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Abstract: This study explored the potential of three-dimensional printing (3DP) technology in producing a three-dimensional 
(3D) medication label for blind and visually impaired (BVI) patients to ease their drug administration. Different variations of 
label wordings, dosing instructions, and medication identifiers were designed with reference to guidelines by the American 
Foundation for the Blind. Shapes and symbols were used as dosing instructions and medication identifiers to the patient’s 
medical conditions. Prototype designs were created with common graphics computer-assisted drafting software and 3D-
printed using acrylonitrile butadiene styrene as the polymer filament. Feedback was then obtained from five people with 
normal vision and four BVI persons. The initial prototype comprised four components, namely, medication name and strength, 
patient’s name, dosing instruction, and medication identifier. A revised label comprising the latter two components was 
developed after feedback by BVI persons. Words were in all uppercase and regular font type, with a 5-mm center-to-center 
letter spacing. Elevation heights of the letters alternated between 1 mm and 1.5 mm. A half sphere represented the medication 
dose unit, while vertical lines and a horizontal center line with alternating elevation of arrowheads represented the frequency 
of administration and the medication’s consumption in relation to food, respectively. Symbols based on target organs were 
used as medication identifiers. With rapid advancements in 3DP technologies, there is tremendous potential for producing 3D 
labels in patients’ medication management.
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1 Introduction

According to the World Health Organization, there 
are ~2.2 billion people globally estimated to be 
blind and visually impaired (BVI), among which 
majority are 50 years and above[1]. In the United 
States, ~23.7 million American adults (61% women, 
39% men) experience vision loss[2]. The average 
age of these BVI persons is 62 years[3], which is in 
sync with the global trend. The risk of vision loss 
increases exponentially with age due to chronic eye 

diseases and aging processes[4]. This is of concern as 
the proportion of the elderly is expected to increase 
from 617 million (8.5% of the world’s population) 
to nearly 1.6 billion (17%) by the year 2050[5].

While medication compliance is challenging 
for many patients, this is even more so for BVI 
patients, who face additional challenges. The 
World Health Organization defines low vision 
as acuity <6/18 and blindness as acuity <3/60[6]. 
When sight is limited or absent, these patients 
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may not be able to read the text or identify 
and comprehend important information on 
conventional printed medication labels[7]. This 
visual limitation puts them in the same or higher 
risk than the general population for drug-related 
problems associated with improper use of 
medications[8], such as concomitant medication 
use and consuming wrong dosages[9]. The 
difficulties experienced by BVI patients are also 
compounded by other issues, such as similar 
container shapes and sizes, or being prescribed 
with multiple medications[6]. Studies have 
reported that blind Americans have an average 
of 3.3 health conditions[1]. This is particularly 
of concern for elderly BVI patients because 
they tend to have more co-morbidities and more 
medications because of age.

The most common approach that BVI patients 
use to read medication labels is having someone 
else (e.g., caregiver) read to them[10], which creates 
dependency and undermines self-determination 
and well-being. This is especially so for individuals 
who are used to being self-sufficient before 
suffering from their medical condition. They 
may feel more diminished and vulnerable as they 
play a less active role in managing their health[11]. 
Furthermore, communication challenges arise as 
information is transcribed from the pharmacist or 
physician to the patient through a third party[7]. In 
addition, patient confidentiality is compromised 
for those who do not wish to have their health 
information disclosed to others. Their rights to 
object to disclosure are diminished as they have 
no other meaningful alternative of reading the 
medication labels, other than relying on someone 
else[11].

Other approaches that visually-impaired 
patients use to manage their medications include 
the use of handheld magnifiers and reading glasses 
to enlarge their medication labels, and relying 
on memory to remember instructions provided 
during a face-to-face counseling session with their 
health-care provider, of which the former method 
is inapplicable for the blind[12]. These methods 
present risks for these patients, especially those 
who are prescribed with multiple medications, 
each with differing instructions.

Several auxiliary communication aids are 
available, including Braille embossers and Audible 
Prescription Labeling Systems (APLS). Braille 
embossers can print medication information 
and enable information accessibility at will[11]. 
However, only a small percentage of BVI patients 
can read Braille[13]. Furthermore, pharmacists are 
not formally trained to read the Braille printout, 
thus are unable to ensure information accuracy. 
Braille printouts are also often bulky and large, 
thereby challenging the ease of affixation on 
medications[11]. On the other hand, APLS aids rely 
on human voice recordings, where an electronic 
form of prescription information is stored in a 
microchip that is embedded in the medication 
label. BVI patients can then use a hand-held reader 
to decode the label information[11]. However, this 
is not scalable as reading and comprehension 
abilities vary among BVI patients[11]. To this 
end, it is necessary to develop an auxiliary aid 
that addresses the needs of BVI patients and the 
limitations of existing aids.

Recently, additive manufacturing, commonly 
known as three-dimensional printing (3DP) 
technology has been used widely in various fields, 
such as manufacturing for product prototyping[14], 
customization of hearing aids and dental crowns[15], 
and manufacture of volumetric tactile symbols for 
tactile maps to teach geography to BVI persons. 
By harnessing the potential of 3DP technologies, 
tactile aids may be developed to provide BVI 
patients with important information regarding 
their medications through their sense of touch.

Multiple 3DP technologies have been used for 
biological and medical applications, for example, 
stereolithography apparatus (SLA) and inkjet 
printing[16,17]. SLA uses liquid photopolymer 
resins and laser to create 3D structures. Hou et al. 
utilized SLA to generate a simplified artificial skin 
model useful for rapidly screening nanoparticles 
for their transdermal penetration capacity[18]. 
Inkjet bioprinters deliver a controlled amount of 
bioink to the desired printing surface, forcing the 
content to flow continuously or drop out from 
the nozzle[19]. Xu et al. created complex cellular 
structures by inkjet printing of primary embryonic 
hippocampal and cortical neurons[20].
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On the other hand, fusion deposition modeling 
(FDM), also known as fused filament fabrication  
(FFF), using a temperature-controlled extrusion 
nozzle to deposit a viscous molten thermoplastic 
polymer into a 3D structure, is among the most 
widely used 3DP technologies due to its availability 
and affordability. Rimington et al. used skeletal 
muscle cells in multiple scaffolds printed by FDM 
with biopolymers to study cellular behaviors[21]. 
FDM has also been used to manufacture medical 
instruments[22].

Various FDM printable materials have been 
reported, for example, ceramics[23,24], metal[25], 
polylactic acid[26], and acrylonitrile butadiene 
styrene (ABS)[21,26]. ABS is a strong and durable 
material. Previously, we used ABS to print molds to 
make dental anesthetic patches[27] and oral capsules 
for controlled drug release[28]. Domingo-Espin et al. 
identified several parameters in the FDM printing 
process that affected the lifespan of ABS materials[29].

In this study, we used an FDM printer to produce 
3D ABS medication labels for BVI patients. Our 
hypothesis is that 3D labels are useful as an aid 
for BVI patients to manage their medications. In 
addition, this project aims to identify the features 
that make a 3D medication label more patient-
centric and user-friendly for BVI patients.

2 Materials and methods

2.1 3D label design and printing

Different variations of format parameters, inclusive 
of the label wordings, dosing instructions, and 
medication identifiers, were designed, 3D-printed, 
and visually inspected by the authors at the first 
instance. The label wordings were designed 
with reference to format styles recommended 
by American Foundation for the Blind (AFB) 
guidelines[10]. Variations in letter case, type style, 
center-to-center letter spacing, and elevation of 
letters were printed. For example, medication 
names were printed in regular and bold fonts, as 
well as using an all uppercase style compared 
to an upper- and lower-case combination. The 
center-to-center spacing of each letter in the word 
design was varied between 1 mm and 5 mm, using 

1-mm intervals, while height variations of the 
words above 0.38 mm were also printed following 
previous studies[30]. As the words could not be 
printed intact if the elevations were <0.5 mm, 
subsequent word designs were printed in height 
increments of 0.5 mm, 1.0 mm, and 1.5 mm instead. 
Word designs with elevations of 0.5 mm, 1.0 mm, 
and 1.5 mm were printed with a center-to-center 
letter spacing of 4 mm and 5 mm, since there was 
residual material in the printed prototype when 
the letter spacing was <3 mm. For the medication 
names to be felt more distinctively by touch, letters 
with alternating height elevations were printed 
and compared against uniform elevations. For 
letters with alternating height elevations, different 
variations in height were also printed.

Shapes and symbols were used to design 
the dosing instructions of medications. Three 
parameters were considered. These included the 
dose units, frequency of administration per day, and 
how the medication would be taken with regards to 
food. For dose units, different shapes representing 
different dosage forms (e.g., half sphere and oval 
representing a tablet and capsule, respectively) 
and a universal half-sphere shape to represent all 
dosage forms were printed. For the frequency of 
administration, vertical and horizontal lines were 
printed. For medication timing with reference to 
food, left and right arrows would indicate that the 
medication has to be taken before and after food, 
respectively, while a double-pointing arrow would 
indicate that the medication could be taken without 
regard to food. Hence, a 3DP medication label 
with three half spheres, three vertical lines, and a 
right arrow would indicate an instruction to take 
three tablets 3 times a day after food (Figure 1).

In addition, symbols were also designed to 
serve as medication identifiers to the medical 
condition of the patient. The medication identifiers 
were classified based on common chronic diseases 
in Singapore[31] and the target organs of the 
medications (Table 1). All medication identifiers 
were printed in different sizes and elevation heights.

The printing of the labels followed a standard 
FDM process, in which the thermoplastic polymer 
ABS was deposited layer by layer to form the 
labels[32]. The 3D model of symbols was designed 
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using AutoCAD 2015 (Autodesk Inc., CA, USA), 
while words were first typed out in Arial font at 

size 32 using Inkscape™ vector graphic editor 
(version 0.91, Sodipodi, USA), then exported 
as Drawing eXchange Format files (Figure 2). 
AutoCAD was used to create the 3D model of the 
words at a scale of 0.2 and 0.25 of the original 
font sizes. AutoCAD design files were exported 
as stereolithography format to be compatible with 
the XYZware printer software (version 1.4.1, 
Kinpo Group, CA, USA). The 3D printing process 
was carried out using the XYZ da Vinci 1.0 printer 
(XYZprinting Inc., Lake Forest, CA, USA). The 
3D printer operated using FFF technology[29], in 
which a polymer strand (1.75 mm) was heated 

Figure 1. Illustration of directions for use design 
with the respective symbols’ representations.

Figure 2. Process of creating the 3D-printed medication label.
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Table 1. Formatting variations for the three-dimensional medication label prototypes. The preferred 
variations are italicized and underlined. 

(Contd...)
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to semi-solid state and extruded through a 
small nozzle tip (0.4 mm) on a build platform 
(20 cm × 20 cm)[33], to form a layer that represented 
a cross-section of the object. Subsequent layers 
formed on top of each other in the direction of the 
z-axis[34]. The polymer filament used was ABS. 
The layer height of the extruded polymer filament 

was set to 0.1 (finest) and 3D density was set to 
high (50%).

2.2 Pilot testing by BVI patients

The variations of the format parameters were 
shown to five individuals with normal vision to 
obtain their preferences for the 3DP medication 

Table 1. (Continued)
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label. Their preferences for the parameters 
were combined to develop the initial 3DP label 
prototype, which was then shown to four target 
users to obtain their feedback and suggestions for 
improvement. These users were selected because 
of their close interactions with BVI patients 
or personal experiences as BVI persons. They 
comprised a geriatric pharmacist, an executive 
from the Dialogue in the Dark (DiD) Singapore[35], 
and two visually-impaired persons who worked at 
DiD Singapore as guides.

3 Results

The initial label prototype consisted of four 
components (medication name and strength, 
patient’s name, dosing instruction, and medication 
identifier) split into four rows (Figure 3). The 
latter two components were further divided into 
four columns represented by symbols. From the 
responses of the five individuals with normal 
vision, they preferred word designs of a 0.25 scale, 
in an all uppercase style and regular font type, with 
a 5-mm center-to-center letter spacing (Table 1). 
It was proposed that the 3DP label be of 10 cm 
× 6.5 cm × 0.15 cm (length × breadth × height), 
which meant that each row of the prototype could 
only comprise up to eight letters. The individuals 
also preferred that the letters in the word design be 
of elevation heights that alternated between 1 mm 
and 1.5 mm.

With regards to the dosing instruction, a 
universal shape of a half sphere was preferred by 
the individuals to represent the medication dose 
unit regardless of dosage form, and vertical lines 
were preferred over horizontal lines to convey the 
frequency of administration. A horizontal center 
line with an alternating elevation of arrowheads 
and center line was preferred to convey information 
regarding the medication’s consumption time 
in relation to food, and medication identifiers 
based on the target organs were preferred over 
identifiers based on diseases. The optimal size 
of the medication identifier was 1.5 cm × 1.5 cm 
and its preferred elevation height was 1 mm. The 
individuals also preferred a convex elevation for 
the label prototype.

When the initial 3DP medication label prototype 
was shown to the target users, their feedback was 
that the words were too small and could not be 
felt clearly. They suggested that font size and 
center-to-center letter spacing should be increased 
but were mindful that the resultant label might be 
too large to be affixed to the medication packaging 
if this was done. In terms of word design, short 
forms of medication names were suggested as 
some 3DP letters could be confused with each 
other. Furthermore, using alphabets for the words 
might not be useful to the elderly BVI population 
who were English illiterate.

The target users were supportive of the symbols 
in the 3DP label prototype as they currently used 
similar approaches to manage their medication 
regimens. Both the dosing instructions and 
medication identifiers were well received by the 
target group as this information was their top 
priority compared to medication names. However, 
they suggested that the symbols for the medication 
identifiers should be enlarged and more elevated to 
make it more distinctive for the blind and elderly 

Figure 3. An example of the initial 3D-printed 
medication label prototype.

Figure 4. Revised design example of the 
3D-printed medication label.
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BVI patients who had a poorer sense of touch. 
They also noted that if symbols were used in the 
3DP medication label, the BVI patients would also 
need to learn and memorize the meaning of each 
symbol at the point of dispensing and counseling 
by the pharmacist.

Based on the feedback provided by the target 
users, a revised 3DP medication label design was 
developed. In the new design, medication names 
were removed since these would still be reflected 
on the conventional medication label provided 
at the point of dispensing. However, medication 
identifiers would be enlarged and more elevated 
while the dosing instructions would still retain 
their original format as the initial label prototype 
(Figure 4).

4 Discussion

In this study, a medication label prototype for 
BVI patients was designed and created through 
3DP. From our knowledge, this is the first study 
that explores the potential of 3DP technology for 
medication labeling for BVI patients. Feedback 
from target users showed that 3DP labels would 
potentially be useful for BVI patients to manage 
their medications at home. The label could exist 
alongside the main conventional dispensed label 
for medications, which contains all legally required 
information about the patient’s prescription, such 
as the patient’s name, medication name and 
strength, and dosing instructions[36]. However, 
unlike the conventional label, the 3DP label 
would only consist of the dosing instructions and 
medication identifiers. This combination would 
allow for space optimization on the 3DP label, 
as well as enable it to be appropriately affixed to 
the medication packaging. If needed, additional 
3DP labels containing other information about the 
medications (e.g., medication name and strength) 
could also be provided to patients.

The potential of 3DP technology was explored 
for medication labeling in this project as it is 
a rapidly advancing field and may potentially 
circumvent certain issues with auxiliary aids 
for communicating medical information to BVI 
patients. 3D printers cost as low as US$1000 and 

this is expected to decrease lower as it continues 
its evolution to be a desk-top commodity[37]. 
While Braille embossers have been used to print 
medication information[11], only a small percentage 
of BVI patients and health-care professionals 
can read Braille. Furthermore, the setting up of 
a multilingual APLS system can be useful to a 
multilingual society, but can be costly[38]. On the 
other hand, the ease of transmitting and editing 
designs in CAD files among users[37], such as 
hospitals and clinics, reduces cost and labor and 
can allow for standardization of 3DP labels across 
prescription and non-prescription medications. 
Moreover, a 3DP label can complement face-to-
face counseling, as it allows users to access the 
medication information independently and at will. 
When complemented with appropriate training, the 
3DP label can be understood by the vast majority 
of BVI patients and health-care professionals, 
and it can be affixed securely to medication 
packaging. In addition, the independence regained 
by BVI patients in terms of their own medication 
management can enhance their confidence in 
managing activities of daily living, strengthening 
person-centricity, and dignity.

Elevation of alphabets was used for the word 
design on the 3DP medication label as Braille 
would not be widely understood by majority of 
BVI patients. To keep the formatting of words 
familiar to BVI persons, the word design on the 
3DP label was adapted from the format style 
guidelines by the AFB[10], such as using a sans 
serif font of more than 18-point size, non-italicized 
and not condensed, and using black letters on a 
contrasting white background. Interestingly, the 
preferred letter case format for the 3DP label was 
an all uppercase style, which differed from the 
AFB recommendation guidelines of a combination 
of upper- and lower-case letters. Our respondents 
suggested that an all uppercase style was preferred 
because the lowercase style of the letters “a,” “o,” 
and “e” could be confused with each other when 
relying purely on a sense of touch. However, our 
results were similar to another study by McDonald 
et al.[39], which also observed that their participants 
found it easier to interpret capitalized words 
through touch. There were concerns regarding the 
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use of English words due to the low literacy levels 
among elderly BVI patients and those who lost 
their vision early in their lives. Furthermore, as 
tactile acuity is lower than the sense of vision[12], 
the words on the 3DP label could have been too 
complicated to be perceived by the sense of touch 
compared to simple tactile shapes.

The use of shapes and symbols for the dosing 
instructions and medication identifiers were received 
positively by the target users, probably because it 
would be more intuitive for those who were less 
literate[10], and thus could address the challenge of 
literacy levels in our patients. However, a universal 
half-sphere shape was preferred over different 
shapes representing different dosage forms, as it 
could be confusing to users and required them to 
remember the meanings of many symbols. It was 
also suggested that the symbols be enlarged and 
more elevated so as to improve its user-friendliness 
for the blind. Our results were similar to another 
study by Ramsamy-Iranah et al.[40], which suggested 
that a larger height contrast for 3D symbols was 
more easily differentiated from other components 
by the blind. These findings reflect the need for 
a solution that is able to provide comprehensive 
medication information to BVI patients, yet simple 
in delivery. Such a solution would require trade-
offs, underpinned by harmony between information 
comprehensiveness and individual intuition. 
The trade-offs for 3DP medication labels to be 
implemented in clinical practice would be the size 
of the labels and the high initial costs of producing 
it, which would require a decision on its cost-benefit 
by target end-users and the health-care system.

There were several limitations in this project. As 
this was a proof-of-concept project, the 3D printer 
used was not a high-end product. As such, the 
print resolution by the FFF was limited by nozzle 
diameter and resulted in higher layer thickness; 
hence, only elevations of some increments could 
be printed, and this also led to a poorer resolution 
of the printed objects. In addition, the deformation 
of the 3DP products occurred, which led to some 
components not being produced in alignment with 
the design. This contributed at times to inadequate 
separation among letters and between letters and 
the background. However, the best variations of 

the 3DP labels were shown to the target users and 
it was also communicated that the labels were 
only a prototype and would be more aesthetically 
pleasing with improvements in technology with 
time. In addition, feedback could only be obtained 
from a small sample size. Future work could 
further identify the perceptions and preferred 
formatting parameters of the 3DP label in a larger 
patient cohort, and the role of 3DP labels in 
complementarity with the main dispensing labels 
and other auxiliary approaches for BVI patients to 
manage their medications could also be studied.

5 Conclusion

The label consists of dosing instructions and 
medication identifiers that are represented by 
shapes and symbols. In addition, several features 
that make the 3DP label more patient-centric 
and user-friendly for BVI patients have been 
identified. With future advancements in 3DP 
technologies, there is great potential to produce 
3DP labels in patients’ medication management, 
so as to transform the last-mile delivery of health-
care services by enabling patient independence 
and ownership against the backdrop of an aging 
population.
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