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AbsTrAcT

Keratoconus is a degenerative non-inflammatory disease of the cornea characterized by pro-
gressive thinning of the cornea with the protrusion of its paracentral parts, formation of myopic 
refraction and irregular astigmatism. Keratoconus is one of the main causes resulting in disabil-
ity in young and capable to work people.

Goal: To define the correlation between the number of the disabled with keratoconus and the 
total number of those disabled due to vision impairment in the Republic of Armenia, as well as to 
assess the influence of crosslinking on the indices of visual acuity and keratometry in the post-
operative period: 6 months and 1 year.

Material and Methods: In 37 eyes of 24 patients, who underwent crosslinking in the Ophthal-
mological Center after S.V. Malayan, the visual acuity was determined by Snellen-Sivtsev’s 
method. For keratoconus diagnosis and post-surgery follow-up in 6 months and 1 year “TMS-4” 
automatic keratotopograph of cornea (“Tomey Corporation”, Japan) with TMS-Software was 
used. The age of patients varied from 15 to 41 years old. 

Results: At present, 279 persons disabled with keratoconus were registered in the Republic of 
Armenia; the specified cohort at the age of 15-70 years old composes 2.3% of the total number 
of invalids with impaired vision. 

As the result of undertaken crosslinking the improvement of visual acuity has been noted in 25 
(68%) eyes: from +0.15 up to +0.6. In 6 (16%) eyes no changes of visual acuity were noted and 
in other 6 (16%) eyes the aggravation of visual acuity was noted. According to keratometry data, 
in 23 eyes the corneal curvature increased from +0.14 mm to +0.3 mm, which points to the de-
crease of the corneal refraction power. In 9 eyes the radius of cornea curvature remained the 
same, while in 5 eyes the decrease of corneal curvature was noted. 
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In human cornea the collagenic fibers are mainly 
oriented horizontally and vertically (under 90° and 
180° angle), parallel to each other and to the surface 
of the cornea, which defines its curvature and trans-
parence. This regularity can be seen on the major 
part of the cornea except for the stripes of 2 mm in 
width along the limbus. Collagenic fibers ‒ from 
limbus to limbus ‒ are interlinked in the anterior-
posterior direction with the help of matrix proteins 
(proteoglycans, etc.), as well as the type 6 collagen 
that is an original bridge between the collagenic fi-
brils [Muller L. et al., 2001; Meek K. et al., 2005]. 
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IntroductIon

Keratoconus is a degenerative progressive non-
inflammatory disease of the cornea bringing forth 
a substantial aggravation in visual acuity and inef-
ficiency of its correction methods. With the en-
hancement of diagnostic possibilities, the fre-
quency of revealing this pathology has recently 
risen up [Caporossi A. et al., 2006].  



47

The New ArmeNiAN medicAl JourNAl, Vol.8 (2014), No 2, p.  46-52 mAlAYAN e.A., vANYAN l.m.

As known, biomechanical properties of the cor-
nea depend on the state of the collagen fibers, in-
tercollagenic links, and their structural organiza-
tion [Kenney M. et al., 1997; Radner W. et al., 
1998]. At present, the etiology of keratoconus and 
other types of keratoectasia is unknown. Genetic 
abnormalities of collagen and intercollagenic 
links, secretion of matrix metalloproteinases and 
other enzymes, other factors were discussed [Rabi-
nowitz Y., 1998; Kaufman H., 2004].Compared to 
normal cornea, biochemical resistance of the cor-
nea with keratoconus is twice decreased. Numer-
ous investigations demonstrated that in keratoco-
nus the changes in the structure and organization 
of the corneal collagen and extracellular matrix 
bring to complete apoptosis and necrosis of kerato-
cytes, engaging mainly the central stroma and 
Bowman’s membrane [Scroggs M., Proia A., 1992; 
Tuori A. et al., 1997; Radner W. et al., 1998; Wil-
son S., Kim W., 1998; Cheng E. et al., 2001; Zald-
away R. et al. 2002]. As revealed, in patients with 
keratoconus the antioxidant activity of enzymes, 
which are “intended” to inactivate free radicals 
formed as the result of corneal metabolism, is sig-
nificantly decreased in the corneal tissue [Rabi-
nowitz Y., 1998; Boxer Wachler B., 2005]. In pa-
tients’ tear the content of collagenase-induced 
products of biodegradation, the so-called telopep-
tides, was 2.5-fold increased, i.e, collagenase ac-
tivity was increased [Spröl E. et al., 2004]. 

The influence of the complex factors was found 
to bring forth impairment of the extracellular ma-
trix structure, loosening of the links between fi-
brils and matrix, division and displacement of col-
lagenic fibers resulting from weakening of the 
transversal intercollagenic links, and eventual de-
formation and lengthening of the fibers [Rabino-
wotz Y. et al. 1998; Meek K. et al., 2005]. 

In keratoconus the regularity of fibers localiza-
tion is impaired in the central zone of the cornea, 
many of them are apparently oriented obliquely, an-
gularly under 60° and 120°, as well as tangentially 
and circularly. Primary impairment of central parts 
of the cornea is conditioned by its anatomical pecu-
liarities: least expressiveness of transversal links 
between the collagenic fibers in this area [Meek K. 
et al., 2005]. Active progression of keratoconus oc-
curs in 20% cases, and, as a rule, it begins in pu-
berty period [Sandner D. et al., 2004; Kohlhaas M. 

et al., 2006; Arbelaez M. et al., 2009]. Progression 
of the disease brings to a significant aggravation of 
visual acuity and inefficacy of its correction means. 

At present, layer-by-layer or perforating kera-
toplasty remains the main surgical method for ker-
atoconus treatment. A number of works devoted to 
the “sticking” effect of the collagen fibrils with the 
formation of dimers of two α-chains under the in-
fluence of different external factors (enzymes, 
ozone, ultraviolet (UV) radiation, etc.) served as a 
base for conducting investigations in the field of 
possible conservative methods for keratoconus 
treatment. The specified effect is the result of oxi-
dation mechanism accompanied by the release of 
different free radicals. It became obvious, that un-
like other means of “sticking” induction, UV radi-
ation stimulates the formation of singlet oxygen, 
which, unlike the hydroxyl radical, does not trig-
ger accompanying degradation of collagen CNBr 
proteins. The experiment revealed that in ribofla-
vin presence the degree of UV radiation absorption 
in the corneal tissue increased from 32% to 95%, 
whereas the impairment of collagenic proteins 
reached the minimum under the influence of UV 
radiation [Menter J. et al., 2001]. The first relevant 
investigations began in 1990s with an attempt to 
assess the possibility of biological oxidative 
“sticking” of the corneal collagen under the influ-
ence of enzymes, heat or irradiation of a certain 
wavelength, which would bring to the increase of 
stromal collagen resistance [Khadem J. et al., 
1994]. As it is known, a similar mechanism of den-
sity and thickening of about 4.5% collagenic fibers 
is accompanied by the cornea “aging”, it also oc-
curs in diabetis mellitus and is related to the acti-
vation of glycosylation in tropocollagen molecules 
[Fujimori E. et al., 1989; Doxer A. et al., 1998]. 

As a result of a series of works a more effective 
safe technique of crosslinking (transversal “stick-
ing”) of the corneal collagen was worked out based 
on the effect of stromal fibers photopolymerization 
under the influence of photosensitive substance (ri-
boflavin solution) and lower doses of UV radiation of 
hardening ultraviolet-A (UVA)-source [Wollensak G. 
et al., 2003 a;b]. It was proved that under the influ-
ence of UV radiation and riboflavin strengthening of 
transversal intramolecular links of corneal collagen 
occurs with the formation of 2-chain dimers without 
collagenic proteins degradation [Fujimori E., 1989]. 
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The aim of working out the clinical method was 
to stop temporarily the progression of keratoconus 
in the refraction phase at the expense of collagenic 
fibrils “sticking” and the increase of biochemical 
stability of the cornea.

Before the new method implementation into 
clinical practice, a number of experimental works 
were done to prove its efficacy and safety. G. Wol-
lensak and associates (2004) with the help of elec-
tron microscopy proved the fact of fibril “sticking” 
and collagenic fiber thickening in the cornea under 
the influence of UV radiation that brought to the in-
crease of tissue biomechanical stability. In the ante-
rior parts of stroma the diameter of collagenic fibers 
reliably increased by 12.2% (3.64 nm), in the poste-
rior parts of the stroma the diameter of fibers in-
creased only by 4.6% (1.63 nm). The revealed 
changes were significantly below the critical thresh-
old of the fiber thickness leading to the corneal 
opacity [Wollensak G. et al., 2004]. In all the con-
ducted investigations the crosslinking effect was 
maximal in the anterior parts of the stroma of no 
less than 300 μm thickness. It is connected with the 
high degree of radiation absorption in the presence 
of riboflavin and absorption of up to 95% radiation 
at the level of anterior and middle layers of the 
stroma. This effect explains mainly anterior local-
ization of the collagenic fiber thickening zone, 
asymmetry between the anterior and posterior parts 
of the stroma related to the stability to enzymatic, 
mechanical and thermic influence, as well as pro-
vides minimal degree of UV radiation influence on 
the corneal endothelium, lens and other structures 
of the eye [Wollensak G. et al., 2004]. 

It should be taken into consideration that especially 
the anterior parts of the corneal stroma are of utmost 
importance for maintaining the curvature of the cornea 
and formation of the procedure’s optic effect [Muller 
L. et al., 2001]. Indications to conduct crosslinking in-
clude the I, II stages, the beginning of the III stage of 
keratoconus when the corneal thickness is not less than 
400 μm. According to T.D. Abugova’s classification 
(2010), stage I involves stroma thinning (worning out), 
endothelial cell shape changes, abundance of nerve 
endings; stage II – keratoconus lines; stage III – opac-
ity of Bowman’s membrane; stage IV – opacity of the 
stroma), absence of stable opacities, presence of cor-
responding keratotopographic picture in patients at the 
age of 12-50 years old (y.o.). 

Kerataconus (according to data of the Ophthal-
mological Center after S.V. Malayan ) is a regional 
pathology for Armenia and one of the main causes 
resulting in disability among the young and capa-
ble to work people. According to data of “Pyunik” 
Republican Base for Disabled Persons Registra-
tion in Armenia, 279 invalids with keratoconus 
have been registered till present (Table). 

MAterIAl And Methods 

Data of “Pyunik” Republican Base for the Dis-
abled Persons Registration became the material for 
investigation. As study unit we considered disabil-
ity induced by eye pathology registered in “Issue 
of MCE Examined Person” and patients with kera-
toconus who underwent crosslinking “CBM VEGA 
X-Link system” (CSO, Italy). 

Crosslinking is a new method for strengthening 
corneal collagen; the essence of procedure is for-
mation of transversal or crossing links between the 
collagen molecules in the corneal stroma, as a re-
sult of which its mechanical density increases.

The cornea, de-epithelised beforehand, is irri-
gated by riboflavin solution in dextran for 30 min-
utes. Afterwards the cornea undergoes influence of 
UV at 365 nm wavelength. 

Using the technique of random sampling, among 
the total number of patients, who underwent cross-
linking 37 eyes of 24 patients were chosen; there 
were 24 eyes of 15 male and 13 eyes of 9 female pa-
tients. The visual acuity of all patients was checked 
according to Snellen-Sivtsev’s method and “screen-
ing keratoconus” program was applied using “TMS-
4” automatic keratotopograph of cornea (“Tomey 
Corporation”, Japan) with the software package of 
TMS-Software based on consideration of such statis-
tical indices as surface regularity index, surface 
asymmetry index, irregular astigmatism index, cor-
neal eccentricity index, analyzed area index, kerato-
conus prediction index and “refraction force differ-
ence” [Malayan E., Vanyan L., 2011].

results 

Nowadays, according to data of Republic Base for 
Disabled Persons Registration the total number of 
those disabled due to vision impairment in the Re-
public of Armenia is 12,037, among them 279 (2.3%) 
are invalids with keratoconus at the age of 15-70 y.o. 
As obvious from the Table and Figure 1, the biggest 
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corneal opacity is observed which testifies to indu-
ration, impression, flattering of the cornea in its 
central part and is accompanied by insignificant 
worsening of the visual functions. However, in 
these cases correction with contact lenses ensures 
an improvement of visual acuity. 

According to the keratometry data, in 23 eyes 
the radius of corneal curvature increased from 
+0.14 mm to +0.3 mm, which testifies to a decrease 
of cornea refraction force. In 9 eyes the radius of 
the cornea curvature remained unchanged, while in 
5 eyes a decrease of the radius of the cornea curva-
ture was noted to make from -0.02 mm to -0.03 
mm; this latter had no effect on the visual functions 
(Figures 1-2). 

In 10 eyes out of 25 with improved results the 
visual acuity made 0.8-1.0 (determined by Snel-
len-Sivtsev’s method).  

The comparative topographic picture/map ob-
tained before crosslinking and 6 months after its 
performance is presented as Figure 3. The color 
scale on the right shows corneal power in dioptries 
(D) expressed in colors. On the left part of the pic-
ture, the mathematical difference of two topographic 
pictures is represented: on the right – the upper after 

TAble.
Correlation of the number of keratoconus-disabled 
and the total number of vision-disabled persons

Age group, 
(years old).

Number of vision-
disabled persons Percentages

%
Total Keratoconus

0-18 503 3 0.80
18-29 1366 41 2.90
30-39 1392 57 4.10
40-49 1357 69 5.10
50-59 2725 65 2.40
60-69 1750 25 1.40
≥70 2944 19 0.60
Total 12037 279 2.30

part of disabled persons is in age group of 18-60 y.o., 
involving 233 (1.9%) disabled persons; 18 of them 
belong to the 1st, 103 – to the 2nd, 155 – to the 3rd 
disability group and 3 persons have childhood dis-
ability. The greatest number of invalids with kerato-
conus (Table) is in age group of 40-49 y.o. ‒ 69 pa-
tients ‒ that makes 5.1% of the total number of kera-
toconus-disabled of the same age group. 

16% 16%

68%

64%
23%

13%

FIgure 2. Dynamics of keratometry data after cross-
linking; improvement (64%), aggravation (13%), 
without changes (23).

FIgure 1. Dynamics of visual acuity after crosslinking 
improvement (68%), aggravation (16%), without 
changes (16%).

At the Ophthalmological Center after S.V. Ma-
layan crosslinking was conducted in 518 eyes of 
299 patients in a period of May 2010 to December 
2011, while from January 1, 2013 to January 1, 
2014 keratoconus was diagnosed in 380 patients 
and 250 of them underwent crosslinking. 

Among the total number of patients who under-
went crosslinking 24 cases (37 eyes) were random-
ized. The findings of the post-operative period (6 
months and 1 year after the procedure) were ana-
lyzed and in 25 eyes the improvement of visual 
acuity from +0.15 to +0.6 (68%) was noted. 

In 6 eyes no changes in visual acuity were noted 
and in other 6 eyes the aggravation of visual acuity 
by -0.1 was noted. Keratoconus of the 3rd degree 
transferring to the 4th degree was diagnosed in 
these patients. The visual acuity aggravation in 
these patients is explained by the fact that after 
crosslinking in the presence of the 3rd degree kera-
toconus transferring to the 4th degree subepithelial 
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crosslinking and the lower before intervention. 
The picture shows positive dynamics (decrease 

of refraction force as a result of cornea impression/
flattering) by 3.0-4.0 D. Indices of average kera-
tometry and astigmatism are also shown in the pic-
ture before and after intervention: 46.42 D before 
and 44.53 D after intervention; 3.37 D astigmatism 
before and 2.63 D after intervention. It should be 
noted that before intervention by “screening kera-
toconus” program the keratoconus was determined 
through involvement of 45.1% cornea surface 
(Figure 4), whereas after crosslinking upon 
“screening keratoconus” program application only 
astigmatism without any suspicions for keratoco-
nus was registered (Figure 6). 

In case only astigmatism was registered after 
intervention, “suspected keratoconus” was ex-
cluded (Figure 5).

conclusIon

 At present, 279 persons disabled with kerato-
conus at the age of 15-70 are registered in the Re-
public of Armenia; the mentioned contingent 
makes 2.3% of the total number of invalids for 
vision. 

As the result of undertaken crosslinking in 37 
eyes the improvement of visual acuity was noted in 
25 (68%) eyes: from +0.15 up to +0.6. In 6 (16%) 
eyes no changes of visual acuity were observed 
and in other 6 (16%) eyes a the aggravatione of 
visual acuity by -0.1 was noted. 

According to keratometry data, after crosslink-
ing in 25 of 37 eyes the corneal curvature increased 
from +0.14 mm to +0.3 mm, which points to the 
decrease of the corneal refraction power. In 9 eyes 
the radius of cornea curvature remained the same 
and in 5 eyes a decrease of corneal curvature was 
noted: from -0.02 mm to -0.03 mm, this latter had 
no effect on the visual functions (Figures 2-3). 

Initially being worked out for possible delay of 
keratoplasty, crosslinking justified expectations of 
ophthalmologists: positive dynamics of the disease 
is registered in 60-70% of interventions. Nowa-
days, crosslinking is the only efficient method for 
conservative treatment of keratoconus. Moreover, 
after successfully conducted procedure of cross-

linking some ophthalmosurgeons even carry out 
refraction-related laser correction of vision. 

Thus, currently crosslinking of corneal colla-
gen is technically not difficult, comparatively 
cheaper and the only less invasive productive 
method of conservative treatment of keratoconus. 

We consider it necessary to state that keratoco-
nus is a progressing disease and even stopping its 
progression is a great achievement.

FIgure 3. Corneal refraction force difference before 
and after crosslinking procedure.

FIgure 4. Analysis according to “keratoconus screen-
ing” program before the crosslinking procedure

FIgure 5. Analysis according to “keratoconus screen-
ing” program after crosslinking procedure. 
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