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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 init ial comfort  with part icipants with 

either centered or oval cones.

Met hods:  Sixteen eyes of ten keratoconic part icipants were fi t ted with lenses of fi ve diameters 

i.e. 8.7, 9, 9.6, 10.1 and 10.4 diameters and two commercially available lens types; “ KCGP-1”  and 

“ KCGP-2” . Lensmovement , cent rat ion and init ial comfort  were assessed.

Result s:  Ten subj ects (2 female and 8 male, sixteen eyes) were enrolled to part icipate in the pilot  

study, themean age was 40.4 ± 14.33 years. Six eyes were in the early cent red cone group, fi ve in 

t he early oval  cone group and f ive in t he lat e oval cone group.  The lenses wit h t he 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 cent red 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 

t he movement  decreased for t he larger KCGP-2 lenses for al l  cone t ypes but  not  signifi cant ly 

(p > 0.05). The KCGP-1 lenses were more signifi cant ly comfortable than the KCGP-2 lenses for the 

centered cones (p = 0.003).  Only for t he early oval cones,  was the larger KCGP-2 lenses more 

comfortable (p = 0.04).

Conclusions:  Lens diameter af fects comfort  and cent rat ion especially for the small (8.7/ 9) and 

large (10.4/ 10.1) diameters in this pilot  study. Lens movement  was not  correlated with comfort .

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Kerat oconus i s a progressive,  bi l at eral  but  t ypical l y 
asymmet r ic,  ect asia of  t he cornea.  The incidence of 
keratoconus varies great ly in the literature and ranges from 
4 to 600 af fected individuals per 100,000.  1 The disease is 
highly variable in its course, beginning at  about  the t ime of 
puberty. Init ially a pat ient  in their teens or 20’s consults an 
eye care pract it ioner with symptoms of blurry vision. As this 
process cont inues, which includes steepening and thinning 
of  t he cornea,  worsening visual  acui t y due t o i rregular 
ast igmat ism and t he presence of  a var iable degree of 
scarring, unt il the third or fourth decade of life. 1 It  is usually 
fol lowed by a period of  relat ive st abi l i t y or a very slow 
increase, with occasional episodes of progression. 2

This degenerat ive disorder is considered t o be caused 
genet ically 3,4 t hough no clear-cut  genet ic pat tern has been 
establ ished,  but  a famil ial  occurrence has been reported 
wi t h a cor rel at i on t o di f f erent  syst emi c di seases.  5 
Recent ly,  oxidat ive st ress 6 t o st romal col lagen t issue due 
to rigid contact  lens (CL) wear,  eye rubbing, atopic disease 
and connect ive t issue disorders has been postulated as a 
cause.  CL wi l l  event ual ly be necessary in al l  cases wit h 
approximately 20 % of  pat ients eventually needing corneal 
surgery,  but ,  st il l  requiring CL management .  1

Ker at oconus can be cl assi f i ed based on cent r al 
kerat omet ric readings,  shape i.e.  nipple-t ype (cent red), 
oval-type and globus-type, or progression. 7 One of the most  
important  tools in managing the progression of keratoconus 
is comput erised video-kerat ography (VKE) and wit h t his 
informat ion the shape, size and posit ion of the cone can be 

examined, fol lowed over t ime and used in order t o select  
corneal lens parameters. 8

The cent red cone has been described as having a smaller 
diamet er and i t s apex l ies most ly cent ral l y t o sl ight ly 
inferio-nasally.  On the other hand, t he oval cone is larger 
and is more prevalent  in the inferio-temporal region of the 
cornea.  The more decent red t he cone,  t he more dif fi cult  
and challenging the CL fi t t ing. 5

CL fi t t ing in keratoconus and achieving an acceptable fi t  
can be very di f f i cul t .  The devel opment  of  i r regul ar 
ast igmat ism is a challenging problem to pract it ioners.  9 In 
the early stages of  keratoconus habitually both spectacles 
and CL can be used.  There is a wide range of  di f f erent  
variet ies of lenses for keratoconus lens fi t t ing. Each stage in 
the progression of the keratoconus has a special requirement  
for the lens fi t t ing. As the keratoconus increases in severity, 
so t oo must  t he CL f i t  be manipulat ed t o mat ch t he new 
corneal  t opography in order t o achieve cent rat ion and 
comfort . 8,10

Rigid gas permeable (GP) lenses have been successful ly 
used to provide an adequate visual correct ion for pat ients 
with keratoconus by providing a smooth opt ical surface to 
correct  irregular ast igmat ism. 11-13 With the advent  of highly 
oxygen permeabl e mat er i al s and t he avai l abi l i t y of 
computer-assisted videokeratoscopes (VKE),  t he fi t t ing of 
t hese pat ient s has become more simpl i f ied wit h bet t er 
physiological  out comes.  14 Wi t h t his inf ormat ion,  l ens 
parameters can be bet ter selected to aid in lens cent rat ion 
and comfort .  These lenses are t ypically worn during most  
waking hours requiring all day comfort  with minimal ocular 
response.

PALABRAS CLAVE

Queratocono;

Aj uste de lente PG;

Diámetro de lente PG;

Comodidad de lente 

PG

Efecto del diámetro de la lente en su rendimiento y comodidad inicial de dos tipos 

de lentes PG para el queratocono: un estudio preliminar

Resumen

Obj et ivo:  El obj et ivo de este estudio preliminar fue determinar el efecto de variar el diámet ro 

total de la lente (TD) de dos t ipos de lentes queratocónicas en el rendimiento de la lente y la co-

modidad inicial con part icipantes que tenían conos cent rados u ovalados.

Mét odos:  Se adoptaron lentes de cinco diámet ros (8,7, 9, 9,6, 10,1 y 10,4) y dos t ipos de lentes 

disponibles en el mercado, KCGP-1 y KCGP-2, en dieciséis oj os de 10 part icipantes con queratoco-

no. Se adoptaron el movimiento, el cent rado y la comodidad inicial de las lentes.

Result ados:  Se incluyó a 10 suj etos (2 muj eres y 8 hombres, 16 oj os) para part icipar en un estudio 

preliminar; la media de edad fue de 40,4 ± 14,33 años. Había seis oj os en el grupo de conos cen-

t rados incipientes, cinco en el grupo de conos ovalados avanzados y cinco en el grupo de conos 

cent rados avanzados. Las lentes con un diámetro de 9,6 (TD) fueron las que menos se descent ra-

ron de todas (p = 0,001). Si comparamos ent re t ipos de cono, las de 8,7/ 9 se descent raron más en 

conos ovalados avanzados y en conos cent rados avanzados (p = 0,009).  El  movimient o de la 

KCGP-1,  más pequeña,  fue mayor que el  de la KCGP-2 para los conos incipient es cent rados 

(p = 0,001) y el movimiento se reduj o para las lentes KCGP-2, más grandes, para todos los t ipos de 

conos, aunque no de manera signifi cat iva (p > 0,05). Las lentes KCGP-1 fueron signifi cat ivamente 

más cómodas que las lentes KCGP-2 para los conos cent rados (p = 0,003). Las lentes KCGP-2 más 

grandes fueron más cómodas solamente para los conos ovalados incipientes (p = 0,04).

Conclusiones:  El diámet ro de la lente afecta a la comodidad y el cent rado, sobre todo para los 

diámetros pequeños (8,7/ 9) y grandes (10,4/ 10,1) de este estudio preliminar. El movimiento de la 

lente no se correlacionó con la comodidad.

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.
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Select ion of  lens diamet er is general ly based on t he 
advancement / size of the cone. 15,16 This pilot  study hopes to 
see if  any dif ferences in lens performance and comfort  can 
be detected with a change in contact  lens diameter (TD).

The purpose of  t his pilot  st udy was fi rst ,  t o invest igate 
how changes in CL diameter affect  the centrat ion, movement  
and fi t  of  each of  two lens t ypes for keratoconus pat ients 
with cent red (early and late stage) and oval (early and late 
stage) cone types and second, to correlate the lens fi t t ing 
characterist ics with init ial lens comfort .

Methods and data analysis

The study was a non-dispensing clinical t rial (a fi t t ing study) 
using a small sample size of 16 eyes of 10 part icipants who 
visited the University of Waterloo, School of Optomet ry, CL 
cl inic.  Al l  part icipant s were experienced CL wearers.  To 
det ermine t he el igibi l i t y of  t he part icipant s,  t he ini t ial 
screening examinat ion included measurement  of  t he best  
visual  acui t y wi t h t he pat ient ’ s current  CL,  sl i t  l amp 
examinat ion and topography. Informed consent  was obtained 
from all part icipants according to the Tenets of Helsinki and 
the Offi ce of Research Ethics.

Topographic maps were t aken wi t h t he Orbscan IITM 
Topographer (B&L Surgical, Rochester, NY) and were studied 
to categorise each part icipant  into the type of keratoconus 
that  had presented i.e. a more cent rally located cone apex 
or one wit h a more displaced corneal apex.  Based on t he 
cone apex locat ion, either within the central two millimetres 
or outside of that  zone, the cones were labelled as “ centred”  
or “ oval,”  respect ively. The steepest  K reading was used to 
defi ne the severity of the condit ion. Steep K readings < 50 D 
(6. 75 mm) were cal l ed “ ear l y”  cones and > 51. 25 D 
(6.58 mm) are referred to as “ late”  cones in this manuscript . 
In addit ion,  t he apical  and overal l  cone diamet ers were 
measured using the 1 mm grid superimposed on the absolute 
scale t angent ial  colour map.  Cones were subsequent ly 
divided into two groups: cent red (6 eyes) or oval (10 eyes), 
t hen further subdivided into early or late categories with 
equal numbers in each.

There were t wo lens t ypes (i . e.  of  di f f erent  design) 
manuf act ur ed wi t h t hr ee di f f er ent  di amet er s and 
corresponding back opt ic zone diamet ers (BOZD),  for a 
t ot al  of  six t r ial  lens set s used in t his st udy.  These t wo 
commercial ly available lens designs,  one wit h a variable 
BOZD (KCGP-1) and one with a fi xed BOZD (KCGP-2) were 
fi t ted on all part icipants regardless of  cone t ype. The two 
lens t ypes (with three lens diameters) t hat  were used are 
out l ined in Table 1.  Some lens t ypes have eit her variable 
(KCGP-1) or fi xed BOZD’s (KCGP-2).  In lenses with variable 
BOZD’s t he BOZD changes wit h t he BOZR t hat  is,  as t he 
radius becomes steeper t he BOZD becomes smaller which 
t end t o be more st able on cent red cones.  In lenses wit h 
f i xed BOZD’s,  t he BOZD increases only when t he lens 
diamet er increases and are more suit ed for progressing 
oval  cones.8 Lens performance and subj ect ive comfort  
using analog scales (0 worst  t o 100 best ) were assessed 
when t he lens had set t l ed t hat  i s,  af t er  at  l east  f i ve 
minutes.

Al l  t hree lens diamet ers and bot h lens t ypes (i .e.  six 
lenses) were worn by each part icipant  in the study. Lenses 
with the 9.6 mm diameter (TD) were selected fi rst  and fi t ted 
accordi ng t o t he manuf act urers’  r ecommendat i ons 
(approximat ely on average K) and adj ust ed if  necessary, 
unt il an opt imal three point  touch pat tern was achieved for 
each cone t ype.  The smaller diameter lenses were fi t t ed 
0.2 mm steeper than average K (or f rom the base curve of 
the best  fi t  9.6 mm lens). The larger diameter lenses were 
fi t ted 0.2 mm fl at ter than average K (or from the base curve 
of  the best  fi t  9.6 mm lens).  The fi t t ing of  the smaller and 
larger TDs was randomly assigned. The fl uorescein pat terns 
were rat ed as al igned (5 t o 10 mm),  sl ight ly st eep (11 t o 
20 mm),  st eep or  cl ear l y not i ceable cent ral  pool i ng 
(> 20 mm), slight ly fl at  (1 to 4 mm), fl at  or clearly not iceable 
area of touch (0 mm) for the cent ral port ion of the lens. For 
the peripheral port ion of the lens, the clearance was graded 
as opt imal (70 to 80 mm), slight ly insuffi cient  (40 to 69 mm), 
insuffi cient  (0 to 39 mm), sl ight ly excessive (81 to 95 mm) 
and excessive (96 to 120 mm). These rat ings were developed 
by the fi rst  author’s thesis work (Sorbara L, Performance of 
“ cent red”  versus “ upper-lid at tached”  rigid gas permeable 
lenses, University of Waterloo, 1993).

Lateral and vert ical cent rat ion, and lens movement  were 
measured using a grat icule scale in t he eyepiece of  t he 
ZeissTM sl i t  lamp biomicroscope where a posit ive value is 
nasal  and superior and a negat ive value is t emporal  and 
inferior. Comfort , short ly after the lens set t led was rated by 
each par t i cipant ,  on an analog scale f rom 0 (t ot al l y 
uncomfortable) to 100 (perfect  comfort ) for each of the two 
lens types and three diameters.

Dat a anal yses were conduct ed using St at i st i ca 7. 0 
(StatSof t  Inc.  Tulsa,  USA).  Data are presented in tables as 
mean ± standard deviat ion and in fi gures as the mean with 
0.95 confi dence intervals, unless otherwise indicated. Data 
f rom subj ect ive rat ing scales and obj ect ive measures 
(cont inuous var iables) were anal ysed wi t h repeat ed 
measures ANOVAs.  Kruskal -Wal l is and Freidman ANOVAs 
were employed for non-parametric analyses (data graded on 
0 to 4 scales).  Where post  hoc test ing is reported, a Tukey 
HSD test  was employed. Pearson correlat ions were used to 
compare data. A signifi cance level of a = 0.05 was used for 
all analyses.

Table 1 Trial lens parameters

Lens name KCGP-1 KCGP-2

Material BOSTON ES Std. BOSTON EO Std.

Enfl ufocon A Enfl ufocon B

Custom Custom

Dk Value 30 × 10–11 100 × 10–11

Diameter 

 (mm)

Custom

8.7, 9.6, 10.4 (t rials)

Custom

9, 9.6, 10.1 (t rials)

BOZR (mm) Custom Custom

Power (D) Custom Custom

Descript ion Posterior mult icurve 

design with 

variable OZ

Posterior design 

divided into three 

principal areas 

for custom fi t  

with fi xed OZ

CT (mm) Custom Custom
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Results

There were 2 female and 8 male part icipant s (t ot al  of 
16 eyes) wi t h mean age of  40.4 ± 14.33 years.  Table 2 
out l ines t he simulat ed t opographic K readings and cone 
diameters for the part icipants.

Figures 1 (cent red cone) and 2 (oval  cone) i l lust rat e 
t he cone t ypes t hat  wer e i dent i f i ed wi t h t he VKE 
images.

Regardless of  the lens design and manufacture, a gent le 
3-point  touch was achieved in all the 9.6 mm TD cases. The 
parameters of the fi nal lenses that  were fi t ted are found in 
Table 3.

Figures 3, 4 and 5 show the three point  touch fl uorescein 
pat t erns t hat  correspond t o a single part icipant  wi t h a 
cent red cone wit h each of  t he t hree TD’s (8.7,  9.6 and 
10.4 mm, respect ively) for lens t ype KCGP-1.  In general, 
once t he t hree point  t ouch pat t ern was achieved for t he 

Table 2 Baseline part icipant  topographic parameters

Cone type Steepest  K Average K Cone diameter; apex/ overall

Oval-early (n = 3) 49.26 ± 1.71 D 44.66 ± 1.45 D 1.8 ± 0.76/ 5 ± 0.94 mm

Oval-Late (n = 3) 57 ± 2.91 D 48.39 ± 2.57 D 1.84 ± 0.85/ 4.74 ± 0.49 mm

Cent red-Early (n = 5) 48.75 ± 0.78 D 45.53 ± 0.13 D 1.5 ± 0/ 4.75 ± 1.06 mm

Cent red Late (n = 5) 59.5 ± 5.5 D 53.91 ± 5.49 D 1.63 ± 0.75/ 4.5 ± 0.08 mm

Figure 1 OrbscanTM II topographic map of cent red cone. Note 

cone apex located within the cent ral 2 mm zone.
Figure 2 OrbscanTM II t opographic map of  oval  cone.  Not e 

cone apex located outside the cent ral 2 mm zone.

Table 3 Final lens fi t t ing parameters for each lens diameter

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-OD oval early 7.3 7.5 7.7 7.3 7.5 7.7

6-OD oval early 7 7.2 7.4 7 7.2 7.4

9-OS oval early 7.5 7.7 7.9 7.4 7.6 7.8

10-OS oval early 7.5 7.7 7.9 7.4 7.6 7.8

11-OS oval early 7.4 7.6 7.8 7.4 7.6 7.8

2-OD oval late 6.1 6.3 6.5 6.1 6.3 6.5

2-OS oval late 6.9 7.1 7.3 6.9 7.1 7.3

8-OS 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-OD cent red early 7.3 7.5 7.7 7.3 7.5 7.7

5-OS cent red early 7.2 7.4 7.6 7.2 7.4 7.6

7-OD cent red early 6.8 7 7.2 6.8 7 7.2

4-OS cent red late 5.6 5.8 6 5.6 5.8 6

5-OD cent red late 6.5 6.7 6.9 6.5 6.7 6.9

7-OS cent red late 5.9 6.1 6.3 5.9 6.1 6.3
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Figure 3  Exampl e of  f l uor escei n pat t er n of  8. 7 mm 

KCGP-1 lens on cent red cone.

Figure 4 Example of fl uorescein pat tern of  same part icipant  

wearing 9.6 mm KCGP-1 lens.

Figure 5 Example of fl uorescein pat tern of  same part icipant  

wearing 10.4 mm KCGP-1 lens.

Figure 6 Example of fl uorescein pat tern of 9 mm KCGP-2 lens 

on oval cone.

Figure 7 Example of fl uorescein pat tern of  same part icipant  

wearing 9.6 mm KCGP-2 lens.

Figure 8 Example of fl uorescein pat tern of  same part icipant  

wearing 10.1 mm KCGP-2 lens.
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9.6 mm lens, the smaller and larger diameter lenses appeared 
slight ly steep after compensat ion for the change in sagit tal 
depth, but  not  signifi cant ly (p = 0.05).

Figures 6, 7 and 8 are il lust rat ions of another part icipant  
having an oval cone wit h lens t ype KCGP-2 and t he t hree 
lens diameters (9, 9.6 and 10.1 mm, respect ively).

The cent ral f luorescein pat terns showed minimal apical 
clearance for both early cone types and slight ly more apical 
clearance with the late cones (p = 0.005) as seen in Table 4. 
The edge clearance and widths were slight ly reduced for both 
late cone t ypes and especial ly for t he cent red cone t ype 
(p = 0.04). When comparing the two lens types and 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).

Vert ical and horizontal cent rat ions were measured and 
compared. Vert ical cent rat ion was found to be signifi cant ly 
dif ferent  comparing the three lens diameters and for each 
lens t ype (p = 0.001).  Post -hoc analysis indicat ed t hat  
8.7/ 9 mm lenses cent red the best  on early cent red cones; 
9.6 mm KCGP-1 lenses cent red t he best  on lat e cent ral 
cones and early oval cones; 10.1/ 10.4 lenses cent red bet ter 
on early oval cones. Generally, late cones had more inferior 
decent rat ion regardless of the TD (Table 5).

Lat eral  cent rat ion was not  f ound t o be signi f icant ly 
dif ferent  comparing t he lens diameters and for each lens 

t ype (p > 0.05).  Lenses tended to decent re temporally on 
the early oval cones especially with the KCGP-2 lenses.

Movement  of the lens in primary gaze with the blink was 
measured and we f ound t hat  t here was a signi f i cant  
dif ference in lens movement  comparing each lens t ype, 
KCGP-1 moved more t han KCGP-2 f or  al l  cone t ypes 
(p = 0.018) as shown in t able 6.  Also,  smal ler lenses for 
ei t her  l ens t ype moved more t han t he l arger  l enses, 
(p = 0.001).  The movement  of  t he smal ler KCGP-1 was 
great er  t han t he KCGP-2 lens f or  ear ly cent red cones 
(p = 0.001).

Comfort  rat ings for each lens diameter versus cone type 
varied signif icant ly for small  KCGP-1 (cent red) and large 
KCGP-2 (oval) (p = 0.003).  For cent red cones,  t here was 
bet t er  comf or t  wi t h smal l  TD (8. 7 mm) KCGP-1 l ens 
compared to KCGP-2. The comfort  rat ings for t he 9.6 mm 
lenses of  ei t her  t ype were not  signi f icant l y di f f erent  
(p > 0.05).  On t he ot her hand for oval  cones,  t here was 
improved comf or t  wi t h t he l arger  diamet er  KCGP-2 
(10.1 mm) lens compared t o KCGP-1 in t his small  sample 
(Tukey, post  hoc, p = 0.04) (Figure 9).

There was no relat ionship between comfort  rat ings and 
either the cent ral or peripheral edge clearances, regardless 
of  lens diamet er,  having Pearson correlat ions of  0.2 and 
0.23, respect ively (p > 0.05).

Table 4 Cent ral and peripheral clearance rat ings (mm)

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

 Cent ral 

clearance

Peripheral 

clearance

Cent ral

 clearance

Peripheral 

clearance

Cent ral 

clearance

Peripheral 

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

Cent red early 11.25 ± 4.79 87.5 ± 15 1.25 ± 2.5 97.5 ± 20.62 2.5 ± 5 57.5 ± 47.87

Cent red 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 Vert ical lens cent rat ion (mm)

Vert ical Cent rat ion (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 —1.1 ± 0.65 —0.9 ± 0.96 —0.8 ± 1.04 —1.3 ± 0.84 —0.4 ± 0.22 —1.2 ± 0.84

Cent ral early —0.25 ± 0.35 +1.5 ± 2.12 +0.5 ± 0.71 —0.5 ± 0 +1.5 ± 2.12 +1.5 ± 2.12

Cent ral late —1.63 ± 1.25 —0.25 ± 0.5 —0.5 ± 1.29 —0.87 ± 0.63 —1.63 ± 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 2.4 ± 1.14 1.8 ± 0.45 1.6 ± 0.89 2 ± 0 1.9 ± 0.89 1.6 ± 0.55

Cent ral early 3 ± 1.41 2.5 ± 0.71 1.5 ± 0.71 2.5 ± 0.71 2 ± 0 2 ± 1.41

Cent ral 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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Discussion

Classifi cat ion of cone type by measurement of the central and 
steepest  K readings is t he standard method of  diagnosing 
keratoconus and pellucid marginal degenerat ion. 5,9,17-21 More 
recently the use of video-keratoscopy and research into various 
indices for pattern recognit ion has increased the pract it ioners’  
ability for early diagnosis of these condit ions. 22-27 With the use 
of these tools our small sample was classifi ed into the early 
and late, either centred or oval, type of keratoconus.

A t hree point  t ouch f i t t ing pat t ern was almost  always 
achieved for all three lens diameters and each lens design, 
based on t he f i t t ing nomogram t hat  was used requir ing 
minimal modifi cat ion (see Figures 4 t o 8).  28,29 Considering 
that  the cones were not  advanced to the globus stage, the 
fi t t ings were unevent ful for the 9.6 mm lens when start ing 
wit h t he average K reading for t he init ial  base curve,  as 
been suggested by Edrington 15,30 and others. 14 This method 
of  base curve select ion al lowing for a gent le t hree point  
t ouch has been tested by others and found to least  af fect  
the biomechanical propert ies of  the thinning cornea. 10,29,31 
Following the guidelines of fi t t ing the smaller lens, 0.2 mm 
st eeper t han average K and t he larger diamet er,  0.2 mm 
fl at ter than average K, to compensate for the dif ferences in 
sagit tal depth that  the BOZD and TD created 31,32 did result  in 
slight ly steeper cent ral pat terns, especially for late cones 
and larger TD’s. Some authors tend to fi t  these lenses with a 
mild amount  of  cent ral clearance in any case, 15,16 but  with 
too much apical clearance, acuit y may be compromised. 33 
Smal ler lens diamet ers for t he early cent red cones were 
more al igned in f luorescein pat t ern,  agreeing wit h other 
st udies.  14,15,34 Lat e cones had more apical  clearance but  
demonst rated more movement , cont rary to common belief; 
t his may be due to short  wearing t imes of  up t o one hour 
with each lens, in this small fi t t ing study.

Excessi ve or  i nsuf f i ci ent  edge cl earance are bot h 
t roublesome in af fect ing corneal physiology,  comfort  and 
lens posit ioning.  31,35 The insuffi cient  edge clearances that  
were observed here for the late cones and larger diameters, 
using t r ial  lenses only,  indicat e t he need t o mat ch t he 
increasing eccent ricit y value or rate of fl at tening for more 
advanced cones with a peripheral system of a CL that  has a 
high enough axial edge l if t .  Lenses can be easily modifi ed 
by ordering fl at t er peripheral  syst ems unt i l  an adequat e 
amount  of clearance is achieved. 28

This pi lot  st udy showed t hat  t here was a signi f icant  
dif ference in cent rat ion among t he t hree lens diamet ers 
despite most  lenses having a three point  touch fl uorescein 
pat t ern.  There was a sl ight  inferior decent rat ion of  t he 
smal ler lens diamet ers on bot h lat e cone t ypes.  These 
fi ndings are in keeping with t hose of  Rosenthal,  where he 
found t hat  8.5 mm lenses t ended t o decent re more t han 
larger lenses on kerat oconic cornea.  36 The t endency for 
lenses to decent re on keratoconic cornea may be due to the 
mismatch of  t he BOZD of  t he CL and t he diameter of  t he 
cone, if  it  is t oo small t he lens wil l  be loose and decent re 
and on t he ot her hand,  i f  i t  is t oo large,  t he excessive 
pooling of tears and seal between the back surface of the CL 
and the cornea encourages the CL to cent re over the already 
st eep and decent red cone.  37-39 For our smal l  sample,  t he 
8.7 mm cent red t he best  on t he cent red cones and t he 
9.6 mm and larger diameters showed the best  cent rat ion for 
both cone types and especially for the late cones.

When the result s for t he init ial comfort  were analysed, 
there was only a signifi cant  relat ionship with lens diameter/
lens t ype i . e.  smal ler TD were more comfort able wi t h 
cent red cones and larger TD were more comfortable with 
oval  cones.  There was no correlat ion wi t h t he cent ral 
fl uorescein pat tern as has been suggested by Edrington et  
al, 35 although, he did fi nd a correlat ion with edge clearance, 

8.7/9.0 TD

8.7

9.0

*

100

80

60

40

20

0
Oval
early

Oval
late

Central
early

Central
late

C
o
m

fo
rt

 a
n
al

o
g
 s

ca
le

 (
0
 t

o
 1

0
0
)

9.6 TD

9.6

9.6

100

80

60

40

20

0

10.1/10.4 TD

10.4

10.1

*

100

80

60

40

20

0

C
o
m

fo
rt

 a
n
al

o
g
 s

ca
le

 (
0
 t

o
 1

0
0
)

C
o
m

fo
rt

 a
n
al

o
g
 s

ca
le

 (
0
 t

o
 1

0
0
)

Oval
early

Oval
late

Central
early

Central
late

Oval
early

Oval
late

Central
early

Central
late

Figure 9 Comfort  scale rat ings 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 signifi cant ly dif ferent  rat ings.
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which with our small sample, we did not . Nor did we fi nd a 

correlat ion wit h lens decent rat ion,  since no lenses were 
excessively decent red,  as could be expect ed wit h more 
advanced cones than those in our study.

Conclusions

Only smal ler KCGP-1 lenses on lat e cent red cones were 

more comfort able despit e having great er movement  and 
decent rat ion in t his pi lot  st udy.  Larger KCGP-2 lenses on 

oval  cones were more comfort able despit e having some 
decent rat ion (early cones) and less movement . For this pilot  
study the 9.6 and 10.1/ 10.4 mm lenses had the best  fi t t ing 

characterist ics for both the late cent red and oval cones.
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