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In Thi s | ssue

Rdiledinthisissueis Athow Badey, Fh.D, wo
has been a faculty nenier in the U School of Qptonetry
since 1985. Hs work on the FDA panel for ophthal nic
devices on the efficacy and safety of refractive surgery,
dongwth his expertiseinvisud function and visud optics,
nake himuniquely suited to objectively eval uate the current
status of the nest conmon refractive surgery procedures.
Hs article, "The Ghanging Face of Refractive Surgery,” is
anexcdlent dstillaion o awde variety of pudished
literature and source naterias. He touches upon a nunter
of issues often not considered in other discussi ons of
refractive surgery.

Quartification of corneal contour has been a
necessary el enent in the devel opnent of keratorefractive
surgery. The Indiana Lhiversity Shoo of (ptonetry has
nade contributions to corneal contour assessnent and
quartification nethods. Ashort history of the U
cotributions inthis area and of the devel opnent of
keratoscopy is preserted inthisissue Asointhisissue
are areviewd an article onthe use of progressive addition
lenses for the contra of childhood nyopi a progressi on and
sone news itens fromthe | U School of (ptonetry.

Dwvid A Gss, Hiitor

I ndi ana Journal of (ptonetry
School of (ptonetry

I ndi ana Lhi versity

B oom ngt on, | N 47405- 3680
(812) 855-5379

dgoss@ndi ana. edu

— VARILUX" —

The comfort of better vision™

\arilux is aregstered tradenark of Essilor Internati onal

Appreciation is extended to the Varilux Qxrporation for financia support of this publication of
the Indiana Journal of (ptonetry.



Summer 2000
Volume 3, Number 1

Table of Contents

I ndi ana Lhi versity School of
ot onetry Admini strati on:

GradE Lowher, QD, Fh.D,
Dean

Qifford W Books, OD, Drector,
Qoti ci an/ Techni ci an Program

Daniel R Grstnan, QD, MS,
Executi ve Associ ate Dean for
Budget ary H anni ng and
Adnini stration

Seven A Htzenan, QD, Drector
o CQinics

Ewn C Mrshal, QDO, MS,
MP.H, Associate Dean for
Academic Affairs

Jacqueline S Oson, BA, MA,
Drector of Sudent Afars

Sndral Hckd, BGS, AS,
Q. T.R, Associate Drector,
Qpt i ci an/ Techni ci an Program

P Sxita Sn, OD, MS,
Associ at e Dean for Research
and G aduate Program

Gaene Wison, QD, A.D,
Associ ate Dean for Gaduate
Progr ans

I ndi ana Journal of Cptonetry

Eito:
David A Gss, QD, Fh.D
Eitorid Bard
Athur Badey, Fh.D
Gifford W Books, OD
Daniel R Grstnan, QD, MS
Mctor E Milinovsky, QD
Neil A Pence, QD
Nevs ItemEditor:
Andrya H Lowther, MA
Producti on Manager :
J. Gaig Gnbs, MHA

Satenent of Purpose: The
Indi ana Journal of (ptonetry is
publ i shed by the I ndi ana
Lhiversity Shool of (otonetry
to provi de neners of the

I ndi ana Qptonetric Associ ati on,
Aummi of the Indiana Uhiversity
Shool of (ptonetry, and ot her
interested persons wth
infornation on the research,
dincd eqetise adativities
at the Indiana Lhiversity Shod
of (utonetry, and on new
devel opnents in

opt onet ry/ vi si on care.

The I ndi ana Journal of

ot onetry and | ndi ana
Lhiversity are not responsibl e
for the opinions and statenents
o the cotribuastoths
journal . The authors and

I ndi ana Lhi versity have taken
care that the infornation and
reconmendat i ons cont ai ned
herein are accurate and
conpati bl e wth the standards
genera ly accepted at the tine
o picaion Neverthdess, it
isinpossibe to ensure that dl
theinfonationgvenis etirdy
gicddefa dl

ci rcunst ances. | ndi ana

Uhi versity disclains any
lidality, loss, o denage
incurred as a consequence,
drectly o indrectly, o the use
and application of any of the
caterts o thisjourd.

Please contact us with your comments or suggestions by
calling 812-855-4440 or emailing us at

IndJOpt@indiana.edu.

A TR BUTE to Jack W

FEATURED REVI EW  The
Changi ng Face of Refractive
Srgery, by Athor Badey.... 5

EYE CPENER  The (ptical
i ence Lhderlying the
Qartification of Grned
Qntour: AShort Hstory of
Ker at oscopy and | ndi ana
Uhi versity Gontributions, by
David A Gss and Daniel R

REVI EW OF ARTI CLE OF

| NTEREST: Review by David
A @ss: Progressive Addition
Lenses for Mopi a

NEWS | TEMS:  News fromthe
IUXhool of (ptonetry, by

Gover Phot o:
taken wth the
Ker acor neascope, a

phot oker at oscope whi ch was
narketed wth an optical device
called a conparator for analysis
of the pictures; a short history
of keratoscopy starts on page
13

Phot oker at ogr am

IdaaJourrd o Qtaetry... Smar 200... M. 3 M 1... el



Jack Wnn Bennett, 1932-2000
A Tribue

arlier this year Qutonetry nourned the [ oss of one of its nest ardent advocates, Jack W
Bennett. Anyone who net himwoul d readily note his friendly and jovia Hbosi er nanner. But
beneath the fo ksy hunor of his Ganddaddy Barndol | ar stories and sel f-deprecating renarks,

there was an nan of insight and of coomtnent to famly and prof ession.

Jack W Bennett was born on Qetober 23, 1932 in Boonmington, Indiana. He graduated in 1950
fromB oonington Hgh Shool.  Bennett attended Indiana Lhiversity from1950 to 1952. In 1952, he
narried Alice Bauer of Boomngton. Aice becane an active hel pnate to Jack in optonetric
activities. For exanpl e, she becane the president of two state optonetric auxiliaries and nati onal
president of the Amnerican Foundati on for M sion Anareness.

Bennett served as an optical technician inthe Uhited Sates Any for three years during the
Korean Vér. He returned to Indiana Lhiversity in 1955 and conpl eted his Bachel or of i ence
degree in 1958 and his Mister of (otonetry degree in 1959.

Bennett practiced optonetry in B oonmington from1959 to 1970. During this period of tine he
vas also apart-tine Ginical Associate inthe IUDvision of Qtonetry and vas very active inthe
I ndi ana Qutonetric Associ ation, serving as its president in 1963-1970. |n 1970, he | eft private
practice to becone Associ ate Rrofessor of (otonetry at | ndiana Lhiversity, a position he held until
1975. Benmnett ves Orector of Patient Gre for the lUQtonetry Ginics from1970 to 1972 Wile
serving on the [Ufaculty, Bennett recel ved the
D stingui shed Service to ptonetry Anard fromthe
I'ndiana (Qptonetric Association (1974) and | ndi ana
(ptonetrist of the Year avard (1975).

In 1975 Bennett | eft Indiana to serve as the Gean for
the new @l | ege of (utonetry at Ferris Sate Lhiversity in
Bg Rpids, Mchigan. Despite the challenges of a state
econony tied to the auto industry, the schoo survived and
prospered under Bennett’s leadership. He served Ferris
Sateinvarious admnistrative capacities inadditionto
bei ng Dean of the @llege of Qutonetry, including
Bxecutive Assistant to the Rresident in 1986-87 and M ce
President for Adnnistrative Afairs in 1987-83. He vas
president of the NMchigan Association of the Rrofessions in
1986-87 and presi dent of the Association of the Shod s
and @l leges of (utonetry in 1987-89. Wile working in
M chi gan, Bennett received the Professional Min of the
Year Anard fromthe Mchi gan Association of the
Prof essions (1983) and the Keynan Anard fromthe
M chi gan (ptonetric Associ ation (1984).

In August of 1988, Bennett returned to I ndiana
Lhiversity to serve as Dean of the Shool of Cptonetry.
This provi ded opportunities toreturnto his roots and to

Jack W Bennet t again attend | Ubasketbal | and footbal | ganes regul arly,
as vel| as to nake newcontributions to optonetry. Inthe
first issue of the Indiana Journal of (otonetry, Bennett | ooked back on the devel opnents inthe IU

Shool of (ptonetry during his years as Dean. 1 ke noted changes such as restructuring of the

facuty as auit rather inadepartnenta structure, the recognition of the need for clinica rank

facul ty, the encouragenent of practicing optonetrists to nentor bright nen and wonen of their

conmuni ties concerning optongtry as a profession, revision and expansion of the curricul um

incresses inclinca experience opportunities for students, facility upgrades, increased e ectronic
technol ogy, investnents in research, inproved relations wth a unmi, increassed activity of facuty in
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optonetric organi zations, and equi pnent i nprovenents.

During his years as Dean at |U Bennett continued teaching in the classroom |ecturing on such
topics as optonetric ethics, practice nanagenent, and optonetric history. These years saw him
recei ve Mritorious Service and Lifetine Achi evenent Anards fromthe | ndiana (otonetric
Associ ation, and he was naned a Saganore of the Wbash by | ndi ana Gvernor Fank O Bannon.
In 1998, Bennett reached the nandatory retirenent age for admnistrators at I ndiana Lhiversity.

Wen Bennett stepped down as Dean at |U he was planning to serve on the U optonetry faculty
for sone tine and then retire. These plans were put on hol d when the Lhiversity of Mssouri - S.
Loui s convi nced himto serve as the Dean of their School of ptonetry. He was Dean there from
January of 1999 to April of 2000, wen he becane ill. Hs condition rapidy worsened, and he died at
his hone in B oomngton on Aril 28 2000. Anenoria service, held My 20, 2000 at the Hrst
Lhited Mthodi st Church in B oonington, was reflective of things that nattered to Jack Bennett: one
of his nine grandchildren offering a nusical prel ude, forner optonetric coll eagues giving words of
eul ogy, and two of his four children naking touchi ng and hunorous tributes. Mnoria contributions
can be nade to the Jack W Bennett Endowed Schol arship Fund at | ndi ana Lhiversity, the Jack W
Bennett Menorial Fund at Ferris Sate Uhiversity, the Jack W Bennett Schol arship Fund at
Lhiversity of Mssouri - §. Louis, or the Geutzfel dt-Jakabd' s D sease Foundati on.

The Edi tor

Ref er ence
1 Bennett JW Reflections. Indiana J Qotom1998; 1. 2-5.

| {5~ v ( I -
Or. Grdon Heath, Dr, Jack Bennett, and Dr. DOr. Bennett hol ding the Saganore of
Henry Hfstetter, the first three Deans of the the Vdbash awarded to himat his
IU School of (ptonetry. retirenent My, 1998
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Hofile: Athu Bad ey,

fter vihat he describes as the longest hitch
hkingtripd hislife . Badey arivedin
Brkdey, Glifanatojanthe h.D
programin Fhysio ogica Qotics at the
Shod of (otonetry in 1976. ptothat point in
tine he had never net or spoken wth an
optonetrist, but as an undergraduate at the
Lhiversity of Reading, in Bngland he had

devel oped a deep interest in the hunan vi sual
systemwhi ch spurred himto pursue a research
deg ee.

H arrived in Berkel ey confident inhis omn
"perfect vision', oy tolose abet wth aather
recently arrived Ph.D student, Raynond
Appl egate, an 1U School of (ptonetry graduate
wo correctly idetified D. Badey as alatent
hyperope. Dr. Badl ey nowdescribes his
refraction as the "jock' prescription typica of one
who spent nost of his youth chasing soccer, rugby
or cricket balls vinen he shoul d have been hitting
the books.

A Brkeley, Or. Bradey studied under
nunerous |Ua umi (Drs. Tony Adans, lan Bail ey,
R chard Vand uyters, and Russ and Karen
BVl ois). He pursued his Ph.D thesis on hunan
antbl yopi a wth Ral ph Freenan in whose | ab he
al so studi ed the neurophysi o ogy of prinary visual
cortex and vision in anhl yopi a

DIr. Badey financed nest of is graduate
career by teaching virtua |y every physi d ogi cal
otics labinthe curicdum ad lectuwingat UC
Berkeley and UC Santa Quz on visual optics and
visud perception. Ater gradueting wtha Fh.D,
he worked wth the DeVAl oi's group on col or Vi si on,
after wiich hejoined the facuty of Indama
Lhiversity. Hs decisionto cone to lUwvas greatly
influenced by his contact wth nany IUa umi in
Berkel ey.

Snce arivinga 1Uin 1985, D. Badey hes
devel oped a vorl d-renown research | aboratory
studyi ng visual perception and visua optics. H
has speci al i zed i n appl yi ng the basi ¢ sci ence of
oticsadvisontoineestingcdincd prddes. It
vas this expertisethat ledto his "Gem ARy
anard fromthe American (otonetric Foundati on,
and his recruitnent onto the Federal Drug
Adnministration (FDY advisory panel on
(pht hal mc Devi ces.

Inaddition to a research career wth over 100
publications, Ir. Brad ey has continued his | ong-
standing interest in and conmatnent to teachi ng.
He teaches the nonocul ar and bi nocul ar vi sual
function courses wthinthe QD curricu um ad
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FhD

cotributes to other courses invisud optics,
contact lenses, and enviromnental optics. He aso
teaches a wde variety of courses wthin the M sua
i ences program  Hs coomitnent and expertise
have been recogni zed by the students wth a
"Pofessor of the Year” avard, and by the
Lhiversity wth two "Teachi ng Excel | ence

Recogni tion Anards".

H vas part of a special teamput together to
advi se the Departnent of Defense on the suitability
of PRKfor service personnel, and wthin the A
he has advi sed on nunerous refractive devi ces
and procedures. It is prinarily his experi ence

wthinthis environnent that pronpted himto wite
the article on refractive surgery inthe current issue
o the Indana Journdl .

Athur Bradley, Ph.D



The Changi ng Face
Surgery
by Athur Bad ey, Fh.D

he recent d versification ad availaility of
refractive surgery has initiated the nest
significant change in refractive technd ogy
since the popul arization of the contact lens
during the 1960s. Just as the contact |ens freed the
nyope fromthe spectacl e, refractive surgery nay
free the nyope fromspectacl es and contact | enses.

Inspted its coverage inthe poppda press (e g,
articles in Tine nagazi ne and Gnsuner Reports), it
is not easy to keep abreast of the data on and
changes in refractive surgery. (otonetrists are often
provi ded wth pseudo-schol arly publications that are
actud |y pronationdl literaturel publ i shed by those
narketing refractive surgery. It is this enviroment of
biased and difficut to access infarnati on, thet
notivated Or. Bradley, wo is a nentber of the FDA
oht hal mic Devi ces panel and P of essor of
Qotonetry and M sion Science at | ndi ana Lhi versity
towite a short sumary of the recent history and
new devel opnents in this fied.

Sone prominent opht hal nol ogi sts such as
George Vring 111 are concerned about the nisnatch
betveen the redity of refractive surgery and the
pronoti ondl narketing literatwe?: "the patiet nost
have realistic expectations of the procedure based on
honest conmuni cation fromthe surgeon and
professiond staff, regard ess of portraya o the
procedure in advertising and the popul ar nedi a'.

There are lingering douts about the reliability,
safety ad staility of refractive surgery. For
exanpl e, Professor of (pht hal nol ogy, Leo Maguire,
has referred to patients who have under gone
refractive surgery as the "refractive underdl ass" 3.
Aso, there are sufficient nunbers of patients
dssaisfiedinthar refractive surgery resuts thet they
have their own web page. This web page
(http://wwsurg ca eyes.org) is ful of testinonds
and even sone conput er sinul ations of post-
refracti ve surgery vision v ch are worth seei ng.

Inspite of thelingering concerns about refractive
surgery it continues to be pronoted and has becone
ared optionfor nany patients, sone of wo wll seek
advice fromtheir Qotonetrist prior to decidng on
surgery. This article is designed as an up-to-date
short reviewd this fiedto help our readers
under stand the benefits, shortconings, and possibl e
future of this approach to correcting anetropi a

1 The optonatrists rdeinlaser vision corection TG

of Refractive

Laser Bye Centers, 1999.

2 \Vdring GlIl, Riture devel opnents in LASK In:
Palikaris |, Sganos O eds. LASK Thororofare, N: Sack ,
1998: 367- 370.

3 Mguirel, Quoted in Gnsuner Reports article on
LASKtitled "Zap your nyopic eyes", June, 1999.

I ntroducti on:

Athough nest spherica refractive errors are
caused by anonal ous axia length (too longin
nyopes and too short in hyperopes), thereis along
history of correcting for this anatonncal defect by
introducing optical changes a the aterior eye. For
centuries, spectacle | enses were the only option
avail able to nake this change, but during the last ha f
of the 20th century, contact |enses becane a
convenient aternative and are currently worn by over
20 mllion Amricans. These | enses work by
changing the curvature a the air-eye interface, vhere
the refractive index difference is large and nast of the
eye' s optica power exists. Asinilar and nore
pernanent strategy is to change the curvature of the
ateria coned suface drectly.

Athough refractive surgery (Keratotony) was
pioneered during the nineteenth century, it was not
wddy avalladd e util the last quarter of the 20th
century. Several nethods for inpl enenting corneal
curvat ure changes were devel oped during the | ast
quarter of the 20th century and continue to be
devel oped today. Early nethods, eg., radia
keratotony (RQ inthe 1970's and 80's and
photorefractive keratectony (PRQ inthe 1990's, had
serious shortconings and they are now bei ng
rep aced

For exanple, RS in addition to poor
predictability, produced eyes wth unstabl e refractive
erostha varied dundly and wth atitude and on
average shifted towards hyperopia after surgery (e.g.,
adnest S0%shifted by 1 dopter). Ths atidewll
descri be sone of the nore recent surgical
approaches and in particu ar wll examne the
refracti ve success and the safety i ssues associ at ed
wth each

Refracti ve surgeries designed to reshape the
cornea can be grouped by either the site of surgica
inervention or the srgica nethod. For exanple, in
treating nyopia, R<and PRKdiffer inboth the site of
intervention and the surgical nethod. RK nakes
incisions deep into the peripheral cornea, while PK

Ind ana Ui versity Jourd o Quongtry ... Simer 2000... M. 3 M. 1... paeb
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renoves tissue fromthe anterior central cornea using
ahgrenergy Utravid et | aser.

Phot oabl at i ve Refractive Surgery

Mbst photoabl ati ve corneal reshapi ng t echni ques
enploy UB lasers, e.g., an argon fluoride exci ner
laser (A=193 nm), to produce high-energy radiation
vhich is highly absorbed by the corneal strona  This
energy is sufficient to break the chennca bonds that
formthe col | agen fibers and effectively renove this
tissue fromthe cornea.

Initial attenpts to use U/ | asers were based upon
the RKradia incision technique. Hwever, the U/
laser failed as a "knife' becasse it created wder
i nci sions than the scal pel and produced nore
signficat scars. Mre recently, the U/ exciner |aser
has been nodified to ablate stronal tissue wthinthe
optical zone and thus reshape the optical surface
directly. Two nanifestations of this approach have
been devel oped, Photorefractive Keratectony (PR
and laser insitu keratonleusis (LASK), and bath
share a conmon goal, to reshape the anterior cornea
surface by ablating stronal tissue. Hwever, the
nethods for achieving this goal are quite differen.

In FRK aterior stronal tissueis adaed after
the corneal epitheliumhas been scraped anay
(although in rare cases transepitheliad PX wvas
perforned). @ course, this nethod a so abl ates the
basenent nenbrane (Bownan’s Layer) upon whi ch
the epitheliumgrons, and thus has a nunber of
undesi rabl e conpl i cati ons associ ated wth | oss of
epthdid functionindudng suscatibility toinfection,
post-surgica pain, abnornal epithelia gromh, ad
reduced optical transparency. These problens are
nost pronounced in the period after surgery, and thus
patients did not generaly have bilatera FRS but had
tonaintain one utrested eye during the epithelia
recovery period. Inspite o this pratracted recovery
period, PRK surgery has been perforned on both
eyes si ml taneousl y.

The probl ens associ ated wth destruction of the
epi thel iumin PRK have been largely el ininated by
inplenenting a different pre-ad ation surg ca
procedure.  Instead of scraping off the epithelium a
deep cut into the stronal lanellae is nade
aproxinately parallel tothe corneal surface using a
nmcro-keratone (LASK). The cut begins tenporally
o inferiorly and cuts across the central cornea but
| eaves the nasal or superior edge uncut (the flap).
Thi s nethod produces an anterior corneal flap (70-
160 nicrons thick), which can be fol ded back to
expose the corneal stroma A thispant a
phot cabl ati ve nethod, the sane in principle to that
used in PRK is enpl oyed to renove stronal tissue
and thus reshape the corneal strona wthout
destruction or renova of the epithelium Qe the

Sunmer 2000 ...
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abationis conplete, the flap can be repositioned
over the renaining strona resulting in a cornea wth a
nostly functioning epitheli um(sone sensory nerve
danage and associ at ed corneal insensitivity occurs,
vhi ch renedi ates after about two weeks). The flapis
anonrigid structure and when repositioned its shape
is affected by the underlying stronal re-shapi ng whi ch
istransferred tothe aterior corneal surface thus
changing the optical pover of the cornea

LASKis currently the nest wdely used surgi ca
nethod for correcting refractive errors and severd
conmer ci al | asers have recei ved FDA approval .

LAS K Efi cacy

If refractive surgery is effective, the post-surd cd
refractive errors shoul d be the sane as the targeted
o intended refractive error.  The reason to use
targeted or intended instead of enmetropiais that
sonetines enmetropia is not the target. For
exanpl e, a patient nay el ect to have a snal |l anount
o myogpatoadinreadng

My studies report and pl ot the average post-

surgca refractive error, and in generd wth nore
recent techna ogy this approaches the target
indicating an al nest perfect outcone. However,
i ndi vidual eyes do not achi eve the nean post-op R,
and therefore, in order to assess efficacy, the post-
surg ca refractive errors of indvidud eyes nust be
consi der ed.

In order for the FDAto approve a photoabl ati ve
laser for LASK it nust be able to denonstrate
efficacy by having a hi gh percentage of the post-
surgical refractions wthin sone range of the i ntended
o target refraction (eg., 75%nost be wthin 1 diopter
of intended and 50%wthin 0.50 diopters). Mst
current systens achieve this goal, wth about 60-70%
of the eyes ending up wthin 0.50 Dof the target and
sonetines nore than 90%wthin 1 diopter.

However, sone studies still report |ess than 75%
wthinldote o targe.

In gererd, the aticipated residud refractive
errors increase wth the nagnitude of the pre-surgica
refractive error. However, although approxinate
emmet ropi a nay not be achi eved in sone highly
nyopi c eyes, it can be argued that converting a -10
diopter nyope into a -2 Dnyope is an effective
procedure since their levd o visud dsadility viile
ucorrected wll be greatly reduced.

It isimortat, theeefae tha paiets befuly
anare of the likdy refracti ve outcone prior to opting
for suwgery. Rdizingthet apetiet wil typcdly
expect to leave their eye-care practitioner’s office
seaing "perfectly”, clinicians counsding petients
about refractive surgery shoul d enphasi ze that this
Wil probebdy not hapgpen. Typica resuts in recent
studies i ndi cate about 80%t o 90%of patients end up



wth uncorrected VA (LOA) of 20/40 or better, and
between 40 and 70%w th 20/ 20 or better W/As.

The FDArequires a new | aser systemto denonstrate

20040 WA in at |east 85%c0f treated eyes to quaify
as effective. That is, perhaps 50%of LASK patients
wll have to tderate uncorrected \As poorer than
20020 or vear a spectacle or contact |ens to achieve
their pre-surgical VA /s nany patients wth low
level s of refractive error nowdo, these post LASK
petients wth snal | residud refractive errors generdly
choose to | eave themuncorrected naki ng the cl ear
choi ce of conveni ence over vision quality.

There is one significant conplication associ ated
wth efficacy. 9 nce photoabl ation renaoves tissue,
there wll a ways be sone wound heal i ng process,
and this can and does | ead to post-surgica refractive
instability. S nce FRKrenoved the entire epithelium
and Bowran' s | ayer, the heal ing process was very
active, and this vas the likely cause of nuch of the
post surgica instability. The reduced wound heal i ng

response experienced wth LASKresults in | ess post-

surgca instability in R, nast eyes (e.g B%
experiencing | ess than 1 diopter change during the
year post surgery. Recent protocal s have reduced
the popul ati on nean change in Rk to al nost zero.
Hovever, sone individual eyes do experience
changes during the 6 nonths post-surgery.

A though LAS K does not require conpl ete re-
grovth of the corneal epitheliumand the wound
heal ing i s reduced, recent studies have observed
increased epitheliad thickness anterior to the adlation
indcating sone epithelia response to the surgery or
the ddaion

G course, efficacy wll be conpromsed by any
change in corned structure fo | owng keratonl eusi s
o photogbl ation, and the significat reductioninthe
thickness of the renaining structural ly intact cornea
does seemto have an effect. For exanpl e, bow ng of
the posterior corneal surface has been reported and
this nay reflect structura changes caused by the
renoval of nore than 100 microns wth the kerat one
and up to 200 nicrons wth photoabl ation, reduci ng
the 500 micron thick cornea to approxi nately only
200 nechanical ly integrated nicrons. Asignificant
correl ation between bowng and residua stronal
thi ckness has been observed when the thickness is
I ess than 290 microns. The sane study concl uded
thet inaccuracies in the refractive outcone stem
prinarily froma conbi nati on of secondary bow ng
and epithelia thickness changes that devel op post-
surgcaly. Leaving less than 250 nicrons intact is
gererdly fet to be usafe

The prinary determinant of efficacy i s the anount
and spetid dstribuion o tissue ddaed Ths dten
depends upon proprietary a gorithns, which can be
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updated to inprove efficacy if a procedure has been
shown to either uder or over correct. \ery sinply, if
the pre-abl ation anterior corned curvature i s known,
the desired change i n refraction deternines the
required new curvat ure and the anount of tissue to
be renoved. S udi es have shown how nuch ti ssue
wll be adated by a given anount of |aser energy
(e.g. 0.1 mcrons can be renoved by a 50 nd/ cn2
exciner |aser pulse), but these val ues vary slightly
fromeye to eye dependi ng upon such things as
stronal hydration. A addtiond source of variability
i's eye position and eye novenents during surgery.

In response to this concern, sone | aser systens (e.g.
Autononous flying spot |aser) include an eye position
tracking systemto effectively stabilize the eye wth
respect tothe laser. This systemcorrects for any eye
novenent s during the procedure, which can last from
few seconds to 60 seconds dependi ng on the anount
o tissuetobe adaed

Qe naj or advantage of PRK over RKis that,
ulike RS it dd ot suffer fromsigificat durd
fluctueti ons or the significat hyperopic shifts
associ ated wth high altitudes that plagued RK
Recent studies by the (Bnilitary a 14,000 ft. have
confirned that LASKeyes do not suffer fromthe 1.5
diopter hyperopic shifts seenin RKeyes, but if an eye
has had LAS K recently, a hyperopic shift of about 0.5
diopters vas observed. However, after six nonths,
no such shift was observed.

S nce the nean post-LAS K Rx has approached
zero, it appears that the tissue adation dgorithng
have been optinnzed. The fact that the ngjority of
eyes do not end up enmetropic results fromthe eye-
toee variadility insuch factors as epithdid gonth
corneal bowng and reaction to the laser. Therefore,
inorder toinwove the efficacy still futher, atwo step
surgery nay have to be inpl enented. The second
adaionwll firetue the small errars | eft after the
first LASK Hwever, the second procedure is nearly
as costly as the first and reduces profit narg ns.

Such an approach is a ready used to correct "poor
outcones” after theinitial LASK procedure.

LAS K Safety

Bval uation of safety is nore conplicated than
assessi ng efficacy of refractive surgery. V& can
consi der any change to the eye whi ch conpron ses
vision as a safety prodlem There are five generd
categories of such problens followng LASK (1)
infections and patha ogy in response to the surgical
or/and abl ative procedures, (2) undesirabl e wound
heal i ng responses, (3) photoabl ative changes that
cannot be corrected wth standard spectacl e or
cotact |enses, (4) effects of the high energy laser on
other ocular tissues, and (5) optica prod ens



associ ated wth the pre-ablation surgery (e.g flap
irregdarities). Detotheinvasive reure of this
surgery, it isnat surprisingto find that prod ens
associ ated wth the flap surgery are the nost
sgificat.

1 Post-surgical pathol ogy:

The incidence of infections caused by LASKis
very low and includes becteriad keratitis due to poor
ocul ar hygi ene conti ned wth i nperfect epithelial
coverage dong the flap incision. Mtreous
henorrhage and retinal detachnents fol | ow ng
corneoscl eral perforations resuting fromthe surgica
ni cr oker at one have al so been reported, but again,
theincidence is very low(e.g., 2 eyes out of 29 916).
Qbher vitreoretind pathd oges in the post-surg ca
LASK patients were a so very rare and nay refl ect
typica level s experienced by highly nyopi c eyes.
Thi s enphasi zes that, al though LASK nay correct
the nyopic refractive errar, it does nat treat o prevent
the other probl ens associ ated wth and caused hy
increased axiad lengthinnyopic eyes. Dy eyeis a
very conmon conpl aint followng LASK possibly
due to cutting the corneal nerves and decreasing the
prinary signal that produces nornal tear levels. Dy
eye conplaints persist for along tine and individud s
wth dry eye prior to surgery shoul d be counsel ed t hat
LAS K nay exacerbate their existing problem Those
wthout dry eye shoul d be counsel ed that dry eye
conpl aints are rel atively conmon and can last for
several nonths to a year foll owng surgery.

2 Wund heal i ng response:

Dffuse inerface keratitis, wth an accuni ati on of
inflanmatory cells at the flap interface has been
observed presunabl y due to a wound heal i ng
response. Aso, unusual epithelial growth has been
observed when trauna di sl odges the flap. Recent
evi dence fromaninal studies indicates that the
hea ing process a the flap interface continues for
about 9 nonths after LAS K The consequences of
this prol onged wound heal i ng are uncl ear.

3 ptical changes uncorrectable with standard
opht hal nic | enses:

There is a genui ne concern that photoabl ative
procedures Wil resut inreduced opticd quity of the
cornea due to either aloss of transparency and
optical scatter or irregdar changes inthe shape of the
optica surface. Both of these optica changes are
uncorrectabl e wth standard spectacl e | enses.

Moerrations exist inan optica systemwhen, even
wth an opti numsphero-cylindrical correction, the
rays forming apant inage wll not focus toasinge
pont. Increased optical aberrations reported in post-
PRK and post-LASlKeyes4rmy reflect the
a gorithns used to create the ablations, but other
factors nust a so be involved. For exanpl e, nyopic

"islands" are often reported after PRK or LASK and
for sone reason these | ocal under-corrected areas
seemto disappear over tine. The cause of these
nyopi ¢ i sl ands and the nechani sns behind their
renedi ation are not vel | understood.

As a check for such detrinental changes in the
cornea, the FDArequires that post LASK VAs be
deternined wth the opti numspectacl e correction in
place (Best Spectacl e Grrected Msua Acuity:
B3A). |If an eye can no longer be corrected toits
pesugey levds o VA it islikdytha oe o bah o
the above optical changes have occurred. The FDA
requires that |ess than 5%of eyes | ase nore than 2
lines of BSO/A and | ess than 1%end up wth
BSO/A of worse than 20/40. Qne might argue that
any loss of BSOAis unacceptable since it is
essetidly an utrestade visionloss. It is, hovever,
dsappointing thet after centuries of striving to
inprove retina inage quality, we are novwllingto
accept reduced retina inage quality and significant
loss of visiondl inthe nane of conven ence.

Athough current standards tol erate reduced
retina inage quality and the current LASK protocd s
increase the ey s aberrations, the patertia is there
to reduce aberrations and actud |y inprove retina
inage quaity. Inprincip e photoad ative techn ques
can be used to correct not only the eye' s spherical
and cylindrica refractive errors but a so higher order
aberrations such as spherica aberrati on and cona,
wichlint retind inage quality inpresurgca eyes.
Aut ononous Technol ogi es is pioneering this concept,
vhi ch requi res neasurenent of the eye’s aberrations
inaddtiontothe refractive error typicaly neasured.
& expect to see this approach, referred to as
"customcorned' to develop rapidy in the next few
years. @ course, inorder tocarect for the
aberrations, they nust first be neasured. New
t echnol ogy borrowed fromastronony has been
successful |y enpl oyed to neasure ocul ar
aberrations® and these can be used to gui de
photoabl ati ve surgeries. The term"wave-gui ded
corneal surgery” was recently coined to describe this
procedure.

¥ shal | soon see if wave-guided corneal
surgery can succeed. MDonal d presented sone of
the first data earlier this year and shoved that the
increase in aberrations and thus reduction in retina
inage qual ity associated wth the standard LAS K
procedure nay not occur followng a "customcornea’
aproach.  Grrently, it is not clear howsuccessful
this approach wll be. It nay be away to naintain
oticd qeity a pesugcd levds, bu the patetid
isthere for actual inprovenent.

Athough the ablation al gorithns nay be perfect
and corneal transparency naintained, thereis
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axther factor thet Wil leedtosigificat loss o
retina inage quality in LASKo FRK Inorder to
nai ntai n a nonof ocal optical system the reshaped
cornea nust be larger than the eye' s entrance pupil .
Hwvever, there are linmts to the naxi numsi ze of the
abl ation zone because i ncreased abl ation zone si ze
requires deeper ablations. For exanple, by

i ncreasi ng the abl ati on zone from4 nmto 7 nm
approxi nat el y doubl es the necessary abl ati on depth
inthe central cornea when correcting nyopia.  Thus,
correction of large refractive errors requires nore
tissue abl ation and |l arger abl ation zones a so require
deeper ablations. For exanple, Sher cal cul ated that
300 microns of tissue woul d have to be renoved to
correct a -12 diopter nyopia over a 7 nind aneter
area.  Approxi nate corneal thinning caused by
photoabl ation for nyopiais 12, 18 and 25 mcrons
per diopter wth 5 6, and 7 nmabl ati on zones,
respectivey.

The probl ens associated wth leaving too little
attached strona after ablation are exaggerated wth
LA9 K since up to 150 nicrons of the anterior cornea
has been renoved aready inthe flap. Adlating
significant anounts of the renaining stronal tissue
nay conpromse the structural abilities of the
renaining strona and result in the observed "bow ng'
of the posterior corneal surface after surgery.

Snce there are linits to hownuch corneal tissue
can be safely renoved, ablation zone size has
typica ly been snal l er than necessary to cover the
etiredlaed pup| preset & nigt. Grret
standards try tonaintain a |east 250 nicrons of
intact strona after photoablation. Gven this type of
costrant, the phatoad ation zone size is linted.
Early PRK phot oabl ations were perforned wth 4 nm
and 5 nmzones, but the standard nowis about 6 nm
wth perhaps a 1-2 nm"transition" zone. Because
the pupil of nany young eyes wll be larger than 6
nmunder |owlight cond tions, the effective optica
systemcreating the retinal inage wll be bifocad. The
central zone Wil be near to enmetropi c and the
narginal zore near to the pre-abl ation refracti ve
eror. Athoughthis hes dvious pardlés to
sinul taneous hifocal cotact lenses or | Q@s, it is nat
an effective hifoca correction since the additional add
pover inthe periphera optics wll vary fromeye to
eye and Wil be too periphera to be effectivest high
ligt levels. This hifocal prodemcannat be corrected
wth a spectacle lens or easily corrected wth a
contact lens and hifocal optics are known to produce
signficatly reduced inage quality, hdos and g are.
Dxta over the last fewyears indicate that the
flattening of the centra cornea by LASKactud |y
| eads to steepening of the peripheral cornea
potential |y exaggerating the si nl taneous bifocal

effect for larger ppils. Aso by addng trasition
zones into the surgica procedure, adilated pupi |
produces nal tifoca opti cs.

The inpact of post-surgica sinitaneous bifocal
o nitifocal optics woud oy be nanifest a lowlight
level s, and studi es fromEurope seemto indicate that
ni ght vision can be significantly conpromsed by PR
and LASK Vsibehdos addare a night are often
reported, and they increase in frequency wth
i ncreased nyopi ¢ correction, and cases have been
reported in which post LAS K and post PRK ni ght
visionis so poor that night driving hes to be
dimnated 1t vou d be wise therefore, as Appl egate®
has been enphasi zing for nany years now to
d scourage ind vidual s wth large night-tine pupils
fromundergoing this procedure. Sl ations of these
ni ght vi sion probl ens can be visual i zed on the web at
http://www surgi cal eyes. org.

4 W danage to other ocul ar tissue:

The introduction of a highintensity U/radiation
source into the eye produces obvi ous concerns for
other ocul ar tissue since Wis known to cause
cataractogenesis and nay be a significant factor in
age rel ated nacul opathy. However, 193 nmW/
radiati on does not penetrate nore that a fewnacrons.
Thsiswyit issoéfectivea stromal adaion
5 Poblens wth the flap.

The naj or concern wth LASK stens fromthe
radi cal surgery preceding the photoad ation. The
etire aterior cornea (epitheliumand part of the
strond) is renoved across the central cornea
exposing the central strona.  Probl ens devel op due
to poor quality of the keratone bl ade, poor contrd of
the cutting speed, failure to conplete the cut, leaving
tiny netal fragnents fromthe bl ade on the flap,
deposition of other naterid (e.g, suwgcd dove
powder) wthin the wound, and novenent of the
tissue during the cut. BExpert use and nai nt enance of
the nicro-keratone i s essentia to reduce the
i nci dence of these vi si on-conpronisi ng
conpl i cati ons.

It isinportat toredizethat cuting corned tissue
requires nuch greater precision and better quality cut
surfaces than cutting tissue in other parts of the body.
Erors, such as the nicro-chatter narks seen post
LASK onthe scae of the vavel ength of light, can
becone significant. Aso, sincethe stromais
avascd ar, thereis little gyortunity for ddris to be
renoved by phagocytic inflanmatory cells. Reports
of tiny netal fragnents fromthe nicro-kerat one
bl ade, powder fromthe surgical gl oves, snall pieces
of sponge as well as corneal tissue remmants have
been seen under the flap post surgically. Al of these
reduce transparency, and can require a second
procedure in which the flap is opened up and the
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ti ssue cl eaned.

LA9K has a unique safety i ssue not present wth
other refractive surgical procedures, which stens
fromthe structural weakness of the corned flap and
its poor adhesion to the underlying cornea strona In
sone vays it is renarkabl e that the flap can
"regttach’ so essily wthout sutures. Intid
reattachnent results fromhydrostatic pressure due to
the hydrophilic nature of the inmer cornea. Rinary
"reattachnent” forces nay resut fromcapillary
surface tension. It is therefore quite easy to renave
theflgpfar addtiod paoddaion if theintid
surgery vas not as effective as desired. Hwever,
the fl ap can a so becone di sl odged acci dental ly.
Renarkably, thisis very rare, but it can and does
happen, usual ly followng sone ocul ar trauna A
notabl e concern exi sts for patients wth dry eye vho
nay experience adhesi on forces between the anterior
corneal suface adthelid This has ledto a petient
vekingtofind the flap stuck tothe lid Aso, becase
of the reduced sensitivity fdlowng surgery (sensory
nerves have been cut) the nornal feed-back that
contras corneal insult has been seriously
conpronised whi ch nust increase the chances of
el evat ed nechani cal forces on the cornea due to
tramaa lidfricion

Inadditionto flap d sp acenent, the structura
veakness of the flap and its attachnent can lead to
structural changes wthinthe flap. Swall scale
"ripdes" o "winkes" inthe flap have been reported,
as have larger folds. Haps are sonetines detached
and reattached to try and renedy flap irregu arities.
There is al so the probl emof accurately redigning the
flapadredacingit inthe correct location Hep
decentration has been reported. As with flap
wirking it wil lead toreduced qticd qHity.

The final conplication associated wth the flap
surgery stens fromthe pre-incision protocd . In order
for the keratone to nake a preci se cut, the cornea
tissue nust be held firnhy by a vacuumring. During
this procedure, the intraocu ar pressure spikes to
above 60 nrmof Hy. There is sone concern that this
I@Pspke particdarlyif it isnainaned fo nore then
a fewseconds, can lead to retina danage. Suction
duration depends upon the speed of the procedure
ad canvary sigificatly (eg, from6to &
seconds). Changes in retina bl ood flowand vi sual
function fdlowng this transient e evated | QP have
been reported. Inaddtiontothe IQPsp ke, thereis
sone gl obe defornati on associ ated wth the vacuum
rirg

I'n the Mrch 2000 i ssue of B ophotoni cs
Internati onal, a newtechnol ogy for producing the flap
wthout a nicro-keratone was described. A group at
the Lhiversity of Mchigan are developing an infra-red
laser to nake the flgp. This device uses ahighy
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convergent |aser beamwth very high energy per
square cmat its focd plane wth sufficient energy to
break the cdlagen fibers. By placing the foca plane
wthin the strona and scanni ng across the eye, the
anterior cornea can be detached fromthe renai ning
posterior strona and a flap produced. The
advantages are that it requires no nechanica shear
forces, which tend to nove and distort the cornea and
lead to variabl e fl gp thickness wth nicro-kerat ones.
Aso, by opticaly adusting the laser foca pane the
flap depth can be varied across the cornea and fl aps
w th bevel ed edges can be produced. The
technol ogy is undergoing trias in Europe and nay be
inroduced late in 2000 inthe L& Interestingy for
optonetry, this devi ce renoves the necessity for
cuting tissue wth ablade, or tradtiond surgery, ad
nay, inthe classica sense, nake LASK a non
surgi cal procedure.

LASI K Summary

The overall picture energing fromthe LASK
litaeaueindcaestha it isalagdy safe ad
effective treatnent for nyopia hyperopia and
astignatism Hwever, LASKis not risk free, and
wth curent techndogy find vision ity wil
probdly be sligtly inferiar topresurgca vision
Nghtt vision nay be significantly inpaired. There are
nany stories of post-PRK and post-LAS K patients
having to nodi fy their night driving behavi or because
o seriosly reduced visionat nigt. For the patien,
the very snal | risk of serious conplications and the
likdy snall reductioninvisionad nigt driving
probl ens nust be bal anced agai nst the obvi ous
conveni ence of never having to worry about contact
lenses or spectacles. Rerhaps nore significantly,
highy nyopic patients wll rever have to suffer the
serious handi cap that exists when their high nyopi a
is uncorected For nany patients, particuarly those
who are seriously handi capped by their nyopia, and
those for whomhighest quality visionis not required,
this nay be the surgical treatnent of choice a this
tine. Hwever, it isinperativetha dl patients are
nade avare of the risks, particuarly the conmonly
occurring reduced qual ity of vision and night driving
probl ens.

Ther noker at opl asty

Inadd tion to the photoadl ati ve use of short
vavel ength W/ lasers, cornea irradiation using | ong
vavel ength (1.5 - 2.0 nicron) |asers has been
devel oped to create thernal |y induced changes in the
corneal strona. This nethod, Laser
Ther noker at opl asty (LTK), has sone obvi ous
padlestorada keratotony, andit is sonetines
referred to as radid thernokeratopl asty. UWlike RS
whi ch treated nyopi a by introduci ng deep incisions to



allowthe periphera cornea to stretch and thus reduce
central corneal curvature, LTK causes periphera
corneal shrinkage due to thernal |y i nduced shrinkage
of individud colagenfibers. Thus, LTK hes the
opposi te effect on the periphera cornea, and therefore
i nduces nyopi c shiftsinthe centrd cornea. It has
been suggested and actual |y tested as a treatnent for
hyperopia (either naturally occurring or secondary to
over-correction by FRK o LASK), but it isstill inthe
investigational stage and has not recei ved FDA
approval . There are naj or concerns about its ability to
produce a stabl e refractive change since large
regressions occur. A'so, unlike photoabl ative
techni ques whi ch cal cul ate the desired tissue to be
renoved, LTK nust rely on enpirical |y deternined
nonograns. Fredictability wth this approach has not
been establ i shed and dosi netry studi es continue to
exanine the i npact of wavel ength, tenperature,
peretration of the rad ation, beamprdfile, and spetid
pattern ad duration of radation. Thereis dso
concern that the thernal effects cannot be confined to
the strona, and danage to the epitheliumand

endot hel i umnay occur.

Surgical Inplants

In addition to the nethods just described in wvhich
the cornea i s reshaped by renovi ng tissue or
reshapi ng the cornea, two new surgical approaches
are being devel oped that insert foreign bodies intothe
eye. Thefirst inserts aring deep into the peripherd
corneal stroma and the second invol ves inpl anting an
intraocu ar lens (IQ) into a phakic anetropi c eye.
1 Intrastromal Qorneal R ngs

Just as RK and LTK change the curvature of the
central cornea by changing the structure of the
periphera cornea, intrastronal corned rings (IR o
intrastronal corneal ring segnents (1GR9 are inserted
intothe peripheral corneatotreat nyopia Thering or
ring segnents are inserted through a snall incision
and threaded circunfierentia ly into the deep stronal
lanel | ae. The structural changes that are produced
translate into curvature changes in the central cornea
Inserting PMMA annul ar rings into the deep stronal
lanel | ae of the corneal periphery changes the a ready
proate eliptica corneainto an even nore pra ae
cornea, reducing the overall cornea curvature and
thus producing a hyperopic shift. Sudes ind cate that
nyopia of up3or 4diopters canbe treated wth this
nethod. The biggest advantage of this approach is
thet, ulike AKX Ko LASK it islagdy revarsibe
by sinply renoving the ring (segnents). Thicker rings
(0.45 nmdi aneter) introduce | arge changes and thus
can correct for nore nyopia while thinner rings (0.25
nm are used to correct |over levels of nyopia
BSCVAs seemto renai n high and thus the net hod

nust not introduce |arge anounts of aberrations or
turbidity inthe centra cornea. There is sone concern
thet sigificat refrative imstaility edsts wththis
nethod including durnal variations. Reriphera
corneal haze, snall |anellae deposits adjacent to the
ring, deep stronal neovascu arization, and pannus are
also associ ated wth thering insertions. QGrrently the
FDA has approved one | R (Keravision's Intacs).

2 Phakic Intraocul ar Lenses

Ul i ke the previous nethods, which all required
the devel opnrent of newtechnol ogy, 1Q inplantation
has a long and successful history as a treatnent for
cataract. The najor difference wth phakic 1Q
ingataionistha thernatud lesislet inpace
The gererd principle of using an I to correct for
anetropi a has of course been part of the typica
cataract lens repl acenent regine for nany years. By
nani pul ating the curvature, refractive i ndex and
thickness of an1Q, sigificat refractive errors can be
corrected by the cataract surgery.

Aphekic I (FQ) isplacedinether the aterior
or the posterior chaner and anchored in a sinilar
vay to that of traditiona 1Qs. AQs are nade of
flexible naterid s such a silicone and hydrogel -
col | agen, and can be anchored wth nyl on haptics or
other nechani cal anchors. The anterior chaner
P Qs typicaly anchor in the ang e betveen the
cornea and iris while posterior chanber A Qs anchor
around the zonu es. Qe beneficia effect of
transferring the nyopi c correction fromthe spectacl e
totheirispaeistha there wll be sigificat inage
nagni fication which is responsibl e for the observed
i nprovenents in VA after this procedure.

The prinary concerns wth phakic Qs stemfrom
the intrusive nature of the surgery in an eye that does
not need to be opened and the introduction of a
foreign body into the eye. For exanple, the
acceptably lowlevel s of conplications associ ated wth
cataract surgery nay be unacceptably high for phakic
IQ refractive surgeries. Aso, recurring problens wth
lenticular and corneal physiol ogy, the devel opnent of
cataracts, and reduced endothelia cell counts cast
dount on the acceptadility of this approach for routine
refractive surgery.

The efficacy of this approach hinges on the
application of thick lens optics and accurate bi onetric
dtaonthe eye. Thereis still sone ucertainty in
calcuating the required A Q pover and therefore the
post surgica refractions are not very accurate wth
residud errors of upto 6 diopters. These i naccuraci es
are, of course, afected by the precise position of the
lensinthe eye, and this can vary significatly fromeye
to ee

There are two prinary safety issues that continue
to conpromise this approach. FHrst, posterior chanter
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A Qs that aretypicdly incotact wth both the |l ens
adtheiris, routindy lead to cataract devel opnent.

I nci dence rates of up to 80%bhave been reported, but
other stud es report zero inci dence of cataract.
Anterior chanber PQs seemto |ead to reduced
endothelia cell counts and thus conpronise the
physi ol ogy of the cornea, and in sone cases (20%of
eyes in one study) have lead to the surgica renova
of the AAQ. Aso, the posterior chanber A Qs push
theiris forvard and thus | ead to reduced anterior
chanber depth (and vol une) and narrower angl es
wth the associ ated €l evat ed chance of angl e cl osure
g aucona. Aso, oval pupils and gl are probl ens have
been reported fol l owng i nsertion of anterior chanter
P Qs.

The naj or advantage of this approach over the
corneal reshapi ng techni ques described previously is
that it can corect for very large refractive errars, ad
has been used to correct eyes wth up to -30 D of
nyopi a and +10 of hyperopia. Qne interesting
conbi nati on therapy for the very high nyopes has
been toinplant a AQ to correct nost of the nyopia
and then use the nore predictable LASKto further
reduce the nyopi a towards enmetropi a.

Qe solution to the cataract devel opnent
conpl i cati on associ ated wth posterior chanter
AQsistorenove the natural lens and replace it
wthoe that wil carect the refractive erar.

P Qs have not recei ved FDA approval al t hough
several are inthe last phases of FDA approved
dind trids

Sunmmary:

Refractive surgery has been wdely avail abl e for
about three decades now and it has undergone nany
transfornations. Qeral, the newer techni ques have
inproved accuracy, stability and reiadility, but
cotinue to be plagued by bidogica variadlity | ead ng
tosnall errorsincorrection.  Athough serious
problens rarely occur wth PRK or LAS K ninor
probl ens associ ated wth reduced optical quality are
routi nely produced. Bye care practitioners shoul d
advise petients of the snall risks of serious
conpli cations and the high risk of slight daytine
vi si on probl ens and passi bl e serious night driving
probl ens. These risks nust be bal anced wth the
trenendous i ncrease in conveni ence of reduci ng or
el imnating dependence on spectacl e or cont act
| enses.

The costs associ ated wth exciner |asers and the
inperfect results observed wth PRK and LASK are
the prinary driving forces behind the conti nued
devel opnent of novel refractive surgical techni ques
and products, and we can expect to see nore
devel oped in the future.
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Post - scri pt

Mst of the infornation reported inthis review
article cones directly fromthe prinary literaure.
Refractive surgery has praiferated a | arge nuner of
publications. For exanple, 330 articles vere
publ i shed on LASKduring the last five years. | used
over 50 such articles identified by searching through
the National Library of Mdicine's MELI NE system
towitethisatide | havenat induded dl o these
citations, but a conprehensive bibliography on these
topics can be | ocated at
http: //wwy ncbi . nl mni h. gov/ RubMed/ si npl y by
searching for FRK LASK HQs, etc. Aso, the year
2000 abstract listings fromthe annual neeting of the
Associ ation for Research in Msion and
Opht hal nol ogy (AR proved to be a val uabl e
resource (http://ww arvo.org).
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The (ptical Stience Lhderlying the
Quantification of Gxneal Gntour: A
Shot Hstory of Keratoscopy and | ndi ana

Lhi versity Gntri but
Cavid Gss, QDO, Ph.D and

he Indi ana Lhiversity Shod of

the quantification of cornea cotour.
The first |lUgraduate student to earn a
Fh.D degree in physio ogical optics, Robert B
Mindel |, didhis dssertation research on
instrunentation and neasurenent of corneal
topography. In 1962, Mndell conpl eted his
Fh.D thesis, "Mrphonetry of the
Hinan Gornea.” Mindel | has gone
onto publish nateria on corneal

t opography in books and j ournal s. t
3 1n19%1 at 1U John R Levene
conpl eted an MS thesis entitled
"An Bval uation of the Hand

Ker at oscope as a D agnostic :
Instrunent for Qrneal Astignatism” B
In 1965, Levene published the
defintive vork onthe histay of the
i nverti on of keratoscopy.4 Sudi es
on corneal contour by |U optonetry

utonetry has been active for a nuniber
of years inthe optical science underlying

| ONS
Caniel Gerstnan, QD, MS

petient care ad dinica research 10-14 |y
faculty have a so witten book chapters on
keratosco%y procedures and corneal topography
adysis. 116 TomSamon, a 1999 1U Ph. D
graduat e, used vi deoker at oscopy and ot her

i nstrunentation to anal yze the contributi ons of
the cornea to the aberrations of the eye,
cudnmnainginhis Ph D dssertation entitled
"Qrnea Qntribution to the Vevefront
Aoerration of the Be'. Recent
instrunent ati on obtai ned by 1U
includes the Qhbtek, Inc., @bscan,
which yields anterior corneal surface
contour neasures, corneal thickness
- I naps, and back surface curvature
esti nat es.

| Avaiety of factors influenced the
sigificat ganinpopdaity o

phot oker at oscopy and

vi deoker at oscopy in the 1980s and
1990s. onputers have nade the
anal ysi s of keratoscopy i nages qui ck

facu ty i ncl ude a suj ective
eval uation of keratoscopyinages.5
The I ndi ana Lhiversity Shod of
(ptonetry got involved early in
vi deoker at oscopy when it obtai ned a
Qrneal Mdeling Systemin the late
1980s. Rurchaese of this
vi deoker at oscopi ¢ systemwas nade
possibl e by a grant of $89,900 to
Ds. Dan Gerstnan, Gordon Heat h,
Doug Horner, and Sarita Soni from
the I ndi ana Li ons Bye Bark, Inc. ©
The Qorneal Mbdeling System
captures light infornation refl ected
fromthe cornea in the formof
cocertric rings, addgdtizesths
infornation to produce a co or nap of corneal
doptric pover, thus providing aloca rad us of
cuvaue
I ndi ana Lhiversity faculty nenbers have
phishredonrdiadlity, vdidty, ad
nat henati cal anal ysi s in kerat oscopy, -9 as
vel | as on applications of videokeratascopy in

David A (oss

Daniel R Gerstnman

and sinple, thus alowng the use of
corneal topography neasurenents
for nonitoring keratoconus and
various other corneal conditions in a
tinely fashion. Qrneal topography
has al so been used extensively to
study the effects of orthokeratd ogy
ad keratorefractive surgery. Wiileit
nay seemthat photokeratoscopy is a
recent devel opnent, the Siedi sh
ophthal nol ogi st, Alvar Gillstrand
(1862-1930) wvorked out the optica
concepts of phot oker at oscopy over a
hundred years ago.

Keratoscopy has its roots inthe
devel opnent of keratonetry.
Keratonetry is based onthe principle that the
radius of curvature of a convex surface is
proportional to the size of aninage refl ected
fromthat suface It gopears thet thisprincipe
vas first applied in 1619 when Qi stoph
Shei ner neasured the radi us of curvature of
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the anterior corneal surface by conparing the
sizes of inages reflected fromthe cornea to

i nages reflectedfromglass bal I's of known
radus. 1718 The first keratoneter was
constructed by Jesse Ransden, an instrunent
naker, in 1769. 19 Sbsequently, in the md 19%th
century, Hernann von Hel ninol tz i nproved on
Ransden’ s desi gn and nade a kerat oneter (or
ophthal noneter as it was called then) that was
simlar to the nanual keratoneters of today.
Wereas the optical ly centered kerat onet er
predicts the radius of curvature across a span of
about 3 nmrelying onjust four localized points
(two per neridian), the centered kerat oscope
provi des an assessnent of al nost the entire
corned surface, utilizing thousands of |ocaized
points refl ected fromthe cornea and anal yzed for
nost al nerid ans.

Levene? i dentified Eng ish physician Hery
@ode as the
first to nake a
ker at oscope.
@ode reflected
a square obj ect
fromthe
patient’s cornea
and vi ened the
reflection from
the side of the
ker at oscope
target. Goode
vas i nfl uenced
by George
Bddl Arys
description of
astignatism
and in 1847
Gode reported
onhs

noder n corneal topographers wth the target
dtenreferredtoas a A dos dsc. Fench
ophthal nol ogi st Bnil e Javal was the first to
suggest using auxiliary | enses to nagnify the
kerat oscope inage. Javal ta ked about attaching
a paper dsc wth concentric circles either to an
opht hal nescope al ong wth a plus lens, or to the
Javal - Schi otz opht hal nonet er (keratoneter), or
to a photographic system Javal was the first to
use a kerat oscope to eval uate a corneal di sease,
when he exanined an eye wth kerat oconus.

Q@i lstrand s contribution cane in 18% in
being the first tod%cnbethena!thematlcal
anal ysi s of fhotokeratoscopy Ludl am and
Wt t enber g, their 1966 transl ati on and notes
on Gl I strand' s phot o- kerat oscopy system
observed sone faults in Gl lstrand s vork, but
staedthat Gilstrads"...vark still stands as the
best in photo—keratoscopy. Little has been done
si nce then
whi ch
appr oaches
the irsigts
offered by
Gilstrad.."
Today
conput eri zed
phot o-
ker at oscopy
and vi deo-
ker at oscopy
uni ts have
prograns to
cacu ae
vari ous

t opogr aphy.
Gl I'strand had

observations of @ullstrand s phot okerat oscopy apparatus, Today s vi deokerat oscopes @l ready

.M.3 M1

sone eyes Wth look alittle different! (Used by pernission from Gillstrand A vorked out a

astignatism Phot ogr aphi c- opht hal nonetri ¢ and clinical investigations of corneal systemfor

wing his refraction, translated by Lud amW/], wth appendi x notes by these

ker at oscope. Wttenberg S Anerican Journal of Qptonetry and Archives of the cdedaiosin
By studying Anmerican Acadeny of (ptonetry, 43(3): 143-214. ©The Anerican 18%. But

publ i cati ons Acadeny of (ptonetry, 1966. wthout rapid

ad | etersto cd cu aion

the editor in 1%th century journa s, Levene4
concl uded that the Rortuguese oculi st Attonio
A /&i do i ndependent |y rei nvented a hand
kerat oscope in 1880, and a so invented the
phot oker at oscope in 1830. H A&ido' s

ker at oscope had bl ack and white concentric
circlesadaviewng tube inthe center of the
kerat oscope used for aigmnent. Hs pattern of
aternating back and vihite rings is used in

the typicd ophtha nc practice.

IdaaJourd o QEAETY ..o

capability as is nade possi bl e today wth
conputers, Gillstrand recogni zed that the
necessary cal cul ations woul d be too tedious for
I'nta ki ng about
neasurenents of the cornea in his appendi ces
to Hlnmodtz's Treati se on Physio ogica (otics
pudished in 1909, Gillstrand stated: " The only
vay to do this, wen the probl emconsists in
ascertanngtheradi a dfferet pontsinone



and the sane principa section, is by

phot ographi ng the refl ex i nage in the cornea.
Such neasurenents, it nust be admitted, take

nuch tine and require special apparatus nade

for the purpose. Gnsequently, they are not
sutabefo the generd run of practice, but on
the other hand they give a resultant accuracy
that previously cou d not be obta ned in any
ot her V\ay."21

@il I strand’ s phot oker at oscope target was a
series of paired cocetric circles. Exchcirde
hed another paired circle very close to it wth a
thin dark line between them To neasure radii
o cuvatueinthe horizota and vertica

neridians, Gilstrand noved a microscope over

the phot ographic plates by neans of a screw
nechani sm A "di vi di ng engi ne" 22
deternmine the anount of novenent of the
ncroscope after it had been noved to adign a
cross har inthe ocuar wth the dark line
betveen the paired vhite circles. These
neasur enent s were converted into radii of
curvature and then into d optric povers. Inhis
1896 paper, Gillstrand gives an exanple of a
phot ograph taken and anal yzed in 1893. He
presented an x,y coordinate plat of doptric
pover as a function of degrees of eccertricity.

This kind of plot had been produced previ ousl y

wth peripheral ophthal nonetry (keratonetry),
but G| strand appears to have nade the first
such pl ot using kerat oscopy. Athough today' s
keratoscopy is often thought of as a recent
devel opnent, Qul I strand had worked out nany
of the necessary details over a hundred years
ago.

Ferhaps because of the lack of rapid
cal cul ati on net hodol ogy for the extensive

conputations and/or Qi I strand' s statenent that

phot oker at oscopy neasurenents "..are not
sutaddefa the gerd rind practice..,” little
work seens to have been done inthis areain

the first coupl e decades of the tventieth century.

It appears that the first comercia device for

phot oker at oscopy was nanuf actured by Zeiss in
the 1930s. 23:24 The Zeiss i nstrunent hed a flat
target so curvature of fied woud have affected

peripheral neasurenents. Zeiss did not resune

nanufacture of the instrunent after Varld Ver
IL

The next commercial ly avail abl e device for
phot oker at oscopy was the Vsl ey- Jessen
Phot o-H ectroni ¢ Kerat oscope or PEK 25,26 4
was devel oped i n the 1950s, and was

nanuf actured for about 20 years. Because the

target rings wereonandlipicd bow, there

vere less curvature of fied defects than wth the

.......................................................... Idam Jourrd o Qiaetry ... Smar 2000... M. 3 M 1. pee 15

was used to

Zeiss instrunent. Vsl ey-Jessen narketed the
FKas anaidto cotact lens fitting. The
practitioner took the keratoscope picture and
nailed it to Vsl ey-Jessen. Vsl ey- Jessen
sent back an anal ysis of the corneal topography
and suggested the appropriate contact |ens
paraneters. A though possibly nore accurate
than the Zeiss instrunent, the FEK did not
achi eve w de accept ance.

Fol lowng the FEK various photo-
ker at oscopes were avail abl e, including the
@orneascope and the N dek Photo-

Alvar Gillstrand (1862-1930) was w nner of
the Nobel Prize in physiology or nedicine in
1911. He nade nmany contributions to the
know edge of optics of the eye and | enses
and to instrunentation for ophthal nic
clinica practice. This nedal, fromthe
collection of Jay M Gl st, was struck by Bik
Li ndberg in 1935 for the Royal Siedish
Acadeny of Science. (photo courtesy of Jay
M Gl st)

ker at oscope. 15,27 The cor neascope was
narketed initidly by Internationd D agnostics
Instrunents and later by Kera Qrporation. The
practitioner coul d anal yze phot oker at ogr ans
takeninthe office wthadevice cdled a

Gonpar at or . 28,29 Tne Qnparator is an opti cal
nagni fier wth variabl e nagnification. The
Qonpar at or projects the orneascope

kerat ogramonto a screen and al | ows the
practitioner to conpare the phot okerat ogram
ringstoacdilraed set o concertric rings.

Rdii of curvature at various points onthe
phot ogr aph can be deternined by varying the
nagni fication to natch the photograph ring size
to the ring size on the conpari son pettern.



The next devel opnents focused on repl aci ng
phot ographs wth conput er scanni ng devi ces
coupl ed wth video technd ogy. It appears that
the first conputerized vi deokerat oscope was the
Gorneal Mbdel i ng System by Gonput ed
Anat ony. 16,30 |t vas this imstrunert thet was
obtai ned by Indi ana Lhiversity Shoal of
(ptonetry inthe late 1980s. [Unowhas the
newer generations of this and other
Vi deokerat oscopi ¢ instrunents. There are a
nunber of vi deoker at oscopes now on t he
narket. Nst use the Racido pattern for the
obj ect and an i nage anal ysi s systemsinlar to
that of @ilstrands. BEven though conputer
technol ogy has al | oned kerat oscopy to becone
nore wdely accepted and nore clinically
friendy, the basic princip es underlying the new
technol ogy are the sane as those articul ated by
Gl lstrand. Gl strand s approach devel oped
over a hundred years agois finaly being
incorporated into "the genera run of practice ™
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Aticle o Interest: Pogressive Addition
Lenses for Mopia Gontrol

Reviewby David A ss, QD, Fh.D

Leung JTM Brown B Progressi on of nyopia in Hng Kong hi nese school children is sl owed by wearing

progressive | enses. tomM s i 1999; 76(6): 346- 354

ecades of research on chil dhood nyopi a
progression still haven't yiel ded any
definitive answers on how progressi on rates
can consi stently be contro led.  Hwever, it
iswddy accepted that nearvork plays ardein
nyopi a devel opnent, as evi denced by the
recent publication of two books on the

rel ationship of nyopia and nearvork. 12
Laboratory studies wth ani nal s have shown
that nyopi a can be induced by the defocus of
retind inagery. 36 The physidogica correl ate
in hunans to these anina nodel s of def ocus-

i nduced nyopi a nay be large | ag of
accomnmodat i on during nearwork. Mopic
children and young adul ts tend to have | ovner
acconmodat i ve response | evel s than

enmet ropes and hyper opes. 1278 |f defocus
associ ated wth high acconmodative |ag plays a
roeinthe etioogy of hunan nyopia, then the
prescription of added plus for near becones a
| ogical approach to nyopi a contra .

A recent paper by Leung and B oan® reports
progressi ve addition | enses to have a significant
effect in reducing chil dhood nyopi a progressi on
rates. The study was conducted at The Hong
Kong Pol ytechnic Lhiversity Qotonetry Ginic
vhere potentia subjects were sel ected by
reviewd theclincrecords. Siject incusion
criteriawere ninetotweve years of age, oneto
five dopters of nyopia, astignati smless than or
equal to 1.50 O anisonetropia less than or
equa to 1250 intraocu ar pressure | ess than
20 nmHy, nonocul ar visual acuities better than
&9, stereoacuity better than 100 seconds of arc,
and nyopi a progressi on greater than -0.4
diopters per year. None of the subjects had
strabisnus or had a correction for |arge phorias.
Al subects vwore spectacl es prior to the study.
Seventy-ni ne subj ects started the study, and 638
conpl eted the ful two years of the study.
bj ects were exanined at six nonth interva s
during the investigation

The contra group wore singl e vision spectacl e
lenses. There were two progressi ve addition
lens treatnent groups: one wth +1.50 Dreadi ng
addi tions and one wth +2.00 Dreadi ng
additions. Suyects were advised to wear their

o asses full-tine. \Wen subjects had a change
inspherica equiva et refractionof 0.37 Do
greater, they recei ved newlenses wth the new
prescription. The examner was not nasked to
the treatnent group or to the previous
prescription

S udy F ndi ngs

Refractive error neasurenents were nade by
nani fest subjective refraction, and the right eye
spherical equiva ent vas used for andysis. The
nean increase in nyopiaintw years for the
single vision | ens vearing contra group vas -
1.23 D(n=32, 930.51). The subj ects who
wore +1.50 D adds had a nean change in
refractive error of -0.76 D (n=22, $30.43).
This vas significantly different fromthe nean
change for the contra group (p=0.0007). The
subj ects wth the +2.00 Dadd treatnent had a
nean two year progression of nyopia equal to -
0.66 D (n=14; S30.44). This was al so
signficatly dfferent fromthe nean for the
control group (p=0.0007). The neans for the
+1.50 D and +2.00 D add groups were not
sigificatly dfferet (p=0 505).

The depth of the vitreous chanter was
neasured by ul trasonography. The
enl argenent of eyes of control group subj ects
was greater than that for subjects wo wore
progressi ve addition | enses. The nean
increases in vitreous chanter depth were 0.63
nm(SD-0.40) in the single vision |l ens group,
0.46 nm(SD=0.34) for the +1.50 D add group,
and 0.41 nm(SD=0.41) in the group wearing
+2.00 D adds.

Comment s

This appears to be the first published paper
on the use of progressive addition | enses for
sl ow ng chi | dnood nyopi a progression. Inthe
extensive literature on bifocal s for nyopi a
control, study outcones have been variabl e.
Qe cosistert resut infour studesistha

nean progressi on rates were about 0.2 diopters
per year less wth bifocds than wth sing e vision
lenses in children wth esophoria at near on the
von Gaefe test. 1011 Porias vere nat reported
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inths peper.

The examner was not nasked to subj ect
trestnent group inthis study, soit codd be
argued that inadvertent exanminer bias could
have affected the refractive error resuts.
However, the vitreous depth increases showthe
sane trend of |ess change in the progressive
addi tion lens groups than in the sing e vision
I ens group.

The anount of reduction in nyopi a
progression rates wth progressives inthis study
(about a quarter dopter per year) is geater than
that found innost of the bifoca stud es wthout
dvision by poria status. 1011 1t s unknown
whether this was due to the popul ation studied
or unrecogni zed vari abl es or whet her
progressi ves nay be nore effective in nyopi a
cotrol than bifocals. Qe possibl e advant age
of progessive addtionlesesinthisregadis
that parents nay nore readily accept
progressi ves than bifocals. Mbst chil dren adapt
successful |y to progressi ve addi tion | enses.

Nearpai nt pl us can be beneficia in non
presbyopes wth conditions such as
conver gence excess and acconmodat i ve
insufficiency. This study suggests that
nearpoint plus inthe formof progressive
addi tion lenses can al so be useful in nyopia
aatrd.
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News fromthe U

School of (ptonetry

D. Mctor Milinovsky recently recei ved
the Ind ana Lhiversity's President’s Anard for
Excel | ence i n Teachi ng during the Founder’s Day
cerenony. He was the only recipient fromthe
B oomington canpus. This is a very conpetitive
Lhi versity systemavard and the first tine that
an (ptonetry School faculty nenfer has
received it. TreavadisatribietoD.

Ml i novsky' s nany years of hard work in the
cl assroom his devel opnent of the ocul ar
dsesseclinc adhsnetiod reputaionin
prof essi onal conti nui ng educat i on.

.

U.S. Surgeon General David Satcher, Dr.Nrma
Bowyer, HHS Secretary Donna Shalala, and Dr. Ed
Marshall.

D. & Mrshall was recently chosen by the

US Ruiic Halth Service to receive the
prestigious 2000 Frinary Gre Policy Fellow He
is oneof 32individuds fromaround the country
and vorld chosen for this fellosship. Thisis a
very conpetitive process and Or. Mrshall is the
second optonetrist to ever be chosen for this
progpam Thisis agea honor for him the
School of ptonetry, and the optonetry
profession. The programbrings together a nulti-
disciplinary group of prinary health care | eaders
to work with top governnent, congressional, and
private sectar health care officias in Veshi ngton,
DC D. Mrshal wll be naking a nuner of
additiona visits to Véshington in conjunction
wth this program

D. Sarita Soni vas recently appointed to
the National Advisory Bre Guncil. This group
advi ses the Secretary of Health and Hinan
Srvices; the Drector, NH and the Drector,
NH, ondl pdicies ad activities rdaingtothe
conduct and support of vision research, research
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traning, facilities deve opnent, and ather
prograns o the Institue

Thonas Stickel , afourth year optonetry
student, was
recently naned
aredpet o the
I ndi ana
Lhi versity John
H Edwards
Fel | ovshi p.
There were only
fiverecdpgets

o] | ndi ana
Lhiversity. The
anount of the
fel | onshi p vas
approxi nat el y
$14,000. Tom
al so ves recently
naned the Chancel l or’s Schol ar fromthe School
of Qutonetry.
R e

i

Tom Si ceI

Ty ik o .. o |
i Sl e L bl

The Famly Health Genter of Gark Qunty, IN site
of the optonetry examroomfunded by Dr.
Mrshall s grant.

D. B Mrshall recently received a
$99, 000 grant fromthe Indiana Sate Depart nent
of Health under the Rreventive Health and Heal th
Services Bock Gant program  The application
is to equip an exanmnati on roomin the Famly
Health Gnter of Gark Gunty, the Patoka
Fanmily Heal thcare Genter in Gaword Gounty,
and the Mrtin Gunty Health Ginic in Shoa s.
These facilities target the under-served, | ow
i ncone resi dents.



Dr. Doug Horner vas aninvited lecturer a
the BP Koviala Lions Gentre for Qpthal nic
Sudies’ optonetry programin Kat hnandu,

Nepal recently. Sncethelibrary a the Grtre
hed very fewoptonetric publications, the facuty
of TUShool of (ptonetry, under Or. Horner’s
gui dance, is nowcontributing publications tothe
Cntre in Nepal .

M officia ribbon cutting cerenony was
hel d on Mrch 8 at the opening of the new
Indana Lhiversity optonetry clinic a the
Hospital General in Guanaj uato, Mxico. The
event was presided over by Ms. Mria Esther
Montes de Mirtin, President of the Depart nent
of Infants and Fanly (O F); Professor Mrtha
Aguilar Gnez, Drector Gneral of OF and D.
Cxrlos Tena Tanayo, Secretary of Health.

Ms. Mria Esther Mntes de Mrtin, President of
OF and . Carlos Tena Tanayo, Quanajuatos
Secretary of Health and Mdical DOrector of OF
cut the ribbon to the new Bje Gare Genter in
Quanaj uat o.

Representing the 1U School of (ptonetry at the
cerenony were Dr. Gyndee Foster wois the
faculty nenter in charge of theclinic, ad D.
Doug Horner, who has been instrunental in
estddisimgthedinc. Thsdincwll bea
raationsite for fourth year interns fromlind ana
Lhiversity as well as for interns fromThe Qi o
Sate Lhversity.

Ors. Joe Bonanno, Susana Chung, and
Larry Thi bos were recipients of sizeabl e grants
fromNttiond Institue of Heth (NH recently.

Drs. Jerry Lowther and Sarita Soni
lectured at the Anerican Acadeny of (ptonetry
International neeting in Mdrid, Seinin Axil.

D. Srita Sni wll preset a the Bsila
200 Presbyopi a Gnference in Portugal n June
and dso a the International Society of Contact
Lens Secialists neeting in Sntzerland in
Sept enber .

Approxinately 30 of our faculty and
students presented papers, posters, and
continuing education at the Anerican Acadeny
of utonetry in Seattle this past Decenber. In
adtion O. SwritaSni and Dr. Jerry
Lowt her served on the Executive Quncil, D.
Vi ¢ Ml i novsky was the chairperson of the
Hlerbrock Gntinuing Education program and
Dr. Larry Thibos was in charge of the A0 web
site. Indama Uhversity vas, indeed, vel
represented at the AAQ

Approxinately 20 of our faculty and
students wll present papers and posters at the
Associ ation for Research in Msion and
(pht hal nol ogy (AR annual neeting in Fort
Lauderdd e the end of Auil.
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Hospital General, Guanaj uato, Mexi co where our Bye clinic is | ocated.



Nn-Rdfit Qg
US Postage
PAI D
B oon ngt on,
IN
| ndi ana Journal of (ptonetry Permt #2
I ndi ana Uhiversity School of (ptonetry

800 East Atwater Avenue
B oom ngton, | N47405




