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Purpose: To evaluate the effects of wearing rigid gas permeable (RGP) contact lenses on the topographic changes 
in keratoconus.

Methods: Seventy-seven keratoconic eyes that wore multicurve RGP contact lenses and 30 keratoconic eyes that 
wore no contact lenses were retrospectively analyzed. The mean follow-ups were 22.6 and 20.5 months in the 
lens-wearing and control groups, respectively. Visual acuity, comfort, daily wearing time, and corneal staining 
were evaluated for both groups. The changes in topographic indices were compared between the lens-wearing 
and control groups.

Results: Multicurve RGP lens corrected logarithm of the minimum angle of resolution visual acuity of the lens-wear-
ing group significantly improved from -0.016±0.065 to -0.032±0.10 at follow-up (p=0.05). In the lens-wearing 
group with advanced keratoconus, the Sim Kmax, Sim Kmin, apical power, astigmatic index, and anterior ele-
vation significantly decreased from 57.68±4.26 diopter (D), 50.50±2.32 D, 62.79±5.11 D, 7.20±0.55 D and 
67.36±16.30 μm to 55.51±4.28 D, 49.62±3.26 D, 60.31±5.41 D, 5.90±0.51 D and 60.61±16.09 μm, respectively 
(paired t-test, p<0.05). The irregularity index of 3 mm did not significantly change. Meanwhile, in the control 
group, the apical power and irregularity index increased from 55.56±7.25 D and 3.06±1.68 D to 57.11±7.75 D and 
3.25±1.71 D, respectively (paired t-test, p=0.008, p=0.01).

Conclusions: Properly fitted multicurve RGP contact lenses are not likely to contribute to the progression of 
keratoconus.
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Keratoconus is a slowly progressive noninflammatory 
disease of the central cornea which causes central stromal 
thinning, apical protrusion, and irregular astigmatism. The 
irregular astigmatism created by ectasia of the central cornea 
cannot be sufficiently corrected with spectacles, and rigid gas 
permeable (RGP) contact lenses have become the mainstay of 
the treatment [1].

Although RGP lenses provide improved vision, they have 
the potential to damage the cornea. Wearing RGP lenses 
may be a precipitating factor in the progression of keratoco-
nus in some cases [2]. Scarring of the central cornea may 

occur in keratoconic eyes not wearing contact lenses; how-
ever, it is possible that contact lenses can hasten scarring 
[1,3]. Several causes may be responsible for the initiation 
and progression of keratoconus. Keratocyte and stromal al-
terations, which are associated with an imbalance between 
proteolytic enzymes and protease inhibitors in the cornea, 
lead to corneal thinning and scarring [4,5]. Corneal epi-
thelial trauma may be responsible for premature keratocyte 
apoptosis and may exacerbate stromal changes in keratoco-
nus, resulting in progression [6].

Multicurve RGP lenses have the advantage of minimal 
contact at the apex because of an increased sagittal height, en-
abling patients with advanced keratoconus to wear the lens 
more comfortably. These lenses may also reduce the possible 
contributions to the progression of keratoconus on a short 
term basis [7]. Hence, we investigated the effects of wearing 
multicurve RGP lenses on topographic changes in keratoco-
nus in order to evaluate the contribution of lens use to the 
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Table 1. Patient demographics

Lens-wearing group Control group

Number of eyes (right/left) 77 (37/40) 30 (16/14)
Sex (male:female) 40:37 17:13
Age (yr, mean±SD) 25.4±6.8* 22.3±7.7*

Time interval to topographic follow-up (mon) 22.6±10.8† 20.5±9.9†

Stage of keratoconus, eye (%)
    Mild (central K<45 D) 0 (0%)  4 (13.3%)
    Moderate (central K between 45 and 52 D) 32 (41.6%) 15 (50%)
    Advanced (central K>52 D) 45 (58.4%) 11 (36.7%)
Use (hr)  11.6±3.0 Not available
Incidence of punctate staining (eyes, %) 32 (41.6%) 2 (6.6%)

Independent student’s t-test.
D=diopter. *p=0.432; †p=0.377.

progression of keratoconus.

Materials and Methods

Patients

The medical records of all patients who were diagnosed 
with keratoconus in the contact lens clinic at Seoul National 
University Hospital between March 1, 2002 and December 
31, 2005 were retrospectively reviewed. Keratoconus was 
diagnosed by positive Rabinowitz indices on topography 
(Orbscan IIz; Bausch & Lomb, Claremont, CA, USA) and 
characteristic clinical findings such as apex protrusion or 
thinning, a Fleischer ring, Vogt’s striae, and superficial 
scarring. One hundred thirty-seven patients were identified. 
Patients who were prescribed multicurve RGP lenses were 
included in the lens-wearing group. Keratoconic patients 
who chose not to wear any type of contact lens were in-
cluded in the control group. Fifty-six patients who had less 
than one year of follow-up were excluded. Four patients 
who had less than eight hours of daily contact lens use and 
two patients with severe recurrent erosion and discomfort 
were also excluded.

Overall, the lens-wearing group consisted of 77 eyes 
from 52 patients and the control group consisted of 30 eyes 
from 23 patients. The mean follow-up periods were 22.6 
and 20.5 months in the lens-wearing and control groups, 
respectively. Demographics of the subjects are summarized 
in Table 1.

Both the lens-wearing and control groups were divided 
into a mild to moderate keratoconus group and an advanced 
keratoconus group; these groups were then analyzed. The 
stages of keratoconus were classified as mild (central K<45 
diopter [D]), moderate (central K between 45 to 52 D), and 
advanced (central K>52 D) according to the guidelines of 
the Contact Lens Association of Ophthalmologists [7]. The 
ocular examination, contact lens fitting, and follow-up ex-
amination were performed by the same clinician (MKK).

Lens design and characteristics

The multicurve RGP lens used in this study (YK Lens, 
Lucid Co., Seoul, Korea) had one base curve and three pe-
ripheral curves. It was made from Quantum I (Polymer 
Technology Corporation, Boston, MA, USA) with a hard-
ness of 84 (Shore D) and an oxygen transmissibility (Dk) of 
47 (cm/sec) [(mL O2/mL ․ mm Hg) ․ 10-11]. The center 
thickness was 0.1 mm at -10.0 D and the wetting angle was 
48°, as determined by the captive bubble method. The base 
curves ranged from 5.0 mm to 7.6 mm in 0.1 mm incre-
ments, except for the first three curves, which changed in 
0.2 mm increments.

Lens fitting method

The 77 eyes in the lens-wearing group were fitted with 
multicurve RGP lenses based on the topographic index and 
the examination of fluorescein patterns using slit lamp 
biomicroscopy. Three-point touch with light apical touch 
was applied. If there was persistent punctate staining, apical 
clearance was employed. We followed the guidelines for 
multicurve RGP lens fitting previously described by Lee and 
Kim [8]. The initial lens applied to an eye for diagnostic fit-
ting was based on the converted radius, which was derived 
from the average of the steep and flat keratometric diopteric 
values. The base curve radius (BCR) was adjusted to accom-
plish a “light feather touch” at the lens-central corneal 
interface. The BCR was selected to be 0.1 to 0.15 mm flatter 
than the BCR that first demonstrated definite apical clearance. 
The radii of the peripheral curves were modified to establish 
three-point contact, to allow for interchange of mid-periph-
eral tears and to achieve an adequate axial edge lift of ap-
proximately 0.2 to 0.25 mm. The optic zone diameter was 
changed in 0.5 mm increments in accordance with BCR 
changes; 5.0 mm in BCR ranged from 5.0 to 5.9 mm, 5.5 mm 
in BCR ranged from 6.0 to 6.5 mm, 6.0 mm in BCR ranged 
from 6.6 to 6.9 mm, and 6.5 mm in BCR was 7.0 mm or 
flatter. The total diameters of the prescribed lenses ranged 
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Table 2. Changes in topographic parameters in the multicurve lens-wearing group during follow-up 

Index Mild to moderate 
(n=32) p-value* Advanced 

(n=45) p-value* Total 
(n=77) p-value*

Sim Kmax (D)
Baseline 49.39±1.89

0.608
57.68±4.26

<0.001
54.23±5.37

0.003
After F/U 49.68±3.73 55.51±4.28 53.09±4.96

Sim Kmin (D)
Baseline 45.86±1.69

0.554
50.50±2.32

0.021
48.56±3.58

0.101
After F/U 46.05±2.45   49.62±3.26↓ 48.14±3.42

Apical power (D)
Baseline 54.97±5.56

0.667
62.79±5.11

0.004
59.60±6.49

0.017
After F/U 55.29±5.91 60.31±5.41 58.22±6.11

Astigmatic index (D)
Baseline 3.54±0.30

0.817
7.20±0.55

0.049
5.66±0.39

0.134
After F/U 3.65±0.60 5.90±0.51 4.96±0.41

Thinnest corneal thickness (μm)
Baseline 410.45±57.23

0.205
377.63±70.67

0.173
391.20±66.80

0.056
After F/U 399.03±64.80 367.74±72.22 380.63±70.42

Anterior elevation (μm)
Baseline 49.69±17.87

0.339
67.36±16.30

0.014
59.48±19.06

0.009
After F/U 47.62±16.30 60.61±16.09 54.81±17.32

Posterior elevation (μm)
Baseline 105.86±23.54

0.009
138.44±34.88

0.136
123.91±34.26

0.006
After F/U 118.21±35.02 146.58±43.25 133.92±41.97

Irregularity index at 3 mm
Baseline 2.17±0.63

0.231
4.71±1.82

0.525
3.65±1.91

0.871
After F/U 2.24±0.75 4.64±1.54 3.64±1.73

Values are presented as mean±SD.
D=diopter; F/U=follow-up. *Paired t-test.

from 8.6 mm to 8.8 mm. If the first lenses were not accept-
able, the lenses were reordered with appropriate changes 
within three weeks after the first fitting.

Evaluation

Changes in topographic indices were evaluated before 
multicurve RGP lens fitting at the baseline visit and at the fi-
nal visit using Orbscan IIz. Topographic evaluations were 
performed one hour after multicurve RGP lens removal. 
During follow-up, patients were asked about their average 
daily uses and overall comfort levels. The best corrected 
visual acuities were evaluated in both the lens-wearing and 
control groups. Slit lamp biomicroscopic examination was 
performed to determine the presence of corneal scarring and 
temporary or persistent punctate corneal staining (Efron’s 
grading scale) [9]. Punctate staining that disappeared sponta-
neously or with treatment by the next consecutive visit was 
defined as “temporary punctate staining.” If the fit of the lens 
was acceptable, preservative-free lubricant eyedrops were 
prescribed for temporary punctate staining. If not, the lenses 
were refitted stepwise until the staining decreased. Staining 
at more than two consecutive visits and which did not dis-
appear despite use of the lubrication drops was defined as 

“persistent punctate staining.” In these cases, the fitting 
method was changed to account for apical clearance.

To evaluate changes in the topographic indices possibly 
due to lens wearing, several parameters including Sim Kmax, 
Sim Kmin, apical power (the power of the cone apex), ante-
rior and posterior elevations, thinnest corneal thickness, and 
the irregularity index at 3 mm (IR) were compared between 
the lens-wearing and control groups during follow-up. 
The usefulness of the Orbscan system in detecting kerato-
conus has been reported [10-15]. Although the reproducibility 
of the Orbscan in the evaluation of keratoconus still remains 
a matter of controversy, its parameters, including anterior 
and posterior elevations, have been shown to be clinically 
relevant for detecting keratoconus and suspected keratoco-
nus [16-19]. The topographic index used in the analysis 
of keratoconus progression was obtained from stain-
ing-free or healed corneas. The differences in anterior and 
posterior elevations were examined in each group using the 
differential map from the Orbscan IIz. The acoustic factor for 
pachymetric measurement was set to its factory default value 
of 0.92. In keratoconus patients, Orbscan IIz is a valid clinical 
tool for the noninvasive assessment of corneal thickness [20]. 

Intra-group comparisons were performed to evaluate topo-
graphic changes during follow-up using the paired t-test, and 
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Table 3. Changes in topographic parameters in the control group during follow-up

Index Mild to moderate 
(n=19) p-value* Severe 

(n=11) p-value* Total 
(n=30) p-value*

Sim Kmax (D)
Baseline 46.62±1.69

0.134
57.92±4.39

0.485
50.77±6.08

0.093
After F/U 48.26±4.68 58.50±3.66 52.02±6.58

Sim Kmin (D)
Baseline 42.81±2.46

0.205
51.26±4.39

0.668
45.91±5.25

0.080
After F/U 44.22±3.15 51.92±3.71 47.05±5.01

Apical power (D)
Baseline 51.28±4.60

0.021
62.95±4.42

0.224
55.56±7.25

0.008
After F/U 53.03±6.36 64.17±3.83 57.11±7.75

Astigmatic index(D)
Baseline 3.81±2.10

0.149
6.65±3.58

0.704
4.86±3.29

0.408
After F/U 4.04±2.21 6.57±2.97 4.97±2.99

Thinnest corneal thickness (μm)
Baseline 456.88±61.44

0.188
414.13±67.40

0.194
443.20±65.24

0.060
After F/U 462.12±54.49 421.75±64.76 449.20±60.99

Anterior elevation (μm)
Baseline 31.82±23.39

0.305
66.38±12.61

0.913
42.88±26.11

0.383
After F/U 33.71±20.17 66.75±11.76 44.28±23.64

Posterior elevation (μm)
Baseline 75.88±45.27

0.658
122.13±21.56

0.729
90.68±88.04

0.570
After F/U 73.12±27.74 119.75±20.62 88.04±33.62

Irregularity index at 3 mm
Baseline 2.16±0.52

0.11
4.62±1.88

0.051
3.06±1.68

0.01
After F/U 2.30±0.64 4.87±1.78 3.25±1.71

Values are presented as mean±SD.
D=diopter; F/U=follow-up. *Paired t-test.

inter-group comparisons were performed using the in-
dependent t-test. Statistical analysis was performed on a per-
sonal computer using the SPSS ver. 12.0 (SPSS Inc., 
Chicago, IL, USA). The level of statistical significance was set 
at a p-value of 0.05.

Results

The logarithm of the minimum angle of resolution 
(logMAR) visual acuities of the lens-wearing and control 
groups at the first visit were 0.68±0.61 and 0.54±0.47 with 
best spectacle correction, respectively (p=0.255). In the 
lens-wearing group, visual acuity significantly improved to 
-0.016±0.065 (p<0.001) after multicurve RGP lens fitting. At 
the end of the follow-up period, the multicurve RGP 
lens-corrected visual acuity of the lens-wearing group im-
proved to -0.032±0.10 (p=0.05, paired t-test). The multicurve 
RGP lenses were reported to be comfortable in 67 eyes 
(87.0%), slightly uncomfortable in seven eyes (9.1%), and 
uncomfortable in three eyes (3.9%). The mean daily use was 
11.6±3.0 hours. 

The incidences of punctate corneal staining, including 
transient and persistent erosions, in the lens-wearing and 
control groups were 32 eyes (41.6%) and two eyes (6.6%), 

respectively, illustrating a significantly higher incidence in 
the lens-wearing group (p<0.001). Corneal scarring was 
newly detected during follow-up in three eyes (3.9%) and 
two eyes (6.7%) in the lens-wearing and control groups, 
respectively.

In the lens-wearing group with advanced keratoconus, the 
Sim Kmax, Sim Kmin, apical power, astigmatic index, and 
anterior elevation significantly decreased during the fol-
low-up period (Table 2). The thinnest corneal thickness and 
irregularity index decreased, and the posterior elevation in-
creased in the lens-wearing group, but these changes were 
not significant. In the lens-wearing group with mild to moderate 
keratoconus, significant changes were not found, except for 
posterior elevation. In the control group, the apical power and 
IR increased from 55.56±7.25 D to 57.11±7.75 D and from 
3.06±1.68 D to 3.25±1.71 D, respectively (p=0.008, p=0.01) 
(Table 3).

We compared changes in the topographic indices from 
baseline to the final visit between patients in the lens-wear-
ing group who demonstrated punctate staining and patients 
in the lens-wearing group who did not demonstrate punctate 
staining. In the lens-wearing group with punctate staining, 
significant changes were not found, except for Sim Kmax, 
which decreased from 54.01±5.85 D to 52.83±5.38 D (p=0.045). 
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In the lens-wearing group without punctate staining, the 
Sim Kmax, Sim Kmin, and apical power decreased. The 
Sim Kmax decreased from 54.40±5.07 D to 53.28±3.32 D, 
the Sim Kmin from 48.63±3.32 D to 47.95±3.32 D, and the 
apical power decreased from 60.76±6.30 D to 58.33±5.51 D 
(p=0.032, p=0.05, p=0.001, respectively). The IR did not 
significantly change in either group. 

Discussion

The adequate fitting method for RGP lenses in patients 
with keratoconus includes apical bearing fitting with pri-
mary lens support on the apex of the cornea, apical clearance 
fitting with lens support and the bearing directed off the 
apex and onto the paracentral cornea, and three-point touch 
fitting with central light touch and mid-peripheral touch with 
peripheral clearance [3,21,22]. Apical bearing fitting may in-
duce chronic apical epitheliopathy, anomalous apoptosis, 
loss of rigidity, and thinning [23]. Apical clearance fitting 
may induce an increase in curvature and promote ectasia 
[24]. Considering that most of the lens-bearing pressure is 
supported by the thicker peripheral cornea and that light cen-
tral touch does not cause significant staining, the preferred 
technique is the three-point touch [23,24]. 

Contact lens wear itself may cause progression of kerato-
conus, regardless of the fitting method. A progressive increase 
in the corneal curvature might develop if the contact lens fitting 
is inadequate for the cone [25]. In fact, we observed an in-
crease in distortion with excessive apical bearing fitting or 
apical clearance fitting in two of our patients (unpublished 
data). This is the reason why we investigated the topographic 
changes after lens use in patients with keratoconus, and we 
indeed found that the Sim Kmax, Sim Kmin, astigmatic in-
dex, apical power, and anterior elevation all significantly 
decreased in the lens-wearing advanced keratoconic eyes 
over an average period of 23.2 months. More importantly, 
the IR did not change in the lens-wearing group; on the con-
trary, IR significantly increased in the control group. Hence, 
it is not likely that wearing multicurve lenses with minimal 
apical touch fitting contributed to progression of keratoco-
nus, even though they may result in transient punctate 
staining. Topographic indices are important in determining 
the severity and progression of keratoconus; however, they 
are sometimes limited due to poor reflex images. Increases 
in the central corneal curvature, refractive power, and cor-
neal irregularity with widening of the cone are risk factors 
for the progression of keratoconus [1,25,26]. However, to 
confirm the progression, other clinical data such as corneal 
scarring, corneal signs, and spectacle visual acuity are re-
quired [27]. We did not observe any clinically definitive 
evidence of progression because almost none of the patients 
exhibited clinical signs, such as severe scarring. Nevertheless, 
the follow-up period of approximately 22 months is too 
short to conclusively determine the effect of lens wear on 
the progression of keratoconus; we still believe these results 

are worthy of note because many keratoconic patients con-
tinue to wear contact lenses. 

Epithelial trauma may be associated with the patho-
genesis or the progression of keratoconus through the de-
velopment of stromal thinning [28]. Persistent epithelial 
damage can produce inflammatory cytokines and degrading 
enzymes, resulting in apoptosis of keratocytes and stromal 
thinning. Depending on the degree of contact, apical sup-
port fittings, including the three-point touch, are likely to in-
duce epithelial trauma in the cone apex compared with ap-
ical clearance fitting [23]. We adopted a three-point touch 
fitting method for use in our patients and found that the in-
cidence of temporary punctate corneal staining in the 
lens-wearing group was higher than that of the control 
group, although there was no significant difference in the 
incidences of persistent punctate corneal staining and corneal 
scarring (three eyes [3.9%] vs. one eye [3%], three eyes 
[3.9%] vs. two eyes [6.7%], respectively). Only three eyes 
were fitted using the apical clearance method. These eyes 
were initially fitted with a three-point touch; however, they 
were refitted using the apical clearance method due to per-
sistent punctate staining. We evaluated changes in the topo-
graphic indices from baseline to the final follow-up visit in 
eyes with a history of punctate corneal staining and in those 
without corneal staining; the topographic indices did not 
show any significant changes in eyes with punctate staining. 
Accordingly, temporary punctate staining caused by light 
central touch in three-point touch fitting does not appear to 
cause increases in curvature or irregularity in keratoconus, 
at least during a medium length follow-up period.

To confirm whether the regression effect is irreversible or 
temporary, lens wearing should ideally be avoided for at 
least three months, and the topographic indices should be 
re-evaluated. However, the cessation of lens use is not ethi-
cally, since poor visual acuity would be intolerable. In the 
present study, all topographic evaluations were performed 
one hour after lens removal. Although our evaluation did 
not include full cessation of contact lens use prior to exami-
nation, we believe that it still provides useful information 
for understanding the likelihood of progression of keratoco-
nus with contact lens use.

Another important factor to be considered when assess-
ing keratoconus progression is age. Longitudinal studies 
have shown a flat K slope in patients younger than 35 years 
(0.41±1.1 D), greater than that in patients older than 35 
years (slope, 0.1±0.4 D/yr; p<0.0001) [29]. In our study, the 
mean ages of the lens-wearing and control groups were not 
significantly different, with both being less than 35 years of 
age. Therefore, our study on the progression of keratoconus 
does not appear to be influenced by age. Another consid-
eration regarding the progression of keratoconus is corneal 
thickness. We found a decrease in corneal thickness in the 
lens-wearing group; however, this finding was not statisti-
cally significant. Therefore, long-term investigation is now 
needed to evaluate lens-wearing effects on corneal thick-
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ness in patients with keratoconus.
RGP fitting with multicurve lenses is not likely to 

contribute to progression of keratoconus. However, a 
long-term longitudinal study investigating the long-term ef-
fects of RGP fitting is needed.

Conflict of Interest

No potential conflict of interest relevant to this article was 
reported.

References
  1. Krachmer JH, Feder RS, Belin MW. Keratoconus and related 

noninflammatory corneal thinning disorders. Surv Ophthalmol 
1984;28:293-322.

  2. Macsai MS, Varley GA, Krachmer JH. Development of 
keratoconus after contact lens wear: patient characteristics. Arch 
Ophthalmol 1990;108:534-8.

  3. Korb DR, Finnemore VM, Herman JP. Apical changes and 
scarring in keratoconus as related to contact lens fitting 
techniques. J Am Optom Assoc 1982;53:199-205.

  4. Kenney MC, Chwa M, Atilano SR, et al. Increased levels of 
catalase and cathepsin V/L2 but decreased TIMP-1 in 
keratoconus corneas: evidence that oxidative stress plays a role 
in this disorder. Invest Ophthalmol Vis Sci 2005;46:823-32.

  5. Zhou L, Sawaguchi S, Twining SS, et al. Expression of 
degradative enzymes and protease inhibitors in corneas with 
keratoconus. Invest Ophthalmol Vis Sci 1998;39:1117-24.

  6. Wilson SE, Kim WJ. Keratocyte apoptosis: implications on 
corneal wound healing, tissue organization, and disease. Invest 
Ophthalmol Vis Sci 1998;39:220-6.

  7. Buxton JN, Keates RH, Hoefle FB. The contact lens correction 
of keratoconus. In: Dabezies OH Jr, editor. Contact lenses: the 
CLAO guide to basic science and clinical practice. Orlando: 
Grune & Stratton; 1984. p. 1-55.

  8. Lee JL, Kim MK. Clinical performance and fitting characteristics 
with a multicurve lens for keratoconus. Eye Contact Lens 
2004;30:20-4.

  9. Efron N, Morgan PB, Katsara SS. Validation of grading scales 
for contact lens complications. Ophthalmic Physiol Opt 2001; 
21:17-29.

10. Cairns G, McGhee CN. Orbscan computerized topography: 
attributes, applications, and limitations. J Cataract Refract Surg 
2005;31:205-20.

11. Lim L, Wei RH, Chan WK, Tan DT. Evaluation of keratoconus 
in Asians: role of Orbscan II and Tomey TMS-2 corneal 
topography. Am J Ophthalmol 2007;143:390-400.

12. Rao SN, Raviv T, Majmudar PA, Epstein RJ. Role of Orbscan II 

in screening keratoconus suspects before refractive corneal 
surgery. Ophthalmology 2002;109:1642-6.

13. Szczotka LB, Thomas J. Comparison of axial and instantaneous 
videokeratographic data in keratoconus and utility in contact 
lens curvature prediction. CLAO J 1998;24:22-8.

14. McMahon TT, Anderson RJ, Joslin CE, Rosas GA. Precision of 
three topography instruments in keratoconus subjects. Optom 
Vis Sci 2001;78:599-604.

15. Demirbas NH, Pflugfelder SC. Topographic pattern and apex 
location of keratoconus on elevation topography maps. Cornea 
1998;17:476-84.

16. Bessho K, Maeda N, Kuroda T, et al. Automated keratoconus 
detection using height data of anterior and posterior corneal 
surfaces. Jpn J Ophthalmol 2006;50:409-16.

17. Tanabe T, Oshika T, Tomidokoro A, et al. Standardized 
color-coded scales for anterior and posterior elevation maps of 
scanning slit corneal topography. Ophthalmology 2002;109: 
1298-302.

18. Fam HB, Lim KL. Corneal elevation indices in normal and 
keratoconic eyes. J Cataract Refract Surg 2006;32:1281-7.

19. Sonmez B, Doan MP, Hamilton DR. Identification of scanning 
slit-beam topographic parameters important in distinguishing 
normal from keratoconic corneal morphologic features. Am J 
Ophthalmol 2007;143:401-8.

20. Gherghel D, Hosking SL, Mantry S, et al. Corneal pachymetry in 
normal and keratoconic eyes: Orbscan II versus ultrasound. J 
Cataract Refract Surg 2004;30:1272-7.

21. Edrington TB, Szczotka LB, Barr JT, et al. Rigid contact lens 
fitting relationships in keratoconus: Collaborative Longitudinal 
Evaluation of Keratoconus (CLEK) Study Group. Optom Vis Sci 
1999;76:692-9.

22. Mannis MJ, Zadnik K. Contact lens fitting in keratoconus. 
CLAO J 1989;15:282-9.

23. McMonnies CW. Keratoconus fittings: apical clearance or apical 
support? Eye Contact Lens 2004;30:147-55.

24. Mandell RB. Contemporary management of keratoconus. Int 
Contact Lens Clin 1997;24:43-58.

25. Maguire LJ, Lowry JC. Identifying progression of subclinical 
keratoconus by serial topography analysis. Am J Ophthalmol 
1991;112:41-5.

26. Smolek MK, Klyce SD. Cinemakeratography using computer 
morphing. Optom Vis Sci 1997;74:970-5.

27. McMahon TT, Szczotka-Flynn L, Barr JT, et al. A new method 
for grading the severity of keratoconus: the Keratoconus 
Severity Score (KSS). Cornea 2006;25:794-800.

28. Kim WJ, Helena MC, Mohan RR, Wilson SE. Changes in 
corneal morphology associated with chronic epithelial injury. 
Invest Ophthalmol Vis Sci 1999;40:35-42.

29. McMahon TT, Edrington TB, Szczotka-Flynn L, et al. Longitudinal 
changes in corneal curvature in keratoconus. Cornea 2006;25: 
296-305.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


