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ABSTRACT
Keratoconus is a progressive corneal ectactic condition that can
lead to visual loss. Despite being the most common cause for
keratoplasty in the developed world the aetiology is unknown.
It is thought to be multifactorial, with genetic and environmental factors implicated. The association of eye rubbing and
pathogenesis of keratoconus has been well documented. In
this review, we collate the existing literature and summarize
the current knowledge of the role of eye rubbing in the pathogenesis of keratoconus.
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INTRODUCTION
Keratoconus, first described in 1854 by Nottingham, is a
progressive disease which presents with blurred vision
secondary to irregular astigmatism.1 It is an ectatic disorder leading to thinning of the cornea, in the absence
of inflammation, which usually occurs bilaterally.2,3 The
prevalence of keratoconus varies and due to advances in
corneal imaging, it is being diagnosed earlier and more
commonly nowadays. In the US population, a prevalence of
1 per 2,000 has been calculated, however, other epidemiological studies have shown a prevalence ranging from 0.3
per 100,000 in Russia to 2300 per 100,000 in Central India
(0.0003-2.3%).4-6 This variability is thought to be due to
several factors, such as ethnicity, geographical location
and family history.7 Widespread biochemical changes are
known to occur during the development and progression
of keratoconus, however, the etiology of these events are
multifactorial with both genetic and environmental factors.8 Ethnicity is also considered important, with Asians
having keratoconus earlier and aggressive compared to
Caucasians.9
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A genetic theory has been well-documented, in one
study 14% of patients with a known diagnosis of keratoconus had a positive family history.10 Furthermore, larger
percentages of patients with a positive family history
for keratoconus have been shown to have early topographical changes suggestive of keratoconus despite of
being visually asymptomatic.11,12 Monozygotic twin and
familial studies have also shown increased concordance
for disease.13-15 Genome wide association studies have
located the 2q21.3 region as being highly susceptible.16
A specific single gene mutation, however, has proved
elusive. It is probable that numerous genes contribute
or are responsible for increasing the risk for developing
keratoconus.17-22
The association of keratoconus with numerous syndromes is also well acknowledged. These range from
connective tissue disorders, such as Marfan’s syndrome,
to those involving significant atopic change.8 The syndromes relating to atopic change and eczema are particularly of interest for the purpose of this review, as they
are thought to induce keratoconus due to the increased
propensity to rub the eyes. Examples of such syndromes
include Down’s syndrome, hyper-IgE syndrome, ichthyosis, and Turner syndrome.8 There is also an association
of eye rubbing, and secondary keratoconus, with those
suffering from low mental function, which can be a defining feature of many other systemic genetic diseases, such
as albinism.23 Furthermore, those with a compulsion to
eye rub, such as Tourette’s syndrome patients have been
shown to have an increased risk of keratoconus.24
It has been postulated that eye rubbing may be
responsible for the development of keratoconus, possibly as a two hit hypothesis, in those with an increased
genetic predisposition.25,26 The early description of such
an association was in 1976 by Karseras et al.27 Excessive
eye rubbing relates to an activity which has a frequency,
vigor, and time period which is longer than normal. In
this review, we highlight the current literature on eye
rubbing and corneal changes in keratoconus.

EYE RUBBING AS A CAUSE FOR KERATOCONUS
Although the underlying reason for eye rubbing varies,
it would seem that this chronic persistent habit has a
major role in disease development. The youngest case in
the literature describes a 4-year-old girl who developed
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bilateral keratoconus after persistent long-term eye
rubbing.28 Various other case series and reports have
drawn the association between oculodigital massage
and keratoconus onset. 29-33 Subjective reporting of
asymmetric eye rubbing has also been correlated with
worsening of corneal curvature. 34 Keratoconus was
found to be associated with hand dominance in a case
of monocular keratoconus in patient with bilateral eyerubbing.35
A patient suffering from Tourette’s syndrome with
a compulsion to rub the eyes developed severe bilateral
keratoconus and progressed to right eye phthisis in
4 years.36 Psychogenic eye rubbing, chronic compulsive eye
rubbing, resulted in the development of keratoconus after
14 months. This was despite treatment with medication
and electroconvulsive therapy.29 Another interesting case
report described a recurrence of keratoconus in a patient
who had undergone penetrating keratoplasty, which
was deemed to be secondary to rubbing of the eyes.37
A multivariate logistic analysis in a study showing
the increased prevalence of disease in patients with a
history of parental consanguinuity, showed that eye
rubbing is a significant risk factor in the development
of keratoconus.38 Another paper surveyed 240 patients
with known keratoconus and showed 65.6% had a history
of eye rubbing when questioned.39 Similar incidences
of eye rubbing in cohorts of keratoconus patients have
been shown in other studies.40-42 The association of eye
rubbing was shown to be higher (91.8%) in a cohort of 49
children, deemed secondary to either atopy or induced
ametropia.43
An interesting study analyzed a random cohort
of 92 medical students in Lebanon, 3 of whom had a
known diagnosis of keratoconus. Anterior topography
was performed and found a keratoconus prevalence of
3.3%, which was larger than the 2.2% known sufferers.
A questionnaire of the participants revealed 12% had a
family history of keratoconus, but also found that eye
rubbing and atopy were not significantly related to the
presence of keratoconus.44
These reports have demonstrated that abnormal
eye rubbing can be psychogenic with compulsive,
unprovoked rubbing or secondary to irritating symptoms
of itching or dryness.

PHYSICAL CORNEAL CHANGES SECONDARY
TO EYE RUBBING IN KERATOCONUS
Several mechanisms have been proposed for the development of keratoconus secondary to eye rubbing.45 The
cornea is elastic and, therefore, susceptible to changes in
shape. The force and frequency of rubbing are key fac-

tors associated with corneal eye rubbing related changes.
Both vigorous knuckle-grinding rubbing and repetitive
gentle rubbing have been linked to the development of
keratoconus.33
Contact lens wear is known to be associated with
increased eye-rubbing in healthy controls. The stimulus
is thought be irritation, itching and dryness on removal
of lenses. Patients with keratoconus wear rigid contact
lenses, therefore, leaving the corneal epithelium more
susceptible to rubbing related trauma.25
Temperature is also considered to be associated with
corneal remodelling. On eyelid closure, corneal temperature increases due to the close proximity of the palpebral
conjunctiva and the circulatory warmth from its vasculature.45 Animal studies of rubbing, have shown a marked
inflammatory response in the palpebral conjunctiva. It is
possible that there is upregulation of collagenase activity
during periods of rubbing related temperature spikes.45
As discussed later, intraocular pressure (IOP) changes
with eye rubbing can also potentially explain the
development of keratoconus. Large fluctuations in IOP
could lead to indirect traumatization to keratoctyes and
thus the onset of keratoconus.46

PATHOLOGICAL CHANGES SECONDARY TO
EYE RUBBING IN KERATOCONUS
The underlying pathophysiological mechanism for corneal change in keratoconus is thought to be an imbalance
between keratocyte apoptosis and keratocyte proliferation.47,48 There is also upregulation of interlukein-1 in
corneal fibroblasts in eyes with keratoconus. It is thought
that increased sensitivity of keratocytes to interleukin-1
causes gradual loss of stromal mass. This process can
be secondary to contact lens associated trauma or eye
rubbing.49 Keratocyte density has been shown to be reduced in noncontact lens wearing individuals following 10
seconds of light rubbing using one finger repeated 30
times in a 30 minute period.49 Hollingsworth et al have
demonstrated that reduction of anterior and posterior
keratocyte density is significantly associated with eye
rubbing.50 Firm rubbing in humans has shown to induce
ocular chemosis and hyperemia.35 Patients with keratoconus are, therefore, susceptible to corneal remodeling
and thinning due to damage from contact lens wear and
eye rubbing.
Inflammatory markers are also known to contribute
to the pathogenesis of keratoconus secondary to eye
rubbing. Balasubramanian et al. used specific enzymelinked immunosorbent assays to measure the amount of
inflammatory markers 60 seconds after eye-rubbing in
normal subjects.51 They found an increased expression
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in tear matrix metalloproteinase-13, interleukin-6 and
tumour necrosis factor-α in normal subjects. There was
no significant change in collagenase activity.51 These
inflammatory changes after rubbing are thought to
contribute to the pathogenesis.52

IMPORTANT OCULAR COMPLICATIONS
SECONDARY TO EYE RUBBING IN
KERATOCONUS
In those patients with confirmed keratoconus, the continuation of eye rubbing has been shown to raise the likelihood of developing acute hydrops in children as young
as 9 years of age.53-56 For this reason, the development of
behavior modification written guides has been utilized
to slow the rate of ectasia progression and complications,
and is particularly important in those with mental handicap.57,58 The finding of the development of acute hydrops
secondary to chronic rubbing suggests that it may not
be a spontaneous event. The mechanical stress of rubbing may be the cause of the development of hydrops in
keratoconus. It is also important to note that progression
of keratoconus to complications such as perforation may
not be related to eye rubbing.59
Aside from its association with keratoconus, there
have been other reports of complications occurring
secondary to eye rubbing. Spikes in the IOP have been
described secondary to indentation of the cornea following rubbing. This can be problematic due to the chronic
nature of eye rubbing and the potential for development
or worsening of axial myopia and glaucoma.60 Gentle
and firm eye rubbing are able to temporarily increase
the IOP two, and four fold respectively.61 Massaging of
a rabbit eye in vivo has produced an IOP of 150 mm Hg,
although, whether this level would be possible in humans
is difficult to establish.62 These rubbing forces causing
IOP fluctuation secondary to indention of the cornea are
likely to be associated with corneal curvature transfer
and development or progression of keratoconus.45

CONCLUSION
The association of eye rubbing and keratoconus is established and well documented. It would seem that a genetic
predisposition, combined with repetitive eye rubbing
are a risk factor for the development of keratoconus. The
reason for eye rubbing seems to be independent of the
physical damage that eye rubbing itself causes. However,
the effect of short duration eye rubbing on healthy individuals remains unknown. Further research is, therefore,
warranted on whether corneal topography may be temporarily altered in the acute phase of eye rubbing.
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