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Abstract
Purpose: To investigate light transmission and preference for six eye patches for occlusion therapy.

Methods: Six patches were examined, including; Ortopad Fun Pack, Ortopad Flesh, Kawamoto A-1, Kawamoto A-2, 3M
Opticlude, and Everade Eye Guard. The size and the presence of a light blocking pad of patches were investigated. The
amount of light transmitted through the patches was evaluated, using a digital light meter and a model eye, in three
different environments; indoors with fluorescent light, outdoors on a sunny day, and strong light from illuminator. After
patching the normal eye, the flash visual evoked potential (VEP) was measured. Thirty patients with amblyopia or horizontal
strabismus, who received occlusion therapy as initial treatment, were included. After using all six patches, patients
completed a 7-item questionnaire regarding the patch preference for size, color and shape, adhesive power, pain with
removal, skin irritation after removing patch, parent’s preference and overall opinion.

Results: All patches had a light-blocking pad, except the 3M Nexcare. Ortopad had the strongest light blocking power in the
three environments, and the 3M Nexcare had the weakest power. In flash VEP, Ortopad and Kawamoto patches showed flat,
but 3M Nexcare and Everade Eye Guard showed normal response. There were significant preferential differences among the
patches in all the items of the questionnaire (P<<0.05). In comparison between the patches respectively, 3M Nexcare
received the lowest satisfaction in pain when removing a patch and skin irritation after removing a patch. Kawamoto A-2
received the lowest score in the overall satisfaction.

Conclusions: We found differences in the light-blocking power and in the preference of the various patches for the
occlusion treatment. This is a pilot study regarding only characteristics and preferences of patches. Further clinical studies
regarding the relationship between characteristics or preferences of patches and outcomes of occlusion treatment are
needed.
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Introduction The purpose of this pilot study is to investigate the amount of

light transmission and the preference of various eye patches for the

Amblyopia is the most frequent cause of visual impairment in occlusion treatment.

children, with a reported prevalence of 1% to 5%. [1] Patching of
the non-amblyopic eye has been the mainstay of amblyopia
treatment.[2—4] Also, patching is used in intermittent exotropia
and esotropia as an antisuppression exercise to improve the fusion
and reduce the angle of deviation. [5,6] Compliance is the most
important factor for effective patching treatment.[7-9] Many
factors, such as patient’s age, initial visual acuity, refractive error

Materials and Methods

Patches and Participants

The six most popular patches of four brands were used, at the
time of the study, in Korea: Ortopad Fun Pack (Ortopad, USA),
Ortopad Flesh (Ortopad, USA), Kawamoto A-1 (Kawamoto,

and parental understanding, contribute to the compliance of eye
patching. [10,11] Nowadays, many brands of patches are
available. However, there have been few investigations concerning
the patch as a tool for occlusion therapy. We thought that the light
transmission of the patches is variable, and cosmetic problem as
well as comfort of use of the patches will affect the preference of
the patches and the compliance of the patching treatment.
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Japan), Kawamoto A-2 (Kawamoto, Japan), Nexcare (3M, USA),
and Eye Guard (Everade, Korea). Between December 2009 and
January 2010, the study prospectively included 32 children with
newly diagnosed as amblyopia, esotropia or intermittent exotropia,
with fixation preference, whose ages ranged from 3 years to 10
years, and received occlusion therapy as the initial treatment.
Patients with neurologic abnormalities that prevent communica-
tion with parents or doctors were excluded. This study was
approved by the Chonnam National University Hospital institu-
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Figure 1. The TES Digital Light Meter and the model eye
(asterisk) that can completely covered the photo sensor of
light meter.

doi:10.1371/journal.pone.0068079.g001

tional review board. Written informed consent by the parents was
a prerequisite for participation. The research adhered to the tenets
of the Declaration of Helsinki.

Evaluation of Light Transmission

The size of the patches and pads, and the presence of a light
blocking pad were investigated. We use the TES Digital Light
Meter (TES Electrical Electronic Corp, Taipei) for measuring the
amount of light transmitted through the patches. Spectral
sensitivity of the TES Digital Light Meter was close to CIE photo
pic Curve. Further, we made a model eye that has a hole with a
diameter of 3.5 mm, like the pupil and the axial length of 22 mm
from the hole to the photo sensor of a light meter, and that can
entirely cover the photo sensor (Figure 1). After each patch
covered the hole of the model eye, the transmitted light was
measured in three environments; indoor with fluorescent light (one
meter below the fluorescent light - about 1,000 lux) -, outdoor on a
sunny day (one meter above the ground - about 10,000 lux), and
strong light from an illuminator (1 centimeter from light source -
about 30,000 lux).

To find out that the light transmitted through the patches can
stimulate the visual pathway, we performed a flash visual evoked
potential (VEP) (about 1,000 lux), according to a standard method
described by the International Society for Classification of
Electrophysiology of Vision, using the Medelec Synergy system
(Carefusion Manufacturing, Ireland) with a goggle after patching

Light Transmission and Preference of Eye Patches

the normal eye in two normal children (6 and 7 years old, males)
with each patch, respectively.

Preference Survey

Six patches in a separate packet identified A, B, C, D, E, and F
and a questionnaire regarding preferences were provided to all
patients. Each patches in a separate packet identified were given.
The patch was supposed to be worn for 2 hours per day, during a
week for each patch. We didn’t give any information regarding the
name and manufacture of all the patches. For each patch, seven
items were measured on a five-point scale satisfaction scoring
system (1— strongly disagree, 2— disagree, 3— neither agree nor
disagree, 4—agree, 5- strongly agree) (Table S1). Parents were
mstructed to fill out 1 section at the end of each week. Using this
questionnaire, we compared the satisfaction on size, color, shape
and adhesive power of the patches, and pain with removal, skin
reaction after removing patch, parent’s preference and their
overall opinion. Six weeks later, the parents were instructed to fill
out the questionnaire and submit it by mail or by visiting the clinic.

Statistical Analysis

Statistical analysis was performed using a commercially
available statistical package (SPSS version 12.0 for Windows;
SPSS Sciences, Chicago, USA). Data concerning the preference to
patches was collected via a questionnaire. Kruskal-Willis test and
Mann-Whitney U test were employed for analysis of the
preference to each patch, by 7 questions. We also used a
Wilcoxon rank sum test for a comparison of the preference
according to sex and group activity. In all statistical analyses, a
$<<0.05 was considered significant.

Results

Evaluation of Light Transmission

The size of the patches and pads, and the presence of a light
blocking pad were summarized in Table 1. Kawamoto A-2 was
the largest, and Everade Eye Guard was the smallest. All patches
had a light blocking pad, except in 3M Nexcare.

Table 2 shows the amount of transmitted light through each
patch in a different environment, using a model eye and digital
light meter. Ortopad had the strongest light blocking power in
three environments, and 3M Nexcare had the weakest, which
didn’t have a light-blocking pad.

In flash VEP, the eyes patched with Ortopad and Kawamoto
patches showed flat wave, but, the eyes patched with 3M Nexcare
and Everade Eye Guard showed a normal response. This result
was the same in two children (Figure 2).

Preference Survey
Thirty-two patients were instructed about the questionnaire.
Among them, 30 patients completely answered the questionnaire

Table 1. The size of patches and pads, and the presence of a light blocking pad of six patches.

Ortopad Fun Pack Ortopad Flesh

Kawamoto A-1

Kawamoto A-2 3M Nexcare Everade Eye guard

Size of the patch 64 %52 64 %52 77 x54
(length xwidth) (mm)

Size of the pad 39x28 39x%28 63 x40
(length xwidth) (mm)

Light blocking pad + + +

87x73 63 x47 60x48
68x51 38x30 36 %26
+ = +

doi:10.1371/journal.pone.0068079.t001
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Table 2. The amount of light transmitted through the patches.

Light Transmission and Preference of Eye Patches

Ortopad Fun Pack Ortopad Flesh

Kawamoto A-1

Kawamoto A-2 3M Nexcare Everade Eye guard

Indoor with fluorescent light 0.1 0.1
(about 1,000 lux) (lux)

Outdoor on a sunny day 0.1 0.1
(about 10,000 lux) (lux)

Strong light from illuminator 0.1 0.1
(about 30,000 lux) (lux)

0.2 1.2 0.1
15 309 2.1
22 97.4 3.2

doi:10.1371/journal.pone.0068079.t002

and were submitted. The mean age was 5.1 years old (range, 3—10
years old). There were 12 males and 18 females. There were 17
pre-school children and 13 were in school. There were 23 patients
with strabismus (esotropia —8, exotropia —15) and 15 patients with
amblyopia (anisometropic amblyopia —7, strabismic amblyopia —
8).

The results regarding the satisfaction of the patches are
summarized in Table 3. There were significant preferential
differences among the patches in all items of the questionnaire
(P<0.05). In comparisons between the patches respectively,
Kawamoto A-2 received the lowest satisfaction in the patch size.
Further, in regards to pain when removing a patch and skin
irritation after a patch removal, 3M Nexcare received the lowest
satisfaction. Kawamoto A-2 received the lowest score in the overall
satisfaction. Ortopad Fun received the highest preference in size,
pain when removing a patch and skin irritation or flares after
removing a patch, adhesive power and the overall satisfaction.
However, it was not statistically significant.

In the overall satisfaction, there were no significant differences
between boys and girls, and between children in preschool and in
school.

Discussion

Patching of the non-amblyopic eye is highly effective and is the
most commonly used method of the treatment for amblyopia.
Also, patching is used in strabismus as a non- surgical treatment.
[5,6] Many studies have demonstrated that treatment compliance
is the most important factor for predicting a successful outcome in
amblyopia.[10,12-15] In an attempt to improve compliance,
optical and pharmacological penalization were introduced and
used.[16-18] A translucent tape on the lens and Bangerter filters
were investigated. [19,20] Also, education of parent with written
information has been shown to change their attitude, and
consequently, significantly increase the adherence to the treat-
ment. [21,22].

Until now, there were few investigations concerning the patch
as a tool for occlusion therapy. Recently, Roefs AM et al. [23]
reported that the comfort of wear and material properties of the
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Figure 2. The results of flash visual evoked potential in normal eye with occlusion patch. (A) Ortopad Fun Pack (B) Ortopad Flesh (C)
Kawamoto A-1 (D) Kawamoto A-2 (E) 3M Nexcare (F) Everade Eye Guard. (A) - (D) show flat response, (E) and (F) show normal response.

doi:10.1371/journal.pone.0068079.g002
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Table 3. Patch preference results presented as a mean score.

Light Transmission and Preference of Eye Patches

Ortopad Fun

Everade Eye

Pack Ortopad Flesh Kawamoto A-1 Kawamoto A-2 3M Nexcare guard p-value ?
Size 4.11£0.96 3.32+0.82 2.61+1.20 1.36+0.73 © 4.00+0.98 3.46*+1.45 <0.001
Color and design 2.59+1.34 3.32*0.76 2.79+0.69 2.39+0.83 3.57+0.69 3.18%£0.91 <0.001
Adhesive power 2.96*+1.37 2.68*+1.17 2.61+0.99 2.46+1.10 2.71+1.30 2.,67+0.79 0.003
Pain when removing 4.07*0.81 3.79*+0.89 3.75*0.89 3.57*0.88 1.61+0.79° 2.71£0.90 <0.001
patch
Skin irritation after 4.44+0.79 4.21£0.88 4.07+0.94 4.11£0.92 2.61+1.20° 4.11%0.79 <0.001
removing patch
Child’s preference 2.89+1.20 3.07£0.81 2.64+0.91 2.21+1.03 3.18%1.06 2.71+0.98 0.007
Overall satisfaction 3.04*1.64 2.71+1.01 2.46+0.96 1.60+0.69° 2.82+0.86 2.71+0.85 <0.001

Kruskal-Waillis test,
Pp<0.05 by Mann-Whitney U test.
doi:10.1371/journal.pone.0068079.t003

eye patches were largely different. Our study focused on the
amount of light blocking power, and the parent’s and children’s
preferences of the patches. 3M Nexcare patch didn’t have a light
blocking pad and couldn’t block the light completely in all three
environments. Others all blocked the light almost completely, in all
three environments.

We used the flash VEP to know whether the transmitted light
through the patches can stimulate the visual system. The eye
patched with 3M Nexcare and Everade Eye Guard showed
normal response in flash VEP. It shows that 3M Nexcare did not
have the light-blocking pad and it transmitted enough light to
stimulate the visual system. The Everade Eye Guard, which has a
light blocking pad, also showed normal response in flash VEP. We
assumed that the small size of the light blocking pad, allowed
transmission of enough light to stimulate the visual system. With
the Everade Eye Guard, these unmatched results between the light
transmission test using model eye and VEP test may have resulted
from the limitation of our model eye, which is described below.
These results showed that the transmitted lights through the some
patches could stimulate the visual system in a non-amblyopic eye.
We don’t know how the transmitted light through the patch affect
the outcome of the occlusion treatment. However, atropine
penalization has been an alternative to occlusion therapy, for the
blurring vision in a sound eye for near activities, hence, forcing the
amblyopic eye to be used preferentially for near vision tasks.[24—
26] Atropine instilled eye is dilated, and more lights reach the
retina than the eye with patching without a light-blocking pad. If
so, the minimal transmitted light to patch might not affect the
outcomes of an occlusion therapy. If we use the patches for the
removing visual stimuli to the non-amblyopic eye, it is reasonable
to use the patch that blocks the light completely.

In the questionnaire concerning the patch preferences, it was
statistically different in all the items. Ortopad Fun Pack received
the highest preference in the size of a patch, pain when removing a
patch and skin irritation and overall satisfaction. Kawamoto A-2
was developed for covering the eyebrow, but its large size gave the
patch the lowest preference score. 3M Nexcare received the lowest
preferences score in the pain when removing a patch and skin
irritation.
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