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ABSTRACT:  
Purpose.  The “Rose K Lens for Keratoconus” is a proprietary rigid contact lens design that has been reported and marketed as a lens that provides better visual acuity and comfort than other rigid contact lens designs for keratoconus.  Methods. Twenty patients with keratoconus who were wearing rigid contact lenses were refitted into the Rose K lenses.  Visual acuity measurements were taken with habitual lenses at the baseline visit and with the Rose K lenses at the completion of the study.  Questionnaires were used to assess vision –specific quality of life, contact lens comfort, and self-reported assessment of vision.  Results. There were no statistically significant changes in high- or low-contrast visual acuity with the Rose K lenses.  There was statistically significant improvement in self-reported assessment of vision and self-reported assessment of comfort in the eyes with more advanced keratoconus.  At the conclusion of the study, 72% of patients preferred the Rose K lenses over their habitual lenses, and 87% reported that they would continue wearing the Rose K lenses.  Conclusions.  There was no difference in the visual acuity with the Rose K lenses compared with the patients’ habitual lenses.  Subjective assessment of vision and comfort indicate a statistical improvement for more advanced keratoconus with the Rose K lens.  We could not rule out a placebo effect as a source of subjective improvement in vision and comfort.  Nevertheless, the successful fit rate and patient preference demonstrate the usefulness of the Rose K lens in clinical practice.  (Optom Vis Sci 2002;79:493-501)
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Keratoconus is a progressive, non-inflammatory disease of the central cornea that causes thinning and ectasia.  The ectasia leads to high amounts of myopia and irregular astigmatism.  Keratoconus is usually bilateral but asymmetric between the two eyes.  The irregular astigmatism created by ectasia of the central cornea is not sufficiently corrected by spectacles.  The application of rigid contact lenses is required to obtain acceptable vision in all but the mildest cases of the disease. 1,2 Today, most of the contact lens designs for keratoconus are rigid gas-permeable corneal lenses.  

  There are many rigid lens designs for keratoconus.  These designs usually represent attempts to create contact lens designs for keratoconus that can be fitted by a standardized approach. 3-5 It is difficult to predict which contact lens design will optimise comfort and visual acuity in any given patient with keratoconus.  Furthermore, the success rates and patient suitability for specific lens designs are often based on anecdotal claims and / or retrospective studies.6

  A recent trend in rigid lens design for keratoconus is the development of proprietary rigid gas-permeable contact lens designs.  The “Rose K Lens for Keratoconus” is a proprietary design that has gained popularity since its introduction in the United States in 1995.  The reported benefits of this lens are that it is simple for novice practitioners to fit and that it offers better visual acuity and increased comfort for keratoconus patients compared with other designs for keratoconus.7 These claims are based on the impressions of clinicians who have fitted the lens.  There have been no published studies in which the Rose K lens was fitted with a prospective, standardized approach.  The Rose K lens, like other proprietary designs, is more expensive than a standard rigid gas- permeable design.  It may be problematic to offer a new lens to a keratoconus patient if these claims do not reflect the true performance of the lens.  For these reasons, the clinical performance of proprietary designs needs to be examined with a standardized fitting approach before the scientific and clinical community can accept or reject these designs and present them appropriately to patients.

  This study represents a case series of patients assembled to evaluate the clinical performance of the Rose K Lens for Keratoconus.  The purpose of this study is to provide appropriate, preliminary expectations for this lens design and allow patients and practitioners to make more informed decisions when selecting a lens design for keratoconus.

METHODS

Subjects

Subjects were recruited from The Ohio State University College of Optometry Clinics and from a database of people with keratoconus that is maintained by the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study.8  Subjects were recruited from The Ohio State University by internal referral from students and instructors within the College of Optometry and by advertisements that were mailed to patients in the clinic database that carry the ICD-9 code 367.1 (keratoconus, unspecified).  The recruitment of subjects from the CLEK database was limited to people who were not enrolled as CLEK subjects.  Potential patients were screened for entry criteria over the telephone or by electronic mail.  Subjects must have been wearing rigid gas-permeable contact lenses in both eyes and could not be wearing Rose K lenses at the time of enrolment.  Subjects must not have undergone a corneal graft in either eye and must not have had any other active eye disease (except glaucoma or amblyopia) at the time of enrolment.  Subjects must have been at least 18 years of age by October 1, 1999.  Subjects who fit these criteria were assigned a subject number and scheduled for an initial visit.

Study Design

  Informed consent was obtained before any of the subjects were examined.  The informed consent document had the approval of the Biomedical Sciences Institutional Review Board at The Ohio State University.  At the initial visit, eligibility was confirmed by repeating the eligibility screening questions and by verifying objective findings during the initial assessment.  The objective findings necessary for enrolment were corneal distortion in both eyes (as seen with keratometry or retinoscopy) and the presence of a Fleischer’s ring, Vogr’s striae, or scarring consistent with keratoconus in either eye.  If these objective findings were not observed, the subject was not eligible for the study.

  After informed consent was obtained, the subjects were then asked to complete two questionnaires regarding their vision and their contact lenses.  The first questionnaire was the 25-item National Eye Institute Visual Function Questionnaire (NEI-VFQ) 9 The second questionnaire was the History and Contact Lens Performance Questionnaire, which was designed specifically for this study.  This questionnaire asked patients to report contact lens wearing time, number of lens removals per day, and self assessment of vision and comfort for each eye.  Monocular and binocular best-corrected visual acuities were measured with high- and low-contrast Bailey-Lovie charts at 4m with habitual contact lenses at the initial visit.  Keratometry and habitual contact lens parameters were recorded at the initial visit.  Biomicroscopy was performed at the initial visit and or all subsequent visits. 

  At the final study visit, subjects were asked to complete the NEI-VFQ and the History and Contact Lens Performance Questionnaire a second time.  The History and Contact Lens Performance Questionnaire that was administered at the final study visit contained three items that were not asked on the initial visit questionnaire.  The first item was a two-alternative forced-choice question where the subjects were asked whether they preferred the Rose K lenses or the habitual contact lenses they wore before enrolment in this study.  The second item asked the subjects to explain in their own words the reason(s) they preferred the study lenses or their habitual lenses.  The third item was a three-alternative forced choice question asking whether the subject intended to wear the Rose K lenses or his or her habitual lenses at the conclusion of the study or whether he or she planned to undergo a contact lens fitting for a new set of lenses.  Monocular and binocular best corrected visual acuities were measured with high- and low-contrast Bailey Lovie charts at 4 m with the Rose K contact lenses at the final visit.  Keratometry measurements were repeated at the final study visit.

Contact Lens Fitting and Follow-Up

  After eligibility was confirmed at the initial visit, the contact lens fitting process was begun.  The fitting procedure was determined by the Rose K fitting guide.  All fittings were performed with a Rose K diagnostic lens set. 10  The diagnostic fitting set is a standardized fitting set that can be ordered from contact lens laboratories that manufacture Rose K lenses.  The set consists of 26 lenses with base curves ranging from 5.1 to 7.6mm in 0.1-mm increments.  All lens diameters in the fitting set are 8.7mm.  All lenses in the fitting set have a standard edge lift design.  

  The initial lens that was applied to each eye in the diagnostic fitting was based on the recommendations of the fitting guide.  The average of the steep and flat keratometric dioptric values was calculated.  The average was then converted to a radius of curvature using the keratometric assumption that the index of refraction of the cornea is 1.3375.  The average was rounded to the nearest 0.1mm.  The initial trial lens was 0.2mm steeper than this calculated average corneal radius of curvature.  The goal of the central lens-cornea relationship was “light feather-touch.”  When an optimal central lens-cornea relationship was obtained, the peripheral edge lift was evaluated.  If the trial lens gave a desirable edge lift, then standard edge lift was ordered for that eye.  If minimal or no edge lift was observed, the contact lens order specified flat edge lift.  If the edge lift appeared excessive, the contact lens order specified steep edge lift.  After finding the optimal trial lens for each eye, and over-refraction was performed while the subject was wearing the trial lenses.  This information was used to determine the contact lens power to be ordered.  If the ordered base curve was not available in the fitting set, the trial lens with a base curve closest to the ordered lens was used for the over-refraction, and the power was compensated in the ordered lens.  All Rose K lenses were ordered from Con-Cise Contact Lens Company (San Leandro, CA).

  After the ordered lenses arrived in our clinic, subjects were scheduled for dispensing visits.  If the first lens gave acceptable fit, vision, and comfort, the subject was scheduled for follow-up in 2 weeks.  If fit, vision, and comfort were still acceptable after 2 weeks of wear, the subject was schedule for the final study visit, about 2 months after the initial dispensing visit.  If the first ordered lenses were not acceptable, the lenses were re-ordered with the appropriate changes.  The subject was scheduled for another dispensing visit when the new lenses arrived.  If the initial lenses were acceptable, but not optimal, the subject began wearing the lenses and lenses were re-ordered to be dispensed at the follow-up visit 2 weeks later.  Subjects were seen for a follow-up visit 2 weeks after every new lens was dispensed.

  Subjects were monitored for about 2 months after the initial dispensing of an acceptable lens in at least one eye.  Exceptions to this occurred when reasonable attempts to achieve acceptable fit, vision, and comfort failed.  Because we could not force a subject to wear the lenses for 2 months, the best visual acuity with the Rose K lenses was recorded and the subject completed the outcome questionnaires immediately after failure was confirmed.

Statistical Methods

Refer Table 1

Visual acuity was analysed by comparing the baseline visual acuity to the outcome visual acuity for each eye.  A “flat eye” and a “steep eye” were designated for each patient based on the steep keratometric reading for each eye.  For example, if the steep keratometry readings were 48.00 D for the right eye and 51.00 D for the left eye, then the right eye would be designated as the flat eye and the left eye designated as the steep eye.  High- and low-contrast visual acuities were analysed for the flat and steep eyes separately.  High- and low-contrast binocular visual acuities were also analysed.  The “baseline visual acuities” were the acuities with the habitual contact lenses at the initial visit.  The “outcome visual acuities” were the acuities with the Rose K lenses at the final visit.  Self-reported assessment was analysed by comparing the assigned score at the initial visit to the assigned score at the final visit for the flat and steep eyes.  The self-reported assessment was an item in the History and Contact Lens Performance questionnaire that asked the subject to rate his or her vision with each eye with the usual correction.  The vision assessment was a five-point scale in which 5 = excellent and 1 = poor.

  The NEI–VFQ is divided into 12 subscales.  A score is assigned for each subscale, and an overall score is assigned.  The maximum score for the subsections and the overall score is 100.  Table 1 lists a summary of the items in the 25-item NEI-VFQ.  These scores were analysed by comparing the results from the initial visits to the results from the final visits for each subscale and for the overall scores.9
  Other indices of comfort from the History and Contact Lens Performance Questionnaire were analysed for the flat and steep eyes separately.  These indices were weekday wearing time, number of lens removals per day, and self-reported assessment of comfort.  The self-reported assessment of comfort was given by a five-point scale in which 5 = very comfortable and 1 = very irritating.

  A Wilcoxon sign rank test was performed for each of the vision and comfort indices to determine whether the differences between baseline and outcome were significantly different from zero.  The Wilcoxon signed rank test was performed using SAS.11  Statistical power was calculated using PASS (Power and Sample Size).12
RESULTS

Refer Table 2 and 3

  Twenty-five patients were seen for initial visits.  Four of the 25 were not eligible for the study.  Two of the eligible patients were lost to follow-up.  One of the patients was lost to follow-up after the initial visit, and the other was lost after a successful fit was achieved.  The subject that was lost after achieving a successful fit is included in the descriptive statistics of the fitting, however, no outcome data are available for this patient.  Sixteen of the 21 patients (76%) achieved successful fits and are included in all analyses; two of the 21 patients (9.5%) did not achieve successful fits but are included in all analyses.  Tables 2 and 3 contain the baseline data for each subject.  One of the 19 subjects who completed the study was wearing soft lenses at her initial visit.  She reported that her rigid lenses had been lost, and she was waiting for a replacement pair of rigid gas-permeable contact lenses to arrive from her optometrist.  At completion of the study, she admitted that the replacement lenses were never ordered.  Thus, we inappropriately enrolled an ineligible subject and have not included her in the analysis.  Because we were able to achieve a successful contact lens fit with the Rose K lens on this subject, her data are included in the descriptive statistics of the fitting.  She was excluded in the analysis of lens preferences because she did not have the choice of returning to her habitual rigid lenses at the conclusion of the study.
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  Twenty subjects were fitted and dispensed Rose K contact lenses.  The mean age of this sample was 38.7 ( 9.1 years (mean ( SD).  Fifteen (75%) subjects were male, and five (25%) were female.  A fit was considered successful if the patient achieved acceptable vision, comfort and corneal health.  A successful fit was achieved on 18 (90%) of the 20 subjects.  The two subjects who were unable to achieve successful fits failed due to unacceptable visual acuity.

Descriptive Statistics of Contact Lens Fitting
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Fig.1 displays a frequency distribution of the number of diagnostic lenses used in the fitting for the 20 subjects who were fitted with Rose K lenses.  Fig. 2 displays a frequency distribution of the number of lens reorders required to achieve an acceptable fit.  The two subjects who were unable to achieve acceptable visual acuity are not included in the summary of lens reorders.  The average 

FIGURE 1

Frequency distribution of Rose K diagnostic lens applications during the initial fitting (n=20).

FIGURE 2

Frequency distribution of lens reorders required to achieve an acceptable fit with the Rose K lens (n=18)

number of diagnostic lenses required was 3.0 ( 1.0 lenses for the flat eyes and 2.9 ( 0.8 lenses for the steep eyes.  The average number of lens changes required was 1.1 ( 1.0 for both the flat eyes and the steep eyes.

Indices of Visual Performance

Figs. 3 and 4 display the binocular visual acuity data for the patients with their habitual contact lenses and with the Rose K contact lenses.  The mean visual acuities are listed in Table 4.  The monocular and binocular high- and low-contrast visual acuities with the Rose K lenses were not significantly different from the habitual visual acuities.  The distribution of the data with this sample of 18 eyes had sufficient statistical power to detect a difference of 2.5 letters for binocular high-contrast acuity and 4.2 letters for binocular low-contrast acuity (( = 0.05 ( = 0.20).  The self-reported assessment of vision with the habitual lenses was not significantly different from the vision with the Rose K lenses for the flat eyes; however, the self-reported assessment of vision was statistically significantly improved with the Rose K lenses for the steep eyes.  The mean difference between the vision with the Rose K lenses and the habitual lenses for the steep eyes was an improvement of 0.67 ( 1.28 points (five-point scale) with the Rose K lenses (Wilcoxon signed rank test, p = 0.03).

Indices of Quality of Life and Comfort

The patients’ NEI-VFQ scores are listed in Table 5.  The General Health, Peripheral 
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FIGURE 3.

High-contrast visual acuity with both eyes (n=18)
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FIGURE 4.

Low-contrast visual acuity with both eyes (n=18).

Vision, and Colour Vision subscale scores are not listed in Table 5;  there was no statistically significant change from baseline to outcome for these three subscales.  The NEI-VFQ overall score at the conclusion of the study showed a statistically significant increase compared with the initial NEI-VFQ overall scores.  The only subscale that showed a statistically significant improvement was the Driving subscale.  The sample size of 20 patients yielded statistical power to detect a difference of 13.8 points for the General Vision subscale and 14.8 points for the Ocular Pain subscale (( = 0.05, ( = 0.20).

  The mean weekday wearing times for the flat eyes was 14.50 ( 3.57h with the habitual lenses and 14.83 ( 3.67h with the Rose K lenses.  For the steep eyes, the mean weekday wearing time was 14.89 ( 2.76h with habitual lenses and 15.33 ( 2.74h with the Rose K lenses.  The differences between weekday contact lens wearing time for the habitual lenses and the Rose K lenses were an increase of 0.33 ( 3.01 h/day for the flat eyes and an increase of 0.44 ( 1.54 h/day for the steep eyes.  Neither result was statistically significant.  There was no statistically significant difference in the number of daily lens removals for flat and steep eyes.  Figs. 5 and 6 display frequency distributions of the self-reported assessment of comfort for the habitual and Rose K lenses for the flat and steep eyes, respectively.  The mean difference for the flat eyes was an improvement of 1.44 ( 0.92 points (five-point scale). The mean difference for the steep eyes showed an improvement of 0.89 ( 1.13 points (five-point scale).  The self-reported assessment of comfort was not statistically significant for the flat eyes.  The change in comfort for the steep eyes was statistically significant (Wilcoxon signed rank test, p = 0.0068).

Subject Preference

  At the conclusion of the study, each subject was asked which contact lenses he or she preferred and which lenses he or she planned to wear after the study was complete.  This information was available for 18 subjects.  Thirteen subjects (72%) preferred the Rose K lenses, three subjects (17%) preferred their habitual lenses, and two subjects (11%) had no preference.  Fifteen subjects (87%) chose to continue wearing the Rose K lenses, and three subjects (13%) chose to return to their habitual lenses.  Two of the three subjects who chose to return to their habitual lenses were the two subjects who were unable to achieve acceptable acuity with the Rose K lenses.  The other patient that chose his habitual lens cited reduced visual acuity as his main reason for discontinuing the Rose K lenses.  At the conclusion of the study, he indicated that he may continue with the Rose K lens for his steep eye.  The patients who preferred the Rose K lenses cited numerous reasons to justify this preference.  Eleven of the patients mentioned increased comfort.  Five each cited improved vision and / or increased wearing time.  Four reported improvement in driving and night vision, and one each reported that the Rose K lenses were easier to remove, that there was reduced movement of the contact lenses on the eyes and that the lenses spontaneously ejected from the eyes less often.

DISCUSSION

Refer Table 4 and 5

We were able to achieve an acceptable fit in 90% of the patients who were fitted with the Rose K lens.  This is a reasonable expectation for fitting contact lenses for keratoconus in clinical practice.  Based on our findings, a clinician who fits Rose K lenses should expect that an average of three diagnostic lenses will be needed per eye when determining the appropriate base curve.  Among the patients for whom an acceptable fit was achieved with the Rose K lenses, only seven of the flat eyes (38.9%) and six of the steep eyes (33.3%) were fitted successfully with the first-ordered lens in this study.  Our results did not substantiate the 80 to 90% first-fit success rate that is cited by Dr. Rose, the creator of the Rose K lens.13  Nevertheless, our results from the initial fitting process provide reasonable expectations for the amount of time and lens reorders required for use in clinical practice.

  The average best-corrected visual acuity of the sample was excellent.  The average high-contrast binocular visual acuity of the sample was about 55 letters (Snellen equivalent 20/19).  The average binocular low-contrast visual acuity was about 45 letters (Snellen equivalent 20/30).  These measurements are slightly better than previously reported results of visual acuity measurements under similar conditions.14  Although the Rose K lenses may have provided some additional benefit to a few subjects within the sample, the average visual acuity with Rose K lenses was not significantly changed from baseline for any of the conditions tested.  Our study had 80% statistical power to detect a change of 2.5 letters for the high-contrast acuity and 4.2 letters for the low-contrast acuity.  Clinically significant change is typically considered one line on a visual acuity chart (five letters).15

  The self-reported assessment of vision for the steep eyes provided a result that seems to contradict the visual acuity results.  The analysis of the objective measure of vision (visual acuity) did not show a significant change with Rose K lenses.  The subjective measure of vision (self-reported assessment on a five point scale) showed an improvement of 0.67 points with Rose K lenses.  This change was statistically significant.  It is not known whether this result is clinically significant because this measurement is not performed routinely in clinical practice.  There are several explanations for this difference between objective and subjective vision results.  The first possibility is that visual acuity measurement may not detect some of the visual disturbances that occur in keratoconus, such as monocular diplopia, glare, and image distortion.  The Rose K lenses may have reduced some of these visual disturbances.  Another possibility is that this may have been a psychological phenomenon similar to the “placebo effect.”  The subjects may have had expectations that their vision 
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FIGURE 5.

Frequency distribution of self-reported assessment of contact lens comfort in the flat eyes (n=18).  These data were gathered with the customized History and Contact lens Performance Questionnaire.
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FIGURE 6.

Frequency distribution of self-reported assessment of contact lens comfort in the steep eyes (n=18).  These data were gathered with the customised History and Contact Lens Performance Questionnaire.

would be improved with the Rose K lenses.  Participation in the study and regular follow-up visits may have reduced some anxiety about their disease and may have led some subjects to believe that their vision was actually improved.  The steep eye tends to be the more advanced eye in keratoconus.  The steep eye would also be expected to have worse vision than the flat eye.  Thus, a patient with keratoconus would likely have more anxiety about the worse eye.  Repeating this study as a randomised, clinical trial would directly control for these factors.

  The results of the National Eye Institute Visual Function Questionnaire show a statistically significant improvement in the overall NEI-VFQ score after the subjects were fitted into Rose K lenses.  Table 3 shows that all of the subscales showed mean improvement; however, the distribution of the sample did not have statistical power to make this improvement significant for most subscales.  The subscale that showed statistically significant improvement was driving.  Four of the 13 subjects who preferred the Rose K lenses to their habitual lenses cited driving and / or night vision as a justification for their preference.  This lends support to the possibility that the Rose K lens may be reducing visual disturbances that are not detectable with visual acuity measurements.  The possibility of a “placebo effect” may also explain the improvement in NEI-VFQ scores.  There was a mean improvement of 8.9 points in the Mental Health category of the NEI-VFQ.  This change was close to achieving statistical significance.  This trend indicates that the Rose K lenses and / or participation in this study may have reduced some vision-specific anxiety in the sample.  All subjects in the study went from habitual lenses to Rose K lenses, and none of the subjects were masked.  A future randomised clinical trial may minimize any putative psychological noise associated with the placebo effect.

  The results from the subjective assessment of comfort were similar to the results from the subjective assessment of vision.  The flat and steep eyes both showed mean improvement on self-reported assessment of contact lens comfort.  The improvement in the steep eye showed a mean improvement of almost one point on a five-point scale; however, it is not known whether this change is clinically significant.  Eleven (84.6%) of the 13 patients who preferred the Rose K lens cited comfort as one of the reasons to justify this preference.  Comfort was the most common reason cited.  This indicates that the improvement in comfort within the sample may be clinically significant.

  It is difficult to determine whether the observed increase in comfort levels is inherent to the Rose K design or whether the study design contributed some bias.  As described above, a placebo effect may have been introduced by the study design.  This may have led subjects to expect that the Rose K lenses would be more comfortable than their habitual lenses.  The increase in comfort may have simply been a factor of providing the patients with a new, clean pair of contact lenses.

  The other indices of comfort (weekday wearing time and number of lens removals per day) were not sensitive to any subjective changes in comfort.  Patients with keratoconus require rigid lenses to achieve acceptable vision.  They tend to wear their contact lenses during most of the day and maintain long wearing times despite discomfort.16  The number of contact lens removals per day was not significantly changed.  Twelve (66.7%) of the 18 subjects reported no lens removals throughout the day for either eye at base-line and outcome.  These results indicate that the number of lens removals per day may not b a sensitive indicator of contact lens comfort.

  Some bias may have existed within this sample of keratoconus patients.  The recruitment may have been biased in that patients with uncomfortable contact lenses may have been more likely to seek enrolment in the study.  Patients who had not recently been seen by their eye care practitioners may have also been more likely to volunteer.  Eleven (52.4%) of the 21 eligible patients in this study reported undergoing a contact lens fitting within 1 year before their initial visit.  Nevertheless, contact lens discomfort constitutes a significant obstacle to effective management of keratoconus.  The results of this study may be generalized to keratoconus patients who report some degree of discomfort due to their contact lenses.

  It is difficult to determine whether the observed increases in comfort and quality of life can be attributed to the Rose K lenses or a placebo effect.  Furthermore, simply providing patients with a new, clean lens with a steeper base curve of a different contact lens design may have yielded similar results.  A randomised clinical trial could minimize bias.  In this design, patients could be randomised to return to their habitual lenses or to be fitted with the Rose K lenses.  The parameters of the habitual lenses would have to be duplicated in a new pair of contact lenses to eliminate the possibility that a new, clean lens would falsely give the impression that one lens design is inherently more comfortable.  A masked study design would be required to minimize subject bias toward either design.  To minimize the effect of apical fitting relationship, the subjects’ habitual contact lens fits could be modified such that the apical fitting relationship of the control group would be similar to the apical fitting relationship of the Rose K group.  A randomised crossover design would afford greater statistical power for a specific sample size.

CONCLUSIONS

In fitting contact lenses for keratoconus, a practitioner should have many different lens designs available because one single design will not work for every patient.  Patients and eye care professionals should have appropriate expectations for a contact lens design, especially proprietary keratoconus designs that are more expensive than standard rigid contact lens designs.  The Rose K Lens for Keratoconus is a proprietary contact lens design that is appropriate for us in clinical practice for the management of keratoconus.  The results of this study indicate that about 90% of patients can be successfully fitted with the Rose K design, that 72%of those patients who can be fitted prefer the Rose K lenses over their habitual lenses, and that 87% chose to continue to wear the Rose K lenses at the end of the study.  Our results suggest that Rose K lenses provide an improvement in the quality of vision and contact comfort for keratoconus patients.  However, the marketing claim of improved “visual acuity” was not substantiated in this study.  Future studies involving this lens and other lens designs for keratoconus should consider psychological factors in vision and comfort when planning a study.
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	TABLE 1
	
	

	Summary of content for the 25-item National Eye Institute Visual Function Questionnaire.

	
	
	

	
	
	

	Subscale
	Item
	Question(s)

	 
	
	 

	General health
	1
	“Your overall health”

	 
	
	 

	General vision
	2
	“Eyesight using both eyes”

	 
	
	 

	Ocular pain
	4
	“How much pain or discomfort”

	 
	19
	"How much does pain or discomfort interfere"

	 
	
	 

	Near activities
	5
	“Reading ordinary print in newspapers”

	 
	6
	“Work or hobbies that require you to see well up close”

	 
	7
	"Finding something on a crowded shelf"

	 
	
	 

	Distance activities
	8
	"Reading street signs or the names of stores"

	 
	9
	"Steps, stairs or curbs in dim light or at night"

	 
	14
	"Going out to see plays, movies or sporting events"

	 
	
	 

	Social functioning
	11
	"Seeing how people react to things you say"

	 
	13
	"Visiting with people"

	 
	
	 

	Mental health
	3
	“How much do you worry”

	 
	21
	"I feel frustrated"

	
	22
	"I have much less control"

	 
	25
	"Doing things that will embarrass"

	 
	
	 

	Role Difficulties
	17
	"Accomplish less than you would like"

	 
	18
	"Limited in how long you can work or do other activities"

	 
	
	 

	Dependency
	20
	“I stay at home most of the time”

	 
	23
	"I have to rely too much on what people tell me"

	 
	24
	"I need a lot of help from others"

	 
	
	 

	Driving
	15c
	“Driving during the daytime in familiar places”

	 
	16
	“Driving at night”

	Colour vision
	12
	“Picking out and matching your own clothes”

	Peripheral vision
	10
	“Noticing objects off to the side”


TABLE 2

	Baseline steep keratometric readings and habitual contact lens parameters for 19 subjects 

	who were refitted with the Rose K Lens for Keratoconus

	
	
	
	
	
	
	
	
	
	
	

	 
	Steep Keratometric
	Base Curve (mm)
	Overall Diameter
	Optic Zone
	Contact Lens Power

	Subject
	Reading
	 
	 
	(mm)
	Diameter (mm)
	(D)

	 
	Flat Eye
	Steep Eye
	Flat Eye
	Steep Eye
	Flat Eye
	Steep Eye
	Flat Eye 
	Steep Eye
	Flat Eye
	 Steep Eye

	1
	53.05
	53.92
	7.05
	6.82
	8.8
	8.7
	7.5
	6.7
	-1.00
	-1.25

	2b
	47.50
	48.75
	7.35
	7.16
	8.9/9.6
	8.8/9.6
	-
	-
	-5.25
	-5.25

	5
	47.00
	59.17
	7.55
	5.72
	9.2
	8.1
	7.8
	5.6
	-6.75
	-19.00

	6
	45.12
	48.50
	7.80
	7.35
	9.1
	8.9
	7.9
	7.0
	-1.75
	-3.00

	7
	51.59
	53.78
	6.32
	6.55
	8.9
	9.0
	7.2
	7.2
	-10.75
	-13.25

	9
	46.50
	58.00
	7.82
	7.78
	9.2
	9.2
	6.8
	7.3
	-3.00
	-1.50

	10
	47.00
	49.00
	6.80
	6.95
	8.5
	8.5
	6.3
	6.2
	-9.25
	-8.50

	11
	44.25
	46.87
	7.88
	7.62
	9.5
	9.5
	8.1
	8.1
	-6.50
	-5.50

	12
	47.50
	48.00
	7.44
	7.40
	9.4
	9.5
	8.2
	8.2
	-7.50
	-7.50

	13
	44.75
	51.15
	7.61
	6.90
	9.6
	9.1
	8.1
	7.6
	-5.25
	-7.87

	14
	47.62
	48.12
	7.66
	7.58
	9.6
	9.1
	6.9
	7.0
	-4.75
	-5.25

	15
	55.96
	60.63
	6.17
	6.62
	8.0
	7.9
	5.7
	5.3
	-10.62
	-15.87

	17
	48.75
	50.00
	7.55
	7.30
	9.3
	9.2
	7.5
	7.5
	-2.50
	-4.25

	18
	51.88
	54.80
	7.10
	6.66
	8.8
	8.8
	7.5
	7.4
	-5.25
	-7.75

	20
	44.50
	46.50
	7.65
	8.00
	9.0
	9.0
	7.2
	7.2
	-7.00
	-6.00

	22
	52.50
	57.71
	7.48
	6.80
	9.0
	8.9
	7.6
	6.9
	-4.00
	-8.75

	23
	43.00
	47.75
	7.82
	7.12
	8.6
	8.6
	6.5
	6.5
	-3.75
	-6.00

	25
	46.50
	47.25
	7.10
	7.00
	7.6
	7.5
	6.4
	6.4
	-3.00
	-3.75

	26
	47.00
	53.19
	7.10
	6.52
	9.0
	9.3
	7.1
	7.0
	-7.50
	-13.25

	a= The average steep keratometric values were 48.00 +/- 3.37 D for the flat eyes and
	
	

	 51.74 +/- 4.48 D for the steep eyes.
	
	
	
	
	
	
	

	b= Subject number 02 has two values listed for overall contact lens diameter because his habitual 
	

	contact lenses were truncated, translating, bifocal contact lenses.
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


	TABLE 3.
	
	
	
	
	
	

	
	
	
	
	
	
	

	Descriptions of habitual contact lens fits for the 19 subjects that were fitted with the

	 Rose K Lens for Keratoconus

	
	
	
	
	
	
	

	Subject
	Apical Contact Lens Fitting Relationship
	Description of Edge Lift Pattern
	 

	 
	Flat
	Steep
	 
	Flat
	Steep 
	 

	1
	Definite touch
	Definite touch
	Minimal Acceptable
	Average
	 

	2
	Touch
	Definite touch
	Average
	Average
	 

	3
	Touch
	Definite touch
	Average
	Minimal Unacceptable

	5
	Touch
	Touch
	
	Average
	Average
	 

	6
	Touch
	Definite touch
	Average
	Average
	 

	7
	Touch
	Definite touch
	Average
	High Acceptable

	9
	Definite touch
	Touch
	
	High Acceptable
	Average
	 

	10
	Clearance
	Touch
	
	Average
	Average
	 

	11
	Touch
	Touch
	
	Average
	Average
	 

	12
	Definite touch
	Touch
	
	Average
	Average
	 

	13
	Touch
	Touch
	
	Average
	Average
	 

	14
	Definite touch
	Definite touch
	Excessive
	Excessive
	 

	15
	Touch
	Definite touch
	Average
	Average
	 

	17
	Definite touch
	Definite touch
	Average
	Average
	 

	18
	Definite touch
	Definite touch
	Minimal Acceptable
	Minimal acceptable

	20
	Definite touch
	Definite touch
	Average
	Average
	 

	22
	Definite touch
	Definite touch
	High Acceptable
	High Acceptable

	23
	Clearance
	Clearance
	
	High Acceptable
	High Acceptable

	25
	Touch
	Touch
	
	Minimal Acceptable
	Minimal acceptable

	26
	Definite touch
	Definite touch
	Average
	Average
	 

	 
	 
	 
	 
	 
	 
	 


TABLE 4

Mean visual acuities (mean ( SD, all in letters correct) with habitual lenses and Rose K contact lenses.a
________________________________________________________________________________




Flat Eyes


Steep Eyes


Binocular

Lens

High Contrast
Low Contrast
High Contrast
Low Contrast
High Contrast
Low Contrast

------------------------------------------------------------------------------------------------------------------------------

Habitual
49.8 ( 7.6
39.6 ( 8.4
49.0 ( 7.8
36.2 ( 8.3
54.7 ( 5.5
45.4 ( 6.6

Rose K

49.6 ( 7.9
38.6 ( 8.9
49.7 ( 6.33
37.9 ( 9.9
55.4 ( 4.5
45.2 ( 8.3

Mean Difference-0.2 ( 5.8
-1.0 ( 6.2
+0.7( 6.3
+1.7 ( 7.1
+0.7 ( 3.6
-0.2 ( 6.0

------------------------------------------------------------------------------------------------------------------------

*  At the test difference of 4 m, 39 letters correct corresponds to a Snellen equivalent visual acuity of 20/40, and 54 letters correct corresponds to a Snellen equivalent visual acuity of 20/20.  A positive mean difference indicates a greater mean acuity with the Rose K lens.  None of the differences were statistically significant.

	TABLE 5
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	National Eye Institute Visual Function Questionnaire (NEI-VFQ) results for 18 subjects 

	fitted with the Rose K Lens for Keratoconus.

	
	
	
	
	
	
	
	
	
	
	

	 
	General Vision
	Ocular Pain
	Near Activities
	Distance Activities
	Social Functioning

	Subject
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K

	1
	80
	80
	38
	50
	17
	42
	33
	50
	38
	75

	2
	80
	40
	88
	50
	100
	33
	92
	42
	100
	63

	5
	80
	80
	75
	100
	83
	100
	100
	100
	100
	100

	6
	60
	80
	50
	88
	100
	75
	75
	75
	88
	75

	7
	60
	80
	75
	75
	50
	75
	75
	92
	88
	100

	10
	60
	100
	63
	100
	75
	92
	58
	83
	88
	100

	11
	80
	100
	75
	75
	83
	100
	83
	100
	100
	100

	12
	80
	80
	100
	75
	92
	100
	100
	92
	100
	100

	13
	60
	100
	88
	75
	75
	100
	92
	92
	100
	100

	14
	80
	60
	75
	75
	75
	67
	83
	83
	100
	100

	15
	60
	80
	50
	75
	58
	75
	67
	83
	88
	88

	17
	100
	100
	38
	63
	92
	100
	100
	100
	100
	100

	18
	80
	100
	38
	75
	75
	100
	50
	100
	75
	100

	20
	80
	100
	100
	100
	100
	100
	92
	100
	100
	100

	22
	60
	80
	63
	75
	75
	75
	83
	92
	88
	100

	23
	100
	100
	100
	100
	100
	92
	100
	100
	100
	100

	25
	80
	80
	75
	88
	92
	92
	92
	92
	100
	100

	26
	80
	80
	100
	100
	83
	92
	83
	92
	100
	100

	 
	Mental Health
	Role Difficulties
	Dependency
	Driving
	Overall Score

	Subject
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K
	Habitual
	Rose K

	1
	25
	44
	63
	63
	33
	58
	63
	88
	46.7
	61.3

	2
	88
	25
	100
	38
	100
	50
	8
	38
	94
	48

	5
	88
	88
	88
	100
	100
	100
	75
	88
	87.6
	93.6

	6
	50
	56
	75
	88
	92
	100
	88
	100
	79.7
	85.1

	7
	81
	88
	75
	100
	100
	100
	75
	100
	75.3
	89.5

	10
	56
	88
	50
	88
	58
	100
	38
	75
	63.2
	93.2

	11
	88
	88
	100
	100
	100
	100
	75
	88
	89.5
	95.5

	12
	88
	100
	100
	100
	100
	100
	100
	100
	96.3
	95.2

	13
	88
	100
	100
	100
	100
	92
	88
	100
	84.2
	93

	14
	81
	75
	88
	75
	100
	92
	75
	63
	87
	78.6

	15
	69
	75
	100
	88
	100
	100
	75
	88
	78.8
	85.7

	17
	56
	63
	100
	88
	100
	92
	100
	100
	89.6
	92

	18
	44
	75
	38
	50
	75
	100
	63
	88
	60.1
	89

	20
	100
	100
	100
	100
	100
	100
	88
	100
	94
	100

	22
	31
	63
	38
	75
	58
	100
	88
	100
	71.2
	87.2

	23
	100
	100
	100
	100
	100
	100
	100
	100
	100
	99.2

	25
	100
	94
	100
	100
	100
	100
	88
	100
	93.3
	95

	26
	100
	100
	100
	100
	100
	100
	88
	88
	94
	92.5
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