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Abstract: Keratoconus is a condition that causes progressive thinning and anterior protrusion of the cornea.
Because of its irregular astigmatism, mild to moderate keratoconus is corrected with hard contact lenses (HCL),
but blepharoptosis due to long-term wear is often a problem. In this study, we investigated blepharoptosis in
hard contact lens wearers with keratoconus. Thirty seven keratoconic eyes were enrolled and divided into
several groups according to their wearing history or age. Eyelid margin distance (EMD), margin light reflex
distance-1 (MRD-1) and eyelid elevator muscle function were measured by ruler or anterior segment optical
coherence tomography. EMD decreased with years of HCL wear but showed no correlation with age; MRD-1
decreased with years of wear and with older age; LF showed no relationship with either years of wear or age.
In the classification of ptosis, there was no severe ptosis in the present sample. Long-term wear of HCLs is
likely to cause blepharoptosis even in keratoconic eyes, but its degree may be mild.
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1. Introduction

Keratoconus is a progressive disorder that causes irregular astigmatism due to thinning and
protrusion of corneal stroma [1-3]. According to a meta-analysis of more than 7 million patients in
15 countries, the prevalence of the disease is estimated as 1.38 per 1000 people (approximately 1 in
700 — 800 people) worldwide [4]. In early to moderate cases with keratoconus, hard contact lens
(HCL) is the most general method of vision correction because HCL has advantages to correct
refractive error even in the cases with irregular astigmatism or higher-order aberration. However,
blepharoptosis has been reported as a complication associated with long-term wear of HCL [5-8].
Blepharoptosis not only has cosmetic consequences, but also affects visual function [9-11]. Although
this complication is well-known in patients with myopia who wear HCLs, to the best of our
knowledge, relationship between keratoconus and HCL-induced blepharoptosis has not been known
yet. Therefore, in this study, we tried to examine the blepharoptosis in keratoconus patients who
ordinary wear HCL.

2. Materials and Methods

The subjects were 37 eyes (2 pseudophakic eyes are included) of 22 patients who were diagnosed
as keratoconus with HCL wearing who visited the International University of Health and Welfare
Narita Hospital from December 2020 to August 2023. A mean age is 41.6+17.2. The average duration
of HCL wear was 19.1+15.5 years. Of the 37 eyes, 35 eyes have worn HCL every day, and 2 eyes have
worn HCL more than 4 days a week. We compared the blepharoptosis with HCL wearing periods or
age. In this study, we measured eyelid margin distance (EMD), margin reflex distance-1 (MRD-1),
and lavator function (LF). EMD was measured from the upper eyelid to the lower eyelid with a ruler
(Distantometer, Handaya, Tokyo, Japan). MRD-1 was measured from the pupil center to the upper
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eyelid with a Distantometer and anterior segment optical coherence tomography (AS-OCT, SS-1000,
CASIA2, TOMEY, Nagoya, Japan). In AS-OCT, the capture mode was sagittal (B-scan range was
16mm, C-scan range was 16mm, the number of A/B scan was 800, and the number of B/C scan was
32, respectively). For the analysis, the measurement position was moved to the center of the pupil
and the distance from the pupil center to the upper eyelid was manually analyzed using the built-in
calipers with the angle set at 90 degree [12]. LF was measured with a Distantometer as the distance
that was moved from the position of the upper eyelid when viewed downward to the position of the
upper eyelid when viewed upward. The measurement was performed by gently holding the upper
part of the eyebrow with a finger to prevent elevation using frontalis muscle. Statistics were
performed using the Kruskal-Wallis test with Bonferroni correction.

3. Results

3.1. EMD, MRD-1, LF in Patients with Keratoconus Who Wear HCL

The average EMD was 8.68+1.07 mm within 10 years wearing, 8.05+0.83 mm from 11 to 20 years
wearing, and 6.65+1.55 mm with 21 years or more wearing, respectively (Figure 1). There were
statistically significant between within 10 years wearing and with 21 years or more wearing (’<0.01),
and from 11 to 20 years wearing and with 21 years or more wearing (P<0.05). The average EMD was
also 8.09+0.86 within 29 years old, 8.18+1.49 from 30 years old to 49 years old, and 6.72+1.64 with 50
years or more, respectively (Figure 1). There was no significant difference among these age groups.

The average MRD-1 using Distantometer was 3.64+0.72 mm within 10 years wearing, 3.60+0.52
mm from 11 to 20 years wearing, and 2.31+0.38 mm with 21 years or more wearing, respectively
(Figure 2). There were statistically significant between within 10 years wearing and with 21 years or
more wearing (P<0.001), and from 11 to 20 years wearing and with 21 years or more wearing
(P<0.001). The average MRD-1 using Distantometer was also 3.86+0.71 within 29 years old, 3.15+0.66
from 30 years old to 49 years old, and 2.33+0.50 with 50 years or more, respectively (Figure 2). There
were statistically significant between within 29 years old and with 50 years or more (P<0.01), and
from 30 years old to 49 years old and with 50 years or more (P<0.05).

The average MRD-1 using AS-OCT was 3.52+1.21 mm within 10 years wearing, 3.61+0.68 mm
from 11 to 20 years wearing, and 2.63+0.32 mm with 21 years or more wearing, respectively (Figure
3). There were statistically significant between from 11 to 20 years wearing and with 21 years or more
wearing (P<0.01). The average MRD-1 using AS-OCT was also 3.97+1.08 within 29 years old, 2.99+0.75
from 30 years old to 49 years old, and 2.78+0.44 with 50 years or more, respectively (Figure 3). There
were statistically significant between within 29 years old and with 50 years or more (P<0.05).

The average LF was 13.46+1.01 mm within 10 years wearing, 13.75+1.51 mm from 11 to 20 years
wearing, and 12.96+2.24 mm with 21 years or more wearing, respectively (Figure 4). There was no
significant difference among these groups due to wearing periods. The average LF was also
13.50+1.12 within 29 years old, 13.68+1.67 from 30 years old to 49 years old, and 12.61+2.06 with 50
years or more, respectively (Figure 4). There was no significant difference among these age groups
as well.

3.2. Figures
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Figure 1. Eyelid margin distance (EMD) in keratoconic eyes with hard contact lens wearing.

Average EMD was 8.68+1.07 mm within 10 years wearing, 8.05+0.83 mm from 11 to 20 years
wearing, and 6.65+1.55 mm with 21 years or more wearing, respectively. There were statistically
significant between within 10 years wearing and with 21 years or more wearing (** P<0.01), and from
11 to 20 years wearing and with 21 years or more wearing (*P<0.05). Average EMD was 8.09+0.86
within 29 years old, 8.18+1.49 from 30 years old to 49 years old, and 6.72+1.64 with 50 years or more,
respectively. There was no significant difference among these age groups.
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Figure 2. Margin reflex distance-1 (MRD-1) in keratoconic eyes with hard contact lens wearing
measured by ruler (Distantmeter).

Average MRD-1 was 3.64+0.72 mm within 10 years wearing, 3.60+0.52 mm from 11 to 20 years
wearing, and 2.31+0.38 mm with 21 years or more wearing, respectively. There were statistically
significant between within 10 years wearing and with 21 years or more wearing (***P<0.001), and
from 11 to 20 years wearing and with 21 years or more wearing (***P<0.001). Average MRD-1 was
3.86+0.71 within 29 years old, 3.15+0.66 from 30 years old to 49 years old, and 2.33+0.50 with 50 years
or more, respectively. There were statistically significant between within 29 years old and with 50
years or more (**P<0.01) and from 30 years old to 49 years old and with 50 years or more (*P<0.05).
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Figure 3. Margin reflex distance-1 (MRD-1) in keratoconic eyes with hard contact lens wearing

measured by anterior segment optical coherence tomography (AS-OCT).
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The average MRD-1 was 3.52+1.21 mm within 10 years wearing, 3.61+0.68 mm from 11 to 20
years wearing, and 2.63+0.32 mm with 21 years or more wearing, respectively. There were statistically
significant between from 11 to 20 years wearing and with 21 years or more wearing (P<0.01). The
average MRD-1 was also 3.97+1.08 within 29 years old, 2.99+0.75 from 30 years old to 49 years old,
and 2.78+0.44 with 50 years or more, respectively. There were statistically significant between within
29 years old and with 50 years or more (**P<0.05)
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Figure 4. Levator function (LF) in keratoconic eyes with hard contact lens wear.

Average LF was 13.46+£1.01 mm within 10 years wearing, 13.75+1.51 mm from 11 to 20 years
wearing, and 12.96+2.24 mm with 21 years or more wearing. There was no significant difference
among these groups due to wearing periods. Average LF was also 13.50+1.12 within 29 years old,
13.68+1.67 from 30 years old to 49 years old, and 12.61+2.06 with 50 years or more, respectively. There
was no significant difference among these age groups as well.

4. Discussion

Blepharoptosis associated with long-term wear of HCLs is a well-known complication [5-8], but
its etiology has not been well understood. Multiple factors have been proposed, including thinning
of the elevator tendon membrane and detachment from the eyelid plate due to the outward pulling
motion of the upper eyelid when insertion or removal [13], inflammation due to deposits on the edge
of the HCL or on the HCL surface [14], and/or fibrosis of the Miiller muscle [8]. If these factors are
the causes, then it is conceivable that the same insertion and removal methods are used in
keratoconus as in normal myopia and thus, even in keratoconic eyes, blepharoptosis may occur due
to long-term wear of the HCL.

In fact, in this study, the average MRD-1 values by Distantometer and AS-OCT were 2.88 mm
and 3.02 mm, respectively, in patients with keratoconus who had worn HCL for more than 10 years,
which were approximately 0.5 mm lower than the average MRD-1 value of 3.50 mm for normal
subjects. Regarding HCL-induced ptosis for normal myopia, Bosch et al. reported that MRD-1 was
0.5 mm lower in HCL wearers with more than 10 years of wear and a mean wear duration of 16.3
years compared to non-wearing patients [5].

In the report by Watanabe et al, the degree of ptosis was classified into four group according to
the MRD-1 values: no ptosis (2.8 mm or more), mild (1.5 mm to 2.8 mm), moderate (0 mm to 1.5 mm),
and severe (0 mm or less) [8]. Applying this classification to the present study, 13 eyes had mild
ptosis, 0 had moderate ptosis, 0 had severe ptosis, and 24 had no ptosis as measured by the distant
meter, while 14 eyes had mild ptosis, 2 had moderate ptosis, 0 had severe ptosis, and 23 had no ptosis
as measured by the AS-OCT. Thus, there were no severe cases and most of the cases were mild. The
fact that there were no significant differences in any of the parameters between the two groups of
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patients who had worn HCL for 10 years or less and those who had worn HCL for 11 to 20 years or
less suggests that HCL-induced ptosis may be less severe in patients with keratoconus.

In this study, MRD-1 was measured with both a Distantometer and AS-OCT. The Distantometer
is a manual method and has a measurement error of 0.5 mm, while the AS-OCT method has a
measurement error of 0.01 mm, making it useful for accurate and objective evaluation. The MRD-1
can be easily measured in patients with moderate and severe blepharoptosis, and the measurability
rate is stable at 100%, suggesting that this is a clinically significant MRD-1 measurement method [15].

The reason why ptosis is less severe with long-term use of HCL in keratoconic eyes is not well
understood. However, the fitting of the HCL on the ocular surface is different for normal and
keratoconus corneas. In normal corneas, the posterior surface of the HCL and corneal curvature
match not only at the center of the lens but also at the periphery, but such fitting is difficult in
keratoconic eyes due to the non-uniformity of corneal curvature. Therefore, a spherical HCL with a
larger size than usual is often used for the HCL prescription for keratoconus [16]. Although these
differences in fitting methods and HCL size may have different effects on the eyelid, it is not clear
how these differences affect the development of ptosis. The fitting of the HCL in keratoconic eyes is
such that it is supported by the lower eyelid, and is expected to have little impact on the upper eyelid,
such as friction. Therefore, there is little effect on Muller's muscle, which can be seen from the fact
that levator muscle function has not decreased (Figure 4). As a limitation of this study, we have not
been able to confirm the detailed daily duration of HCL use and care, or the size of the HCL. Including
the clarification of pathogenesis why the ptosis is mild in keratoconic eyes, further studies are needed
in the future.

5. Conclusions

In conclusion, the older the patient and the longer the wearing period, the lower the MRD-1
value, and the more likely the patient was to develop ptosis in keratoconus eyes. However, compared
to normal eyes with HCLs, the incidence of ptosis may be less severe, suggesting the need for further
investigation.
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