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Abstract
A new chapter in the pharmaceutical industry has been created by 3D printing, particularly 
in the manufacturing of solid preparations. This technology can support the modification of 
medicine in terms of drug dosage. Furthermore, it is achieved by adjusting the volume of tablets 
while being designed using the software to meet the required dose. The research aims to review 
several polymers used in 3D printing through the fused deposition modeling (FDM) technique. 
The polymers in filament fabrication for 3D printed tablets should be thermoplastic and have the 
appropriate mechanical properties for further processing steps. This review focuses on studying 
the characteristics of polymers such as polylactic acid, polyvinyl alcohol, polycaprolactone, 
polyvinyl pyrrolidone, polyethylene oxide, ethylene vinyl acetate, ethyl cellulose, hydroxypropyl 
methyl cellulose, and hydroxypropyl cellulose. Additionally, it discusses the effect of these 
polymers on the drug release profile from the 3D printed tablets.
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Introduction
Tablet manufacturing in the pharmaceutical industry is 
currently produced on a mass scale with an equivalent 
dose for each unit in one batch. During this era, 
personalized medicine concepts emerged to accommodate 
each patient’s unique requirements. Dosage, shape, and 
size of the tablets are several factors changed during the 
process according to the needs of patients for personalized 
medicine.1,2 Personalization will remain difficult as long as 
the standard approach is employed, as it is inefficient and 
deemed impractical.2,3 Therefore, an alternative method 
such as 3D printing technology is needed to solve the 
problems of dosage personalization.4

3D printing technology is currently being developed 
in manufacturing solid pharmaceutical preparations. 
This technology can meet the standard requirements and 
produce tablets with complex structures, suitable to make 
any kind of products such as direct consumption and 
personal products.3,5 Its use for personalized medicine 
is relatively inexpensive compared to conventional 
technology.6 Spritam®, the first 3D printed tablet that 
approved by US FDA in August 2015, has been a significant 
milestone in utilizing 3D printing technology in the 
pharmaceutical industry.4

Fused deposition modeling is one of the techniques in 
making 3D printing tablets, which is most widely used 
in producing pharmaceutical preparations since it is 
simpler and more viable than other techniques.4 In fused 
deposition modeling, a filament is needed to print the 

desired object. The filament is composed of polymeric 
materials and active pharmaceutical ingredients which are 
mixed and extruded at a specific temperature. Filament 
for 3D printing should have thermoplastic characteristics 
because there is a heating step to soften the filament mass.7,8 
Good mechanical properties should also be possessed by 
the filaments, such as flexibility, brittleness, and stiffness 
since these factors can determine whether the filament is 
suitable for further 3D printing process.9

The FDM 3D printing process is started by producing 
drug-containing filaments generally carried out through 
the extrusion of polymers with the active ingredient. 
Furthermore, the shape and size of the pharmaceutical 
preparation are designed using software according to 
the required dose then translated to the 3D printer. The 
filaments produced in the previous step are then used as 
the material for the 3D printing then printed according 
to the designed size and shape. After the printing process, 
all the 3D printed products are gathered and evaluated, as 
depicted in Figure 1. 

Several polymers have been investigated as suitable 
materials for making the filaments. However, the use 
of these polymers is limited by several properties that 
should be possessed. Thermoplastic properties are the 
main criteria for the polymers to be selected, while others 
such as non-toxic, biocompatible, and biodegradable 
characteristics are more beneficial.10 Filament can be made 
of natural, semi-synthetic, or even synthetic polymer as 
the forming materials. Therefore, it is necessary to have a 
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Figure 1. The schematic illustration of 3D printing tablet by fused deposition modeling.

systematic study of polymers with specific characteristics 
used as the base material for making filaments. This 
review will discuss the characteristics of filaments formed 
from polymers like polylactic acid (PLA), polyvinyl 
alcohol (PVA), polycaprolactone (PCL), polyvinyl 
pyrrolidone (PVP), polyethylene oxide (PEO), ethylene-
vinyl acetate (EVA), ethyl cellulose (EC), hydroxypropyl 
methylcellulose (HPMC), and hydroxypropyl cellulose 
(HPC). Additionally, the drug release characteristics of 3D 
printing technology tablets were analysed. 

Characteristics of Polymers for Filament on FDM 3D 
Printing  
The selection of polymers to be used as filament-forming 
material for FDM 3D printing is based on the specific 
characteristics possessed by the polymer. The following are 
the unique characteristics that polymers should have.

Thermoplastic
The polymers used as the filament constituent should 
have thermoplastic properties.7 The properties are usually 
performed by material with straight-chain molecules 
that will soften when heated and back to be hard when 
the temperature is down in a specific temperature range.8 
During the extrusion process, heating is carried out to 
form filaments.4 Therefore, the thermoplastic polymer was 
selected because it has a specific melting point, making 
it easy to melt when extruded but has a relatively high 
viscosity to make filaments.5 The thermoplastic polymers 
used to make filaments can be amorphous or semi-
crystalline polymers. 

Good rheological and mechanical properties
The melt filament’s viscosity plays a significant role in the 
FDM 3D printing process. The viscosity can affect the 
extrusion process of filament in the 3D printing process, 

and the smoothness of filament’s surface as well. Generally, 
the rough filament surface may clog the extruder’s nozzle 
and 3D printer. At the same time, too low viscosity of 
filament mass may cause the material to drool out from 
the extruder and 3D printer nozzle spontaneously.11 The 
polymers used as the filament-forming material should 
provide a good mechanical property such as flexibility, 
brittleness, and stiffness. The filament should be flexible 
and hard enough to bend and prevent squeezing by the 
wheels.9 

Suitable for pharmaceutical use
The filament-forming polymer should be appropriate for 
pharmaceutical applications, particularly for internal use. 
Biodegradable and non-toxic polymers are preferred since 
they can be degraded in the human body with physiological 
fluids in the presence or absence of enzymes.10 The use of 
polymers in drug delivery systems to 3D printed tablets is 
directed to biodegradable polymers, since the degradation 
products are non-toxic, and they can be eliminated 
from the body through natural metabolic pathways 
with minimal side effects.5,10,12 Moreover, biodegradable 
polymers may not produce toxic degradation products to 
prevent constant inflammatory effects in the human body. 
Therefore, biodegradable polymers are safe and suitable for 
pharmaceutical use.13

Filament Criteria for Fused Deposition Modeling
The filament should also meet several criteria in fused 
deposition modeling to print the object. These criteria 
include uniformity of diameter, also filament’s stiffness 
and brittleness.1 The final diameter should be suitable with 
the nozzle size around 1.75 to 3.00 mm. Filament that does 
not satisfy these specifications will not be able to fit the 
print head and should be made with the nozzle to obtain 
an appropriate diameter. The non-uniformity may results 
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in a change in the object’s shape and failure of printing.1

The filament should have certain hardness and elasticity 
value to be compatible with 3D printer tools. It requires 
some mechanical properties such as flexibility, brittleness, 
and stiffness. These are critical properties that need to 
be measured to determine the suitability of the FDM 3D 
printing process. The values of breaking distance, stress, 
and force were used to determine filament flexibility, 
brittleness, and stiffness.11 Ideally, filament for FDM 3D 
printers should have a fracture pressure value of >2,941 g/
mm2 and a distance of >1 mm.9 As a result, the printing 
process may be hindered due to the filament breaking 
when it is inserted into the gear on the 3D printer. 
However, printing will be problematic if the filaments are 
extremely elastic since they will flex and come out of the 
gear.11 Filament hardness/stiffness can be measured using a 
texture analyzer with a value that should be around ~1,000 
N/m.1

The molecular weight of the polymers also influences 
the hardness of the filament and shows high deformation 
resulting in more fusion areas. The hardness will be high 
when the molecular weight of the polymer is significant.14 
Besides, heating in the extrusion process can increase the 
density of the polymers and the hardness values.15 Filament 
fragility is measured using tensile testing with ~0.15-0.2% 
Pa (104).1 The tensile strength value of the filament is 
influenced by the extrusion temperature in the formation 
process. An increase in this temperature can also increase 
the tensile strength value of the filament.16

Use of Polymers in 3D printing Tablets Manufacturing
The following lists are polymers that can manufacture 
3D printing tablets using the fused deposition modeling 
method.

Polylactic acid (PLA)
Polylactic acid (PLA) is a polymer derived from lactic acid, 
a natural organic acid that is biodegradable and water-
insoluble.17,18 This polymer has several advantages, such as 
being biocompatible, not expensive, and can be degraded 
into natural metabolites. Hence, it has become one of the 
most widely used polymers in clinical applications.19

Farto-vaamonde et al.19 reported the manufacture of 
tablets using PLA filament containing prednisolone and 
dexamethasone for tissue regeneration. In this study, 
they used commercial PLA filaments, and both active 
ingredients were loaded by immersing them in a solution 
of prednisolone and dexamethasone in the mixture of 
methanol and ethyl acetate at 50:50 (v/v) for 24 hours at 
37ºC. The release of the active ingredients was observed 
very slow, reaching four months for the complete release. 
Only less than 10% of active ingredients are released in the 
first two weeks.19 Therefore, PLA can be used as a matrix 
for tablets or implants to maintain the drug release over a 
long period.

However, another study conducted by Boetker et 
al.18 manufactured 3D printed tablets using PLA. They 

produced the filaments using PLA and hydroxypropyl 
methylcellulose (HPMC) polymer combination. This 
study used nitrofurantoin, a BCS class II drug, as the active 
substance. Two formulas contain 5% nitrofurantoin varied 
in the ratio of HPMC and PLA. The first is 20% HPMC and 
75% PLA, while the second consists of 40% HPMC and 
55% PLA. After the formulation, the effect of the matrix 
on the drug release was observed.19 The results showed that 
in 24 days, there was a difference in nitrofurantoin release 
from both formulations. As much as 50% of nitrofurantoin 
is released from the 3D printed tablets containing 40% 
HPMC and 55% PLA. However, only 30% nitrofurantoin 
is released from the 3D printed tablets made of filaments 
containing 20% ​​HPMC and 75% PLA. This shows that 
adding hydrophilic polymers to the PLA filaments can 
boost and modify the drug release.18

Polyvinyl alcohol (PVA)
Polyvinyl alcohol (PVA) is one of the hydrophilic polymers 
commonly used in pharmaceutical products. It is deemed 
safe for use in oral medicinal preparations due to its 
biodegradability and lack of toxicity. Since PVA expands 
in water, it has been frequently employed as a matrix for 
modified-release tablets.12,20-22 Some studies used PVA as 
the filament-forming material for making pharmaceutical 
products through FDM 3D printing. Skowyra et al.21 
researched the preparation of extended-release tablets 
using PVA as filament-forming material containing a 
BCS class I active ingredient, prednisolone. They used a 
commercially marketed PVA filament with a diameter of 
1.75 mm. The PVA filament was immersed in a solution of 
prednisolone and methanol under saturated conditions at 
a temperature of 30ºC for 24 hours.21

Each filament contains the same dose, with the variance 
in tablet size. Since the drug’s concentration is constant, 
the tablet size will be proportional to the dose required. 
Therefore, small tablets will have a greater ratio of surface 
area and mass contact to dissolution medium to enable fast 
drug release.21 The higher concentration of PVA resulted 
the smaller swelling ratio. Moreover, the porosity of the 
hydrogel dropped, resulting in a decrease in the amount 
of water that can be absorbed.23 This is responsible for 
the extended-release effect of prednisolone from the PVA 
matrix.

However, another study conducted by Tagami et al.24 
produces tablets containing curcumin using PVA as 
filament constituent. The tablets were hollowed in design 
to enhance the volume of water absorbed, resulting in 
rapid drug release. BCS class II curcumin demonstrated 
that 100% drug release can be achieved within two hours 
of incubation.24

Instead of incorporating the drug into the filament by 
the diffusion method, Goyanes et al.25 extruded PVA along 
with the drug. Paracetamol and caffeine were utilized as 
model drugs because they are heat-resistant and have 
varying solubilities, making them ideal for testing. The 
extrusion temperature used for the filament-forming 
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process was around 180ºC. The resulting filaments were 
not much different from the polyvinyl alcohol available 
in market, in term of diameter, physical appearance, and 
mechanical properties.25

In the study, the PVA filaments were prepared with 
concentrations of paracetamol and caffeine of  5% and 
10%, respectively. However, the recovery of each active 
ingredient produced was 4.3% and 8.2%, and 4.7% and 9.5% 
for paracetamol and caffeine. This is probably because of 
some drugs were attached to the surface during the mixing 
and extrusion process, reducing the filament’s content. 
Both active ingredients were completely dissolved within 
2 hours, and drug release from the 3D printed tablets was 
faster following the increase in drug concentration. This 
occurred because the amount of PVA, which controls drug 
release, was less in the tablets.25

Polycaprolactone (PCL)
Polycaprolactone (PCL) is a thermoplastic polymer and 
has high possibility for the delivery of drugs with a low 
molecular weight due to its rubbery characteristics.26 It is 
usually used as a matrix for extended-release drug delivery 
systems such as implanted devices. Furthermore, it is 
water-insoluble and degrades very slowly in the human 
body. This polymer is rarely used in the manufacturing 
of oral delivery systems because it cannot facilitate drug 
release in the gastrointestinal tract.27

Other factors influencing drug release profile include the 
concentration and crystallinity embedded on the filament, 
as well as polymer employed for filament formation. 
Holländer et al.27 developed 3D printing implants as a 
controlled release delivery system for indomethacin (5, 
15, and 30%) using PCL as the matrix. The release study 
showed that the indomethacin release from the 3D printing 
implants containing 5, 15, and 30% of indomethacin was 
99.4 ± 2.5%, 87.4 ± 0.4, and 67.6 ± 2.0%, respectively, within 
30 days. It reveals that  the highest drug release was from 
the 5% indomethacin implant, while the lowest release was 
the 15% indomethacin implant. It is probably because the 
crystallinity of indomethacin, since the indomethacin used 
in the filament is mainly crystalline, which have slower 
dissolution rate than that amorphous form.27

Polyvinyl pyrrolidone (PVP)
Polyvinyl pyrrolidone (PVP) has been widely used in health 
and pharmaceuticals application. PVP is a hydrophilic 
polymer that is very soluble in many water-containing and 
polar solvents. Also, it has low toxicity properties and is 
commonly used to increase solubility and enhance drug 
release.28,29

Okwuosa et al.30 did research to make immediate-
release 3D printed tablets using PVP  filament matrix with 
theophylline and dipyridamole. Filament prepared only 
of PVP cannot be printed by FDM 3D printing due to the 
poor flow rate at the nozzle. They add another non-melting 
excipient such as talc to improve the PVP filament flow rate, 
therefore, the process can be continued to manufacture 3D 

printing tablets. The in vitro dissolution study showed that 
the 3D printing tablets prepared by the talc added PVP 
filament released 85% theophylline and dipyridamole 
within 30 minutes. This study reveals that polyvinyl 
pyrrolidone can be used as a matrix to manufacture 3D 
printed tablets with an immediate drug release profile.30

Polyethylene oxide (PEO)
Polyethylene oxide (PEO) is a thermoplastic polymer 
widely used in pharmaceutical preparations with good 
solubility, low toxicity, low price, and biodegradability.31,32 
It has different grades based on molecular weights and 
is commercially available in 100,000 to 10,000,000 Da.33 
It can increase solubility in drugs, and differences in the 
molecular weight show the variation of the drug dissolution 
profile.34

Isreb et al.32 used PEO as the filament material to 
manufacture 3D printed theophylline tablets with a 
modified design resembling a radiator with a different gap 
0.5, 1, 1.5, and 2 mm between plates of “radiator-shaped 
tablet”. The drug release shows that the 0.5 mm gap design 
was slower than the others. The swelling in the 0.5 mm-
spaced design resulted in plate adhesion, reducing contact 
surface area with the dissolution medium and slowing 
drug release.32

Ethylene vinyl acetate (EVA)
Ethylene vinyl acetate (EVA) is a copolymer consisting 
of different monomers, ethylene and vinyl acetate. It is 
biocompatible, non-toxic, insoluble in water, and widely 
used in extended-release drug delivery systems.35,36 EVA is 
a thermoplastic polymer whose crystallinity and melting 
point are affected by the vinyl acetate content in the 
copolymer.36 The properties indicate that it can be used as 
a filament matrix, but due to its water-insoluble properties, 
the polymer can only use in implant drug delivery.35

Genina et al.35 studied EVA polymer as a new raw 
material for filaments fabrication in FDM 3D printing. 
The research was conducted to manufacture 3D printed 
implants as a controlled release indomethacin delivery 
system using EVA. The EVA filaments were prepared with 
indomethacin as a model drug in concentrations of 5% and 
15%. The drug release study indicated that 30% and 20% 
of indomethacin were released from 3D printed implants 
containing 5% and 15% indomethacin, respectively, within 
30 days. According to the results, the indomethacin  3D 
printed implants reveal the prolong release profiles and 
the 3D printed implants with lower content of drug 
could release much more indomethacin.35 Thus, the EVA 
copolymer is suitable for use as an implant matrix with 
manufacturing using 3D printing technology.

Ethyl cellulose (EC)
EC is a water-insoluble thermoplastic polymer used in 3D 
printing technology for pharmaceutical preparations.37 
The water-insoluble characteristic makes it suitable to be 
utilized as a matrix in slow-release tablets or modified-
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release tablets.
Yang et al.15 conducted a study of slow-released 3D 

printed ibuprofen tablets using EC as the main constituent 
of filaments with thirteen formulas varied with 16-24%, 
and EC was around 50-80%. The filament was prepared 
by mixing ibuprofen, EC, and release modifier and then 
extruded at a temperature of 100-120°C at 60 rpm for 
10 minutes. The release modifier polymers used were 
hydroxypropyl methyl cellulose (HPMC), sodium alginate, 
xanthan gum, and PVA. The filaments had a diameter of 
1.75 mm, according to the nozzle size of the 3D printer. 
Furthermore, the hardness decreased with the increased 
ibuprofen level in the filaments due to a plasticizing effect.15

The release of ibuprofen was observed to each formula 
which contains 20% (w/w) within 24 hours. The cumulative 
drug release at (Q24h) composed of EC only was 17.8%, 
caused by the hydrophobicity and increased density due 
to heating.16 On the other hand, the addition of release 
modifying agents may affect the drug release from 3D 
printed tablets. The addition of HPMC to EC with the ratio 
of 1 to 3 results in the 83.0% release of ibuprofen, while 
sodium alginate with the same ratio resulted in the 83.0% 
release for 24 hours (Q24h). Each of the formulas added 
by xanthan gum and PVA shows an incomplete release, 
and the cumulative release was only 54.3% and 42.0%, 
respectively. Furthermore, the formula using a mixture of 
EC (55% w/w) and HPMC (25% w/w) with a ratio of 2.2:1 
showed the Q24h of ibuprofen was more than 95%.15

According to those drug release modifying agents, 
HPMC is known to have a significant effect in increasing 
drug release. It works to increase the drug release by 
expanding while getting contact with water or by erosion. 
Even though EC polymers provide a slow drug release 
effect when used as a matrix, the release can be modified 
by mixing with the other polymers.15

Hydroxypropyl methyl cellulose (HPMC)
HPMC is a non-toxic semi-synthetic polymer derived 
from cellulose ether used as a hydrophilic matrix in 
slow-release tablets.38 It is available in various grades 
with different physical and chemical properties. It brings 
many advantages in pharmaceutics, such as emulsifiers, 
suspending agents, thickeners, film coating material, 
and the modified-release matrix.39 The drug release from 
HMPC matrix occurs in two different ways. Firstly, when 
the polymer contacts with the dissolution medium, it 
expands and forms a gel layer, allowing drugs to diffuse 
through the gel layer. Secondly, when HPMC meets the 
dissolution medium, it will dissolve completely to release 
the drug from the matrix.38

Kadry et al.39 studied the manufacturing of filaments 
using HPMC only. They developed multipurpose filaments 
HPMC for drug manufacturing using 3D printing 
technology tailored to the needs of patients. This research 
used a BCS class I drug -diltiazem- as the active substance. 
Diltiazem and HPMC were mixed and then extruded at 
a temperature of 135 °C at a speed of 15 rpm, with the 

diameter of filament set around 1.75 mm.39

 A tablet design was prepared with a cavity in various 
patterns to to observe the release profiles. The tablet cavity 
can be produced by adjusting the infill percentage using 
computer-aided-design software. The percentage was set in 
10-100% with various cavity patterns. The results showed 
that drug release depends on the percentage of tablet 
infill. Tablets with an infill of 100% showed the slowest 
release, which can completely release the drug in 12 hours. 
Meanwhile, the decrease in infill percentage increases the 
release duration. Tablets with 10% infill showed the fastest 
drug release of 100% within 6 hours, which can be affected 
by the cavity pattern. Tablets with a complex cavity pattern 
showed a prolonged drug release, while hexagonal and 
diamond cavities produced the fastest and slowest drug 
release.39

Another study was conducted by Zhang et al.9, where 
the 3D printed tablets were produced with the sustained-
release profile. The filament was composed of paracetamol, 
Soluplus®, and HPMC in a ratio of 1:2:7. The 3D printed 
tablets were prepared in two variants, with and without a 
shell. There were two types of shelled tablets with different 
thicknesses, which were 0.4 mm and 1.6 mm, respectively. 
Every kind of tablet, with and without a shell, was prepared 
with different infill percentages, which were 100%, 80%, 
and 20% for each of the 3D printing tablets.9

The results showed that 3D printed tablets with 0.4 mm 
shell thickness and infill percentage of 100%, 80%, and 
20% had 52.91%, 54.27%, and 79.41% of drug released 
after 4 hours, respectively. Meanwhile, those with 1.6 mm 
shell thickness and infill percentage of 100%, 80%, and 
20% released up to 71%, 79%, and 66% of drugs in 8 hours, 
respectively. No shell 3D printed tablets with a 20% infill 
percentage demonstrated the fastest drug release, since 
85% of the drugs were released within one hour.9 

Zhang et al.9 compared the tablets with the same 
percentage of infill, where two groups had shells. They 
found that the no-shell tablet had the fastest drug release 
profile, while tablets with 1.6 mm shell thickness showed 
the slowest release profile compared with a 0.4 mm and 
without a shell. This was caused by the tablet shell, which 
was relatively thick and became the barrier of the drug to 
get direct contact with the dissolution medium. Generally, 
drug release from no-shell 3D printed tablets with an infill 
percentage of 100% was the fastest.

Hydroxypropyl Cellulose (HPC)
HPC is an ether derivative that can be dispersed in water 
to form a gel mass,40 and it is a thermoplastic polymer 
in nature.41 This polymer is available on the market with 
a variety of viscosity and molecular weights in the range 
40,000 to 1,150,000 Da.41 Vo et al.42 used HPC polymers 
as filament constituents to manufacture gastro-retentive 
tablets. In that study, HPC with a molecular weight of 
850,000 Da was used as filament-forming material, and the 
diameter formed was 1.7 mm. Tablets were produced in a 
cylindrical shape with a cavity with the infill percentage 
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of 50-80% to produce tablets with various floating times 
in the stomach ranging from 6 to 12 hours. Releasing the 
drug from the matrix occurs after the polymer expands 
and forms a gel. The active substance may leave the matrix 
through the diffusion and erosion processes, allowing the 
manifestation of a burst effect in the initial phase. Over 
time, there is a slowdown in drug release from the matrix 
through a zero-order kinetics.42

Discussion
The use of 3D printing technology has been a widely 
used method in manufacturing solid pharmaceutical 
preparations. The technology can even produce a narrow 
therapeutic window drug, because it is easy to change the 
design and the tablet volume.43 Among all methods, fused 
deposition modeling (FDM) is the most used technique 
since it has several advantages compared to others. It 
is more cost-effective, easy operation, and has shorter 
printing stages.44 However, this method is limited only to 
thermostable active ingredients since there is a heating step 
in the process. The time for making tablets is slightly longer 
than other 3D printing techniques because of the limited 
printing speed, generally around 90 mm/second.5,12,45 

The polymer used is also limited only to thermoplastic 
polymers, which soften when heated and become hardened 
with reduced temperature. Biodegradable polymers 
are usually preferable because they can be degraded in 
the physiological fluids both enzymatically and non-
enzymatically.4  Meanwhile, the thermal stress exposed to 
3D printed tablets during the FDM process may increase 
the possible interactions between polymers and active 
ingredients. When the drug is incorporated into the 
polymer, it may create intermolecular interactions such as 
van der Waals forces and hydrogen bonds.46 

The polymers used as filament-forming material in these 
studies are polylactic acid (PLA), polyvinyl alcohol (PVA), 
polycaprolactone (PCL), polyvinyl pyrrolidone (PVP), 
polyethylene oxide (PEO), ethylene vinyl acetate (EVA), 
ethyl cellulose (EC), hydroxypropyl methyl cellulose 
(HPMC), and hydroxypropyl cellulose (HPC). Some 
are biodegradable, and are more beneficial to be used 
in pharmaceutical preparations. The solubility of these 
polymers also varies due to differences in physicochemical 
properties. Some polymers such as PLA, PCL, EVA, and 
EC are water-insoluble, hence, they are commonly used 
to make very slow-release drug delivery systems. On the 
other hand, PVA, HPMC, and HPC are more hydrophilic 
and dispersible in water. The gelling ability is the reason 
for the wide use in sustained-release drug delivery systems 
preparation. Meanwhile, PVP and PEO are usually used 
for immediate-release preparations since they are the most 
water-soluble among the others.

Choice of polymers used in filament preparation 
may impact the drug release from 3D printed tablets. 
Since polymers take the most considerable proportion 
in formulation, their solubility plays a significant role 
in drug release. Even though the drugs’ solubility also 
affects their release, the data from the previous studies 
show that the physicochemical properties of the polymers 
bring a significant effect to the release. Therefore, several 
approaches can be adopted to improve the release, such as 
adding a release modifier, or modifying the design to make 
it easier for liquids to enter the dosage form. Meanwhile, 
drug release profile can also be modified by adjusting the 
percentage of tablet infill and the modification can be used 
to personalize medication for patients. These polymers 
application on 3D printed tablets by fused deposition 
modeling technique are summarized in Table 1.

Table 1. Summary of polymer applications in 3D printed tablet manufacturing by fused deposition modeling.

Polymer Polymer solubility Polymer properties Active ingredient Release 
behavior

Polylactic acid Insoluble in water Thermoplastic, biodegrad-
able, biocompatible

Nitrofurantoin18

Prednisolone and Dexamethasone19
Sustained 
release

Polyvinyl alcohol Soluble in water Thermoplastic, biodegrad-
able, and non-toxic 

5-ASA, captopril, theophylline and 
prednisolone12 
Paracetamol20

Prednisolone21

Sustained 
release

Polycaprolactone Insoluble in water Thermoplastic Indomethacin27 Sustained 
release

Polyvinyl pyrrolidone Very soluble in water 
and polar solvent

Thermoplastic and biode-
gradable Theophylline and dipyridamole30 Immediate 

release

Polyethylene oxide Soluble in water Thermoplastic and biode-
gradable

Carbamazepin31

Theophylline32
Immediate 
release

Ethylene-vinyl acetate Insoluble in water Thermoplastic, biocompati-
ble, and non-toxic

Indomethacin35 Sustained 
release

Ethyl cellulose Insoluble in water Thermoplastic Ibuprofen15 Sustained 
release

Hydroxypropyl methyl-
cellulose Dispersed in water Thermoplastic and 

non-toxic
Nitrofurantoin18

Diltiazem39
Sustained 
release

Hydroxypropyl cellulose Dispersed in water Thermoplastic Theophylline and Ketoprofen40

Cinnarizine41
Sustained 
release
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Personalization aspect that can be achieved with 3D 
printing technology are not limited only to drug release but 
also to doses. The ease of design related to dosage and drug 
release made this method can be tailored to produce the 
products which meet each patient’s needs and make it easier 
to facilitate personalized medicine. This can be conducted 
quickly by determining the tablet volume design based on 
the drug content in the polymer filament. This technology 
assists pharmacists to modify tablets for patients in any 
way possible to achieve the expected therapeutic goals. 
Therefore, the use of 3D printing technology can greatly 
facilitate health workers in treating patients and reach the 
therapeutic goals as well. 

Besides the outstanding advantage of this technology, it 
still becomes a challenge for many reasons since more studies 
are required to solidify the types of filament’s formulations. 
Collaboration with pharmaceutical industries and the 
government is important to make this happen. Meanwhile, 
there is still a lack of regulation related to FDM 3D printing 
method used as the technique in pharmaceutical industries, 
including the good manufacturing practice (GMP) aspects 
for manufacturing, good distribution practice (GDP) 
aspects for maintaining the filaments in the storage, and 
the regulation in healthcare facilities to produce the 3D 
printed tablets. As a result, 3D printed tablets made with 
this FDM 3D printing technique may still be unavailable.

Conclusion
Various natural, synthetic, and semi-synthetic polymers 
can be used as filament-forming material for fused 
deposition modelling (FDM) 3D printing. The filament 
that is successfully fabricated should meet the criteria 
for further 3D printing process such as suitable diameter 
(generally around 1.75-3.00 mm), also sufficient  
mechanical properties which are generally evaluated in 
terms of brittleness and elasticity. Drug release profile 
from the 3D printed tablet is very dependent on the 
type of polymer used as well as the concentration of 
active substances, but can be modified by adjusting the 
percentage of tablet infill during the 3D printing. The ease 
of design regarding dose and drug release provides this 
technique applicable to facilitate personalized medicine. 
Moreover, regulatory issue is still becoming the challenge 
to implement this method for pharmaceutical product 
preparation on a large scale. 
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