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Abstract

Purpose: The purpose of this pilot study was to determine the effect of varying lens diameter of
two types of keratoconic lenses on lens performance and initial comfort with participants with
either centered or oval cones.

Met hods: Sxteen eyes of ten keratoconic participants were fitted with lenses of five diameters
i.e.8.7,9, 9.6, 10.1 and 10.4 diameters and two commercially available lenstypes; “ KCGP-1" and
“KCGP-2”. Lensmovement, centration and initial comfort were assessed.

Results: Ten subjects (2 female and 8 male, sixteen eyes) were enrolled to participate in the pilot
study, themean age was 40.4 + 14.33 years. Sx eyeswere in the early centred cone group, five in
the early oval cone group and five in the late oval cone group. The lenses with the 9.6 lens
diameter (TD) decentered the least for all lenses (p = 0.001). When compared to cone type, the
8.7/ 9 were more decentered for the late oval and late centred cones (p = 0.009). The movement
of the smaller KCGP-1 was greater than the KCGP-2 for the centered early cones (p = 0.001) and
the movement decreased for the larger KCGP-2 lenses for all cone types but not significantly
(p > 0.05). The KCGP-1 Ienses were more significantly comfortable than the KCGP-2 lenses for the
centered cones (p = 0.003). Only for the early oval cones, was the larger KCGP-2 lenses more
comfortable (p = 0.04).

Conclusions: Lens diameter affects comfort and centration especially for the small (8.7/9) and
large (10.4/10.1) diametersin this pilot study. Lens movement was not correlated with comfort.
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PALABRAS CLAVE
Queratocono;

Ajuste de lente PG;
Diametro de lente PG;
Comodidad de lente
PG

Efecto del diametro de la lente en su rendimiento y comodidad inicial de dos tipos
de lentes PG para el queratocono: un estudio preliminar

Resumen

Objetivo: H objetivo de este estudio preliminar fue determinar el efecto de variar el diametro
total de lalente (TD) de dos tipos de lentes queratoconicas en el rendimiento de la lente y la co-
modidad inicial con participantes que tenian conos centrados u ovalados.

Meét odos: Se adoptaron lentes de cinco didametros (8,7, 9, 9,6, 10,1y 10,4) y dos tipos de lentes
disponibles en el mercado, KCGP-1 y KCGP-2, en dieciséis ojos de 10 participantes con queratoco-
no. S adoptaron el movimiento, el centrado y la comodidad inicial de las lentes.

Resultados: S incluyé a 10 sujetos (2 mujeresy 8 hombres, 16 0jos) para participar en un estudio
preliminar; la media de edad fue de 40,4 * 14,33 anos. Habia seis ojos en el grupo de conos cen-
trados incipientes, cinco en el grupo de conos ovalados avanzados y cinco en el grupo de conos
centrados avanzados. Las lentes con un diametro de 9,6 (TD) fueron las que menos se descentra-
ron de todas (p = 0,001). S comparamos entre tipos de cono, las de 8,7/ 9 se descentraron mas en
conos ovalados avanzados y en conos centrados avanzados (p = 0,009). El movimiento de la
KCGP-1, més pequefa, fue mayor que el de la KCGP-2 para los conos incipientes centrados
(p=0,001) y el movimiento se redujo para laslentes KCGP-2, méas grandes, para todoslostiposde
conos, aunque no de manera significativa (p > 0,05). Las lentes KCGP-1 fueron significativamente
mas cémodas que las lentes KCGP-2 para los conos centrados (p = 0,003). Las lentes KCGP-2 mas
grandes fueron mas coémodas solamente para los conos ovalados incipientes (p = 0,04).
Conclusiones: El diametro de la lente afecta a la comodidad y el centrado, sobre todo para los
diametros pequefios (8,7/9) y grandes (10,4/ 10, 1) de este estudio preliminar. B movimiento de la
lente no se correlacioné con la comodidad.

© 2010 Sanish General Council of Optometry. Publicado por Elsevier Espafia, SL. Todos los derechos

reservados.

Introduction

Keratoconus is a progressive, bilateral but typically
asymmetric, ectasia of the cornea. The incidence of
keratoconus varies greatly in the literature and ranges from
4 to 600 affected individuals per 100,000.' The disease is
highly variable in its course, beginning at about the time of
puberty. Initially a patient in their teens or 20’s consults an
eye care practitioner with symptoms of blurry vision. Asthis
process continues, which includes steepening and thinning
of the cornea, worsening visual acuity due to irregular
astigmatism and the presence of a variable degree of
scarring, until the third or fourth decade of life." It isusually
followed by a period of relative stability or a very slow
increase, with occasional episodes of progression.?

This degenerative disorder is considered to be caused
genetically®# though no clear-cut genetic pattern hasbeen
established, but a familial occurrence has been reported
with a correlation to different systemic diseases.?®
Recently, oxidative stress® to stromal collagen tissue due
torigid contact lens (CL) wear, eye rubbing, atopic disease
and connective tissue disorders has been postulated as a
cause. CL will eventually be necessary in all cases with
approximately 20 %of patients eventually needing corneal
surgery, but, still requiring CL management. '

Keratoconus can be classified based on central
keratometric readings, shape i.e. nipple-type (centred),
oval-type and globus-type, or progression.” One of the most
important tools in managing the progression of keratoconus
is computerised video-keratography (VKE) and with this
information the shape, size and position of the cone can be

examined, followed over time and used in order to select
corneal lens parameters.®

The centred cone has been described as having a smaller
diameter and its apex lies mostly centrally to slightly
inferio-nasally. On the other hand, the oval cone is larger
and is more prevalent in the inferio-temporal region of the
cornea. The more decentred the cone, the more difficult
and challenging the CL fitting.s

CL fitting in keratoconus and achieving an acceptable fit
can be very difficult. The development of irregular
astigmatism is a challenging problem to practitioners.® In
the early stages of keratoconus habitually both spectacles
and CL can be used. There is a wide range of different
varieties of lenses for keratoconus lensfitting. Each stage in
the progression of the keratoconus has a special requirement
for the lensfitting. Asthe keratoconusincreasesin severity,
so too must the CL fit be manipulated to match the new
corneal topography in order to achieve centration and
comfort.810

Rigid gas permeable (GP) lenses have been successfully
used to provide an adequate visual correction for patients
with keratoconus by providing a smooth optical surface to
correct irregular astigmatism. ''® With the advent of highly
oxygen permeable materials and the availability of
computer-assisted videokeratoscopes (VKE), the fitting of
these patients has become more simplified with better
physiological outcomes. ™ With this information, lens
parameters can be better selected to aid in lens centration
and comfort. These lenses are typically worn during most
waking hours requiring all day comfort with minimal ocular
response.
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Selection of lens diameter is generally based on the
advancement/ size of the cone. ™' This pilot study hopesto
see if any differencesin lens performance and comfort can
be detected with a change in contact lens diameter (TD).

The purpose of this pilot study was first, to investigate
how changesin CLdiameter affect the centration, movement
and fit of each of two lens types for keratoconus patients
with centred (early and late stage) and oval (early and late
stage) cone types and second, to correlate the lens fitting
characteristics with initial lens comfort.

Methods and data analysis

The study was a non-dispensing clinical trial (a fitting study)
using a small sample size of 16 eyes of 10 participants who
visited the University of Waterloo, School of Optometry, CL
clinic. All participants were experienced CL wearers. To
determine the eligibility of the participants, the initial
screening examination included measurement of the best
visual acuity with the patient’s current CL, slit lamp
examination and topography. Informed consent was obtained
from all participants according to the Tenets of Helsinki and
the Office of Research Ethics.

Topographic maps were taken with the Orbscan II™
Topographer (B&L Surgical, Rochester, NY) and were studied
to categorise each participant into the type of keratoconus
that had presented i.e. a more centrally located cone apex
or one with a more displaced corneal apex. Based on the
cone apex location, either within the central two millimetres
or outside of that zone, the coneswere labelled as“centred”
or “oval,” respectively. The steepest Kreading was used to
define the severity of the condition. Seep Kreadings < 50 D
(6.75 mm) were called “early” cones and > 51.25 D
(6.58 mm) are referred to as“late” conesin this manuscript.
In addition, the apical and overall cone diameters were
measured using the 1 mm grid superimposed on the absolute
scale tangential colour map. Cones were subsequently
divided into two groups: centred (6 eyes) or oval (10 eyes),
then further subdivided into early or late categories with
equal numbersin each.

Table 1 Trial lens parameters
Lens name KCGP-1 KCGP-2
Material BOSTON ES Sd. BOSTON EO Sd.
Enflufocon A Enflufocon B
Custom Custom
Dk Value 30 x 107" 100 x 10"
Diameter Custom Custom
(mm) 8.7, 9.6, 10.4 (trials) 9, 9.6, 10.1 (trials)
BOZR (mm)  Custom Custom
Power (D) Custom Custom
Description  Posterior multicurve Posterior design
design with divided into three
variable OZ principal areas
for custom fit
with fixed OZ
CT (mm) Custom Custom

There were two lens types (i.e. of different design)
manufactured with three different diameters and
corresponding back optic zone diameters (BOZD), for a
total of six trial lens sets used in this study. These two
commercially available lens designs, one with a variable
BOZD (KCGP-1) and one with a fixed BOZD (KCGP-2) were
fitted on all participants regardless of cone type. The two
lens types (with three lens diameters) that were used are
outlined in Table 1. Some lens types have either variable
(KCGP-1) or fixed BOZD's (KCGP-2). In lenses with variable
BOZD's the BOZD changes with the BOZR that is, as the
radius becomes steeper the BOZD becomes smaller which
tend to be more stable on centred cones. In lenses with
fixed BOZD’s, the BOZD increases only when the lens
diameter increases and are more suited for progressing
oval cones.8 Lens performance and subjective comfort
using analog scales (0 worst to 100 best) were assessed
when the lens had settled that is, after at least five
minutes.

All three lens diameters and both lens types (i.e. six
lenses) were worn by each participant in the study. Lenses
with the 9.6 mm diameter (TD) were selected first and fitted
according to the manufacturers’ recommendations
(approximately on average K) and adjusted if necessary,
until an optimal three point touch pattern was achieved for
each cone type. The smaller diameter lenses were fitted
0.2 mm steeper than average K (or from the base curve of
the best fit 9.6 mm lens). The larger diameter lenses were
fitted 0.2 mm flatter than average K (or from the base curve
of the best fit 9.6 mm lens). The fitting of the smaller and
larger TDs was randomly assigned. The fluorescein patterns
were rated as aligned (5to 10 uwm), slightly steep (11 to
20 wm), steep or clearly noticeable central pooling
(>20 pm), slightly flat (1to 4 wm), flat or clearly noticeable
area of touch (0 wm) for the central portion of the lens. For
the peripheral portion of the lens, the clearance was graded
asoptimal (70to 80 um), slightly insufficient (40 to 69 pm),
insufficient (0 to 39 wm), slightly excessive (81 to 95 um)
and excessive (96 to 120 wm). These ratings were developed
by the first author’s thesis work (Sorbara L, Performance of
“centred” versus “upper-lid attached” rigid gas permeable
lenses, University of Waterloo, 1993).

Lateral and vertical centration, and lens movement were
measured using a graticule scale in the eyepiece of the
Zeiss™ glit lamp biomicroscope where a positive value is
nasal and superior and a negative value is temporal and
inferior. Comfort, shortly after the lens settled wasrated by
each participant, on an analog scale from 0 (totally
uncomfortable) to 100 (perfect comfort) for each of the two
lens types and three diameters.

Data analyses were conducted using Statistica 7.0
(SatSoft Inc. Tulsa, USA). Data are presented in tables as
mean * standard deviation and in figures as the mean with
0.95 confidence intervals, unless otherwise indicated. Data
from subjective rating scales and objective measures
(continuous variables) were analysed with repeated
measures ANOVAs. Kruskal-Wallis and Freidman ANOVAs
were employed for non-parametric analyses (data graded on
0to 4 scales). Where post hoc testing is reported, a Tukey
HSD test was employed. Pearson correlations were used to
compare data. Asignificance level of a = 0.05 was used for
all analyses.



GPlens diameter and initial comfort in keratoconus: a pilot study 25

Results

There were 2 female and 8 male participants (total of
16 eyes) with mean age of 40.4 + 14.33 years. Table 2
outlines the simulated topographic K readings and cone
diameters for the participants.

Figures 1 (centred cone) and 2 (oval cone) illustrate
the cone types that were identified with the VKE
images.

Table 2 Baseline participant topographic parameters

Regardless of the lens design and manufacture, a gentle
3-point touch was achieved in all the 9.6 mm TD cases. The
parameters of the final lenses that were fitted are found in
Table 3.

Figures 3, 4 and 5 show the three point touch fluorescein
patterns that correspond to a single participant with a
centred cone with each of the three TD's (8.7, 9.6 and
10.4 mm, respectively) for lens type KCGP-1. In general,
once the three point touch pattern was achieved for the

1 -

Cone type Seepest K Average K Cone diameter; apex/ overall
Oval-early (n = 3) 49.26 £1.71 D 44.66 + 1.45D 1.8+ 0.76/5+ 0.94 mm
Oval-Late (n=3) 57+291D 48.39 £ 2.57 D 1.84 £ 0.85/4.74 + 0.49 mm
Centred-Early (n = 5) 48.75+0.78 D 45.53+0.13D 1.5+ 0/4.75 £ 1.06 mm
Centred Late (n =5) 59.5+5.5D 53.91£5.49D 1.63£0.75/4.5+ 0.08 mm

ConsscaN i, [ConsscaN o _

fp——

Figure 1 Orbscan™ Il topographic map of centred cone. Note
cone apex located within the central 2 mm zone.

Table 3 Final lensfitting parameters for each lens diameter

Figure 2 Orbscan™ Il topographic map of oval cone. Note
cone apex located outside the central 2 mm zone.

ID# Cone type KCGP-1 BOZR (mm) KCGP-2 BOZR (mm)
8.7 mm 9.6 mm 10.4 mm 9 mm 9.6 mm 10.1 mm

3-0OD oval early 7.3 7.5 7.7 7.3 7.5 7.7
6-0OD oval early 7 7.2 7.4 7 7.2 7.4
9-0S oval early 7.5 7.7 7.9 7.4 7.6 7.8
10-0S oval early 7.5 7.7 7.9 7.4 7.6 7.8
11-0S oval early 7.4 7.6 7.8 7.4 7.6 7.8
2-0D oval late 6.1 6.3 6.5 6.1 6.3 6.5
2-0S oval late 6.9 7.1 7.3 6.9 7.1 7.3
8-0S oval late 6.6 6.8 7 6.7 6.9 7.1
9-OD oval late 6.8 7 7.2 6.8 7 7.2
10-OD oval late 7.3 7.5 7.7 7.3 7.5 7.7
4-0D centred early 7.3 7.5 7.7 7.3 7.5 7.7
5-0S centred early 7.2 7.4 7.6 7.2 7.4 7.6
7-OD centred early 6.8 7 7.2 6.8 7 7.2
4-0S centred late 5.6 5.8 6 5.6 5.8 6

5-0OD centred late 6.5 6.7 6.9 6.5 6.7 6.9
7-0S centred late 5.9 6.1 6.3 5.9 6.1 6.3
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Figure 3 Example of fluorescein pattern of 8.7 mm  Figure 6 Example of fluorescein pattern of 9 mm KCGP-2 lens
KCGP-1 lens on centred cone. on oval cone.

Figure 4 Example of fluorescein pattern of same participant  Figure 7 Example of fluorescein pattern of same participant
wearing 9.6 mm KCGP-1 lens. wearing 9.6 mm KCGP-2 lens.

Figure 5 Example of fluorescein pattern of same participant Figure 8 Example of fluorescein pattern of same participant
wearing 10.4 mm KCGP-1 lens. wearing 10.1 mm KCGP-2 lens.
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9.6 mm lens, the smaller and larger diameter lenses appeared
slightly steep after compensation for the change in sagittal
depth, but not significantly (p = 0.05).

Figures 6, 7 and 8 are illustrations of another participant
having an oval cone with lens type KCGP-2 and the three
lens diameters (9, 9.6 and 10.1 mm, respectively).

The central fluorescein patterns showed minimal apical
clearance for both early cone types and slightly more apical
clearance with the late cones (p = 0.005) as seen in Table 4.
The edge clearance and widths were slightly reduced for both
late cone types and especially for the centred cone type
(p=0.04). When comparing the two lenstypesand for 9.6 and
10.1/10.4 TD's, the KCGP-1 lenses had less edge clearance
and width, compared to the KCGP-2 lenses (p = 0.027).

Vertical and horizontal centrations were measured and
compared. Vertical centration was found to be significantly
different comparing the three lens diameters and for each
lens type (p = 0.001). Post-hoc analysis indicated that
8.7/ 9 mm lenses centred the best on early centred cones;
9.6 mm KCGP-1 |lenses centred the best on late central
cones and early oval cones; 10.1/ 10.4 lenses centred better
on early oval cones. Generally, late cones had more inferior
decentration regardless of the TD (Table 5).

Lateral centration was not found to be significantly
different comparing the lens diameters and for each lens

Table 4 Central and peripheral clearance ratings (p.m)

type (p > 0.05). Lenses tended to decentre temporally on
the early oval cones especially with the KCGP-2 lenses.

Movement of the lensin primary gaze with the blink was
measured and we found that there was a significant
difference in lens movement comparing each lens type,
KCGP-1 moved more than KCGP-2 for all cone types
(p = 0.018) as shown in table 6. Also, smaller lenses for
either lens type moved more than the larger lenses,
(p = 0.001). The movement of the smaller KCGP-1 was
greater than the KCGP-2 lens for early centred cones
(p =0.001).

Comfort ratings for each lens diameter versus cone type
varied significantly for small KCGP-1 (centred) and large
KCGP-2 (oval) (p = 0.003). For centred cones, there was
better comfort with small TD (8.7 mm) KCGP-1 lens
compared to KCGP-2. The comfort ratings for the 9.6 mm
lenses of either type were not significantly different
(p > 0.05). On the other hand for oval cones, there was
improved comfort with the larger diameter KCGP-2
(10.1 mm) lens compared to KCGP-1 in this small sample
(Tukey, post hoc, p =0.04) (Figure 9).

There was no relationship between comfort ratings and
either the central or peripheral edge clearances, regardless
of lens diameter, having Pearson correlations of 0.2 and
0.28, respectively (p > 0.05).

8.7/9 mm TD 9.6 mm TD 10.1/10.4 mm TD

Central Peripheral Central Peripheral Central Peripheral

clearance clearance clearance clearance clearance clearance
Oval early 9.5+ 10.92 92.5+29 1.5+2.42 95 + 23.57 0.5+ 1.58 97.5 + 24.86
Oval late 13.5+9.73 76.5+28.7 5.5+8.32 69.5 + 49.35 7+8.88 65 + 53.8
Centred early 11.25+4.79 87.5+15 1.25+25 97.5 £ 20.62 2.5+5 57.5+ 47.87
Centred late 17.5+10.69 35 + 39.64 9.25 + 10.26 33.75 + 47.49 15.63 + 12.94 41.88 + 45
Table 5 \Vertical lens centration (mm)

Vertical Centration (mm)

KCGP-1/8.7 KCGP-1/9.6 KCGP-1/10.4 KCGP-2/ 9 KCGP-2/ 9.6 KCGP-2/10.1
Oval early —0.6+1.39 +0.2+ 0.76 +0.3+0.27 +0.8+1.15 +1.2 £ 0.91 +0.5+ 0.5
Oval late —.1+£0.65 —0.9+0.96 —0.8+1.04 —1.3+£0.84 —0.4+£0.22 —1.2+0.84
Central early —.25+0.35 +1.5+2.12 +0.5+0.71 —0.5+0 +1.5+2.12 +1.5+2.12
Central late —1.63+1.25 —0.25+ 0.5 —0.5+1.29 —0.87 £ 0.63 —.63 £ 1.11 —0.75+ 0.96
Table 6 Lens movement in primary gaze (mm)

Lens movement in primary gaze (mm)

KCGP-1/8.7 KCGP-1/9.6 KCGP-1/10.4 KCGP-2/ 9 KCGP-2/ 9.6 KCGP-2/ 10.1
Oval early 2.7+1.3 2.2+ 0.45 2.2+1.09 2+0.71 1.9+ 0.89 2+0.71
Oval late 24+1.14 1.8+ 0.45 1.6+ 0.89 2+0 1.9+0.89 1.6 £ 0.55
Central early 3+1.41 2.5+0.71 1.5+0.71 2.5+0.71 2+0 2+1.41
Central late 1.75+0.96 1.5+ 0.58 1.25+0.96 0.5+0.58 1.75+0.96 0.75+0.5
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Figure 9 Comfort scale ratings for all cone types and TD's (KCGP-1 (TD= 8.7, 9.6, 10.4 mm) and KCGP-2 (TD=9, 9.6, 10.1 mm).

The asterisk (*) represents the significantly different ratings.

Discussion

Classification of cone type by measurement of the central and
steepest Kreadings is the standard method of diagnosing
keratoconus and pellucid marginal degeneration. 52" More
recently the use of video-keratoscopy and research into various
indicesfor pattern recognition hasincreased the practitioners
ability for early diagnosis of these conditions.?% With the use
of these tools our small sample was classified into the early
and late, either centred or oval, type of keratoconus.

Athree point touch fitting pattern was almost always
achieved for all three lens diameters and each lens design,
based on the fitting nomogram that was used requiring
minimal modification (see Figures 4 to 8).2% Considering
that the cones were not advanced to the globus stage, the
fittings were uneventful for the 9.6 mm lens when starting
with the average Kreading for the initial base curve, as
been suggested by Edrington's* and others. ' This method
of base curve selection allowing for a gentle three point
touch has been tested by others and found to least affect
the biomechanical properties of the thinning cornea. 123
Following the guidelines of fitting the smaller lens, 0.2 mm
steeper than average K and the larger diameter, 0.2 mm
flatter than average K, to compensate for the differencesin
sagittal depth that the BOZD and TD created?"-*2 did result in
slightly steeper central patterns, especially for late cones
and larger TD's. Some authorstend to fit these lenseswith a
mild amount of central clearance in any case, '>' but with
too much apical clearance, acuity may be compromised. %
Smaller lens diameters for the early centred cones were
more aligned in fluorescein pattern, agreeing with other
studies. 1534 Late cones had more apical clearance but
demonstrated more movement, contrary to common belief;
this may be due to short wearing times of up to one hour
with each lens, in this small fitting study.

Excessive or insufficient edge clearance are both
troublesome in affecting corneal physiology, comfort and
lens positioning. %% The insufficient edge clearances that
were observed here for the late cones and larger diameters,
using trial lenses only, indicate the need to match the
increasing eccentricity value or rate of flattening for more
advanced cones with a peripheral system of a CLthat has a
high enough axial edge lift. Lenses can be easily modified
by ordering flatter peripheral systems until an adequate
amount of clearance is achieved.

This pilot study showed that there was a significant
difference in centration among the three lens diameters
despite most lenses having a three point touch fluorescein
pattern. There was a slight inferior decentration of the
smaller lens diameters on both late cone types. These
findings are in keeping with those of Rosenthal, where he
found that 8.5 mm lenses tended to decentre more than
larger lenses on keratoconic cornea.® The tendency for
lenses to decentre on keratoconic cornea may be due to the
mismatch of the BOZD of the CL and the diameter of the
cone, if it istoo small the lens will be loose and decentre
and on the other hand, if it istoo large, the excessive
pooling of tears and seal between the back surface of the CL
and the cornea encouragesthe CLto centre over the already
steep and decentred cone. ¥ For our small sample, the
8.7 mm centred the best on the centred cones and the
9.6 mm and larger diameters showed the best centration for
both cone types and especially for the late cones.

When the results for the initial comfort were analysed,
there was only a significant relationship with lens diameter/
lens type i.e. smaller TD were more comfortable with
centred cones and larger TD were more comfortable with
oval cones. There was no correlation with the central
fluorescein pattern as has been suggested by Edrington et
al,® although, he did find a correlation with edge clearance,
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which with our small sample, we did not. Nor did we find a
correlation with lens decentration, since no lenses were
excessively decentred, as could be expected with more
advanced cones than those in our study.

Conclusions

Only smaller KCGP-1 lenses on late centred cones were
more comfortable despite having greater movement and
decentration in this pilot study. Larger KCGP-2 lenses on
oval cones were more comfortable despite having some
decentration (early cones) and less movement. For this pilot
study the 9.6 and 10.1/10.4 mm lenses had the best fitting
characteristics for both the late centred and oval cones.
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