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ORIGINAL ARTICLE

Purpose: The aim of the study was to determine the effects of corneal collagen cross-linking (CXL) on tear function param-
eters in a long-term period retrospectively.
Methods: Twenty-four eyes of 17 keratoconus patients after CXL treatment were included in the study. The ocular sur-
face disease index questionnaire (OSDI), tear osmolarity, tear break-up time (T-BUT), Oxford ocular surface staining score, 
Schirmer I test, and the National Eye Institute Visual Function Questionnaire-25 were performed before and after CXL at 1st 
and 24th months. All parameters were compared.
Results: Tear osmolarity significantly increased during follow-up (p=0.001). The increment in T-BUT was significant between 
pre-operative and 1st month (p=0.001). Oxford grading score increased progressively but the difference was only significant 
between pre-operative and 24 months (p<0.05). Schirmer’s score improved at 1st month but altered in favor of dry eye at 24 
months similar to T-BUT. OSDI and tear osmolarity were significantly increased in all visits (p<0.05).
Conclusion: Dry eye disorder was demonstrated as a significant complication of CXL in keratoconic eyes in a long-term pe-
riod. Even if we performed CXL at early times, we need to follow patients for ocular surface disorders as well as topographic 
progression for the period of long time because the side effects of CXL on the ocular surface last up to 24 months.
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Keratoconus is an asymmetric corneal disorder that may 
progress and cause steepening, thinning, and distor-

tion of the cornea. In recent years, a new method, corneal 
collagen cross-linking (CXL), has been applied to prevent 
the progression of corneal ectasia.[1] During the procedure, 
the corneal epithelium is usually removed and UV-A ex-

posure is applied. Both removals of epithelium and UV-A 
exposure damage to subepithelial nerve plexus and de-
crease corneal sensitivity. Damage in corneal nerves and 
decreased corneal sensitivity may lead to inhibition of 
blinking and induce basic tear secretion.[2]

It has been proposed that keratoconus is related to ocular 
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surface disorders such as tear quality reduction, goblet cell 
loss, and squamous metaplasia.[3] Ocular surface disorders 
and impaired tear function lead to visual distortion and op-
tical aberrations.[4,5] Furthermore, ocular surface disorders 
related to abnormal corneal nerve morphology are seen 
in keratoconus patients and these pathologies initiate oc-
ular discomfort and life quality impairment.[6] In addition 
to keratoconus-related ocular surface disorders, CXL may 
have a synergistic effect on tear functions. We consider that 
the effect of CXL on ocular surface is significant. Therefore, 
we hypothesized that reduced corneal sensitivity after CXL 
may decrease blink rate, and increase exposure of corneal 
epithelium and tear evaporation. Related to these factors, 
ocular surface pathologies such as dry eye disorder and 
tear dysfunction may occur. For this reason, we followed 
ocular surface parameters in keratoconus patients until 24 
months after CXL and compared them with pre-operative 
values.

Materials and Methods 
This retrospective study followed the tenets of the Decla-
ration of Helsinki, and it was approved by the local ethical 
committee (Registration Number: 2021/43). All participants 
gave informed consent. A power analysis was performed 
to determine the number of patients that needed to be 
enrolled in the study. The keratoconus patients who have 
Grade 1 or 2 keratoconus according to the Amsler-Krume-
ich keratoconus classification system (Grade 1, eccentric 
corneal bulging, myopia, and/or astigmatism <5 D and 
corneal radius ≤48 D, no corneal opacities; Grade 2, my-
opia and/or astigmatism >5 D and <8 D and/or corneal 
radius ≤53 D, no central opacities, pachymetry ≥400 μm) 
were included.[7] 24 eyes of 17 mild-or-moderate progres-
sive keratoconus patients who have performed epi-off CXL 
procedure in Balıkesir University Ophthalmology Depart-
ment between January and April 2017 were included in 
the study. All participants had ≥400 µ corneal thickness in 
pachymetry.

Age, gender, systemic disorders, and medications were 
noted. Exclusion criteria were a history of ocular surface 
disorder, ocular surgery, any type of topical drug use, and 
contact lens wear. All included subjects underwent a de-
tailed ophthalmic examination including best corrected 
visual acuity, intraocular pressure measurement with a 
non-contact tonometer, biomicroscopic examination, 
and non-dilated fundus examination. To estimate dry eye 
symptoms, an ocular surface disease index questionnaire 
(OSDI-includes 12 questions about the effect of dry-eye 
symptoms on life quality; Allergan, Irvine, California, USA) 

has been performed by themselves. In addition, tear osmo-
larity (quantified by TearLab Osmolarity System; San Diego, 
California, USA), tear break-up time (T-BUT), Oxford grad-
ing score of ocular surface staining (with Lissamine Green), 
and Schirmer I test were performed at early times of the 
examination day before and 1–24 months after treatment. 
At the final visit, the National Eye Institute Visual Function 
Questionnaire-25 test was additionally performed. Pre-
post-treatment values were compared.

Corneal CXL Procedure
Under topical anesthesia, the corneal epithelium was re-
moved by rubbing the central cornea with a 20% alcohol 
solution and scrapping with a crescent knife at an intended 
8.0-mm zone mechanically. Corneal limbus and conjuncti-
val tissues were protected from alcohol insertion and ocu-
lar surface was washed with a balanced salt solution. After 
that, isotonic riboflavin solution (0.1% riboflavin in 20% 
dextran T500 solution, Meran Medicine, BNM Inc., Istanbul, 
Türkiye) was applied to central cornea every 2 min for 30 
min and the UV-A irradiation was applied using a commer-
cially available UV-A system (Meran Tıp, BNM Inc., Istanbul, 
Türkiye) for 10 min at 9 mW/cm2. At the end of irradia-
tion, corneal epithelium was washed with 30 cc balanced 
salt solution. A bandage contact lens was placed over the 
cornea. A standardized treatment protocol which includes 
fluorometholone eye drops (4 times/day) and artificial 
tears (4 times/day) for 1 month was applied to all patients. 
The corneal epithelial defect was followed on the 1st, 7th, 
and 30th day. Any complication detected during follow-up 
period.

Statistical Analysis
The normality distribution was assessed by Kolmogorov–
Smirnov test. Pre- and post-OSDI and tear film tests (T-BUT, 
Schirmer I test, Oxford scores, tear osmolarity value) within 
groups were compared with the paired-samples t-test. The 
statistically significant ratio of 5% is accepted.

Results
At the beginning of the study, 24 eyes of 17 patients were 
enrolled. Ten patients lost during 24 months of follow-up 
and finally, 11 eyes of were evaluated. The study included 
11 eyes of seven patients with progressive keratoconus. The 
mean age was 24.45±4.27 (20–32) years, and 5 (45.4%) of 
the patients were female and 6 (54.5%) of the patients were 
male. Table 1 reveals the tear osmolarity, T-BUT, Schirmer’s 
score, OSDI score, and Oxford grading score at baseline, 1st 
month, and 24 months postoperatively.
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A significant progressive increase was detected in OSDI 
and tear osmolarity at the post-operative 1st month and 
24th months compared to pretreatment (p=0.009 for 
OSDI, and p=0.001 for tear osmolarity) (Figs. 1 and 2). De-
spite the fact that T-BUT increased progressively during 
follow-up, it was only significant between pre-operative 
and 1-month post-operative values (p=0.001) (Fig. 3). 
Similar to T-BUT, Oxford grading score increased progres-
sively but it was only significant between pre-operative 
and 24 months (p=0.025) (Fig. 4). The Schirmer I test in-
creased in 1st month compared with pre-operative values, 
although it has the lowest value in 24 month during fol-
low-up period (Fig. 5).

Discussion
Corneal collagen crosslinking is the unique treatment 
option for preventing progression, and also to block 
the pathophysiology in keratoconus and post-refractive 
surgery corneal ectasia. It also reduces the requirement 
for keratoplasty. Besides the advantages, CXL has an effect 
on initiating the alterations on the ocular surface. In addi-
tion to optical aberrations and refractive errors, tear film 
dysfunction leads to impaired visual acuity in keratoconus 
patients who are relatively younger ages at the time of di-
agnosis, and have longer life expectancy.[8] In this report, 
we investigated the effect of CXL on ocular surface and tear 
function parameters. We declared that CXL may lead to oc-

Table 1. Mean values of test results and pre-operative to post-operative comparisons

Ocular surface parameters Pre-operative 1-month 24-month  P-value
  (V1) (n: 24) (V2) (n: 24) (V3) (n: 11)

     V1 versus V2 V1 versus V3 V2 versus V3

OSDI1 (min-max) 2.82±2.82 17.00±17.98 43.09±15.57 0.011 0.001 0.009
  (0–7) (0–44) (20–66)
Tear Osmolarity (mOsm/L) (min-max) 280.63±8.52 287.90±8.90 297.72±10.70 0.001 0.001 0.001
  (264–292) (276–302) (278–314)
T-BUT2 (sec) (min-max) 10.27±2.72 15.00±3.87 13.55±8.21 0.001 0.256 0.625
  (7–14) (10–20) (5–26)
Oxford Grading Score (min-max) 0 0.27±0.46 0.55±0.68 0.082 0.025 0.277
   (0–1) (0–2)
Schirmer’s I test (mm) (min-max) 9.73±3.49 15.00±6.97 9.64±5.71 0.001 0.963 0.063
  (5–14) (6–24) (4–22)
NEI-VFQ253   71.27±19.73

1OSDI: Ocular Surface Disease Index Questionnaire, 2T-BUT: tear film break-up time, 3NEI-VFQ25: The National Eye Institute Visual Function Questionnaire, P-value: Statistically 
significant ratio, Mean values of test results and P values for comparison of pre-operative and post-operative results at each time point. Data were compared by means of a pai-
red-samples t-test.

Fig. 1. Ocular surface disease ındex alterations in keratoconus patients 
at preoperatively, 1st month, and 24 months after corneal colla-
gen cross-linking.

Fig. 2. Tear osmolarity alterations in keratoconus patients at preoper-
atively, 1st month, and 24 months after corneal collagen cross-
linking.



4 European Eye Research

ular surface disturbance by evaluating OSDI, tear osmolar-
ity, T-BUT, Oxford grading score, and Schirmer’s score at 1st 
and 24th months. We observed that CXL has negative ef-
fects on tear function and concluded that if we performed 
CXL for progression, we should follow patients for ocular 
surface disorders as well as topographic progression for a 
long time. Because the side effects of CXL on ocular surface 
may last up to 24 months.

OSDI score was significantly higher in 1st month and 24th 
month follow-up. We believe that increased OSDI strongly 
implies ocular surface disease after CXL. OSDI also remains 

the ability to continue daily activities and the perception 
of the individual’s health related to dry eye. Several stud-
ies declared that there was no significant difference in the 
levels of OSDI scoring but none of these publications had a 
long follow-up period of 2 years.[9-12]

In this study, we evaluated tear osmolarity, which is a quan-
titative method for diagnosis and classification of dry eye.
[13] We observed that the tear osmolarity increased grad-
ually similar to OSDI after CXL. Tear osmolarity has been a 
gold standard method to diagnose tear concentration with 
high sensitivity and specificity. In keratoconus patients, the 
alterations in components and concentration of tear pro-
teins may be observed after CXL. Recalde et al. resulted 
positive correlation between tear osmolarity and tear 
proteins that may be related to increased oxidative stress, 
apoptosis, and inflammation of the ocular surface.[9] Some 
authors have not found a change in the tear osmolarity af-
ter CXL with Dresden protocol[14,15] while some of them 
have performed accelerated CXL (A-CXL).[10,12] Current 
studies that have been processed with the Dresden proto-
col similar to our study have not accessed out follow-up pe-
riod or those that have reached our follow-up period have 
not performed osmolarity. In studies, the A-CXL method is 
preferred; the monitoring period is different in each case: 
3, 6, 12, 18, and 24 months. However, a similar follow-up 
period is considered only in the study of Kontadakis et al., 
they have performed tear function parameters except for 
the tear osmolarity. The significant differences in the tear 
osmolarity may be related to different CXL methods and A-
CXL may be superior to Dresden protocol for tear film func-

Fig. 3. Tear break-up time alterations in keratoconus patients at preop-
eratively, 1st month, and 24 months after corneal collagen cross-
linking.

Fig. 4. Oxford grading score alterations in keratoconus patients at pre-
operatively, 1st month, and 24 months after corneal collagen 
cross-linking.

Fig. 5. Schirmer’s score alterations in keratoconus patients at preoper-
atively, 1st month, and 24 months after corneal collagen cross-
linking.
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tion. Furthermore, comparative studies with both methods 
should be held with a long monitoring period including 
the evaluation of tear film parameters.

Similar to OSDI and the tear osmolarity, Oxford staining 
score rised progressively in favor of dry eye but the dif-
ference was statistically significant only in 24th months 
when compared with pretreatment values. Several reports 
resulted a significant change in Oxford stating score, al-
though Recalde et al. observed a significantly positive 
correlation between tear S100A6 levels and ocular surface 
staining scores which indicates the damage to the ocular 
surface at 6 and 12 months after the procedure. They have 
proposed that S100A6 is an indicator of cellular apoptosis. 
If S100A6 concentration is reduced in tear, corneal staining 
diminishes indicating less ocular surface injury.[9]

The musin is an essential constituent of the mucin layer 
which stabilizes tear film and moistens the ocular surface.
[16] Tear mucin is mostly produced by conjunctival gob-
let cells, also by non-goblet conjunctival epithelial cells, 
and the corneal epithelium.[17] The quality of mucin is 
described as T-BUT clinically. In untreated keratoconus 
patients, T-BUT values were found significantly lower com-
pared with healthy subjects.[3] In this report, we resulted 
an improvement in T-BUT in the 1st month but there was 
no change in 24 month. Increased T-BUT in the 1st month 
may be associated with a post-operative treatment scheme 
including non-preservative artificial tears throughout 1 
month, 4 times a day.

Alterations in T-BUT scores may be related to possible 
changes in the quality and/or quantity of mucin secretion 
by the injured corneal epithelium, diminished goblet cell, 
and conjunctival non-goblet epithelial cells.[17,18] In addi-
tion to that, steep corneas may lead to ocular surface disor-
ders related to corneal exposure.[3] In this study, crosslink-
ing was found to be effective for halting the progression of 
keratoconus in all patients and none of the corneas showed 
progressive steepening and thinning after treatment at 
24th months. Besides that, Kalkan Akçay et al. proposed 
that there was no significant change in T-BUT and addition-
ally they evaluated conjunctival goblet cell density. They 
concluded that there was not any significant correlation 
between T-BUT values and conjunctival goblet cell den-
sity changes after A-CXL. They commented that regener-
ated corneal epithelium after complete re-epithelialization 
produces a better quality and quantity of mucin. Through 
in vivo confocal microscopy, Mazzotta et al. showed that 
epithelial cell mosaic improved after standard CXL, espe-
cially in the apex region, compared with the pre-operative 

corneal epithelium.[19] The evaluation of tear function was 
also declared unexpected results. In this study, dry eye was 
not aqueous-deficient. Tear production was also evaluated 
by the Schirmer I test. No significant difference was ob-
tained during the follow-up. We commented that all sub-
jects were prescribed non-preservant artificial tears and it 
could have possible improving effects on tear film parame-
ters familiar with T-BUT. Both Schirmer’s test and T-BUT re-
versed to the pretreatment statement at 24th month.

Besides, the remnants of corneal epithelium on the periph-
eral cornea may compensate for tear secretion, or the same 
effect may be caused by aberrant activity of amputated 
corneal nerves.[20] CXL has been shown to have no effect 
on tear production in previous studies with different mon-
itoring periods in each case: 1 month–24 months.[10-12,14] 
Uysal et al. were not detected a change in the average of 
Schirmer’s score after A-CXL[11] and Taneri et al. postulated 
that several dry eye parameters have not been influenced 
by CXL (according to Dresden protocol) at 3 and 6 months 
postoperatively.[14] These findings are similar to our results.

Before performing CXL, we should remember that corneal 
innervation, sensitivity, and tear function are already ab-
normal in keratoconic patients.[3] In keratoconus, ocular 
surface changes such as decreased corneal sensitivity and 
T-BUT, and increased ocular surface staining score are ob-
tained by Dogru et al.[3] In addition to that, they reported 
that goblet cell loss and conjunctival squamous metaplasia 
(with impression cytology) may exist in keratoconus and all 
of these may be related to the keratoconus progression.

Bleshoy declared that the sensitivity in keratoconic corneas 
is impaired in all zones.[21] The alterations in corneal in-
nervations of keratoconus patients have been shown in 
confocal microscopic studies. Compared with controls, the 
sub-basal nerve was thicker, and more tortuous with lower 
density.[22-24] In addition to impaired corneal nerve density 
in keratoconus, Kontadakis et al. postulated that corneal 
sensitivity decreased in the post-operative 1st month and 
restored to pre-operative levels at post-operative 9 months 
after CXL.[15] In confocal microscopic studies, Kymionis et al. 
showed that the corneal reinnervation initiates about the 
3rd month after CXL but did not restore to pre-operative 
density.[25] Xia et al. declared that corneal nerves showed 
improvement at post-treatment 90 days and corneal nerve 
fiber density completely recovered after 180 days in rab-
bits.[26] Similarly, the previous studies reported more rapid 
regeneration of subepithelial nerve fibers. Mazzotta et al. 
reported that recovery initiates in 1st month and is com-
pleted 6 months after procedure. However, corneal nerve 
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formation does not still return to pre-operative form at 2 
years. These studies may explain our results which show 
the tendency toward dry eye at 24 months.[19] In regard 
to these studies, it could be claimed that CXL may lead to 
noteworthy transient hypoesthesia due to transient den-
ervation.[15] It has been reported that keratocytes and the 
subepithelial nerve plexus regenerate in about 6 months 
although we observed the long-term effects on the ocular 
surface in 2nd year. 

In the short follow-up period, the toxicity due to topical 
drugs, mechanical injury through lid speculum, and in-
flammation may likely cause ocular surface disorders. Fur-
thermore, there are several hypotheses that explain these 
results. Kalkan Akçay et al. have found alterations in the 
conjunctival impression cytology after CXL and described 
them as the toxicity of UV-A radiation.[10] The corneal lim-
bal region is the main source of epithelial stem cells that 
have a significant role in providing ocular surface stability. 
Although limbal area is protected from intentional radia-
tion directly during the procedure, scattered UV-A light 
or inadvertent irradiation on limbal epithelial cells affects 
ocular surface after treatment. Beyond that, the adverse 
effect of collagen fragments and degradation products of 
corneal epithelium (released into tears) may be hazardous 
to tear film stability. In addition to that, there is irregular 
distribution of tear film on the cornea and ocular surface 
because of the corneal ectasia.[27,28]

The pathogenetic mechanism of keratoconus and other 
ectatic corneal disease is commonly mentioned as the re-
lease of inflammatory mediators due to eye rubbing which 
leads to changes in corneal collagen and progresses ectasia. 
A positive correlation between keratoconus and systemic or 
ocular allergic disorders has been mentioned. The major lim-
itation of this study is the small sample size. Unfortunately, 
few patients completed the 24-month follow-up period. 
Another limitation of our study is not to evaluate the allergic 
status of patients and we could not obtain adequate data 
about allergic pathologies. Both systemic and ocular aller-
gies and anti-allergic treatment have an effect on the ocular 
surface and may generate dry eye symptoms. For this rea-
son, comorbidities should be remembered in a long follow-
up period. Contact lens use also affects corneal sensitivity.
[29] None of our patients have a soft or rigid gas-permeable 
contact lens history. This minimizes the effect of lenses on 
measurements and all of them have been prescribed only 
glasses after treatment. In addition, we could not reach the 
data about the patient’s corneal topography data, visual 
acuity, and other treatment modalities; they received before 
CXL. For this reason, we could not conclude about it.

Conclusion
Our data showed that CXL may lead to dry eye disorder 
which is a significant complication of the procedure. After 
CXL, we should follow patients for ocular surface disorders 
as well as topographic progression for a long time because 
the side effects of CXL on the ocular surface may last up to 
24 months. As a result, the iatrogenic dry eye seems to be a 
considerable complication after CXL. 
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