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Basic contact lens course

Andy Franklin and Ngaire Franklin describe how to select 
the initial lens for a rigid gas-permeable (RGP) fitting and how 
to calculate the final order. Module C14190, suitable as one 
general point for optometrists and dispensing opticians, 
one specialist point for CLOs

Part 7 – RGP lens selection

Choosing the back optic zone 
radius (BOZR)
The intended relationship between 
the cornea and the back optic zone 
of the lens will depend on the fitting 
philosophy adopted. The lens is held in 
place on the cornea both by the eyelids 
and by surface tension, which act at the 
lens edge where it is not covered by the 
lid. If the edge clearance is excessive no 
meniscus forms and no surface tension 
acts. Reduced edge clearance and 
edge thickness boosts surface tension. 
Broadly speaking, there are two 
extreme positions that can be adopted. 
● Lid attachment (‘big and flat’). Here 
we may have a lens of about 9.50mm 
diameter, a back optic zone diameter 
(BOZD) of about 8.40mm and a BOZR 
0.2-0.3 flatter than K. It needs to be 
this flat with a BOZD this size in order 
to be flatter than alignment with the 
cornea. Essentially, the centration and 
movement of the lens is controlled by 
the lids, which pass the lens between 
upper and lower during the blink cycle. 
Lenses fitted like this do have a habit 
of riding a little high, especially in the 
long term, and exposure stain of the 
lower cornea is common
● Interpalpebral (‘small and steep’). 
The lens is fitted with a small total 
diameter (TD) (typically around 
8.5mm) and BOZD to minimise lid 
interference. Generally the BOZR is 
fitted to give some apical clearance, and 
this was often done by adding 25-30 per 
cent of the corneal toricity to the flattest 
K, a procedure which has unfortunately 
persisted into ‘alignment’ fitting, where 
it is inappropriate. Interpalpebral fits 
are often rather uncomfortable, due 
to the interaction of lens edge and lid 
margins.

Most lenses these days are fitted 
for an ‘alignment’ fit that is some 
way between the two extremes. It 

should be emphasised that there isn’t 
just one way of fitting lenses, and the 
short history of rigid lenses contains 
examples of very flat and very steep 
(0.3mm in the Bayshore method) lenses 
by modern standards, which seemed to 
work well at least on some patients. If 
the standard alignment fit doesn’t work 
another philosophy might, so never be 
afraid to try something different. 

Alignment fitting
The idea here is to fit the back optic 
zone in close alignment with the front 
surface of the cornea, with a uniform, 
thin tear film between the two. This 
is a goal rather than something that is 
actually perfectly realised, but perfect 
alignment probably wouldn’t work 
very well. The advantages of an 
alignment fit are as follows.
● The weight of the lens, and the force 
translated through the lens during the 
blink cycle is spread over the maximum 
area. If either is too localised, corneal 
warpage can occur
● Lens flexure is minimised, which 
will ensure good visual performance 
and minimise mechanical stress on 
the cornea. This is quite an important 

consideration when using modern 
high-Dk RGP lenses
● Provided that the periphery of the 
lens is also well designed, the thin 
tear film under the central part of the 
lens will be easily replenished with 
oxygen and never become stagnant. 
Furthermore, a thin tear film will 
not produce a major ‘barrier effect’, 
slowing the movement of  oxygen 
through the lens to the cornea. A 
thicker tear film could produce the 
situation where the rate of flow of 
oxygen allowed through the tear film 
is less than the rate that the lens itself 
is capable of. Barrier effects reduce 
the oxygen transmission of all RGPs, 
especially those with high Dks.

It should be remembered that K 
readings are taken at points not far 
away from the corneal apex, whereas 
we are trying to align an area of cornea 
over twice as wide. For the majority 
of patients the spherical curve that 
will best align with the cornea will be 
somewhat flatter than K, and the wider 
the BOZD, the flatter we need to go. In 
practice, fitting on flattest K seems to 
work well with conventional designs 
of 9.00mm diameter or thereabouts. 
Once we get up to 9.50mm, we need to 
go flatter, because the average corneal 
radius is likely to be flatter. On a larger 
diameter, the primary sag of a spherical 
curve increases, resulting in a steeper-
fitting lens. Therefore, if you increase 
the BOZD by 0.5mm, you need to 
flatten the BOZR by 0.05mm to achieve 
a ‘clinically equivalent fit’. 

Most lenses fitted on flattest K 
are probably a fraction steeper than 
alignment really, but this seems to 
work well and may aid centration 
without seriously compromising in 
other respects. With an alignment fit, 
the practice of steepening the BZOR by 
a proportion of the corneal toricity is 
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inappropriate as any steepening of the 
fit along the flattest meridian will only 
serve to push the whole lens further 
from the cornea, inducing central 
clearance. It will therefore have no 
effect on edge stand-off in the steeper 
meridian which is the usual intention. 
It does sometimes help the lens to 
centre though, if a back surface toric is 
not an attractive option.

If  you are fitting an aspheric 
design, it’s probably best to read the 
manufacturer’s recommendations as the 
nominal BOZR initially selected will 
be related to the degree of asphericity 
(‘eccentricity’ or ‘shape factor’) of the 
lens design. The principles are similar 
though.

The periphery
The periphery of the lens may be 
generated either by working a set 
(typically 3 or 4) of progressively 
flatter spherical curves on to the back 
surface, or as a consequence of using 
an aspheric curve. In either case, it is 
worth considering what we have a 
periphery for. Part of the reason has 
to do with tear circulation under the 
lens. If we don’t have edge clearance 
tear fluid will not be able to get under 
the lens. This will have two effects. 
Firstly the lubricative effect of the 
tear film would be lost. The lens is 
then likely to adhere to the epithelium 
and eventually mechanical damage to 
this vital layer will occur. Secondly, 
the oxygen normally carried by the 
circulating tears will be lost to the 
cornea under the lens. This is not too 
important provided the lens is able to 
transmit sufficient oxygen through 
its own substance, but for a lens of 
low transmission, tear exchange may 
be an important source of oxygen 
delivery. Central corneal hypoxia 
will compromise epithelial integrity 
further. Clearly then we must have 
enough peripheral clearance to allow 

adequate tear exchange.
The other reason for peripheral 

clearance became apparent when 
silicone acrylate lenses first appeared. 
Practitioners reasoned that improved 
oxygen transmission reduced the need 
for tear exchange, and lenses with very 
little edge clearance were both more 
comfortable and tended to centre well, 
due to the improved tear meniscus 
around the lens. 

The downside to all this became 
apparent when it was time to remove 
the lenses, as a certain amount of edge 
clearance is needed to allow the eyelids 
to dislodge the lens. The problem was 
made slightly worse by the fact that 
many of the patients being fitted with 
these lenses were used to PMMA 
lenses, which needed quite a lot of 
edge clearance in order to get oxygen 
to the cornea. Removal techniques 
made sloppy by loosely fitting lenses 
(a sharp tap to the back of the head 
would probably have removed some of 
the designs then in common use) were 
severely challenged by the minimal 
peripheries of the RGPs. A tactical 
withdrawal to slightly more generous 
peripheries was undertaken. 

Modern ‘system’ lenses have 
peripheries that are worked out by 
computer to give a smooth progression 
and where spherical curves are used 
the transitions between them are 

polished to ‘blend’ the curves into one 
continuous surface. They are calculated 
to work on the majority of patients, 
but if a patient has an unusual corneal 
shape factor too much or too little 
edge clearance will result. This can be 
detected once the lens is observed on the 
eye with fluorescein, and laboratories 
can increase or decrease the edge lift of 
the lens produced while keeping the 
optic zone the same. For a lens ordered 
empirically, a system lens is usually 
the best bet, unless you are aware of 
unusual corneal characteristics. 

The terms edge clearance and edge 
lift are not interchangeable. Edge 
clearance refers to the gap between the 
front surface of the cornea and the back 
surface of the peripheral curves, and it 
is edge clearance that is observable with 
fluorescein. Edge lift is a geometrical 
characteristic of the lens itself, and is 
definable in either axial or radial forms. 
The difference between them is shown 
in Figure 1. 

Edge profile
The shape of the edge is an important 
determinant of lens comfort, especially 
in the early stages. Laboratories tend to 
have their standard designs, but if you 
find that the lenses coming through 
are not as comfortable as they should 
be, you could ask for a different form 
(or change labs, of course). Generally, 
for the alignment fit with partial lid 
attachment it is interaction between 
the lens edge and the eyelids rather 
than the cornea that seems to determine 
comfort. Rounding of the anterior 
rather than the posterior edge seems to 
be the important factor.

Centre thickness
Modern lenses, because of their material 
properties and thin design, tend to flex, 
especially in low minus-powered lenses. 
In general, flexure increases with Dk, 
and with the degree of toricity of 

TABlE 1 
Minimum centre thickness recommended for low 
minus lenses

Lens power (D) Centre thickness (mm)

-1.00 0.18

-2.00 0.17

-3.00 0.16

-4.00 0.15

 -5.00 and over 0.14

Contact your CIBA VISION Business 

Development Manager and find out 

how your practice can benefit from high 

quality, in-store training delivered by a 

Practice Academy consultant

“The training was brilliant. We haven’t 
had training to this depth before. It 
boosted our knowledge of multifocal 
contact lenses and our confidence in 
offering multifocal contact lenses, even 
to the early presbyopes.”

Claire Burnell, Assistant Practice Manager, 
D&A Opticians, West Wickham
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the cornea the lens is sitting on. The 
minimum thickness desirable for a given 
power is shown in Table 1. In general, 
‘system’ lenses take care of this for you. 
Once corneal astigmatism gets to about 
2.00D a further 0.02mm is needed, so 
if you are fitting an astigmatic cornea 
with a spherical lens you might need 
to order something a bit thicker. This 
will, of course, compromise the oxygen 
transmission a little.

Back vertex power
The power of the contact lens required 
would normally be calculated from 
the spectacle prescription corrected 
for vertex distance, but must take 
the power of the tear lens between 
the contact lens and cornea into 
consideration. If the lens is in perfect 
alignment with the central cornea, it 
follows that the tear lens will have zero 
dioptric power, and over-refraction 
is rather a good way to measure the 
degree of alignment. A lens which is 
steeper than the cornea will give rise 
to a tear lens of positive power, and 
a flat lens will create a negative tear 
lens. The power of the tear lens can 
be calculated precisely, but for lenses 
fitted fairly close to alignment this is 
unnecessary. A simple rule of thumb 
exists. For every 0.05mm that the 
BOZR is steeper than K, the tear lens 
power increases by +0.25D. Therefore 
you must counter this by adding 
-0.25D to the power of the contact lens. 
Obviously if the contact lens is flat by 
0.05mm, an extra -0.25 is added to the 
power of the tear lens, and the power 
of the lens ordered must be increased 
by +0.25D.

Example
A patient has a spectacle prescription 
of -5.00 DS at a back vertex distance 
of 10mm. His K readings are 7.80mm 
in all meridians, but we have elected 
to fit him with a lens with a BOZD of 
7.75mm. 

The first step is to adjust the spectacle 
lens power to account for the fact that 
the contact lens is sitting on the eye. This 
can be calculated using the formula:  

L   =  F’s     
          1-dF’s 

Where L = power of contact lens
         d = vertex distance of spec lens  
 F’s = power of spectacle lens

However, it’s much easier to look 
it up in a table, such as that provided 
in the Association of Contact Lens 
Manufacturers’ manual. A spectacle 
lens at 10mm BVD has an effective 

power in the corneal plane of -4.75D, 
so this is the power we need for the 
contact lens.

The lens is 0.05mm steeper than K, 
so the liquid lens will have a power 
of +0.25D. To counter this we need to 
add -0.25D to the contact lens power, 
which takes us back to -5.00D. This is 
the power we will order.

If we decided that the 7.75 base curve 
looked a bit steep, we might decide to 
order a flatter lens next time. Suppose 
we wanted to order a BOZR of 7.85 
this time. This is 2x0.05mm flatter than 
the previous lens, so we would create 
a tear lens with an extra -0.50D. We 
would need to modify the power of the 
lens we ordered by +0.50, so we would 
order -4.50D.

On the other hand, we might not 
do this, even if  it is theoretically 
indicated, as we also need to consider 
the inconvenient fact that most of our 
patients have two eyes. These two 
eyes usually work together, though 
sometimes not as well as we might 
hope.

Binocular considerations
Myopes are likely to be exophoric, 
particularly at near fixation distances. 
If they wear their spectacles for near 
visual tasks, they will benefit from 
a certain amount of base-in prism at 
near, as the spectacles will be centred 
for distance. The loss of this base-in 
prism may result in decompensation 
of their near muscle balance, variable 
vision, asthenopic symptoms or 
even diplopia. In such cases, a slight 
over-correction of their myopia can 
sometimes be beneficial, as the extra 
accommodation stimulated will also 
induce accommodative convergence. 
With a normal accommodative 
convergence/accommodation (AC/A) 
ratio of around 4 even -0.25D can 
significantly alter the muscle balance 
without overloading accommodation 
itself. Accommodative demand is 

higher for a myope in contact lenses 
than it is in spectacles. If the patient 
habitually reads without spectacles, 
as many low myopes do, they may 
initially struggle to cope with the 
extra accommodative demand that 
correction of their myopia brings. For 
these patients, over-correction is not 
appropriate. 

Hyperopic patients often find near 
vision easier with contact lenses, as 
their accommodative and convergence 
demands are less. Practitioners should 
also beware the hyperope with a 
significant latent element, as their 
latent element sometimes seems to 
become manifest shortly after contact 
lens fitting.

Markings
It used to be common to see lenses 
marked ‘R’ and ‘L’ (Figure 2) and some 
lenses have the BOZR and TD printed 
on them as well. This is wonderful 
when doing aftercare, especially if 
you didn’t fit the patient. However, 
engravings do tend to assist the 
formation of deposits and they may 
weaken a lens mechanically. A spate 
of RGP lenses splitting in line with 
the vertical part of the R and L led to 
many labs adopting a simpler method 
of discrimination between the two, 
and most lenses now have only a small 
dot on one lens, usually the right one. 
One consequence of this is that many 
patients, particularly those in early 
presbyopia, have no idea which lens is 
which, and may turn up for aftercare 
with either lens in either eye, or two 
of the same.

Tints
Some standard lenses come with a 
handling tint, which is intended to 
assist the detection of dropped lenses. 
The concept works well when white 
bathroom suites are in fashion, but 
less so when the height of lavatorial 
elegance comes in avocado or tasteful 
beige. In any case the handling tint is 
rarely an option, generally a standard 
feature of a particular lens. Similarly, 
many lenses have an UV inhibitor 
incorporated in the lens polymer, and 
occasionally this is offered as an optional 
extra. The  ACLM manual identifies 
those lenses with an UV inhibitor. UV 
filtration may have long-term benefits 
for ocular health, particularly for those 
working outside, and aphakes. On the 
other hand, you should not attempt 
to examine the fluorescein pattern 
of a lens with a UV inhibitor with a 
Burton lamp. The cobalt blue light on 
a slit lamp will give a truer picture on 
these lenses. 

Figure 2 
RGP with ‘R’ 
marking
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Summary
To order empirically, or to select from 
a trial set.

For a cornea with low toricity:
● TD should be large (approx 9.60mm) 
unless there are good reasons not to
● BOZD should be the same as flattest 
K or slightly flatter. Keratometers vary 
due to their different mire separation 
so get to know your instrument and 
allow for it
● Edge lift should be standard unless 
you know the patient isn’t
● The lens edge needs to be 
‘well-rounded’ or to have a well 
rounded front edge
● Centre thickness standard unless you 
are fitting a spherical lens on a cornea 
with significant astigmatism. In this 
case add 0.02 to the standard thickness. 
Manufacturers will usually allow for 
the flexibility of the lens material in 
setting their standard thickness
● Power should be the spectacle 
correction adjusted for vertex distance 
and the tear lens, unless you are trying 
something clever to help muscle 
balance. ●

● Ngaire Franklin and Andy Franklin 
are contact lens specialist optometrists 
practising in the South West

1 Which of the following is not an 
advantage of an alignment fit?

A  The lens weight is distributed over a 
maximum area

B  There is increased lens flexure enhancing tear 
exchange

C There may be better tear exchange
D Visual performance should be more stable

2 Which of the following is the best 
approach to fitting lenses of diameter 

greater than 9.50mm?
A Fit on flattest K
B Fit on steepest K
C Fit just steeper than flattest K
D Fit just flatter than flattest K

3 Which of the following most closely 
represents the band of fluorescein one 

may see around the edge of an RGP lens in 
situ?
A Radial edge lift
B Axial edge lift
C Edge clearance
D Peripheral optic zone radius

4 How is the flexure of an RGP lens related 
to the Dk?

A No relationship
B Increases with Dk
C Decreases with Dk
D Inverse square relationship

5 Which of the following represents 
the minimum thickness (in mm) 

recommended for a -4.00DS RGP lens?
A 0.18
B 0.16
C 0.15
D 0.14

6 For every 0.05mm that the BZOR is 
steeper than K, by how much does the 

power of the tear lens change?
A -0.25D
B +0.25D
C -0.50D
D +0.50D

Successful participation counts as one credit towards the GOC CET scheme administered by Vantage and one 
towards the Association of Optometrists Ireland’s scheme. The deadline for responses is July 29 2010

MulTiPlE-ChOiCE quESTiOnS – take part at opticianonline.net 

One national contract shall be awarded
on the basis of the most economically
advantageous tender which offers high
quality provision to meet the diverse
needs of our customers and the
Department.

A contract will be awarded for a period
of 3 years with an option to extend for a
further 2 years.

Initially this contract will only be used by
DWP but the contract may be made
available to other Government
Departments. DWP estimate the overall
contract value of between £1.7m and
£3.8m, with an annual value following
initial transition of between £21k and
£140k.

Interested organisations are invited to
visit the Supplying DWP website to view
the specification and download a Pre-
Qualification Questionnaire. Those
organisations that are successful at PQQ
stage will then be invited to submit a
tender.

The deadline for return of PQQs is noon
on 16th July 2010. Further details of how
to return the PQQ can be found in the
PQQ document.

Any queries please email the Project at
DWP.OPTOMETRIST@DWP.PGSI.GOV.UK

Provision of
Eye Care Specialist Reports
Following a change in legisation which will allow for prescribed
categories of severely visually impaired people to be entitled to the
Higher Rate Mobility Component (HRMC) of Disability Living
Allowance (DLA) the Department for Work and Pensions is seeking to
contract with a single supplier with local provision across the UK and
including Northern Ireland, to undeertake an examination of
customers visual acuity and visual field, and provide a report back to
The Department.

We will require the eye care specialist to:

• Undertake an examination and
provide a report giving details
of the customer’s visual acuity
measured by reference to the
Snellen scale

• Have relevant equipment to
perform an Esterman field test
and undertake this to an agreed
standard

• Be qualified and certified by a
relevant government body.

• Provide the Department with a
completed report and visual
field charts to an agreed
standard and in an agreed
timescale.

• Make payment of reasonable
customer expenses for
attending if required by the
Department.
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