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Anisometropia

Introduction

The term anisometropia is used to describe the clinical situation that exists when a subject’s right and left corrections are unequal.  Anisometropia can give rise to two problems:

Aniseikonia, meaning not equal images.  It refers to the difference in cortical image sizes of the two eyes and has the potential to disturb binocular vision.  It occurs as a result of unequal spectacle magnifications due to the back vertex power, form, thickness and vertex distance of the correcting lens.

When the eyes of anisometropic subjects rotate to view through points away from the optical centres of the lens, different prismatic effects between the two eyes may be experienced.  This difference in prismatic effects is known as differential or relative prism.  If it occurs in the vertical meridian, it can create problems by again disturbing binocular vision.

Aniseikonia

The most impressive form of anisometropia encountered in practice is probably unilateral aphakia.  In this situation, the crystalline lens has been removed from one eye.  If the aphakic eye is corrected using a spectacle lenses the retinal image will be magnified to such an extent (( 30%) that binocular vision may not be possible.  Fusion of the retinal images may only be possible in a very small region close to the foveas.

As far as phakic subjects are concerned, completely normal binocular function is not often found in patients with more than 5% aniseikonia when wearing the spectacle or contact lens correction.  In practice the rule of thumb “1 dioptre of power produces 1% spectacle magnification” is often used to estimate the aniseikonia present although this really only applies to “thin” lenses.  Symptoms/signs of aniseikonia in corrected subjects may include suppression of the image in one eye, poor stereopsis and of ocular discomfort/headaches.  Remember that a change from spectacles to contact lenses or contact lenses to spectacles when a subject has anisometropia may induce binocular vision problems due to aniseikonia.  Where an anisometropic patient is adapted to spectacles, it is important to keep the same form of the lenses in any new spectacles since changing the form will alter the aniseikonia by relatively altering the retinal image sizes.  This applies to hypermetropic cases where the lens thickness cannot be ignored, as it can in myopic spectacle corrections.

Differential prismatic effect

There is considerable inter-practitioner and also inter-subject variation in the tolerance for induced vertical differential vision.  It is often suggested that vertical differential prism of less than 1( at the near visual points (NVPs) is unlikely to cause problems.  However in clinical practice, many anisometropic subjects with a vertical power difference of over 1.00 D never complain of symptoms relating to vertical differential prism, in fact most don’t complain!  Several research programmes have found some subjects with as much as 5( of vertical differential prism at the NVPs who experience no symptoms and who have little or no measurable heterophoria.  This is due to the subject’s ability to “soak up” or adapt to prism.  Try it yourself in the consulting room using a 1( base-up prism and a Maddox rod in front of the right eye.  The displacement of the streak image produced by the prism soon disappears because you have adapted to the vertical differential prism produced.  This prism adaptation is the response of the oculomotor system to the presence of differential prism.  Adaptation to differential prism can be fairly rapid but adaptation to prism by a subject does not mean that the patient’s vision is comfortable.

Vertical differential prism and prism adaptation is usually not an issue with single vision lenses as the patient will simply move his/her head in order to look through the optical centres of the lenses.  There is, of course, no prismatic effect at the optical centre of a lens.  However, vertical differential prism must be considered in the case of a multifocal lens where the patient has no choice but to look away from the optical centres of the lenses as the NVPs and optical centres do not usually coincide.  So exactly how much of vertical differential prism can be tolerated?  As summarised by Tunnacliffe1 an answer to this question was sought more than four decades ago when 47 anisometropic subjects were fitted with two pairs of spectacles, one with and the other without prism compensation (slab-off or bi-prism lenses).  8 Subjects reported no difficulty with their uncompensated lenses but, despite prism adaptation, 29 subjects reported that they were more comfortable with the prism compensated spectacles2,3.  In another study on 50 patients about 60% of the subjects preferred the slab-off lenses4.

In clinical practice, patients prescribed with single vision lenses can adjust their head position and/or any reading material position in order to view through points on the lens that are closer to the optical centres of the lenses and therefore reduce any differential prismatic effect.  Bifocal wearers cannot do this and prism-compensation may need to be considered in order to provide comfortable vision when reading.  The question now is should we be dispensing more prism-compensated lenses and how can we identify patients who may benefit from prism-compensation?  The measurement of associated heterophoria by the Optometrist in the consulting room can be helpful.  For a first time presbyopic patient, if a vertical-associated heterophoria is present when viewing a near Mallett unit through the NVPs of single vision lenses, but not when viewing a distance Mallett unit target through the optical centres, then prescribing prism-compensated multifocal lenses for near may be helpful.  The same principle can be applied to bifocal lens wearers who are anisometropic and are wearing uncompensated bifocal lenses.  An associated vertical heterophoria measured through the bifocal segment, where none exists for distance may indicate that prism compensation may be required.  In addition, the effect of compensating for vertical differential prism can be easily investigated by holding up the appropriate neutralising prism while the patient is observing near print through the NVPs of the lenses.  The size of the near print must be the smallest that the patient can manage.  If the patient reports that near vision is more comfortable when the prism is in place then prism compensation may be indicated.

Is anisometropia an obstacle for fitting presbyopes with progressive power lenses?

Before the onset of presbyopia, an anisometropic patient can avoid the visual consequences of differential prismatic effects by making compensatory head movements to ensure that the direction of gaze passes through the optical centres of the correcting lenses.  However, when corrected for presbyopia using a bifocal or a progressive power lens, the patient is forced to look through a zone of the lens located away from the distance optical centre, which in the case of anisometropia, may result in unwanted vertical differential prismatic effects.  The options for correcting vertical differential prismatic effects with bifocal lenses are well known but vertical differential prismatic effects resulting from anisometropia is often given as a reason for not prescribing progressive power lenses to the presbyopic patient.  The results of a study conducted by Jean-Pierre Meillon and Pierre Rocher (France) from May 1993 to October 1996, with 41 patients selected for prolonged correction using progressive power lenses were presented at the Sixth Varilux Presbyopia Forum and reported by Keirl5.  During the study, suitability of each patient was assessed using a series of tests, which included stereopsis and the analysis of binocular vision in the diagnostic directions of gaze.  Of the 41 patients selected for the study, 16 were strabismic patients.  However, 7 of these were withdrawn and were not fitted with progressive power lenses.  For the remaining patients, the tests were repeated at two and six month intervals.  An analysis of the results took into account the following:

Origin of the anisometropia

Different forms of anisometropia

Degree of anisometropia

Age of the presbyopic anisometropic patient

Visual acuity

Anisophoria induced in peripheral vision

Aniseikonia with the correction

Type of strabismus associated with the correction

The origin of the anisometropia as described by the presenters as either “congenital” or “acquired”.  The term acquired was used to describe post-operative anisometropia resulting from the surgical removal of cataract with pseudophakic patients.  The degree of anisometropia within the 34 cases is given in Table 1.

Table 1.  The degree of anisometropia of the patients involved in the study.

	Degree of anisometropia (D)
	Number of patients

	2.50 – 3.00
	6

	3.25 – 4.00
	23

	4.25 – 6.00
	8

	6.25 – 8.00
	4


The majority of patients in the study were under 55 years of age (27/41).  The 34 patients were each fitted with two pairs of progressive lenses, a Varilux Comfort and a competitor lens.  The following results were given after six months:

22 patients achieved comfortable all day wear for all tasks,

6 patients used the progressive lenses for general wear but opted for single vision lenses for prolonged periods of near vision and

6 patients could not tolerate the lenses and discontinued use.

The best results were obtained in the age range of 45 to 52 years, and in cases of congenital anisometropia.  The presenters of the study stated that anisometropia associated with strabismus was not an absolute contradiction for the fitting of progressive power lenses.  However, acquired (post-op) anisometropia appeared to be contraindication for progressive power lenses as only 3 out of 8 cases were successfully fitted.  The conclusion given by the authors was that anisometropia is not an absolute contraindication to progressive power lenses except in the case of strabismic patients with abnormal head posture and in post-operatively acquired anisometropia.

Prism compensated lenses

The methods of eliminating vertical differential prismatic effect at the NVPs are well known.  They are listed here for completeness:

Single vision lenses

Unequal bifocal round downcurve invisible segments

Solid prism segment bifocals

Slab-off (bi-prism) lenses

Split bifocals

Bonded (cemented) segments

Table 2.  Lenses available for vertical differential prism compensation.

	Lens Types
	Supplier

	Single Vision
Glass and CR 39 slab-off
	Norville

	Glass Fused Bifocals
D segment slab-off

Slab-off on C25, C28 and C30

Ribbon segment fused bifocal
	Norville

Zeiss

Norville

	Glass Solid bifocals
Executive slab-off and split-bifocals

Ardis 25 mm Curved Top prism segment and slab-off

Excellent, full width, straight top, prism segment or slab-off

30 mm round solid prism segment
	Norville

Rodenstock

Rodenstock

Norville

	Plastic Bifocals
D, E and round segment slab-off, and split-bifocal

E-style with base in prism

Grossly decentred D-segment
	Norville

Norville

Norville

	Progressives Addition Lenses
	

	Slab-off on a range of lenses
	Norville/Zeiss

	Cemented lenses
	

	Addition or prism or combination cemented onto  a single vision lens
	Norville/Zeiss


There may of course be other suppliers of the lens options mentioned in the above table and availability can change!

The Solutions for bifocals in anisometropia

Two separate pairs

Each pair correctly centred - one pair centred for distance and the second pair centre for near.  This is the best optical solution but usually outweighed by the inconvenience factor. Single vision lenses may be used for relatively lengthy periods of close work or be combined with bifocals for general use.  The single vision lenses can be decentred downwards to allow the patient to use areas of each lens closer to the optical centre.  For each millimetre of downward decentration downward, the pantoscopic tilt will need to be increased by 2(.

Different sized segments

This method uses round, invisible, downcurve segments, and works on the principle that the larger the segment, the more base down prism is produced, i.e., a 38 mm round segment produces more base down prism that a 22 mm round segment.  This assumes that segment positioning and the near additions are the same in the right and left lenses. The larger round segment has its optical centre lower down and therefore introduces more base down prism than does the smaller segment.  The larger segment is used to neutralise or balance the vertical differential prism by adding prism to one lens.  In the case of myopic anisometropia, the lesser higher-powered lens introduces more base up prismatic effect at the NVP, so this lens will need the larger base down effect of the larger segment.  There is generally insufficient difference in the vertical differential positioning of D-segments to use this type.
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The difference in segment diameters required (d1- d2), is obtained by using the expression:
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where (( is the vertical differential prism in prism dioptres.  This of course is simply another version of


[image: image2.wmf]F

P

c

=


Note, when using round downcurve segments the maximum difference in segment diameter is 45 - 22 = 23 mm.  The larger segment diameter is always incorporated in the more positive or less negative of a pair.

Example
Right
+ 3.00 D

Left  + 1.00 D

Add
+ 1.75 D

Add  + 1.75 D

Differential Prism = 2( base up in the right eye
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The segments used would be right round 45 mm and left round 22 mm.

This method has optical limitations, but often the differential prism can be brought within tolerable limits.  Cosmetically this is not the best solution!

Prism segment bifocals (solid visible)

The segment on a prism segment blank is depressed from the back surface of the distance portion, thus allowing prism in any direction to be worked on the segment.  The base direction of the prism which has been incorporated into the segment of a solid visible prism segment bifocal can always be identified by looking for the thin (or level) edge of the segment ridge.

For neatness of appearance and ease of transition from distance to reading by the wearer, always give base up if possible.  Do not split prisms.  Maximise on base up with an invisible bifocal in the other lens.  If the differential prism is outside the range of prisms available, maximise on base up and minimise on base down.  If base up prism is to be given in the segment, it may be possible to rework the back surface so that a semi-visible bifocal results.
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Bi-prism lenses

A bi-prism lens is a single vision or bifocal lens that has had base down prism removed by slabbing off.  This is usually done on one lens only, that is, the most negative or the least positive of the pair.  A horizontal line on the lens results, this line being made to coincide with the top of the segment for bifocal lenses.  This technique is available on all glass and plastics single vision lenses, glass and plastics             D-segments, and E-type lenses.  It is also offered on some curved top bifocal and trifocal designs.  E-type designs are most suitable, as there is no difference in appearance between a normal executive and one, which has been slabbed off.  Two prism dioptres is usually regarded as the minimum for slabbing off.  Less than this would probably produce an ugly indistinct line.  Less than 2( can be achieved with an E-type however, as there is a line to work to.  As prism is being added to the segment the condition for no jump would no longer apply.  If one bi-prism lens were used for eliminating differential vertical prism, it would need to be incorporated in the more negative or less positive of a pair.
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Figure 3.  The shaded area represents base down prism that can be removed by the process of slabbing off.  A horizontal line on the lens results, this line being made to coincide with the patient’s lower limbus.
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Figure 7.  A bi-prism lens in the form of a D shaped segment.  The shaded area represents the base down prism that has been removed.

Figure 8.  A bi-prism lens in the form of an E-type.  The slab off line coincides with the segment top so the lens has the appearance of a standard E-type bifocal but as a result of slabbing off it now displays jump.

Solid visible bifocals

These lenses give complete control of centration of both distance and reading portions, and are generally considered to be the most versatile bifocal that is made from one piece of glass.  The segment is surrounded by a visible step, but unlike a solid prism segment bifocal, it does not have a part of the segment ridge which is level.  There is accurate and independent control of distance and reading centration and prismatic effects.  It is used in similar circumstances to the solid prism segment bifocal, but the control can be exercised with greater precision.  Theoretically, it can be used for prescriptions, which incorporate:

prism in one part only,

cylinder in one part only,

different cylinders and/or axes in distance and reading and

prisms of different strength in distance and near portions.

The variations are possible because the back surface power can be worked over the segment, i.e.; the segment is completely recessed.  Because the object of these lenses is to place the optical centre of the near portion (ON) at the NVPs, lenses with a positive distance portion can look ugly, as base down has to be worked in the segment.  To a certain extent, the above information should be regarded as "historical” as these lenses are difficult if not impossible to obtain!  Having said that, Rodenstock supplies the following solid visible bifocals:

Excellent solid bifocal
This is a full aperture straight top solid visible bifocal with the segment on the back surface.  It is a no-jump bifocal.  It can be used to provide:

Different prism in distance and near portions.

Different cylinder powers and/or axes in distance and near portions.

Slab-off for vertical differential prism.

Ardis solid bifocal

This is a curve top 25 mm deep solid visible bifocal with the segment on the back surface.  It is a no jump bifocal.  It can be used to provide:

Different prism in distance and near portions.

Slab-off for vertical differential prism.

This lens is also available as an upcurve bifocal.

Cemented (bonded) prism segment

The addition and prism required are combined in a segment, which is cemented to the back surface of the lens.  The segment is at its most cosmetically acceptable when base down prism is used, as the minimum ridge depth is then at the top of the segment.  Any size or position of segment can be used, along with an ordinary non-prismatic element in the other lens.  The prismatic element would be incorporated in the more positive or less negative of a pair.

This technique has many uses in practice and is often used as a tool in problem solving.  Some other applications of bonded lenses are:

Unusual segment shapes or positions due to occupational or vocational requirements

Out of range bifocals or trifocals

Equitint solid photochromic lenses
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Figures 9 and 10.  Cemented or bonded segments.
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Split bifocals

This is a lens, made in upper distance and lower near vision portions, which are usually bonded together.  Franklin bifocals are essentially distance and near single vision lenses, which are cut in two and bonded together along the straight edge.  Different centrations of the two parts are easily achieved, so any vertical differential prism at the NVPs is eliminated.  When neatly produced, Franklin split bifocals look very similar to E-type bifocals.  Franklin bifocals are still available to special order, and may be used when the prescriptions required are outside the range of other prism-compensated bifocals.  This is a very versatile lens as the near prescription can be completely independent of the distance prescription. The lenses can therefore be made exactly as required for centration or prism, prescription etc.  The segment top position is determined in the usual way.  The disadvantages with this lens are that the dividing line between the two halves can be quite noticeable (depending on the prescription), the ridge can collect dirt, and the lenses can separate even though they are bonded at the joint.  Split bifocals are better glazed into a metal frame as the tension produced reduces the risk of the lenses coming apart.
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General comments on lens choice

When considering a prescription for prism compensated lenses, the following points should be noted:

Some prism-controlled designs offer only limited near portion base directions.  Check with the manufacturer before ordering.

Uncut sizes are limited.

Solid tints are no longer available although photochromic materials are available for solid visible prism segment bifocal.

The majority of prism controlled bifocals are made with a back surface segment.  A cylinder in the distance portion will be worked on the front.  A front surface segment is a better choice for cylinder powers above 2.00D, as this will ease glazing and show undistorted reflections from the front surface.

Check availability with the supplier before ordering.

On a personal note, I would, if possible for the compensation of vertical differential prism, choose a bi-prism (slab-off) lens.

Five example viva prescriptions

Prescription 1

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-3.00
	
	
	
	
	-7.00
	
	
	
	

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Vertex distance 12 mm




You should have noted that the vertical differential prism here is 4.00( base down in the left eye.  Possible solutions are a left bi-prism lens (where would you place the slab-off line?) to remove the vertical differential prism or two pairs, each pair being of the same back vertex power but one centred for distance and the other for near (optical centres at the NVPs).

Prescription 2

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+1.00
	+2.00
	180
	
	
	+3.00
	
	
	
	

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+2.00
	+2.00

	Comments and Case Notes
Bifocals




As the vertical power of the right lens is approximately +3.00 D, there is no vertical differential prism and therefore no problem!

Prescription 3

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-1.25
	-1.75
	180
	
	
	-0.50
	-0.50
	180
	
	

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+2.00
	+2.00

	Comments and Case Notes
Bifocals




The vertical differential prism here is 2.00( base down in the right eye.  Possible solutions are a right bi-prism lens, a solid prism segment bifocal in the right eye, different diameter round segments (what segment diameters would you use for each eye and how does this method work?) and a split bifocal.

Prescription 4

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+3.00
	+1.00
	90
	1.00

1.00
	Up

In
	+2.75
	+1.25
	90
	1.00

1.00
	Down

In

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	+5.00
	+1.00
	90
	1.00

3.00
	Up

In
	+4.75
	+1.25
	90
	1.00

3.00
	Down

In

	Add
	
	

	Comments and Case Notes
Bifocals




This is simpler than it looks!  The vertical prism can be obtained by incorporating the prism onto the main lens (order with the distance RX).  This leaves 2.00( base in which can be obtained by ordering a solid prism segment bifocal.  An alternative solution would be a split bifocal.

Prescription 5

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-3.00
	-1.00
	90
	
	
	-6.00
	-1.50
	90
	
	

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+2.00
	+2.00

	Comments and Case Notes
No-jump bifocals




The vertical differential prism here is 3.00( base down in the left eye.  The solution of choice is a left bi-prism lens.  This can be ordered as an E-type bifocal or as a flat top segment (D-28 etc.).  However, if an E-Type is used it would suffer from jump after the prism was worked.  You cannot eliminate vertical differential prism and have a no-jump lens simultaneously.
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Aspheric Lenses

Introduction

The lens form (and the lens material) can influence the quality of vision provided by a spectacle lens.  How does this come about?  The visual performance of a lens has to be considered when the patient looks through points on the lens close to the principal axis and also when the patient views through off-axis points on the lens.  An ideal best form lens is one whose off-axis performance is essentially the same as its back vertex power.  The aberration oblique astigmatism causes a spherical lens to behave like an astigmatic lens when a patient looks away from the principal axis.  Oblique astigmatism is a consequence of the form of the lens.  Generally speaking, when restricted to spherical surfaces, flatter lens forms produce higher levels of unwanted oblique astigmatism.  Oblique astigmatism may be controlled if the lens is made in a more curved form.  However, curved lenses tend to be thicker and more bulbous than a lens of the same power but made using flatter curves.  We are therefore balancing vision against appearance.

Table 1.  A -5.00 D lens made in four forms. Refractive index nd = 1.523, fitting distance 27 mm, lens diameter = 52 mm and centre thickness 1 mm.

	Front curve
	Plano
	+1.00 D
	+3.00 D
	+4.50D

	Ocular rotation
	Unwanted astigmatic error

	5º
	-0.02
	-0.02
	-0.01
	0.00

	10º
	-0.08
	-0.06
	-0.03
	-0.01

	15º
	-0.24
	-0.15
	-0.06
	-0.01

	20º
	-0.35
	-0.25
	-0.10
	-0.02

	25º
	-0.55
	-0.40
	-0.15
	-0.01

	30º
	-0.81
	-0.56
	-0.19
	+0.01

	Edge thickness and bulbousness (sag height) in mm

	Edge thickness
	4.3
	4.3
	4.4
	4.6

	Sag height
	4.3
	5.0
	6.4
	7.5


It can be seen from the above table that lens forms that are cosmetically more acceptable produce higher amounts of oblique astigmatism while lens forms that produce lower amounts of oblique astigmatism and therefore provide better off axis vision have slightly thicker edge substances and are more bulbous.  Off-axis performance can be evaluated with the aid of computer generated field diagrams which take into account the lens form, refractive index, thickness and fitting distance. Historically, best form lenses were made either in point focal or Percival form.  A point focal design has no aberrational astigmatism whereas a Percival design allows a small amount of aberrational astigmatism but places the disk of least confusion of the astigmatic pencil on the far point sphere.  Modern best form lenses are often made in minimum tangential error form.  The curves are chosen so that the tangential oblique vertex sphere power is close to the back vertex power of the lens.  When fitted away from the eye, this design tend to behave like a point focal lens and when fitted closer to the eye it tends to behave like a Percival design.

One of the features of current single vision spectacle lenses is the large number of designs made in aspheric form.  Originally, aspheric lenses were only used for the high powered positive range.  However, it was Jalie who pointed out the cosmetic advantages of using lenses with an aspherical surface for low powers so that nearly flat forms could be used which at the same time give acceptable off-axis performance.  Jalie suggested that the front surface of positive lenses and the rear surface of negative lenses should be in aspherical form, the other surface being spherical or toroidal depending on the prescription.  Unlike Jalie’s patent, minus aspheric lenses tend to be made with a front aspherical surface, presumably because the ophthalmic industry is equipped mostly for the manufacture of concave toroidal surfaces only.  As mentioned above, any flattening of the lens form can introduce unwanted aberrational astigmatism and also distortion.  This can be largely overcome by the use of an aspherical surface, which introduces surface astigmatism in order to neutralise the aberrational astigmatism associated with flat form lenses.  An example of such a lens is the Nulux EX from Hoya, which is an aspherical mid-index lens (ne = 1.6) made using Hoya’s Eyas material.  The remarkable optical performance of this lens is given in Table 2.

Table 2.  The optical performance of the Hoya Nulux EX lens, BVP = -5.00, ne = 1.6, fitting distance 27 mm.

	Ocular rotation
	Astigmatic error (D)
	Power error (D)
	Distortion (%)

	5º
	-0.004
	0.002
	-0.1

	10º
	-0.014
	0.010
	-0.6

	15º
	-0.030
	0.026
	-1.3

	20º
	-0.047
	0.052
	-2.5

	25º
	-0.064
	0.091
	-4.1

	30º
	-0.085
	0.142
	-6.3


Aspherics for the normal power range

Rodenstock and Zeiss first introduced these lenses.  Most lens manufacturers now produce aspheric lenses for the “normal” power ranges.  Most have aspherical front surfaces although some manufacturers are producing lenses with concave atoroidal surfaces.  Most designs display good off-axis performance, have flatter front surfaces and back toroidal surfaces.  So why do we use low powered aspheric lenses?  Let us take a +5.00 DS lens as an example and chose a back surface power (F2) so that the lens is point focal in form.  The details of the lens would be:

F1 = +10.46 D

F2 = -6.00 D

t = 7.00 mm

Fitting distance = 27 mm

Ocular rotation = 30°

Oblique power = +4.72DS/0.00DC

What can we deduce from this information?  Well, the optics of the lens are very good, no unwanted oblique astigmatism.  Remember that the oblique power should be equal to the back vertex power (+5.00 DS in this example) for all zones of the lens.  This is very nearly the case here.  But what about the cosmetic considerations of the lens?  The high value for the front surface power (F1) gives cause for concern.  This is, of course, caused by the use of a steep back surface.  The finished lens will have a very bulbous appearance due to the steep curves used.  This is referred to as the sag height.  The other problem caused by the steep front surface curve is shape factor spectacle magnification.  This results in the patient having a "bug eyed" appearance.  So what can we do to improve the cosmesis of the lens?  Simple, make it flatter.  OK, here goes:

F1 = +5.85

F2 = -1.00 D

t = 6.53 mm

Refractive index = 1.5

Fitting distance = 27 mm

Ocular rotation = 30°

Oblique power = +5.94DS/-0.86DC

The lens has now been made with a very flat back surface (-1.00 D).  It will look much better, less bulbous, flatter, neater, slightly thinner with less magnification.  But what about the optics?  Look at the oblique power.  It should be close to +5.00 D.  This form suffers from an unacceptable amount of unwanted oblique astigmatism.  It seems that we can either have good optics or a good appearance, not both.  Or does it?  Enter low powered aspherics!  By using a low powered aspheric lens we can dispense a lens that has a good cosmetic appearance at the same time as giving excellent optics.

A low powered plus aspheric lens would employ a front aspherical surface, which, if chosen correctly, will eliminate the unwanted aberrational astigmatism.  We will now take the flat form used above and make it up in aspheric form.  The p-value (degree of asphericity) used is -2 (a hyperbola).  The results are:

F1 = +5.85 D

F2 = -1.00 D

t = 6.53 mm

Refractive index = 1.5

Fitting distance = 27 mm

Ocular rotation = 30°

Oblique power = +4.76DS/-0.02DC

So there we have it, a flatter, neater lens with excellent optical performance.

To correct aberration astigmatism and to control distortion a conicoidal surface is usually employed, a conicoid being the surface produced by the revolution of conic section about a principal axis.  Conic sections are so named because they are obtained by the intersection of a plane with a cone.  If a plane intersects the cone at right angles to its axis of symmetry the section obtained is a circle. Rotation of a circle about any diameter produces a spherical surface.  Other conic sections are:

An ellipse, the rotation about its major diameter produces a prolate ellipsoid whereas if the ellipse is rotated about its minor diameter the solid of revolution is called an oblate ellipsoid.

A parabola, the solid of revolution is a paraboloid.

A hyperbola, the solid of revolution is a hyperboloid.

An aspherical surface is actually astigmatic, the negative surface astigmatism increasing progressively as we move away from the vertex of the aspherical surface.  This negative astigmatism is used to counteract the positive oblique astigmatism arising from off-axis gaze.  This is how aspheric lenses work!  An aspherical surface can have its asphericity (p-value) chosen to counteract the oblique astigmatism for any chosen form.  If a flatter form than the traditional spherical form is chosen, the sag of the necessary asphere will be less than that of a spherical surface of the same radius.  Hence, a thinner, lighter, less bulbous lens is produced with less magnification of the eye and surround.  Usually the value of p required to eliminate oblique astigmatism is not exactly the right value to eliminate distortion but, as a rule, an acceptable compromise can usually be found.  It should however be noted that the distortion produced by an aspheric lens is usually greater than the steep spheric equivalent (point focal), but about the same as a flattish spheric (Percival/MTE).

The reduction in the thickness and weight of tan aspheric lens is the result of a two-stage process.  Firstly the lens is flattened to make it thinner and then the off-axis performance of the flatter form is restored to that of a steeper spherical design by aspherising the surface, as a result of which the final lens form is thinner still.
So far, only normal index materials have been considered.  When an aspheric design is made in a higher refractive index material there is a further advantage to be gained. Strictly, to obtain the same off-axis performance, higher index lenses need to be made more steeply curved than normal index lenses.  When shallow surface powers are used for these higher index lens forms, even greater asphericity must be employed to restore the off-axis performance.  Aspheric designs therefore become even thinner and lighter than the equivalent lower-index designs.

With high-index aspheric designs it becomes possible to stock large diameter uncuts for moderate plus powers, knowing that when they are edged down to smaller sizes there will not be the rapid increase in edge thickness associated with more steeply curved best form lenses which employ spherical surfaces.  So far only plus lenses have been considered but the same principle applies equally to minus lenses.  Flattening the traditional curved form negative spherical lens makes the edge thickness less and aspherising to restore the off-axis performance reduces the edge thickness even further.

Astigmatic prescriptions

Conicoidal and polynomial surfaces are rotationally symmetrical surfaces of revolution (they have the same degree of asphericity along all meridians) and can be used successfully for spherical prescriptions.  For example a +2.00 D lens made with a +5.00 D front curve would be point-focal in form if the convex surface is a hyperboloid with a p-value of -0.1.  The p-value of the aspherical surface would be the same (-0.1) along all meridians.  When the prescription contains a cylinder the p-value of a symmetrical hyperboloidal surface would only be correct for one principal meridian of the lens. In the other meridian, the asphericity of the surface must be increased so that it is appropriate for this meridian of the lens.  We are now using an aspherical surface that has two p-values at right angles to each other.  Carl Zeiss employed a surface of this type for their original Hypal design (1986).  This more complicated aspherical surface is not a rotationally symmetrical surface of revolution, but like a toroidal surface has a different shape along its two principal meridians. The geometry evolves from a minimum p-value along one meridian to a maximum p-value along the other.  The surface employed on the original Zeiss Hypal lens was not strictly “atoroidal” as the surface did not incorporate the cylindrical correction which was worked, as usual, on the concave surface of the lens.  When the toroidal surface itself is aspherised, it will have both different powers and different asphericity along each principal meridian.   This type of surface is now employed on the Zeiss Hypal single vision design and on their Gradal progressive power lenses.  Pentax are also producing lenses with concave atoroidal surfaces.

The surface may also incorporate a progressive increase in power between the top and bottom of the lens (Seiko & Rodenstock) so that they incorporate the cylinder power, the aspheric correction and the progressive addition at the same time!

Minus Aspheric Lenses

In the minus range, the reason for developing aspheric lenses is again to save on thickness, this time on edge thickness.  Minus lenses can be made point focal with spherical surfaces to -20.00 D power and more, depending on the refractive index.  If one surface is made aspherical, savings can be made on the edge thickness whilst maintaining the point focal performance.  The present generation of minus aspherics use an oblate ellipsoidal front surface so that a toroidal surface can be generated on the back surface in astigmatic cases.  This limits the range of minus powers for which thinning can be achieved, because once the front surface becomes flat, or nearly so, little further advantage is obtained in reducing edge thickness.  Further reduction in edge thickness could be achieved by using a hyperboloidal back surface aspheric design, proposed and patented by Jalie, but this would involve an expensive atoroidal back surface for astigmatic cases.  If and when, a manufacturer puts this into production, then we shall have the thinnest lenses available, whilst maintaining best form performance.  It is interesting to note that aspheric lenses for the correction of myopia (from Seiko) are now available that are bi-aspheric in form.

It has to be said that If the patient’s priority is a reduction in edge thickness, then it is probably better to consider choosing a higher refractive index material rather that an aspheric.

The centration of aspheric lenses

Aspheric lenses must be correctly centred both vertically and horizontally and must not be decentred to obtain prism.

Manufacturers of aspheric lenses have always insisted that this type of lens should be accurately centred vertically as well as horizontally.  The optical centre should be correctly placed to agree with the pantoscopic tilt, or vice versa, and horizontal decentration should take account of any difference in the monocular PDs.  For distance vision, horizontal centration is achieved by centring each lens on the centration point determined by the monocular PD.  Vertical centration requires the optical centre to be decentred 1 mm for every 2( of pantoscopic tilt.  If the frame is fitted with a 10( tilt towards the face at the lower rim, then the optical centre must placed 5 mm below the pupil centre with the eye in the primary position.

The centring rules for distance and near single vision aspheric lenses:

The horizontal centration point is determined by the monocular distance or near centration distances for each lens.

The vertical centration depends on the pantoscopic tilt required for the fitting.

Table 3.  Illustration of vertical centration/decentration errors for a +6.00 DS lens with a 30( ocular rotation.

	
	Aspheric
	Spheric

	
	MOP
	OAE
	MOP
	OAE

	Normal
	+0.03
	+0.28
	-0.01
	+0.34

	+ 10( tilt
	-0.07
	+0.59
	+0.20
	+0.83

	- 10( tilt
	-0.15
	-0.01
	-0.07
	+0.12

	+ 5 mm dec
	-0.99
	-1.19
	-0.12
	+0.26

	- 5 mm dec
	+0.52
	+0.86
	+0.25
	+0.58


Aspherics for near vision:

Decentre for near to match the monocular near centration distance

The vertical centration depends on the pantoscopic tilt required for the fitting

The centring rules for bifocal aspheric lenses:

The horizontal centration point is determined by the monocular PD for each lens.

The segment top position is determined and the position of the vertex of the aspherical surface is then noted with respect to the pupil centre with the eye in the primary position.  For every 1 mm that the vertex of the aspherical surface is below the pupil centre, apply 2( of pantoscopic tilt.

The Rodenstock Cosmolit 28 mm curved top bifocal has the vertex of the aspherical surface 3 mm above the segment top.  Assuming the segment top is fitted at the lower limbus, this places the vertex of the aspherical surface about 2.5 mm below the pupil centre.  Hence the tilt should be 5(.  For each half-millimetre lower, increase the tilt by 1(.

Prescribed Prism and Aspheric Lenses

If we were to decentre aspheric lenses to obtain prescribed prism, the vertex of the aspherical surface would no longer occupy the position assumed when designing the lens.  During design the optical axis of the lens is assumed to pass through the eyes centre of rotation hence the need for accurate vertical and horizontal centration as described above.

If we were to decentre the lens for prismatic effect, the vertex of the aspherical surface would no longer occupy the position assumed by the designer.  Decentring an aspheric lens to give prescribed prism will adversely effect the oblique performance of the lens.  The rule is therefore work the prism!

Frame Description and Spectacle Frame Materials

Introduction

The description of a spectacle frame(s) may form part of the oral section of the College of Optometrists PQE in Dispensing.  The candidate may be required to discuss with the examiner types of frames and materials.  The candidate may be expected to describe fully one or more frames, and to answer questions about various aspects of the frame including its manufacture, material properties, adjustment and effects of heat etc.  You must have a sound knowledge of material identification and properties, methods of manufacture, assembly, adjustment and the limitations of the material.

The candidate is advised to adopt a logical method for describing a frame.  A suggested method/routine is as follows:

Colour and overall size

Material (Include front, sides, pads, ear tips and any trim)

Type of bridge

Type of sides

Type and position of joints

Joint attachment

Significance of any markings on frame

Questions asked by examiners may include:

Properties of frame materials

Methods of material identification and tests

Frame styles

Glazing methods

Effect of heat on a material

BS, EN, ISO standards relating to frame styles, shape and measurements

During the oral examination the examiner may:

Test the candidate's knowledge of spectacle frame construction and materials.

Assess the candidate's knowledge of the properties of materials and their adjustment.

Frame Materials

Candidates should show a good working knowledge of the following frame materials:

Cellulose acetate


Cellulose nitrate

Cellulose propionate


Perspex (acrylic)

Real shell



Optyl

Nylon




Gold filled (rolled gold)

Pure gold



Metals for plating metal frames

Base metals



Carbon fibre and other composite materials

Titanium



Co-polyamides (SPX)

Nickel silver



Alloys - beryllium and monel

LCM




Shape memory alloys

Frame Description

Candidates are advised to practise the following routine described on page 1.  In addition, candidates should consider the following:

General type

Be very general in your overall description of a frame.  For example, “gent’s two-tone full rim plastics frame” or “ladies full-rim lightweight metal frame”.

Materials

Be exact here.  If you cannot say what it is at least say what it isn’t!  Include front, sides, nose pads, end tips and any trim.

Colour

Again, be exact.  Include the front, sides nose pads, end tips and any trim.  Be prepared to explain how any colour has been applied.  Describe what you see!

Bridge Type

Be specific and use the correct terminology.  For example, regular, fixed pads, pads on arms, "w", and keyhole.

Lens Shape

If you can, be exact and again use the correct terminology (quadra, aviator, pilot, upswept etc.)  If not, just describe what you see.

Type of Joints

If applicable, state specific design of joint for example, 180° opening.  Include the number of charniers (front and side or lug if a metal frame), and if plastics, butt or mitre. 

Joint Attachment

Include front and sides.  Examples - visible and invisible pinning, soldering, heat insertion, screw fixing.

Sides

Be exact.  Examples of the words to use here include “reinforced”, “tapering”, “drop end”, “straight”, “curl” etc.

Significance of Any Markings on the Frame:

This may include eye-size, DBL, total length of side, manufacturer, model/name/logo, colour code and possible clues for the identification of material such as CP and 20/000.

Spectacle Frames – Some General Points

Spectacle frames have often been considered as the “minor” and “less important” element of the dispensing process – the “poor relation” of the lenses.  Indeed, most research and scientific effort appears to be directed towards ophthalmic lenses.  We all know that all the frame has to do is hold the lenses in place!  Those of us in practice also know that a considerable proportion of the problems encountered are due to the frame rather than the lenses.  In addition, a non-tolerance to a pair of lenses can be the direct result of a frame problem.  Most of the problems that arise in practice are fitting problems, but skin reactions are common.  It is interesting to note that the prevalence of skin reactions is higher than that of primary open angle glaucoma.  Knowledge of common frame materials is important.  Such knowledge not only reduces frame-related problems in practice; it greatly enhances our professional reputation with our patients.

Frame materials must meet certain criteria to enable them to be used successfully in the manufacture of spectacle frames.  The “idea” properties of a spectacle frame material are:

Ease of production

Lightweight and strong

Non-flammable

Easily glazed and adjusted

Good lens and shape retention

Flexible

Inert to external agents and body fluids

Cosmetically acceptable

In very general terms, spectacle frames can be manufactured from plastics or metal materials.  The choice between plastic and metal is often a personal one although up to 10% of patients are allergic to nickel or other metals found just under the surface of most metal frames.  Patients often comment that plastic frames feel more “solid” although plastic frames do tend to break rather than bend when abused.

Plastics materials

There are a limited number of synthetic plastics materials that are suitable for frame manufacture.  Such materials include:

Cellulose

Acrylics

Nylons

Epoxy resins

Synthetic plastics can be divided into two main groups:

Thermosetting

Thermoplastics

Materials classified as thermosetting undergo an irreversible change when polymerisation takes place, which causes the material to loose its plastic qualities.      Thermosetting materials will not soften when reheated, but will burn, melt or break up.  Thermosetting materials are therefore unsuitable for use in spectacle frame manufacture.

Thermoplastic materials soften and can be moulded when heated.  After setting, they can be heated and made plastics again without any damage to the material.  Materials used for the manufacture of spectacle frames are therefore generally thermoplastic.  In addition to these two basic terms, some materials such as the epoxy resins (Optyl) are said to be “thermoelastic”.  Other plastics materials used in frame manufacture include nylons, composite materials and silicon.

Plastics frames can be produced by injection moulding or casting, pressing or machining (routing).  Joint attachment is usually by soldering to reinforcement, heat insertion, pinning or moulding the frame material around the joint.  Although plastics frame materials are usually described by the plastic’s name, it is important to note that other agents are usually added.  These “ingredients” may include plasticisers, UV inhibitors, mould release agents, adhesives and dyes.

Plastic frame materials

Cellulose acetate

a long standing “compromise” material

light, strong, stable, easily worked

relatively inert although it tends to whiten

attacked by common solvents (acetone)

cut from sheets

acetate frames are produced by routing and injection/vacuum moulding

Cellulose propionate

similar to acetate but more flexible and with a lower density (therefore lighter)

manufactured by injection moulding

colours by dying, lacquering & printing

strong, good elasticity, resistance to ageing

excessive heat caused shrinkage so may need different glazing allowances

Epoxy resins

thermosetting material requiring no plasticiser

manufactured using compression moulding, coloured by dying and lacquered

lightweight, resistant to burning, cannot be shrunk

LCM sides

Hypoallergenic?

Polyamides (nylons)

mainly used for children’s frames, safety eyewear, sunglasses, temporary aphakic spectacles

injection moulded

strong, soft, flexible

poor adjustment properties

resistant to most common solvents

shrinkage is a problem (cold glaze)

Co-polyamides

mixtures of different polyamides or co-polymers with other plastics materials (SPX is a trade-name of Silhouette and not a material in its own right)

injection moulded, lightweight, strong, abrasion and solvent resistant, dermatologically inert

excessive heat causes shrinkage

susceptible to temperature shock

Polycarbonate

best known as a lens material

uncommon in frames other than safety and sports eyewear

soft, virtually unbreakable

difficult to adjust and fit

usually one-piece

has non-reinforced sides

Silicone rubber

soft and flexible

used for bridges, side-tips, rim-liners etc.

elastic from -50°C to 200°C

when used for nose pads, centre of pad is acetate

high oxygen permeability

Rarely used and banned materials

cellulose nitrate

cellulose acetate butyrate (CAB)

PMMA (Perspex, acrylic)

Typical adjustment temperatures

Polycarbonate


120°C

Cellulose acetate

57°C

Cellulose propionate

67°C

Epoxy resin (Optyl)

80-120°C

Co-polyamides

<80°C

Composite materials

These consist of two distinct elements; usually very fine strong fibres set in a plastics material.  Composite materials are undoubtedly strong but the strength of the material is dependent on the orientation of the fibres.  The ideal fibre arrangement has never been disclosed or may not be known.  Some of the claims made regarding the performance of composite materials can be described as “extravagant” and there is little evidence in the literature to support such claims.  The most common most common and well-known composite material for spectacle frame manufacture is carbon fibre.  Other seldom-used composite materials are fibreglass and Kevlar.

Carbon-fibre

fibres are set in nylon

80% nylon and 20% carbon fibre

strong and lightweight

colour by coating and lacquering

lenses often retained by a glazing screw

if sprung in, glazing must be accurate

Metals

There are a limited number of alloys that can be used for the manufacture of metal spectacle frames.  However, small changes in composition and manufacturing methods can affect the performance of the finished product.  It should be noted that many metals, particularly nickel, are toxic.  Metal frames usually consist of:

base metals - the structural metal of the frame

plating - usually several layers

lacquer coating

plastic side tips and nose pads, usually cellulose acetate or silicon

Nickel and copper-nickel alloys

commonly used in spectacle frames

the best known alloys are nickel-silver and Monel

pure (or nearly pure) nickel is rarely used as allergies to nickel and its alloys are common

Nickel silver

contains no silver!

12-25% nickel, mostly copper, zinc and manganese

copper provides flexibility and nickel provides corrosion resistance

commonly used for joints and side reinforcement

Monel

usually 29% copper, 68% nickel, plus iron and manganese

higher nickel content increases resistance to corrosion

dull white appearance

marketed as hypoallergenic!?! 

Titanium

the ideal material?

light, strong, inert

relatively hypoallergenic

flexible

resistant to corrosion and abrasion

production processes are unique to this material hence expensive

coloured by cladding or ion plating 

can cause allergies if not “pure”

“pure titanium” usually excludes screws, side-tips, nose pads

“pure” is taken to mean 98%

beta-titanium is around 80% pure and is more elastic and harder than pure titanium 

Beta-titanium

used for the majority of titanium frames

e.g 73% titanium, 22% vanadium, 4% aluminium, 1% trace elements

strength, flexibility, thinness, lightness

more hypoallergenic than other alloys

Aluminium

lightweight and soft

stain and tarnish resistant

strong and rigid therefore adjustments are difficult

usually anodised, plated or coated

pure aluminium is hypoallergenic

cannot be solder or brazed

Bronze

contains at least 60% copper plus tin, zinc and lead

yellow or brown in colour

reasonable corrosion resistance

used as a base metal for rolled gold materials

Beryllium copper

shiny, silver-white finish

very strong

mainly copper with 1.75% beryllium and 0.2% cobalt

flexible and malleable

suitable for very thin sides or small complicated parts

Shape memory alloys

group of unrelated alloys that can return to their original shape after distortion

can snap if repeated flexed through sharp angles

mainly used for temples and bridges with conventional materials used for other parts

best known memory metal is         nickel-titanium (copper, aluminium, zinc, titanium)

has a “super-elastic” effect

eight times more spring than spring steel

fatigue resistant

Plating of metal frames

Plating is used to improve the cosmetic appearance of the metal used and to reduce corrosion.  The most common plating method used is electrolytic plating.  Other methods of plating include mechanical plating (gold filled or rolled gold) and chemical plating (gold washing).

Gold filled (rolled gold)

skin of caret gold onto a core of base metal

quality stamped as a fraction or parts per thousand

good resistance to corrosion

maintains appearance

may cause a dermatological reaction if  in constant contact with the skin

Ruthenium

member of the platinum family

expensive

abrasion and corrosion resistant

varies from blue-white to silvery grey

often used to provide a gun-metal colour effect

Rhodium

member of the platinum family

highly reflective after polishing

used for the mechanical plating of base metals

rhodium coated frame must be protected against corrosion with an intermediate layer

Chromium

a hard silvery metal which is quite reactive

Nickel, silver and copper

these are rarely used as a surface plating but are often used as an intermediate layer to improve adherence and elasticity

Lacquering of frames

Most metal and some plastic frames are covered in an organic material to improve surface corrosion or for cosmetic effect.  Lacquers can be applied as a liquid or in the case of a metal frame, a powder.  Coating polymers used include PMMA, polyurethane and epoxy resins.

Spectacle Frame Materials – Additional Notes

Cellulose Acetate

This is still a widely used plastics material in spectacle frame manufacture.  Acetate is made from cotton linters and acetic acid.  The material also contains a plasticiser.  Acetate can be made in block form and then sliced into sheets from which the frame components are manufactured by the process of cutting, routing and polishing.  The sheet thickness varies between 1mm & 15mm.  Acetate transfer moulding, injection moulding and extrusion moulding can also be used to produce acetate frames.  Colours are produced by dye moulding using water based dyes, laminations and inlaying.  A process known as barrelling is used to polish the material.  The sides of the frames are almost invariably reinforced and most modern frames are fitted with pinless pillar type joints.  One drawback of this material is that a number of people show some signs of allergic reaction to cellulose and the surface of the material is subject to attack from skin acids in perspiration.  The acid in the perspiration causes the material to discolour (especially at the bridge).  Adjustments and glazing involves heating the frames to its reshape temperature of 57(C.  Care should be taken not to leave the frames immobile in excessive heat, as this will cause the material to bubble and blister.  The low adjustment temperature and lack of elastic “memory” means that frames are dimensionally unstable particularly when unglazed.  This material discolours with age.  The material absorbs moisture more readily than cellulose nitrate, but it is non-flammable.  Most modern acetate frames are finished with a hard, high gloss polyurethane or acrylic lacquer to improve the scratch resistance and the appearance.

Cellulose Propionate

Cellulose propionate is made from cellulose flake treated with propionic acid, plasticiser and stabiliser.  Cellulose propionate is manufactured by injection moulding and is dyed and lacquered after moulding. In comparison with acetate it has greater strength, higher temperature resistance, greater elasticity and greater resistance to ageing.  Propionate frames are lighter in weight than acetate frames of the same volume (5-6% lighter) and because of the increased strength of the material, further reduction in weight can be achieved by using thinner materials.  The reshape temperature of propionate is 67(C.  Excessive heat will cause shrinkage.  Propionate frames, like acetate frames have reinforced sides.  The material has more flexure than acetate, doesn’t discolour and is relatively hypoallergenic.  It also shows more resistance to ageing.

Cellulose Nitrate

Cellulose nitrate is now prohibited as a frame material in the UK due to the fact that it's softening temperature (ó5(C) and ignition temperature (70(C) degree centigrade) are very close to each other.  It is produced from cotton linters, nitric acid and sulphuric acid.  The solid blocks are cut into sheets of suitable thickness and the components are manufactured by cutting & routing.  The material takes a brilliant polish and retains its shape and stability even in tropical and humid conditions.  It yellows with age and becomes very brittle.  Joints and reinforcements often turn green with age (a clue to identification).  When warmed or filed the material smells of camphor (mothballs).

Optyl

Optyl is an epoxy resin, and frames manufactured from it are done so using a compression moulding process.  The material is dyed and lacquered.  This is the only material designed specifically for spectacle frames.  The material is extremely lightweight and is also claimed to be hypoallergenic but its most unique feature is its "memory”.  If the material is heated (80 to 120(C) it becomes soft and flexible and can be adjusted as needed.  Once cooled the shape is retained in the “memory”, but if the frame is now heated to its memory temperature of 80 degrees centigrade it returns to its original form automatically.  Frames made from the Optyl material are easily recognised by the Optyl name and/or the Optyl mark printed on the side of the frame near the joint.   Even if this is not present the material can still easily recognised by the fact that the sides of the frame have no reinforcement, only a short joint insertion.  Occasionally you may come across a frame marked with both the Optyl mark and the letters LCM which, stands for Light Coated Metal.  This unique production method enables thin, light Optyl sides to be stable due to a metal core.  A great advantage of the LCM side is that it can be adjusted cold.  Optyl is more scratch resistant than acrylic, resistant to burning, maintains its shape well when cold but is relatively brittle when cold.  Optyl cannot be shrunk by heating.

Nylon

Nylon is usually limited to sunglasses and safety eyewear.  Nylon frames are manufactured by injection moulding and may be dyed at this stage or painted after moulding.  Lacquering provides a surface gloss.  The material is lighter in weight than cellulose and is very strong.  Sides can be reinforced but often lightweight metal sides are used with acetate end tips.  Pure nylon is not a very good material for frame manufacture since only solid colours are available and the surface finish is very poor.  Carbon fibre reinforced nylon derivatives improve the surface finish and rigidity.  Adjustments should be undertaken using gentle heat only as these materials would shrink dramatically under intense heat.  The material has a high resistance to breakage but also due to its high degree of “plastic memory” it has poor adjustment properties.

SPX

This is a super-polyamide (a polyamide is a nylon material).  SPX (the brand TR55LXis exclusive to the frame manufacturer Silhouette.  It is manufactured by injection moulding and is coloured by dyeing the base material and painted or printed before being lacquered.  This material is lightweight and extremely flexible.  Its shape temperature is 95-100(C but care must be taken, as at 110(C the frame will shrink!  The material has high impact resistance and is twice as resistant to abrasion as acetate or propionate.  It is dermatologically inert.  It can be lacquered to produce a high polish, has reinforced sides and injection moulded joints.

Tortoiseshell

This material is made from the shell of the Hawksbill Turtle (which is now a protected species). If you are ever asked to adjust one of these frames this must be done in humid heat (in a jet of steam from a kettle).  It is highly unlikely that you will see frames made from real shell in practice.  The material bonds to itself under heat and pressure and by this process two or more plates can be built up into a thicker slab of material.   By the same technique (splicing) a frame can be repaired.  It is identifiable by mottling and greenish patches.  The material can take a very high polish and usually has metal-to-metal joints.  A shell side has no reinforcement.  Shell is only obtainable from managed sources.

Perspex (Acrylic)

Perspex is a polymethylmethacrylate (PMMA).  Acrylics were popular about 30 years ago mostly as supra style frames.  The material is extremely brittle and adjustment of this material requires care and lots of heat.  It was available in a number of clear and semi-opaque colours but not in mottled effects.  It is possible to produce a mull-tone effect by lamination.  The sides of frames made from this material are not reinforced and remain impervious to skin acids.  The joints are secured by pinning.  The material requires the same amount of heat as cellulose nitrate to adjust but takes longer to soften than the cellulose materials.  This material distorts in excessive heat and has a low impact resistance.

Carbon Fibre

This is a “composite” material.  As mentioned earlier in the section covering nylon, carbon fibre reinforced nylon derivatives are used in frame manufacture.  The durability and elasticity of carbon fibre combined with its lightweight make this material ideal from the viewpoints of lifespan and comfort.  Carbon fibre is a blend of carbon fibres and nylon (or nylon derivatives) usually 80% nylon and 20% carbon fibre.  The material is injection moulded into an extremely fine frame that will not bend or stretch out of alignment as metal can.

It has a high melting point and therefore does not lose its shape at high temperatures as plastics frames sometimes do.  The frames usually have metal sides with acetate end tips.  Early frames had closing blocks on the rims similar to metal frames.  Later frames have full rims, which necessitates cold glazing.  If lenses are sprung in, glazing must be very accurate.

Sofyl

This material is also called Grilamid and is a type of amorphous co-polyamide.

Used by frame manufacture Safllo, this material is used to produce lightweight frames with slimmer profiles (as compared with acetate.)  The material has a very low specific gravity making it lightweight and high tensile strength which enables the frame thickness to be halved as compared to acetate.  The manufacturers claim good flameproof properties and high sweat resistance.  Cold glazing is usually specified on these frames.

Polycarbonate

Mainly used for safety eyewear in the form of one-piece eye protectors and side shield son frames.  This material is very soft but with high impact resistance.  It has no reinforcement wire within the sides.

Rolled Gold (Gold Filled)

This metal is manufactured as a combination of a base metal or alloy core with an outer surface (skin) of carat gold.  This gives the required properties of a material, which is strong and flexible with an attractive surface colour, and finish that will resist corrosion.  The carat gold for the outer surface is chosen for its colour.  The base metal is usually bronze or nickel silver.  The gold skin is not very thick and rarely exceeds one thousandth of an inch.  The material is marked either in parts by weight of fine gold in 1000 parts of material (this is marked as a number enclosed in a circle) or as the fraction of the total weight of the frame which is gold e.g. 1/10th 12ct = 50 parts/1000.  The gold filled block is cold hammered and rolled to a suitable thickness for drawing into frame making wire.  Gold filled wire is supplied to the frame manufacturer already profiled.  Gold filled frames display good resistance to corrosion, maintain a reasonable appearance with age but may cause a dermatological reaction if in constant contact with skin.

Plating of metal frames

Plating is used to improve the cosmetic appearance of a frame and to reduce corrosion.  Electrolytic plating is the most common plating method.  Gold filled (rolled gold) is and example of mechanical plating.  Chemical plating uses a process known as gold washing.  Materials used in the plating of metal frames will now be discussed.

Gold Plate

A layer of gold is electrolytically deposited on the surface of a base metal frame.

This is cheaper than gold filled.  The frame material is often finished with a protective outer layer.  The base metal used is usually monel/nickel and copper alloy.  Following the welding process the frame receives 6 different galvanic plating & coatings.

nickel

24 carat gold

palladium/nickel

24 carat gold

22 carat gold

varnish/lacquer

Ruthenium

Member of the platinum family

Expensive

Abrasion and corrosion resistant

Varies from blue-white to silvery grey

Often used to provide a gun-metal colour effect

Plating of metal frames

Rhodium

Member of the platinum family

Highly reflective after polishing

Used for the mechanical plating of base metals

Rhodium coated frame must be protected against corrosion with an intermediate layer

Chromium

A hard silvery metal which is quite reactive

Nickel, silver and copper

These are rarely used as a surface plating but are often used as an intermediate layer to improve adherence and elasticity

Monel

This is an alloy (29% copper, 68% nickel, 1.25% iron, 1.25% manganese) which is frequently used as a base metal.  Nickel provides corrosion resistance, copper gives flexibility and manganese gives resistance to tarnish.

Titanium

There are 3 different types of titanium frames on the market:

Pure titanium frames.

Clad titanium frames - the pure titanium base metal of the frame is overlaid with another metal.  At present, nickel-chromium is the metal most commonly used.  The overlaying process itself is almost identical to that used in rolled gold.

Partial titanium – (beta titanium) some parts of the frame are made from pure or clad titanium and the remaining parts are made from other metals.

Pure titanium is 40-48% lighter than ordinary metal frames.  Clad titanium is 25-37% lighter than ordinary metal frames.  The specific gravity of titanium is 4.5g/cm3, which is 50% that of nickel silver.  Titanium frames are resistant to corrosion and perspiration, the material is extremely strong and is hypoallergenic.  The material is very flexible with an elasticity factor 20% higher than nickel silver and also has a high degree of abrasion resistance of 3 times that of rolled gold and 10 times that of gold plate.  Production costs are high due to the specialised methods for welding, buffing and machining which must be carried out in an atmosphere, which contains no oxygen or nitrogen.  Plating of the material must be by ion plating as standard plating results in peeling.  There is however a specialised process of electroplating whereby all the oxidation is removed from the pure titanium and plating takes place immediately.

Titanium - the ideal material?

Light, strong, inert

Relatively hypoallergenic

Flexible

Resistant to corrosion and abrasion

Production processes are unique to this material hence expensive

Coloured by cladding or ion plating

Can cause allergies it not “pure”

“Pure titanium” usually excludes screws, side-tips, nose pads

“Pure” is taken to mean 98%

Beta-titanium is around 80% pure and is more elastic and harder than pure titanium 

Beta-titanium is used for the majority of titanium frames.  It consists of 73% titanium, 22% vanadium, 4% aluminium and 1% trace elements.  It displays strength, flexibility, thinness, and lightness and is more hypoallergenic than other alloys.

Nickel Silver

This was formerly known as German silver.  It is cheaper than rolled gold but just as serviceable.  It has a “white” appearance due to the bleaching effects of the nickel and zinc.  Nickel silver was considered the “high class” alternative to steel frames.  It contains no sterling silver making its name rather misleading.  It is actually composed of 60% copper, 20% nickel plus some zinc and other metals.  It is generally electroplated with pure nickel after manufacture.  The material is fairly resistant to corrosion (contains manganese for corrosion resistance).  It is tough and springy which makes it excellent for temples and bridges.

Aluminium

This is a lightweight metal, which is stain and tarnish resistant.  It can be anodised to produce a range of colours.  However, it cannot be brazed or soldered and must be riveted.  Rigidity makes glazing and adjustment difficult.  The material is cold to the touch and therefore the sides have plastic end tips.  Pure aluminium is hypoallergenic.

Stainless Steel

Stainless steel is not as heavy as conventional steel although it can be very rigid but has more flexibility than conventional steel.  It does not rust and is often used as brow bars of rimless mounts.

Bronze

Bronze contains at least 60% copper plus tin, zinc and lead.  It has a yellow or brown colour, displays reasonable corrosion resistance and is used as a base metal for rolled gold frames.

Beryllium Copper

Shiny, silver-white finish

Very strong

Mainly copper with 1.75% beryllium and 0.2% cobalt

Flexible and malleable

Suitable for very thin sides or small complicated parts 

Shape Memory Alloys

This is a group of unrelated alloys that can return to their original shape after distortion although they can snap if repeated flexed through sharp angles.  Such materials are mainly used for temples and bridges with conventional materials used for other parts. The best-known memory metal is nickel-titanium (copper, aluminium, zinc, and titanium).  It has a “super-elastic” effect, is eight times more spring than spring steel nd is fatigue resistant.

Lacquering of frames

Most metal and some plastic frames are covered in an organic material to improve surface corrosion or for cosmetic effect.  Lacquers can be applied as a liquid or as a powder.  Coating polymers include PMMA, polyurethane and epoxy resins.

Lens Description

The description of a spectacle lens(s) may form part of the oral section of the College of Optometrists PQE in Dispensing.  The candidate may be expected to describe fully one or more lenses and to answer questions about various aspects of the lens including its properties and use.  As examiners often use their own “props” the range of lenses that you may be presented with is potentially vast!  You must develop a sound knowledge of:

1. Spectacle lens description

2. Material identification and properties

3. Methods of lens manufacture

4. Lens availability and use

The candidate is advised to adopt a logical method for describing a spectacle lens.  A suggested method/routine is as follows:

1. Material

2. Specific lens type

3. Form

4. Colour, including surface coatings

5. Full or reduced aperture

6. Shape and boxed lens size

7. Glazing method used

8. Any addition special features

Material

Don’t forget to state the lens material.  Candidates have been known to describe in detail and at great length an obscure lenticular and not actually tell the examiner what it is made from!  Don’t forget to include the obvious.  Examiners will expect candidates to differentiate glass from plastics.  You should also be able to tell, for both glass and plastics, if a lens is made from a “higher” refractive index material.

Specific lens type

Examples include:

1. Single vision

2. Bifocal

3. Trifocal

4. Progressive Power Lens

If the lens is a bifocal/trifocal a full and exact description of the segment must be given to include:

1. Segment shape

2. Segment type (fused, solid, cemented, split, visible etc.)

3. Segment diameter/size

4. Segment top position or segment height

5. Any special features for example, an upcurve segment or prism within the segment

As an example, a statement such as "CR39 R38" is not good enough!  Plastics, solid invisible downcurve bifocal, 38 mm diameter, toric form" etc. is much more acceptable.

Under the heading of “specific lens type”, you should also describe in general terms the lens power (spherical, positive, negative and astigmatic).  You can do this by simply looking through the lens.  You are not required to use a focimeter.

Form

In order to identify and describe the form of a lens you must use a lens measure.  Be careful not to scratch the lens!  As far as lens form is concerned, the options are:

1. Meniscus

2. Flat (remember that this term covers any lens form that is not curved)

3. Toric (plus base and minus base)

4. Aspheric

As part of a general discussion, you may be asked questions on the significance of lens form and the implications of changing the form of a lens.

Colour including surface coatings

If a lens is tinted, describe the following:

1. The exact type of tint (solid, coated, laminated)

2. The colour and approximate transmission (or absorption)

3. A reason why the tint in question may be used

A lens without a tint should be described as “white”.  You are also expected to identify anti-reflection coatings.

Full or reduced aperture

Most lenses are “full aperture”.  A lenticular is an example of a “reduced aperture” lens.  If the lens presented is a lenticular, you must give a full description of the aperture and the margin including aperture shape and size and the “power” of the margin.

Shape and boxed lens size

Again, don’t forget the obvious (and the easy)!  Get you ruler out and measure the lens.  The boxed lens size (horizontal followed by vertical) should be given.  The shape of the lens should also be described.  If appropriate, used the recognised terminology (quadra, upswept, aviator, round, oval etc.)  If not, just describe what you see!

Glazing method used

The lens presented may be in uncut or glazed form.  If it is glazed you should state the glazing method that has been used.  These include:

1. Bevel and mini-bevel

2. Flat edge

3. Supra grove

4. Rimless (remember, there are many ways of mounting a rimless lens)

Any additional special features

Examples include:

Prism (main lens and segment)

Bi-prism lens

Minimum substance surfacing

Safety lens

Occluder

Summary

Between now and the exam, try to expose yourself to as many different lens types as possible.  If you are not sure about manufacturing and/or glazing techniques, speak to a laboratory or better still, give them a visit.  During the oral examination, try to give the examiner detailed but concise answers.  Please don’t forget to mention the obvious.

It is important that you practice lens description with your supervisor/dispensing optician.

Occupational Dispensing

Introduction

What exactly is occupational dispensing?  Well, occupational dispensing can test the abilities of the practitioner to the full, requires a thorough working knowledge of the law relating to health and safety at work and requires the ability to analyse the various elements of an occupation.  So-called occupational lenses are those that are usually aimed at presbyopic patients who require dedicated spectacles to perform certain functions either at the workplace, at home or for a specific hobby or recreational activity.  However, any lens can be termed an “occupational lens” if it enables the wearer to perform a specific task safely, comfortably and without disadvantaging the wearer in anyway.  Occupational dispensing may also require lateral thinking, the use of unusual lenses and the use of lenses in unconventional ways.  It will certainly require a detailed task analysis to ascertain the expectations of the wearer, the sizes and positions of the tasks involved and whether or not the task objects are stationary or moving.  Information regarding the working environment will also be required.

In order to appreciate the implications of occupational dispensing for the presbyope it is necessary to fully understand presbyopia and the visual problems/limitations of the presbyope.  Good occupational dispensing therefore requires the practitioner to:

Understand exactly what presbyopia is.

Understand the visual problems of the presbyope.

Understand the limitations of a reading addition.

Understand the importance of task analysis.

In order to fully comprehend the problems of the presbyope most of you (unlike me) have a major disadvantage.  Put simply, you are not yet presbyopic!  There is nothing like  first-hand experience as a tool for resolving problems.  In addition to the careful understanding of the problem there are two more equally important tools for problem solving and prevention and indeed, all areas of customer relations.  What are these I hear you asking.  Well, they are your mouth and your ears!

So what is presbyopia?  Presbyopia is the result of the growth of certain cells which leads to changes in the geometry and therefore the power of the crystalline lens (Pierscionek, 1995).  We often talk about presbyopia as an age-related event.  However, presbyopia should be considered not purely as a feature of senescence but as the consequence of both continued growth and ageing.  Presbyopia is described as the situation “when the amplitude of accommodation has dropped to such an extent that near vision becomes difficult or uncomfortable”.  It is in fact an age-related irritation and inconvenience, the visual consequence of which will of course depend on the patient’s lifestyle, occupation, hobbies and interests.  It is important to remember that presbyopia is related to near, and not so near vision.

Visual task analysis

The starting point of a good occupational dispensing is a visual task analysis.  Visual task analysis is the term used to describe a study or scrutiny of the visual tasks or factors involved in a particular occupation.  The analysis of the visual factors required for a particular task can often be a vital element in the provision of visual comfort, efficiency and safety at the workplace.  Following a visual task analysis, the practitioner should possess a comprehensive knowledge and appreciation of the visual demands made by both the workplace task and the environmental conditions under which the task is to be carried out.  These visual demands can then be related to the visual ability of the subject to determine whether he/she is performing as well as possible.  Appropriate advice can be given on ways of making the task more visible and/or comfortable.  This advice could relate to lighting, posture or the prescribing of spectacles and/or magnifying devices.  Ideally, any analysis should be carried out at the place of work and should include an assessment of:

The viewing distance(s) and size(s) of the critical detail of the task.

Colour discrimination.

Depth perception.

Field of vision.

Movement of the task object.

Eye movements and direction of gaze.

The contrast and illumination of the task.

In addition to an appropriate optometric evaluation, correct occupational dispensing should always include an ergonomic evaluation of the workstation environment to include the position of the task and the worker, body, head and eye posture and an evaluation and adjustment of the workstation lighting conditions.  From a legal standpoint, a careful evaluation of the risk of ocular hazards and the need eye protection must always be carried out.

Lens options

The various lens options for presbyopic dispensing are well known but are included here for completeness:

Single vision:

one pair, two pairs, three pairs?

Bifocals:

will one pair satisfy all of the patient’s visual needs?

Trifocals:

a very underused lens in occupational dispensing

Progressive power lenses:

will one pair satisfy all of the patient’s visual needs?

Field of view

Consideration of the field of view (FOV) is important when a multifocal is dispensed.  The general rules are:

Larger segment = wider the FOV.

Longer viewing distance = wider FOV.

More positive NV = smaller FOV.

Longer vertex distance = smaller FOV.

Lenses for occupational use

Single vision

Addition prescribed for a specific working distance (VDU).

High addition near vision spectacles for very close working distances (usually combined with base in prism to aid convergence).

Bifocal

Large/high segments (C40 datalit bif).

Small/low segments/highly inset or outset segments.

Upcurve segment.

Vertical E-type segments.

Cemented segments.

Trifocal

C40 datalit trifocal, S1435 D segment, 1128 ED trifocal, double E trifocal, Double D trifocal, Ardis ZFN trifocal.

Upcurve-downcurve segments.

Enhanced reading lenses

Essilor InterView
Sola Access
Zeiss Clarlet Business
Occupational progressive power lenses

Rodenstock Cosmolit Office
Zeiss Gradal RD
AO Technica
Working distances

Consideration of the patient’s required working distances is probably the most important task in occupational dispensing for the presbyope.  Before the onset of presbyopia, the eye exerts an ever-increasing amount of accommodation to view objects that lie closer and closer to the eye.  On reaching presbyopia, a near vision correction is required to assist the eye in focusing upon near objects.  The options for the correction of presbyopia are well known and have been briefly outlined above.  A single vision near correction is the simplest option.  However, a correction of this type will render the patient artificially myopic, as distance vision will be blurred.  This in turn reduces the range of clear vision (ROCV) and as the reading addition increases, this reduction becomes more noticeable.  So what is actually meant by the ROCV?  The ROCV is the distance from the patient’s artificial far point to his/her artificial near point.  The artificial far point tells us how far a patient can see with his/her spectacles (unaccommodated eye) while the artificial near point tells us how close a patient can see with his/her spectacles (fully accommodated eye).  For a reading correction, the position of the artificial far point (Art FP) depends only on the near addition and is given by the simple expression:
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When using the above expression the position of the artificial far point is given in centimetres.  For example, if the Add is +1.00 D, Art FP = 100 cm.  If the Add is +2.00 D the Art FP = 50 cm and so on.  The determination of the position of the artificial near point is rather more complicated and depends on the reading addition, the patient’s amplitude of accommodation and depth of field.  Table 1 shows maximum working distances for various additions and ages.

Table 1.  Maximum working distances.

	Age
	Add
	WD (cm)
	ROCV (cm)

	45
	+1.00
	35
	100 to 25

	50
	+1.50
	35
	67 to 29

	55
	+2.00
	35
	50 to 29

	60
	+2.25
	35
	44 to 31

	70
	+3.00
	30
	33 to 29


An addition that is too strong for the expected/required working distance is a common problem and can produce the following comments from patients:

“I have to hold things much closer that I used to with my old glasses”

“I have to get closer to the computer to see the screen”

You will have come across these and other similar comments before.

In order to improve (increase) the range of clear vision a weaker addition or a more sophisticated lens is required.  Such lenses are known as occupational/vocational presbyopic lenses.  There are about six presbyopic lenses currently on the market for occupational/vocational use.  They all have different characteristics, but are designed to provide enhanced intermediate and near vision compared to a standard single vision lens.  They are very useful for avoiding and solving working distance problems.  They also stop patients buying ready readers at Superdrug!

Occupational/vocational presbyopic lenses

The lenses currently available can be split into three types:

The intermediate/near vision lens (enhanced reading lenses).

The office environment lens that aims to give clear vision from near to 2, 3, 4 or more meters.

The true PPL offering full (but limited) distance vision.

Possible uses for such lenses are artists, musicians, carpenters, plumbers, electricians, cooks, certain retail environments (bookshop) etc. etc. etc.

Enhanced reading lenses

These are aspheric lenses rather than a “true progressive power lens” (PPL).  Manufacturers describe them as “dynamic reading lenses” which “provide comfortable vision over the entire reading range and at intermediate distances”.  Such lenses are suitable for computer workstations and leisure activities, which involve intermediate vision and can be prescribed:

To experienced wearers of reading spectacles to improve medium distance range.

To first time presbyopes.

As a second pair to traditional PPL wearers who require a larger near and intermediate field.

To presbyopes with specific vocational and/or occupational requirements.

The lower area of enhanced reading lenses display a stable reading power, which gradually decreases towards the top of the lens.  This decrease in power or “degression” results in an increased range of clear vision by an extension of the patient’s artificial far point.  Enhanced reading lenses are available from Essilor (Interview), Sola (Access) and Zeiss (Clarlet Business).  All these manufacturers produce lenses in two designs, one for the early presbyope with a low power reduction and one for the older or “experienced” presbyope with a greater power reduction.  Low power reduction designs are ideal for first time wearers of reading spectacles, younger presbyopes and also contact lens wearers.  Lenses with a greater power reduction are more suited to experienced wearers of reading spectacles and can be offered as a vocational lens to wearers of “general purpose” PPLs.

Essilor InterView

Two “degressions”: 0.80 D and 1.30 D.  The power ordered reduces by 0.80 D and      1.30 D respectively.  The aim is to match need with age.  The 0.80 D degression is suitable for early presbyopes and the 1.30 D design for experienced presbyopes.  When using InterView practitioners should order the full near prescription.  The power range available is from is +5.00 DS to -2.00 DS with cylinders to +2.00 D.  The lens is fitted exactly like a bifocal lens with the mounting reference line positioned level with lower limbus.  In addition, monocular near centration distances should be specified.

Other similar products

Sola Access

Type A: 0.75 D reduction from reading addition

Type B: 1.25 D reduction

Fitted exactly like InterView
Zeiss Clarlet business

Business 10 1.00 D reduction

Business 15 1.50 D reduction

Fitted like a distance aspheric

There are three more lenses available which, are described as occupational PPLs.  These are the Zeiss Gradal RD, the Rodenstock Cosmolit Office and the AO Technica. The Gradal RD and Cosmolit Office are lenses specifically designed for indoor/office use as both have a greater range of clear mid-distance vision than enhanced reading lenses.  Both products also have a greater range of availability than enhanced reading lenses but offer no distance vision.  The AO Technica is the original occupational PPL.  It is also the only occupational PPL that has a distance vision zone.  This distance zone is however very small!

The Gradal RD is designed so that distance prescription is increased by +0.50 D, which gives an artificial far point position of up to 4 - 5 meters (guaranteed to at least 3 meters).  The remaining addition is provided in progressive addition form.  The progression zone of the Gradal RD is 11 mm longer (14 to 25 mm) and wider.  The Gradal RD should always be prescribed as a second vocational pair of spectacles for subjects who already wear general purpose progressive power lenses and is not suitable for driving.  When dispensing the Gradal RD, the “fogging effect” of the  +0.50 D added to the distance power should be demonstrated to the patient.  Centration crosses should coincide with the pupil centres both vertically and horizontally (exactly the same as a traditional PPL) and the minimum height of the centration crosses should be 25 mm.

Occupational VDU operators

Both optometrists and dispensing opticians need to be aware of the Health & Safety (Display Screen Equipment) Regulations 1992.  Amongst other things this document states that:

All users of display screen equipment (DSE) are entitled to an eye examination or vision screening, provided by or paid for by the employer.

Employers are required to contribute towards cost of spectacles specifically for VDU use.

The AOP provides guidelines for the visual requirements of a DSE user, which includes the following:

The patient must be able to resolve N6 from 75-33 cm, plus adequate acuity for any task undertaken at a greater distance.

The patient must exhibit well-established monocular or good binocular vision.

Any heterophoria at the required working distance should be corrected (unless compensated).

The patient should have an NPC with in the normal range.

Dain et al (1998) suggested that a small heterophoria might cause more problems than a large deviation.  The hypothesis here is that a patient with a large deviation may be suppressing.

Asthenopia in VDU users is multifactorial and can be due to one or a combination of the following:

Uncorrected refractive error

Uncompensated heterophoria

The position of screen

Accommodation and working distances

Flicker and reflections

Patient posture

For an average VDU the typical screen distance is 50-70 cm.  The top of the monitor should be ideally placed at or just below the primary line of gaze. The eyes will then be depressed by 15-20(.  Patients are often concerned that using a VDU will damage their eyes.  A VDU does not omit UV or IR.  In fact, the transmission of a VDU drops to zero at 380 and 780 nm!

Correct illumination when using a VDU is of course is important as veiling reflections decrease the contrast of the screen characters and can cause visual discomfort.     Down-lighters and natural light from a window are major causes of veiling reflections in VDU screens.  Luminance imbalances between a task object and the surround can also cause visual discomfort.  To provide optimum visual conditions, luminances should be “graded” away from the target.  The theoretical luminance variations should be in the ratio of 10 (target) to 3 (near surround) to1 (far surround).

When giving advice on glare control with VDUs consider the following:

The adjustment of the screen position.

The re-positioning of the glare source.

Fitting blinds on windows.

Fitting luminaires with diffusers.

The long-axis of fluorescent tubes should be perpendicular to the plane of the screen.

DSE users should be supplied with non-reflective screens, matt finish keyboards and light coloured desks.

Eye protection

Advice regarding ocular protection is an important part of a practitioner’s duty of care regardless whether or not the patient is presbyopic!  Eye injuries can affect everyone and the possible of an ocular injury must be investigated during a visual task analysis.

The Health and Safety Executive Personal Protective Equipment (HSE PPE) at work regulations is a powerful piece of legislation and must be understood and respected by practitioners and employers alike.  The regulations state that an employer must ensure that suitable PPE is provided (at no charge) to at risk employees.  Any personal protective equipment (PPE) must:

Be appropriate for risks and conditions.

Address ergonomic requirements.

Fit correctly and be adjusted.

Be effective.

Employers must:

Assess risks to health and safety.

Provide appropriate means of reducing risks to an acceptable level.

Provide training in the use of PPE.

It is interesting to note that a PPE for industrial use should be a last resort and other “safe systems” at work should be considered first.  If a PPE is considered to be necessary, the employer must assess the risks involved for a particular task and select a PPE appropriate for the risks involved.  It is the employer’s responsibility to identify potential hazards and assess the degree of risk assessed.  In addition, the employer must maintain the PPE and ensure that PPE is used correctly.  Spare parts must not be fitted by the practice!  It is the employees’ responsibility to use the PPE provided.  Activities for which industrial and/or domestic eye protection is essential include handling chemicals or irritants, working with power tools, working with molten substances, welding/lasers and working with gas or vapours under pressure.

What exactly is the optometrists/dispensing optician’s role in the supply of PPE?  Well, very simply, the following question has to be answered:

Is appliance suitable for the person and purpose?

If the answer is “yes” then supply the PPL.  If the answer is “no”, decline and advise (with reasons) the patient’s employer/safety officer.

Eye protection does not end with the HSE regulations, as these do not cover domestic, recreational, sporting or similar activities.  The optometrist/dispensing optician has a duty of care and responsibility to advise the patient on the need for appropriate eye protection.  Both the advice given and the patient’s response (especially if negative) should be recorded on the patient’s permanent record.

Summary and concluding points

With the combined increase in the presbyopic population along with the use of computers and the Internet, there is little doubt that “enhanced reading lenses” and “occupational progressive power lenses” should be dispensed more often.  It is possible that the market potential for products of this nature is huge, particularly as second and additional pairs.  Practitioners should remember that traditional progressive power lenses are a compromise.  It is therefore important that the lens dispensed can actually fulfil the patient’s expectations.

People purchase specialist clothing and other articles to enhance their recreational activities so why not spectacles?  Whose fault is this?  Historically, I would have to say that it is the fault of the practitioner and not the patient!  Why are patients reluctant to purchase multiple spectacles?  What messages are we giving them?  Take time to investigate work and leisure activities and be sure to annotate the patient’s record appropriately.

Occupational dispensing calls for:

Precision

Patience

Imagination

An Understanding of the underlying principles

Product knowledge

An appreciation of the significance of appropriate legislation

Further recommended reading

Display Screen Equipment Regulations (1992) HMSO

DOCET (1996) Occupational Optometry Modules 1 - 6

Fuller A (2001) Occupational Dispensing Optician 221 5805

Lighting at Work (1997) HMSO

North R (2001) Work and the eye Second edition Butterworth-Heinemann

Personal Protective Equipment at Work Regulations 1992 HMSO

Stevens P (2000) Occupational Dispensing Part 1 Dispensing Optics March 2000

Stevens P (2000) Occupational Dispensing Part 3 Dispensing Optics May 2000

Stevens P (2000) Occupational Dispensing Part 4 Dispensing Optics June 2000

Ophthalmic Lens Materials

In the last ten years or so, the optical profession has seen a colossal transformation in spectacle lens dispensing and in the vast variety of lenses that are commercially available.  Some of us will remember when there was no need to question the               V-value of an ophthalmic lens material since we really had little or no choice in what we were dispensing.  Today, the practitioner has an immense selection of lenses and materials to choose from.  It is therefore vital that the practitioner is clear about the optical and mechanical properties of the materials available.  Choice consequently means awareness, understanding and responsibility!  As professionals we have a duty to advise our patients of the advantages and disadvantages of products available.  The choice of lens material is often one of the first factors to be considered when dispensing a new prescription.  To do this effectively the practitioner must have a clear understanding of the properties of ophthalmic lens materials and be able to communicate these facts to the patient.  High refractive index materials are of course used with the aim of improving the cosmetic appeal of spectacle lenses, particularly in the correction of myopia.  The optical performance of the lenses must not however be forgotten.  A change in the refractive index does affect the off-axis performance of a lens and in general, lenses of the same form are not interchangeable when the refractive index is varied.  The three main factors that are affected by the choice of lens material are lens thickness, off-axis vision and weight.  When choosing a lens material for a given prescription, the practitioner must consider three well-known physical properties.  These are refractive index, V-value (constringence or Abbe number) and density.

Lens thickness is controlled by the refractive index of the material

Off-axis vision is affected by the V-value of the material

The weight of the lens is affected by the density of the material

Refractive index

Refractive index is a ratio of the velocity of light of a given frequency in air to the velocity of the same frequency in the refracting medium.  It is important to note that the refractive index of a material varies with wavelength.  This is illustrated in Table 1, which shows three refractive indices for the same material.  This is due to the fact that three different wavelengths of light have been used in the measurement of the refractive index.

Table 1.  Variability of refractive index with wavelength for CR 39.

	Wavelength (nm)
	Refractive Index

	486.1
	1.504

	587.6
	1.498

	656.3
	1.496


Two wavelengths are commonly used to measure refractive index.  The helium d-line is used in the UK and the US.  This has a wavelength of 587.56 nm and gives a refractive index of 1.523 for crown glass.  In continental Europe however, refractive index is measured on the mercury e-line, wavelength 546.07 nm.  This wavelength gives a refractive index of 1.525 for crown glass. This can be misleading, as the material appears to have a higher refractive index.  With the wide range of materials available today, it is important to use a consistent system when describing a lens material as “mid” or “high” index, as vague generalisations can be ambiguous.   Table 2 is taken from the British Standards publication, Specification for Complete Spectacles (BS 7394, 1996).

Table 2.  Classification of refractive Indices (BS 7394, 1996)

	Normal Index
	1.48 but < 1.54

	Mid Index
	1.54 but < 1.64

	High Index
	1.64 but < 1.74

	Very High Index
	1.74 and above


The edge thickness of lenses for myopia

Generally speaking, higher refractive index materials are used to produce thinner lenses.  This is particularly common with myopic prescriptions.  A reduction in thickness is achieved by the fact that a lens made using a higher refractive index material requires flatter curves to produce the required power in comparison to a material with a lower refractive index, for example, crown glass or CR 39.  The flatter curves results in a decrease in the sag of the surface and therefore a reduction in lens thickness.  The use of higher refractive index materials means:

Flatter curves can be worked on the lens which leads to

Smaller sags which results in

Thinner lenses

This can be illustrated by considering a plano-concave lens of power -10.00 D, diameter 50 mm and centre thickness 1.5 mm.  The lens is to be made in two refractive indices, 1.523 and 1.701.  Table 3 has the results.

Table 3.  Illustration of curvature, sag and edge thickness reduction for a -10.00 D plano-concave lens made using materials of normal and high refractive indices.  r2 is the radius of curvature of the back (concave) surface, s2 is the sag of the back (concave) surface and te is the edge thickness.  The centre thickness of the lens is 1.5 mm.

	Refractive Index
	r2
	s2
	te

	1.523
	52.3 mm
	6.4 mm
	7.9 mm

	1.701
	70.1 mm
	4.6 mm
	6.1 mm


There are many tables available, which give useful comparisons of edge thicknesses for minus lenses.  Good examples are to be found in Ophthalmic lens Data (now called Ophthalmic Lens Availability) complied by Alan Tunnacliffe.  Alternatively, if your practice has computer and the appropriate software, you can produce your own in about 15 minutes!

A very useful “spin-off” from refractive index is a value known as Relative Curvature, (or Curve Variation Factor).  The relative curvature of a material is given by                         (1.523 - 1) / (nmat - 1) where nmat is the refractive index of an alternative (a higher) refractive index, and 1.523 is the refractive index of crown glass.  Relative curvature is used to indicate the degree of flattening achieved by the use of a higher refractive index material.  It is also an accurate indicator of relative lens thickness; that is, it can be used to predict the reduction in edge thickness obtained.  Table 4 gives typical relative curvature values.  It should be stressed that the values given are a comparison to spectacle crown glass of refractive index nd = 1.523.

Table 4.  Relative Curvature Values.

	Refractive Index
	Relative Curvature
	% Thickness Reduction

	1.6
	0.87
	13%

	1.7
	0.75
	25%

	1.8
	0.65
	35%

	1.9
	0.58
	42%


From Table 4, a lens material with a refractive index in the region of 1.7 will have a relative curvature of 0.75.  This means that a lens made using a material with a refractive index of approximately 1.7 will require only 75% of the curvature compared to the same lens made using crown glass.  In other words, the higher refractive index material will result in a lens that is 25% flatter than the crown glass equivalent lens.  This should be evident if the values for r2 given in Table 2.3 are now compared.

Relative curvature can also be used to predict the dioptric appearance of a lens made using a material of a higher refractive index lens if the power of the lens in dioptres is multiplied by the relative curvature of the material to be used.  Using a -10.00 D lens as an example, the finished lens would “look like” a -7.50 D lens      (0.75 x -10.00) if it were made from a material with a refractive index in the region of 1.7.  If the same lens were manufactured using a material with a refractive index of 1.8 its appearance would be similar to a -6.50 D lens.

The third practical use of relative curvature is in the estimation of the refractive index of a lens.  This is obviously an important consideration if a patient visits your practice for the first time and you suspect that the patient is wearing a lens made from a higher refractive index material.  It is impossible to give the patient the correct advice as to material selection unless you know what the patient is already wearing!  If thin lens theory is assumed to be sufficiently accurate then the following procedure can be used to estimate the refractive index of a lens.

1.
Record the surface powers F1 and F2 of the lens using a lens measure.

2.
Calculate the power of the lens as determined using the lens measure, FLM, using FLM = F1 + F2.

3.
Record the power of the lens using a focimeter, Ffoci.

4.
Calculate the relative curvature.  RC = FLM  / Ffoci.

5.
When the relative curvature is known the refractive index of the lens can be estimated.  For example, if RC = 0.65, the refractive index of the lens must be in the region of 1.8.

This method is accurate enough to distinguish between materials of refractive indices of 1.5, 1.6, 1.7, 1.8 and 1.9 if the lens measure is used carefully and accurately!

Transverse chromatic aberration

Transverse chromatic aberration (TCA) is an aberration, which creates multiple images of objects.  These images are perceived by the spectacle wearer as coloured fringes around the outline of an object.  The effects are observed when the subject views through off-axis points away from the optical centre of the lens.  For example, if a myopic subject observed a dark window bar against a bright background through a point above the optical centre of the lenses, the subject would perceive a blue line above the bar and a red/yellow line below.  These effects would be reversed for a hypermetrope corrected with positive lenses.

The effect of TCA is to “spread out” the image formed of an object.  Consider an object in the form of a line emitting white light.  When a prism with its base-apex line perpendicular to the line object is placed before an eye, the retinal image formed will comprise the component wavelengths of the spectrum, therefore “spreading out” the image over an area of the retina.  This dispersive effect always occurs along the       base-apex line of the prism.  If the base-apex line of a prism is placed parallel to the lines of a target in the form of a bar grating, the effect of the prism (dispersion) is to fractionally lengthen the image of the bars due to blur at it’s ends.  This effect will not interfere with resolution.  However, when the base-apex line is perpendicular to the bars, the image formed will suffer from chromatic aberration across the whole to the image causing maximum image degradation.  In the image of a bar grating formed by a prism placed with its base-apex-line perpendicular to the bars, white light from the would-be white spaces spreads, some of it spreading into the would-be black image bars.  So, in the definition of image contrast
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Lmax reducing and Lmin increasing causes the contrast to reduce.  The mean luminance is of course unaltered because light lost from the white spaces appears in the dark bars.  The contrast between the dark and bright parts may be sufficient for a low spatial frequency grating to be detected.  However, detection is less likely for higher spatial frequencies since contrast will be reduced more for images of higher spatial frequency targets than for low frequency ones.
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High refractive index materials are, of course, used with the aim of improving the cosmetic appeal of spectacle lenses, particularly in the correction of myopia.  The optical performance of the lenses must not however be forgotten.

When dispensing lenses high to correct myopia one of the first properties to be considered is the refractive index of the material.  It is well known that minus lenses manufactured using higher refractive index materials will have flatter curves and therefore thinner edge substances than lenses made using crown glass or CR39.  It is also well known that as the refractive index increases the V-value of the lens can reduce.  This is particularly true when dispensing glass (organic) materials.  The      V-value of a lens material informs the practitioner of the optical properties of the material rather than its mechanical characteristics.  Can a subject see as well with one material as s/he does with another?  The answer is not always “yes”.

V-value and chromatic aberration

The V-value or constringence of a lens material is related to the visual performance of a spectacle lens.  The V-value gives the practitioner information regarding the amount of dispersion produced by the lens material and also the amount of TCA produced when the patient wears the spectacle lens.  The V-value is the reciprocal of the dispersive power of a material and gives an indication of the effect of TCA to the patient.   Dispersion is the splitting of white light into its component colours and V-value is a function of refractive index, which of course is a function of the wavelength of the light used to measure it.

V-value is given by 
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where nd is the refractive index for a wavelength of 587.56 nm (yellow light), nF is the refractive index of for a wavelength of 486.13 nm (blue light) and nC is the refractive index for a wavelength of 656.27 nm (red light).  The dispersion or spread of light will be greater when a low V-value material is used compared to the dispersion produced by a high V-value material.  The spread will always be along the base-apex line of the prismatic effect.  Relating this to a spectacle lens, a greater amount of dispersion causes the image formed to be “less sharp” than it would be with a lower amount of dispersion.  Vision may therefore better with high V-value materials.  The visual acuity obtained by a patient can therefore be influenced to a certain extent by the lens material chosen.  The classification (BS 7394, 1996) of V-value based on dispersion is given in Table 5.

Table 5.  Classification of V-value based on dispersion

	Low dispersion
	V = 45 and above

	Medium dispersion
	V > 39 but < 45

	High dispersion
	V < 39


Tables 6 and 7 are based on materials that are currently available and give V-values for typical glass and plastics ophthalmic lens materials.

Table 6.  Typical V-values for glass materials.

	Medium
	Refractive Index (nd)
	V-Value

	Crown Glass
	1.523
	59.9

	1.6 Glass
	1.600
	41.5

	1.7 Glass
	1.701
	39.5

	1.8 Glass
	1.800
	35.4

	1.9 Glass
	1.885
	31.0


Table 7.  Typical V-values for some modern plastics materials.

	Medium
	Refractive Index (nd)
	V-Value

	CR 39
	1.498
	58

	Spectralite
	1.537
	47

	TrivexTM
	1.532
	46

	Clarlet SL
	1.589
	36

	Hoya Eyas
	1.600
	42

	Polycarbonate
	1.600
	30

	Seiko Genius
	1.660
	32

	Nikon
	1.704
	32

	Hoya Teslalid
	1.710
	36


Table 6 shows that as the refractive index increases the V-value reduces.  This is always the case when considering glass (organic) materials.   However, it is not so easy to make this simple statement for modern plastics lenses.  Referring to Table 7, the V-values that are of interest are those for Spectralite (V = 47), TrivexTM (V = 46), Hoya Eyas (V = 42), Polycarbonate (V = 30) and the Teslalid material from Hoya which has a refractive index of 1.710 with a V-value of 36.  As far as glass materials are concerned, it is interesting to note that Pilkington used to produce a glass material known as Slimline 50.  It had a refractive index of 1.7 and a V-value of 50.8.  It was taken out of production due to poor commercial support!  It is also interesting to note that because of its superior impact resistance, Polycarbonate has become the default material for paediatric dispensing in the US.  The major drawback of polycarbonate is its low V-value.  However, since the arrival on the market of TrivexTM, a plastics material manufactured by PPG and used by Hoya as “Phoenix” and Younger as “Trilogy”, practitioners how have an alternative to polycarbonate as TrivexTM has the following properties.  It:

passes FDA at 1 mm centre thickness

meets ANSI Z87.1 standards

withstands a pulling force of 80 kg

withstands pressure of 10 kg

In addition, TrivexTM:

displays a good resistance to scratching

absorbs UV to 395 nm,

displays resistance to high temperatures,

displays resistance against solvents

requires no special edging equipment required

can be manufactured with a centre thickness of 1.3 mm for minus lenses

Points 1 to 5 are all considered to be disadvantages of polycarbonate.

Hoya, which along with Younger Optics has developed the lens processing for this new material, claims that its Phoenix lenses made from TrivexTM will withstand a 2.2lb steel ball dropped from 50 inches.  This compares with the US statutory FDA test of 0.036lb ball dropped from the same height.  Unfortunately, Hoya could not state what thickness of lens was used in the tests.  However, from the data available so far, TrivexTM shows excellent impact resistance and should be capable of passing all but the most severe industrial standards.

Polycarbonate is notoriously difficult to process compared with other plastics lens materials.  A lens with high impact resistance and straightforward processing ability will be very welcome, particularly by prescription laboratories.

The calculation of TCA in spectacle lenses

In the case of a lens, angular dispersion is referred to as transverse chromatic aberration, TCA in the UK or lateral colour in the US, (to distinguish it from axial chromatic aberration, which is not considered in spectacle lens design).  TCA is measured in prism dioptres (() or in minutes of arc and is given by the prismatic effect at the point of incidence upon the lens divided by the V-value of the lens material.

TCA in spectacle lenses (when measured in prism dioptres) is given by
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where P is the prismatic effect at the oblique visual point on the lens (() and V is the           V-value of the material used.  From Prentice’s Law, the prismatic effect can be expressed as the product of the decentration in cm and the power of the lens in dioptres.  It is therefore more useful to express TCA in the form:
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The amount of TCA produced by a spectacle lens therefore depends on three factors:

the power of the lens (F in dioptres D),

the distance from the optical centre to the oblique visual point (c in cm) and

the V-value of the material used.

TCA can manifest itself in two ways.  The increased dispersion with low V-value materials causes a spread of light within the image formed.  This spread is along the base apex line of the prismatic effect at the oblique visual point.  This is the tangential meridian and results in off-axis blur known as tangential blur.  

High contrast objects are seen with coloured fringes when a patient looks through a point on the lens away from the optical centre.  Patients have been known to complain about this effect but more often than not it is treated as novelty rather than a nuisance.  Under conditions of low contrast, the effect of TCA has more serious consequences as it causes a reduction in visual acuity. These effects can easily be demonstrated with the use of a low contrast target such as a contrast sensitivity test. This complaint often presents in the form, “these lenses are fine when I view through the centres but are blurred when I view through the edge!”  Any complaint is usually directed towards distance vision as opposed to near vision although the visual effects of TCA can result in non-tolerance to progressive power lenses.

So how much TCA is actually noticeable?  It is generally accepted that the average threshold value for TCA is 0.1(. Jalie and Morgan have stated that transverse chromatic aberration under the magnitude of (0.1 ( is unlikely to cause annoyance and can be used as a tolerance for transverse chromatic aberration.  However, neither Jalie or Morgan has provided clinical evidence for the use of (0.1 ( as a threshold value for TCA.

Table 8.  TCA values for three materials.  The ocular rotation is 30( and the fitting distance is 27 mm.  The form of the lens in each case was close to the minimum tangential error design.

	Lens Power
	V = 60
	V = 40
	V = 30

	-4.00 D
	0.11 (
	0.16 (
	0.22 (

	-6.00 D
	0.17 (
	0.25 (
	0.33 (

	-8.00 D
	0.22 (
	0.34 (
	0.45 (

	-10.00 D
	0.29 (
	0.43 (
	0.58 (

	-12.00 D
	0.35 (
	0.53 (
	0.70(


The figures in Table 8 were calculated using a distance best form lens design, which was close to the Minimum Tangential Error (MTE) design using exact trigonometrical ray tracing.  Does the form of the lens effect the amount of TCA produced?  The answer to this question is “the form of the lens has very little effect on the amount of TCA produced”.  Table 9 gives TCA values for the same lens powers and materials but this time the form of each lens is plano-concave.  Once more, the results were obtained using exact trigonometrical ray tracing.

Table 9.  TCA values for three materials.  The ocular rotation is 30( and the fitting distance is 27 mm.  The form of each lens is plano-concave.

	Lens Power
	V = 60
	V = 40
	V = 30

	-4.00 D
	0.13 (
	0.19 (
	0.25 (

	-6.00 D
	0.19 (
	0.28 (
	0.38 (

	-8.00 D
	0.24 (
	0.38 (
	0.51 (

	-10.00 D
	0.30 (
	0.47 (
	0.63 (

	-12.00 D
	0.36 (
	0.56 (
	0.76(


It is useful to be able to estimate the point of a spectacle lens where a patient will notice the TCA threshold.  This can easily be calculated using the expression:
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Using a -5.00 D lens with a V-value of 60 as an example, and taking the TCA threshold to be 0.1(:
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which becomes
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TCA would therefore be noticeable if the eye rotated to look through a point 12 mm from the optical centre on the above lens.  If the material chosen had a V-value of 40, TCA would be noticeable 8 mm from the optical centre.

It is generally agreed that if prescriptions of 5.00 D and above are dispensed using materials with a V-value less than 58, then the patient should be warned about the effects of off-axis blur and colour fringing in oblique gaze.
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Figure 2.

  Chromatism produced by a -5.00 D lens made

in three plastics materials.  Data provided by Hoya Lens (UK).


The chromatism produced by a –5.00 D lens is illustrated in Figure 2.

In order to keep effects of TCA to a minimum, the following points should be considered by practitioners:

Use materials with a high V-value.

Apply correct horizontal and vertical centration and pantoscopic tilt.

Use best form designs.

Be sensible with frame selection - consider shape and size carefully

Fit the spectacle frame with as small a vertex distance as possible.  The larger the vertex distance, the greater the distance from the optical centre to the visual point for a particular ocular rotation.  So, fitting the lenses as close as possible to the eyes keeps the visual points as close to the optical centres as possible and minimises the effects of TCA.

Potential patient problems relating to low V-value materials (patient will be a medium/high hypermetrope or myope).

Patient may complain of poor distance vision and/or colour fringing when looking off axis.

Patient may complain of poor distance vision in low contrast conditions.

Patient may also be a PPL wearer complaining of poor near vision.

When selecting a lens material for a given patient, a balance is required because the ideal lens material does not unfortunately exist.  Lens materials chosen are generally a compromise between vision and thickness or weight.  It is important to ensure that the material best suited to the patient’s requirements is always dispensed.  It is the practitioner’s professional duty to advise the patient having considered all the physical and mechanical properties of an ophthalmic lens material. 

Density and weight

The weight of a spectacle lens depends on its shape and size, volume and the density of the lens material.  Density is given by mass/volume (g/cm3) and gives an indication as to the weight of the finished spectacle lens.  In general terms, and for organic materials, the density of a material increases with refractive index.  This does not however mean that the finished lens will be heavier.  Naturally, we want spectacle lenses to be as light as possible.  This means that the density of the material must be as low as possible.  The density of plastics materials are about half that of glass so that plastics lenses are about half the weight of glass lenses.  However, in reality we cannot just compare the densities of the materials since higher refractive index materials will have less volume, owing to the fact that the same curve will produce a higher surface power on a higher refractive index material. Unfortunately, some low-density materials have very low V-values.  This means that a potential reduction in off-axis vision must be considered when dispensing           low-density materials with low V-values.  Polycarbonate is a good example here because it has low-density (1.2) and a low V-value (30).  An example of a low-density material with a much more respectable V-value is the TrivexTM (Hoya Phoenix) which has a density of 1.1 and a V-value of 46.

The weight of a spectacle lens can be predicted by considering the density of the material used.  Manufacturers quote the density of a material in g/cm3.  It is convenient for the practitioner to assume that the density of the material is the same as the weight in grammes as one cubic centimetre of the material.  Table 10 gives density values for the five glass lens types.

Table 10.  Density values for five glass lens types.

	Lens Type
	Density (g/cm3)

	“1.5” Glass
	2.55

	“1.6” Glass
	2.67

	“1.7” Glass
	3.19

	“1.8” Glass
	3.62

	“1.9” Glass
	4.02


Table 10 shows that as the refractive index of the lens increases so does the density.  A density of 2.55 means that a one centimetre cube of the 1.5 material will weigh 2.55 grammes.  A one centimetre cube of the 1.6 SL material will weigh 2.67 grammes and so on.  It is therefore true to say that high refractive index glass materials are heavier if we compare like with like for example, a one-centimetre cube.  This does not always translate to the finished spectacle lens.  It is therefore incorrect to say that high refractive index glass lenses are heavier than normal refractive glass lenses.  Because a high refractive index glass lens is thinner that a normal refractive glass lenses its volume will be reduced - there is less of it!  This means that even though the lens is made form a denser material its finished weight may be less than the same lens made using a normal refractive glass material.  In lower powers however, it is probable true to say that high refractive index glass lenses will be heavier.  This is illustrated in Table 11.

Table 11.  A comparison of weights for four glass materials.  The lens compared is a round 50 mm diameter lens.

	Lens Power
	“1.5” Glass

Weight (g)
	“1.7” Glass

Weight (g)
	“1.8” Glass  Weight (g)
	“1.9” Glass

Weight (g)

	
	
	
	
	

	-4.00
	11.11
	12.0
	12.8
	13.6

	-6.00
	13.3
	13.6
	14.3
	15.6

	-8.00
	16.6
	16.6
	17.2
	18.5

	-10.00
	20.1
	19.6
	20.2
	21.4

	-12.00
	23.5
	22.5
	23.2
	24.4

	-14.00
	26.4
	24.8
	25.5
	27.4

	-16.00
	30.6
	28.1
	28.2
	30.6

	-18.00
	35.0
	31.6
	32.3
	33.7

	-20.00
	42.0
	35.4
	36.0
	37.1


It is interesting to note that the 1.5 (ne = 1.525) and 1.9 (ne = 1.894) lenses weigh the same when the power reaches -16.00 D, and is the 1.9 lens is actually lighter for -18.00 D and -20.00 D!  This is due to the reduction in lens volume brought about by the use of a higher refractive index material.  The accompanying graph and tables further illustrates the variation in weight with power.  If the weight of the finished lens is the main priority for the patient a plastics material should be considered.  A very low density is probable the main advantage of a plastics material.  Table 12 gives density values for a selection of modern plastics materials.

Table 12.  Density values for various plastics materials.

	Medium
	Refractive Index (nd)
	Density (g/cm3)

	CR 39
	1.498
	1.32

	Spectralite
	1.537
	1.21

	PPGI HIP
	1.560
	1.22

	Hoya Eyas
	1.600
	1.34

	TrivexTM
	1.532
	1.10

	Polycarbonate
	1.589
	1.20

	Nikon DXII
	1.560
	1.17

	Seiko Genius
	1.660
	1.36

	Hoya Teslalid
	1.71
	1.40


If the refractive indices and V-values of two materials are the same then it is sensible to opt for the lower density material.  However, one should not forget other factors such as impact resistance and durability.  The weights of two plastics materials are illustrated in Table 13.

Table 13.  A comparison of weights for two plastics materials (CR39 and n = 1.6).  The lens compared is a round 50 mm diameter lens.

	Lens Power
	CR39
	n = 1.6

	
	Weight (g)
	Weight (g)

	-4.00
	8.1
	6.8

	-6.00
	9.7
	8.5

	-8.00
	11.5
	10.0

	-10.00
	13.2
	12.0


A further reduction in both edge thickness and weight can be obtained if the above lenses were made in aspheric form.

Table 14.  Ophthalmic Lenses - Weight & Edge Thickness Vs Power.

	
	n = 1.525
	n = 1.706
	N = 1.800
	n = 1.894

	Power
	Weight g
	Edge mm
	Weight g
	Edge mm
	Weight g
	Edge mm
	Weight g
	Edge mm

	-1
	9.1
	2.1
	10.9
	2
	12.1
	1.9
	13.3
	1.9

	-2
	9.1
	2.5
	10.4
	2.1
	11.4
	2
	12.3
	1.9

	-3
	10.1
	3
	11.2
	2.5
	12.1
	2.3
	12.9
	2.2

	-4
	11.1
	3.5
	12
	2.9
	12.8
	2.6
	13.6
	2.5

	-5
	12.2
	4.1
	12.7
	3.2
	13.5
	2.9
	14.2
	2.7

	-6
	13.3
	4.6
	13.6
	3.6
	14.3
	3.3
	15.6
	3.1

	-7
	14.9
	5.3
	15.1
	4.1
	15.7
	3.7
	17.1
	3.5

	-8
	16.6
	6
	16.6
	4.6
	17.2
	4.1
	18.5
	3.8

	-9
	18.3
	6.8
	18.1
	5.1
	18.7
	4.7
	20
	4.2

	-10
	20.1
	7.6
	19.6
	5.6
	20.2
	5
	21.4
	4.6

	-11
	21.6
	8.2
	21.6
	6
	21.6
	5.4
	22.9
	5

	-12
	23.5
	9
	22.5
	6.6
	23.2
	5.9
	24.4
	5.4

	-13
	25.4
	9.9
	24.1
	7.1
	24.8
	6.3
	25.9
	5.8

	-14
	26.4
	10.4
	24.8
	7.4
	25.5
	6.7
	27.4
	6.2

	-15
	28.4
	11.4
	26.5
	8
	27.2
	7.2
	29
	6.6

	-16
	30.6
	12.5
	28.1
	8.6
	28.2
	7.7
	30.6
	7

	-17
	33
	13.8
	29.8
	9.2
	30.5
	8.2
	32.1
	7.4

	-18
	35
	15.4
	31.6
	9.9
	32.3
	8.8
	33.7
	7.9

	-19
	38.5
	17.3
	33.5
	10.5
	34.1
	9.4
	35.4
	8.4

	-20
	42
	20.4
	35.4
	11.3
	36
	10
	37.1
	8.9

	
	
	
	
	
	
	
	
	

	
	n =1 .498
	n = 1.600
	n = 1.600 (Asp)
	
	

	Power
	Weight g
	Edge mm
	Weight g
	Edge mm
	Weight g
	Edge mm
	
	

	-1
	5.6
	2.5
	4.7
	2.1
	4.6
	2
	
	

	-2
	6.4
	3.1
	5.4
	2.6
	5.3
	2.6
	
	

	-3
	7.2
	3.8
	6.1
	3.1
	6
	3.1
	
	

	-4
	8.1
	4.5
	6.8
	3.7
	6.7
	3.6
	
	

	-5
	8.8
	5.1
	7.7
	4.3
	7.7
	4.2
	
	

	-6
	9.7
	5.8
	8.5
	4.9
	8.4
	4.8
	
	

	-7
	10.6
	6.5
	9.2
	5.5
	9.1
	5.4
	
	

	-8
	11.5
	7.2
	10
	6.1
	9.9
	6
	
	

	-9
	12.3
	7.8
	11.2
	6.8
	11.1
	6.7
	
	

	-10
	13.2
	8.6
	12
	7.5
	11.9
	7.4
	
	


Lens compared is a round 50 mm diameter lens and the optical centre coincides with the geometrical centre.

Figure 3.  Graphical representation of weight values (glass lenses) from Table 14.
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Reflectance

A further consequence of increasing the refractive index of a material is an increase in surface reflectance.  Surface reflectance (P) is calculated using the expression
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For a lens made from a material of refractive index 1.5 the surface reflectance would be 4.00% at the first surface and 3.84% at the second surface.  The total light transmitted by the lens is therefore 92.16%.  The total light transmitted by the lens made from a material of refractive index 1.8 would be 84.3%.  It goes without saying that lenses made using higher refractive index materials should be supplied with multi-layer, reflection free coatings.  Indeed, some lenses are only available with reflection free coatings.  It is worth mentioning at this point the fact that surface reflections are increased if a low-powered aspheric lenses is used.  Again, the solution is to use a multi-layer, reflection free coating.

Table 15.  Surface reflectance values for various glass and plastics materials.

	Glass materials
	Plastics Materials

	Nd
	P %
	Lens Type
	P %

	1.523
	4.3
	CR 39
	3.9

	1.600
	5.3
	Spectralite
	4.5

	1.700
	6.7
	Polycarbonate
	5.2

	1.800
	8.2
	Hoya Eyas
	5.3

	1.900
	9.4
	Seiko Genius
	6.2


Anti-reflection coatings

Anti-reflection coatings are usually dispensed for cosmetic reasons only.  The removal of reflected glare and the possibility of the formation of ghost images are perhaps more important reasons for dispensing anti-reflection coatings.  Possible problems due to surface reflections are:

Power rings (indicates thickness of lens)

Eyes masked by veiling reflections

Troublesome ghost images

Veiling glare

Ghost images

Ghost images are images formed by reflection from a curved surface.  Five possible ghost images can be formed.  The patient’s Perception of a ghost image depends on:

the relative brightness of the ghost image

the vergence of the ghost image and

the position of the ghost image in space.

For ghost images to be troublesome the ghost image must be bright enough to stand out against the background illumination, the vergence of the ghost image must be similar to the power of the lens and the ghost image should be formed close to the fixation line.

Table 16.  Reflectance and transmittance of various optical materials.

	Medium
	Reflectance %
	Transmission %

	CR39
	4.0
	92.2

	Crown 1.523
	4.5
	91.6

	Mid index 1.6
	4.8
	89.6

	High index 1.701
	5.3
	86.9

	High index 1.74
	5.2
	85.9

	Very high index
	6.2
	84.2

	Very high index
	6.7
	82.1


Ghost image 1.  This is formed by total internal reflection at the lens surfaces and is often noticed if the correction incorporates a small prismatic correction. Ghost image 1 can also be a reason for non-tolerance of prism thinned progressive power lenses.  The only solution is the application of an anti-reflection coating.

Ghost image 2.  Occurs with medium to high power minus lenses.

Ghost image 3.  Occurs with high power plus lenses.

Ghost image 4.  Occurs with high power plus lenses and also low-base aspheric lenses.

Ghost image 5.  This is formed by reflection at the front surface of the lens and is troublesome when the lens collects light from behind the head.  This obviously occurs more with larger lenses.  The solution to ghost 5 is to apply an anti-reflection coating or to change the lens form.  Ghost image 5 is also a potential source of veiling glare.  Veiling glare reduces contrast when subjects stand with their backs towards bright sources of illumination because light reflected from the back surface of the lens is greater in intensity than light incident normally at the lens.  The reflected light as veiling glare is superimposed upon the subject’s view of an object or environment and therefore produces visual discomfort.  The absence of veiling glare increased image contrast and provides more comfortable vision.

The clinical advantages of AR coats can be summarised as follows:

Removal of reflected glare

Elimination of annoying ghost images

Improving contrast

The best form of high refractive index lenses

The main reason for the use of high refractive index materials is to improve the cosmesis of spectacle lenses.  It is often forgotten that a change in the refractive index of a lens will affect the off axis performance in terms of aberrational oblique astigmatism.  As a general rule, when the refractive index of a lens increases the lens form has to become more curved to control the effects of aberrational oblique astigmatism.  As an example we will consider a -8.00 D lens made using the Percival design.  The Percival lens is the flattest of the three distance vision best form designs. It exhibits a small amount of aberrational oblique astigmatism (OAE) but is free from mean oblique error (MOE).  The lens in this example will be made using a normal refractive index of 1.5 with a back curve F2 of power -9.50 D.  The fitting distance is 27 mm and the ocular rotation is 30(.

The MOE produced by the 1.5 index lens is +0.01 (very nearly an ideal Percival form) with an OAE value of -0.24 D.  If this lens is now produced using a high refractive index material of 1.8 in exactly the same form, the MOE produced by the lens becomes -0.40 D with an OAE of -0.86 D.  The wearer now experiences an increase in aberration oblique astigmatism and therefore an increase in off-axis blur.  The lens now also suffers from mean oblique error.  In order to try to produce a lens with an off-axis performance similar to that of the normal refractive index lens, the high refractive index lens needs to be made in a steeper form.  If the 1.8 index lens is made using a back curve of -11.75, the MOE becomes zero (a true Percival form) and the OAE reduces to -0.44 D.  These figures are now closer to the performance of the 1.5 index lens.

Inspection of Tscherning’s Ellipses for distance vision point focal lenses constructed for various refractive indices will confirm that when the refractive index of the material changes, the lens form does need to alter to provide the same off-axis performance.

Table 17 indicates the form required for various lens powers that have approximately the same off-axis performance as plano-concave forms made using spectacle crown glass or CR39 material.  Table 18 gives a general rule for the increase in curvature required to produce approximately the same off-axis performance when the refractive index of the lens material changes from a normal index (crown glass or CR 39) to a higher refractive index material.

Table 17.

	Lens Power
	Original front curve for refractive index

1.498/1.523
	Required front curve when refractive index is



	
	
	1.600
	1.700
	1.800
	1.900

	-4.00 D
	Plano
	+0.25 D
	+0.50 D
	+0.75 D
	+1.00 D

	-6.00 D
	Plano
	+0.25 D
	+0.75 D
	+1.25 D
	+1.62 D

	-8.00 D
	Plano
	+0.37 D
	+0.87 D
	+1.50 D
	+2.00 D

	-10.00 D
	Plano
	+0.37 D
	+1.00 D
	+1.75 D
	+2.25 D

	-12.00 D
	Plano
	+0.37 D
	+1.00 D
	+1.75 D
	+2.50 D


Table 18.

	New Refractive Index
	Increase Surface Curvature by

	1.6
	0.50

	1.7
	1.00

	1.8
	1.50

	1.9
	2.00


Conclusions

An ideal spectacle lens material should have:

A high refractive index ( the higher index, the thinner the lens

A high V-value ( the higher the less chromatism

A low density ( the lower the lighter the lens

Low surface reflectance ( reflectance can be eliminated by AR coating the lens

Strategies for obtaining thinner and lighter lenses:

Use smallest possible frame with symmetrical shape and no decentration

Use higher refractive index design

Use aspheric design

Other factors which need to be considered are:

Abrasion resistance

Impact resistance

Tintability

Availability of surface processes

Lens design

The ideal lens material does not unfortunately exist.  Lens materials chosen are generally a compromise between vision and thickness or weight.  It is important to ensure that the material best suited to the patient’s requirements is always dispensed.  It is the practitioner's professional duty to advise the patient having considered all the physical and mechanical properties of an ophthalmic lens material.  The best tools that a practitioner has to ensure that this is carried out are his/her mouth and ears.  Question the patient carefully, listen to the responses and make a decision.

Paediatric Dispensing
What exactly does the term paediatric dispensing mean?  On reviewing several texts concerned with the subjects of paediatric optometry and general dispensing it was surprising to find that there is little understanding as to what is meant by this phrase as the words “paediatric dispensing” do not appear to form an officially defined term.  It is however generally accepted by most practitioners that a different approach needs to be taken when dealing with children.  So what makes paediatric dispensing different?  It goes without saying that the facial structures of younger children in particular differ considerably from those of an adult but any answer to this question must include reference to what some authors refer to as the duality of the patient1.  This term has come about because we are usually dealing with two “patients”, the parent and the child, often with conflicting interests.  Communication difficulties and an understanding of the psychology involved in dealing with both the parents and the child present challenges in paediatric dispensing that may not be encountered in general adult optometric/dispensing practice.  It must be said that in recent years, some frame manufacturers, suppliers and optical groups have paid little attention to differences in facial measurements between adults and children.  This decision, presumably taken from a commercial standpoint, has in some cases produced difficulties in frame selection among younger patients resulting in inadequately fitting frames, and in some cases a deficiency in the desired optical effect.  With regard to spectacle lenses, adult prescriptions are usually given to correct a refractive error.  While this is also the case in paediatric optometry, lenses can be supplied for reasons other than refractive error, for example, occlusion therapy and for the treatment of accommodative strabismus.

The practitioner with an interest in paediatric dispensing should attempt to answer the following questions.  What features should manufacturers be incorporating into the design of children’s spectacle frames?  Children are not merely small adults as their facial features are quite different from a mature person.  Should manufacturers therefore be doing more to incorporate these differences into the design of children’s frames?  In the opinion of the author, scaled-down adult spectacle frames or children’s frames manufactured using components from adult frames should not be accepted by practitioners.  What are the visual demands that need to be addressed in paediatric dispensing?  The visual demands placed on children today are vast.  Children are encouraged to, and perhaps more importantly want to use technology from a very early age.  In fact, children appear to be born with a mouse in their hands these days!  Should safety be the paramount concern in paediatric dispensing?  Children tend to be rougher with themselves and their spectacles than adults.  On the whole, adults understand their limitations and we tend to treat ourselves with some degree of care.  Children on the other hand, act as though they were invincible!  Their spectacles and more importantly their eyes are not.  When or where does paediatric dispensing stop and adult dispensing start?

Until the early 1980s, children were rarely given much thought when it came to dispensing spectacles or designing frames and opticians therefore had little to offer.  Unfortunately, I am old enough to remember NHS pink; blue and brown-mottled C525 and C524s dispensed with toughened glass lenses, which actually looked more like little glass bricks!  Children today are more demanding and brand-conscious.  We rarely see children wearing ordinary trainers or an unmarked baseball cap.  Now we have designer frames (to match our designer trainers) and lightweight lenses.

The primary considerations in paediatric dispensing are therefore comfort and fit, function, eye protection and fashion. When considering the topic of paediatric dispensing the following areas need to be discussed:

spectacle frames

spectacle lenses

frame adjustment and 

special purpose paediatric eyewear.

Spectacle frames and frame selection

Frames selected for children should not be based solely on aesthetics.  A frame selected must:

ensure an anatomically correct fit,

place the lenses correctly in front of the eyes for the purpose of occlusion, accommodative control or the correction of a refractive error,

be comfortable, stable and not damage the forming features and

not inhibit the natural development of the nasal structure.

Plastic frames can achieve the primary goal of anatomical correctness if the frame is shaped and sized correctly and the bridge is of the correct design and structure.  If the bridge of the frame does not conform to that of the child, it will seek out the area of the nose where it does conform.  In other words, it will slip!  Since 90% of the frame’s weight rests upon the bridge, no single fitting feature of a child’s frame is more important. The main feature in a good bridge fit is the amount of the frame’s bridge surface that rests flush upon the nose.  The general rule is the larger the area of contact, the more support and less pressure2.

Unfortunately frames worn today by children are often miniature or “scaled-down” adult spectacle frames.  As a result of this situation, a poor relationship often exists between the dimensions of the child’s face and the spectacle frame, the result being a frame may neither be acceptable nor comfortable to wear.  If an adult patient is unhappy with his or her spectacles they may simply go elsewhere.  A poorly fitted frame, or more importantly, a frame that is not worn because it is so uncomfortable may cause a child permanent visual and/or developmental harm.  The main features of spectacle frames for children compared with those for adults’ are3:

the crest height is lower,

the frontal angle is larger,

the splay angle is larger,

the frontal width is smaller and

the angle of side is smaller.

In addition, and as a consequence of the child’s smaller cranial features:

the boxed lens size will be smaller,

the lens aperture must have a shape that differs from adult designs,

the length to bend and the length of drop will be shorter and

the vertex distance is often very short.

We often forget that the world that we live and work in was built by (and for) adults.  Because of this, children often have to look upwards resulting in the direction of gaze being through the gap between the upper rim of the frame and their eyebrows.  This may be of little consequence for myopic children but could have repercussions for esophoric hypermetropes as an uncorrected accommodative esophoria may become decompensated and breakdown into an esotropia.  And don’t forget that spectacles never slide upwards!  It should be noted at this point that mechanical problems caused by the lenses might compound the problem of slipping.  Stock uncut lenses that are much larger than the minimum uncut diameter may increase the weight of the appliance.  This may cause further dispensing problems such as slipping frames and sore nasal areas.

The prerequisites of a child’s frame do not significantly differ from those of an adult’s frame.  These are4:

to hold the lenses in the required position,

the frame must display stability, rigidity and strength,

the frame must be comfortable to wear and give acceptable cosmesis and

best use must be made of the natural field of view.

The dermatological problems of a spectacle frame in contact with the skin of a child have been documented and need to be considered in paediatric dispensing5.  It has been known since the early 1960s that children’s skin can withstand a remarkable degree of physical insult without permanent damage, with speedy recovery and adaptation to pain.  This relative insensitivity to badly fitting frames may lead to irritation and malformation of the developing ears and nose.

Anthropometry for children’s spectacle frames

Before the early 1960s, little interest was shown into the problems concerned with children’s spectacles.  The literature does however contain several primary research papers concerning the relationship between the facial measurements of children and the manufacture of spectacle frames for use in paediatric dispensing,4,6,7,8.  Important facial measurements in paediatric dispensing are bridge measurements, specifically the crest height, bridge projection, frontal angle and splay angle.  These measurements are defined in Table 1.  The corresponding frame measurements are defined in Table 2.  It should be noted that bridge projection can be positive, negative or “zero”.  Negative and zero bridge projections are often encountered when dispensing to younger age groups.  Negative bridge projections are sometimes referred to as “inset” bridges.

Table 1.  Facial measurement definitions

	Term
	Definition

	Crest height
	The distance, measured in the assumed spectacle plane, between the lower limbus and the nasal crest

	Bridge projection
	The horizontal distance between the assumed spectacle plane and the eyelashes in their most projecting position 

	Frontal angle
	The angle between the vertical in the assumed spectacle plane and a parallel to the assumed bearing surface on the side of the nose

	Splay angle
	The angle between the assumed pad bearing area on the nose, and a normal to the assumed spectacle plane


Table 2.  Frame measurement definitions

	Term
	Definition

	Crest height
	The vertical distance from the horizontal centre line of the front to the mid-point of the lower edge of the bridge

	Bridge projection
	The minimum horizontal distance from the back plane of the front to the centre of the back of the bridge

	Frontal angle of pad
	The angle between the vertical and the line of intersection of the pad plane with the back plane of the front

	Splay angle of pad
	The angle between the pad plane and a normal to the back plane of the front


Table 3 is a compilation of the results of various studies found in the available literature and shows the mean values for children’s bridge measurements.  The data shows that at around 13 years of age, the bridge dimensions are more or less equivalent to adult dimensions.

Table 3.  Mean children’s bridge measurements

	Age
	3 - 4½
	4½ - 6
	6½ - 8½
	10 - 11½
	13½

	Crest height (mm)
	-0.8
	-0.5
	+0.5
	+2.4
	+4.5

	Projection (mm)
	+0.2
	+1.0
	+1.4
	+1.6
	+3.0

	Frontal angle (º)
	34
	34
	32
	31
	35

	Splay angle (º)
	35
	34
	32
	29
	29


The results and conclusion of the various studies show that:

children’s faces do not grow at a steady rate,

facial structures differ in proportion from those of adults,

the nose alters considerably during development and

only two dimensions remain practically unchanged - the angle of crest and the apical radius.

At age 5-7, children seldom show a bridge on the nose.  There is a smooth flat area grading from forehead to nose bulb.  At age >6, many children show true noses and the beginning of a nasal bridge.  At age >9 years, there are formed noses but the projections are small and at age >10 years, the nose is well formed.  Most children’s facial measurements will equal those of adults by the age of 13.  The exceptions to this are the head width and the front to bend which both increased by approximately 10 mm after 13 years.  Adult bridges have heights of 5-7 mm and splay/frontal angles of 20-25°.

The facial measurements of Afro-Caribbean children have also been studied4 and a summary of available data is given in Table 4.  These differences are significant and indicate that the demographics of a practice may influence the designs of frames selected.

Table 4.  Facial measurements of Afro-Caribbean children

	Measurement
	Approximate difference for Afro-Caribbean children

	Crest height
	-2 mm

	Projection
	-1 mm

	Frontal angle
	+7º

	Splay angle
	+9º


In 1993, a study into the facial characteristics in children with Down’s syndrome15 was carried out by Woodhouse et al.  This important and interesting study measured the facial characteristics in children with Down’s syndrome and compared them with two previous studies4,8.  The results of the study showed that between the ages of 7 and 14 years, the facial characteristics of children with Down’s syndrome do not change with age and rarely coincide with those of other children, either of a similar age or younger.  The authors stated that children with Down’s syndrome cannot be fitted satisfactorily with conventional children’s frames and suggest that a specially designed range of frames be made available.  Significant refractive error is very common among children with Down’s syndrome so the requirement for spectacles for this group is high.  It has been reported that 77% of children with Down’s syndrome suffer from a refractive error16.  The nature of the ametropia can be myopia or hypermetropia and there is often a significant astigmatic error.  Another study has shown that accommodative problems may require correction in up to 80% of school age children with Down’s syndrome17.  Other ocular problems associated with Down’s syndrome include cataract, nystagmus, strabismus and keratoconus.

The subjects measured in the Woodhouse study were divided into three groups based on age.  Table 5 gives the results for crest height, bridge projection, frontal angle and splay angle.

Table 5.  Means of crest height, bridge projection, frontal angle and splay angle for the three age groups investigated in the Woodhouse study.

	Crest height
	Bridge projection
	Frontal angle
	Splay angle

	7 to 8.9 years of age

	-3
	-1
	26.25
	33.8

	9 to 11.9 years of age

	-1.3
	-2.4
	26.4
	35

	12 to 14 years of age

	-1.4
	-2.8
	26.3
	33.8


Crest height in normal children shows a general increase with age, starting with a negative crest and becoming progressively more positive with age.  The Down’s syndrome group showed a slight but insignificant increase with age.  The Woodhouse study showed that crest height is lower in children with Down’s syndrome.  Bridge projection in normal children also increases with age, starting at around zero and increasing to about 4-5 mm by 14 years.  Bridge projection in Down’s syndrome appears to decrease with age.  The Woodhouse study showed that bridge projection is lower in children with Down’s syndrome.  Children with Down’s syndrome have frontal angles that are smaller than normal and splay angles that are larger than normal.  Other points of interest from the Woodhouse study are summarised in Table 6.

Table 6.  Summary of other facial measurements included in the Woodhouse study.

	Interpupillary distance
	Smaller than normal in older Down’s syndrome children

	Apical radius
	Smaller than normal

	Front to bend
	Shorter than normal

	Temple width
	Larger than normal

	Head width
	Larger than normal in younger children but smaller than normal in older children


The Woodhouse study clearly shows that the Down’s syndrome child presents a special case in paediatric dispensing as there was not a single child in whom all facial measurements fell within the normal range.  The other problem highlighted by the study was that the facial measurements of Down’s syndrome children were not consistently smaller or larger than the normal for age.  If the measurements were consistently larger or smaller one could simply fit a frame designed for an older or younger child.  On occasions, the only option for a Down’s syndrome child would be the supply a hand made frame.

Plastic frame selection

So bearing in mind all that has been said regarding the facial measurements of children, what can we now say about the selection of plastics spectacle frames in paediatric dispensing?  The most important point is that the bridge of the frame must be compared to the child’s bridge - they should have the same shape and be of equal width.  A regular bridge with a negative projection is often the most suitable design for the underdeveloped nasal structure common to the infant or toddler while a keyhole bridge is useful for older children.  The crest height controls the vertical position of the front and is measured from the horizontal centre line to the bearing surface (nasal crest) of the nose.  A larger crest height will cause the frame to sit lower on the face.  In younger children with under-developed noses, the baring surface and the horizontal centre line are very close giving a crest height of around zero.  The function of the bridge projection is to control the horizontal position of the front.  A negative bridge projection will push the frame away from the face and compensate for the underdeveloped nasal bridge of the very young child.  This will prevent the eyelashes from rubbing against the back surface of the lenses.

Keyhole bridges

For some children, keyhole bridges can have definite advantages as the design distributes the weight along the sides of the nose and not on the crest.  Prolonged pressure can breakdown the fatty tissue and, in extreme cases, causes deviation of the septum.

Metal frames

Metal frames can solve many fitting problems when dispensing to children.  However, safety considerations are of utmost concern when fitting children with metal frames. Recognising an age-appropriate frame is critical in the dispensing of a metal frame to a child9.  Age-appropriate frames consist of components sufficiently stable for age-related activities and sized correctly to fit the anatomical features at a given stage of development.  Paediatric frames that are scaled-down versions of adult styles or manufactured using adult components cannot be considered age appropriate.

Bridge design

Bridge design is probably the most important feature to consider when selecting an age-appropriate metal frame.  Bridges of metal frames will either be adjustable or fixed.  Metal frames with saddle or “w” bridges are inappropriate for children as they cannot be adjusted and are designed to distribute the weight solely on the crest of the nose.

Adjustable bridges

Metal frames with adjustable pad bridges or pads on arms are useful in paediatric dispensing.  However, to give correct vertical positioning/centration, pad-arms should be soldered along the nasal rim at a height to present the pad-arm-box assembly at approximately the same height as the sides.  If the box assembly is too high, the frame will sit low on the child’s face.  This may have a knock-on effect as far as centration and decentration is concerned, producing lenses with unnecessarily thick edges.  Another important item to consider in the design of metal frames with adjustable pads is the shape of the bridge bar as the shank of the bridge bar can be a significant safety concern.  A metal frame may not be considered age-appropriate if the shanks of the bridge bar extend inward too far to be considered safe as under impact, this area of the frame could injure the wearer.

Yet another important feature to consider in the design of metal frames with adjustable pads is the type and size of the pad itself.  Adjustable pads and ribbon pads assist in correctly distributing the weight of the spectacles which, should be distributed over as great an area as possible.  This is best achieved by the use of larger nose pads although strap bridges can also be used to distribute the weight of the glasses over a wider area.  However, while a toddler’s size might indicate the use of small round pads, strong plus lenses may be too heavy to be supported comfortably by this pad type.  In general, it is advisable to select the pad size that will distribute the weight of the spectacles over as much surface as the facial structure will allow.  The selection of pad size is totally subjective.  When dispensing metal frames with adjustable pad bridges, practitioners should be prepared to change the pads from the ones supplied with the frame to produce the best possible fit by providing adequate support10.

Strap bridges

Another option for use with a pads-on-arms metal frame is the strap bridge.  As strap bridges absorb more impact and retain adjustment better than adjustable pads, they can be used for very young children.  A strap bridge must be selected so that it conforms to the bridge bar connecting the right and left rims.  Practitioners should be aware that a small nose might not be able to support the bulk of a strap pad.  It goes without saying that the biggest labour of love in paediatric dispensing must be frame adjustment!  One of the most frequently needed adjustments is due to the pad arms holding the strap bridge being spread too far apart.  If this occurs, the crest of the child’s nose will carry the entire weight.  This is uncomfortable and if not corrected, the fatty tissue will breakdown leaving a permanent ridge.

Side styles

There are basically three types of side for use in paediatric dispensing.  For very young children loop-end sides can be used.  For toddlers and older children curl sides are very useful and for school age children curl or drop-end sides are appropriate.  The drop-end sides supplied on children’s frames are generally too long to produce a satisfactory adjustment.  If curl sides are to be used they should have a silicone covering to provide comfort and durability.  The curl should rest along the back of the ear and extend around the ear root stopping just short of the ear lobe11.

Speciality frames

The main problem in the dispensing of a frame to very small children is one of rigidity.  When dispensing to babies, frames need to fit the facial structures perfectly.  Frames also need to be accepted without negative reaction from both patients and their children.  An example of a speciality frame, which can be used for tiny babies and also older children, is the Comoframe (CentroStyle).  The characteristics of this frame that make it particularly suitable for use with very young children are that it is made using a soft and pliable material, has no hinges or metal parts and uses elastic to hold the frame in place on the face.  As far as tiny babies are concerned, when they start walking their face is protected, the frame adapts to the facial contours and it is indestructible.  For older children the use of frames of this type reduces the risk of facial and ocular trauma, permits any kind of sports activity and permits any kind of play, however rough.  The use of holes and elastic help to keep the frame in place and therefore keeps the lenses well centred.  This prevents the child from looking above the lenses and if required, guarantees occlusion.  From a practical point of view, the use of elastic keeps little ones from pulling off their spectacles.  As far as the optometrist is concerned, the use of this frame allows the early correction of refractive errors, permits strabismus treatment from a very early stage, facilitates the spectacle correction of infantile aphakia and permits the early treatment of anisometropic amblyopia.  With reference to the duality of the patient, from the parent’s point of view the use of this frame reduces the fear of facial and ocular trauma, removes resistance to traditional frames and resolves the problem of broken/distorted frames.

A very useful range of children’s frames is available from Menrad.  These include several metal frames with small eyesizes, adjustable pad bridges and side lengths of 120 mm.  In addition, Menrad produce frames specifically designed for younger children, for example, Menrad model 15310.  This well designed frame is suitable for the older child and features sensibly positioned pad-arms to ensure that the frame does not sit low on the child’s face.  The importance of position of the frame on the face is also reflected in the design of Menrad model 15314.  Here the pad-arms are actually below the HCL and in addition, the joints are position very close to the HCL.  The design of this frame makes it very age appropriate.  Menrad models 155935 and 155545.  These are designed for the younger child and feature negative bridges, curl sides and side lengths from 115 to 130 mm.

Spectacle lenses

Prescription analysis

Compared to prescription analysis in general adult dispensing, prescription analysis in paediatric dispensing requires additional considerations and is based on the following:

the child’s age and stage of visual development,

common conditions encountered within the child’s age group,

the prescription being presented and

information obtained from parents.

Adult and children’s prescriptions may look identical, but their purposes may be quite different.  In general adult dispensing, the usual objective of a spectacle prescription is to correct a refractive error.  Children’s prescriptions are not always intended to accomplish this same objective for example in amblyopia therapy or in strabismic anisometropia.

Lens material

Polycarbonate is the lens material of choice in paediatric dispensing.  The recent growth of the polycarbonate lenses market is due to the high impact resistance of this material.  In the USA, it has become the default material for children.  The refractive index (nd) of polycarbonate is 1.586, V-value 30 and density 1.2.  The advantages of polycarbonate are:

Very high impact resistance.  (Greatest impact resistance of all ophthalmic materials.  If it does fracture it crazes.  It does not break into particles.)

No age-related warping, chipping or discoloration.

Polycarbonate has a relatively high refractive index (nd = 1.586).

One of the lightest lens material available (density = 1.2).

Absorbs UV radiation below 380 nm.

Resistance to distortion by heat and has electrical resistance properties.

The disadvantages of polycarbonate are:

Compared with CR39 or glass, the surface quality of polycarbonate is poor.

The V-value of polycarbonate is low and may cause visual problems when viewing off-axis.

The surface of polycarbonate is soft and has been found to scratch easily.

Surface coatings reduce the impact resistance of polycarbonate.

Solvents such as acetone reduce impact resistance.

Polycarbonate has a wide product availability, which includes single vision lenses, single vision aspheric lenses, bifocal lenses, polarising lenses, progressive power lenses and photochromic lenses12.  The major drawback of polycarbonate is its low V-value.  However, since the arrival on the market of TrivexTM, a plastics material manufactured by PPG and used by Hoya as “Phoenix” and Younger as “Trilogy”, practitioners how have an alternative to polycarbonate.  TrivexTM has the following properties.  It:

passes FDA at 1 mm centre thickness

meets ANSI Z87.1 standards

withstands a pulling force of 80 kg

withstands pressure of 10 kg

In addition, TrivexTM:

displays a good resistance to scratching,

absorbs UV to 395 nm,

displays resistance to high temperatures,

displays resistance against solvents,

requires no special edging equipment required and 

can be manufactured with a centre thickness of 1.3 mm for minus lenses

Polycarbonate is extremely difficult to process compared with other plastics lens materials.  A lens with high impact resistance and straightforward processing ability will be very welcome.  In terms of impact resistance TrivexTM is comparable to polycarbonate but its main advantage lies in its V-value (46 compared to 30 for polycarbonate).

Impact resistance of lens materials

Impact resistance of glass lens materials:

Toughened glass

18 m/s

Untoughened glass

12 m/s

Impact resistance of plastics lens materials:

CR39



18 m/s

PMMA



34 m/s

Polycarbonate (coated)
152 m/s

Polycarbonate (uncoated)
244 m/s

Data for both glass and plastics was obtained using 3 mm samples.  After Wigglesworth (1972) and Greenberg (1985)18.

The above information illustrates why polycarbonate or TrivexTM should be the materials of choice in paediatric dispensing.  Even when uncoated polycarbonate outperforms other materials in terms of impact resistance.  It is generally agreed that in paediatric dispensing, the superior impact resistance of polycarbonate outweighs any possible disadvantages associated with its low V-value.

In paediatric dispensing, safety is the critical issue.  It can be argued that nothing else deserves higher priority.  The practitioner has a duty of care to warn parents and children of the dangers of not providing adequate eye protection and must discuss with the child’s parents the materials available in order to assist the parent in selecting the appropriate lens.  In this age of litigation, it is sensible that the practitioner documents on the patient’s permanent record the fact that the patient was informed about lens material choice and indicate the material selected.  It is interesting to note that in the United States some practitioners ask patents to countersign the permanent if polycarbonate (or a material with an equivalent impact resistance) was not selected.

Plus spectacle lenses

Far too many children are being dispensing with thicker lenses than is necessary.  This is because large diameter stock lenses are being edged into small frames producing finished lenses with unnecessarily large edge and centre substances.  Rather than using stock lenses, minimum substance surfacing should now be standard practice for hypermetropic prescriptions.  Minimum substance surfacing will result in a lighter, less bulbous and more attractive lens, which means that there is a greater likelihood that the child will wear the spectacles.

Aspheric lenses will also provide an improvement in the cosmetic appearance of a spectacle lens, particularly in hypermetropic cases.  Aspheric lenses are available for both plus and minus prescriptions.  In paediatric dispensing, they are advantageous in the correction of hypermetropic prescriptions as the use of an aspheric lens greatly improves the cosmetic appearance and therefore the potential wearability of the lenses.  The advantages of aspheric lenses compared to a lens manufactured using traditional spherical surfaces for the normal power range are well known but are given here for completeness:

Flatter by 2 - 3 dioptres

Slightly thinner

Good oblique vision

Less spectacle magnification

Special lenses

While most paediatric prescriptions can be satisfied using single vision lenses, there are a few special lenses for use in paediatric dispensing.  One such example is the Excelit AS from Rodenstock.  This lens is designed for use in the treatment of accommodative esotropia.  The Excelit AS is a CR39 40 x 25 mm curved top segment on the convex surface of the lens.  The segment is outset by 4 mm in order to discourage convergence for near.  As with all bifocals for use in accommodative esotropia, the segment should be position so that it bisects the pupil and the distance portion should be centred to correspond with the monocular distance centration distances.  An E-type bifocal would be an alternate to the Excelit AS in this case.  In addition to the use of specialist lenses the practitioner can, with a little imagination, adapt lenses designed for adult dispensing.  In example here is the use of an E-style bifocal for the management of convergence weakness exophoria where an emmetropic patient could have the lenses glazed upside down!  A -2.50 D lens with a +2.50 D add would then give plano in the upper part of the lens and -2.50 D in the lower part.

Optical Centration

Horizontal centration

There are several schools of thought as to how this is best performed in paediatric dispensing.  For younger children, a “manual” PD measurement using a millimetre ruler is generally recommended while a pupillometer may be used with older children.  It is suggested that practitioners try to use a “child-friendly” ruler and keep distractions to a minimum to prevent head and eye movements.  Due to facial asymmetry in children, monocular PDs should be taken for maximum precision.  Again, opinions differ exist on the best measurement procedure for very young children.  Using a penlight to locate the corneal visual points of distance-fixated eyes or measuring between the corneal-scleral margins are two common methods.  An alternative approach is to measure the distance between the nasal and temporal canthi.  Neither a child’s eye movements or problems like strabismus or amblyopia affects the measurement obtained using this technique.  In the case of strabismus (heterotropia) each eye must be occluded in turn.  A suggested method is as follows:

Cover patient's left eye.  If the right eye was deviating it will now take up fixation.

Patient to fixate dispenser's left eye - measure right mono PD.

Cover patient's right eye.  Patient’s left eye will now fixate.

Patient to fixate dispenser's right eye - measure left mono PD.

This method can be performed by using a standard millimetre ruler or by using a pupillometer.  In both cases each eye is occluded in turn.

Vertical centration

Achieving the correct pantoscopic angle helps to ensure the best possible vision and helps to provide a comfortable fit.  It has been recommended13 that the pantoscopic angle (the angle between the visual axis of the eye when in the primary position, and the optical axis of the lens) for a children’s frame be zero degrees (the average pantoscopic tilt for an adult fitting is between eight and ten degrees).  As a consequence of this, the optical centre should coincide with the pupil centre.  In view of the underdeveloped nasal bone in most children, the lower rim of the frame is likely to rest against the cheek if the pantoscopic tilt were larger than zero.  However, some pantoscopic angle is useful in preventing the child’s long eyelashes from coming in contact with the lenses.  It should be remembered that in all cases, the pantoscopic angle and the vertical centration of the lenses should correspond.  

Paediatric frame adjustment

The basics of frame adjustment can be summarised by simply stating the functions of the bridge and the sides:

The bridge is responsible for holding the spectacles up

The temples/sides are responsible for holding them on

The suggested procedure for paediatric frame adjustment involves seven steps14.  In reality, this system is essentially the same as procedures used in the adjustment of an adult frame.

Pre-adjustment – the frame is first trued or “set up”.

Removing temple pressure – all pressure is removed from the temples.

Verifying equal vertex distance – the right and left angle of letback should not create unequal vertex distances.

Pantoscopic angle – should be close to zero to correspond to the facial plane.

Alignment of the bridge – the bridge of the frame should now be adjusted to fit the child’s bridge.

Temple adjustment – the temples are adjusted to match the contours of the child’s head.

Snugging – equal tension is returned to the temples from the top of the ears throughout the area behind the child’s ears.

I am sure that as a result of bitter experience, readers of this paper will agree that the two most abused components of a child’s spectacle frame are the pad-arms and the sides.

What other adjustment skills does the practitioner involved in paediatric dispensing need?  In addition to routine adjustment, there are two essential skills required in paediatric dispensing.  These are:

the conversion of a drop-end side to a curl side using cable adapters and

the shortening of a metal side.

These skills can often be used to solve common fitting problems in paediatric dispensing.  Kits and advice are available from companies such as Hilco to help practitioners perform these essential tasks.

Monitoring the fit of a frame

Whenever a spectacle-wearing child comes into the practice for whatever reason it is important to have a good general look at the overall fit of the frame.  This is something that optometrists in particular are well place to do.  Be alert to any signs of an improperly fitting bridge as since the child’s nose is still developing, changes can occur that would render a previously well fitting frame unsatisfactory.  Remember that the burden of fit is always on the bridge.  In particular, observation skills are necessary when a strap-bridge has been fitted as one of the most frequently needed adjustments is due to the pad-arms being spread too far apart resulting in the entire weight of the spectacles will rest on the crest of the nose.  If left untreated, this will cause the fatty tissue to break down leaving a permanent ridge.  The parent should be warned to look out for this.

In addition to the fit of the bridge the side length should be checked at regular intervals, possibly every two to three months.  If necessary, the length-to-bend can be altered.  Once the drop is no longer in contact with the mastoid process, it must be replaced.  Curl sides should be restructured approximately every three months.  A well-adjusted side places the maximum amount of temple surface on the greatest temporal area.  The drop should rest comfortably over the back of the ear and into the side of the head.  Ideally, the temple should not touch the side of the head before reaching the ear.

Special purpose paediatric eyewear

This is a growing market, particularly in the areas of sports appliances and eye protection.  Products currently available:

sun protection

sports protection eyewear

swimming goggles

scuba masks

ski goggles

Conclusions

More children are wearing spectacles than ever before.  We are testing children earlier, more screening programmes are in place and the link between poor vision and learning difficulties has been recognised.  As a result, children are less likely to have to struggle through school, unable to read comfortably or see the board.

Paediatric dispensing can be fun and often very rewarding.  There are definite challenges presented in paediatric dispensing and it is commonly accepted that children can be difficult to fit with prescription spectacles.  As eloquently summed up by Katheryn Dabbs Schramm, children come in different sizes, shapes, colours, from different economic backgrounds and have different tastes - they have a limited attention span, frequently squirm and can be quite vocal when displeased!

The complexity and intimidation of paediatric dispensing is even greater when the practitioner/dispenser is required to fit a child less than two years old.  For older children, fashion, trends and peer-pressure are important social factors for the child of the 21st century.  As registered professionals, we have a responsibility to the children we serve and also to their parents.  We must constantly strive to improve both the products that we dispense and the methods that we use to dispense them.  If you are not satisfied with products being supplied do something about it!  If we fit an adult incorrectly, he/she may be uncomfortable and never return to the practice.  If we fit a child incorrectly, we can do them permanent harm.  However, if we get it right, the practice building opportunities from paediatric dispensing is enormous!
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Prescription Analysis

Introduction

Prescription analysis (and order writing) will form part of the oral section of the College of Optometrists PQE in Dispensing.  During this section the examiners will assess the candidate's ability to analyse/interpret written prescriptions along with an appraisal of the candidate's knowledge of lens types and the uses of various lenses.  Sample lenses, prescriptions and other prompts may be used by examiners for this purpose.  By discussion with the examiner the candidate should be able to demonstrate his/her ability to suggest suitable lens types for given prescriptions and/or patients.  Before discussing a given prescription with the examiner, the candidate should consider the following points:

What is the prescription for (what do the “numbers” mean)?

Are there any errors or what else do I need to know?

What are the potential problems?

What are the possible solutions?

What lens could be used?

If the candidate's analysis of each prescription is approached in this fashion, a logical and methodical interpretation of each prescription can be developed.  Various prescriptions will be shown to the candidate, who will be required to state whether they can be considered to be in order, or whether any errors may be present, for example, they do not conform to relevant standards, or may contain errors of transposition.  There may be unusual features present, such as odd reading additions or unusual prism combinations.

An important part of the discussion will be the suggestion of lens types that would be suitable for a given prescription.  More often than not, there will be more than one choice of lens, so the candidate is expected to justify the choice made.  Possible alternatives should also be discussed.  Questions on single-vision, bifocal, trifocal, and progressive power lenses forms will be asked.

The examiners may include in their questions, the following subject areas:

Prescription faults

Transposition - sph/cyl and toric

Effectivity and centration

Lens form including "best form"

High minus dispensing

Dispensing for aphakia

Tinted lenses

Anisometropic and aniseikonic prescriptions

Differential prismatic effects in single vision and bifocal lenses

Spectacle magnification

Trifocal and progressive power lens dispensing

Types and use of various lenses

High index lenses

Eye protection and European Standards

Lens availability

Anti-reflection and other surface coatings

Low and high powered aspheric lenses

Lens manufacture

Questions on the properties of lens materials may also be asked and may include:

Refractive index

V-value

Relative curvature

Reflectance

Density

You will need to be able to discuss the use and availability of:

A R coatings

Surface protection

Toughening

Tints

for the following materials:

CR39

Polycarbonate

Crown glass

Mid and high index plastics materials (n = 1.5 to n = 1.7)

1.6 index glass

1.7 index glass

1.8 index glass

1.9 index glass

The following list gives examples of lens types that may be discussed:

High powered lenses (plus and minus) - lenticular, aspheric and full aperture

Tinted and coated lenses

Aspheric lenses

Bifocals

Trifocals

Progressive power lenses

Prism controlled lenses

Safety lenses

Lenses suitable for paediatric dispensing

Make sure that you have seen and have a good working knowledge of the function and purpose of all of the above lenses.  Some “dos” and “don’ts “ for you to consider.

DO

Read the prescription carefully and take notice of the prescribers comments

Ask the examiner to repeat a question if it’s not absolute clear (he/she won't mind!)

Speak up clearly

Try to think out loud (it helps you to get your thoughts together and avoids long

silences)

Look at the examiner when you answer

Use as many technical terms as possible

Use trade names where necessary

Adopt the five point plan for every prescription

DON'T

Mumble

Blurt out the first thing that comes into your head as your one and only answer

Doodle on the scrap paper

Worry about the time

Be afraid to suggest unusual ways of dispensing a prescription

Say "we don't do those lenses in our practice"

Let the cost of a lens influence your choice

Examples of the types of prescription that could be presented to candidates are as follows.  It is suggested that you discuss all of the following prescriptions with your supervisor/dispensing optician.

Prescription A

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+0.75
	-2.25
	45
	----
	----
	+0.50
	-1.75
	55
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	-0.25
	+2.25
	155
	----
	----
	Pl
	+1.75
	135
	----
	----

	Add
	
	

	Comments and Case Notes
None




Prescription B

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+0.50
	-2.25
	175
	----
	----
	+0.75
	-1.75
	65
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	+1.25
	-2.75
	175
	----
	----
	+1.50
	-1.75
	165
	----
	----

	Add
	
	

	Comments and Case Notes
None




Prescription C

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+1.75
	----
	----
	----
	----
	+1.75
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	+1.75
	----
	----
	2
	180
	+1.75
	----
	----
	2
	180

	Add
	
	

	Comments and Case Notes
None




Prescription D

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+0.50
	+1.50
	130
	----
	----
	+1.50
	+1.25
	70
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+3.00 D BE
	

	Comments and Case Notes
Age 45, Patient is a VDU user




Prescription E

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-5.00
	-1.00
	35
	----
	----
	-4.50
	-1.25
	55
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+2.00 D R & L
	

	Comments and Case Notes
Age 12




Prescription F

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-1.50
	+3.50
	10
	----
	----
	-1.75
	+4.00
	70
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Non Tolerance.  Previous Rx
R -1.00/+2.00 x 20





L -2.00/+2.00 x 65




Prescription G

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-6.00
	+1.00
	90
	----
	----
	-5.50
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+3.00 D BE
	

	Comments and Case Notes
RT VA 6/5
LT VA 6/60

Intermediate pair also


Prescription H

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-1.00
	-0.50
	80
	----
	----
	-1.00
	-1.00
	90
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+3.00 D R & L
	

	Comments and Case Notes
Bifocals: Pseudophakia




Prescription I

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+1.00
	----
	----
	----
	----
	+5.00
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Age 26




Prescription J

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-12.00
	-1.00
	20
	----
	----
	-12.50
	-1.00
	150
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Unaided: CF R & L

VA  R6/9  L6/12

Extra Pair required


Prescription K

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	
	
	
	
	
	
	
	
	
	

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	+5.00
	----
	----
	3
	In
	+4.50
	+1.00
	180
	2
	In

	Add
	
	

	Comments and Case Notes
N5




Prescription L

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-4.00
	+0.75
	45
	----
	----
	-3.50
	+0.50
	110
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Best form please


Prescription M

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+4.00
	+0.75
	45
	----
	----
	+3.50
	+0.50
	110
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Best form please




Prescription N

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+5.00
	----
	----
	----
	----
	+5.00
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
None




Prescription O

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-6.00
	-1.00
	30
	----
	----
	-5.50
	-1.00
	160
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Vertex Distance of trial lens 10 mm




Prescription P

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+4.00
	+2.00
	135
	----
	----
	+4.00
	+2.00
	45
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Tinted




Prescription Q

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-4.00
	-1.00
	150
	----
	----
	-4.50
	-1.00
	80
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Machinist




Prescription R

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+2.00
	+1.00
	90
	----
	----
	Frosted

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	Frosted
	+13.00
	+3.00
	180
	----
	----

	Add
	
	

	Comments and Case Notes
Vertex distance of trial lens 12 mm




Prescription S

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+0.75
	+1.00
	35
	----
	----
	+0.50
	+1.25
	130
	----
	----

	Inter
	+1.75
	+1.00
	35
	----
	----
	+1.50
	+1.25
	130
	----
	----

	Near
	+3.00
	+1.00
	35
	----
	----
	+2.75
	+1.25
	130
	----
	----

	Add
	
	

	Comments and Case Notes
Dentist




Prescription T

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-5.00
	-0.75
	80
	----
	----
	-2.00
	-1.00
	45
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+1.75 D R & L
	

	Comments and Case Notes
No jump bifocals




Prescription U

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-1.00
	+0.50
	60
	----
	----
	-1.50
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+3.00 D R & L
	

	Comments and Case Notes
Librarian




Prescription V

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+12.00
	+2.50
	170
	----
	----
	+12.50
	+2.75
	175
	--
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+3.00 BE
	

	Comments and Case Notes
Taxi Driver


Prescription W

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+3.00
	+1.00
	90
	1

1
	Up

In
	+2.75
	+1.25
	90
	1

1
	Dn

In

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	+5.00
	+1.00
	90
	1

3
	Up

In
	+4.75
	+1.25
	90
	1

3
	Dn

In

	Add
	
	

	Comments and Case Notes

Bifocals


Prescription X

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	-9.75
	-2.00
	55
	----
	----
	-9.75
	-2.50
	60
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	
	

	Comments and Case Notes
Photochromic Tint


Prescription Y

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+0.75
	+1.50
	180
	----
	----
	+1.00
	+1.00
	165
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+1.25 D R & L
	

	Comments and Case Notes
Progressive lenses - First time wearer




Prescription Z

	
	Right
	Left

	
	Sph
	Cyl
	Axis
	(
	Base
	Sph
	Cyl
	Axis
	(
	Base

	Dist
	+3.50
	+0.25
	10
	----
	----
	+3.75
	----
	----
	----
	----

	Inter
	
	
	
	
	
	
	
	
	
	

	Near
	
	
	
	
	
	
	
	
	
	

	Add
	+2.25 D BE
	

	Comments and Case Notes
Progressive lenses for occupational use




Suggested answers and solutions to the example prescriptions

The following information is by no means exhaustive.  Use it as a base to build your answers/discussion on.

Some general Points

Always describe every description in full detail using complete technical terminology; for example, compound myopic astigmatism, uncompensated heterophoria, diplopia, anisometropia etc.

If you find something unusual in a prescription give a possible instance when this could occur.

If you mention a general lens type always back this up with a product that is available.

Never mention a PPL type without sketching a contour plot to illustrate the type of lens that you are suggesting.

For all the prescriptions (A - Z) you must discuss in full detail the purpose of the prescription in terms of the patient’s refractive error and optical requirements including comments regarding the completeness of the prescription.

Prescription A

Axes incompatible for distance and near.  Could this ever be correct?

Prescription B

Cylinder powers incompatible for distance and near (RE) so impossible to state the right reading Add.

Prescription C

No Add.  Convergence problems for near.  Prism bases given in 360 notation.  These will cancel as one should be 0.

Prescription D

Add is high for age.  Determination of intermediate Add.  Full availability of lens types for intermediate use (with sketches) need to be discussed.

Prescription E

Juvenile Stress Myopia or accommodation control.  Large segment bifocals set high.  There are specific bifocals available for this situation (see Rodenstock catalogue).

Prescription F

Visual effects of non-tolerance need to be discussed in particular perceived distortion of stereoscopic space due to asymmetrical spectacle magnifications.  This problem is made worse if the lenses are dispensed as plus base torics.  Use of the lens measure in determining the form of the lens should be mentioned.

Prescription G

Left amblyopia, balance lens.  Discussion on VAs.  Discussion on intermediate dispensing.  Safety lens for the good eye!

Prescription H

Description of pseudophakia.  Limitations of high Add.  UV filter.  Lens types and availability.

Prescription I

Rx is anisometropic.  This will give rise to aniseikonia and vertical differential prismatic effects.  VAs required prior to dispensing.

Prescription J

Discussion of VAs.  Information from “old” specs must include lens form (lens measure), lens material (lens measure, focimeter and relative curvature values), vertical and horizontal centration (focimeter) and frame fitting.

Prescription K

How will prism be incorporated and what will be the effect on the nasal edge thickness of the lens.

Prescription L

Discussion of oblique astigmatism, distortion and TCA.  Discussion of the problems of best form toric design and the use of minus base barrel lenses.

Prescription M

As above but plus base barrel lenses or aspherics.

Prescription N

Discussion on best from and oblique vision to include the use of aspherics.  Full technical details should be provided.

Prescription O

Discussion of mid/high index materials to include refractive index, V-value, reflectance and specific gravity.  The effect of axis direction on lens edge thickness and frame selection.

Prescription P

Where will the edge substance be the greatest?  Frame choice and minimum substance surfacing.

Prescription Q

Safety spectacles to include full details of lens type (availability and comparison), EN standards, frames and procedures.  There is some overlap here with the Occupational Optometry exam.

Prescription R

Mono-vision!  Why?

Prescription S

Make sure that you can write down the intermediate and near Adds from the given prescriptions.  Discussion should include working distances and occupation/special bifocals and trifocals (double D’s, extra deep inter segment, power juggling etc.).

Prescription T

Jump and no-jump should be explained.  There is vertical differential prism here!  The solutions should be discussed.

Prescription U

Discussion should include working distances and occupation/special bifocals and trifocals and PPLs.

Prescription V

Field of view!  Single vision aspherics (Omega with UV filter).  Patient will pull specs down the end of nose to read with!

Prescription W

Probably prism segment bifocals (segment will incorporate 2( base in).

Prescription X

High index glass bonded Photochromic (Zeiss, Norville).

Prescription Y
Advice for a first time PPL wearer.  Probably a soft design.  Give reasons for your answer.

Prescription Z

PPLs designed mainly for inter/near (Zeiss RD, Rodenstock Cosmolite Office).  Contour plots must be included/discussed along with lens availability and fitting procedures.

Prescription Analysis Self Assessment

This section is very important!

The subsequent pages divided into groups and sub-groups.  The subjects contained within each sub-group form a “syllabus” for prescription analysis and interpretation.  The topics contained within each subgroup summarise expected outcomes for any typical oral examination in prescription analysis.

You are to place a ( or a ( as appropriate to indicate the whether or not you can, at this time, achieve the stated outcome within each group.  The more (‘s that appear on your form the more work you need to do between now and the examinations.

When completing this form you are advised to be completely honest with yourself.

Group A

Prescription writing, faults and transposition

Display a detailed knowledge of BS 2738





(
Demonstrate an application of BS 2738 to prescription analysis


(
Demonstrate competence in thin lens transposition - sph-cyl, crossed-cyl, toric
(
Demonstrate competence in the need for, and use of prism splitting

(
Demonstrate competence in the correct use of prism base directions

(
Group B

Ophthalmic lens materials

Understand the term refractive index and explain its use



(
Understand the term relative curvature and explain its use



(
Understand the term V-value and explain its use




(
Understand the term specific gravity and explain its use



(
Impart a comparison of ophthalmic lens materials




(
Demonstrate knowledge of the advantages & disadvantages of low,

mid & high refractive index materials






(
Understand and explain the term thermal capacity




(
Describe how the refractive index of a spectacle lens may be estimated

(
Recognise the significance of surface reflections from higher refractive

index materials








(
Group C

Vertex distance & effectivity

Demonstrate an understanding of the term vertex distance



(
Describe the techniques necessary to measure a vertex distance


(
Explain the link between vertex distance & effectivity



(
Discuss and understand the BS recommendations for vertex distance

(
Display an understanding of the term near vision effectivity error


(
Group D

Centration

Be conversant with the reasons for horizontal centration



(
Be conversant with the reasons for vertical centration



(
Describe the centration processes for vision and multifocal lenses


(
Summarise the tolerances & effects of poor centration



(
Group E

Best form lenses

Demonstrate an understanding of the theory involved in the design

of spectacle lenses








(
Describe monochromatic aberrations relevant to lens design


(
Summarise the various best form design philosophies, including:

point focal









(
Percival









(
minimum tangential error







(
Demonstrate an understanding of near vision best form lenses


(
Display an understanding of the principal of toric lens design


(
Group F

Aspheric lenses

Demonstrate an understanding of the term asphericity



(
Explain the purpose of an aspherical surface




(
Demonstrate knowledge of the practical advantages & disadvantages of

aspheric lenses








(
Display knowledge of the availability and use of aspheric lenses for:

aphakia









(
high myopia









(
low to medium myopia and hypermetropia





(
Demonstrate knowledge of the dispensing and centration requirements

for aspheric lenses








(
Group G

High minus dispensing

Demonstrate an understanding of the dispensing problems presented

by the high myopic patient







(
Demonstrate an in depth knowledge of the practical solutions to the

dispensing problems presented by the high myopic patient



(
Evaluate the frame selection and centration requirements for the

high myopic patient








(
Display knowledge of the availability and use of lenses for the high 

myopic patient to include:

high refractive index materials






(
full-aperture lenses








(
lenticular lenses








(
aspheric lenses








(
Group H

Dispensing for aphakia

Demonstrate an understanding of the dispensing problems presented

by the aphakic patient








(
Demonstrate an in depth knowledge of the practical solutions to the

dispensing problems presented by the aphakic patient



(
Evaluate the frame selection and centration requirements for the

aphakic patient








(
Display knowledge of the availability and use of lenses for the aphakic

patient to include:

high refractive index materials






(
full-aperture lenses








(
lenticular lenses








(
aspheric lenses








(
Demonstrate an awareness of the problems of spectacle magnification

and field of view for the aphakic patient





(
Evaluate the patient management and frame fitting requirements of

the aphakic patient








(
Evaluate the dispensing requirements for the pseudophakic patient

(
Group I

Tinted and coated lenses

Demonstrate knowledge of the manufacture of filters and tinted 

spectacle lenses








(
Demonstrate an awareness of the use of:

transmittance curves








(
transmittance values








(
Display knowledge of the use of colours of tints for specific purposes

(
Show knowledge of radiation and demonstrate an understanding of

the ocular hazards of:

UV










(
IR










(
blue light









(
flicker










(
glare










(
Evaluate the function, and describe the application of:

contrast filters









(
polarising lenses








(
photochromic lenses








(
Describe the requirements for illumination in the work place


(
Describe the effects of illumination and colour on task efficiency


(
Describe the effects of:

surface reflections








(
ghost images









(
power rings









(
Demonstrate knowledge of the optical principles and manufacture

of anti-reflection coated spectacle lenses





(
Display knowledge of the use of anti-reflection coatings for specific

purposes









(
Describe how spectacle fitting and adjustment can influence surface reflections
(
Demonstrate a detailed knowledge of the manufacture and use of:

hard coats









(
hydrophobic coating








(
UV blocks









(
Group J 

Near vision corrections, bifocal and trifocal dispensing

Describe the purpose of the near Add and its effect on the artificial 

far point









(
For bifocal lenses, demonstrate a detailed understanding of:

lens manufacture & availability






(
the criteria for bifocal lens selection






(
the criteria for bifocal lens positioning





(
advantages and disadvantages of various bifocal types



(
Describe the purpose of the intermediate Add and its effect on the artificial 

far point









(
For trifocal lenses, demonstrate a detailed understanding of:

lens manufacture & availability






(
the criteria for trifocal lens selection






(
the meaning and use of the term IP/RP ratio





(
advantages and disadvantages of various trifocal types



(
the criteria for trifocal lens positioning





(
Group K

Differential prismatic effects, jump and no jump

Show a detailed awareness of the optical, mechanical and cosmetic

effects of anisometropia







(
Demonstrate a detailed knowledge of:

the recognition and calculation of differential prism




(
prism adaptation, symptoms & tolerances





(
prism compensation in single vision and multifocal lenses



(
Understand the terms jump and no-jump, and to show an awareness as

to when to dispense a no-jump bifocal





(
Group L

Progressive power lenses

Display a detailed practical understanding of:

the concept of the progressive surface





(
the advantages and disadvantages of progressive power lenses


(
soft, firm and hard designs







(
isocylinder lines, vector diagrams and power profiles



(
asymmetric and symmetric designs, mono and multi designs


(
the aspherisation of progressive power lenses




(
progressive power lenses predominantly for near vision



(
Demonstrate a detailed and in-depth practical knowledge of the

dispensing of progressive power lenses to include:

the criteria for patient selection






(
the criteria for lens selection







(
the criteria for frame selection






(
progressive power lens availability






(
the criteria for progressive power lens positioning




(
progressive power lens markings and engravings




(
progressive power lens checking






(
the understanding and use of prism thinning





(
problem solving with progressive power lenses




(
Group M

Eye protection

Identify and describe the various standards for eye protection


(
Demonstrate an understanding of the regulations for eye protection

and health and safety at work







(
Display an understanding of the supply and manufacture of eye protection

(
Demonstrate competence in the supply of spectacles for:

industrial use









(
occupational, vocational and sports dispensing




(
VDU use









(
Group N

Miscellaneous topics

The candidate should demonstrate a detailed practical understanding of the following:

Spectacle magnification and iseikonic lenses




(
Perceived distortion of stereoscopic space with changed magnification

(
British standard tolerances for spectacle checking




(
Mechanical effects of the variation of lens form




(
Variations in lens thickness and weight





(
Spectacle lenses for aphakia

Introduction

The word aphakia means “without lens” the word “lens” of course relates to the crystalline lens of the human eye.  The most common reason for the removal of the crystalline lens is the formation of lens opacities or “cataract” which leaves the cornea as the sole refracting element in the eyes optical system.  Aphakia can be corrected using:

intra-ocular lens (IOL),

spectacle lenses,

daily wear contact lenses and

extended wear contact lenses.

The terms “cataract” and “lens opacity” are often confused.  Lens opacity refers to a loss of transparency in all or part of the crystalline lens whereas cataract refers specifically to a lens opacity that is accompanied by some level of visual loss usually caused by the scattering of light by the lens opacity.  Today most cataract patients are corrected using an intra-ocular lens.  Indeed, this is the method of choice for most ophthalmologists.  However, some patients are not suitable for correction using an IOL, which means that the patient may require correction using spectacles.  The spectacle correction of aphakia has been described by some as a “lost art”.  While it is true that the volume of very high-powered plus spectacle lenses dispensed make up a small percentage of the total volume, when dispensing for the aphakic patient is required it must be done correctly and with care.  It is for this reason that they have been included as a “special” lens.

Spectacle lenses for aphakia

The problems associated with lenses for aphakia are:

Weight and thickness of the finished lenses

Oblique performance when viewing off axis

Magnification

Lack of accommodation

Restriction of the field of view

Centration and prescribed prism

Protection from ultraviolet radiation

When dispensing for aphakia, frames selected should:

Be lightweight to avoid heavy/thick rims adding to a ring scotoma

Possess adjustable pads to allow some vertical movement of the optical centres

Have a box centre distance as close as possible to the patient’s PD in order to centre the lenses in the frame

When dispensing for aphakia, the vertex distance should be kept as small as possible in order to:

Maximise the field of view

Reduce convergence demand

Reduce the retinal image size

Reduce spectacle magnification

Reduce distortion and chromatic aberration

The centration of lenses for aphakia

For single vision distance lenses the centration points should correspond to the monocular PDs

Near vision lenses should be centred according to the monocular NCDs

Vertical centration and pantoscopic tilt must correspond

Bifocal segments must be correctly inset

Lens selection for the aphakic patient

The lens of choice for the aphakic patient is a lens, which employs a polynomial aspherical front surface.  This gives the effect of a blended lenticular.  Examples of such lenses are:

Essilor Omega

Zeiss Clarlet Aphal

Rodenstock Perfastar

Norlite hyper aspheric

The advantages of an aspheric lens for aphakia are numerous and are given below:

Good mean oblique power when viewing off-axis

Distortion is reduced

Very slightly thinner

Gives the effect of a blended lenticular

Little sensitivity to fitting distance change

More advantages of an aspheric lens for aphakia

Increased field of view

Reduction in the “Jack in the box effect”

Available in SV, Bifocals and PPLs

Flatter

Less magnification

Less TCA

Near vision effectivity error

When dispensing for aphakia, any near vision effectivity error (NVEE) should always be compensated.  What is NVEE?  NVEE arises because lenses of the same power but manufactured in different forms are not interchangeable for near vision.

Consider Figure 1.  The lens shown is a +10.00 D lens used for near vision with an object placed at a distance of 33 cm.  The lens is made in a plano-convex form with the convex surface facing the eye.  Trial lenses are commonly made in this form.  The vergence incident at the lens is -3.00 D.  Paraxial ray tracing shows that the vergence leaving the lens is +0.02 D.  This is known as the actual exit vergence.  The anticipated exit vergence is found from the sum of -3.00 and +10.00 and is of course+7.00 D.  Near vision effectivity error (NVEE) is defined as the actual vergence leaving a lens minus the anticipated exit vergence.  In this case the NVEE is +0.02 D and a value this small is of little consequence to the patients visual comfort.
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Figure 1

The eye is corrected for near vision using a +10.00 D

lens in plano-convex form.  The vergence arriving at the lens L

1

 is

-3.00 D and the vergence leaving the lens L

2

/

 is +7.02 D. 


If the patient was dispensed a +10.00 D lens for near vision at 33 cm, the finished lens is likely to be made in curved form.  This is illustrated in Figure 2.  Paraxial ray tracing shows that the vergence leaving this lens is +6.58 D, the NVEE being             -0.42 D.  Compared with the trial lens used during the eye examination, the final lens is nearly 0.50 D weak!  The patient is unlikely to be pleased with this especially if they are aphakic and with no accommodation.
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Figure 2


Figures 3 and 4 show the NVEEs produced for two more forms of a +10.00 D lens.
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Figure 4

The eye is corrected for near vision using a +10.00 D

lens in convex-plano form.  The vergence incident at the lens L

1

is -3.00 D and the vergence leaving the lens L

2

/

 is +6.69 D.


The bottom line here is that we have four lenses, all of the same back vertex power but providing four different effects for our patient.  These figures illustrate how lenses of the same power but manufactured in different forms are not interchangeable for near vision.  It also illustrates the problem of labelling the lenses in terms of their back vertex power!  NVEE is of significance with medium/strong plus spectacle lenses only, never minus lenses and should always be considered for compensation as appropriate.  In aphakia, near vision effectivity error should always be compensated.  

NVEE values for modern plus lenses:

	BVP
	Near Vision Effectivity Error

	
	-33.33 cm
	-40.00 cm

	+7.00 D
	-0.12 D
	-0.10 D

	+6.00 D
	-0.20 D
	-0.18 D

	+9.00 D
	-0.38 D
	-0.33 D

	+12.00 D
	-0.46 D
	-0.39 D

	+15.00 D
	-0.57 D
	-0.49 D


Potential NVEE problems in practice:

Patient is a medium/high hypermetrope

Patient is generally unhappy with his/her near vision

“My near vision is not as good as I thought it would be”

“I can see better when I hold my book further away”

Protection from UV radiation

When dispensing for aphakia an ultraviolet absorbing coating should be ordered as the natural crystalline lens is very good at absorbing UVA radiation.

UV protection to 400 nm is advisable and there are many filters/coatings on the market that provide this level of protection.

Spectacle Lenses for High Myopia

Introduction

When faced with the challenge of dispensing lenses for the highly myopic patient three aspects immediately come to mind.  These are:

Selection of lens material

Special lenses for high myopia

In addition, the importance of the selection of a suitable frame should not be forgotten.

Selection of lens material

The author in an earlier chapter of this document has adequately covered ophthalmic lens materials.

Special lenses for high myopia

Nulux LX

Hoya in 1998 with a refractive index (nd) of 1.71, V-value 36 and density 1.40 introduced this high-index polymer in Japan.  This was the first time that the 1.7 index barrier that been crossed using a plastics material.  In single vision, this material is available in aspheric form under the brand name Nulux LX.  There are two points of interest regarding this lens.  Firstly, in the optical analysis of lens performance, it is usually assumed that the lenses are centred so that the optical axis of the lens passes through the eye’s centre of rotation.  The designers of the Nulux series of lenses have assumed that the lens is likely to be decentred when worn by the patient.  This is probable a more realistic view than other designs.  The designers have therefore taken a vertical decentration of 2 mm into account in the optimisation of the aspherical surfaces of the lenses in the series.  Secondly, the V-value of the material.  It is quite remarkable that the chemists working for Hoya have produced a lens with a refractive index of 1.71 and at the same time maintained a V-value of 36.

Super Lenti

This is a custom manufactured, aspherised lens for strong myopic prescriptions, which attempts to eliminate the obvious disadvantages of high minus lenses (thick edges and the unsightly “bottle bottom” ring appearance).  This lens is recommended for powers of  -11.00 and above.  The lens is available in refractive indices of 1.523, 1.601, 1.701 and 1.802.  Photobrown extra, cosmetic tints and multi-coatings are also available.  The lens is decentred so that the optical centre is 4 mm above the geometrical centre of the uncut, which is an advantage when it comes to frame selection.  The lens should be fitted, as a progressive so monocular distance centration distances and vertical centration data must be specified.  It should be noted that as the power and refractive index increases diameter of the central aperture decreases.  If the lens were glazed centred on the pupil, in the primary position, a zero pantoscopic tilt would be required.  With higher power, and therefore smaller apertures, it is best to fit with zero pantoscopic tilt.  In addition, the lens should be fitted as close to the eye as possible.  This is illustrated in Table 1.

Table 1.  The Super Lenti.

	Sphere power (D)
	Refractive index
	Central aperture diameter (mm)

	-5.25 to -8.00
	1.523
	38

	-8.25 to -9.75
	1.523
	34

	-10.00 to -11.75
	1.523 - 1.601
	32

	-12.00 to -13.50
	1.601
	30

	-13.75 to -15.25
	1.601
	29

	-15.50 to -17.00
	1.601
	28

	-17.25 to -19.00
	1.601 – 1.701
	27

	-19.25 to -23.00
	1.701
	26

	-23.25 to -50.00
	1.802
	25 – 20


Benefits to the patient:

Good visual acuity

Good field of vision

Controlled peripheral aberrations

Good edge thickness and weight

Allows for a wide range of frame selection

Reasonable cosmesis

Removal of the minification of the face which is seen with full aperture lenses

Rodenstock Lentilux

The Lentilux is an aspherical, single vision lens for the correction of high myopia (up to -20.00 D).  The stated advantages of this lens are:

Good visual acuity.

Thin and light lenses – the edge thickness will not exceed 4.50 mm even at           -20.00 D.  The mean edge thickness for all powers is 3.5 mm.

Almost complete removal of power rings (ghost image no. 1) due to the flat “rim area” of the aspherical surface.

Removal of the minification of the face and distortion of the facial features, which is seen with full-aperture high minus lenses.

The back surface of the Lentilux is a rotationally symmetrical aspherical curve, both in the central and peripheral zones, which has been calculated by the lens designers to provide the optimum conditions for the wearer to achieve good visual acuity.  The diameter of the central optical zone reduces by stages as the power increases.  For every 2.00 D increase in power the diameter of the optically effective zone reduces by 2 mm.  The diameter of the optical zone of a -6.25 D lens is 40 mm whereas for a            -18.50 D lens, the diameter is only 30 mm.  Rodenstock states that the field of view provided by the Lentilux is almost the same for all back vertex powers.  The outer circumference of the optical zone connects at all points to a “rim area” in which the strong concave curvature of the power area continually decreases.  It is this reduction in surface curvature that contributes to the considerable reduction in edge substance.

The aspherical surface of the Lentilux has been optimised in the area surrounding the optical centre so that the patient is provided with the best possible off-axis acuity for a range of eye movements.  The designers of Lentilux have given the “rim area” of the lens an aspherical form whereas high minus lenses are traditionally made using flat, spherical, concave surfaces.

A further thickness reduction is achieved by the fact that the lens is made using a high-refractive index glass material (Rodalent 40, ne = 1.707, Ve = 39.2 and density     = 3.21 g/cm3).  The use of a high-refractive index material means that a multi-layer anti-reflection coating should always be applied.

As with all aspheric lenses correct centration is important and the usual rules apply.  These are:

Centre horizontally according to the subject’s monocular (distance or near) centration distance.

Centre vertically so that the position of the optical centre corresponds to the required pantoscopic tilt for the fitting.  For every two degrees of pantoscopic tilt, position the optical centre so that it lies 2 mm below the pupil centre.  For a fitting with a pantoscopic tilt of 10(, the optical centre should be positioned 5 mm below the centre of the subject’s pupil.

Exact centration is important for all lenses of moderate to high power in order to avoid non-tolerances due to induced vertical differential prismatic effects.

Lenticular lenses

A good cosmetic appearance with very high minus lenses can be achieved by the use of lenticular lenses along with careful dispensing and rational frame selection.  When compared to lenses such as the Lentilux and the Nulux LX, lenticular lenses are often considered by some to be “old fashioned” but they still have a place in modern optometric practice.

In high minus forms, lenticular lenses are lenses in which the edge thickness around the optically effective zone or “aperture” has been reduced to a minimum.  A step results between the flattened margin and the aperture.  Extremely high powers make it necessary to flatten the edge of the aperture.  This helps to avoid the possibility of eye injury due to sharp edges and guarantees that the sides of the frame will actually close!  The major benefit of lenticular lenses is the reduction in volume and consequently a reduction in weight of the finished lens.  Most manufacturers offer high minus lenses in lenticular forms.  Zeiss, for example, offers high minus lenticular lenses in a choice of 1.5 and 1.7 glass materials or Clarlet 1.5.  In addition, two aperture designs are offered - a “profiled” design in which the shape of the aperture follows the shape or profile of the frame and a standard round aperture design.  In both cases, the power of the margin is plano.  With care, attention to detail and sensible frame selection, even extremely high powers can result in very neat and lightweight lenses, particularly if the profile design is chosen.

( Andrew Keirl 2003
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Figure 2.  Chromatism produced by a -5.00 D lens made

in three plastics materials.  Data provided by Hoya Lens (UK).
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This slides simply demonstrates that as the eye rotates to view through zones away from the principal axis of the lens the amount of TCA produced increases.  The amount of TCA is greater for lower V-value materials. 
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