
INTRODUCTION

Astigmatism is one of the most important causes of ocu-
lar fatigue and visual disturbance. It is primarily caused by
the optical center not being focused at one point due to the
differences of refractive power from each meridian of the
anterior, and posterior corneal surfaces and the lens itself.
Among them the corneal astigmatism accounts for most of
the ocular astigmatism. 

In fact, the cause of corneal astigmatism remains still un-
clear. Since Snellen first postulated that eyelids might affect
the corneal shape and astigmatism in the 19th century, many
other studies have reported reciprocal results. Among them,
Gullstrand suggested that if the cornea were not influenced
by the external pressure, it would maintain against-the-rule
astigmatism and that with-the-rule astigmatism would occur
due to the lid tension imposed on the corneal surface (1).
Similarly, we can often see with-the-rule astigmatism in those
with high lid pressure like children, whereas against-the-rule
astigmatism develops with the reduction of lid pressure in
the aged. The evidence that the pressure of eyelids has a direct
effect on corneal shape can be found in common clinical sit-
uations (2). The chalazia in upper eyelid have been shown to

produce a reduction in vision, associated with reversible cen-
tral corneal flattening (3, 4). In the interpretation of the nor-
mal corneal topographies, we have to take some other factors
into considerations. First, alteration in the distribution of
tear can induce the corneal topographic changes (5). It is
because the topographic images are taken from the most
anterior ocular surface, and the physiologic outermost ocu-
lar surface is made up of tear film. Its conformation can change
over time after blinking and the tear layer is known to reach
its most regular state at 3-10 sec after each blink (6). We also
have to consider diurnal variations of corneal curvature and
other systemic factors such as age, gender, and intraocular
pressure to evaluate the change of corneal topography (7, 8).

In this study, we tried to investigate the role of eyelids in
the development of corneal astigmatism in patients who
have involuntary lid spasm, by observing that the induced
astigmatism could be released with the removal of the me-
chanical pressure of the lid using Botulinum toxin-A. In
the course of spasm, the tension of superior lid was so strong
that we could ignore the effect of other subtle confounding
factors. 
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The Changes in Corneal Astigmatism after Botulinum Toxin-A Injection
in Patients with Blepharospasm

To determine if the involuntary contractions of eyelids may have any effects on the
development of corneal astigmatism, we performed this prospective study which
includes 19 patients with either essential blepharospasm or hemifacial spasm. In
hemifacial spasm, the degree of corneal astigmatism was evaluated between two
eyes. Then the topographic changes were checked using vector analysis technique
before and after passively opening the eyelids. They were also measured before
and at 1 and 6 months after the injection of Botulinum toxin. Resultantly, 20 eyes
had the with-the-rule (group1) and 9 eyes against-the-rule (group2) astigmatism.
In hemifacial spasm, significantly more astigmatism was found at spastic eyes. The
corneal topographic changes after passively opening the eyelids showed 10 eyes
with the astigmatic shift to the with-the-rule, while the remaining 19 to the against-
the-rule. At 1 month after injection of Botulinum toxin, group 1 showed reduced
average corneal astigmatism, whereas group 2 showed increased astigmatism. The
astigmatic change vector showed significantly more against-the-rule. In the contrary,
6 months after treatment, corneal astigmatism again increased in group 1 and de-
creased in group 2. So they took on the appearance of pretreatment astigmatic
status eventually. Conclusively eyelids may play an important role in corneal cur-
vature.
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MATERIALS AND METHODS

With the informed consent, we studied 19 patients with
27 eyes who suffered from essential blepharospasm or hemi-
facial spasm involving lids for more than 1 yr and visited
Yongsan Hospital, Chung-Ang University from February
2001 to January 2003. After noting age and sex, the corneal
astigmatism was measured using a videokeratography (Ker-
atograph�, Oculus, Wetzlar, Germany). The lid tension was
measured subjectively by grasping eyelashes with two fingers
and pulling them outward and upward. We excluded from
our study the patients in whom the corneal astigmatism could
not be measured by this method due to their severe blepha-
rospasm and the patients with other ocular problems that
could cause any corneal surface alterations. 

To evaluate the direct mechanical effects of eyelids, we
evaluated the keratometric changes in 3 ways. At first, we
compared the differences of astigmatism between two eyes
of a patient having hemifacial spasm without any external
forces exerted on the eyelids. Then the topographic changes
were also measured before and after passively opening the
eyelids in all the patients enrolled in our study, paying atten-
tion not to dry the cornea. It was taken at 5 to 10 sec after
their eyes were passively opened by the speculum. And at
the same time, special efforts were made to avoid external
forces evoked by hands or speculum exerting on lids and to
avoid meibomian secretion running down into the tear layer.
In this manner, we could minimize the effects of tear flow,
and thus we could evaluate the short-term influence of eye-
lids on corneal topography. And to evaluate the long term

changes of corneal astigmatism after removal of mechanical
effects of eyelids, we used botulinum toxin-A (Botox�, Aller-
gan, Irvine, CA, U.S.A.). It was stored at -20℃ and diluted
with saline solution just before injection. A dose of 4-unit/0.1
mL was injected into the orbicularis oculi, corrugator super-
ficilii and procerus muscles with a 30-gauge needle respec-
tively. All the procedures were conducted by the same physi-
cian. The follow-up examinations for the relaxation of spasm
and resultant changes of corneal astigmatism were performed
with their eyes open spontaneously at 1 and 6 months after
the injection, because the effect of toxin was to reach its max-
imum by 1 month and disappear by 6 months after injection
into musculature (9).

We analyzed the amount and steepest axis of central corneal
astigmatism from the keratometric values obtained from
videokeratoscopy. We also defined with-the-rule astigmatism
when its steepest meridian lies from 45° to 135° and against-
the-rule astigmatism from 0° to 45° and 135° to 180°. In
order to evaluate the changes of astigmatism after treatment,
double-angled vector analysis technique was used, as the axis
of astigmatic vector has the same value by rotating 180° arc
(10, 11). We set each circle’s interval at 0.5 diopter (D). In
this map, the right side of circle revealed against-the-rule
astigmatism and left side revealed with-the-rule astigmatism.
Corneal astigmatism change vector was calculated using the
following equation below, and then the change of vector point
was marked in the double angled map. 

V=Vector after (botulinum toxin-A) injection-Vector before
injection

If the vector points of astigmatic change after botulinum

Fig. 1. Graphical method for calculating corneal astigmatism vector change. (A) If a corneal astigmatic measurement of a patient before
botulinum toxin-A injection showed 1.75 diopter with its steepest axis 26 degree (right, marked as ‘‘Before) and changed to 1.5 diopter with
62 degree after treatment (left, marked as ‘‘After’’) then the resultant change vector is obtained by subtracting the preoperative value from
the postoperative value (blue line). If the vector is drawn to the center (red line) then the apex reveals astigmatic change vector point (B).
This case shows with-the-rule change (1 interval: 0.5 D).
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toxin injection lay in right side of the map, we could tell that
they had the tendency towards against-the-rule astigmatism
and accordingly the left side towards with-the-rule astigma-
tism (Fig. 1).

The refractive data were measured three times at each visit.
The measurements were performed before treatment, at 1
month after injection and 6 months after injection. Accord-
ing to the pretreatment astigmatic values, we divided the
patients into two groups as with-the-rule (group 1), and
against-the-rule (group 2), and we compared the mean corneal
astigmatism between two groups.

All our data in this study were analyzed with 95% confi-
dence interval (Student t-test. SPSS ver. 10.0) 

RESULTS

Corneal measurements taken before botulinum toxin-A
injection revealed that the patients having with-the-rule
astigmatism outnumbered those having against-the-rule
astigmatism. Of 19 patients, 8 were male and 11 were female.
Of the 29 eyes enrolled in this study, 20 eyes showed with-
the-rule astigmatism (group 1) and 9 eyes against-the-rule
astigmatism (group 2). Mean age was 62.6±12.9 yr and

13 patients have hemifacial spasm including eyelids and 8
patients have essential blepharospasm. 

The astigmatic differences between two eyes in patients
with hemifacial spasm

Among the 13 patients with hemifacial spasm, most of
them had with-the-rule astigmatism and the involved eyes
showed significantly more astigmatism than the opposite
healthy eyes (p<0.05, t-test) (Fig. 2A). 

The short-term influence of eyelids on the corneal astig-
matism

The swift corneal topographic changes after passively open-
ing the eyelids showed various results, and they were shown
as a vector plot (Fig. 2B). Ten eyes showed the astigmatic
changes to the with-the-rule, while the most remaining 19
eyes to the against-the-rule. 

The long-term influence of eyelids on the corneal astigma-
tism after injection of Botulinum toxin-A

The average values of corneal astigmatism measured before
botulinum toxin-A injection, and 1 month and 6 months
after injection were 0.59±0.18 D, 0.32±0.15 D and 0.51
±0.21 D in group 1, and 0.91±0.23 D, 1.18±0.29 D
and 1.11±0.24 D in group 2 respectively. Regarding the
changes of corneal astigmatism, the mean value significantly
decreased in all the patients of group 1, but the mean value
significantly increased although some of them did not show
any remarkable changes in group 2 (Table 1, p<0.05, Student
t-test). 

These showed that the value of with-the-rule astigmatism
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Fig. 2. (A) The difference of astigmatism between two eyes of a patient having hemifacial spasm. Blue circle is representative for the amount
and axis of astigmatism of healthy eye, while red circle for those of spastic eyes. Most of them have the against-the-rule astigmatism. The
mean value is 0.85±0.24 D for the involved eyes and 0.58±0.18 D for the healthy eye. It was significantly different. (p<0.05 by t-test) (B)
The corneal topographic changes after passively opening the eyelids in spastic eyes. 10 out of 29 eyes show the rapid astigmatic changes
to the with-the-rule, while the remaining 19 to the against-the-rule astigmatism. (C) Corneal astigmatism change vector 1 month after botulinum
toxin-A injection in patients with blepharospasm. In 21 eyes, astigmatic patterns change to against-the rule (right side, red) and in 8 eyes,
to with-the-rule (left side, blue). Distance from center represents diopteric change.

*p<0.05 by student t-test. 

Before 
injection

1 month after
injection

6 month after
injection

Group1 (diopter) 0.59±0.18 0.32±0.15* 0.51±0.21 
Group2 (diopter) 0.91±0.23 1.18±0.29* 1.11±0.24 

Table 1. Mean corneal astigmatism after injection of botulinum
toxin-A in patients with blepharospasm (mean±standard devi-
ation)



decreased while the value of against-the-rule astigmatism
increased after treatment. Accordingly 1 month after treat-
ment, corneal astigmatic change vector plot showed the shift
toward against-the-rule astigmatism (right side of the map)
in 21 eyes, and the shift toward with-the-rule astigmatism
(left side of the map) in 8 eyes (Fig. 2C). These results revealed
that most of the patients experienced change of astigmatism
toward the against-the-rule astigmatism at about 1 month
post-injection (Fig. 3).

In the contrary, at 6 month after treatment when the effect
of botulinum toxin is thought to be nullified, corneal astig-
matism again increased in group 1 and decreased in group
2. So they took on the appearance of corneal astigmatism of
pretreatment status eventually (Fig. 4). 

DISCUSSION

The causes of corneal astigmatism are not completely under-
stood. Nevertheless, several factors have been found to con-
tribute to the development of corneal astigmatism, and among
them the pressure exerted by eyelids has been considered to
be one of the most important factors of all. Suat and Guler
reported asymmetrically increased corneal astigmatism in
patients with congenital ptosis in a single eye, as compared
to the healthy eye (12). A recent report also explored a change
of corneal astigmatism after implantation of a metallic device
in the eyelid for the management of lagophthalmos (13). We
can deduce from the above studies that eyelids may place
some effects on corneal astigmatism. However, their results

were nothing but a short-term effect of removing the lid ten-
sion with speculum, which turned out to be highly variable
in our study. In fact, for the investigation about the cause of
astigmatism, we need to evaluate the relatively long term
effect of eyelids, because an external force exerted for a long
period can cause some conformational changes on the cornea.

Our results showed that the corneal topography might be
influenced by the mechanical pressure of lids by observing
the differences of astigmatism between two eyes in hemifa-
cial spastic patients. And we could also see that the astigma-
tism induced by contraction of lids rapidly changed with
the removal of such causative pressure by passively opening
them. However, the direction of the changes was not con-
stant in vector analysis (Fig. 2B). 

Botulinum is a kind of neurotoxin, which is elaborated by
Clostridium botulinum. Its site of action is presynaptic nerve
terminal where it prevents the release of acetylcholine. There
are diverse types of botulinum toxin in nature, and among
them, type-A toxin is the most stable and commercially used
for medical purposes (14). Its effects usually last for several
months, so after injection of toxin, we can see the relatively
long term changes of corneal topography exerted by eyelids. 

We observed the reduction of the with-the-rule astigma-
tism and the increase of the against-the-rule astigmatism at
1 month after botulinum toxin-A injection. But 6 months
later, a slow increase in lid tension and a return of corneal
astigmatism to the pre-injection value were found. The vec-
tor plot revealed the incidences of the changes to the against-
the-rule astigmatism were much more than the change to
the with-the-rule astigmatism after botulinum toxin-A injec-
tion. These were because the patients who suffered from ble-
pharospasm with strong lid tension showed a tendency toward
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Fig. 3. The change of corneal topography 1 month after botulinum
toxin-A injection. An example of topographic change before (A)
and 1 month after injection of botulinum toxin-A (B). This topo-
graphic pattern reveals with-the-rule astigmatism before treat-
ment, but slowly changes into against-the-rule astigmatism after
toxin injection.

Fig. 4. The mean corneal astigmatism before and 1, 6 months
after injection of botulinum toxin-A in patients with blepharospasm.
With-the-rule astigmatism decreases and against-the rule astig-
matism increases at 1 month, but return to its original pattern 6
months after injection of toxin.
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flattening on the periphery of the cornea in superior vertical
meridian, and conversely steepening in the corneal center.
As a result, what we could see was the formation of the with-
the-rule astigmatism in patients with blepharospasm due to
the constant pressure of lids. However botulinum toxin-A
injection relieved the lid tension, and so it reduced the with-
the-rule astigmatism and induced vectorial changes to the
against-the-rule astigmatism (Fig. 2C).

Actually, many factors can influence on the change of corneal
topography other than the pressure of eyelids. The tear flow
after blinking can bring about striking changes in corneal
topography, but it usually is temporal and stabilized after
several seconds (5, 6). The excessive lipid secretions from the
meibomian glands can also form an unstable corneal surface,
so we should take care not to squeeze the lid itself during the
ocular examination. 

It is well known that circadian rhythm has been demon-
strated in various parameters of the eyes. Intraocular pressure
is measured high in the light awake periods and corneal cur-
vature can be changed accordingly (15). The corneal curva-
ture itself also has diurnal variations, and it is also known to
be influenced by the sexual hormone (7, 8). But in compari-
son with the effect of lid pressure, these changes are consid-
ered to be somewhat trivial, so we could disregard them in
our study. However, taking all factors into considerations,
we tried to check the patient as regularly as possible at each
visit. We measured corneal topography at a few seconds after
opening the lids by speculum, and we also excluded any pati-
ents from our study who showed ocular hypertension.

From our results, we can carefully say that lid pressure can
directly exert some influences on corneal topography. But
further study is needed to clarify how much tension is need-
ed to change the fixed amount of corneal topography. To do
this, it is necessary to measure the lid tension objectively and
many kinds of lid tensiometer are now under development
and some are already used in some facilities (16). 

The consideration of the influence of lid tension is impor-
tant in that it may be one of the causes in the development
of astigmatism in normal population and this may be the
reason why we can see more with-the-rule astigmatism in
normal population especially in East Asians whose lids are
relatively tense. But with a normal palpebral aperture and
the eye in the primary gaze, the location of upper lid is usu-
ally outside the visual axis, at least more than 3-4 mm from
the pupillary center. So it does not affect much the visual func-
tion. However, in the condition that can alter the lid posture,
like tenacious reading, it can really become bothersome. 

Recently the use of botulinum toxin is increasing due to
the solely cosmetic purposes and in almost all the ophthal-
mologic operations and examinations, we passively open the
eyelid with either a speculum or fingers. So the corneal shape
can be changed and may become different from normal sit-
uation resultantly. In evaluating individual refractive status

at clinics or in vision improving procedures like photorefrac-
tive keratectomy and laser in situ keratomileusis, we should
consider the effects of eyelids and inquire if they use botulinum
toxin. Otherwise we can encounter the unexpected refractive
errors related complications. 
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