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STUDY OF THE ANATOMICAL CHANGES INDUCED BY NIGHTTIME RIGID GAS PER-
MEABLE CONTACT LENSES IN A 1-YEAR FOLLOW UP STUDY (Abstract): Purpose of our 
study is to analyze the anatomical changes of corneal curvature measured by corneal topography 
to have a better understanding of the mechanism implicated in myopia control with rigid gas per-
meable (RGP) contact lenses. We performed a 1-year prospective study on 75 young myopic patients 
wearing nighttime reverse geometry lens. Flattening of the sim K values were observed throughout 
the treatment following one year with no significant changes after the first month. Comparing our 
results with those in the literature, we concluded that reshaping the cornea with RGP lens by flat-
tening the anterior curvature, next to the changes in epithelial thickness with rapid onset and re-
versibility after the lens is removed, is responsible for the decrease in refractive defect encountered 
in orthokeratology. Key-words: ORTHOKERATOLOGY, RIGID GAS PERMEABLE LENS, 
CORNEAL CURVATURE, EPITHELIAL THICKNESS

INtROductION
Myopia remains a significant problem glob-

ally and, according to preliminary projections 
dome, it is noted that by 2050, 52% (4949 
million) and 10% (925 million) of the globe 
population will be affected by myopia and re-
spectively high myopia, leading to an alarming 
problem (1).

Orthokeratology or Ortho-K or Corneal Re-
fractive Therapy represents a non-surgical method 
that induces a temporary reduction of myopia (2). 
During time, studies demonstrated that over-
night orthokeratology lenses, worn in the long 
run, can slow the progression of myopia (3,4). 
With the help of rigid gas permeable (RGP) 
contact lenses that apply on the cornea positive 
pressure in the central area and negative pres-
sure in the midperiphery area, the cornea will 

be reshaped, becoming flatten in the center and 
thicker in the midperiphery. These changes will 
lead to the correction of myopia induced by axial 
length and hyperopia from the periphery (4). 

Purpose of our study is the analysis of RGP 
contact lenses induced anatomical changes of 
corneal curvature measured by corneal topog-
raphy, and their role in myopia control.

mAtERIAL ANd mEthOdS
In this prospective study, we have enrolled 

75 patients (150 eyes) with low to moderate 
myopia (-1.5 DS to -4.5 DS), astigmatism less 
than 2 DC, with no other ocular pathology and 
who did not wear rigid gas permeable lenses. 
The age range was between 5 to 19 years with 
a mean age of 11.34±2.714. The sex distribu-
tion was relative homogeneous (39 females and 
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36 males). All patients received full informa-
tion about the study and the procedures in-
volved in orthokeratology treatment, and an 
informed consent was obtained. The study was 
approved by the ethics committee of the Uni-
versity of Medicine and Pharmacy „Carol Davi-
la” Bucharest. The evaluation visit involved 
testing visual acuity, refraction obtained before 
and after cycloplegic eye drops, slit lamp eval-
uation and corneal topography. Patients were 
fitted with Menicon Z night reverse geometry 
lens made from copolymer of siloxanyl styrene 
and fluromethracrylate with a high grade of 
oxygen permeability (Dk/L) of 163x10-11 (cm2/
sec) [mLO2/mL•mmHg)]. 

Patients were followed for 1 year wearing 
the ortho-k lenses in both eyes at least 7 hours 
a night. Follow up visits for the acquisition of 
topographic data for the study were performed 
one month and one year after the start of treat-
ment, approximately 4 hours after lens remov-
al. After 12 months of treatment, patients were 
asked to take a one-month break from wearing 
the lens to analyze the reversibility of the lens-
induced effects compared to baseline. Corneal 
topography was repeated. For objective rea-
sons, only 45 patients attended this last visit.

Topographic corneal measurements were 
performed with Optikon Keratron Piccolo on 
every visit. The parameters in sagittal curvature 
map were noted. The cornea anatomical chang-
es linked to curvature and shape were evaluated 
in connection with simulated keratometry (sim 
K) in the flattest and steepest meridians, aver-
age eccentricity (between Esteep and Eflat) and 
average asphericity (between Qsteep and Qflat). 
We also analyze if are any changes between 
initial corneal astigmatism (difference between 
the SimK values) and after the lens was discon-
tinued.

RESuLtS
The data in Table I represent the global 

evolution of the measured parameters from 
baseline to the end of the study. The evolution 
of the parameters, Average E, Average Q and 
Sim K (Ksteep and Kflat illustrated in Fig. 1) was 
significantly different according to the Fried-
man tests (p <0.001) and the post-hoc tests 
show that the values   at each interval are sig-
nificantly different compared to the values   at 
the beginning of treatment (p <0.001), with no 
significant differences between 1 month and 1 

year. The sim K readings (analyze by the aver-
age between Sim Ksteep and Sim Kflat) recorded 
a significant decrease one month after treat-
ment, with a mean difference of -1,927 ± 1,217 
D and -2.156 ± 1.162 D after one year com-
pared to the baseline. The corneal asphericity 
degree suffered a significant increase one month 
after treatment, the median difference being 
0.82 (IQR = 0.519-1.044). In contrast, the cor-
neal eccentricity degree registered a significant 
decrease one month after treatment, the me-
dian difference being -1,155 (IQR = -1.331 - 
-0.925).

The results one month after the lens wear is 
discontinued, at the end of the 1-year study are 
summarized in table 2. The evolution of the 
parameters was significantly different at one 
year according to the Wilcoxon/Paired Samples 
T-Test (p <0.05) and it was observed at 1 year 
that the values   of the Sim Ksteep (p = 0.002), 
Sim Kflat (p <0.001) and Average E indices (p 
<0.001) decreased significantly at one year 
(without lens) while the values   of Average Q 
indices (p = 0.002) increased significantly af-
ter one year (without lens). 

dIScuSSIONS
Flattening of the sim K values were observed 

throughout the treatment following one year 
with no significant changes after the first month, 
changes that where constant for the whole group 
irrespective to age and sex. Similar findings 
were reported by Chen. et al. in a 6-month on 
28 myopic adults study using a topographer 
based on rotating Scheimplflug imagining (5). 
Next to the anterior changes, they describe 
temporary changes in the posterior corneal cur-
vature after ortho-k lenses. These changes con-
sist of posterior cornea steepening after the first 
night with the ortho-k lens on the first visit, 
but with important flattening in the following 
hours. These results were not identified on the 
next visits. Maseedupally et al. performed a 
short-term retrospective study of ortho-K lens 
on 21 myopic adult eyes, using corneal topog-
raphy data, found different regional anterior 
cornea curvature changes (6). In one year study 
by Tsukiyama et al. of the radius, both anterior 
and posterior of the corneal curvature, on 18 
young adults eye wearing RGP lenses using a 
Pentacam analysis system, concluded that the 
anterior curvature changes are involved in the 
optical changes in orthokeratology (7). The 
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radius of the anterior corneal curvature started 
to increase, by the first 2 weeks, with important 
refractive effect, maintaining high value until 
the end. There were no significant changes in 
the posterior radius of the cornea. Increasing 
radius of the cornea after the ortho-k lens was 
removed was reported by Chou et al. in a 4-year 
pediatric retrospective cohort study. They im-
plied that ageing is an influence factor on the 
increase of the cornea curvature in young pa-
tients with myopia and must take in considera-
tions in ortho-k lens fitting (8). This study has 
no findings in corneal astigmatism, in contrast 
to our findings. This can be related to our short 
period of follow-up of one year in respect to 
4-years follow up by Chou et al. The changes 
of posterior cornea parameters were studied by 

Yoon et al. with an in-house program of 18 
patients with myopia and astigmatism wearing 
ortho-K lens for 14 days, using data from a 
corneal topographer and optical pachymeter 
(9). They demonstrated as well, that the poste-
rior corneal apical radius suffers no changes, 
only a mild oblate on the posterior asphericity 
(Q). On the contrary, Owens et al identified 
important increase in the posterior corneal flat-
tening after one week of using reverse geometry 
ortho-k lens, next to the increase of curvature 
radius of anterior cornea. The study follows up 
19 young patients during a period of 4 weeks, 
analyzing posterior corneal radii using a meth-
od of video Purkinje images. The posterior 
cornea flattening started to recover to baseline 
until the last visit (10).  The findings about 

TABLE I 
Patient’s topographical parameters at baseline and evolution over 12 months  

of ortho-K treatment – *Related-Samples Friedman’s Two-Way 
Analysis of Variance by Ranks, †p<0.001 – compared to baseline

Parameters Baseline 1 month 1 year p*
Average E 0.4 ± 0.155 -0.67 ± 0.41† -0.68 ± 0.39† <0.001
Average Q -0.18 ± 0.11 0.62 ± 0.44† 0.68 ± 0.39† <0.001

Sim Ksteep(D) 44.19 ± 1.41 42.18 ± 1.53† 42.07 ± 1.59† <0.001
Sim Kflat(D) 43.23 ± 1.37 41.38 ± 1.57† 41.03 ± 1.51† <0.001

Fig. 1. Comparison between Sim K readings at the baseline,1 month 
and 1 year with ortho-k treatment

TABLE II 
Patient’s topographical parameters at baseline and one month 

discontinued lens wear after completing the study. *Related-Samples Wilcoxon 
Signed Rank Test, **Paired Samples T-Test

Parameters Baseline
1 month after 

the lens wear is discountinued
p

Average E 0.4 ± 0.155 0.28 ± 0.23 <0.001*
Average Q -0.18 ± 0.11 -0.13 ± 0.108 0.002*

Sim Ksteep (D) 44.19 ± 1.41 43.86 ± 1.37 0.006**
Sim Kflat (D) 43.23 ± 1.37 42.72 ± 1.36 <0.001**

Corneal astigmatism (D) 0.96 ± 0.55 1.11 ± 0.6 0.016*
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decreased E values after one month of ortho-k 
lens and maintaining for the full study time 
were similar with Marsden et al. which implied 
corneal sphericalization also debated by Srid-
haran and Swarbrick (11,12). The result of this 
studies outlines the idea that the changes of the 
anterior corneal curvature have a main role in 
correcting the refractive defects in orthokeratol-
ogy with minimal posterior side implication.

Epithelial changes in orthokeratology were 
observed in an anterior study of our team con-
ducted on 6 rabbits, consisting of cell separa-
tion and disarrangement with abnormal nuclei 
and shedding of the superficial cells (13). 
Zhang et al. reported in a 4-week observa-
tional study made on 53 eyes wearing ortho-K 
lenses using optical coherence tomography, that 
central aria of 2 mm of the epithelium suffers 
thinning after one day with a progression up to 
1 week with no progression further. On the 
reverse curve zone induced by the lens, the 
corneal epithelium thickens after 1 day with a 
constant raise to 1 month (14). Stromal chang-
es were noticed within a case report by Rein-
stein et al., with central stromal thickening and 
mid-peripheral stromal thinning (15). Alharbi 
et al. conducted a study on short-term use of 
RGP contact lenses on a period of 3 months 
with similar results (16). Haque et al. reported 
from one night study with an OCT that after 
the RGP lenses are removed, swelling of the 
cornea increased by 4.9% in the central area 

and 6.2% in the paracentral area (17). It was 
also reported, in the first days, epithelial central 
thinning by 7,3% and epithelial midperipheral 
thickening by 13%. An important note is the 
almost full recover to the baseline, of the cen-
tral and paracentral thickness of the cornea 
(over 98,5%) and epithelium (over 96,2%) af-
ter they have stopped using the lenses for 3 
days, at the end of the study. Studies on Bow-
man’s layer reported no changes on this level 
in orthokeratology (18). 

cONcLuSIONS
The rigid gas permeable lenses (RGP) used 

in orthokeratology induce changes in the cor-
neal thickness by thinning the central epitheli-
um and thickening the mid-peripheral epithe-
lium. There is also present a flattening of the 
anterior curvature. Flattening of the K readings 
in the first month of follow up is continuous 
throughout entire period of one year, thus the 
first month stability of the corneal reshaping 
treatment by RGP night-lenses is definitory for 
the entire one-year treatment. Reversal of sim 
K readings almost to baseline, after one month 
of discontinuity, is suggestive for the particular-
ity of the corneal tissue to rapid reshaping after 
one year of continuous wear of RGP lenses. 
This anatomical remodeling of the cornea, with 
rapid onset and almost complete reversibility 
after the lens is removed, is responsible for the 
results in refractive error encountered in or-
thokeratology.  
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