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Introductory Statement.

In the past moét authors have assumed that corneal
thickness is a constant value. (Polse, 1972) (Mishima and
Maurice, 1961) (Ytteborg and Dohlman, 1965) (Maurice, 1969)

More reéently researchers have been studying diurnal
variation of corneal thickness in rabbits. They contend.
that there is a definate diurnal cyecle. (Kikkawa, 1973)

In reviewing the literature nothing has been found
concerning studies of diurnal variation of corm=zal thick-
ness in humans. Our research project is primarily di-
rected at this topic.

Kikkawa (13973) also noted that there are other functions
‘which have diurnal ecycles. He mentioned agueous produc-
tion, and intraocular pressure. A study by Kruse (1971)
found that the relationshivp between an Increase in corneal
thickness and an increase in intraocular pressure is
statistically significant. Therefore, a second consid-
eration of our research project was to determine if there
is a correlation between the diurnal corneal thickness

values and the diurnal intraocular pressure values.

Introduction of Background Material.

*

1. Instruments used to measure corneal thickness.
The earliest measurements of corneal thickness were

made during post mortem examinations. According to



ancient liﬁefafﬂre_the fhicknéés of the cenfral cornea.
s abbut.ohe‘hiilimétéf; _This correspohds fairly well
'to.the.thiékﬁess of the maximally swollen human cornea.
(Eﬁlers. 1966) |

The first person to measure corneal thickness by
.optical means was Blix in 1880. (Ehlefs and Hansen, 1971)
The method used by Blix involved the observation of the
specular reflection from the epithelial and endothelial
surfaces df the cornea. The difference in instrument
ad justment géve the apparent distanée between the two
suffaceso The real distance was then calculated knowing
the radius of corneal curvature and the index of refrac-
;tign.of the cornea. (Donaldson, 1966) The biggest dis-
advantage of this method is that any movement of the
cornea during the successive focusing invalidated the
results. {(Ehlers and Hansen, 1971)

Gullstrand in 1909 was the next to measuré corneal
thickness by a new method. His method involved simul-
tansous oﬁservatimn of the specular reflexes. (Ehlers and
Hansen, 1971) Although his method was accurate, it
involved the use df complicéted equipment and was quite
time consuming. (Donalson, 1966)

In 1916 Lindstedt developasd a method of measuring
anterior chamber depth. He used an astigmaﬁic light

bundle with one foecal line on the cornez and the other



on the lens. The principle, although apparently accur-
ate, has not been used to study corneal th;cknesse
(Ehlers and Hansen, 1971)

During the 1920's Hartinger was the fifst person to
use the slit lamp beam to measure corneal thickness.,
The apparent thickness of the optical section can be
used to calculate the actual thickness. (Ehlers and
Hansen, 1971)

A similar method was used by Juillerat and Kobye.
They made use of an eyepiece micrometer to measure the
apparent thickness. (Donaldson, 1966)

In the early 1930°'s Goldman developed a split ocular
to measure the optical section of the slit lamp beam
as it passed through the cornea. (Donaldson, 1966)

In 1948, von Bahr publishéd the results of his
extensive study of corneal thickness. His apparatus
optically was similar to that of Blix. However, in-
stezad of making successive adjusiments to oﬁtain a
reading, his instrument had a simultanecus adjustment
of both the illumination and obser&ation systémsa This
eliminated the movement problem that affected Blix's
instrument. (Donaldson, 1966)

Maurice and Giardini, in 1951, used the saﬁe prin-
ciples as von Bahr in the design ofvtheir pachometer,

but their modifications eliminated many of the poorer



feétﬁres'df QﬁniBéhrfs,instru@éﬁt. Maurice,énd Giardini‘s
péchometér Waé deéiénéd'to bézattached’to the Haag-Streit
Mode1:36d‘slit lamp. (Ehlers and Hansen, 1971)

In 1962 Hedbysuand Mishima designed an instrument
similér to Maufice aﬁd Giardini‘'s. It was used for expers
imental purposes only. (Ehlers and Haﬁsen. 1971)
| Donaldson (1966) designed a special ocular which
contained a split field lens. The ocular had a micrometer
incorpOratéd in its structure, The.main advantagze of his
invention is that the ocular can be exchanged with any
regular ocular of any slit lamp.

According to Ehlers and Hansen (1971) there aré threé
;in§;ruments available commercially which measure corneal
thickness by optical means. These are theAMaurice—Giardini
pachometer mentioned previously; an attachment to the Zeiss
slit lampé and a pachometer which attaches to the Haag-
Streit Model 900 slit lamp. The latter shows the small=-
est measuring error, and-appears to be the easiest to use.

The ihvestigators using optical technigues have made
several simplifying assumptions. First, they assume that
the anterior and posterior corneal surfaces are parallel.
They are not. However, Arner and Rengsdorff (1972)
believe this factor produces only negligible éhanges in
the apparent corneal thickness., They feel‘that variations

in the index of refraction of various areas of the cornea



are of more importance, They found that the cornea may.
change in thickness by about 3% based upon the limits
of corneal indices of refraction of 1.333 and 1,419..,

The above evidence of corneal thickness determination con-
cerned the use of so called optical tecﬁniques, ﬁigh freque necy
sound waves producirg a graphic representation have been used
to determine intraocular distances, namely, anterior chamber
length, lens thickness, posterior segment length, and most
important to this study, corneal thickness. The determination
of these intraocular distances, evcapting corneal thickness,
vtilizing echo feedback techniques have been made as long ago
as the mid 1950's,(Mundt and Huches, 1956) howgver, it wa=zn't
until 1967 that corneal thickness measurement was made with
the ultrsounl levice. (Giglie arnd Tudlam, 1967) RBocavec af
aynator masni fizatinn (withaut the introduction of time errors)
and greater resolutién it was ﬁossible to achieve accurate
and repeatable corneal thickness measurements. (Giglio and
Ludlam) It is on this latter developmeht that this present
study is possible.

Repeatability and validity are certaiﬁly charzcteristics
that need to be considered when acceésing methods of corneal
thickness measurements., In 1969 Giglio and Ludlam repeated
at least seven measurements at one sitting on intraocular com-

ponent dimensions using an ulttrasonic devise on various subjects.

The standard deviation of these measurements showed at the mest



.OUSG@m éﬁhléﬁé.iéééﬁi;co3éﬁm, théféby, ipdicafgﬁg.a'high:

degfeé”of‘tépgéiéﬁiii;§;-vét‘fhé'gaﬁe‘fimé é méasurement on a
Pﬂﬁg ?§ng.b£ii'Qéé'madé with the ultrasound and this was cob-
Vp;féd_#ith_qalipér dete?minétions.- There w#s a difference of
Less'then'O;loi whgn éﬁﬁparing.overéil-length thus indicating

a high degree of validity.’

Sound is the mechanical vibration of particles of a medium
around a position of equilibrium. The highest frequency of

vibration audible to the human ear ig 20 Kilo Hertz(Ke¢) -

FQibratiéns_of highef frequency are called ultrascund. Although
’ga:;c principles of piezoelectric phenomené datg f?om the work
of the Curie brothers and Galton ip the 1880;3, the first
practical applications were put to use by a French scietist,
Paul Langevin, during World War I when he used ultrasonics

for the detection of submarines.  Later this same device was

applied for depth derminations an? iceburg detection. A

4 _
revolutionary discovery was made in 1929 when Sokolov found

that'ultrasonics reflections fromxthe boundries iﬁ metal
media of various densities could be the means of detecting
flaws. From this work and other ?ngineeiing pfincipies
developed by Sokolov in the late i930's SONAR was utilized

in World War II. Since 1945, manifoid use has been made of
ultrasound -in cleaning devices, for drilling, welding, and in
chemical and biological processes, The principles of echo

ranging have been apnlied to flaw detection in metals, for



for thickness gauging; liquid 1eve1 switéhes,:and flow m?ters.

From the early 1940's to the midvi95b's, medical exploratiéns
with ultrasound were largely directed toward tumar and foreign
body éetectidn. Atfention to the eye began slowly with notation
of the damaging effects in the late 1930’svt9 diagnostic con-
siderations of retinal detachment, foreignibpdy,heoplasm and
cyst detection, and intraocular component and axial length
measurements in the 1950's and 1960's,

Certain natural and synthetically manufactrued substances
change dimensions when an electricai charge ié placed across
its surface, These materials are called piezoelectric elements
and include quartz, lithium sulfate, apd Rochelle salt in the
natural state and barium titanate and 1éad zirconate in man-
ﬁfactured ceramic crvstals., Since piezoelectric matgrials
-comvert electrical energv to mechanical:énérgy and _eéiprocaily
convért mechanical energy to electrical energy, they are well
suited for both transmission and reception of ultrasound signals.

The response of the crystal té the changing pressure of the

returning echo is not necessaraly equal to its efficiency in
cénverting electrical to mechanical energyv. Quartz is not
nearly as sensitive as barium titanate to a change in voltage,
however,quartz -is more'sgnsitive to the returning echoes.
Since applications of ultrasonics_usuélly employ fhe éame
crystal for transmission and reception, the concept of "loop
gain” is used in the selection qf a transducef material.

When an electrical signal is placed across the transducer,

the piezoelectric element expands and contracts in response to



the éx‘t‘—_i‘té“vtibﬁ. ?5‘\@.5:. "Th;iv-s'! mo tmn :_‘gér‘.:e;i.-a_t;._es mf‘-c‘ﬁ??‘ic'al .'Com-
pfeésionféﬁd réféfaétioﬁ.Qévés;'tﬁe direction of‘whichﬂdé;
pgndsjdhffhg.ﬁumberidfngvélengths éérosé_;hé.diame;ér of
thé driying'eleméntf Wﬁen‘énergy is initiated from a single
sourcé, it is as though a s;dne were thrown iﬁto the water.
.Riﬁglgts_of waves propagate awy from the éource.‘ As tHe energy
sbufce_is increased, the sound béam becomes directive, Variables
influeqcing propagation of the sound beam throuch examined
st;ﬁcéures inclﬁde transducer diameter and frequency, sonic
velqcity in'thé medium, impedance of penetrated material%,
contour of the speciman, attéuation and beam prgérties.

The oscilloséopé is usually the instrument for the display
of the returning acoustic reflections. - There are two modes
of displayf One is the B-scone, B-scan or intensity modulated
ultrasonagraphy(IMU), Tt gives an entire cross se¢ction of the
eye aé.a configuration of dots on the scope face. The other,
which we will be concerned with in this study, is the A-scope,
A-scan or time amplitude ultrasonagraphy(TAU). The returning

signal is amplified and fed into the oscilloscope and becomes

a voltage increase on the vertical plates. This deviates the
electron beam from its nofmal-horizontal sweep to form a

signal trace. Since the sweep time of the electron beam is
very regular, the measurement of the distance signél trace can
be utilized as a measure of the time elapsed between signais.
Knowing the veldcity of wltrasound in various intraccular media
enables one to convert the timé_between the echo signals on

the scope to distances between the interfaces within the evye.



2. Comparison of the results obtained by the various.
investigatorss
Table A
This table gives a comparison of fhe corneal thick-
ness values obtained by some of the investigzators.

(Donaldson, 1966) (Kruse, 1971)

Author Date Corneal Thickness No. of Eyes
Blix 1880 0.482-0,576 10
Gullstrand 1909 0.46-0,.51 2
Koby 1928 0.466=-0,733 20
Fincham 1930 0.48~0,59 12
Solanski 1934 O040~-0.57 20
von Bahr 19“48 O@565i00035 22}4‘
Maurice & Giardini 1951 0.507+0.028 i
Cook & Langham 1953  0.536+0.04 10
Lanergen & Xelecom 1962  0,51+0.04 198
Donaldson 1966  0.522+0,041 268
¥artola & ZSaum 1968 0.523+0.039 209
Mishima & Fedbys 1968  0.518+0.02 Lo
Lowe 1968  0.51750.034 157

3. Primary clinical uses of corneal thickness
measuremenis,. |

One élinical use of corneal thickness measurements is
in the déteotion and periodic evaluation of corneal
thickness of keratoconus vatients. (Cardona and DeVoe,
1971) |

Another use is in the determination of the thickness
of the cornea in patients having bullous keratovathye.
If the thickness exceeds 1.2 mm..the proenosis is

favorable for either a keratoplasty or a vprosthokerato-



:plaéty; (Cardéné ahd]DeVoe.,1971)

For oﬁtdmeffists'fitting éohtact lenses 1t has beén
shbwn‘that:the area of COrneal thickening correéponds to
thé'observed afea_of central - circular clouding after
two hours of'ﬁearing steep fitting contact lenses.
Theféforeﬁthere is justification for using ccrneal thick-
ness measurements as an index of corneal edema if edema
formation is considered essentially a hydration process.
(Mandell and Polse, 1971)

Further clinical use for corneal thickness measurements
in contact lens therapy would involve orthokeratologye.
The use of corneal thickness mezsurements could bé used
;aﬁmgﬁ added criteria for evaluating the change in refrac-
tive power and as a key to help guide the change in the

contact lens-cornea fitting relationshivce.

10



Methods and Materials

1. Ultrasonography equipment and procedures

The instrument used in determining the corneal thickﬂess
consists of two main parts’which is shown in figure I. The
topmost unit is called an Ocular'Reflectoscope consisting of
a Hewlett-Fachard model 175a oscilloscope with a 17544 four
channel amplifier. A camera is attached to the oscilloscope
utilizing Polaroid Black and White Type 1G7 film with one
sixtieth/second shutter speed setting., In the lower portion
of the picture are located a pulser/reciever unit, calibrated
delay lines, and finally the displav gate generator.

The probe consists of an open ended, flexible, cone shaped
dévice made of cleaf transparent silicone rubber which fits
sn;;iy on a lithium sulfate 20 K¢ transducer.

Maximum amplitude reflections are obtained when the probe
has as angulation of less then + ZYdegrees in both the horizontal
and vertical meridians and a horizontal[vertical translation
of less then + A4mm. The axis of maximum amplitude approximates

the region of the optic axis of the eye therefore an unacceptable

is easily recoznized aw illustrated in figure II. TFigure III shows

an acceptable pattern.

The subject is seated next to the instrument. after
anesthesia has been apnlied to both corneas the pat&ent is
directed to fixate a target fourteen feet away and at eve level.
The probe is breught up to one eve and a water bridge between
the probe and the cornea is formed. Asecond investigator views
the oscilloscope and when an acceptable picture appears the is

operated, A picture is likewise taken on the other eve.

11






2. Anaesthetic used znd procedureé.

The anaesthetic used wag Ogphthaine Solution
(Proparacaine Hydrochloride Oththalmic Solution
0.5%). It is a rapid acting local anaesthetic. With
2 single dfop. the onset of anaesthesia occurs in
approximately 13 seconds and persists for 15 minutes
or longer. (PDR, 1971)

One drop was placed in each eye about one minute

before ultrasonography measurements wers taken.

13



3. Ffaéedu£es éﬁa:iauiﬁmeﬁt Uééd té'Méa;ﬁie the Photogfaths

The corneal thlc ness alsnlay on tho catbod°~ray tube was pboto-
rﬁnhed us1ng>Polar01d lem. The'measurement of the corneal thickness-
 d1mens1on can be nadn dlrectly from the Dhotograph by being ccmpared with
A time reference included on the photograph, To measure the corneal
thlckneSb and the time referenue dlrectly from the photograph, a tra-
veling microscope was ussd (microscope from Scientific Instruments;

atalog number 6147; serlal nuhuer 937093 W. G. FPye and Cé., Ltd.y Grgnta
’a-;’orks : Cambridge, England) .

To obtain the most accurate vhotozraphle measurements, an expanded
trace of'the oscilloscoﬁe pattern must be used, %itﬁ the disvlay being
expandéd on the rvhotogzraph, direct mezsurement is ﬁore easily made, In
Jrefefence to this study, two points should be mentionad if the research
is.done again. First, as mentioned, the most expandgble tracé will be
the @gpéaccurate, and second, centering on the photograph of the first
channel involving the corneal thickness will help do away with any dis-
tortions present frem the cathode-ray tube.

In ma&lnv tha measureménts from the photographs, the first measure-
ments that were taken involved the time reference marks, The distance
between five time marks were measured on the photogravh to give distance
iﬁ centimeters per micrén. For each subject, a minimum of six photegraphs
was measursd using the mean of the six values to determine the time rsfer-
ence seczale, The corneal measurements were then made in centimeters using
the first negative wave of the front surface of the cornez and the first
positive wave of the back surface of the cornea, The neéative and pos=-
itive waves were both measured an egual distarnce on sach wave; fof example
if the negative wave was measured ten per cént down from the baseline
then the positive wave was measured ten ver cent up from the baéeline;

The measurements were taken twice on each wave allowiﬁg three different

corneal thickness values to be calculated,

14



L, Instruments used to measure ICP and procedures.

The instrument used to measure intraocular pressure
was the American Optical Non-Contact Tonometer. It
was used because it probably causes less corneal
trauma then zny other type of tonometer.

Tonometry measurements were made before the ultrason-
ography measurementse.

The insfrument was allowed to warm for several minutes.
Then with the setting on demonstration a reading of
5741 was obtained. Next, three meésurements were taken

of the IOP of each of the subiscts eyes.

15
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RESDLToz

To help show the “esults obtﬂlned Table B for subgects 1 2, and
3 are Drovlded Two chtures ware taxen at each t‘m9 berwod, one p1c~
"t:ure for the right-le‘ye and one’ p._'lctur‘e for the left eye. Ths picture _wés
‘nuﬁbered,on the back C£ the nhoﬁogfaph; for exaﬁple picture nﬁmbef 14
with:the number-(1).standlnv for the subwebt and the letter (A) indicating
thcﬁ oye was.measured. |

From the use of the traveling microscope, the time reference scale
aﬁd the corneal messurements were taken in centimeters, The first negative
wave was measufed of the front surface of the cornea and the first positive
wéve of the back surface Of the cornea was measured., Two measurenments
of each wave were taken allowing the ecalculation of three different cor-
neal thickness values. To complete the corneal thickness values, the
'ﬁime reference scale was ﬁeasured and found to be 4,112 cm,/micron for
each subject. The time reference scale must be used for the corneal thick-
héésFméasurements are calibrated against the time refersence to vrovide
the appropriate time distance, This fact means thét the distances bet-
ween the echogs on the oseilloscope refer oniy to the differences in time
that the echoes must take to return to the transducer after being re-
flected from the corneal surfaces, The time intervals are multiplied by
the velocity of sound in the cornea (1,6 usec/mm.) to provide the corneal
dimensions., The dimensions are divided in half because of the return
trip of the echoes from the corneszl surfaces, Hence,_the complete

formula used to csleculate corneal thickness wast

(Cornpal Measurements in cm, . Corneal
Time Beference in en./micron’ (1.6 usee.fmm.) _ Thickuess

2 in mm,
The arithmetic mean of the three corneal thickness valves was then taken
to give the corneal thiecknass for that picture,

Table C of intraccular pressure shows the time the pressures were



taken, the three pressure readings from each eye, and the arithmetie
nean for the three pressure readings for all three subjects. l

The changes in corneal thickness involving thé maximum and mini-
mum corneal thickness values are found in Table D. The minimuom value
was subtracted from the maximum value giving the change in millimeters.
Thé average corneal thickness change was figured from the six corneai
values listed in the table and found to be 0,0386 ma.

Table E shows the average corneél thickness values for each subject
celeulated from all the thickness values tsken. From these averages,
the overall aversge for the three subjects combined was 0.4864 mm, The
midrange value was 0,4759 + 0,0538 nm,

The graphs in ths report show corneal thickness vs, time and intra-
ocular pressure vs, time, The slope values are also shown and were ob-
tained by the graphical three - point mesn method of curve smocthing
adapted to drawing a best-fit straight line.

The average slope values from the graphs for corneal thickness and
pressure are found in Table F. If 0.0l mm, of thickness equals one
unit value and if 1,0 mn, of mercury eguals one unit value, then the
average negative sld?e value for corneal thiéknessvis--0.18075 units/hour
and the average negative slove value for intraccular pressure is
~0,22845 units/hour, Also shown in Table F are the changes of the

right and left eyes of all thres subjects of millimeters of corneal

r+

hickness per change of one millimeter of intrzocular pressure, These

values were calculated from the slops vslues cobitainsd from the graphs

.

of corneal thickness and intresocular pressure,

17



_DiséﬁSsiCn{

The nofmél’cornea‘has bzen considered to maintain‘g
constaﬁt thickness (Mishima and Maurice, 1?61a) (Ytteborg
éﬁd Dohlman,_1965) (Maurice,-lgég) On the other hand,
Hara (1970)vfeported that the corneal thickness changed
both within akperiod of hours and froﬁ day to daye.
However, he failed to find any regular pattern of diurnal
variation, although a pattern of daylight thinning
appeafed ih his results. Hara's long—term experiménts
‘weré.exclusivély concerned with the measurements of thick~
ness before noon. The number of gxperiments done on the
measurement of diurnal variation was small, therefore it
_migbf be difficult to draw adequate conclusions from the
literature.

During daytime some thinning of the cornea on{keeping
the eyes open can be explained on the basis of the effect
of evaporation on corneal thickness (Mishima aﬁd Maurice,
1961b). In accordance with this Kikkawa'sv(1973) exper-
iments with rabbit eyes sutured closed shdwed that the
level of corneal thickness dépendé largely on evaporation.
However, Friedman (19?2)'challenged.theAcqncept of constant
corneal thickness from the theoretical viewpoint. He
considered that the cornea is never in a steady-state
condition, because there are variations in tear tonicity

as a result of the sleep-awake cycle; and he expected

18



the daytime thinning from this cause alone.

However, the éffects_of tear tonicity or evavoration
do not seem to explain the daytimé process df progressive
corneal dehydration found‘in Kikkawa's closed lid‘exper~
iments, nor does it explain the vprocess of corneal h&«
dration found in rabbits during the nizht, with their
eyes open wide. (Kikkawa, 1973)

It is known that blolcgical clocks within cells are
geared to the rhythmic changes of nature, and are found
in all life (Luce and Segal, 1966). It is well known
that the human intraocular pressure shows 3 slighﬁrdiurnal
variafiona Diurnal variations are also found in the rate
-of.ajueous secretion and in vrotein concentration in
the aqueous humor {(Davson, 1969).

In Kikkawa®s (1973) experiments, the corneal swelling
during the night was found to be_closely related to the
resting of bodily activiﬁiesg It is reasonable to con-
sider that the diurnal variations in corneal thickness
are in part related to biological rhythms that revolve
around an interval of about 24 hours., |

Kikkawa (1973) measured corneal thickness at three
different times of day in rabbits., The fabbiﬁ cornea
showed a significant diurnal variation regarding thick—
ness. In most cases, the cornsa was thickest in the fore~

noon, and then thinning followed. It usually became

il



fhinnéSt,iﬁ the éffernocn, but sdmgtimes at about noone.
The decreaée in thickness was reversged during theAnight.’
Thé amount:df the diurnal change was 1nconsistent., The
average value in rabbits was 0.014 mm.

As stated:before the primary purpose of this research
paper was to investigate the "natural® diurnal'changes
‘of corneal thickness in man using ultrascnography, 2 more
accurate instrument then the Mauricé—Giardini vachometer
used.by tﬁe previbusly mentioned investizators.. Secondly
we measured intraocular pressure to see if there waé any
evidence of a similar diurnal cycle. |

| The results of our study show inconsistencies betwéen
thgwthree subjects and between the two eyes of each
subject. This is partially due  to some inadequaté
ultrasonographs. We feel that if severzl ultrasonographs
could have been taken at each reading many of the incone
sistencies would have_beeh eliminated,

Our findings do suzgest that corneal thickness does
have a diurnal cyclic nature. The corneal thickness. is
highef in the morning, but nét necessarily highest. The
corneal thickness is thinnest in the afternocon, then
increases in the evening. Maximal thickness is either
at midnight or in the early morning hourse. The amount

of diurnal change is quite inconsistent between the three
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subjects. The average change is 0,0386 mm which is
considerably more than found in the rabbit. Our average
corneal thickness for the three subjects is 0.4864 mm.
The midrange value is 004?5910.0538 mme Thése values are
lower than the values found by other investigators. (See
Table A) One subject has thin corneal readinzgs which
lowerad the average considerably.

Tonometry was done immediateiy prior to ultrasonograbhy.
As can be seen on the graphs, the tonometry findings do
correlate with the corneal thickness findings. There
is a tendency for the IOP to be reduced in the after-

noon and to increase toward midnight. Pressures in the

morning generslly are higher, but not necessarily the

highest. Corneal thickness is alsc the lowest in.the
afternoons with the higher readings near midnight and.
early in the morning. A further comparison between the
two can be made using the average of the negative slope
values from the graphs. The slope value for thickness
equals 0.18075 units per hour, while the slope value
for intraocular»pressure equals 0.,22845 units ver hour
indicating a reasonable correlation between the two.

To improve this research projiect the. following should
be done. First, as mentioned before, two or three

ultrasonographs should be taken at each testing period.
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‘Secdnd. mofe S@gjécts.sﬁduld‘be usedB "Fifty subjects
wouid seem to be an édequate number. Third, testing .
should be done on more than two twenty four hour periods.
KikkaWa tested one group of rabbits for over a month and
anbther group.fqr ten days, howevér he did not test as
;frequentiy in a twenty four hour period. To improve'the
project in the ways I have indicated would cost several
hundred dollars for the Polaroid film alone.
Other_areas‘to-be studied are: (1) change in corneal
thidkness during‘orthokeratology; (2) bhanges in corneal
thicknéss in relationship to menstrual cycles: (3) changes
in corneal thickness in relationship to increased intra-
ocular pressure induced by provocative tests: and (&)
readings to be taken at three o'clock in . the morning
because this is where the upward-trend seems to occur for
an inbrease in corneal thickness. The readings shbuld
be taken in two”different'instances, with the person
sleeping from midnight until three a.m. and with the
person being awake from midnight until three a.m. to
check upon any change that ma& occur as a result of sleep

time .
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Thfee male optometry students, age 26, 26, and 31, were
used in this study of diurnal cornéal thickﬁess chaﬁges
in man. Six ultrasonography measurements and non~contact
tonometry measurements were made in one twénty four hour
period. Four measurements were made in a second twenty
four hour period. The early morning readings were taken
after the subjects had at least six hours of sléep with
a half hour minimum time allowed between.sleeping and the
taking of the first readingsn Because of this, a three
aeNe réading of corneal thickness was not made. The re-
sults of the study indicated that there is a diurnal
cyclic nature to both corneal thickness changes and I0PF.
fhéhﬁaximum thickness 1s usually froﬁ midnight to the
morning hourse The minimum thickness was in the after-
noon. There were inconsistencies between subjects and
between the two eyes of any one subject. The average
corneal thickness was 0.4864 mm. The average diurnal
change in corneal thickness was 0.0386 mm. Intraocular
pressure also showed inconsistency between subiects and
between the two eyes of any one subjecte' It 2also was
cyclic in nature, with the lowest readings in the after
noon and the highest readings in the morning of—night
hours. The negative slope values of 0.18075 uﬁits/hour

for corneal thickness and 0.22845 units/hour for



pressure is a reasonabls indication of the correlation

between both thickness and pressure.
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TAELE C: TINTRACCULAR PRESSURE I MILLIMETERS

CF MERCURY

R = Right Eye; L = Left Bye; A = Average
' SUBJECT SUBJECT SUBJECT
3 Hour Interval #1 F2 #3
TIUE R A L A A L 4 R A L A
10:30 AM 11 9,6 12 11 16 17 16 17 14 13 11 11.6
9 8 19 19 12 12
9 13 16 16 13 12
1:20 P 9 8,3 9 9.6 17 18,316 15.6 1z 12.6 12 12,6
8 11 17 15 13 12
8 9 15 16 13 14
Ly25 PM 8 8 9 9,3 14 14,315 16,3 11 10,610 11
7 10 14 16 1 11
9 9 13 18 10 12
7135 PM 10 9,3 190 8,6 12 12,313 12,6 10 10.3 11 11.3
10 8 13 13 : 10 12
8 8 12 12 11 ‘11
11:50 PH 7 7.3 9 8,3 12 12 13 12.3 9 8.6 10 10.6
8 6 12 12 8 11
7 10 12 12 "9 11
7115 aM 8 8 10 10 4 14 14 13,8 12 12 12 12,6
8 10 14 1 12 12
8 10 14 13 1z 1k
6 Hour Inferval
12:25 F¥ 8 8.6 8 9.6 16 16,617 17.6 13 14 12 13
9 9 15 17 15 13
9 12 19 19 14 1ih
7130 PH g 7.6 8 8.3 i 15 15 15 11 12 11 11.56
7 9 15 16 2 12 .
7 8 16 14 13 12
10:45 M 10 8,3 6 6,6 15 13.6 16 15.6 10 10.6 17 14
7 7 13 15 11 13
3 i 13 16 11 12
6125 AM 9 8,6 7 6,3 15 15.618 17.6 11 13 12 12
9 6 16 18 15 10
8 6 16 17 13 14
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TAELE D+ CHAUGES IN CORNEAL THICKNESS

" RIGHT EYE LEFT EYE

PATIENT #1 MAXIMUM 0. 16l 0,4411
o MIHIMUN 0, 3824 0, 3948
CHANGE 0.0820 0, 0463

FATIEHT #2 MAXIMUM 0.5323 0.5228
MIBIMUM 0.4939 0,4873

CHANGE 0.0354 0.0321

PATIENT #3 MAXIVUY 0.5359 0.5356
MIBIMUM 0,51 0. 5226

CHANGE 0,022 0.0131

AVERAGE CHAKGE IS 0.0386 mm.

TABLE E: AVERaGE CORNEAL THICKNESS

RIGHT EYE LEFT EYE
PATTENT #1 0.4221 0,141,
PATTENT #2 0. 5125 0.5171
PATIENT #3 0.5271 0.5297

AVERAGE CORNEAL THICKWESS FCR THE THREE SUBJECTS IS 0.4844 mm.

THE MIDRANGE VALUE IS 0,4759 + 0,0538 mm,



_TABLE‘F: AVERAGE:SLOFE'?ALUES COMPUTED4FRomfaﬁaéHs
AVERAGE SLOFE VALUE CF CORNEAL THICKhuSS 15 -0, 0018075 o, /hour or
- =0,18075- units/hour. o ,

AVERAGE SLOPE VALUE OF IhTRnGCULAR PRASSURE IS ~0.22845 mm of Fg/hour or
T =0,22845 unlts/hour.

CHA ‘Cz]:. IN MILLIMETERS CF CU’?.Iu.EhL THICKNESS FER CHANGE OF OKE MILLII"’FTER
CF MERCURY CF INTRAOCULAR PRESSURE.

RIGHT EYE LEFT EYE

SUBJECT *1 0.03328 0.0152

- SUBJECT #2 0,00354 0.0104
SUBJECT #3 0,002813 0,0024

AVERAGE CHANGE 1S 0,01128 mm,/mm. of Hg,
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FIGURE TV: A GRAPH OF CORNEAL THICKNESS TN MILLT{ETERS VS, TIME TN HOURS,

SUBJECT #l, .
|
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FIGURE V: A GRAPH COF INTRAOCULAR PRESSURE I MILLIMETERS CF MERCURY V3,

TIMk T HOURS, - SUBJECT #1. .
e = oo - = RIGHT EYE
e Y e e e w3 LEFT EYE
™ SLOFE VALUES:
1 ™
Right eye = -0,0625 mm of Hg/hour
Left eye = =0,225 mm of Hg/hour
10
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FIGURE VI:

A GRAPH OF CORNEAL THICKNESS IN MILLIMETERS VS, TIME IN HOURS.
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FIGURE VII: A (rRAPH CF INTRACCULAR PRESSURE Ih MILLIMETERS CF HE:RCUHI VS.

A5

TIVE IN HOURS. SUEBJECT #2.
a—n‘:’u —— “ﬁﬂ' —_— = RIGHT EYE
e K o o= oy = = LEFT EYE
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FIGURE VIII:
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A GRAPH OF CORMEAL THICKNESS 1N MILLIMETERS VS, TIME IN EOURS.
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FIGURE IX: A GRAFH OF INTRAOCULAR PRESSURE IN MILLIMETERS OF MERCURY V5.
SUEJECT #3.
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