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Objective: To compare the effects of rigid gas-
permeable contact lenses (RGPs) and soft contact lenses
(SCLs) on myopia progression in children.

Methods: We randomly assigned 116 subjects to wear
RGPs or SCLs. Subjects underwent cycloplegic autorefrac-
tion, keratometry, and A-scan ultrasonographic axial length
measurements at each annual visit. All analyses were con-
ducted according to the original randomization assign-
ment. The primary outcome measure was the 3-year change
in spherical equivalent cycloplegic autorefraction.

Results: The mean±SD spherical equivalent cyclople-
gic refractive error progressed –1.56±0.95 diopters (D)
for RGP wearers and –2.19±0.89 D for the SCL wearers
during the 3 years of the study (analysis of covariance
[ANCOVA], P�.001). The axial growth of the eyes was

not significantly different between treatment groups
(ANCOVA, P=.57). The steep corneal meridian of the
RGP wearers steepened 0.62±0.60 D, and that of the
SCL wearers steepened 0.88±0.57 D during the 3 years
(ANCOVA, P=.01).

Conclusions: The RGP wearers’ myopia progressed less
than that of the SCL wearers. The corneal curvature of the
SCL wearers steepened more than that of the RGP wear-
ers, but the axial growth was not significantly different be-
tween the groups. Most refractive error treatment effect
was limited to the first year of the trial. The results of the
study provide information for eye care practitioners to share
with their patients, but they do not indicate that RGPs
should be prescribed primarily for myopia control.
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M YOPIA AFFECTS AP-
proximately 25% of
the US population,1

and it typically devel-
ops between 8 and 16

years of age.2,3 Controlling myopia pro-
gression during childhood may poten-
tially affect cosmesis and comfort of spec-
tacle wear, cost-effectiveness of spectacles
and contact lenses, outcomes of refrac-
tive surgery, and ocular health.

Previous studies have reported that rigid
contact lenses slow myopia progres-
sion,4-6 but other studies have found that
they increase7 or have no effect8 on myo-
pia progression in children. All of these
studies were limited by study designs that
challenge the implications of the results.
The Contact Lens and Myopia Progres-
sion (CLAMP) Study was designed to ad-
dress the limitations of previous studies
of the control of myopia by means of rigid
contact lenses and to compare the effect
of rigid gas-permeable contact lenses

(RGPs) and soft contact lenses (SCLs) on
myopia progression in children.

METHODS

The study was conducted at The Ohio State
University College of Optometry, Columbus.
Parents provided consent for their child’s par-
ticipation after all study procedures were ex-
plained in accordance with the Declaration of
Helsinki. The research was approved by the Bio-
medical Sciences Institutional Review Board at
The Ohio State University. All subjects were
aged 8 to 11 years at the initial visit and had a
visual acuity of 20/20 or better OU. Both eyes
had a spherical component of −0.75 to –4.00
diopters (D). Both eyes had less than 1.50 D
astigmatism by cycloplegic autorefraction and
less than 1.00 D astigmatism by noncyclople-
gic manifest refraction, and there was less than
a 1.00-D difference between the spherical com-
ponents of the 2 eyes. All subjects were free of
ocular and systemic disease that could affect
vision or refractive error development, and they
had not attempted contact lens wear before the
investigation.

RUN-IN PERIOD

Subjects attended the initial visit to determine
eligibility for the trial. One hundred forty-
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seven subjects were eligible to participate in the run-in period
to determine whether they were able to adapt to RGPs. Adapta-
tion to RGP wear was determined by the subject reporting a wear-
ing time of at least 40 h/wk and contact lenses that were “usu-
ally comfortable” or “always comfortable” after 1 to 2 months
of contact lens wear. Of the 147 subjects enrolled in the run-in
period, 116 (78.9%) successfully adapted to RGPs and were ran-
domly assigned to wear RGPs (n=59) or SCLs (n=57) for the
clinical trial. The mean±SD run-in period lasted 65.7±33.1 days.

RANDOMIZATION

To maintain equal proportions of girls and boys in each treat-
ment group, subjects were stratified by sex and randomly as-
signed in treatment blocks of 3 to ensure equal representation
in each treatment group. After the treatment allocation was de-
termined, we subsequently analyzed all data according to the
original results of the randomization assignments.9-11

OUTCOME MEASURES

The CLAMP Study was a 3-year, single-masked randomized clini-
cal trial. The primary and secondary outcome measures were con-
ducted annually. The anniversary dates of the annual examina-
tions and the baseline data for the clinical trial were based on
the date of the randomization visit, not the date of the initial visit.
The primary outcome of the study was the 3-year change in spheri-
cal equivalent cycloplegic refractive error. We measured refrac-
tive error by means of cycloplegic autorefraction using an au-
torefractor (Canon R-1; Canon USA, Lake Success, NY; no longer
manufactured). Cycloplegia was achieved using 1 drop of 0.5%
proparacaine hydrochloride followed by 2 drops, separated by
5 minutes, of 1.0% tropicamide. Measurements were taken 25
minutes after the second drop of tropicamide was instilled. Ten
spherocylinder autorefractions were averaged using the power
vector analysis described by Thibos et al.12

Axial length was measured using the Humphrey Ultra-
sonic Biometer Model 820 (Humphrey Instruments, Inc, San
Leandro, Calif). A handheld probe was used to measure the
length of the eye through a dilated pupil. Traces were exam-
ined for equal lens peaks and properly marked retinal peaks.
Poor traces were eliminated as they appeared or after 5 record-
ings were obtained, and they were replaced with acceptable
traces. We calculated the axial dimensions as the average of the
5 readings.13 Subjects underwent measurement at the random-
ization visit and 3 annual follow-up visits.

We used a keratometer (Bausch & Lomb, Rochester, NY)
to obtain 2 measures of each meridian of each eye. We aver-
aged the power of the steep meridian and the power of the flat
meridian from each measurement to yield 1 steep meridian read-
ing and 1 flat meridian reading for each eye.

MASKING

All of the outcome measures were performed by an examiner
who was masked to the treatment group assignment. At each
visit, the subjects were reminded not to talk about their con-
tact lenses when the masked examiner was in the room. The
subjects wore only back-up spectacles or no correction when
the masked examiner was in the examining room.

CONTACT LENSES

The RGPs were fitted to achieve central alignment. The con-
tact lenses were 9.2 mm in diameter. The RGP material had ex-
tremely high oxygen permeability, and the children were given
free solutions (Menicon Co, Ltd, Nagoya, Japan). Subjects ran-

domly assigned to wear SCLs were fitted with Focus 2-week
disposable contact lenses, and they were given SOLO Care mul-
tipurpose solutions (CIBA Vision Care, Duluth, Ga).

STATISTICAL ANALYSIS

The target sample size of 110 subjects (55 participants per group)
was selected to provide 90% power to detect a difference of 0.50
D in myopia progression during the 3-year study, with an SD
of 0.75 D and a 2-sided error at �=.05. The sample size also
allowed for a 10% loss to follow-up. Our pooled SD of myopia
progression was actually 0.92 D, which resulted in adequate
power to detect the same difference, considering all subjects
completed follow-up. All data were dually entered into Micro-
soft Access software (Microsoft Corporation, Redmond, Wash).
Matching double entries were required before output to the fi-
nal data file. All analyses are reported for the right eye only.
Results that differ for the left eye are discussed in the text. We
analyzed all data using intent-to-treat methods in the SAS sta-
tistical software package (SAS Institute, Inc, Cary, NC).9,10 De-
scriptive analyses were performed for the continuous (mean
and standard deviations) and categorical (frequency) vari-
ables. The primary outcome of interest was the 3-year change
in spherical equivalent compared between the treatment groups.
We used an analysis of covariance, controlling for baseline
spherical equivalent, to accomplish this. The same analysis was
used for 3-year changes in axial length and corneal curvature.
In addition, we assessed the effect of treatment assignment us-
ing all visits with a repeated-measures analysis of variance. The
variance-covariance matrix used was the compound symme-
try matrix or unstructured matrix, depending on which struc-
ture was most appropriate. This was determined by which struc-
ture minimized the Akaike information criteria values.14 Each
outcome was modeled as a function of time, group, and the in-
teraction of time and group. Statistically significant results were
followed by the appropriate post hoc testing. Differences among
times were assessed by means of the Tukey honestly signifi-
cant difference test, whereas differences between groups were
assessed using 2-sample t tests. To assess the contribution of
the changes in axial length and corneal curvature to the change
in refractive error, we performed a linear regression. Partial cor-
relation coefficients based on the type II sums of squares were
calculated to provide correlations that were adjusted for all of
the other variables included in the model.

RESULTS

The mean age of the subjects enrolled in the clinical trial
was 10.7 years; 59.5% were female; and 84.5% were
white.15 At the randomization visit, the 2 groups were bal-
anced with respect to all demographic and ocular vari-
ables reported (Table 1). We examined 116 subjects at
the randomization visit, 114 subjects at the 1-year visit,
113 subjects at the 2-year visit, and all subjects at the fi-
nal visit. One subject moved from the area and was not
examined at year 1 or year 2 but returned for the final
visit. The other 3 subjects missed 1 visit only.

No subjects in either treatment group experienced a
sight-threatening adverse event. Four SCL wearers ex-
perienced an adverse event. Three of the events were due
to tight-fitting SCLs. The corneal findings resolved com-
pletely after refitting the subjects with other brands of
SCLs. The other adverse event was due to a contact lens
solution allergy experienced by an SCL wearer, which re-
solved after changing the brand of contact lens solution.
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Two subjects assigned to wear SCLs switched to RGPs
during the trial. Eleven subjects (19%) switched from RGPs
to SCLs during the trial. During the study, 7 subjects (12%)
assigned to wear RGPs and 2 subjects (4%) assigned to wear
SCLs were not wearing any contact lenses at the end of the
study (Figure 1). Subjects were wearing their originally
assigned treatment at 86.8% of the annual visits.

The primary outcome of the CLAMP Study was the
3-year change in cycloplegic spherical equivalent re-
fractive error. The mean±SD 3-year change in spherical
equivalent refractive error was –1.56±0.95 D for the
RGP wearers and –2.19±0.89 D for the SCL wearers
(analysis of covariance, P�.001) (Figure 2A). Pro-
gression of myopia in the RGP treatment group was
28.8% slower than in the SCL treatment group. The
3-year changes in the other ocular components are
shown in Table 2. The change in refractive astigma-
tism and the axial growth were not significantly differ-
ent between the 2 groups, but the corneas steepened

significantly more for the SCL wearers than for the RGP
wearers (Figure 2B).

Table3 shows the percentage of subjects who changed
a given amount during the 3-year study. The distribu-
tions of the 2 groups are not significantly different (Fisher
exact test, P=.09), indicating that the SCL and RGP wear-
ers experienced similar progression during the 3-year trial.

To examine the differences between the 2 treatment
groups over time, we conducted repeated-measures analy-
sis of variance analyses. From randomization to the 3-year
visit, therewasnointeractionbetweentreatmentgroupand
visit for the cycloplegic spherical equivalent refractive er-
ror (Figure 2A). The change in spherical equivalent refrac-
tive error between each visit was not significantly different
between the 2 groups, but during the entire 3-year period,
the SCL wearers showed more progression than the RGP
wearers.Theaxialgrowthwasnotsignificantlydifferentbe-
tween the 2 groups during the 3-year period (Figure 2C).

During the run-in period (initial visit to randomiza-
tion visit), the cycloplegic refractive error did not change
significantly (t test, P=.89), but the average steep me-
ridian of the cornea flattened significantly (t test, P� .001)
(Figure 2B). The average steep corneal meridian of the
RGP wearers steepened significantly between random-
ization and each yearly visit and between years 1 and 3.
The average steep corneal meridian of the SCL wearers
steepened similarly to that of the RGP wearers, except
that the SCL wearers’ average steep corneal meridian also
steepened significantly between years 1 and 2. From the
initial visit to the year-3 visit, the RGP wearers’ average
steep corneal meridian did not change significantly (Tukey
post hoc test, P=.99), but the SCL wearers’ average steep
corneal meridian steepened by a mean±SD of 0.31±0.49
D (Tukey post-hoc test, P�.001). The pattern of change
over time was similar for the flat corneal meridian, ex-
cept that there was not a significant steepening of the cor-
nea in the right eye of RGP wearers between randomiza-
tion and year 1, but there was significant steepening of
the flat corneal meridian of the left eye during the same
period. In summary, all contact lens wearers’ corneas flat-

Table 1. Demographic and Ocular Variables
of RGP and SCL Wearers*

Variables

Treatment Group

RGPs SCLs

Male, No. (%) 24 (41) 23 (40)
White, No. (%) 49 (83) 49 (86)
Age, y 10.5 ± 1.2 10.5 ± 1.1
Spherical equivalent, D –2.30 ± 0.91 –2.48 ± 0.86
J0, D +0.23 ± 0.24 +0.28 ± 0.26
J45, D +0.03 ± 0.19 +0.03 ± 0.16
Axial length, mm 24.16 ± 0.74 24.10 ± 0.69
Steep corneal meridian, D 43.89 ± 1.44 43.93 ± 1.16
Flat corneal meridian, D 43.28 ± 1.34 43.36 ± 1.12

Abbreviations: D, diopter; J0, horizontal and vertical refractive
astigmatism; J45, oblique refractive astigmatism; RGPs, rigid gas-permeable
contact lenses; SCLs, soft contact lenses.

*The 2 treatment groups did not differ significantly with regard to any of
the variables at the randomization visit. Unless otherwise indicated, data are
expressed as mean ± SD.

Randomized

222 Underwent Screening for Eligibility
Initial Visit

Not Enough Wearing Time
Not Comfortable

30
1

31 Did Not Complete Run-in Period

Sphere Too High14
Sphere Too Low47
Cylinder Too High15
Strabismus2
Other5

75 Not Eligible to Participate

147 Entered Run-in Period

116 Enrolled
Randomization Visit

Switched to SCLs
Stopped Wearing RGPs (All Still
Underwent Analysis as RGP Wearers)

11
7

Lost to Follow-up0

59 RGP Wearers

(70%) Completed Trial Wearing
Original Treatment

41
59 Completed Trial

(93%) Completed Trial Wearing
Original Treatment

53
57 Completed Trial

Switched to RGPs
Stopped Wearing SCLs (All Still
Underwent Analysis as SCL Wearers)

2
2

Lost to Follow-up0

57 SCL Wearers

Figure 1. Flow diagram of subjects in the Contact Lens and Myopia Progression Study. RGPs indicates rigid gas-permeable contact lens; SCLs, soft contact
lenses.
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tened during the run-in period. The RGP wearers’ cor-
neal curvatures returned to baseline by the end of the study,
whereas those of the SCL wearers continued to steepen
until they were 0.31 D steeper than at baseline (Figure 2B).

To determine the role axial growth and corneal changes
played in determining the refractive error change in sub-
jects, we constructed a linear regression model using ini-
tial age, sex, ethnicity, initial refractive error, and 3-year

changes in the steep corneal meridian and axial length
to explain the myopia progression of the subjects. Par-
tial correlation coefficients were used to determine the
association between the changes in the spherical equiva-
lent refractive error and changes in the corneal curva-
ture of the steep meridian, as well as changes in the axial
length. The partial correlation coefficient for axial length
change with the change in refractive error was –0.22. The
corresponding coefficient for the steep corneal merid-
ian change was –0.17, indicating that the change in axial
length was only moderately more correlated with the
change in refractive error than was the change in the steep
corneal meridian. The unadjusted Pearson correlation co-
efficient between the change in axial length and the change
in the spherical equivalent refractive error was –0.54, and
the unadjusted Pearson correlation coefficient between
the change in the steep meridian and the change in the
spherical equivalent refractive error was –0.37.

We also examined the effect of initial age and base-
line myopia on treatment effects (Table 4). There
were no significant differences in mean myopia pro-
gression based on initial age (P=.84), baseline myopia
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Figure 2. A, Mean±SD cycloplegic spherical equivalent refractive error for
wearers of rigid gas-permeable contact lenses (RGPs) and soft contact lenses
(SCLs). The shaded portion represents the run-in period, when all subjects
wore RGPs. The asterisks indicate a significant difference in refractive error
between treatment groups (P� .05). B, Mean±SD curvature of the steep
corneal meridian for RGP and SCL wearers from the initial visit to the end of
the study. The shaded portion represents the run-in period, when all subjects
wore RGPs. The asterisks indicate a significant difference in corneal curvature
between treatment groups (P� .05). The dashed line indicates the initial
curvature of the steep corneal meridian. Corneal flattening is seen during the
run-in period, with a return to the initial corneal curvature for the RGP wearers,
and the additional steepening in the SCL wearers. C, Mean±SD axial length for
RGP and SCL wearers from the initial visit to the end of the study. Axial lengths
were not measured at the initial visit, so no axial length data were available
before randomization. There were no significant differences between the
treatment groups at any of the visits (P� .05).

Table 2. 3-Year Change in Ocular Variables
for RGP and SCL Wearers*

Variable

Treatment Group, Mean ± SD

RGP SCL P Value

Spherical equivalent, D −1.56 ± 0.95 −2.19 ± 0.89 �.001
J0, D +0.12 ± 0.25 +0.13 ± 0.26 .45
J45, D +0.06 ± 0.19 +0.00 ± 0.22 .08
Axial length, mm +0.81 ± 0.51 +0.76 ± 0.44 .57
Steep corneal meridian, D +0.62 ± 0.64 +0.88 ± 0.57 .01
Flat corneal meridian, D +0.36 ± 0.37 +0.62 ± 0.64 .01

Abbreviations: D, diopter; J0, horizontal and vertical refractive
astigmatism; J45, oblique refractive astigmatism; RGPs, rigid gas-permeable
contact lenses; SCLs, soft contact lenses.

*P values were determined by analysis of covariance to examine the
differences in progression during the 3-year study between the 2 treatment
groups.

Table 3. Progression in Wearers of RGPs and SCLs
During the 3-Year Study*

Progression, D

Treatment Group, No. (%) of Wearers†

RGP (n = 59) SCL (n = 57)

�0.50 8 (14) 1 (2)
0.50-0.99 7 (12) 2 (4)
1.00-1.49 16 (27) 12 (21)
1.50-1.99 10 (17) 12 (21)
2.00-2.49 8 (14) 12 (21)
2.50-2.99 4 (7) 5 (9)
3.00-3.49 3 (5) 9 (16)
3.50-3.99 2 (3) 2 (4)
�4.00 1 (2) 2 (4)

Abbreviations: D, diopter; RGPs, rigid gas-permeable contact lenses;
SCLs, soft contact lenses.

*The distributions are not significantly different between the 2 treatment
groups (Fisher exact test, P = .09).

†Because of rounding, percentages may not total 100.
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(P=.93), or the interaction of initial age, baseline myo-
pia, and treatment group (P=.29).

COMMENT

The CLAMP Study has shown that RGPs produce a slower
rate of progression of myopia in children. Although re-
sults from the CLAMP Study indicate that RGPs signifi-
cantly slow the progression of myopia in children, the
slowed change in refractive error may not be overwhelm-
ing from the clinical perspective. A portion of the treat-
ment effect is likely to be due to corneal flattening that
may be reversible; the decreased refractive error progres-
sion is not accompanied by slowed axial growth; and the
initial treatment effect does not continue to accrue dur-
ing the entire study. These factors lead to questions about
the permanency of the effect. Data from this study do not
warrant the fitting of myopic children with RGPs solely
for the purpose of significant myopia control, but they
do provide reliable information that eye care practition-
ers can use to counsel their patients on myopia control.

CLAMP STUDY DESIGN AND LIMITATIONS
OF PREVIOUS INVESTIGATIONS

Previous studies of myopia control by means of RGPs ex-
perienced high rates of loss to follow-up, in the RGP group,
because RGPs are initially less comfortable than SCLs.4,5,8

The CLAMP Study found smaller treatment effects than

did Khoo et al4 and Perrigin et al,5 possibly because both
studies had high rates of loss to follow-up (47% for Khoo
et al and 44% for Perrigin et al) in their RGP groups. The
subjects’ inability to adapt to RGP wear in the previous
studies may be systematically associated with a higher rate
of myopia progression. For example, younger children,
whose myopia typically progresses more,16 may also be less
likely to adapt to RGPs. Because there was no run-in pe-
riod in the previous studies, the loss of the young chil-
dren with faster-progressing myopia from the RGP group,
but not the control group, may have led to the false im-
pression that RGPs significantly slow the progression of
myopia in children in previous studies. The run-in pe-
riod used in the CLAMP Study should reduce the num-
ber of children who cannot adapt to RGP wear before ran-
domization, thereby decreasing the chance of bias.

The control groups in the previous studies had a va-
riety of problems. For example, the treatment groups in
the study reported by Stone6 were not randomly as-
signed, so the contact lens group was slightly older than
the spectacle group, the subjects were as old as 16 years
at entry, and the subjects experienced various lengths of
follow-up. Inclusion of older subjects may explain the
lower rate of myopia progression for both treatment
groups, and the age imbalance and unequal follow-up for
all subjects may explain the apparent slowed myopia pro-
gression experienced by the RGP wearers.

The first randomized clinical trial conducted to ex-
amine the effects of RGPs on myopia progression was pub-
lished recently. The authors reported no significant dif-
ference in myopia progression between RGP wearers and
spectacle wearers.8 Although the treatment allocations
were randomly assigned, myopia was more severe in the
RGP group, they had steeper corneal curvatures, and more
of them were girls. All of these factors are associated with
higher amounts of myopia or greater myopia progres-
sion, which may explain why that study did not find a
treatment effect. Furthermore, after 2 years, only 37.5%
of the RGP wearers and 67.8% of the spectacle wearers
remained in the study.

To reduce the control group problems of previous stud-
ies, the CLAMP Study included a run-in period before ran-
domization. However, adapting subjects to contact lens wear
during the CLAMP Study run-in period and then assign-
ing them to wear spectacles for 3 years could have in-
creased the loss to follow-up, as parents and children may
have been disappointed at the switch from contact lenses
to glasses. Using SCLs instead of spectacles for the control
group of the CLAMP Study was intended to improve re-
tention, make the study more appealing to the subjects and
their parents, minimize the differences in accommodative
responses between the experimental and control groups,
and retain masking of the 2 groups to the examiner.

Acritical reviewof the limitationsofpreviousRGPmyo-
pia treatment studies enabled theCLAMPStudy toattempt
to avoid pitfalls encountered by previous investigators.

POTENTIAL LIMITATIONS
OF THE CLAMP STUDY

Some may argue that the run-in period limits the gener-
alizability of the study, because it limits the applicability

Table 4. The Effects of Initial Age and Amount of Refractive
Error at Randomization on the 3-Year Progression
of Myopia on Wearers of RGPs and SCLs

Characteristic

Treatment Group, Mean ± SD
(No. of Wearers)

P
Value*RGP SCL

Age, y .84
�10.6 –1.88 ± 1.04 (29) –2.39 ± 0.89 (29)
�10.6 –1.26 ± 0.77 (30) –1.99 ± 0.86 (28)

Myopia, D
at randomization

.19

�–2.32 –1.68 ± 0.88 (33) –2.06 ± 0.62 (25)
�–2.32 –1.41 ± 1.03 (26) –2.30 ± 1.05 (32)

Mixture .29
Age �10.6 y

Myopia
�–2.32 D at

randomization

–1.89 ± 0.99 (19) –2.03 ± 0.59 (15)

Myopia
�–2.32 D at

randomization

–1.85 ± 1.16 (10) –2.78 ± 1.00 (14)

Age �10.6 y
Myopia

�–2.32 D at
randomization

–1.40 ± 0.63 (14) –2.09 ± 0.70 (10)

Myopia
�–2.32 D at

randomization

–1.14 ± 0.87 (16) –1.93 ± 0.95 (18)

Abbreviations: D, diopter; RGPs, rigid gas-permeable contact lenses;
SCLs, soft contact lenses.

*Determined for the interaction between treatment group and the variables
indicated.
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of the study to those children who can adapt to RGP
wear. This hypothetical limitation is not important
because the effects of RGPs on myopia progression are
irrelevant for children who are not able to adapt to
them.

Soft contact lenses have been reported to increase the
progression of myopia,17-19 which would increase the rela-
tive treatment effect of RGPs in the CLAMP Study. How-
ever, a randomized clinical trial found no difference in
myopic progression during a 30-month period between
children who wore SCLs and children who wore spec-
tacles,20 and a medical record review of 14- to 19-year-
old subjects who wore SCLs or spectacles found no dif-
ference in myopic progression between the 2 groups.21

In the long term, SCLs do not appear to significantly al-
ter the progression of myopia in children, and an SCL
control group would not increase the potential treat-
ment effect of RGPs in a randomized clinical trial.

Although all of the subjects completed the 3-year study,
some subjects did not wear their contact lenses and some
switched treatment groups, which may alter the treat-
ment effect of the clinical trial. Ninety-three percent of
the SCL wearers completed the CLAMP Study wearing
the originally assigned treatment, whereas only 69.5% of
the RGP wearers completed the trial wearing their origi-
nal treatment assignment. We did not conduct an analy-
sis of the data according to the treatment that the sub-
jects were actually wearing, because they wore their
originally assigned treatment to 86.8% of the visits, and
because the intent-to-treat analysis is important to avoid
potentially misleading results due to biases associated with
methods of treating crossovers.9,10

The permanency of the treatment effect would be very
difficult to study, because we cannot ask subjects who
are assigned to use a treatment that works to discon-
tinue use of the treatment to determine whether the effect
is permanent. On the basis of evidence that corneal cur-
vature changes during corneal-reshaping contact lens wear
are reversible,22 we speculate that the treatment effect ex-
perienced in the CLAMP Study may not be permanent,
but we did not specifically test that hypothesis.

IMPLICATIONS OF
STUDY RESULTS

Most of the treatment effect results occurred during the
first year of the CLAMP Study. Similar results were il-
lustrated in previous myopia control studies that used
RGPs4 and bifocal spectacle lenses.23 The reasons for an
initial treatment effect that does not accrue over a longer
period of time are unknown and should be further in-
vestigated. One possible explanation for the transient treat-
ment effect during the CLAMP Study is that corneal flat-
tening induced by RGPs during the run-in period resolves
during the first year of SCL wear.

The flattening of corneal curvature during the run-in
period is expected with the fitting of RGPs.24 We ex-
pected the corneal flattening experienced during the
run-in period to remain stable during the 3-year study
for the RGP wearers and to return to baseline corneal cur-
vature for the SCL wearers. Instead, the RGP wearers re-
turned to their baseline corneal curvature during the

3-year study, whereas the SCL wearers returned to their
baseline corneal curvature within 1 year, then experi-
enced steepening beyond the baseline corneal curvature
(Figure 2C). The SCL wearers’ corneas steepened 0.27
D more than those of the RGP wearers during the first
year of the study. This explains approximately two
thirds of the 0.40-D difference in refractive error pro-
gression between the treatment groups during the first
year of the study. During the last 2 years of the study,
the change in corneal curvature was similar between
the 2 groups (the RGP wearers’ corneas steepened 0.25
D, and the SCL wearers’ corneas steepened 0.26 D), but
the SCL wearers’ spherical equivalent myopia pro-
gressed 0.23 D more than that of the RGP wearers dur-
ing the same period. This illustrates that the difference
in refractive error progression experienced during the
first year of the study may have been influenced by cor-
neal curvature changes that occurred during the run-in
period, but the small differences in refractive error pro-
gression experienced during the last 2 years of the study
were likely not due to a difference in corneal curvature
changes between the 2 groups. Although the myopia
progression was slower for RGP wearers than for SCL
wearers, some of the effect was likely influenced by
transient corneal curvature changes, and therefore de-
creased the likelihood of sustained differences in refrac-
tive error between the 2 treatment groups.
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