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A B S T R A C T

Purpose: To report the role of Bulls eye drop applicator device in self-instillation of eye drops and in prevention
of wastage of medicine.
Methods: A small pocket sized device “Bulls eye drop applicator” was developed, which is a simple, handy,
mirror-based attachment which can be attached to any eye drop bottle to help in accurate self-instillation of the
drops in the eye. The prototype of this device was tried in ten volunteer subjects (Group 1) and 15 patients
(Group 2); they were asked to use lubricating eye drops (5 ml bottle) in one eye without the device (N) and in the
other eye with the device (M). The numbers of attempts for the application of eye drops were noted and the
residual eye drops in the returned bottles were measured for quantitative assessment.
Results: Ten volunteers and 11/15 patients completed the study. At the completion of the study, there were a
total of 232 applications of eye drops in the Group 1 N (without device) and 1 M (with device). To achieve these
232 applications, there were 330 attempts without the device and 266 attempts of instillation were needed with
the device (P< 0.0001). In Group 2, there were a total of 544 applications of eye drops; to achieve this, there
were 879 attempts in Group 2 N and 685 attempts of instillation in Group 2 M (p< 0.0001). The cumulative
quantity of residual drops in the returned bottles collected from Group 2 N was 5.1 ml and it was 19.7 ml in
Group 2 M (p = 0.001).
Conclusions: The number of attempts of instillation reduced significantly with the use of the eye drop applicator
device. The use of eye drops applicator device reduced the wastage of drops from 42.2% to 14.6% in Group 1 N
Vs Group 1 M and saving of about 35.7 % in Group 2 M compared to Group 2 N.

1. Introduction

Management of many eye diseases depends on proper compliance of
patients with the use of prescribed medication, which includes proper
instillation of eye drops. The diseases include acute and chronic con-
ditions including glaucoma, dry eyes and infectious keratitis which
need long term use of topical eye drops [1,2]. Clinical outcome of any
disease depends on proper and successful instillation of eye drops. In-
correct ways of putting drops may result in eye injury, abrasion, con-
gestion of the eye, allergic skin reaction and also contamination of eye
drops [3]. Self-instillation of eye drops is one of the challenging issues
for patients. Correctly self-aiming the eye drops in the eye, without
seeing own eye, is difficult for many patients [4]. Consequently, the

drops often fall on the eyelids or on the face and so a person generally
would request somebody else (spouse/family member or a friend) to
put these eye drops in the eye. When no person/ family support is
available to put the drops, then the patient may not be able to put the
drops at the right time resulting in delay or missing on the correct
schedule of medication. Also, self-instillation may result in spillage of
drops resulting in wastage of precious medicine and increasing the cost
to the patients [5,6].

The problem faced by patients in self-instillation of eye drops is well
recognized in ophthalmic literature [3,7–9] and has been researched
extensively specifically in glaucoma patients [1,2,10] as they need to
use eye drops on long-term basis as compared to patients with other
short term eye ailments. It has been shown that if the drops are not
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instilled properly, then the patients may have poor control of disease,
leading to poor outcome and then may dropout from the treatment out
of frustration [2].

Various devices and techniques have been designed and proposed
which help in self-instillation of the eye drops by aiding in positioning
of the eye drop bottle or in aiming of the eye drops into the palpebral
aperture of the eye. Some of these devices include funnels, sprays,
modified goggles with a hole in it for holding a bottle and mirrors
[2,11–14].

In this regard, authors have developed and studied a mirror based
medical device to help patients in self-instillation of the eye drops by
direct visualization of the eye drop bottle’s nozzle and palpebral aper-
ture while instilling the eye drops (Fig. 1).

2. Methods

The medical device, that has been named “Bulls Eye drop

applicator”, comprises of an inbuilt mirror, attached at an adjustable
angle to a clasp that clips on very easily to most of the eye drop bottles
(Fig. 2 A, B and C) in such a way that user can see the image of the
nozzle of the eye drop bottle and his eye simultaneously (Fig. 2 D)
thereby making it easy and simple for any patient with an eye ailment
to self-instill the eye drops in his eyes and also save on wastage of eye
drops spilled outside the eye.

The prototype of this device (Fig. 2C) was tested in two groups. The
Group 1 included ten volunteer subjects (6 males and 4 females),
without any significant eye ailments and who had a refractive error (SE-
spherical equivalent) ranging from +1.00 D to −3.00 D. Every subject
was given two bottles of lubricating eye drops (Genteal Eye Drops, 5 ml
bottle, Novartis India Limited, Mumbai, India), one bottle without the
device and the other with the device attached, to be used 3–4 times in a
day, in the right eye without the device (Group 1 N, N = normal in-
stillation) and in the left eye with the device (Group 1 M, M = mirror
device assisted instillation) for a period of one month or till the time
when the drops in one of the bottles finished.

Group 2 included patients with minor ocular ailments such as mild
dry eye, computer vision syndrome, allergic conjunctivitis or meibo-
mitis for which they were routinely using lubricating eye drops. Group
2 included 15 patients (9 males and 6 females). Their refractive error
(SE) ranged between +1.50 D to -4.00 D. In this group too, each subject
was given two bottles of Genteal eye drops, one without the device and
the other with the device attached. The same methodology was fol-
lowed. They were also asked to use the lubricating drops in their own
eyes without the device in the right eye (Group 2 N) and with the device
in the left eye (Group 2 M) for a period of one month. To maintain the
uniformity of the study, patients were asked to use eye drops without
device in right eye and with the applicator device in the left eye, right
and left hand preference was not considered while instilling the eye
drops.

Each instillation event was counted as one application and the
number of attempts needed to instill a drop in the eye with or without
the applicator device was noted by the user in the data sheet provided
to them. In addition, users in Group 2 were asked to return the used
bottles (both without the mirror device and the one with the device)
after one month or earlier whenever the drops in one of the bottles
finished. The quantity of the residual eye drops in the returned bottles

Fig. 1. Design and Concept of Bulls Eye Drop Applicator Device.

Fig. 2. (A) Prototype of the Bulls Eye drop Applicator Device. (B) Applicator device being attached to the eye drops bottle. (C) The applicator device clasped on to eye
drops bottle (D) The device being used by the subject for self instillation of the eyedrops.
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was measured with the help of a syringe. The difference between the
attempts made for instillation without and with the mirror device was
compared.

2.1. Statistical analysis

The statistical analysis was performed using Origin v7.0 (OriginLab
Corporation, Northampton, MA, USA). Chi-square test was used to
compare the proportions between the two groups, 1 N & 1 M and 2 N &
2 M. The data on quantity of residual eye drops were checked for the
normality of distribution by Shapiro-Wilk test. Since the data were not
distributed normally, Wilcoxon signed-rank test was applied to com-
pare between with and without device in the patient groups. A p-value
of< 0.05 was considered statistically significant.

3. Results

All the 10 volunteers in Group 1 completed the study. At the com-
pletion of the study, there were a total of 232 applications of eye drops
in each eye in the Group 1 N and 1 M. To achieve these 232 applica-
tions, there were 330 attempts without the applicator device and only
266 attempts of instillation with the device were needed. Table 1 shows
the number of attempts made for instillation in Group1. In the Group 1
N, self-instillation of eye drops in first attempt could be achieved only
154/232 times (66.38 %) and in Group 1 M, the same goal was
achieved 85 % times (198/232 attempts) in single attempt. The dif-
ference between these two proportions was statistically significant
(p<0.0001).

Eleven out of the fifteen assigned patients completed the study in
Group 2. In this Group (2 N & 2 M), there were a total of 544 appli-
cations of eye drops. To achieve these 544 applications, there were 879
attempts without the applicator device in Group 2 N and 685 attempts
with the device in Group 2 M. In Group 2 N, self-instillation of eye
drops, in first attempt, could be achieved only 286/544 times (52.6 %)
and in Group 2 M the same goal was achieved 425/544 times (78.1 %)
in one attempt. The difference was statistically significant
(p<0.0001). Table 2 shows the number of attempts in the Group 2.

In Group 2, eighteen used bottles (of 5 ml quantity each) were re-
turned by the patients at the end of the study (9 without the device,
Group 2 N and 9 with the device, Group 2 M). The median quantity of
residual eye drops in 9 bottles in Group 2 N was 0 ml (Inter-Quartile
Range - IQR, 0 ml–1.5 ml) while in Group 2 M, it was 2.8 ml in Group 2
M (IQR, 1.5 ml–3.0 ml). Group 2 M had a significantly (p = 0.001)
higher quantity of residual eye drops than Group 2 N. (Table 3).

4. Discussion

Administration of eye drops is very crucial for management and
treatment of chronic eye diseases such as glaucoma, infectious keratitis,
dry eyes and after cataract or any other surgeries [2,3]. The problem
faced by patients in self instillation of eye drops is well recognized in
ophthalmic literature. Tsai et al. have reported that 82 % of Glaucoma
patients self-administered the eye drops [2]. Only 16.3 % used a mirror

for this purpose and the most common location of the mirror used was
bedroom (46.8 %), followed by the bathroom (23.4 %) and kitchen
(16.1 %).

In a study done in 141 patients by Kass et al., 48.1 % patients dis-
pensed more than one drop for one application, thereby wasting ap-
proximately 50 % medication in the process of self-instillation of eye
drops. In another study by Sayner et al. conducted in 279 glaucoma
patients, only 51 % patients used only a single drop while self instilling
the eye drops in their eyes, whereas rest of the patients had to use more
than one drop. Many researchers have tried to address this problem and
have proposed the use of instillation aids that have been designed to
help patients in instilling the eye drops in their eyes by improving the
aim, grip of the eye drop bottle or assisting in positioning of the eye
drops bottle over the orbit [4,6,15–20].

Easidrop (Quoteforce, UK) was one of the earlier device introduced
to aid in self instillation of the eye drops by the patients. This would
attach to a conventional eye drop bottle, sit within the orbit, and assist
in aiming while keeping the tip of the bottle clear of the eye. Winfield
et al. [21] observed 30 patients instilling an eye drop into one eye using
both a standard bottle and Easidrop. With the standard bottle, only 20
% of the patients were able to instil a drop on the first attempt. This was
in comparison to 87 % percent instilling a drop on the first attempt with
Easidrop.

On similar lines, Eyedrop (Vanguard Design, Sao Paulo, Brazil) is a
plastic device that sits on the orbit into which a bottle is inserted. The
design of the device helps patients to keep their eyes open, improve
aim, and decrease tip contamination. This device was studied in a group
of 32 participants that included a mix of both glaucoma patients and
healthy volunteers. 78.6 % of the inexperienced users and 66.7 % of the
experienced users found this device useful as compared to eye drops
instillation without the device [22].

Salyani and Birt studied the effect that an inverted, funnel shaped,
eye drop guide (Merck Frosst Canada, Que´bec, Canada) had on self-
administration. This device was designed to attach to the top of an eye

Table 1
Results of Bulls Eye Drop Applicator Device in Group 1 (Volunteer Subjects, n
= 10).

Group1 N (without
device)

Group 1 M (with
device)

P value

Total applications 232 232
Total attempts 330 266 < 0.0001
One attempt 154 (66.4 %) 198 (85.4 %) < 0.0001
Two attempts 58 (25.0 %) 34 (14.6 %) 0.0074
Three attempts 20 (8.6 %) 0 < 0.0001
Wastage 42.20 % 14.60 % < 0.0001

Table 2
Results of Bulls Eye Drop Applicator Device in Group 2 (Patients subset, n =
11).

Group 2 N (without
device)

Group 2 M (with
device)

P value

Total applications 544 544
Total attempts 879 685 < 0.0001
One attempt 286 (52.6 %) 425 (78.1 %) < 0.0001
Two attempts 195 (35.8 %) 98 (18.0 %) < 0.0001
Three attempts 50 (9.2 %) 20 (3.7 %) 0.0003
Four attempts 12 (2.2 %) 1 (0.2 %) 0.0052
Fifth attempt 1(0.2 %) 0 0.3200
Wastage 61.6 % 25.9 % < 0.0001

Table 3
Quantity of residual eye drops in the bottles returned by 9 patients at the end of
the study in Group 2.

Patient number Residual drops in
Group 2 N (without
device)

Residual drops in
Group 2 M (with
device)

P value

1 0 ml 2.5 ml
2 0.2 ml 3 ml
3 1.5 ml 2.8 ml
4 1.5 ml 3 ml
5 0 ml 0.5 ml
6 1.9 ml 3 ml
7 0 ml 1.5 ml
8 0 ml 3 ml
9 0 ml 0.4 ml
Cumulative Quantity of

Residual Eye drops
5.1 ml 19.7 ml 0.001

M. Taneja, et al. Contact Lens and Anterior Eye xxx (xxxx) xxx–xxx

3



drop bottle, sit within the margins of the orbit, and keep the eyelids
open to accurately deliver drops into the eye. Of the 93 patients who
completed the study, 74 % of the patients found using standard eye
drops easier and more preferable compared with using the aid, and 71
% did not want to continue using the device [10].

As compared to the other devices which essentially help in me-
chanically positioning the eye drop bottle over the eye, the “mirror-hat
device” is a magnifying mirror attached to a brimmed hat intended to
aid in drop administration for better visualization of the eye drop and
the bottle’s nozzle while instillation of the eye drop. This was designed
by a long-time eye drop user, Mr John Beck. Its use was studied by
Strungaru et al. in thirty patients who were asked to place a drop in
each of their eyes both with and without the use of the hat fitted with a
concave mirror [16]. Of all the patients studied, 86.7 % stated that they
could see the drop they were applying, while using the device while 40
% patients could see the drops even without the device. Half the pa-
tients in the study reported that they liked the device, and 46.7 %
wanted to keep using it.

Charles E. Letocha in his 1985 paper described a method, conceived
by Charles Nicholas, whereby an angled mirror was affixed, at an ob-
tuse angle (about 125°), to a wall above the patient’s eye so as to enable
the patient to see his or her eye while looking upwards to instil the eye
drop [15]. In the same paper, he also mentioned about an aiming device
named I-SIGHT developed by Edgar Astrove [15,19]. This was essen-
tially a portable mirror made of vacuum-metalized polyester film, one
end of which contained an adhesive to which the bottle of the eye drops
could be affixed. The mirror was angled at approximately 45° and was
adjustable to suit the patient.

On somewhat similar lines, Sharma et al. have described the use of a
Drop applicator strip (FDC Limited, New Delhi, India) in 72 glaucoma
patients who were on chronic topical therapy. The strip is made of
paper with a reflecting surface made of aluminium foil with markings.
It consists of an adhesive tape that is to be peeled and stuck with the eye
drop bottle. The tip of the bottle has to be aligned with the pink dot and
has to be placed horizontally over the eye. The patient has to focus on
the pink dot on the strip and gently squeeze a drop. The authors noted
that the mean number of drops instilled to get 1 drop into the eye de-
creased from 2±0.95 to 1.56±0.78 when the drop application strip
was used.

Compared to other devices, the device used in this study is very light
in weight, small, handy and portable. It uses an intuitively simple de-
sign, whereby a polymethyl methacrylate (PMMA) mirror is fixed at an
adjustable angle to a plastic clasp which can be attached to any eye
drops dispensing bottle. It can also be detached vey easily and therefore
can be used any number of times to multiple eye drop bottles. The
adjustable slant of the mirror helps the patient to have a clear and si-
multaneous view of the images of the nozzle of the eye drops’ bottle as
well as his or her eye, even when the quantity of eye drops decreases in
the bottle after continuous use, by simple changing the angle of the
mirror.

In Group 1 (Table 1,volunteer subjects), there were a total of 330
attempts for 232 application of eye drops in the eye in which the ap-
plicator device was not used, which is equal to 42.2 % wasted attempts
and the eye drops. Whereas, there were only 266 attempts for the same
number (232) of application of eye drops in the other eye of the patient
with the applicator device leading to only 14.6 % wasted attempts and
eye drops. This amounts to a saving of about 27.6 % (42.2-14.6) when
the mirror based applicator device was used.

In Group 2 (Table 2, patients), there were a total of 879 attempts for
544 application of eye drops in the eye where applicator device was not
used, which is equal to 61.6 % wasted attempts and the eye drops.
Whereas there were only 685 attempts for the same (544) number of
applications of eye drops in the other eye of the patient with the ap-
plicator device which amounted to 25.9 % wasted attempts and eye
drops. This is equivalent to about 35.7 % saving of eye drops (61.6-
25.9) when the mirror applicator device was used.

When the residual quantity of eye drops was measured in the 18
returned bottles (each being a 5 ml bottle, 9 without the device and 9
with the device) by the nine patients after the study, there were cu-
mulative 5.1 ml residual drops in the bottles without the applicator
device compared to 19.7 ml residual drops in the bottles with the ap-
plicator device. This indicated 32.4 % saving of eye drops when the
mirror applicator device was used.

Eye drops is a multimillion dollar industry the world over and the
average cost of an eye drop bottle ranges from approximately Rs 50 to
Rs 700 in India. A 5 ml eye drops bottle on an average contains ap-
proximately 100 drops of which approximately 40–60 % would go
waste in the process of self-instillation of eye drops in one’s eyes
[23,24]. Even on a conservative estimate, the present invention would
save approximately 25 % of drops and if one takes a very conservative
figure of Rs 100 for an eye drop bottle, this would mean a saving of
about Rs 25 (25 %) for every eye drop bottle. So the total savings for the
patients would be huge both in terms of effort as well as money saved
and even complications such as allergic contact dermatitis noted with
certain drugs could be avoided and also compliance of the patients with
the use of the eye drops, will improve.

The possible limitation of this study could be that in the present
prototype, the authors have used a plain mirror for visualization pur-
pose which may not work for people who have high hypermetropic
refractive error or presbyopia. The authors believe that substituting a
convex mirror will be able to address this problem by magnifying the
image.

In summary, the use of the Bulls Eye Drops applicator made it very
simple for all the subjects to self-instill the eye drops in their eyes and
also saved on the number of attempts needed to instill the eye drops. It’s
usage reduced the wastage of eye drops from 42.2% to 14.6% in Group
1 N Vs Group 1 M and saving of about 35.7 % in Group 2 M compared
to Group 2 N. This device is small, handy, detachable, easy to carry and
can be used on multiple eye drops bottles and came across as very
useful in helping the patients in saving the time, effort and money spent
in the process of self-instilling the eye drops.
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