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INTRODUCTION

Collagen cross‑linking  (CXL) is a corneal tissue 
strengthening technique that halts the progression of 
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Abstract
Purpose: To evaluate changes in crystalline lens densitometry following corneal cross‑linking (CXL) in 
keratoconic patients.
Methods: In a quasi‑experimental study, three‑dimensional lens densitometry was performed using the 
Pentacam Scheimpflug camera (Oculus Optikgerate GmbH, Wetzlar, Germany) at baseline and six months 
after CXL. Densitometry was performed in a fixed area of 2 inch × 1 inch of the anterior capsule and anterior 
lens cortex. The subject group included patients with progressive keratoconus who underwent CXL (n = 40) 
and the control group was comprised of aged‑matched patients with non‑progressive keratoconus (n = 36).
Results: Mean age of the case and control groups was 25.8 ± 4.0 and 25.0 ± 4.1 years, respectively (P = 0.392). 
Mean lens density in the CXL group was 6.68% ± 0.58% at baseline and 6.77% ± 0.53% at the last visit (P = 0.352). 
Corresponding figures in the control group were 6.53% ± 0.27% and 6.39% ± 0.31%, respectively (P = 0.213). 
There was no significant difference between the study groups at baseline or six months later (P = 0.96).
Conclusion: In this short term study with six months’ follow‑up, we observed no significant impact on lens 
density following exposure of the crystalline lens to ultraviolet A and riboflavin free radicals in the CXL procedure.
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keratoconus[1] and corneal ectasia following laser in situ 
keratomileusis (LASIK).[2] It has also been used in poor 
candidates for laser refractive surgery,[3] in corneal 
melting processes,[4] pellucid marginal degeneration,[5] 
corneal edema,[6] bullous keratopathy,[7] in vitro fungal 
keratitis[8] and infectious keratitis not responding to 
treatment.[9] Ultraviolet A  (UVA) irradiation  (370  nm 
wavelength) and a photosensitizer, i.e., riboflavin, are 
used during the CXL procedure.[2]

The mechanism of CXL is not entirely understood. 
Following riboflavin exposure to UVA, these molecules 
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are excited into a triplet state, thereby generating reactive 
oxygen species. Current thinking is that interaction of 
reactive oxygen with available groups nearby leads 
to formation of additional covalent bonds between 
collagen molecules in the cornea.[10] The consequence of 
these biomechanical reactions is stiffening of the corneal 
tissue.[10]

Oxidative stress is apparent in pathologies 
associated with many aging diseases including 
atherosclerosis, diabetes mellitus, rheumatoid arthritis 
and neurodegenerative diseases.[11] UV irradiation is 
one of the most important factors for inducing oxidative 
stress. The role of UVA irradiation in the pathogenesis 
of several eye diseases including pinguecula, pterygium, 
cataracts, glaucoma and retinopathies has been 
demonstrated.[12] Epidemiological studies have indicated 
that UV radiation is one of the primary factors leading 
to senile cataract formation.[13] The strongest hypothesis 
regarding the cataractogenic effect of UVA concerns 
photochemical generation of reactive oxygen species in 
the aqueous and lens.[14‑16]

During CXL, the eye and its important visual elements 
including the lens and retina are exposed to UVA 
irradiation. Although riboflavin acts as a photo‑blocker 
and an insignificant amount of UVA directly reaches 
inner ocular tissues,[17] it generates reactive oxygen 
species (free radicals) following UVA exposure that can 
cause cell damage. By diffusion through the cornea, free 
radicals may enter the anterior chamber and in this way 
come in contact with the crystalline lens.

Diffusion of free radicals may theoretically lead 
to adverse effects including endothelial damage and 
alteration in crystalline lens clarity. The detrimental 
effects of UVA irradiation on the corneal endothelium, 
especially in eyes with thin cornea (less than 400 µm), 
has already been established.[18] Recently, there have 
been reports of endothelial damage after standard 
CXL procedures  (corneal thickness  >400 µm).[19,20] To 
the best of our knowledge, there are no reports on the 
cataractogenic effect of UVA irradiation during CXL 
procedures. In two previous studies, it has been shown 
that there are no lens density changes following CXL 
treatment.[21,22] Considering safety issues involved in 
CXL, more studies are needed in this area. The purpose of 
the current study was to evaluate changes in lens density 
six months after CXL using a Scheimpflug camera.

METHODS

Study Participiants
This quasi‑experimental study was conducted at 
Labbafinejad Medical Center, Shahid Beheshti Medical 
University, Tehran, Iran, from January 2012 to July 2012. 
Forty eyes of 25 patients and 36 eyes of 18 aged‑matched 
patients were included in the subject and control groups, 

respectively. All potential patients with keratoconus 
had been regularly followed‑up in the cornea clinic. 
During each visit, a complete eye examination 
including uncorrected visual acuity  (UCVA) and best 
spectacle‑corrected visual acuity (BSCVA) measurements, 
as well as refraction and topography (Orbscan IIz, Bausch 
and Lomb, Rochester, NY, USA) were performed. 
Patients with progressive keratoconus and no evidence 
of corneal scarring were included in the subject group 
for CXL surgery, while patients with non‑progressive 
keratoconus were included in the control group.

On topography, progression of keratoconus was 
defined as 1 diopter increase in maximum keratometry 
or at least a 50 µm decrease in corneal thickness over one 
year. Ultrasonic pachymetry  (Nidek UP‑1000, Nidek. 
Technologies, Gamagori, Japan) was performed for all 
patients in the subject group prior to CXL. Patients with 
corneal thickness less than 400 µm at the thinnest point, 
evidence of crystalline lens opacity, severe dry eye, 
concurrent corneal infections, pregnancy, concomitant 
autoimmune diseases, any systemic collagen vascular 
diseases and prior incisional refractive surgery (radial 
keratotomy or astigmatic keratotomy) were excluded. 
All patients provided informed consent after receiving 
a detailed description of the nature of the treatment.

Corneal Collagen Cross‑linking Procedure
The standard CXL procedure was performed including 
instillation of topical anesthesia  (tetracaine 0.5%) and 
mechanical epithelial removal from the central 8  mm 
zone of the cornea with a surgical blade. Prior to UVA 
irradiation, riboflavin 0.1% solution (10 mg riboflavin in 
10 mL dextran 20% solution) was instilled every three 
minutes for 30  min. Instillation was continued every 
three minutes for an additional 30 min during irradiation. 
A UV‑X device (IROC, Zürich, Switzerland) was used 
to deliver UVA irradiation. The instrument was set at a 
safe working distance of 5 cm from the corneal surface 
with a medium size aperture at a wavelength of 370 nm 
and surface irradiance of 3 mW/cm2. A calibrated UVA 
meter (LaserMate‑Q, LASER 2000, Wessling, Germany) 
was used to control the desired levels of irradiance prior 
to each treatment.

After treatment, the patient received topical 
ciprofloxacin 0.3% and betamethasone 0.1% with 
an extended‑wear night and day bandage contact 
lens (CIBA Vision). Antibiotic drops, four times daily, 
were continued until complete re‑epithelialization of 
the cornea. Steroid drops, twice daily, were continued 
for one month.

Scheimpflug Imaging
The Scheimpflug camera (Pentacam, Oculus Optikgerate 
GmbH, Wetzlar, Germany) is a non‑invasive diagnostic 
system designed for analyzing the anterior segment of 
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the eye. The device collects 25,000 elevation data points 
that are processed to generate a three‑dimensional 
representation of the anterior segment and crystalline 
lens. The camera rotates around the eye from 0 to 180 
degrees and captures 25 single slit images in fewer 
than two seconds. The Pentacam can also be used as 
an objective method for the evaluation of crystalline 
lens density. Using the individual images, the program 
quantifies lens density on a scale of 0‑100  (0  =  no 
cloudiness; 100 = completely opaque lens). In addition, 
to determining point and linear density, the system 
provides three‑dimensional density evaluation for a 
specific area drawn on the Scheimpflug image. Means 
density, maximum density and standard deviation in a 
specific area can be calculated.

For all patients, lens densitometry was performed in 
a room with dim illumination. The patient was seated 
with their chin on a chinrest and forehead against the 
forehead strap and asked to fixate their eyes ahead on 
a target. To reduce operator dependent variables, the 
Pentacam automatic release mode was used. In this 
mode, the instrument automatically determines when 
correct focus and alignment with the corneal apex have 
been achieved, and then performs a scan. The pupil was 
dilated 30 min prior to each Pentacam examination (at 
baseline and after six months) using tropicamide drops 
instilled twice, five minutes apart. The density threshold 
was set to 20%. Three‑dimensional lens density of the 
anterior capsule and anterior cortex in a fixed area 
of 1  ×  2 inches was measured in all patients. Lens 
densitometry was performed on the same segment of 
the Pentacam image, a segment from 98° to 237°, for 
all patients. If image quality was poor in this segment, 
a best image quality segment was chosen instead. 
The optical axis of the eye, which was marked by the 
Pentacam device, was considered as a reference point for 
guaranteeing evaluation of the same area in the second 
Pentacam examination. The measurement square was 
set in such a way that the optical axis was located in its 
middle for each examination [Figure 1].

Statistical Analysis
An independent paired t‑test was used for continuous 
normally distributed variable  (lens density). P  values 
less than 0.05 were considered as statistically significant. 
Statistical analysis was performed with SPSS for 
Windows Software  (version  17.0, SPSS, Inc., Chicago, 
Illinois, USA).

RESULTS

Forty eyes of 25 patients, including 17 male and 8 female 
patients with progressive keratoconus  (subjects) and 
36 eyes of 18 patients including 10 male and 8 female 
subjects with non‑progressive keratoconus  (controls) 
were evaluated. Mean age of the subject and control 

groups was 25.8 ± 4 (range, 18‑30) and 25 ± 4.1 (range, 
20‑30) years, respectively (P = 0.392).

In the subject group, mean lens density was 
6.68% ± 0.58%  (range, 5.50% to 8.20%) at baseline 
and 6.77% ± 0.53% (range, 5.90% to 8.20%) at the last 
visit (P = 0.352). In the control group, mean lens density 
was 6.53% ± 0.27% (range, 6.30% to 7.10%) at baseline 
and 6.39% ± 0.31% (range, 5.90% to 6.80%) at the last 
visit  (P = 0.213). There was no statistically significant 
difference in terms of lens density assessed by Pentacam 
between the study groups at baseline or six month 
later (P = 0.96).

DISCUSSION

Collagen cross‑linking is a therapeutic modality for 
progressive keratoconus and post‑LASIK ectasia. 
As any other new treatment, safety concerns are of 
great importance. The published literature shows 
that with CXL, in combination with riboflavin and a 
minimal corneal thickness of 400 microns, insignificant 
amounts of UVA irradiance reach inner ocular tissues, 
including the lens and retina, and there is no evidence of 
UVA‑induced damage in these tissues.[17] In vitro studies 
have revealed that with corneal thickness less than 
400 microns, endothelial damage due to UV exposure 
is a possible risk.[18] Recently, some reports have raised 
concerns for corneal endothelial damage after standard 
CXL procedure.[19,20]

During CXL, riboflavin in conjunction with UVA is 
excited to the triplet state, inducing reactive oxygen 
species which by diffusion through the cornea, may 
enter the anterior chamber and come in contact with 
the crystalline lens. Several studies have shown that 
reactive oxygen species accelerate cataract formation.[14‑16] 
The cataractogenic effect of excited riboflavin has been 
revealed in vitro.[15] A minimal amount of UVA reaching 
the lens may also theoretically affect crystalline lens 

Figure  1. Galilei view of the anterior segment measuring 
corneal thickness.
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transparency. Therefore, the crystalline lens may be 
prone to cataract formation or changes in density during 
this procedure.

In the current study we found that exposure of the 
crystalline lens to UVA and triplet state of riboflavin 
during CXL did not significantly impact lens density 
measured with a Scheimpflug camera. This is in line 
with the results of two other studies performed by 
Vinciguerra et al[21] and Grewal et al.[22] Vinciguerra et al 
studied 12 eyes with a 36‑month follow‑up and evaluated 
a 1.2 mm diameter cylindrical‑shaped central section of 
the lens.[21] These authors did not find any deterioration 
of the crystalline lens transparency or permanent negative 
side‑effects on the cornea and endothelium.[21] Grewal 
et al also reported no change in crystalline lens density 
12 months after CXL in 102 patients.[22] In the current 
study we evaluated the density of the anterior capsule and 
anterior cortex of the lens, as these areas are more prone to 
riboflavin free radicals and UVA irradiation during CXL.

The Scheimpflug camera technology has been 
used for objective quantification of crystalline lens 
density in many research studies and its repeatability 
and sensitivity to lens change over time has been 
confirmed. [23,24] The repeatability and validity of 
Pentacam measurements regarding lens densitometry 
has been confirmed by Kirkwood et al.[25] The application 
of Pentacam densitometry for studies on cataracts 
and cataract prevention has been published in recent 
studies.[26] Although the Scheimpflug camera is sensitive 
enough to determine lens density changes, a more precise 
method may be required to detect fine oxidative stress 
in the crystalline lens during CXL. In previous in vitro 
studies, a decrease in the active transport of ions across 
the crystalline lens indicates damage,[15,16] however, there 
are limitations to this method where the human eye is 
concerned.

There are concerns pertaining to changes in corneal 
transparency following CXL and its effect on Pentacam 
accuracy. After CXL, there is a 12.2% increase in the diameter 
of corneal fibrils.[27] To maintain corneal transparency, the 
collagen fibril diameter should not exceed one third of the 
wavelength of visible light (150 nm).[28] The 12.2% increase 
in collagen fiber diameter in CXL does not approach this 
threshold and therefore does not seem to affect corneal 
transparency.[27,28] As such, there should be no concern 
about alteration in the optical transparency of the cornea 
after CXL using Pentacam.

In summary, we observed no signs of cataractogenesis 
or any change in anterior lens capsule or anterior cortical 
density following CXL for progressive keratoconus with 
short term follow‑up using the Pentacam. According to 
in vitro studies, although there may be some oxidative 
stress in the crystalline lens during CXL, it may not be 
significant enough to be measured by a Scheimpflug 
camera. Measuring free radical levels in the aqueous 
humour following CXL treatment and its comparison 

with free radical levels in the normal eye may better 
elucidate this matter in later studies.
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