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Corneal Healing After Riboflavin Ultraviolet-A Collagen
Cross-Linking Determined by Confocal Laser Scanning

Microscopy In Vivo: Early and Late Modifications

COSIMO MAZZOTTA, CLAUDIO TRAVERSI, STEFANO BAIOCCHI, ORSOLA CAPOROSSI,

CRISTINA BOVONE, MARIA CATERINA SPARANO, ANGELO BALESTRAZZI, AND ALDO CAPOROSSI
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 PURPOSE: To assess early and late micromorphological
odifications of cross-linked corneas in vivo by means of
eidelberg Retinal Tomography (HRT) II confocal mi-

roscopy.
 DESIGN: Prospective nonrandomized open trial.
 METHODS: Micromorphological examination of 44
ross-linked keratoconic corneas was performed in vivo
y HRT II confocal laser scanning microscopy. Ribofla-
in ultraviolet (UV)-A–induced corneal collagen cross-
inking (CXL) was performed according to the Siena
rotocol: pilocarpin 1% drops 30 minutes before, topical
nesthesia with lidocaine 4% drops 15 minutes before
rradiation, mechanical scraping of epithelium (9-mm-
iameter area), preirradiation soaking for 10 minutes in
iboflavin solution 0.1% (Ricrolin, Sooft, Italy) applied
very 2.5 minutes for 30 minutes, 30 minutes exposure
o solid-state UVA illuminator (Caporossi; Baiocchi;

azzotta, X-linker, CSO, Italy), 8-mm-diameter irradi-
ted area, energy delivered 3 mW/cm2. All patients were
xamined by confocal scans preoperatively and at the
ollowing times after treatment: one, three, and six
onths, and one, two, and three years.

 RESULTS: No damage to the limbal region was ob-
erved. Epithelial regrowth was complete after four days
f soft contact lens bandage. The anatomy of the subep-
thelial plexus was restored one year after the operation
ith full corneal sensitivity. Increased density of extra-

ellular matrix in late postoperative period indicated
ross-linked collagen to a depth of 340 �m expressed by
 late demarcation line.
 CONCLUSION: In vivo confocal microscopy showed
arly and late modification of corneal microstructure
fter the treatment. The three-year stability of CXL
ecorded could be related to increased cross-links
ormation, synthesis of well-structured collagen and
ew lamellar interconnections. (Am J Ophthalmol

ccepted for publication May 28, 2008.
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IBOFLAVIN ULTRAVIOLET (UV)-A CORNEAL COLLA-

gen cross-linking (CXL) is the only etiopathoge-
netic approach to keratoconus that can delay or

lock corneal ectasia,1,2 reducing the demand for kerato-
lasty.3 There is also some experimental evidence of
ossible benefits of this new method in post-laser-assisted
n situ keratomileusis (LASIK) ectasia4 and corneal melt-
ng, through increased corneal biomechanical resistance
nd reduced collagenase activity.5 Confocal micromorpho-
ogical analysis in vivo has shown early modifications in all
orneal layers after therapeutic riboflavin UV-A corneal
ollagen CXL, penetration of the treatment in humans,6

nd good safety.7 Here, we report follow-up of corneas by
n vivo corneal micromorphological microscopy three
ears after corneal collagen CXL.

METHODS

INCE SEPTEMBER 15, 2004, MICROMORPHOLOGICAL EXAMI-

ation of 44 cross-linked corneas has been performed at
iena University Ophthalmological Department by Hei-
elberg Retinal Tomography (HRT) II confocal laser
canning microscopy in vivo (Rostock Cornea Module;
eidelberg Engineering, Heidelberg, Germany). We report

onfocal analysis of the first 10 Italian patients treated
Siena Eye Cross Project 2004 to 2007)8 three years after
he operation. All patients had clinically (uncorrected
isual acuity and best spectacle-corrected visual acuity)
nd instrumentally (Costruzione Strumenti Oftalmici
CSO] corneal topography, optical Orbscan IIz Bausch &
omb and ultrasound DGH pachymetry, CSO surface
berrometry, and Zeiss biomicroscopy) documented pro-
ressive keratoconus. Riboflavin UV-A–induced corneal
ollagen CXL was performed as follows in all cases:
ilocarpin 1% drops 30 minutes preoperatively, topical
nesthesia with lidocaine 4% drops 15 minutes before and
nce after epithelial removal, corneal mechanical (blunt
etal spatula) epithelial scraping of an area 9 mm in

iameter, preirradiation corneal soaking for 10 minutes in

iboflavin solution (Ricrolin, Sooft, Italy) applied every 2.5
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inutes for 30 minutes, exposure to solid-state UV-A
lluminator (Caporossi; Baiocchi; Mazzotta, X-linker,
SO, Italy) for 30 minutes, irradiating an area 8 mm in
iameter (energy delivered 3 mW/cm2), antibiotic medi-
ation with ofloxacin drops and flurbiprofen drops four
imes a day for two weeks, and therapeutic soft contact lens
andage for four days. We also used preservative-free
opical steroids (dexamethasone phosphate drops) in the
ostoperative period in selected cases with predictive risk
actors for haze development based on preoperative clinical
nd micromorphological evaluation9 and for four weeks in
atients with strong corneal edema or haze. All patients
ere examined by HRT II confocal laser scanning micro-

cope (Rostock Cornea Module; Heidelberg Engineering)
reoperatively and at the following times after treatment:
ne, three, and six months, and one, two, and three years.
e analyzed all corneal layers, assessing stromal modifica-

IGURE 1. Riboflavin ultraviolet (UV)-A collagen cross-linking
f Vogt (Left, white arrows) and corneal epithelium (Left, black a
Right). Slightly increased reflectivity of extracellular tissue surro

IGURE 2. Riboflavin UV-A collagen CXL. Epithelial scans
Right, white arrow) with respect to preoperative epithelium, e
ndefined basal epithelial cell borders and distortion of cell mo
ions, keratocyte repopulation and activity, and healing. u

AMERICAN JOURNAL OF28
RESULTS

LIMBUS: All corneal layers, especially the epithelium,
egenerated rapidly (four days) and no damage to the
imbal region was observed. Slightly increased reflectivity
f extracellular tissue surrounding palisades of Vogt was
etected without any pathologic significance and without
ffecting the germinal epithelium (Figure 1).

EPITHELIUM: In all cases, epithelial regrowth was com-
lete after four days of soft contact lens bandage. No
rowth retardation or persistent epithelial deficit was
etected after corneal collagen CXL. Micromorphological
nalysis showed time-dependent epithelial stratification
nd qualitative improvement of cell mosaic compared to
reoperative epithelium, especially in the keratoconus
pex region where the epithelium was often thin with

L). Preoperative and postoperative limbal scans showing palisades
). No loss of limbal germinal structures was observed after CXL
ng palisades is evident (Right, white arrows).

wing time-dependent qualitative improvement of cell mosaic
ially in keratoconus apex region, where a thin epithelium with
is evident (Left, black arrow).
(CX
rrow
undi
sho
spec
saic
ndefined basal epithelial cell borders and distorted cell
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osaic. The epithelium showed good compensatory func-
ion and smoothing of corneal surface irregularities during
rogressive stratification, especially after the third postop-
rative month (Figure 2).

NERVES: In all cases, early postoperative confocal anal-
sis showed immediate disappearance of subepithelial
lexus and anterior-midstromal nerve fibers. Regeneration
tarted more rapidly in subepithelial nerve fibers, growing
rom the surrounding nonirradiated area just one month
fter the operation, whereas anterior-midstromal fibers
egenerated from the deep stromal nerve plexus between
he second and third months postoperative. Regeneration
f nerve fibers was almost complete six months after the
peration, with fully restored corneal sensitivity. Plexus
tructure was not well defined until one year after corneal
ollagen CXL, with what appeared to be disconnected
euritic flocculations under the Bowman lamina. After
wo years, the number of fibers increased and interconnec-

IGURE 3. Riboflavin UV-A collagen CXL. Structure of the
ote disconnected neuritic flocculations under Bowman lamina
f fibers was greater and interconnections were evident (Right

IGURE 4. Riboflavin UV-A collagen CXL. Change in stromal
hyper) of anterior midstroma was inverted with respect to ini
as expressed as early and late demarcation lines between treat
f 340 �m including epithelium (white demarcation line).
ions resembled the preoperative structure (Figure 3). w

EARLY AND LATE MODIFICOL. 146, NO. 4
STROMA: In vivo confocal analysis showed disappear-
nce of keratocytes from the anterior midstroma to a depth
f 340 �m with epithelium in situ,6 confirming treatment
enetration found in previous studies in animal models and
n human corneas ex vivo, as well as standardized param-
ters measured and recorded in Dresden pilot studies,10–15

or the first time directly in humans in vivo.6 A clear
ertical transition area (VTA) between the edematous
yporeflective stroma with keratocytes apoptotic bodies
nd normo-reflective deep stroma (beyond 340 �m, mea-
ured confocally with epithelium in situ), regularly popu-
ated by keratocytes, was established in vivo in humans by
arly postoperative scans after soft contact lens removal.6

radual repopulation of the corneal stroma, starting be-
ween the second and third month after the operation,
ecoming complete after six months and continuing there-
fter, was also demonstrated by confocal microscopy.6 A
ajor feature of in vivo confocal microscopy, starting

etween the third and sixth months after the operation,

ithelial plexus was not well defined until one year after CXL:
epth of 50 �m (Left, black arrow). After one year, the number
ite arrow).

ctivity after CXL. After six months (Top right) the reflectivity
ostoperative reflectivity (hypo) (Top left). This characteristic
d untreated stroma (Bottom right and Bottom left) to a depth
subep
at a d
, wh
refle
tial p
ed an
as increased density (with hyperreflectivity) of the extra-
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ellular matrix combined with activated keratocyte nuclei.
fter six months the reflectivity (hyper) of the anterior
idstroma was inverted with respect to the initial postop-

rative reflectivity (hypo). This feature expressed as a late

IGURE 5. Riboflavin UV-A collagen CXL. Late “needle-shap
eft and Top right, white arrows) suggest new structured collagen
atrix (Bottom left, white arrow); normal reflectivity of deep

IGURE 6. Riboflavin UV-A collagen CXL. Preoperative scan
ottom left, black arrow) showing hyperactivated hyperdense k
nd Bottom right, black arrow).
emarcation line, different from the early edematous de- “

AMERICAN JOURNAL OF30
arcation demonstrated in our6 and other studies.16 This
spect was maintained up to three years’ follow-up as
hown by confocal examination (Figure 4). Some scans
wo years after the operation showed “bridge-like” and

yperreflective bands or bridges in the anterior midstroma (Top
lamellar interconnection. Increased reflectivity of extracellular
a beyond depth of 340 �m (Bottom right, white arrow).

nterior stroma to a depth of 80 �m (Top left, white arrow, and
cyte nuclei and early post-CXL haze (Top right, white arrow,
ed” h
and

strom
s of a
erato
needle-shaped” hyperreflective bands (Figure 5).
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Transitory corneal opacity similar to haze was detected
n five of 44 cases, usually with onset in the first three
onths (four cases) and in one case with late onset after

ix months. It was characterized confocally by higher
eflectivity of the stroma with undistinguished keratocyte
uclei and biomicroscopically by the presence of a central
orneal opacity. Reexamination of preoperative confocal
cans in this small group of patients showed that in two
ases there were hyperactivated hyperdense keratocyte
uclei in the anterior stroma (Figure 6). This aspect was
lso noted “a posteriori” in the patient with late-onset
aze. These two patients were under 20 years old. In the
ther three cases, confocal evidence of dark, reticular
atterned microstriae and slit-lamp evidence of strong
reoperative Vogt striae were established as possible causes
f corneal opacity.9

DISCUSSION

IBOFLAVIN UV-A CORNEAL COLLAGEN CXL IS THE ONLY

pathogenetic approach” to progressive keratoconus and
ost-LASIK corneal ectasia that can delay or block their
rogression, reducing demand for donor keratoplasty. In
ivo confocal study in humans demonstrated early and late
odification of corneal microstructure after corneal colla-

en CXL treatment. The limbal region, where the corneal
pithelium joins the conjunctival epithelium, contains a
adial arrangement of trabecular conjunctival processes
nown as palisades of Vogt. These are thought to be the
ite of origin of corneal stem cells.17 In the corneal
ollagen CXL procedure, irradiation of the limbal region
hould be carefully avoided to protect the proliferative
ompartment of the cornea. Limbal protection is possible if
he peripheral epithelium is left in situ beyond a central
craped area, 9 mm in diameter, and the whole corneal
urface is covered in riboflavin 0.1% solution 10 minutes
efore and throughout the treatment. The epithelial ring
eyond 9 mm, associated with the riboflavin solution,
rovides protection by absorbing 95% of the UV-A energy
n a cornea 400 �m thick.7 The lateral diffusion of UV-A
rradiation during corneal collagen CXL has been found
ess than 20 �m.6 The possibility of direct visual control of
he UV-A spot by the micro-camera available in the CBM
L UV-A source is a good method to ensure patient
xation and avoid tilting and defocusing of radiation on
he limbus.18 In our experience, use of poly-methyl
ethacrylate rings of different diameters (Janach, Como,

taly) ensures absolute limbal protection in low-compli-
nce patients who do not maintain the fixation adequately
uring the 30 minutes of corneal CXL treatment.
After corneal collagen CXL and four days of soft contact

ens bandage, the corneal epithelium showed rapid and
ormal regrowth, good compensatory function, smoothing
f corneal surface irregularities during progressive stratifi-

ation, and visual improvement, especially appreciable m

EARLY AND LATE MODIFICOL. 146, NO. 4
fter the third month postoperative. Oral amino acid
upplements for a week before and after the operation
mproved epithelial healing as confirmed in some
tudies.19,20

In all cases, disappearance of nerve fibers, attributable to
pithelial scraping in the case of the subepithelial plexus and
V-A irradiation in the case of anterior-midstromal nerves,
as observed after corneal collagen CXL. Confocal analysis

howed that nerve regeneration after corneal collagen CXL
as more rapid than after other corneal surgical procedures,

uch as photorefractive keratectomy, LASIK, or penetrating
eratoplasty.7 The presence of disconnected nerves in the first
months and the appearance of interconnected fibers after

ix months suggested primary regeneration leading to partially
estored corneal sensitivity and lacrimal reflex, followed by
radual interconnection of secondary nerves that improves
orneal sensitivity. Follow-up confocal analysis excluded the
ossibility of late neurodystrophic lesions.

Regarding stromal modifications, after six months the
eflectivity of the anterior midstroma was inverted (hyper)
ompared with initial postoperative reflectivity (hypo),
emonstrated in our previous studies.6 This characteristic
as expressed as a late demarcation line different from
arly edematous demarcation.6,16 Changes in stromal re-
ectivity recorded in all patients at follow-up after the
ixth month are in our opinion an important indirect
confocal) sign of corneal CXL (Mazzotta C. I, II, III
nternational Cross-linking Meeting, Zurich, Switzerland,
005 to 2007). Slit-lamp evidence of changes in stromal
ensity at postoperative follow-up was not strictly haze, but
new condition of compacted collagen lamellae of differ-

nt etiopathogenetic origin expressed by stromal hyper-
ensity. This important finding may be attributable to new
ell-structured collagen produced by repopulating kerato-
ytes. “Stiffening” of the cross-linked cornea demonstrated
x vivo by Wollensak and associates11 is reasonably ex-
lained and sustained in vivo in humans by this confocal
spect. As well, the “needle-shaped” hyperreflective bands
r bridges detected in the stroma during the healing
rocess could be a micromorphological qualitative expres-
ion of newly replaced collagen and different lamellar
nterconnections created by CXL and repopulating kerato-
ytes, as suggested by experimental biochemical, biome-
hanical,4,11 and recent experimental evaluation by

ollensak and Redl12 that reports in a gel electrophoretic
nalysis of cross-linked cornea samples, the presence of an
dditional intense polymer band in the stacking gel,
ompared with control corneas not cross-linked with the
ypical electrophoretic collagen pattern of normal cornea,
hat was resistant to mercaptoethanol, heat, and pepsin
reatment with high molecular size. The new polymer band
omplies well with the collagen morphologic changes after
XL treatment. The different collagen structure observed

n our in vivo confocal analysis supports the results of a

ajor chemical and structural stability and could be a

ATIONS AFTER CXL 531



p
c

c
i
g
s
p
e
t
a
s
d
t

c
e
(
4
v
a
u
n
d
p
p
T
c
c
t

i

i
e
d
p
d
t
a
c
o

s
p
e
p
i
p
s
n
o
b
t
c
b
m
a
s
t
e
C
e

T
(
B
f
U
D

5

ossible explanation of the long-term effect of corneal
ollagen CXL.

According to the data recorded in our series of cases, the
linical stability of CXL could be related not only to CXL
tself but also to biosynthesis of new well-structured colla-
en and more compact lamellar interconnections demon-
trated by late postoperative in vivo confocal scans. The
rocess of keratocyte-induced apoptosis, only possible if
pithelium is removed before riboflavin soaking and UV-A
reatment, seems to be essential for replacement of cells
nd collagen in the anterior midstroma, which in various
tudies is reported to be the main site of origin of metabolic
isorders affecting keratoconic corneas, especially the an-
erior stroma and Bowman lamina.21–26

Transient corneal opacity similar to haze was the only
omplication in our series of cases (five of 44 patients) with
arly onset (first three months; four cases) and late onset
after six months; one case). The opacity only lasted 30 to
0 days and was successfully managed with topical preser-
ative-free dexamethasone drops for four weeks. Preoper-
tive confocal analysis in three of these patients who were
nder 20 years old showed hyperactivated keratocyte
uclei in the anterior stroma to a depth of 80 �m, and
ark, reticular-patterned microstriae in the other two
atients (over 20 years of age). The latter also had
reoperative slit-lamp evidence of strong Vogt striae.
hese could be risk factors for corneal opacity after corneal
ollagen CXL.9 Confocal microscopy can significantly
ontribute to the optimization of postoperative medical
herapy.

Steroids are recommended in these cases but should not,

n our opinion, be prolonged beyond a month to avoid t

Res 2004;29:35–40.

AMERICAN JOURNAL OF32
nhibiting collagen synthesis.27,28 There is experimental
vidence of the impact of prednisone on collagen in
iaphragm muscle of mdx mice and of steroid efficacy in
reventing collagen accumulation. Steroids promote hy-
roxyproline CXL, presumably by decreasing collagen
urnover.29 They can therefore be considered a valid
lternative therapy in the first three to four weeks after
orneal collagen CXL and obviously for the management
f complications.
In our opinion, keratoconus therapy based on diagnostic

taging; patient age; clinical, topographic, and pachymetric
rogression; general condition; and compliance could ben-
fit from corneal collagen CXL treatment to delay or block
rogression of ectasia. Corneal collagen CXL is primarily
ndicated in early stages of keratoconus and in younger
atients where progression is faster; it can prevent corneal
hape modifications and irregularities. Age-induced cor-
eal CXL30 reduces the need for this treatment in patients
ver 35 years of age, because of a generally spontaneous
iochemical and biomechanical stability of the disease in
he third to fourth decades of life, except in a few cases of
ontact lens intolerance or patients with low compliance,
ecause of its positive effects in improving corneal sym-
etry and visual outcome.8 Obviously, this treatment can

lso be applied in patients over 35 years of age if progres-
ion of ectasia is detected during follow-up. More long-
erm studies and clinical data are necessary to establish the
fficacy and the duration of riboflavin UV-A collagen
XL, though preliminary results3,8 and in vivo confocal

vidence6–9 speak eloquently in favor of this new approach

o progressive corneal ectasia.
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C.M., S.B., A.C.); collection, management, statistical analysis, and interpretation of data (C.M., C.T., S.B., A.C.); collection of data (C.M., B.S., C.O.,
.C., S.M.C.); preparation and writing of the article (C.M.); and critical revision of the article (C.M., A.B.). The Siena Eye Cross Study was approved

or the first time in Italy in 2004 by the Siena University Medical Hospital Institutional Review Board and by the Local Ethical Committee of the
niversity of Siena. The study was conducted between September 2004 and September 2007 in accordance with the ethical standards set in the 1964
eclaration of Helsinki as renewed in 2000. All patients gave their written informed consent prior to their inclusion in the study.
REFERENCES

1. Spörl E, Raiskup-Wolf F, Pillunat LE. Biophysical principles
of collagen cross-linking. Klin Monatsbl Augenheilkd 2008;
225:131–137.

2. Spoerl E, Huhle M, Seiler Th. Induction of cross links in
corneal tissue. Exp Eye Res 1998;66:97–103.

3. Wollensak G, Spoerl E, Seiler Th. Riboflavin/ultraviolet-A-
induced collagen crosslinking for the treatment of keratoco-
nus. Am J Ophthalmol 2003;135:620–627.

4. Hafezi F, Kanellopoulos J, Wiltfang R, Seiler T. Corneal
collagen crosslinking with riboflavin and ultraviolet A to
treat induced keratectasia after laser in situ keratomileusis.
J Cataract Refract Surg 2007;33:2035–2040.

5. Spoerl E, Wollensak G, Seiler T. Increased resistance of
cross-linked cornea against enzymatic digestion. Curr Eye
6. Mazzotta C, Balestrazzi A, Traversi C, et al. Treatment of
progressive keratoconus by riboflavin-UVA-induced cross-
linking of corneal collagen: ultrastructural analysis by Hei-
delberg Retinal Tomograph II in vivo confocal microscopy in
humans. Cornea 2007;26:390–397.

7. Mazzotta C, Traversi C, Baiocchi S, Sergio P, Caporossi T,
Caporossi A. Conservative treatment of keratoconus by
riboflavin-uva-induced cross-linking of corneal collagen:
qualitative investigation. Eur J Ophthalmol 2006;16:530–
535.

8. Caporossi A, Baiocchi S, Mazzotta C, Traversi C, Caporossi
T. Parasurgical therapy for keratoconus by riboflavin-ultra-
violet type A induced cross-linking of corneal collagen:
preliminary refractive results in an Italian study. J Cataract
Refract Surg 2006;32:837–845.

9. Mazzotta C, Balestrazzi A, Baiocchi S, Traversi C, Caporossi

A. Stromal haze after combined riboflavin-UVA corneal

OPHTHALMOLOGY OCTOBER 2008



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

V

collagen cross-linking in keratoconus: in vivo confocal
microscopic evaluation. Clin Experiment Ophthalmol 2007;
35:580–582.

0. Wollensak G, Spoerl E, Wilsh M, Seiler Th. Endothelial cell
damage after Riboflavin – Ultraviolet – A treatment in the
rabbit. J Cataract Refract Surg 2003;29:1786–1790.

1. Wollensak G, Spoerl E, Seiler Th. Stress strain measure-
ments of human and porcine corneas after riboflavin –
ultraviolet-A induced cross-linking. J Cataract Refract Surg
2003;29:1780–1785.

2. Wollensak G, Redl B. Gel electrophoretic analysis of corneal
collagen after photodynamic cross-linking treatment. Cornea
2008;27:353–356.

3. Wollensak G, Spoerl E, Wilsh M, Seiler Th. Keratocyte
apoptosis after corneal collagen cross-linking using riboflavin/
UVA treatment. Cornea 2004;23:43–49.

4. Wollensak G, Spoerl E, Reber F, Seiler Th. Keratocyte
cytotoxicity of riboflavin/UVA treatment in vitro. Eye 2004;
18:718–722.

5. Spoerl E, Mrochen M, Sliney D, Trokel S, Seiler Th. Safety
of UVA-riboflavin cross-linking of the cornea. Cornea 2007;
26:385–389.

6. Seiler Th, Hafezi F. Corneal cross-linking-induced stromal
demarcation line. Cornea 2006;25:1057–1059.

7. Dua HS, Azuara-Blanco A. Limbal stem cells of the corneal
epithelium. Surv Ophthalmol 2000;44:415–425.

8. Mencucci R, Mazzotta C, Rossi F, et al. Riboflavin and
ultraviolet A collagen cross-linking in vivo thermographic
analysis of the corneal surface. J Cataract Refract Surg
2007;33:1005–1008.

9. Vinciguerra P, Camesasca FI, Ponzin D. Use of amino acids
in refractive surgery. J Refract Surg 2002;18:S374–377.

0. Torres Munoz I, Grizzi F, Russo C, Camesasca FI, Dioguardi

N, Vinciguerra P. The role of amino acids in corneal stromal

EARLY AND LATE MODIFICOL. 146, NO. 4
healing: a method for evaluating cellular density and
extracellular matrix distribution. J Refract Surg 2003;19:
S227–S230.

1. Rock ME, Moore MN, Anderson JA, Binder PS. 3-D
computer models of human keratocytes. CLAO J 1995;21:
57–60.

2. Yue BY, Baum JL, Smith BD. Identification of collagens
synthesised by cultures of normal human corneal and kera-
toconus stromal cells. Biochim Biophys Acta 1983;755:318–
325.

3. Smolek MK, Beekhuis WH. Collagen fibril orientation in the
human corneal stroma and its implications in keratoconus.
Invest Ophthalmol Vis Sci 1997;38:1289–1290.

4. Radner W, Zehemayer M, Skorpik Ch, Mallinger R. Altered
organization of collagen in apex of keratoconus corneas.
Ophthalmic Res 1998;30:327–332.

5. Scroggs MW, Proia AD. Histopathological variation in
keratoconus. Cornea 1992;11:553–559.

6. Andreassen TT, Simonsen AH, Oxlund H. Biomechanical
properties of keratoconus and normal corneas. Exp Eye Res
1980;31:435–441.

7. Tani E, Katakami C, Negi A. Effects of various eye drops on
corneal wound healing after superficial keratectomy in rab-
bits. Jpn J Ophthalmol 2002;46:488–495.

8. Sarchahi AA, Maimandi A, Tafti AK, Amani M. Effects of
acetylcysteine and dexamethasone on experimental corneal
wounds in rabbits. Ophthalmic Res 2008;40:41–48.

9. Hartel JV, Granchelli JA, Hudecki MS, Pollina CM, Gosse-
lin LE. Impact of prednisone on TGF-beta1 and collagen in
diaphragm muscle from mdx mice. Muscle Nerve 2001;24:
428–432.

0. Daxer A, Misof K, Grabner B, Ettl A, Fratzl P. Collagen
fibrils in the human corneal stroma: structure and aging.

Invest Ophthalmol Vis Sci 1998;39:644–648.

ATIONS AFTER CXL 533



C
d
W
w
k

5

Biosketch

osimo Mazzotta MD, PhD, graduated from University of Siena, Italy, Medical School in 1997. He has a Specialist
iploma in Ophthalmology in 2001 and received his PhD in Ocular Pathology in 2006 from the University of Siena, Italy.
ith Professor Aldo Caporossi, MD, he introduced the Corneal Cross-Linking in Italy in 2004. Currently, Dr Mazzotta

orks as a Researcher at the Department Ophthalmology of Siena University and his areas of interest includes
eratoconus, corneal dystrophies, and refractive surgery.
AMERICAN JOURNAL OF OPHTHALMOLOGY33.e1 OCTOBER 2008


	Corneal Healing After Riboflavin Ultraviolet-A Collagen Cross-Linking Determined by Confocal Laser Scanning Microscopy In Vivo: Early and Late Modifications
	METHODS
	RESULTS
	LIMBUS
	EPITHELIUM
	NERVES
	STROMA

	DISCUSSION
	REFERENCES


