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it _~"t;ttetl in purposeful attempt to modify the cor-
neal cttrvztture to result in 1| retluction or elimina-
tion of rel‘r:tcti\'e anomaly by a progrztmnied

l'rr\".tlt~tt\"t~ estim.ttt's lmtn the l‘>“l National ;|p||i,_~;ui(m Qf|¢n_.-,,_-§t_ -'»",

llealth .mtl Nutrition l~Ix.tmin.|tion .\‘ttr\'t~\' indi-
\‘-"“~‘ ll‘-" 5 l“"'\“"“ “l. l“‘l'~"*"‘~* l" "W Ullllcd l\'erns. Binder et al. the Berkeley Orthokerattr
~“‘l-ll" |“‘l‘\"“"\ "1" -ll!" "in '3 -"M *4 3"‘-ll‘ -"Y logy Study Group. and Coon all performed sepa-
"“"‘l‘“‘ ' H"\‘*“"“‘"*‘l‘\‘|"“Y“l‘l-' h-'~"h""l“l\'i"' rate orthokeratology prospective studies in the
.~m"i"c.~.~lt|l with con\"ention.tl .~"pect.tt"les .mtl con- km. |t)—0-_\~ and L-J‘-lv |t)8Q'$_ gimk-r ct L1] found
U" |“"“‘-‘ |'-"““‘"~‘“ “llh l“l'\‘l‘l-' h~“"“ “‘l‘“'~‘?"~‘d the gt'e".ttest mean retltictiott in myopia of 152 D
.ttmo\.mt"c .mtl tlist'ottit'o|"t with tltcse .tppli.tt1ces. in p._m¢m_\_ Wm‘ _3_=, D m. gmlmw. of nnvpia‘ hm 3
l‘ht~\ t‘t\lllll\l|t‘ to tlt~.-ir-c normal and unencutlt mean reductionofot1lyO._%0l)inlo\\" myopes with
l\t-t"t\l \t.\i\\tt \\ithot|t tlt‘|\t‘l\tl(‘l\Ct‘ on tr.tdition.tl [USS "L" 151)‘ -nu. |mlim.i“. On|“_.sL. ,_.n-Gets “-cm
.\|\pli.tttt"t“s l‘liet\"l“i\t\“, t'_\'c t‘.tt*t' pr.tctitionet$ t‘on~ Sm.“ Wm‘ Q “mmh§_|~~ KUHS n.pm.u.d u mam R,
"""*' l" ~‘l"\l\' ll" \k‘“‘l“l“‘“"“ "ii ‘“.“‘l‘l-1 -"M tluction in m)'ohi.t of l.li l) after ‘>00 da\'softreat-

lntrotluction

l"“\“l\""-‘ “‘l\‘|\ l“-P" “*‘“‘“i"-"" "F "'\l\““‘ ""5 ment.“ (‘ooh reported a maximun change ot
“""‘-““l“‘ ‘““““‘ " sliglitly less than L00 D oftnyopia over a § month

period.“ Polse et al. from the Berkeley
-\~‘ “-""‘ -L‘ WV‘ "Wu" “Fl-‘i \“~"\'l'*‘l"l‘ lh-ll "W" Urtl\oket'atolog_y Stttdy Group. reported a mean

|\t.tt"t~.tsnlti\ pt\\_ut\:\sfolloxvittg ri_uitlt‘ont.tt‘t lens mdumn r UH D in p._“k.m$ who“. n“-“pm
“Y-"‘ ‘ P-"i\““~" l\~'“‘ -'|~*" "‘l‘*'"\‘\| ~‘“‘i'\.k‘ l‘¢"l"' ranged from l-41). This was acliieved with a treat-
.t|’tcr the t\~mo\.tl of their rigid mtitact lt‘ll$t.‘$. “ mu“ pm-iod Qf 4+; q;|y§1~‘\=
late m the l\>otYs st‘\"t"r.tl tlctittitiotts of \\"h.tt (U~
\l.t\ is tutllctl ortltokcr.ttology_ thy p|\»q\- of flat- The studies tliseu.\sed previously all vary in the
letting the uvrnca with .1 .<t~rics ot speci.tlh' do time urutse of the ortliokeratology treatment. hut
.~t_ut\c\l lt‘t\.\t‘_\ tor the rulucttott ot m_\"opt.t_ were nu. _R.$u“§ {mm nu. B(.rk‘.k.‘. Onh0k'_.r_m,|Ua‘_
torttttxl Uttc .\\l\‘h carh tletittitiott \\*.ts by Kernsy suldy Gmup Mm Bcndcr cl ._i| $l|!.4R.$l that [h,'_.

$ct\t\\' at \\‘l\\"\t>l'\ I'\\1i_-||\;t Lliiitv-sin E\k\\m|t»gtwi l|\tt.~\tx\ '““iG}.“y n_r‘hc Rxhlcngn in n“_“p5‘l ‘Fill Occur in
w .\".~'~t\t tit \\t\it~.\»<»:-\ U|\i\\>t_\‘iY\ at C.-\l|k\tv\»:\. 80-\t>&v\ the Inst six months ot lens wear L onventional
Eliot»; .-- ...- .__ .. -.~-I\_,“;_! ‘_‘\f_N\\“NW N it t'|.\(‘.\ \\1 rt u.~e~._l in these t.U'l) mung them
it. .\t...>v ||\h:l|\.1 t....\,..,~,,\ $_.,N ,, \\\._t,,,,,,\ _e\\~ E ,,N,,., tlatterthan the tlattest l\ by a determined amount.
“*\-'~~\1t~\~ IN 4'*~\~ vttw wt-‘\ ~\\~ u“ M“ ml‘ ~\\~~<*=w‘ or in t‘oon‘s studv stt‘v.‘P<‘l‘ than the flatten R.
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A report of an 0.80 D increase in corneal toricity The subjects in group II had been wearing the
by Binder et al‘° and a report by Kerns of an aver- OK-3"‘ as a retainers as needed for the mainte-
age astigmatism increase by 0.42D"‘- “ suggests nance of their myopic reduction. The retainer
that orthokeratology induces unwanted astigma- lenses were the last pair of lenses in a series of
tism. Development of newly designed lenses spe- progressively flatter lenses (usually three) worn
cifically for orthokeratology have helped stabilize to maximize the amount of central f latterning and
the contact lens on the cornea. This eliminates myopia reduction.
induced astigmatism and results in a more effec-
tive reduction of myopia.’ Such a lens is the OK- Materials:
3"“ produced by Context Inc. This lens is designed
with the secondary curve steeper than the base The ()l(.3 W lcns have an overall dlm@[cf of
curve allowing for better lens centration and sta- 9_5 mm, an Optical Z0116 Qf6,() mm, and 3 1_1 mm
biliIY- wide secondary curve that is 5.00 D. steeper than

the base curve. This back surface relationship
In our studies of patients wearing the OK-5 T?" serves to stabilize a flat fitting relationship to the

lenses, we found a mean reduction of 0.85 D in central cornea, and provide a tear reservoir in the
myopia after wearing the lenses for 4 hours, and initial stages.
reductions in myopia as large as 7.0 D‘° have pre-
viously been reported in patients that have worn Pf()Cedufe$;
these lenses for an extended period of time. One
question that seems germane to Orthokeratology Snbjeets in group l (following consent) wgl-¢
being ennstdefed 3 reasonable regimen f°1'l'edue' fitted unilaterally by trial lenses and fluorescein
ing n1Y°Pta with the OK'3TM tenses or other de‘ pattern evaluation with OK-3"‘ rigid gas perme-
signs is: << Does long term wear of these contact able eonlnet lenSeS_ The lenses were flt appl-oxl.
1en5e5 Produce Changes in the eotnea that are mately 1.5 D flat to yield the standard peripheral
Pettnnent-7” The tltlesttnn of the Stttbthtl’ of the clarance, mid-peripheral alignment relationship
corneal changes needs to be investigated. To date requn-ed to mnnlnlnin normal [ear movgmgni
W6 are Unaware of =1nY Stadies that examine the under the lenses. Each subject wore their lens for
dYnatnte$ of these ehanges in e°1'ne3ltnP°g"1ghY 1, 2, and 4 hour periods with each session sepa-
following rigid contact lens wear. This study was rated by at least one Week and I-andonlizcdv pl-e.
designed to investigate the time course of corneal Ceding lnsol-non of inn lcns, baseline video
ehanges and the nature of the enfnel 1'ee°Ve1'Y keratoscopy was measured with the Topographic
after lens W681‘ 1185 b¢611 discontinued Modeling System (TMS). Following lens removal

after the 1, 2 or 4 hour treatment periods, this
measure was repeated when the lenses were re-

Methods moved and every 30 minutes for the first hour
and every hour thereafter.

Subjects:
The subjects in Group ll were instructed to

TWO BFOUP5 Qt Patients Wete Served 35 5ubieet5 wear their lenses in their standard fashion on the
for this investigation. Group included seven sub- day pi-eggding their appoiment for testing. N0
jects who previously had not worn rigid lenses $ubjeCtS slept with their lenses. These subjects
for the purpose of orthokeratology. G1'0UP II COI1- were instructed to not wear their lenses the morn-
sisted of three subjects who had worn the OK-3"“ ing of their appointment. Video keratoscopy was
lenses for one year. performed preceding a 2 hour treatment period
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of lens wear. After the 2 hotir treatment period, tion was determine it was recorded in terms of
video keratoscopic data was collcted at the same mfidi d di$li1l'1C6 ffom U19 C¢m¢l' of 31¢ C0101‘
intervals wltli (iroup I. |)ata collected after the 2 m"P$- Th“ dlffc!'c"'fc "WP C°mP3-"$0" W35 d°"¢
hour trcatiuenl period was then compared to the 9" 1| 892?“? done wlth °u;QWnh5°;t;';1;-fpdanual
original baseline of the subjects which was on 5"~‘"'¢hmg *5 “OI Wpportc rm‘ 6 1 Frencc
file fmni their initial visit one year earlier before *"w'“"_ 5" Of" Ow" 5° {ware was wmten to
the ortlioker-uologv lenses were dispensed The “CC"mP|'5h ""5 task‘ After these locauons were

. . _ '. ' _ _ _ _ . _ - _ determined from the comparison of the baselineoriginal baseline was thosen to be used in the ,and rst post treatment color maps, the locations
were then examined in all representative colorti" ‘l-)k'r'tt)."o) . . . .stgnilit tut diilt tutu: in itir vit u -1. . < st. | y acqlllrcd during the of the longnudb

between baseline tleiined a year earlier and the nil mm“
iueasures iuadc bclorc the 2 hour treatment. g“

analysis because all subjects in (iroup ll showed

‘\""ly“1§ The absolute powers (expressing an estimate
of the local radius of curvature) found by reading

At each testing tiinc fotir video keratoscopic ,_-“ch ,_~0|m- map for cach Subiccys §p¢¢iC 106;.
pictures were taken. Since aligtiiiient is critical (inns on th¢i|- ffprcscnttivc ¢O|m- map wcm Con.
on the 'l'M.\‘ instruntent. the selection of the pro- V;-|-ta] to R-|;mv¢ ¢h;mg¢§ in cu‘-van“-¢_ To qua".
cessed kcratograpii (color niap) to he used for the tify the rate of recovery. an exponential curve was
loiigitudinal aiialysis was made from notes niade tted (by minimizing chi square) to the data cor-
by the cxaiiiiiier operator and by inspecting all responding to the following formula:
four kcratograplis siiiitiltancotisly. The selection
ot' the exaiuincr was checked as being a repre- y = dmax ' exp(ma'M0)
scntatiye color iuap for the four color iuaps pl'l)-
duced tor each tcst tiiue. The longitudinal data where dmax= the maximum change attained.
for the analysis below was then taken from two
location on caclt ofthe reprcscntatiyc color maps. M0 = the time of each measure, and
Since calibration data by our lab and others haw
deiuost rated that the estiniatcs of etiryattire in the M1 = time Q()n$[a]'][
central as nun ot‘ TMS color inaps is reques-
tionable. we selected two locations for minpari- Thf pm-¢¢nmg¢§ of R-¢Qv¢ry pm hour (prph)
son outside the central OS nun ofthe mlor maps» an expression of the slope of the recovery. were
The selection was made by minpariitg the appro computed for each patients steep and flat data
priate bascliiie |\l‘(‘-lI\‘;llll\(‘l1l map to the repre- by rst computing the power change still present
sentatiye mlor niap acquired at the end of the after one hour:
treatment period. \\'c selected one location repre-
senting the stecpening of the \‘OI'l‘l(".l typically d = drnax ' exp (ml'l)
found in the more peripheral mrnca and one lo
cation was selected ncprescntiitg the typically where d= change after one hour of recovery
central flattening. The dit‘li'rence inaps. a mm-
putcr generated coinparison. was used for the and then dening the prph by:
identication of the flattened and steepened pt»
sition The specic location was found by ntanu- prph = (¢m;x.d) I dun; '1()0
ally searching the ditleneiice map in the most ob
yious flattened or steepened area. Once the posi- y; ;im,_- to q§~\, m,_~m-,_-ry was 150 mmpulm
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for the steep and flat data for each subject by the nniriznx.“‘”" "*’1Sg':,;,tT;_"~'?
formula: ms 3 E mm, 7_ 60 M

120 ‘ so = .
T95=(1n(1/0.05))/ ml 115.-"l Z1 .1657.

Results

Corneal flattening was noted in both groups of
patients in all of the treatment periods. This was
generally confined to central and paracentral re-
gions of the cornea. All subjects also showed a
compesating steep area with a characteristic cres-
cent shaped area found inferior specially. Repre-
sentative color maps of corneal topography for
one subject at (a) baseline and post treatment I 333%}; §’§‘}§"“ “"“‘
times of (b) 0, (c) 3 and (d) 7 hours are shown in 105 °P_ '75 immuxmmm
figure 1. Dramatic changes in the corneal topog- '29 ‘ /‘9 E $21» - figs“

135 - ' '»>._ - *5 st. n $\:;.;Q/Qlnl
' Pn Ki 1 4

raphy can be seen inmediately after lens removal
when figure 1 a and b are compared. A gradual
return toward the baseline topography is seen.
The locations that were used to analyze these color
maps were at 292 deg., O9 mm from center for
the flattened data set and 162 deg, 2.7 mm from
center for steepened location. These locations are
shown in figures 1 a and b respectively. The posi-
tion is shown by the location of the plus sign cross
hair in each color map (fig. 1A, 1B, 1C, 1D).

Figure 2 shows the dioptric change relative to
the baseline data of the steepened position plot- r ¢Lm¢,,
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Figure Z shows all of the entire curve for the four P"; 0: ‘_,:_."?f'.
~ - ~ - ..';§ 3, 1 -.;,\‘:j >,"‘*-st: ~ ' " r-hourtreatment data tor the subject shown in gu- ~-< i at M Nb ‘ T . ~‘ ‘ ‘ ‘ f~*-.1" ~

:‘ ‘ ' .§@..
t-e l. '|~l1t- largest local change was seen as‘ ex- UGJHS 4. 45...» C
pected at time LCl'O. mmediately after lens re-
moval. This was approximately 1.6 D of steepen- BL:F 69400 92'“!
ing. The relative change was 0.8 D 2 hours after DP_S 83042 019400 92:26]
lens removal. A steady return to the baseline is DP_F 2_723| Q_ 9500 66541
illustrated on this graph. Seven hours after lens
removal the relative change had recovered only
0.1 l) of steepening (figure 2.) ' ‘ '

eChange
pers

Reatn

Do

STEEP RECOVERY AFTER 4 noun TREATMENT CH-F 4.21 I2 l -5950 50-395

1 .

2

'—j;u=—""“"""'“,-at-k-,“"°‘' ‘ CT-F 4.4021 0.5050 49.356
<==~=~»-=<»== .0-3:0-. |<w_s 6.7600 0.9100 35.709
$‘@’§i““““‘mm. 5 NA 5 KW-F 1|-500 2.3750 22.776

- j E KA-S 7.9045 1.1950 31.270
KA-F 0.9766 0.9200 95.343

' ‘ MEAN 5.4072 1.1006 49.005
MEDIAN 4.3|06 0.0945 50.027

_ -

-2 0 2 4 6 8 10 12
Hours

CH—S 3.6880 l.94O0 55.607

CT-S 4.l00l 0.8400 51.832

Table 1. Shows the indhidual 1 hour treatment data time to
90% recovery ('l“)\). maximum dioptric change and the per-
cent recowry per hourQirph) for each of the subjects in group
I for the steepened ts) and flattened (D location.
._ 5 - ;.~»—v 4->~ — ~~

. . ,Table 2,. . . . . ,»~=." . _; 33 ~:";);;~;.a-.**;_,;_. *»l=i_c-ure 1. lhe relatne change in diopters ot the local steep ii" - - 7 ,j.-" »~ ’Y"‘
are for a four hour treatment period plotted as a function of *3‘. ~ ~ 2Halxii F5 ‘f*' - '»»=.»’?= "4?
timmc for recvery in hours. | SUGJE-I-S I [95 |MAXCHANGE|

(Tables l. .2. and 5) show the maximum local BLF A 570 l'5250BL~S 3 l6O I 5000 61.200
\ 1 > > \ > - ; 1 - s E " 'cliangt. percent reoo\1r§ pct‘ hour. and t9» values DP_S I L750 04400 220490
tor each ot the subjects in group l. Table l shows DP; 7_420 |_0| 50 33100
these measures for the l hour treatment and table
2 and 5 show the measure for the .2 and -1' hour “+5 5210 0-9250 43708
treatments respectively. The f and s fOll0\\‘il\l each TH; 4'6O0 I ‘moo "'83

CH—S 4 750 l Z000 46 760of the subjects identif)1'ng initials corresponds to CH4: 5030 00700 44320 l

the data acquired from locations that were initial
tlttened (D or steepened (s) by the contact lens (TF5 Z-730 l-7550 65-960 1

treatment. Due to a signicant amount of inter 87
subject \".triability both the mean and median are _ ‘ ‘ '
reported on the tables below. This \".u‘iation was

KW-F 2.830 l.8lO0 65.340
especially noted on the t<)§\'alues. KA-S 14.450 I.3000 |8.700 T

Figune 3 shows the mean maximum change in
KA—F 7.l4O 1.0750 34.240
MEAN 6 539 I 3275 4| 70!dioptets for the three treatment conditions of Mgpwq 5:390 |:Qo0O 40:55

Group l and also includes the data from Group ll Tahlel showsthesamedatzasublelbutfortl-|e2lux|rfor comparison. lt can be seen from this gure
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3 HOUR DATA
SUGJETS 1:95 MAX CHANGE PRPH

BL—F 5.4804 2.3450 42.102
DP—S 14.362 0.6450 18.823
DP—F 8.6252 1.4000 29.336

TH—S 108.91 1.5700 2.712 1

TH—F 12.235 2.0650 21.714
CH—S 7.8365 1.6150 31.763

4
3.5

MeanChangeD‘opes
—lM

dinN0|

"Table 3 ' MAXIMUM CHANGE

321

BL~S 6.3712 3.9350 37.505 A 3 *—* -—~~***

CH-F 8.2183 1.3400 30,541 M
cr-s 8.9126 1.3500 28.541 °
CT-F 21.581 1.7700 12.958 1hour Zhnur 4hour 1'\°w@1w
|<w-s 3.8690 2.3000 s3.sss mime“, Tm
KW-F 5.9267 2.5600 39.670

Figure 3. The mean maximun local change in tlioptcrs for
KA-S ]7_403 I _56()() 15_B I O each of the four treatment conditions in group I and group II
KA-F 52819 15150 3792] plotted as 21 function of treatment time in hours.

MEAN 16-858 18550 28.806 ofjust over 40% for group I. A steady diminish in
MEDIAN 84218 I-5925 29-939 the prph as the wearing time increases can be

Table 5. Shows the same data as table 1 for the 4 hour treat- Observed by Comparing the individuai pi-pii foi-
ment each treatments. A prph of less than 50% is seen
that wearing the OK-3 lens for a 1 hour treatment with thc 4 hour treatment period of group I"Group II comprised of those that have worntime produced slightly over 1D of mean Iocal ’ _ _vchang By Comparing the maximum orthokeratology lenses for 1 year previous to this
change for each of the specic treatment periods Study’ Showed an even m(_)re marked dccrcasg mit be than the mean local Change in_ the prph thaniwas found in group I for the same
creased as the wearing time increased. A 2 hour treatment pcnod of 2 hours (gure 4') _
treatment time produced a mean maximum RATES or CORNEAL RECOVERY
change of approximately 1.4 D, and the 4 hour so
treatments produced almost 2 D of change. This 10 ~ 6 -~» e ~~ W"-
increase in the mean local change with increase _

treatment period continues for long term wear-
ers of group II. The maximum change in group II
was approximately 1.5 D more than the maximum
change of group 1 with the same treatment time.
The 1.5 D approximates the difference between
the two possible baseline reading for group II (fig-

RecoverypeHou

blOIO503o0
Pereen

Id0

ure 3 .) 1°

0In figure 4 the rates of corneal iiecovgry 1nfper-
centage recovery per hour were p otte as a unc-
tion of different treatment time and group. After

6 Figure 4. Same as gure 5 but the rates ofcorneal recovery in
3 I hour treatment the mcan_pl-ph was 50‘, per percentage recovery per hour (prph). as a function oftrcat-hour. A 2 hour treatment period revealed a prph menttimel
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Figure S shows a graph of time to 95% corneal
recovery, t95, (combining the steep and flat cal-
ctilated data) for the various treatment times and
groups. The inter subject variability was most
evident on the t95 values, therefore the median
was reported in this figure (see table 2). The t95
value was just over 4 hours for a I hour wearing
time. A treatment period of 2 hours showed a

t95 of approximately 6 hours, and an even fur-
ther increase was seen after a 4 hour treatment
time where the t9$ was approximately 8 hours.
It is evident that the t9§ value increased as the
wearing time increased. Group II showed an even
further increase in the t95 than did group I
(subjects with no previous orthokeratology)
for the .2 hour time period. The t95 for group
II was aprroximately 20 hours compared to a
group I t95 of 6 hours the same treatment time
(Figure 5).

MEDIAN RECOVERY vs. TREATMENT TIME
20 - - ~

Recovery

4.
a-I

up statistically. It can be seen than there is very
significant scatter in the data and a linear model
does not fit the data very well (figure 6).

RATE OF RECOVERY vs. MAXIMUM CHENGE
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i hour 2 hour 4 hguy 2 hour @1yI

Treatment Time

Fgurc §. Same as figure 5 for (combined flat and steep) me-
dian times to ‘)§".I recovery in hours, t9S, plotted as :1 func-
tion ofircatmeiit time

We also examined whether the percent recove-
ry per hour could be predicted from the maximun
change in local topography. Figure 5 shows the
prph plotted as a funtion of the maximum change
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Figure 6. The prph plotted as a function of the maximum
change of each subject for the tree acute conditions.

When one compares the maximun local change,
percent recovery per hour, and the t 95 values of
group I to group II one could conclude that there
is a significant difference in the effects of a 2 hours
treatment period between two groups. In this data
for group I, the baseline used in all comparison
was taken the day of the treatment just before lens
insertion. Two different baseline references were
avaible for group II. If the video keratoscopy mea-
sured just before the 2 hour treatment were used,
much less diferrence would be demostrated be-
tween the 2 hour treatment data between groups.
We chose to express the data from the original
baseline measured before lenses were worn a yeai
earlier. We chose this reference because it reflects
the cornea be for lens wear began and gives an
indication that there are long lasting changes oc
curring due to lens wear. An overnight period 01

not wearing the lenses was not sufficient time foi
the cornea to return completely to its original one
year earlier shape.

Discussion
Of 611611 Subjeet for the three acute conditions of "WW I T ' Ti’ T T '1 T "
group l. The idea that if the maximum local
change was known then the duration of the ef-
fect could be predicted from that does not hold

As far back as 1957 there has been reports oi
alterations in refractive error following rigid con
tact lens wear. This process of comeal flattening
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