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RGPs – the Low Fat Option?
RGP lenses have been called many things, but ‘the low fat option’ may be a new one to the existing arsenal. While 

enormous amounts of research have been dedicated to soft (especially silicone hydrogel) lens wear, very limited 

energy is devoted to RGP lens materials and we simply do not know what is happening on an RGP lens surface. For instance: are there any lipids on an RGP lens? 

A new method of high resolution imaging of the lipid layer developed by the College of Optometry at The Ohio State University in the USA, which has been used 

to image lipid layers on the naked eye and on soft conventional and silicone hydrogel lenses, was for the first time used to image RGP lens materials. 

A discussion about what 
happens to the lipid layer 
on RGP lens surfaces

With its high resolution, the system can potentially provide new 
information about distribution and thickness of the lipid layer, 
such as lipid dropἀlets and dark spots. Consequently, the surface 
area that is visible is small (200 microns) with this technique, 
and the depth of focus is limited to about 1 micron (King-Smith 
et al1). In the normal eye, the oily layer is spread over the aqueous 
phase of the tears by the blink mechanism. Placing a contact lens 
on the ocular surface creates a thin layer of fluid on which the 
lipid can lie and also disturbs the smooth surface over which the 
lids must sweep during a blink to re-establish the tear film.2 
The combination of these factors results in a thin lipid layer 

over a hydrogel lens, but an apparent absence of a lipid layer 
over a rigid lens surface, according to Jennifer Craig in the 
book ‘the tear film’.3 As a result, the stability of the tear film is 
affected during contact lens wear. For a stable tear film to form 
on the lens surface, the contact lens would need to be entirely 
biocompatible with the tear fluid and surrounding tissues, 
allowing a continuous film—complete with lipid layer—to form 
over the surface. Unfortunately, the relatively hydrophobic 
nature of many contact lens materials, particularly rigid lens 
materials, often precludes the formation of such a film, according 
to Craig. 

Globalcontact 2-10

Fitting background RGP Lens Surface



7

So just like the question ‘Is there water on Mars?’ the question 
we asked ourselves was: is there a lipid layer on an RGP lens 
surface? And secondly: are there differences among various lens 
materials (low Dk, high Dk, plasma treated, etc)? To further 
explore this question, we decided to undertake an experiment, 
kindly supported by Contamac Ltd, to see whether we could 
visualize any lipids on an RGP lens surface with the new technique 
of imaging the lipid layer.

HiGH ReSOlUTiOn liPid lAyeR imAGinG 

Figure 1 shows an unprocessed recording of the lipid layer using 
the high resolution imaging system. The picture on the left shows 
a 200-micron diameter section of the lipid layer. The alignἀment 
spot on the top right is used for lateral and vertical alignment of 
the subject’s eye, whereas the monitor spot (bottom right) is used 
to monitor the intensity of the light source.

The system records 2,000 images over a 20 second period, of 
which the best images can be selected based on image quality. 
Figures 2 and 3 show the normal lipid layer on the naked eye OD 
and OS, respectively, of the subject tested in this experiment. The 
lipid layer of the naked eye presents in a wide variety of patterns. 
Two examples illustrated here are a droplet lipid pattern and an 
ice floe pattern.
To image the effects of different RGP lens materials on the lipid 
layer, a custom lens was made based on corneal topography data 
(Medmont). This lens was designed and manufactured by 
Procornea in the Netherlands and was checked with and without 
fluorescein for fitting characteristics by Michael Weitz, OD, 
FOAA, in Bethesda MD (USA). No alterations were made from 
the original topography-based lens design, but the lenses were 
made in 10 different materials for both eyes and all were made 
both with and without plasma treatment for a total of 40 lenses. 
All lenses were made by the same manufacturer using the same 
lathing technique (CNC lathing machine). The control material 
was (poly)methylmetacrylate (PMMA, Dk 0), and sequentially 

low, mid and high Dk lens materials of the three major RGP lens 
material manufacturers were selected. Contamac Ltd materials 
included Optimum Comfort (Ruflufocon C), Optimum Extra 
(Ruflufocon D) and Optimum Extreme (Ruflufocon E) with a 
reported Dk (ISO) of, respectively, 65, 100 and 125. For Paragon, 
we used Paragon Thin (Paflufocon C, Dk 23), Paragon HDS 
(Paflufocon B, Dk 40) and Paragon HDS 100 (Paflufocon D, 
Dk100). Bausch + Lomb Boston materials included Boston ES 
(Enuflufocon A, Dk 18), Boston EO (Enuflufocon B, Dk 58) and 
Boston XO (hexafocon A, Dk 100). All lenses were manually 
rubbed in a conditioning solution and then rinsed with saline 
before being placed on the eye. All lenses were allowed to settle 
for 5 minutes before images were taken. The subject was an 
adapted RGP lens wearer who had ceased lens wear on the study 
day prior to the experiment.
Figure 4 shows the subject with a PMMA lens material. The lipid 
layer is hardly visible in the original image, but coalescent areas 
of lipids appear in the contrast enhanced picture. PMMA is 
thought to be the ‘mother of all rigid lens materials,’ renowned 
for its good wettability properties based on in-vitro measures.
For low Dk RGP lens materials, not many lipids, if any at all, are 
visible on the pre-lens tear film covering the lens surface. The 
images showed a wide variety of patterns, but this was independent 
of the material within the low DK group and also independent 
of whether or not the lens was plasma treated. Figure 5 is an 
example of a low Dk material, without plasma treatment, and 
with limited lipids visible on the lens surface. No differences 
could be observed among the three low Dk materials used. Also, 
no difference was seen in plasma treated versus non-plasma 
treated lenses. Perhaps even more surprising was that there was 
no obvious differences among low, mid and high Dk or among 
plasma treated lenses in any group. Figures 5-7 show different 
lens materials in different groups as an illustration.
In addition, we tried inserting the lens with and without a 
conditioning solution (Boston Conditioner, Bausch + Lomb), but 
again no obvious difference was seen in either case (figure 8) and 
regardless of whether or not the lenses were plasma treated. 
As a reference, figure 9 shows a picture of the same subject wearing 
a silicone hydrogel (Acuvue Oasys, Johnson & Johnson), with a 
thin droplet pattern lipid layer visible on the lens surface. Although 
thin, it appears to contain slightly more lipids compared to the 
RGP lens materials.

diSCUSSiOn

The question of whether or not lipids are present on an RGP lens 
in vivo is an intriguing one for the RGP lens industry (material 
manufacturers, solutions producers and lens labs). Of course no 
conclusions can be drawn from a small experiment on a single 
subject; to fully understand what is happening on an RGP lens 
surface, a larger study should be conducted. One question we 
need to ask ourselves is: what are we actually seeing in the images? 
Is it maybe just the outer layer or surface of the lipids and a more 

Fig. 1: High resolution imaging of the lipid layer – a new 

technique developed by the College of Optometry at The Ohio 

State University and the department of mathematical Sciences 

at the University of delaware (USA)
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homogenous layer of lipids lies beneath this surface layer (e.g. 
polar versus non-polar layers)? On the other hand, what we see 
in the current experiment seems to be in line with previous 
reports of the absence, or limited presence, of a lipid layer on an 
RGP lens surface. Jennifer Craig’s words, quoted earlier in this 
article, echo back that ‘the relatively hydrophobic nature of contact 
lens materials, particularly rigid lens materials, often precludes 
the formation of a healthy tear film.’
Michel Guillon and Jean-Pierre Guillon2 have tried to image the 
lipid layer on the RGP lens surface with a Tearscope and to 
subjectively qualify it. A Tearscope is a first generation 
interferometer, which is very different compared to the system 

we used. They found that ‘typically in front of PMMA or RGP 
lenses the lipid layer is absent or so thin that it is neither visible 
nor effective in preventing rapid destabilization of the pre lens 
tear film.’ Because of the apparent absence of lipids on an RGP 
lens, they actually introduced a new classification system for RGP 
lenses in which not the thickness of the lipid layer is rated, but 
the amount of lens surface that is covered by lipids—ranging 
from lipid coverage absent (grade 0) and grade 1 (lipid coverage 
> 0% and ≤ 25%) to lipid coverage > 75% and ≤ 100% (grade 4). 
The area that was measured in our experiment was 200 microns, 
or only 0.2mm, large, a much smaller area than the Tearscope 
can visualize (the better part of the entire lens surface). 

 Fig. 2: lipid layer Od showing lipid droplets – the original 

picture is on the left, the contrast enhanced version on the right. 

Fig. 3: lipid layer OS with ice floe pattern

Fig. 4: PmmA lens material with no plasma treatment. The lipid 

layer is hardly visible in the original image, but coalescent areas 

of lipids appear in the contrast enhanced picture on the right.

Fig. 5: low dk material, without plasma treatment, with limited 

lipids visible on the lens surface. 

Fig. 6: mid dk material lens surface, with plasma treatment, 

showing very limited lipids (far right). 

Fig. 7: lens in the high dk group, without plasma treatment, 

again with very limited lipids. 
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Fig. 8: lenses in the high dk material group, with plasma 
treatment, placed on the eye with and without conditioning 
solution.

 Fig. 9: silicone hydrogel lens worn by the same subject in our 
experiment, with a thin droplet pattern lipid layer visible on the 
lens surface.

Fig. 10: interference fringes in the pre lens tear film beside a dry 
spot on a gas permeable contact lens

Fig. 11: RGP lens on a human eye – the blue circle represents the 
RGP lens. The colour indicates that the temperature on the lens 
surface is about two degrees lower than that of most of the ocular 
surroundings. Courtesy of Phillip morgan and meng Poey Soh.

Nevertheless, in a few cases we seem to have hit the edge of a dry 
spot, as can be seen in figure 10. 
Typically, as Guillon and Guillon mention, the pre lens lipid layer 
on rigid lenses is invisible and the aqueous layer forms a 
continuously thinning wedge, the thickness of which can be 
measured by photographing the interference fringe pattern and 
determining the order of interference. They also mentioned that 
the absence of lipids seems to be independent of the material 
used. Interestingly, the lipid layer on the ocular surface and away 
from the lens is covered by a normal pre ocular tear film. Based 
on this, they suggest that the edge of the RGP lens acts as a barrier 
to the lipid layer spreading over the surface of the thin, unstable 
aqueous layer on the lens surface. Contrary to hydrogel lenses, 
the characteristics of the pre lens tear film over rigid lenses are 
more affected by lens geometry and lens movement than by nature 
of the lens material according to Madigan and Holden4. This, 
however, does not imply that material differences have no influence 
on wettability. But it does seem to imply that other factors play 
a role rather than material alone, which is much more the case 
in soft lens wear. 
Another speculation may be temperature. From work with ocular 
thermographs, like the picture in figure 11 by Phillip Morgan 
and Meng Poey Soh, it is clear that the RGP lens front surface is 
considerably cooler than the tear film. Purely in theory, it can be 
suggested that this may prevent lipids from forming an equal 
layer on the lens surface because lipids form clusters and/or spots, 
rather than spreading out. 
The tear film in infants has been studied extensively, with the 
lipid layer as a focal point because the tear film in infants has 
been found to be extremely stable. A stable tear film is believed 
to result in less blinking (the breaking up of the tear film has 
been suggested as the possible trigger for a new eyeblink). 
Infants exhibit very low blink rates (<4 eyeblinks per minute). 
This increases to about 15-30 eyeblinks in adulthood.5 How is 
the eyeblink rate in RGP lens wear? A study published in 
Optometry and Vision Science reports that while the total 
eyeblink rate in RGP lens wearers is the same as in non lens 
wearers, the quality of the eyeblink is reduced.6 Could a lesser 
quality of eyeblinking lead to higher evaporation rates (or vice 
versa)? Likewise, could the wear of the contact lens dampen 
the sensory effect of the increased osmolarity caused by 
evaporation?
What are the possible implications of this from a clinical point 
of view for RGP lens wear? What does it mean that apparently 
no or very limited lipids are present on an RGP lens surface? ‘The 
low fat option’ is generally preferred from a nutritional standpoint, 
but the absence of a substantial lipid layer on the RGP lens surface 
is almost certainly not preferred and has high relevance for lens 
surface wettability. The aqueous layer quickly evaporates and the 
pre lens tear film may dry up. What does this mean for lens wear 
comfort? Also, deposits can quickly form on the lens as a result, 
despite the fact that in contact lens wear, regardless of type or 
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material, the lens quickly becomes covered with a layer of mucus, 
which should dramatically improve its wettability.2

Guillon and Guillon7 compared the in vivo wettability of four 
high Dk RGP materials. The in vivo characteristics of the high 

Dk materials were not different from those of lower Dk materials; 
therefore, increasing Dk does not result in reduced wettability 
as is generally assumed by practitioners. This appears to be in 
line with our finding. In vivo wettability was affected by duration 
of lens wear in the study mentioned: after 6 months of wear the 
stability of the tear film at the front of the contact lens was 
significantly reduced and the level of surface contamination 
increased compared with that at dispensing. The notion of planned 
replacement should maybe be extended from soft lens wear to 
RGP contact lenses, more than currently is the case. According 
to Guillon and Guillon, replacement frequencies of 6 or even 3 
months would be of benefit for a significant number of patients. 
Frequent replacement (unidentified how often) is seen in about 
40% of lens fits in countries participating in the yearly Eurolens 
research survey – varying from 90% in the UK to 20% in the 
Netherlands as presented in the last edition of (no1/2010).
It is obvious that this article raises more questions than it answers, 
but that is the nature of a discussion paper. There is a need, though, 
to further explore the possible mechanisms in tear film interaction 
with RGP lens materials and to come up with answers to ensure 
a healthy future for RGP lens materials and RGP lens wear. 
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