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ABSTRACT

Keratoconus is typically managed by a variety of rigid
contact lens fitting techniques and lens designs. The
two most fundamental fitting techniques are apical
corneal touch (including divided or three-point touch)
and apical c|earance§ In the ‘course of designing a
multi-center study of keratoconus patients, a stan-
dardlzed keratoconus fitting. protocol was developed
All contact lens parameter options are. uniform except
for base curve and secondary curve radii, which are
determined by mterpretauon of fluorescein patterns
using the CLEK Study tr|al lens set and protocol The
initial trial lens’s base curve is the average keratomet-
ric reading; sequentially. steeper lenses. are -applied
until definite apical-clearance is observed. We have
evaluated the, feasibility of this stafidardized fitting
protocol on 30 keratoconus patients. Our results sug-
gest that we have developed a standardized contact
lens fitting set and fitting protocol to simplify contact
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lens management in patients with mild to moderate
keratoconus.

Key Words: contact lens fitting, cornea, keratoconus,
RGP contact lens

Although several rigid contact lens fitting sets
for the management of keratoconus have been
proposed,’~* many practitioners prefer custom
designed lenses*'¢ for their keratoconus pa-
tients. Custom designs are used because practi-
tioners believe that the unique corneal topogra-
phy of each keratoconus patient’s cornea requires
an individually “tailored” lens. Unfortunately,
this has resulted in a marked lack of standard-
ization in the contact lens management of kera-
toconus. Each practitioner believes that his or her
fitting method and lens design are the best, and

_many contact lens fittings are conducted primar-

ily-on a “tr1al—and~error basis. Little effort has
been devoted to the design and implementation of
rigid lenses that could be uniformly applied in
keratoconus. '

In the course of designing a multi-center study.
of keratoconus, a standardized rigid contact lens
fitting set was developed and tested in a number
of centers. The fitting set is used to manage mild
and moderate keratoconus patients and can be
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readily incorporated into a private practice set-
ting. '

Even though most researchers and clinicians
reject the theory that rigid contact lenses should
be prescribed to retard the progression of kerato-
conus,' patients are generally fitted with rigid
gas permeable (RGP) contact lenses in order to
provide a regular optical surface to enhance vi-
sion. Hydrogel contact lenses'”! or spectacles
can be prescribed when corneal distortion is min-
imal and adequate visual acuity is achievable
with a subjective refraction. Occasionally, soft
toric contact lenses®? can be prescribed for pa-
- tients with mild presentations of the disease.

"\ Piggyback designs,?*2¢ in which a rigid contact
lens is fitted over a soft contact lens, are occasion-
" ally prescribed when apical corneal erosions de-
velop chronically. Rigid-soft hybrid lenses?” may
be prescribed when there is difficulty in achieving
-suitable RGP lens positioning or comfort.

The major techniques for fitting rigid lenses in
keratoconus, as described by Korb et al.,* are: (1)
flat,? with primary lens support on the apex of the
cornea, where the central optic zone of the lens
actually touches or “bears on” the central corneal
epithelium; (2) divided support, or “three-point
touch,” with lens support and bearing shared be-
tween the corneal apex and the paracentral cor-
nea; and (3) steep,'® with lens support and bear-
ing directed off the apex and onto the paracentral
cornea, with clearance (vaulting) of the apex of
the cernea. '

Controversy exists as to whether rigid contact
lenses have an effect on disease "progression
and/or severity in keratoconus. Korb et al.! re-
ported in 1982 that four of seven eyes wearing
large (9.5 mm in diameter) flat rigid contact
lenses developed corneal scarring within 1 year,
whereas no scarring developed in the seven eyes
fitted with the clearance method. Despite these
results, the CLEK Screening Study of almost
1600 keratoconus patients found that 75% were
fitted with apical touch;?® i.e., practitioners con-
tinue to manage keratoconus patients with flat-
fitting rigid lenses. We believe practitioners doubt
whether a comfortable apical clearance fit with
good vision can be achieved and maintained.

Recently, Caroline®® has advocated fitting a lid
attachment®® rigid design for keratoconus. Using
corneal topography mapping data, the lens is fit-
ted to position superiorly on the flatter “non-af-
fected” portion of the keratoconus cornea. This
method has raised concerns regarding the possi-
bility of hastening the progression and complica-
tions of the disease by mechanical means.

The purpose of this paper is to present a stan-
dardized keratoconus diagnostic lens set and fit-
ting method. An efficient and easy to follow fitting
protocol using an inexpensive, yet clinically com-
plete, diagnostic lens set is proposed. The pilot
study conducted and reported on in the paper
supports this method’s clinical usefulness.
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METHODS

Thirty keratoconus patients were enrolled into
a CLEK pilot study conducted at six clinical sites
(Bethesda Eye Institute; St. Louis, MO; Univer-
sity of California, Davis, Department of Ophthal-
mology, Sacramento, CA; University of Ilinois-
Chicago, Department of Ophthalmology, Chicago,
IL; The Ohio State University, College of Optom-
etry, Columbus, OH; Southern California College
of Optometry, Fullerton, CA; and State Univer-
sity of New York, State College of Optometry,
New York, NY). Eligibility criteria for an eye’s
inclusion in the study were: (1) presence of an
irregular corneal-surface. documented by kera-
tometry, retinoscopy, or direct ophithalmoscopy;
(2) presence of Vogt’s striae or Fleischer’s ring in
at least one eye; (3) no corneal scar on the eligible
eye(s); (4) 20/63 (6/18.9) or.better Snellen visual
acuity with manifest refraction; and (5) signed
informed consent from the patient. Patients were
not enrolled if they presented with an ocular dis-
ease that would interfere with vision or rigid con-
tact lens wear. Seventeen patients (30 eyes) were
randomized into an apical clearance fitting rela- -
tion (base curve radius 0.2 mm steeper than the
first apical clearance diagnostic lens), and 13 (23
eyes) were randomized into apical touch (base
curve radius 0.4 mm flatter than the first apical
clearance diagnostic lens).

CLEK Diagnostic Lens Design

Parameters for the CLEK diagnostic keratoco-
nus fitting set were determined as follows.

1. Base curve radii were selected to encompass
the corneal sagittal heights for mild to moderate
keratoconus patients. Increments of 0.05 mm
were chosen to increase the fitting sensitivity.

9. Contact lens powers were chosen to provide
low minus over-refractions for most of the mild to
moderate keratoconus patients.

3. The overall diameter was set at 8.6 mm to
provide an interpalpebral fit in which the lens
positions over the apex of the. conical area of the
cornea. e

4. The optic zone diameter was standardized at
6.5 mm to minimize areas of tear pooling and
debris accumulation under the optic zone of the
lens. :

5. The secondary curve radius ranged from 8.00
to 8.25 mm in order to obtain average peripheral
clearance. Corneal curvatures beyond the cone
are similar to corneal curvatures of nonkeratoco-
nus patients.3! Therefore, secondary curve radii
appropriate for nonkeratoconus RGP contact lens
fitting are indicated. '

6. The peripheral or third curve radius for the
tricurve fitting lenses was set at 11.00 mm with a
width of 0.2 mm. This curve was selected notonly
to be a fitting curve, but also to start the posterior
edge treatment.




. 7..Center thicknesses were calculated such that
an edge thickness of approximately 0.10 mm was
‘maintained for each trial lens. Center thicknesses
are greater than for cosmetic RGP lenses of sim-
ilar power because of the flatter secondary curve
_to base curve relation.

* 8. Diagnostic lenses were fabricated in poly-

methyl methacrylate (PMMA) material. PMMA

was chosen because of its machinability, dimen-

sional stability; durability, and low cost.
However, we actually ordered low Dk fluorosili-

cone acrylate contact lenses for the patients.

CLEK Study Protocol' for Contact Lens Fitting

The contact lens practitioner determined the
mean or average keratometry reading, converted
it to radius in millimeters, and referred to Table 1
for selection of the initial trial lens from the
CLEK Study dlagnostlc contact lens set.

For example:

Keratometry readings: 48.50/51.50 at 115
Average keratometry value: 50.00 D = 6.75 mm
Select initial trial lens no. 23

The initial trial lens was applied to the subject’s
eye and allowed to settle for 10 min before anal-
ysis of the fluorescein pattern.

TasLe 1. CLEK Study keratoconus diagnostic lens set.?

If the 1mt1a1 tnal 1ens was _]udged to be ﬂet (F1g

greate than the saglttal depth of the cornea for
the same Chord diameter. The base curve: radlus
of this lens was referred to as the “Flrst Deﬁmte
Apical Clearance Lens.” S

If the initial trial lens was _]udged to be steep
centrally, the next lower numbered (flatter) trial
lens in Table 1 was applied to the cornea for
fluorescein pattern evaluation. This procedure
was repeated until -2 definite ap1ca1 ‘touc
_three-pomt touch was achleved

RESULTS

Thlrty keratoconus patients prov1ded mformed
consent and were entered into the CLEK pﬂot
study. The patients were randomized into either
an apical clearance or apical touch fit using the
standardized lens design. Table 2 shows the flat

7

7. B
P
/

Inside Sagittal Depth Base Curve Radius

Overall Diameter/Optic Secondary Curve

Lens No. Under Optic Zone {mm) in mm (D) Power (D) Zone Diameter (mm) Radius (mm)
1 0.704 7.85 (42.99) -3.00 8.6/6.5 8.25
2 0.709 7.80 (43.27) —4.00 8.6/6.5 8.25
3 0.714 7.75 (43.55) -3.00 8.6/6.5 8.25
4 0.719 7.70 (43.83) —4.00 8.6/6.5 8.25
5. 0.725 7.65 (44.12) —3.00 8.6/6.5 8.25
6 0.730 7.60 (44.41) —4.00 8.6/6.5 8.25
7 0.735 7.55 (44.70) —5.00 8.6/6.5 8.25
8 0.741 7.50 (45.00) -4.00 8.6/6.5 © 825
9 0.746 7.45 (45.30) —5.00 8.6/6.5 8.256

10 0.752 7.40 (45.61) —6.00 8.6/6.5 8.25
iR 0.757 7.35 (45.92) -4.00 8.6/6.5 8.25
12 0.763 7.30.(46.23) =5.00 8.6/6.5 8.25
13 L B769 7.25-(46.55) —6.00 8.6/6.5 8.25
14 0.775 7.20 (46.87) —5.00 8.6/6.5 8.25
15 0.781 7.15 (47.20) —6.00 8.6/6.5 8.25
16 o 0.787 7.10 (47.54) —7.00 8.6/6.5 8.25
17 e 0.794 7.05(47.87) -5.00 8.6/6.5 8:25
18 0800 - 7.00.(48.21) —6.00 8.6/6.5 8.25
19 0.807 6.95 (48.56) —7.00 8.6/6.5 8.25
20 0.813 6.90 (48.91) -6.00 8.6/6.5 8.25
21 0.820 6.85 (49.27) —7.00 8.6/6.5 8.25
22 . 0.827 6.80 {49.63) —8.00 8.6/6.5 8.25.
23 0.834 6.75 (50.00) —6.00 8.6/6.5 8.25
24 0.842 6.70 (50.37) —7.00 8.6/6.5 8.25
25 - 0.848 8.65 (50.75) —8.00 8.6/6.5 8.25
26 - 0.856 6.60 (51.14) —6.00 8.6/6.5 8.00
27 0.865 6.55 (51.53) -7.00 8.6/6.5 8.00
28 - 0.870 6.50 (51.92) —8.00 8.6/6.5 8.00
29 ) 0.879 6.45 (52.33) —7.00 - -8.6/6.5 8.00 -
30 0.886 6.40 (52.73) ~8.00 8.6/6.5 " 8.00
31 0.895 6.35 (63.15) —9.00 - 8.6/6.5 8.00
32 0.903 6.30 (53.57) -7.00 --8.6/6.5 8.00

2 All dlagnosttc contact lenses are PMMA with a third curve radius of 11.00 mm and a third curve width of 0.2 mm. The lenses are

lightly blended, and the center thickness is 0.13 mm.
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|'touch fluorescein pattern.

Fi"gui'e 2. Definite apical clearance fluorescein.pattern.

and steep keratometric readings and base curve
* of the First Definite Apical Clearance Lens for
each eye of the enrolled patients. The mean visual
-acuity for the pilot study subjects randomized
into apical clearance fits was equivalent to those
of the subjects randomized into the apical touch
fits. The mean daily wearing time was 14 h (range
2 to 20 h) for the apical clearance subjects and
13 h (range 4 to 17 h) for the apical touch subjects.
Only 3 of the 30 eyes randomized into the aplcal
clearance fit required refitting in order to main-
tain the apical cléarance relation.

Eighteen eyes required refitting durmg the p1—
lot study period. The most common reasons for
this were (four lenses because of each reason): (1)
to change the lens power and (2) to steepen the
peripheral curves. Three lenses required refitting
because of an incorrect initial fit compared to the
randomized  assignment—the lens being either
too steep or too flat originally. In three cases, the
lenses. were: refitted because of the initial lenses
becoming too flat. Two of these eyes were random-
ized to flat fitting, and one eye was randomized to

a steep fit.  Two lenses were redesigned with

larger optic zone diameters as a result of patient-
reported symptoms of flare. Finally, two lenses

372  OPTOMETRY & VISION SCIENCE

TasLE 2. Keratometric readings and base curve of First Definite
Apical Clearance Lens for enrolled subjects.

Subject Flat/Steep Base Curve of First
No Eye Keratorp’etry Definite Apical Clearance
) : Reading Lens in mm (D)
1 OD  45.00/47.50 6.60 (51.14)
oS 48.50/49.25 6.30 (53.57)
2 OD  41.00/46.50 _..6.75.(50.00)-
0Ss 37.50/41.00 8.15(41.41) -~
3 OD  42.75/47.50 6.89 (48.98)
0s 43.75/48.50 6.82 (49.49)
4 OD  43.62/44.25 7.55 (44.70)
0S 43.25/48.12 7.18 (47.01)
5 OD  46.12/49.00 6.89 (48.98)
0S8 Ineligible eye
6. - OD" lneligbleeye.. o
(0131 43.37/48.50 5,74 (58.80)
7 OD  46.25/48.12 7.03 (48.01)
0s 47.25/52.25 - 6.62 (50.98)
8 OD Graftedeye . . . )
0S . 50.00/52.50- - 6.55(51.53)
9 OD  47.75/48.50 6.82(49.49)
0s 49.00/49.25 6.62 (50.98)
10 OD  45.25/46.75 7.26 (46.49)
0S 45.37/46.25 7.26 (46.49)
11 OD  46.37/50.00 7.05 (47.87)
(O 47.50/53.25 7.00 (48.21)
12 OD  45.50/52.50 7.20 (46.87)
oS 41.62/42.37 - 8.00 (42.19)
13 OD  42.12/51.37 7.00 (48.21)
(03] 43.87/48.37 7.25 (46.55)
14 OD  44.12/48.75 7.00 (48.21)
0S 44.060/50.00 6.80 (49.63)
15 OD  45.50/48.50 7.35 (45.92)
0OS  43.50/46.75 7.65 (44.12)
16 OD 53.00/57.50 6.51 (51.84)
(e 51.50/54.00 6.69 (50.45)
17 0D 52.25/59.25 6.51 (51.84)
oS 47.25/50.50 7.35 {45.92)
18 OD  44.75/49.50 7.04 (47.94)
OS Ineligible eye
19 OD  47.25/50.37 6.75 (50.00)
0s 45.75/50.25 6.85 (49.27)
20 OD  50.50/52.50 6.70 (50.37)
0s 48.50/52.00 6.80 (49.63)
21 OD  45.25/46.25 7.25 (46.55)
(051 45.25/48.25 7.05 (47.87)
22 OD  48.25/52.25 6.55 (51.53)
oS 43.00/48.00 7.10 (47.54)
23 OD  Ineligible eye ™ -
] 0s 43.00/47.00 7.50 (45.00)
24 OD  49.00/50.00 6.62 (50.98)
(0] 44.00/50.25 6.68 (50.52)
25 OD  45.00/45.25 7.03 (48.01)-
0s 47.00/51.25 6.75 (560.00)
26 OD  53.25/63.00 5.81 (58.09)
0s 44.00/49.75 7.03 (48.01)
27 OD  47.25/47.37 6.75 (50.00)
os 46.75/48.12 . 6.62 (50.98)
28 OD  48.50/52.00 6.63 (50.90) -
oS 47.87/49.62 6.66 (50.68)
29 oD 50.00/57.00 6.30 (63.57)
OS  Ineligible eye -
30 OD Graftedeye
.08 49 75/51.50 - 6.65 (50.75)

were reordered to solve pat1ent reports of discom-
fort.
Several: contact lenses requlred modlﬁcatlon

during the pilot randomization study. The most

frequent change (eight lenses) was an adjustment
in the secondary or peripheral radii of curvature.




Four lens edges were modifiéd to improve patient
comfort.’ Heavier blends  were applied ‘to ‘three
lenses ‘and three lenses were modified to change
the ~power. Two lenses ‘were made smaller
through modification and, in one case, a patient

_Had a spare pair of contact lenses modified. :
" There were 76 unscheduled visits in addition to

the v1$1ts for routine follow-up care. This means
that on average each enrolled patient presented
2.5 times-for unscheduled" office visits. Table 3
summarizes the reasons for these unscheduled
visits by frequency of occurrence.

The contact lens practitioners at the 6. chmcal
sites evaluated the acceptability and ease of the
fitting protocol using the CLEK Study diagnostic
contact lenses and rated the ﬁttlng set as an 8
(range 7.t0-9) 6n a scale from 1 to10 with 10 being
excellent. In addition to the 30 pilot subjects, the
contact lens practitioners reported at that time
that they had fitted a ‘total of 142 eyes of 78

nonstudy patients using’ the CLEK Study trial

contact lens fitting set.

In order to establish a more efficient initial
diagnostic lens starting point, base curve radii for
minimal apical clearance were compared to mea-
sured keratometric readings. The mean flat kera-
tometry reading for the CLEK pilot study subjects
was 46.18 D (SD = 3.14 D) and the mean steep
keratometry reading was 49.74 D (SD = 3.81 D).
The mean base curve radius for minimal aplcal
cléarance was 48.94 D (SD = 7.68 D).

DISCUSSION

The purposes of using our keratoconus fitting
technique are to: (1) achieve a base curve/cornea
relation in which the sagittal depth.of the contact
lens base curve equals or slightly exceeds the
sagittal depth of the cornea under the optic zone
area, (2) minimize the area of tear/debris pooling
underneath the optic zone area, and (3) allow an
adequate exchange of tears.

The keratoconus cornea, like the normal cor-
nea, is aspheric. This mlght lead one to propose
that the ﬁrst goal-could-best be achleved by de-

TABLE 3 CLEK pilot. study uhscheduled vis'its.

Reason for Unscheduled Visit - No of Visits

Blurry vision 23

Lost lens . 19
~ Lens awareness

Spectacle blur

Lens dispensing

Progress check

Broken lens

Refit =

Lens warpage

Presbyopia

Rescheduled appointment

Surgery consultation

Abrasion

Ocular trauma

Foreign body removal

Iritis
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‘signing -a rigid contact. lens fitting set with as-

pheric posterior -curves.1132-36 - Agpheric base
curve lenses were not selected because of the in-
herent difficulties encountered with their fabnca-
tion and analysis.

Even though the CLEK Study trial-lens set
simplifies keratoconus contact lens fitting, in-
office modifications are still necessary to optimize
corneal. physiology and patient satisfaction. The
most frequent lens modification during the CLEK
pilot study was an adjustment of the secondary or
peripheral curve radii.- A too “tight” peripheral
curve .system can lead to lens binding and de-
creased tear exchange. This usually. leads to
symptoms of reduced wearing time for the kera-
toconus patient.

Steep or clearance fitting diagnostic keratoco-
nus lenses should be allowed to “settle” on the
cornea for 10 to 20 minutes before final assess-
ment of apical fit. It has been observed and re-

. ported that a trial lens initially assessed as steep

will, after several minutes, appear flat. This is
probably the result of the malleability of the kera-
toconic cornea.

The dispensed lens material should be gas-per-
meable and durable enough to withstand in-office
lens modification. For purposes of the CLEK pilot
study we avoided the use of RGP contact lenses
with a UV radiation blocker because it may de-
crease the practitioner’s ability to observe and
photograph fluorescein patterns.

Recommended Alterations to the CLEK Study
Diagnostic Lens Set for Implementation in a
Private Practice Setting

‘Base curve radii could be ordered in approxi-
mately 0.10 mm increments for mild keratoconus
patients and 0.15 mm increments for moderate -
keratoconus patients. However, radii should be
expanded to include steeper base curves (in ap-
proximately 0.20 mm increments) to manage
more advanced keratoconus patients. _

Larger optic zone diameters, such as 7.0 mm,
are recommended for the flatter diagnostic lenses
used to manage mild cases of keratoconus.
Smaller optic zone diameters, such as 5.5 to 6.0
mm, are recommended for the steeper diagnostic
lenses used for advanced cases of keratoconus.

Table 4 is a suggested keratoconus diagnostic
lens set for use in a private practice setting, and -
Table 5 compares this new CLEK Study diagnos-

tic set to existing trial lens ﬁttmg sets suitable for

keratoconus

Recommended Alterations to the CLEK Study
Fitting Protocol for Implementat|on in a Private
Practice Setting . -

Larger base curve radii fitting increments (0.10
to 0.20 mm) should be used to obtain the endpoint
fit for moderate and advanced keratoconus pa-
tients. Bracketing using these larger intervals

Contact Lens Fitting for Keratoconus—Edrington et al. 373




TasLe 4. CLEK Study recommended keratoconus diagnostic lens set for use in a private practice setting.

Base Curve in mm (D) Overall Diameter-(mm)/Optic

Secondary Curve

Third Curve Radius (mm)/  Center Thickness

??Wg.r—(D)' ~° Zone Diameter (mm) Radius (mm) Width (mm) (mm)
- 7.18{47.00 . . —5.00 v 8.6/7.0 8.25 11.00/0.20 0.14
7.03 (48.00) -5.00 ~-...8.6/7.0 8.25 11.00/0.20 0.14
6.89:(49.00) -5.00 - 8:6/7.0. - 8.25 11.00/0.20 0.14
6.75 (50.00) —5.00 8.6/6.5 - 8.25 11.00/0:20 0.14
6.62 (51.00) —7.00 . 8.6/6.5. - 8.25 11.00/0.20 .0.14
'6.49 (52.00) - —7.00 8:6/6.5 . . 8.25 11.00/0.20 .0:14
6.37 (63.00) —7.00 8.6/6.5 - 8:25 11.00/0.20 0.14
6.25:(54.00) —7.00- 8.6/6.5 ..~ 8.25 11.00/0.20 0.14
6.03.(56.00) -—9.00 8.6/6.0 .. 8.00 11.00/0.20 -0.14
5.82 (58.00) —9.00 - 8.6/6.0. 8.00 11.00/0.20 0.14
5.53 (61.00) —10.00 . -8.6/5.5 8.00 11.00/0.20 0.14
-.5.19(65.00) . —12.00 © 8655 8.00 11.00/0.20 © 014
4.82 (70.00) -15.00" 8.6/5.5 8.00 ~11.60/0.20. __ .. 014
TasLE 5. Keratoconus trial set specifications. 2. Mandell RB. Kerataconus. In: Mandell RB, ed Contact Lens
Practrce 4th ed, p 842. Spnngfleld IL: Charles CThomas
S  Diameter Posterior Optic Penpheral L ©1988:842. ° - U
Design ™ my - Zome Didmeter * Ctirve Systems for 6.00 mm: '3 ‘Carbline PJ, McGuire JR, Doughman DJ. Preliminary report
' (mm) Base Curve .- " on a'new contact lens design for keratoconus. Contact
McGuire - 8.6 - 6.0 " 53 b/0:30 T . Intraocul Lens Med J 1978;4:69-73.
47 D/0.30. - . 4. Soper JW, Jarrett A. Results of a systematrc approach to
39 D/0.30 ' fitting keratoconus and corneal transplants. Contact Lens
"29'D/0.40 Med Bull 1972;5:50-9.
McGuire Qval 8.6 6.0 53 D/0:30 ¢ 5. Burger DS. Contact lens alternatives for keratoconus: an
Nipple 8.1 5.5 47 D/0.30 - ."overview. Contact Lens Spectrum 1993;49-55.
39.D/0.30; - 6. Cohen EJ, Parlato CJ. Fitting Polycon lenses in keratoconus.
29 D/0.40 - Int Ophthalmol Clin 1986;26(1):111-7.
Korb 8.0 5.8 8.3 7. Gasset AR, Lobo L. Dura-T semiflexible lenses for kerato-
9.5/0.50 conus. Ann Ophthalmol 1975;7:1353-7.
10.5/0.20 8. Gould HL. Management of keratoconus with corneal and
: (blend with: 7.0-mm radius) scleral lenses. Am J Ophthalmol 1970;70:624-9.
Burger- 8.0 5.8 8.0/0.60 . 9. Hall KGC. A comprehensive study of keratoconus BrJ
10.0/0.40 " Physiol Opt 1963;20:215-56.
(blend with 8.0-mm radius) 10. Kastl PR, Donzis PB, Cole HP, Rice J, Baldone JA. A20-year
CLEK 8.6 6.5 8.25/0.85 retrospective study of the use of contact lenses in kerato-
11.0/0.20 conus. CLAO J 1987;13:102-4.
11. Lembach RG, Keates RH. Aspheric silicone Ienses for ker-
~ atoconus. CLAC J 1984;10:323-5,
will save the practitioner chair time during the 12: Maguen E, Espinosa G, Rosner IR, Nesburn AB. Long-term
fitting process: ' wear of Polycon contact lenses in keratoconus: CLAO-J
) ) - .1983;9:57-9.
13. Mobilia EF, Foster CS. A one-year trial of Polycon Ienses in
CONCLUSIONS the correction of keratoconus. Contact lntraocul Lens Med J
In preparation for a multi-center study of ker- | 1979;5:37-42.
atoconus patients, a standardized rigid contact 14. Raber IM. Use of CAB Soper Cone contact lenses in kera-
lens trial fitting set and fitting protocol were'de- ;“toconus. CLAO J11983,9:237-40. '
15., Voss EH, Liberatore JC. Fitting the apex of keratoconus
veloped and tested. Both ‘steep and'flat- apical Contacto 1962;6:212-4.
fittings were achieved and maintained with this  16. Kemmétmuller H. Corheal lenses and keratoconus Con-
standardized keratoconus lens design ‘and fitting tacto 1962;6:188-93: -
protocol._Lens‘desjgn modification may be neces- 17 T’aga:“s ME hB'gW“tS' l';ydro‘?:’"f‘ 'g"fles for f‘;’g?gtg”g
sary tofit the widé variet'y of corneal topographies ,gg%%g; and high astigmatism. Arch. Ophthalmol
that ‘are encountered in managlng keratoconus 18; Kemmetmuller H. Soft contact lenses in keratoconus Trans
patlents : Ophthalmol Soc UK 1977;97:136-7. _
19. Lundh RL. Keratoconus: a disease that can be treated with
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