrity 
needed for DM
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MR-10 Resin
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Reduces radial astigmatic error, chromatic aberration, and distortion

Heat resistant – won’t develop spider cracks

Won’t warp
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MR-10 and MR-12 Resin
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Refractive Index     = 1.67n and 1.74n

Abbe Value             = 42 and higher

Center Thickness   = 1.0mm

Specific Gravity      = 1.36 (gcm3)
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Cutting Edge Lens Treatments

Lens treatments have evolved from yesterday’s 
choices of:
• What color tint do you prefer?
• Would you like a solid, gradient, double, tint?

• Today we have a plethora of advanced lens 
treatments that dwarfs yesterday's choices!
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Thin Film Technology

Clear Indoor glasses
Anti-reflective (AR)
Deflects harmful (HEV) 
Blue Light
Oleophobic
Hydrophobic
Helps protect against AMD

Sunglasses
Metallic Reflective
Deflects harmful (HEV) 
Blue Light
Heat Protection
Oleophobic
Hydrophobic
Helps protect against 
AMD
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Refractive 
Index & 
Reflection 
Relationship
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Higher refractive index = 
increased reflections

Destructive interference

• Add layers of a metal oxide
• Thickness = ¼ the wavelength

of light (wavelength specific
or broad)

• Secondary wave front cancels
the primary reflection

36

Phernell Walker, MBA, LDO, ABOM Pure Optics LLC Vision Expo East 2022

Copyright 2022: Phernell Walker, MBA, LDO, ABOM



7

V Coatings Vs. Broadband
V Coatings

Designed at 550nm 
– yellow/green)
Very thin
Limits amount of 
light entering eye
Less expensive

Broad Band Thin Film
Eliminate reflections across the 
entire visible spectrum (380 to 
750nm), max. percentage of light

Result in more than 99% of 
available light reaches the retina 
with minimal reflections, ghost 
images and reduced blur 
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Eye Candy
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Shape Size Colors

Design Texture Material 
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Patient Factors of Influence
Patient’s prescription

Desire

Fashion Appeal

Occupation

Needs
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Material Matters 

• Understanding frame material features 

• Mounting Designs

• Equipment required

• Challenges associated with today’s technology

• Bevel vs. Bezel matching/effects of vertex
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Plastic Frame Materials
Grilamid

Bakelite

Cellulose nitrate

Cellulose acetate

Propionate

Optyl

• Nylon
• Carbon fiber
• Polycarbonate
• Kevlar
• Rubber
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Metal Frame Materials
• Nickel silvers

• Monel

• Titanium

• Aluminum

• Stainless steel

• Cobalt

• Memory metal
42
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Frame Materials

• Tensile strength

• Adjustability

• Chemical make-up

• Cost

• Natural materials and 
embellishments
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Science of Shape
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Basic Guide to Face Shapes

Frame shape should 
contrast with face shape 
Frame size should be in 
scale with face size
Eyewear should balance 
personal proportion

Three Keys Essential Elements

The five basic face 
shapes 
Identifying shape, 
analyzing proportions
Selecting frames that 
enhance features
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Refined - Bold - Sassy

Skin tone

Eye color

Hair color 
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Initial Sizing Factors
Frame front width

Bridge width
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Initial Sizing Factors

Eyewire depth

Temple Length
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Bench Alignment

Open temples are be parallel

X-ing (twisted bridge) is absent

Skewed bridge (vertical or horizontal) is absent

Temple bend symmetry

Temples in the closed position are even
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Custom Frame Adjustment

Ensure adequate temple 

spread prior to starting 

the fitting process
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Bridge is Always First

• 80% of the weight rests on the nose

• Always adjust the bridge first

• Nose pads should be adjusted

using a pair of nose pad pliers
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Begin with the Bridge
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Nose Pad Angles

Frontal

Vertical

Transverse or Splay
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Adjusting to the “Right Angle”

Every nose is unique

Observe patient from 
every side

Use the right tools

Comfort is KEY
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Frontal Angle

• 90-degree angle of the 
frame and longest 
portion of the nose pad

• Bottom of the nose pad 
should flair outward 
conforming to the 
patient’s nose
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Vertical Angle

• Created between the top 
and bottom of the nose pad

• Top of the nose pad should 
be positioned closer to the 
patient’s face than the 
bottom of the nose pad. 

• Ideal angle = 10 to 15 
degrees
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Transverse or Splay

• Created between the front 
(closest to the frame) and rear 
portion of the pad

• Amount of splay depends on 
the angle created between the 
front and back portion of the 
patient’s nose 
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Plastic Bridges
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Keyhole Bridge
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Customizing Plastic Bridges

Splay angles

Widening/Narrowing the bridge

Incorporating guard arms
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Temple Adjustments
Temple bend placement

Mastoid alignment

Temple length

Bowing
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Orthoscopic Tilt

• Angle formed when the frame front is parallel to the patient’s face
• Temples form a 90-degree angle to the frame front
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Pantoscopic Tilt

• Angle formed when the lower eyewire is closer to the patient’s face 
than the top of the frame
• A pantoscopic tilt of 10 to 12 degrees from vertical is desirable and 

will optimize visual acuity
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Retroscopic Tilt 

• Opposite of pantoscopic tilt
• Angle formed when the top of the eyewire is closer to the patient’s face 

than the bottom eyewire
• Producing a retroscopic tilt is not recommended

7/22/2012
2022
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Frame Tilt
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Parabolic Angle / Face Form
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Optical Center and Pupil Position
Frames are designed with 10 degrees of pantoscopic tilt

Excessive pantoscopic tilt increases:
Sphere power
Induced unwanted - minus cylinder for minus lenses
Induced unwanted + plus cylinder in plus lenses at 
the 180-degree meridian.  

Copyright 2003-2022: Phernell Walker, MBA, LDO, ABOM

2022

67

Avoiding Aberration Errors

• Avoid these aberrations, select a frame that allows the pupil to be 
positioned within 5mm of the datum-line or ½ of the “B” 
measurement
• The optical axis is vertically deviated 1mm up for every two degrees 

of pantoscopic tilt
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Frame Position
When a frame has 10 degrees of pantoscopic tilt, the 

optical axis shifts upward 5mm from the datum-line. 
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Variant Planes
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Correcting Variant Planes

• Position mono-fiber jaw with the 
visible or outside of the frame

• To correct variant planes, simply 
bend the frame’s end-piece 
inward on the side that is too 
close to the face

Copyright 2003-2022: Phernell Walker, MBA, LDO, ABOM

71

Questions
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