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Visual performance after overnight orthokeratology
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Parpese: To investigate visual pesformance after overnight opthokeratology in terms of changes from bascline values, regression ol the
orthokeratetogy effect over lime, and evaluation of the best-comected vision after trestment. In pacticular, 1o evaluate any residual visal
deficits over the durntion ol a day dug o the sbnomeal corneal wpogriphy induced by onbekertology incan.

Weited: Ui eye of ench of six \.l.lbjl.'\'.'lﬁ weas fned with custom ﬂl'g..it:u,c\d RE L":nl'l!l‘ll!'!l!lill‘l'.'.1l'l|l:IE:|l' lemacs ':C-I]Fll'iﬂ.:'l_“iil- Brizbaie, Auvsirdiag, with
thee fellow eve acting as a control. Unaided vision, subjective sphero-cylindrical refraction, high contrast high Iuminance visual acuity, low
eontrast high luminance visual acuity, high contrst low luminance visual souity 2nd Jener sonicis! sensitivily were measired il basclue o
after one might {Day 1) and eight mghts (Day B of lens wear, Excepl for baseline, dutis were eollscred after overmight lens wear immedintely
after lens remeval, and again 3, 6 and 9 h after lens cemoval, At each time point throughoul the day, the visual performasce Messures wes
evaluated with the initinl refraction of the day ithe O hrelruction) and also using the optimunm subjoctive refrcton &l wach mensurament e,
This method was used 10 evaluate the practical visual performance 1o be expeeted after orthokeratology treatment anal the residual visual
deficits arising from any induced comeal chonges after corrcetian of defoons.

Resuits: As expected, orthokeratology lens wear significontly changed unaided vision and refraction from haseline. However, it did nol
agnificantly affect visual acuity in different contrast conditions, or contrast sensitivity. The spherical compaenent of refruction wis the only
FRrAmeLer o cuhibin regression awver el day (o= (2 L), wath more stabality demomsirzied on Doy 8 than Dy 1 {p= (L 20, There were no
statistically ssgnificant changes of best-conzeted acuity fram baseling 1 the differing conlsast and luminarce combitionms.

Conclusion; Apart from the predicied improvements in unaided vision und reduction of the myopc sefractive error, erthokerawlogy
ireatment was ool found b sgniticantly change ony wiher aspects of visual acuily and contrast sepsitivity, All viseal porionmmancs messures
exhibited stahility ever 2 9-h period, Spherical selractive emor changed signilicantly on Dy 1 bul beeams stable after & week of Uzatment.
These resalts indicate that the comeal wpography changes imbuced by orthokertelogy do not induce changes inn absrrations that ane lasge
enpaph b signaficantly diminish visual performance.

f G British Contact Lens Association, Published by Elsevier Lad, All riglts reserved

Fepwnrds: Orthakeraology: Visazl acuity: Contrast sensalivalys Myopa

The reduction in myopic refractive  emor  during
arthokeratology bens wear occors as a result of changes in
the central corneul shape through wear of rigid lenses [1,2],
which are designed o ploce differential pressure over the
corneal surfoce, Modern orhokeratolegy reatment involves
wie of reverse geometry lenses (RGL). which when wom
avernight, achieve the desired refractive outcome in as little
2 T days [3], and allow the successful patient 1o be free of
spectacles or contact lenses during the day.
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The shape of the cornen after orthokeratology is such thit
pnaided visual performance in myopia is improved by the
Aattening of the apical cornea. Tle overall topographical
change, however, is more complicated thin central curvature
changes only. The central comezl topography chinge results
in a refractive change, although the contribution of that
topography change o refractive change is uncertain. Studies
indicate thal apical eomeal power changes can aecount for 2t
least T, and wp to 1005, of the observed refractive chunge
[2.4]. The cornea is the most important refractive sireciine
of the eve. accounting for arcund two-thirds of the power of
the non-accommodating eve [5]. Any lens-induced corneal
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wpography  changes can lead to changes in comeal
aberrations, resulting in decreased visual performancs [6],

The efficacy of orthokerolopy in reducing  myopic
refractive error and hence providing improved unaided vision
has been shown numercus times [2-4,7-10] with significant
improvements from | day o 1 week of wear, and little or no
further improverment in vision levels from 1 week to 1 month
duration of wear [3.7.9,10). Statistically significant changes in
refraction, unwided vision [2], unaided comtrast sensitivity [3]
and unwided low contrast visual acuity [7,10] oceur aller only
one night of RGL wear. Mountford [ 1 1] neted that there was 2
tendency for refractive change w repress by 0.50-0.75 [ over
the course of a day, with this regression becoming less and
greater stability being achieved over time after 7, 30, and 90
days of treatmenl. However, other studics have found that no
significint regression in unaided vision levels is seen over i
Bh(¥lora 12 h([3]) period. Bertsen of al, [ 12] oz Uit bodk
highand low contrast hest-corrected acuity exhibited stabiliry
between measurements taken 6 h oapart. throagh dilated
pupils. Sorbara et al. [10]. however, demonstrated tha
refractive regression ocourred only in the 7-14 k period of
post-wear afler 10 davs of wear, bul these measures of vision
were nel Liken in the best-cormected stare 1 is evident thin
there is scope for further investigation of the regression of
best-corrected visual performance parameters over the course
of the day, and the evaluation of any changes in this e of
regressinn as the treatment period progresaes,

Furthermore, few sludies have been performed which
evaluate vision levels under contrast conditions other than
high contrast, high leminance visual acuity, Improvement in
wmnided contrast sensitivity [3] and unaided low contrast
acuity [7.00] from baseling values has been demonsirated,
but reduction of refeactive defocus is the primary reason for
these improvements, Bemtsen ef ol [12] evalwated high and
low contrast best-corrected acoity and found little diference
between pre- amd  post-trestment high contrast visoal
performence. While these authors deseribed an almost full
e Joss (009 Jog MAR) in low contrast hest eorrected
acuily  awributable o orhokerntology  restment,  this
comprarisen was made between pre-treaiment acuity ileroargeh
undilated pupils and post-treatment acuity theough dilated
pupils. For the same subjects, comparison of pre- and post-
tretmene low contrast acuity, both measured through dilated
pupils, showed less than one lener difference (0.1
lesg MAR). Talihan e al. [9] demonsirated a persistent loss
of best-corrected low contrast acoity fallowing orthoker-
atology over a month, wsing data averaged from [our
different lens designs. The question of the true qualilative
visual calceme of orthokeratology remains largely unan-
swered. Whether the abnormal comeal shape induced by
orthokermelogy induees any more subale deficits in visual
performance, independent of myopic defocus, is not known.

This study, therelore, examines visual performance aftes
one mght of wear, @s significant changes from baseline will
be evident then, and again afier seven nights wenr, a5 the
majority of orthokeratology change will be noted at this time

[3.7.9.10]. Visoal performance will be quantified through the
measurement of unaided vision and messurement of visual
acuity in differing contrast sitwations with the starting
refractive correction for each day. In this way, the effect of
refractive  regression on visual performance will be
measured. Visual performance will also be  measured
independent of this selractive regression, through use of
the best corrected sphero-cylindrical refraction 1w eliminate
defocus, which nlso establishes any residual visual deficits
over the course of a day due 1o comeal topography
abnormalities (higher order abermations).

1. Methods
10 Suljecs

Six subjects were selected for participation in this study,
Subjests met the selection eriteria of less than 200 D of
myopia fequivident spherical refraction), less than 1,50 [ of
with-the-rule astigmatism, no against-the-rule or lenticular
astigmatism exeeeding 0500, no previous rigid pas
permeable (RGP} contact bens wear, and no pathology or
conlrmindications to RGP comlact lens wer [4.7,13]. The
subjects were instructed to cease any solt contaet lens wear
at least 3 days prior w the beginning of e orthokeratology
treatment penod, permitting for o ‘wash out” period where
any cormeal irregulanty coused by the sofl contact lenses
could resalve [14],

Thiz stady was conducted in accordance with the
requirements of the Queensland University of Technology
Human Resgarch Ethics Commiliee. Informed consent was
abtained from all subjects before the experimentul period
commeneed.

12 Cemtact fenses

The lenses used in this experimemt were BE Opthoker-
atology custom designed lenses, provided by Capricornia
(Brishane, Auvstralia). Each lens was manulactured in the
Boston X0 material, which has & nomingl Dk of 145
allewing for safe overnight wear [8]. The BE lens design and
mechanism of action has been described elsewhere [4,15].

An initial single-wear overnight trial was conducted foe
each subject before the experimental period began, with 1
week lapsing between this trial fitting and the beginning of
data collestion to allow any induced effects 1o regress
completely. This wiss done in accordance with the fitting
guide for the BE lens, using the lens design software
provided by Capricornia [15]. A custom bens was ordered for
each subject for the experimental period.

A satistactory fit was achicved when the results of e
evernight tial exhibited a well-centred treatment sone over
the pupil sone. The final lens parameters for the experi-
mental period were determined from the results achieved
with the ial lenses [15].

ths
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A Viddew mreasirentents

A high contrast Bailey—Lovie chart, o low contras
Bailey-Lowvie chart {10 3 2% contrast) and a Pelli-Robson
letter contrast sensitivity char were used in data colleetion,
A photomefer was used in determination of appropriate
luminance levels for the high and low luminance testing
conditions, which were setat 260 and 20 k. respectively, in
accordance with the recommendations of Sheedy et al. [16].

14 Experimental protocol

Euch subject was delivered their lens on the day of the
first night's wear, and inseructed in care and maintenance and
insertion and removal. Baseline measurements were taken,
and the suhjects instrcted to wear the lens each night for at
least Bh, removing the lens ench morming, with the
exception of the mornings of lesting days, Testing days
ok place after the first night of wear (described here as
‘Dray 1" measurements) and after cight nights of wear (*Day
2"}

The following wisual performance measures  were
eviluated on hoth the treatment eye and the control eve
ar [, 3, & and 9 h after lens removal;

¢ Unaided vision Chigh contrast chart in high luminance).

# Subjective refraction.

» High conteast visual acuity in high luminince conditions
(HCHLY.

# Low contrast visual acwity in high luminance conditions
(LCHL),

» High contrast visual aceity m low luminance conditions
(HCLL).

» Leller contrast sensitivity using the Pelli-Rohson lemer
contrast sensilivity charnt, under the high luminance
conditions.

All wision and visual acuity imeasures were underaken
through o phorapter, using the Balev-Lovie distance visual
acuicy chart and recorded in log MAR, where each cormect
lener was scored as 002, affording for & more accurare
measure of acuity than e Snellen chare [17], Letter contrast
sensitivity wis scored in aceordance with the recommenda-
tons of Pelli et al. [18]. All tests were performed al o
distance of 4.5 m.

AL each time poing, these visual performance measures
were evaluated wsing the subjective sphero-cylindrical
refraction obtained at time = 0 h, snd then again using the
current, best eomectad refraction. This allowed for both
quantification of the regression of the visual performance
over the course of the day, and elimination of defocus such
that any finer deficits in visoal performance due 1o corneal
shape imegularities (higher order aberrations) eould be
determined.

Leaming effects and examiner bigs were minimised by
the wse of three different charl configurations and Uiree

examiners. All subjects were tested an equal number of
times by cach cxaminer, and cach examiner encouraged the
subject to read each letter charl until reaching their
threshold, Mepsurements were performed frst on the
treatment eye, with the “0 h refmaction” measures occurring
before the “best corrected” measures, and finally on the
control eve, These procedures were adopled to minimise
learning effects within each st period.

L5 Analvss

All visual performance messurements were statistically
analysed using lwo-way repeated measures analvses of
virlanee: the Factors were tme (4 Jevel=) and day (2 lewels),
Acsignificance level of p = 0005 was adopted and pevilpes of
less tham (LI were alsa noted.

Although six subjects panticipatad In the experiment, ons
subject experienced marked lens decentmation on the final
night of wear, which resulted in highly abnormal topography
and reduced visual sewity measurements throughout thar
day, This subject’s data were excluded from sohsequent
wnilysis,

The measurements of the eylindrical component of the
subjective refraction have been omitted from the analvsis
duc totheir lack of significance. Although three subjects had
it prefit cylindrical component of —0.25 DC, this cylinder
wiss only present in two cases on Day | and in enly 1 case at
ane time point on Day 8.

2, Hesults
2. Changes in visaad performeance from baseline

Table 1 shows the baseling valees and  statistical
significance of changes rom baseline in spherical refraction
amd vision meusures immediately after lens removal m Davs
1 and 8 of lens wear. Unaided vision and spherical refractive
errorwere significantly improved from haseline levels, Bes-
cormected low contrast high luminance visual acuity on Day
I was worse than baseline levels amd e dilference
approached  statistical signifcanee (p = 008, Mo other
best-corrected visual acully messurements changed sig-
nificantly Trom their baseline values,

2.2 Changes in visual performance during each testing

ey

The mean and standard deviation for unaided vision wmd
spherical refractive ermor measures performed through the
morning O h refraction are shown in Figs. | oand 2,
respectively. Both unaided vision and sphercal refractive
errer werg nolably more stable on day eight, os indicated by
e smaller magnitude of regression, and smaller standard
deviations seen in the Day & daca,
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JELIN

Baseline Aindings and seavisneal sgnifianee evels (p-values) for conapanison berween best cormeered hiseline data {pre-onhoberatology) and best comected
wrial perfonmence 2t the beginning of each esting day, after onhokeraelopy s commenicisd.

Baseline values Dray 1 Doy &
Dmy | value Basehne—Uay 1 Day 5 salue Baseling—Diay
| p=walue) | p=valuc)
Unaided vision 0075 £ 027 {log MAK) 034 & 03 (lag MAR) 1 ~ (O -k DUF (Bog MAR) T
Sphene -2, = (LE% D5 085 =098 D8 [FTE e HIL2S = 025 DY oo™
Cwlimcder W15 =004 ¢ A #0011 1 Ixls —005 ol [Nk

High contras high
laminamee auiy

Larw comirast high
luminapce acuny

High contsass kiw
lamimaney auily

Leiler comtrast sensicivicy

0r b U0 (hop MAR)
05 o DUk (hog MAR)

175 + ik L33 L s

" Stalistical significasee < 0,1,
" Snistical significance < 005,

Statistically  significant  spherical  refractive  emor
changes were foumd over the lime course of each day
{ = 0,00 v anad between the 2 measurement days (g = 0,020,
by two-way analysis of varance, Unaided vision regression
over each day also approached statistical significance
(o= 00K),

Results of the visual performance testing including visuwal
acoity under the differing conteast and luminance situations
are depicled in Figs, 3 and 4. When the moming Oh
relraction was used W measure visual performance (Fig. 30,
a regression in the acuily measeres was apparent on cach
day, witli e magnitude of regression being less on the
eighth duy than on the first day, This wrend, however, was ns
statistically significamt for any of the visual performance
messures. The only visual performance  measure that
approached a sigmihcant regression over the course of cach

1 =002 (log MARY  —008 £ 006 (lug MART 0
00T 00 flog MARD LS

RS -+ U (o BARD k3%

D0 M (Log MARY (24
(.15 =015 [log MAR) 1147
0.03 = 008 (log MAR) 1.0

lE 1,72 = (ks 47

day was high contrast Jow  lumanance  visual  oouity
{p =007,

The best comrected visual acuity measures (Fig, 4) showed
no significant deterioraton over the course of either Day | or
Dy & Chly low contrast high luminance best comected
visual acuily approached a sigmibicant change over U
course of 3 day (p=009 The levels of statistical
significance calewlated Tor gach visual performance measure
are given in Table 2.

23 The eontead eve

[Data were also eollected al each time poant for the fellow
comtral eye of all subjects, There was no significant variation
in these data over the time course of each day or between the
2 daws,

Unaided Vision

I

RuR i}

0]

30

Ragaing [ hours

3 g & hiouis 4 hours

Hours post remaval
A Cay 1 @A0ay 4

Fig. 1. Unaided sasion measorements high contrast high luminance) m haseliee and dining resting oo Days | and 8,

i
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Spherical Component of Refraction
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=175

-2.00

-3.8%

-2.50

-2

-3.00

-3.2%

O hours

X hours 15 huours

Hours post removal

Fig. I, Sghenical releactive ervor missurernenls al baseline aml during westing on Days | amd 8.

1 Discossion

It is well established [2—8,7=11] that woaided sision and
sphencal refmactive ermor will change significanty after
erhokeratology treatment, and this is suppoed by il
resulis of tis study, [0 s however inleresting o node that no

High Contrast High Luminanse Visual Acuity

[0 hours rE!ml:l_an}

olher viston mmessurements, s determaned o the start of cach
testing day, were significantly ditferent trom their baseline
(pre-orhokernology) values, Companison of the baselin:
values 1o any other experimental poini throughour the day
may bave vielded sigoificant results, bl these would then
include the confounding factor of refractive regression

High Cenrast Low Luminance Visual Acuity
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Fig. 3. ¥isual gcnily measarements (og MART under differemd contrast end luminance condizions, and leqier conomst seesinviny, &5 a funetsan of nme, all
measured wwing the 0 b refmaci=on,




£ K foinron & el A Connmet Lews & Anrerlar Eye 30 (2007) 20-36

High Contrast High Luminance Visual Acuity

High Confrast Low Luminance Yisual Acuity
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E o JTL = _;_ § & i 1] ﬁ e e 4 5 [ -] L
= 0z ———— . - _.:| ::I e e - -
Time [hours) Timie (howrs)
Lowe Contrast High Luminance Visual Acuity Contrast Sensitivity
(Best Corrected) (Best Corracied)
E Er
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Fg. 4. Visual acnity measurements (log MART under different conteast and luminance condiions, and lener comtrast sensitivicy, as o fuscrien of lime, all
measursd msing the ‘best eorraciad” subjective sphrro-evlimiaeal celraction an cach Gins poan),

within  the  analvsis, Likewise, previous lndings of
improvement in untided contrast sensitivity [3] and unaided
bowy contrast aonity [T, 10] from baseling levels cannon be
compared 10 the data found bere, due 1o the presence of
defocus during wision measurcments  within the carlier
attlies,

These findings are in general agreement with the data of
Bemizen el al. [L2], who found oo significant changes from

Tablke X
Levels of \JE"iflI.'.L'rh.'r [T repealel msasaes analyses ol vananee Tiaer all
wisual perfosmndesee data, wath Gectars of Fav and Lime.

= Yalues

f:h.:.- e of ilay
Vision s 0.0
Ephers g™ na™
Cylandin a” (]
Axis 03z n5d
HCHL {1 h) N .31
HEHL (ROYAS 11 n5s
LCHL (@ 043 058
ORI (R YA L] rir’
HOCLL i1 h) 0 oot
HCLL 1B nav 047
CSinh} 22 133
CEIBCYAN 073 (LR

HCHL, high contrast high luminance; LCTEL, lew conwrast high lominasce;
HOCLLL high concrass Jow Tumanancs; OS5, S0 cOmeasn sensiivary, These
eceedhitsns are duplicated with measurcment of begh O h and “hest conecied
(BOWAY refradctions in each case.

" Sumisticel significance <L 1

" Bragistica] sigailiganoe <5

baselng mn best-cormected high contrast acuiy, Whale those
authors claimed thar an almaost full line Ioss (000 log MAR)
i dow contrast best corrected  aciry occorred  after
orthokeratology treaiment, they compared o pre-ireatment
acuity measurement through undilated popils o oa posi-
reatmeenl measurement trough dilated pugpls, When both
pre- and  post-ireatment aowily  measurements  through
dilmied pupils were compared, an insignificant change from
baseline best cornected low contrast acuity of less than one
lenter was noted (0.00 Ing MAR) Tahhan er al. [9], however,
used visonl performanse dota averaged From Tour different
lens designs to demaonsieaie that a loss of best-corrected low
conteast aculy was consistent over the month-long sy
pericd, High contrast BOWVA gt hogh and low illomination
was also significantly reduced al | day and | week of wear,
but alter T month, did oot difler significantly Troom baseline,
Tmizrestingly, in the study by Tahhan 1 al. [9]. the BE lens
desizgn achieved one line better vision thon one of =
comparatars for high contrast, low illumination BOCWA after
I meonth of wear; all Four lens types were stanstueally simalar
atter | duy and 1 week of wear tor this visual pertormance
mieasuie, and similar for all other acuity measuremenis over
tme.,

These vision performance indings suppon the contnued
wsg of orthokeratology o= g viable management for myopia.
While posi-refractive surgery patienis have been reported oo
suffier from loss of contrast sensinvity after reatment
| 1920, this shudy indicates that letter contrast sensilivity 1s
relatively unaffected by the corneal changes resulting from
orthokermtolopy lens wear,
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Measurement of visual performance using the inilial
refraction for each day {the “0h7 refraction) is the most
clintcally relevant measure as this is the usual modality of
orhiokeratology weatment, [1] The wim of orthokeratology is
to provide the patient with useful vision throughout the day
without resor 1o oplical correction, Because the refmetive
errer his previously been shivwn to regress by approximately
0.30 D over a day [11], Mountford [11] advocales the gver-
correction of refractive creor in the oritbokeratology patient
by this amount 1o ensure approgriate vision levels are sl
maintained ot the end of the day. If, however, a patiens is
likely to drive in low luminance conditions several hours
after lens removal, a plano refraction at that time may nol
adequately provide good visual performance il other deficits
are present. The resulis here indicare that no such deficits ane
present, either as a change from baseline measures or as o
factor of daily regression, although it should be neded that
the design of this study iovolved detailed viston mepsure-
mends on only a limited number of patienis

Few previous studies have evalumted chanzes in visual
peclormnge alter | day and | week of orthukeratnlogy
wear, Two studies found no statistical regression of unaided
vision, wnaided low contrast vision |7] or unaided contnst
sensilivity [3] over the time course of either tesling day.
Bertnsen e al, [12] found o regression o hizh and Jow
contrast best corrected acuity over a6 h westing period after |
month of wesr, Serbara et al. [10], however, shovwed 1ha
refractive regression of wiaided high and low contrast acuity
still ocewrred after 10 duys. between 7 and 14 h post-lens
reneoval.

The refructive and vision measurements in this study
relate o the first 8 days of lens wear only, Previous stedies
fave shown atendeney Tor refractive and vision culcomes 1o
become moee stable over tose [11] with the Timit of these
changes achieved after approximately 1 week of trestment,
and stability of these chunges illustrated by the lack of
statistical repression [3.7.9,1 2], Wisual performance through
use of the initial daily refraction was demonstrated here to be
more stithle on Day 8 than on Day 1. owing to mone constant
levels of uncorrected vision and spherical refractive error.
While the analysis of the data suggests that cach visual
performance measure regressed less on Day & than on Day I,
the only experimental measure which was statistically
significant @5 i function of day was the spherical refractive
eror (p= 001}, This is in agreement with the findings of
Tabhan et al. [9], who found signifcant improvement in
subjective spherical refraction and unaided vision Trem 1
day to | week of wear, The unaided vision daty found here
did approach statistical significance as a function of day of
measurement (Day | versus Day 83 { p = 0.06),

Use of the best comected acuily measurements a1 esch
lime point was intended 1o ascertain any finer visual deficits
which may be present due to any abnormal topegraphy
induced by orbokeratology treatment, while removing
defocus [rom the manifest aberrations of the eye. A numbe
of stodies have now repored on corneal higher order

aberrations after overnight wear of orthokermtology lenses,
oftien reporting significant increases in aherration levels
[12,21,22]. Howewver, the magnitude of the shemration
changes appear 1o have linle if any influence on viswal
oulcomes [23]. In the present study, none of the visual
performance  measures  evaluated  with  elimination  of
deforus showed statistically significant change witly respect
to bascling, over the time course of a day, or between days.
Importantly, this confirms that the small-magnitude high
order aberrations from induced corneal irrepulurities after
orihokeratology treatment are not large enough o canse o
significant loss of visual performance.

4, Conclusion

Despite  significant changes in corneal pography
induced by orhokeratology treatment, visual performance
15 nol atfected by this topography change to the extent that a
visual deficil is evidenl. Orthokeratology lens wearers
should suffer ni loss of best-corrected levels of high and low
contrast visual acvity and letler contrast sensitivity afler
orthokerastology treatment. The only statistically signiticant
changes found here were a reduction in myopic refeactive
error and an improvement in unaided vision, The stability of
the relractive error change appears to improve with tine,
when comparing the results w1 Days | and 8 The change in
cormeal wopography produced by onhokeratelesy, therefore,
does not appear o signilicantly  influence the  visual
perdormance of the eve,
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