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Abstract: 
Objectives: This review aims at gleaning the currently available research reports that relate 
to 3D printlets for paediatric patients, and especially the excipients used to produce various 
colours, flavours, shapes and sizes. 
Methods: A thorough literature review on paediatric 3D printed oral solid dosage forms, 
focusing on the use of colours, flavours and various shapes/dimensions, was conducted with 
an adjusted time frame between 2017 and 2022. 
Key findings: 3D printlets for paediatric population include the chewable dosage forms 
(including solid forms and the soft forms or gummies), the swallowing dosage forms, and 
the orodispersable dosage forms (printlets or films). Researchers have tested many colours, 
flavours, shapes and dimensions for the chewable formulations production using pectin and 
gelatin to create gummies or chocolate and cereals. Scientists have also used many methods 
and excipients to produce printlets with various colours, flavours, shapes and small sizes 
(minitablets or minicaplets) for the swallowing dosage forms. Concerning the 
orodispersables, the research was rather limited. 
Conclusions: Compared to conventional oral dosage form manufacturing processes, 3D 
printing techniques use a different approach. More specifically, these techniques can 
provide personalisation of dose, shape, size, taste, colour and appropriate drug release 
rates, which is of paramount importance especially for paediatric patients. With the correct 
excipients the printlets can serve as ideal dosage forms candidates for the treatment of the 
paediatric population.  
 

 
  

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

1. Introduction  

The oral route of drugs’ administration is preferable to patients and clinicians because it is 

the cheapest, easiest and most convenient way (1,2). Furthermore, most of the drugs can be 

administered orally with various dosage forms, such as chewable formulations, liquids, 

tablets and capsules. Notwithstanding their advantages, solid and liquid dosage forms still 

have some limitations; the swallowing difficulties coming with the solid forms for 

paediatrics and geriatric patients and the stability and dosing errors of liquid forms (3–6). 

On the other hand, chewable formulations, like lozenges, gummies, gums and 

chewable/orodispersable tablets and films, are earning attention because they are easy to 

administer, safe and they do not have any stability issues.  

Regarding the target population of chewable tablets, it has been appeared that 1 in 11 

patients has difficulties in swallowing tablets and capsules, which is a significant percentage 

that health professionals do not give the necessary attention (6). Patients suffering from 

dysphagia, have problems because the swallowing process is disrupted after swallowing 

solid or liquid drugs. The same is true with the geriatric population, as with ageing the 

swallowing of tablets becomes annoying, impacting obedience to treatment. As far as 

children is concerned, they cannot swallow solid tablets and this heterogeneity from the 

adults is not taken into consideration, resulting to be considered, as “therapeutic orphans” 

(7). Children need personalisation in their treatment to avoid lower dose or overdose. 

Characteristic is a clinical trial that asked children between 4-11 years to select the form of 

their treatment and 79% of them asked for chewable tablets (8). 

Taking all of the above into consideration, chewable formulations can be a proper 

alternative. The use of 3D printing techniques can provide personalisation of dose, shape, 

taste and appropriate release rates from the produced formulations, which is of great 

importance for paediatric patients (9,10). Chewable formulations, like lozenges, gums, 

gummies, chewable tablets, are safe, easy to administer, and they do not have stability 

problems (Figure 1). The semi-solid extrusion 3D printing technique (SSE 3DP) can be used 

to produce personalised chewable formulations with various size shapes and flavours 

(Figure 2) (11,12). The jelly-like formulations are the most famous to be 3D printed, as they 

have the capability to adjust the formulation’s rheological properties, like texture and 

viscosity (13,14). Generally, chewable formulations are not restricted by the size because 

they are developed to be chewed before swallowed. Additionally, they can increase the 

drug’s bioavailability by avoiding the first-pass metabolism from the gastrointestinal tract, 

as some of the drugs are disintegrated and dissolved in the mouth and absorbed from the 

buccal cavity. Last, there is no need for water to be administered making them a convenient 

and easy way to administer drugs.  
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Figure 1: Examples of chewable formulations 

Figure 2: Examples of flavours used in 3D printlets 

 

As for the disadvantages, occasionally it is hard to fill chewable formulations with drugs that 

they have unpleasant taste, e.g. bitter, and pungent, thus demanding the addition of large 

amounts of flavouring agents and sweeteners. Moreover, in some occasions, patients 

damaged their teeth due to the excessive hardness of the tablet or faced an oesophageal 

irritation. Last, chewable tablets are hygroscopic and they have to be stored in a dry place in 

air-tight containers (15). 

Orodispersible films (ODFs) are administered without water, thus increasing patients’ 

acceptability. The preparation of ODFs, using SSE 3DP, can simultaneously rid the patient of 

the difficulty of swallowing and adjust the dose to the patient’s needs (16). Otherwise, the 

patient needs to cut the tablets randomly, thus compromising the right administration dose. 

Using ODFs, the use of oral solutions is limited avoiding the dose errors that come with their 

use (17). Furthermore, ODFs can also be used to psychiatric patients that are non-adherent. 

They cannot get them out of the mouth on purpose easily and do not cause choking after 

the administration (18). 

2. Methods  

A high‐quality literature review on paediatric 3D printed oral solid dosage forms, focusing on 

the use of colours, flavours and various shapes/dimensions, has emerged. Two main 

databases (Google Scholar and Science Direct) were used for a wide-range search of the 

topic. Examples of the keywords used in the search were: 3D printed paediatric tablets, 3D 

printed oral dosage forms, colours and flavours in 3D printing paediatric formulations, etc. 

Significantly, the search “3D printed oral paediatric AND flavours” with an adjusted time 

frame of 2017 to 2022, yielded 9420 articles in Google Scholar and 63 articles in Science 

Direct. Only research articles were selected from this set and duplicates were removed. In 

addition, studies on non‐oral dosage forms or studies on non 3D printing production 

methods were excluded. Studies without sufficient data, on the excipients used, were also 

omitted and the final number of articles, which are thoroughly analysed in the present 

Results and Discussion section, was 28.  

 

3. Results and Discussion 

As already mentioned, after a widespread literature review, 28 research articles were 

carefully selected and analyzed to draw some conclusions regarding the excipients used and 

the printing methods that affect the production of paediatric 3D printed oral dosage forms. 

To this end, 3 summary Tables were prepared and the studies were grouped mainly by 

dosage form. More in particular, Table 1 refers to 3D printed paediatric chewable dosage 
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forms, while the studies in Table 2 relate to paediatric swallowing dosage forms. Last, Table 

3 refers to 3D printed paediatric orodispersable printlets and films. The release behaviour 

was reported as indicated by the author(s). In the cases, where the author(s) did not fully 

characterize the release rate, the following rule was applied: if the drug release was ≥ 75% 

within 30 min, the profile was characterized as immediate. In all other cases, the release 

profile was characterized as modified. Furthermore, the studies were classified by the 

printing method [e.g., hot melt extrusion (HME), fused deposition modelling (FDM), binder 

jet printing (BJP), color jet printing (CJP), direct powder extrusion (DPE), etc.]. In addition to 

the active ingredient, the Tables also included the main excipients, flavouring and the 

colouring agents used, the printed shapes and dimensions.  

 
Table 1: Overview of the investigated key attributes of the immediate released 3D printed paediatric 

chewable formulations (solid dosage forms and soft dosage forms/gummies)  

 

Chewable dosage forms 

Chewable dosage forms are promising formulations for the treatment of pediatric patients. 

Through the last five years, many research groups were involved with 3D printing chewable 

formulations for children. Zhu et. al, 2022 (19), Chachlioutaki et. al, 2022 (20), Tabriz et. al, 

2022 (21), Tagami et. al, 2021 (22), Tabriz et. al, 2021 (23), Chatzitaki et. al, 2021 (24), 

Karavasili et. al, 2020 (25), Januskaite et. al, 2020 (8), Herrada-Manchon et. al, 2020 (26), 

Goyanes et. al, 2019 (27), Rycerz et. al, 2019 (28), Scoutaris et. al, 2018 (29) and Karavasili 

et. al, 2022 (30), are amongst them. The main printing techniques, that were employed are 

the SSE and the HME coupled with FDM. 

Chachlioutaki et. al (20) used paracetamol as API, Tabriz et. al (21) ibuprofen, while 

Karavasili et. al (25) and Rycerz et. al (28) studied both paracetamol and ibuprofen, as APIs 

for chewable paediatric 3D printed formulations. All four research groups used the SSE 

printing technique. Chachlioutaki et. al (20) and Karavasili et. al (25) produced chocolate-

based formulations. The use of chocolate is important, as it increases children acceptance of 

dosage forms (25). Chachlioutaki et. al (20) constructed formulations of cube shape in 

various dimensions. As it seems from the linear regression analysis of the paracetamol 

content in the 3D printed formulations, there are formulations with acceptable dose for 

children (120-500 mg) (20). As for the release, the dosage form with dimensions (mm): 15 x 

15 x 10, showed immediate release in pH 5.8 (20). Karavasili et. al (25) chose to produce 

formulations of various designs and dimensions, which were possible to be likeable to 

children. As for the release, in gastric simulated fluids (pH: 2.0), paracetamol formulations 

showed immediate release, while ibuprofen formulations modified release (25). In 

simulated saliva fluid (pH: 7.0), paracetamol exhibited a release of 22.86%±1.81% and 

ibuprofen of 36.41%±4.7%, within two minutes (25). Ibuprofen shows a more rapid release 

than paracetamol, in simulated saliva fluid, and the opposite occurs in the gastric simulated 

fluid (25). Because of the high permeability and low aqueous solubility of ibuprofen, the 

rapid and high dissolution in the simulated saliva fluid helps ibuprofen to be readily 

available for absorption in the oral cavity and across the gastrointestinal tract during 
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swallowing (25). Tabriz et. al (21) produced tablets of the same diameter, but of different 

composition, as each preparation had a different excipient (soluplus, polyvinylpyrrolidone 

VA-64, Eudragit EPO), and of different infill (40% and 60%). Each tablet consists of 100 mg 

ibuprofen (21), which is children-appropriate. The dissolution media used had pH 1.2 and 

7.4. From all the preparations, only the tablet with Eudragit EPO and infill 40% showed 

immediate release at pH 1.2, but the concentration in the dissolution media dropped 

significantly following the initial drug release due to the crystallization of ibuprofen. On the 

other hand, modified release was achieved when ibuprofen was used with Eudragit EPO, 

with infill 40% and 60% in pH 7.4, when ibuprofen was used with polyvinylpyrrolidone VA-64 

with infill 40% in pH 1.2, when ibuprofen was used with polyvinylpyrrolidone VA-64 with 

infill 40% and 60% in pH 7.4, when ibuprofen was used with soluplus with infill 40% in pH1.2 

and when ibuprofen was used with soluplus with infill 40% and 60% in pH 7.4. Rycerz et. al 

(28) produced lego™ brick-shaped formulations with different printing patterns (25 %, 50%, 

75%, 100%, 200%, 300%) and different colourings. The dimensions (mm) were 20 x 29.52 x 

0.45, but for the 25%, 50%, and 75% printing patterns, the designs had identical X and Z 

dimensions, whilst the Y axis was 8.1, 15, or 22.5 mm, respectively (28). The shape, the 

dimensions and the colour of formulations made them more friendly to the children. The 

doses for paracetamol for printing patterns 25 %, 50%, 75%, 100%, 200% and 300% are 16.1 

±2.7, 61.7± 5.1, 77 ± 12.2, 116.7 ± 7.0, 259.4±16.8 and 329.8±6.4, respectively and for 

ibuprofen are 12.1 ±1.0, 44±1.9,  77 ±4.0, 107.4 ±12.1, 260.3±23.6 and 411.9 ± 19.2, 

respectively, which are appropriate for children (28). As for the release, a dual dosage form 

with 80 mg ibuprofen and 200 mg paracetamol was tested at pH 7.2. Thus, both APIs 

showed modified release (28). Both paracetamol and ibuprofen were released at a similar 

rate despite the relatively higher solubility of the first compared to the latter at the 

intestinal pH. This may be due to the slow dissolution of the locust bean gum, a 

galactomanon that acts as a gel former in the embedded phase (28). 

Other research groups that used SSE technique for chewable pediatric formulations are: Zhu 

et. al, 2022 (19), Tagami et. al, 2021 (22), Chatzitaki et. al, 2021 (24), Januskaite et. al, 2020 

(8), Herrada-Manchon et. al, 2020 (26) and Goyanes et. al, 2019 (27). Zhu et. al (19) 

produced chewable dosage forms of propranolol in four different shapes, which could help 

with children acceptance. The orange flavouring and carmine as colourant could also 

facilitate pediatric patients’ compliance. γ-Aminobutyric acid, ferulic acid, as common 

bitterness inhibitors, and sucralose could also help to improve the taste of the formulations 

(19). Moreover, the doses are 1.0, 2.0, 2.5 and 5.0 mg, which are acceptable for children. As 

for the release in personalised formulations, it seems that they showed immediate release, 

with the 5.0 mg formulation showing the slower release (19). Tagami et. al (22) made 

chewable formulations of lamotrigine in different shapes. The variety of designs, the use of 

colouring and the use of reduced starch syrup, as sweetener, increases the compliance in 

paediatric population (22). More in particular, the researchers in this study used monascus 

pigment for red colour, red beet pigment for pink, spirulina algae for blue, gardenia for 

yellow, mix of gardenia yellow and blue pigments to achieve green colour, purple sweet 

potato for purple, grain of gramineous plants for brown, and bamboo charcoal for black 

colour. Furthermore, the doses, which were below 1 mg and the dimensions, were 
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appropriate for pediatric patients. Also, the dosage forms showed immediate release at pH 

1.2 and HPMC may have more impact on the release rate than gelatin (22). Chatzitaki et. al 

(24) produced starch-based dosage forms of isoniazid in different shapes, and colouring, 

which were child-friendly. Moreover, based on the linear regression analysis, performed 

between isoniazid content and increasing numbers of printed layers, the doses of 

formulations were appropriate for young patients (24). As for the release, the formulations 

showed immediate release at pH 1.2 (24). Januskaite et. al (8) made cylinder-shaped dosage 

forms without APIs in order to assess young patients visual preference of printlets. Semi-

solid printlets were the only chewable and included yellow colouring and lemon flavouring. 

Although their appearance was not likeable by most children, when the young participants 

learned that those printlets were chewable, many of them changed their mind and liked 

them. Herrada-Manchon et. al (26) studied formulations with ranitidine hydrochloride in 

four different shapes. Because of the homogenous and bright colouring, these chewables 

were very likely to be accepted from paediatric patients (26). Apart from appearance, the 

strawberry essence and the sweetener were important for children acceptance. 

Furthermore, the measured doses of formulations were 32.15 ± 1.19 and 26.24 ± 1.43, 

which are appropriate for children (26). Concerning the release in purified water, it seemed 

that the existence of corn starch lead to modified release, whilst its absence to immediate 

release (26). The reason for this could be the gelatinization of corn starch, where  

gelatinized starch formed a more closely packed gel structure that acts like a more resistant 

barrier to drug release (26). Goyanes et. al (27) produced cylindric-shaped dosage forms 

with isoleucine, as API. The variety of colourings and flavourings is important in order to 

ensure children acceptance. For instance, most of the participants, who took part in this 

research chose orange-based formulations as their favourite (27). As for the doses, 

formulations with 50, 100, 150 and 200 mg isoleucine were created, which are acceptable 

for these paediatric patients (27). Moreover, formulations rapidly released the amino acid 

within 5 min under simulated gastrointestinal conditions (27). SSE was also used by 

Karavasili et. al, 2022 (30). The advantage of this technique is that it does not need high 

temperatures, and thus, it is suitable for thermosensitive APIs (30). Karavasili et. al (30) 

made cereal-dosage forms of various designs with paracetamol and ibuprofen as API. These 

designs and the use of colourings could improve children acceptance. Also, the use of cereal 

is important, as cereals are the most popular and well accepted morning breakfast meals for 

children (30). As for doses, Karavasili et. al intended to formulate cereal so that the single 

drug doses would be administered with one serving portion of cereal. This means that 

children could consume 30 g of cereal with 125 ml milk and receive 250 mg paracetamol or 

100 mg ibuprofen (30). Concerning the release in the fasted state gastric conditions, in the 

fasted state intestinal conditions and fed state intestinal conditions with full or low-fat milk, 

the paracetamol cereal showed immediate release, while the ibuprofen cereal showed 

modified release. The ibuprofen cereal showed faster solution in intestinal conditions, due 

to its better solubility in alkaline media (30). Also, full-fat milk seemed to increase the 

ibuprofen’s release, probably because the fat globules and casein micelles may encapsulate 

hydrophobic ibuprofen and enhanced its solubility and solubility rate (30). 
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Apart from SSE, there are also researches that used HME coupled with FDM, to produce 

chewable forms. Tabriz et. al, 2021 (23) and Scoutaris et. al, 2018 (29) are among them. 

Tabriz et. al (23) made dosage forms of diphenhydramine hydrochloride in various 

paediatric designs and tablet design. A great role in palatability played sucralose, as 

sweetener and in taste, masking the choice of HPC and gelucire suitable excipients, because 

diphenhydramine hydrochloride is a bitter substance (23). Of course, the palatability was 

enhanced by the strawberry flavouring (23). The designs along with the various colourings 

and the flavouring of the formulations are important for children acceptance. Moreover, the 

dose of 12.5 mg of diphenhydramine hydrochloride in each formulation is appropriate for 

children (23). Concerning the release, all formulations showed immediate release at pH 6.5, 

with normal tablet showing the slowest release (23). Scoutaris et. al (29) produced dosage 

forms of indomethacin with "starmix"-based designs. This is important as it could enhance 

pediatric patients’ compliance (29). The dose of each printlet (25 mg of indomethacin), was 

found to be appropriate for children (29). As for the release, it seemed that at pH 7.4, the 

formulations showed immediate release, probably because hypromelose acetate succinate 

is highly soluble at pH > 6.0 (29). 

 

Table 2: Overview of the investigated key attributes of the 3D-printed paediatric swallowing dosage 

forms 

 

Swallowing dosage forms 

Swallowing formulations are the most common oral dosage forms. In order to be received 

by paediatric patients, it is important to have suitable sizes, because children have difficulty 

in swallowing. The last five years, the following research groups have studied 3D paediatric 

swallowing forms: Malebari et. al, 2022 (31), Bracken et. al, 2022 (32), Wang et. al, 2021 

(33), Boniatti et. al, 2021 (34), Cui et. al, 2021 (35), Krause et. al, 2021 (36), Januskaite et. al, 

2020 (8), Wang et. al, 2020 (37), El Aita et. al, 2020 (38) and Palekar et. al, 2019 (39). Many 

printing techniques have been used. More specifically, HME coupled with FDM, SSE, DPE, 

BJP, digital light processing and selective laser sintering have been used. 

HME coupled with FDM was used by Bracken et. al, 2022 (32), Krause et. al, 2021 (36), 

Januskaite et. al, 2020 (8), Wang et. al, 2020 (37) and Palekar et. al, 2019 (39). HME has the 

advantage of being solvent-free (37). Bracken et. al (32) produced tablets of three diameters 

(6, 8, 10 mm) without API in order to examine the acceptance by the paediatric patients. It 

seemed that most of them preferred the 6 mm size tablets, followed by 8 mm and 10 mm 

(32). In order to improve the overall cosmetic appearance of the 3D printed tablets, Bracken 

et. al (32) used titanium dioxide as opacifier. Although no flavourings were used, the use of 

Eudragit could help with taste masking, as it is a polymer that is insoluble at pH>5, and thus, 

it does not allow release in the oral cavity (32). Krause et. al (36) made minitablets of 

caffeine and propranolol hydrochloride, respectively. Minitablets were of various diameters 

(1.5, 2.0, 3.0, 4.0 mm), which could be easily swallowed (36). This is important for paediatric 
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populations, as they have problems with swallowability. As for doses, the highest dose of 

both APIs was in the 4.0 mm minitablets (approximately 5 mg), which is appropriate for 

children (36). Although there were no colourants, the different composition of minitablets 

had an impact on their colour. HPMC-based minitablets showed a more brownish 

appearance (particularly those with caffeine), while the HPC-based minitablets were more 

light-coloured and, especially, those with caffeine were white and those with propranolol 

hydrochloride had a yellowish colour (36). Concerning the release at pH 7.4, it seemed that 

depending on size, this could be immediate or modified (36). More specifically, the 

minitablets of 1.5 mm diameter showed immediate release, while those of 4.0 mm diameter 

showed modified release. Januskaite et. al (8) produced placebo printlets of the same 

dimensions in order to study the influence of visual appearance of the printlets prepared 

using different 3DP technologies on pediatric end-user visual preference. Among all 

printlets, the most suitable was that, which was produced by FDM (8). Due to the original 

colour of the PVA filament used in this study, the printlets appeared yellow in colour (8). 

Overall, these printlets were the least preferred (8). Wang et. al (37) made caffeine citrate 

tablets of donut shape in order to enhance the compliance of pediatric patients. The drug 

contents (% w/w) of the designed formulations were 5, 10, 15 or 20 %. Finally, two 

formulations of 15 % drug content (F6: HPC LF and HPMC K4M, F7: HPC LF, HPMC K4M and 

Eudragit EPO) showed appropriate printability and were tested for their dissolution rate 

(37). Printlets of these formulations with infill 10%, 50%, 100%, showed modified release at 

acidic pH. The increased dissolution rate with 10% infill density compared with the 50 and 

100% infill may be attributed to the increased surface area because of the pores of the 

tablets (37). Although there was no use of flavouring, the composition of these formulations 

helped with taste masking. More specifically,  Eudragit EPO, which was used in Formulation 

7 is a pH-sensitive polymer that is easily dissolved at pH < 5, which masks the taste of 

ingredients because the polymer is insoluble in saliva and water (37). Palekar et. al (39) 

produced minicaplets of baclofen with 10% w/w drug loading. Judging from the caplets’ 

weight, the measured doses of baclofen in each formulation were appropriate for children. 

The minicaplets were of 5 mm, 7.5 mm and 10 mm length and 30%, 65% and 100% infill 

(39). These sizes could enable better children swallowability. As for the release at the acidic 

pH, the 5 mm and 7.5 mm minicaplets showed immediate release, while the 10 mm 

minicaplets showed modified release, probably because the erosion increases in smaller 

minicaplets and so the dissolution rate (39). 

SSE was used by El Aita et. al, 2020 (38) who made tablets of levetiracetam with different 

number of layers. Each tablet with a certain number of layers was calculated to have the 

desirable dose for a specific paediatric group (38). Thus, tablets with 3 layers (dose: 28mg) 

were for newborn infants (4kg), tablets with 5 layers (dose: 49 mg) were for infants (7 kg), 

tablets with 7 layers (dose: 77 mg) were for toddlers (11 kg) and tablets with 11 layers 

(dose: 119 mg) for preschool children (17 kg) (38). As for release at pH 6.8, all formulations 

showed immediate release (38).  

DPE was used by Malebari et. al, 2022 (31) and Boniatti et. al, 2021 (34). Some 

characteristics of this method are that it does not need solvents and the produced dosage 

forms are less friable (31). Malebari et. al (31) made minitablets of lopinavir and ritonavir. 
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Although, the minitablets were produced by the HME technique, coupled with the FDM, it 

seems that the drug substance was degraded. Thus, this technique was replaced by the DPE, 

in which the temperature was reduced (31). The sizes of the minitablets were appropriate in 

order to enhance children’s compliance. As for the dose, each formulation had 40 mg of API 

(lopinavir of ritonavir), which is appropriate for children, as the recommended doses for 

paediatric patients are 16 mg and 4 mg of lopinavir and ritonavir, respectively, per kg of 

weight (31). Concerning the release at pH 1.2 and 6.8, both minitablets of the two drug 

substances showed a modified release (31). More specifically, they showed faster 

dissolution at pH 6.8 than at pH 1.2 (31). Boniatti et. al (34) studied tablets with racemic 

praziquantel in suitable sizes for pediatric patients. Although no colourant was used, the 

tablets had different colours, because of the difference in their composition (34). 

Concerning doses, those were approximately 150 mg or 100 mg (34). As for the release at 

the acidic pH, all formulations showed modified release (34). 

BJP or drop-on-powder (33) was used by Wang et. al, 2021 (33) and Cui et. al, 2021 (35). BJP 

is a simple 3D printing technique, suitable for a wide range of starting materials. Wang et. al 

(33) made levetiracetam printlets of various cartoon-based shapes using CJP. CJP is a type of 

BJP which combines multiple printing heads loaded with different printing inks. The 

colourings and shapes of those printlets could enhance paediatric patients’ compliance. 

Moreover, spearmint flavouring, but also sucralose as sweetener, could improve the 

palatability of dosage forms. As for doses, printlets of four theoretical strengths were 

designed, which were 160 mg, 250 mg, 500 mg, 750 mg and 1000 mg. The doses are 

appropriate for children. The higher the dose of each printlet, the bigger its size. Concerning 

the release at pH 6.8, all 1000 mg printlets showed immediate release. Cui et. al (35) 

produced theophylline and metoprolol printlets of various appropriate for children 

diameters. The target doses for pediatric preparations were 80 mg, 160 mg and 240 mg for 

theophylline tablets, while for metoprolol were 2mg, 4 mg, 5 mg, 8 mg and 12 mg (35). 

Concerning the release in distilled water, theophylline tablets showed sustained release 

(97.63% in 24 h), while metoprolol tablets showed immediate release (35). Those release 

profiles were really close to those of commercially available formulations and with a high 

accuracy in dose (35). Thus, 3D printing of dosage forms with theophylline and metoprolol 

could be a more efficient way for adjusting the desirable dose in a formulation than other 

methods, such as physical tablet splitting, tablet grinding and subcontracting and tablet 

liquefaction, which are common, but with great inaccuracy in doses (35). 

Apart from FDM and SSE (see chewable formulations section), Januskaite et. al, 2020 (8), 

two other printing techniques for producing placebo tablets, were also used. Those are the 

digital light processing and the selective laser sintering (8). Digital light processing is 

characterised by its high accuracy and superior resolution. In selective laser sintering, an 

extensive range of dosage forms can be fabricated. Tablets with both techniques had the 

same dimensions, but included different colourants. In the first technique riboflavin was 

used, while in the second candurin® gold sheen (8). In this study, the tablets, which were 

made by the digital light processing, were preferred more than the swallowing tablets (8). 
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Table 3: Overview of the investigated key attributes of the immediate release 3D printed paediatric 

orodispersable printlets and films 

 

Orodispersible printlets 

From 2017 to 2022, many researches, have studied the use of orodispersible dosage forms, 

as paediatric formulations. This kind of dosage forms is popular among the young patients, 

because it is a solution to the swallowability problem. More specific, one type of 

orodispersables is the printles, which are 3D printed orodispersible tablets. Díaz-Torres 

Eduardo et. al, 2021 (40) and Suarez-Gonzalez Javier et. al, 2021 (41) have studied 

orodispersible printlets of hydrochlorothiazide, as paediatric formulations. In both 

researches, 10 mg of hydrochlorothiazide, in each printlet, were used, as it is the paediatric 

dose. Moreover, the two groups used the SSE 3D printing technique. The reason for this, is 

that the SSE 3D printing is simple and does not reach high temperatures, which may 

degrade the API (40). This is important for the paediatric orodispersible printlets, as it does 

not have a negative impact on the therapeutic dose and thus ensuring the desirable 

therapeutic result. As it seems, both groups used the same excipients, which are 

appropriate for children. Only lactose may be related to intolerance or hypersensitivity in 

newborns (41). Due to the bitter taste of hydrochlorothiazide, banana flavour was used in 

both studies. As for the dimensions of the printlets, in the research of Díaz-Torres Eduardo 

et. al, 2021 (40) a range of dimensions in different printlets was used, while in the research 

of Suarez-Gonzalez Javier et. al, 2021 (41) a range of dimensions is not reported, albeit the 

fact that in both studies, all printlets have diameters between 4 and 5 mm. This is important 

for paediatric patients, because they would not face any problem, in case they swallow the 

formulation. Furthermore, both groups have studied the release of hydrochlorothiazide in 

water and found that it was immediate. This is desirable as orodispersible printlets should 

release the most amount of drug in oral cavity. Suarez-Gonzalez Javier et. al, 2021 (41) have 

also studied the release in HCl (0.1 N) and found a slower release than in water, which is 

probably due to the presence of croscarmellose sodium at the acidic pH (41). 

Orodispersible films 

A popular form of orodispersibles is orodispersible films. These are also forms, which are 

preferred by children, as they are not supposed to be swallowed. Through the last five 

years, Khalid et. al, 2021 (42), Öblom et. al, 2019 (44), Ehtezazi et. al, 2017 (43) and 

Wickström et. al, 2017 (45) have studied orodispersible films, which could be used in the 

therapy of paediatric patients. Khalid et. al, used HME, and, Ehtezazi et. al HME coupled 

with FDM 3D printing (42,43). HME has the advantage that there is no need for solvent. 

Although high temperatures are used in this technique, the two researchers mention 

minimal (42) or no degradation (43) of the APIs. Concerning the APIs, Khalid et. al studied 

diclofenac sodium, while Ehtezazi et. al paracetamol and ibuprofen. The doses in both 

studies are considered acceptable for children. In Khalid’s et. al, work, the highest dose of 
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diclofenac sodium was 25.66 mg, equivalent to 25 mg diclofenac, which is the desirable 

dose (42). In the Ehtezazi’s et. al work, the doses of ibuprofen are 13.9 ± 0.7, 14.5 ± 0.5 and 

24.8 ± 1.6 mg, while the doses of paracetamol are 27.1 ± 1.2, 15.1 ± 0.4, 24.5 ± 0.3 and 8.5 ± 

0.3 mg, which are safe for the paediatric population (43). Moreover, in the two studies 

different excipients have been used to achieve the desirable formulations with suitable 

release. Both used flavourings. Khalid, et. al used mint and licorice mint flavours and 

Ehtezazi et. al used freeze-dried strawberry powder, in order to reach patients acceptability 

and compliance (42,43). Khalid et. al also used TiO2, as colourant to make films appearance 

completely homogenous and whitish (42). Both studies chose square shape formulations, 

but Khalid et. al produced also rectangles and Ehtezazi et. al circles (42,43). In Khalid’s et. al, 

work it seems that for the same formulation, film of bigger area includes more drug 

substance, which is useful for personalised films (42). As for the release, formulations of 

both Khalid et. al and Ehtezazi et. al showed immediate release. In Khalid’s, et. al report the 

dissolution media was deionised water and pH 5.7 simulated saliva fluid and in both media 

the release of all formulations was 80% in approximately 3 minutes (42). This is important, 

as the goal of orodispersibles is to release the highest amount of drug in the oral cavity. 

The other two research groups used inkjet printing, but Öblom et. al also used the SSE 

printing (44,45). Öblom et. al employed two different techniques in order to compare them 

in the production of orodispersible films of warfarin sodium (44). Judging from the doses, 

which were 0.1, 0.5, 1 and 2, the films developed by Öblom et. al are suitable for paediatric 

patients. In Wickström’s et. al work, the APIs were the vitamins B1, B2, B3 and B6 and the 

doses of all the vitamins in the films were suitable for children (45). In the two studies, 

different excipients were used (44,45). In detail, Wickström et. al used rice paper (made of 

potato starch, vegetable oil, and water) and sugar paper (containing starches (E1422, E1412) 

maltodextrin, glycerine, sugar, water, stabilizers (E141, E471), food colour (E171), citric acid, 

flavours, preservative (E202), sucralose). In both cases, in the inkjet printing, the ink was 

yellow. More in particular, Wickström, et. al, used an edible yellow ink that was comprised 

of water, glycerol, tartrazine (1.5%), propylene glycol, and citric acid. Colourant is important 

in paediatric formulation as it makes the films more appealing to children. Both studies 

chose square shape for their films. Öblom’s et. al reported that the films of bigger area, 

including more drug substance, are more useful for personalised forms (44). As for the 

release, Öblom et. al, found that immediate release in purified water was achieved for all 

formulations. More specifically, all dosage forms with a target dose of 2 mg (the highest 

dose) released 80% of the drug within the first 30 min and both SSE films and inkjet printing 

films displayed a similar drug release behaviour (44). This is desirable for films, because they 

must release the highest possible quantity of the drug substance in the oral cavity. 

4. Conclusions 

In order to transite from mass production to individualised pharmacotherapy, the 

pharmaceutical industry is becoming more and more interested in the new 3D printing 

manufacturing technology. The aim of this review was to collect all the currently available 
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research reports that relate to 3D printlets for paediatric patients and especially the 

excipients used to produce various colours, flavours, shapes and sizes. 3D printlets for 

paediatric population can be divided into three main categories; the chewable dosage forms 

that include the solid forms, and the soft forms or gummies, the swallowing dosage forms, 

that are small in size to aid the swallowability, and the orodispersable dosage forms that can 

be either printlets or in the form of films. Regarding the chewable formulations researchers 

have tested many colours, flavours, shapes and dimensions. Scientists used mainly pectin 

and gelatin to produce the so called gummies. Another approach was the manufacture of 

paediatric SSE 3D printed oral dosage forms based on chocolate and cereals. In some cases 

the produced formulations have been tested in clinical trials, showing better results than 

the commercially available tablets as caregivers mentioned that the flavoured printlets were 

more acceptable by the children. Concerning the swallowing dosage forms many methods 

and excipients were used to produce printlets with various colours, flavours, shapes and 

small sizes (minitablets or minicaplets). In relation to orodispersables, the research for 

paediatric formulations was narrower. Flavours used were fruity and minty, colours were 

opaque and yellow, while the shapes were limited to square, triangle and circle. 

Thus, the advantage of 3D printing manufacture of paediatric formulations is that the 

younger patients are benefited from the flavour, colour, shape and size of the printed 

formulation, according to their preferences. It is noteworthy that due to the ability to 

choose the characteristics of the youngsters’ medicines, through the software, the 

systematic intake of the printlets increases the effectiveness of their treatment.  

Concluding, this review provides an overview of the recent developments in excipients 

utilized in 3D printed formulations for paediatric use over the past five years (2017-2022) in 

order to assist formulation scientists in choosing the best excipients for product 

manufacture. Both patients and the pharmaceutical industry may benefit as new 

formulations can be brought to market faster. 

 

Data availability statement: The data underlying this article are available in the article. 

 

The authors declare no conflict of interest. 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

Bibliography: 

1.  Awad A, Trenfield SJ, Basit AW. Solid oral dosage forms [Internet]. Remington: The 
Science and Practice of Pharmacy. INC; 2020. 333–358 p. Available from: 
http://dx.doi.org/10.1016/B978-0-12-820007-0.00019-2 

2.  Homayun B, Lin X, Choi HJ. Challenges and recent progress in oral drug delivery 
systems for biopharmaceuticals. Pharmaceutics. 2019;11(3).  

3.  Wening K, Breitkreutz J. Oral drug delivery in personalized medicine: Unmet needs 
and novel approaches. Int J Pharm [Internet]. 2011;404(1–2):1–9. Available from: 
http://dx.doi.org/10.1016/j.ijpharm.2010.11.001 

4.  Sam T, Ernest TB, Walsh J, Williams JL. A benefit/risk approach towards selecting 
appropriate pharmaceutical dosage forms - An application for paediatric dosage form 
selection. Int J Pharm. 2012;435(2):115–23.  

5.  Awad A, Madla CM, Gavins FKH, Allahham N, Trenfield SJ, Basit AW. Liquid dosage 
forms [Internet]. Remington: The Science and Practice of Pharmacy. INC; 2020. 359–
379 p. Available from: http://dx.doi.org/10.1016/B978-0-12-820007-0.00020-9 

6.  Schiele JT, Quinzler R, Klimm HD, Pruszydlo MG, Haefeli WE. Difficulties swallowing 
solid oral dosage forms in a general practice population: Prevalence, causes, and 
relationship to dosage forms. Eur J Clin Pharmacol. 2013;69(4):937–48.  

7.  Shirkey H. Editorial comment: Therapeutic orphans. J Pediatr. 1968;72(1):119–20.  

8.  Januskaite P, Xu X, Ranmal SR, Gaisford S, Basit AW, Tuleu C, et al. I spy with my little 
eye: A paediatric visual preferences survey of 3d printed tablets. Pharmaceutics. 
2020;12(11):1–16.  

9.  Siamidi A, Tsintavi E, M. Rekkas D, Vlachou M. 3D-Printed Modified-Release Tablets: A 
Review of the Recent Advances. Mol Pharmacol. 2020;1–13.  

10.  Karalia D, Siamidi A, Karalis V, Vlachou M. 3d‐printed oral dosage forms: Mechanical 
properties, computational approaches and applications. Pharmaceutics. 2021;13(9).  

11.  Seoane-Viaño I, Trenfield SJ, Basit AW, Goyanes A. Translating 3D printed 
pharmaceuticals: From hype to real-world clinical applications. Adv Drug Deliv Rev 
[Internet]. 2021;174:553–75. Available from: 
https://doi.org/10.1016/j.addr.2021.05.003 

12.  Trenfield SJ, Xian Tan H, Awad A, Buanz A, Gaisford S, Basit AW, et al. Track-and-trace: 
Novel anti-counterfeit measures for 3D printed personalized drug products using 
smart material inks. Int J Pharm. 2019;567(May).  

13.  Shahbazi M, Jäger H. Current Status in the Utilization of Biobased Polymers for 3D 
Printing Process: A Systematic Review of the Materials, Processes, and Challenges. 
ACS Appl Bio Mater. 2021;4(1):325–69.  

14.  Saha D, Bhattacharya S. Hydrocolloids as thickening and gelling agents in food: A 

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

critical review. J Food Sci Technol. 2010;47(6):587–97.  

15.  Awad A, Basit AW, Alvarez-lorenzo C, Goyanes A. Innovations in Chewable 
Formulations : The Novelty and Applications of 3D Printing in Drug Product Design. 
2022;  

16.  Sjöholm E, Sandler N. Additive manufacturing of personalized orodispersible warfarin 
films. Int J Pharm [Internet]. 2019;564(November 2018):117–23. Available from: 
https://doi.org/10.1016/j.ijpharm.2019.04.018 

17.  Yan TT, Lv ZF, Tian P, Lin MM, Lin W, Huang SY, et al. Semi-solid extrusion 3D printing 
ODFs: an individual drug delivery system for small scale pharmacy. Drug Dev Ind 
Pharm [Internet]. 2020;46(4):531–8. Available from: 
https://doi.org/10.1080/03639045.2020.1734018 

18.  Cho HW, Baek SH, Lee BJ, Jin HE. Orodispersible polymer films with the poorly water-
soluble drug, olanzapine: Hot-melt pneumatic extrusion for single-process 3D 
printing. Pharmaceutics. 2020;12(8):1–16.  

19.  Zhu C, Tian Y, Zhang E, Gao X, Zhang H, Liu N, et al. Semisolid Extrusion 3D Printing of 
Propranolol Hydrochloride Gummy Chewable Tablets: an Innovative Approach to 
Prepare Personalized Medicine for Pediatrics. AAPS PharmSciTech [Internet]. 
2022;23(5). Available from: https://doi.org/10.1208/s12249-022-02304-x 

20.  Chachlioutaki K, Karavasili C, Mavrokefalou EE, Gioumouxouzis CI, Ritzoulis C, 
Fatouros DG. Quality control evaluation of paediatric chocolate-based dosage forms: 
3D printing vs mold-casting method. Int J Pharm [Internet]. 2022;624(June):121991. 
Available from: https://doi.org/10.1016/j.ijpharm.2022.121991 

21.  Tabriz AG, Nandi U, Scoutaris N, Sanfo K, Alexander B, Gong Y, et al. Personalised 
paediatric chewable Ibuprofen tablets fabricated using 3D micro-extrusion printing 
technology. Int J Pharm [Internet]. 2022;626(June):122135. Available from: 
https://doi.org/10.1016/j.ijpharm.2022.122135 

22.  Tagami T, Ito E, Kida R, Hirose K, Noda T, Ozeki T. 3D printing of gummy drug 
formulations composed of gelatin and an HPMC-based hydrogel for pediatric use. Int 
J Pharm [Internet]. 2021;594(November 2020):120118. Available from: 
https://doi.org/10.1016/j.ijpharm.2020.120118 

23.  Tabriz AG, Fullbrook DHG, Vilain L, Derrar Y, Nandi U, Grau C, et al. Personalised 
tasted masked chewable 3d printed fruit-chews for paediatric patients. 
Pharmaceutics. 2021;13(8).  

24.  Chatzitaki AT, Mystiridou E, Bouropoulos N, Ritzoulis C, Karavasili C, Fatouros DG. 
Semi-solid extrusion 3D printing of starch-based soft dosage forms for the treatment 
of paediatric latent tuberculosis infection. J Pharm Pharmacol. 2022;74(10):1498–
506.  

25.  Karavasili C, Gkaragkounis A, Moschakis T, Ritzoulis C, Fatouros DG. Pediatric-friendly 
chocolate-based dosage forms for the oral administration of both hydrophilic and 
lipophilic drugs fabricated with extrusion-based 3D printing. Eur J Pharm Sci 

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

[Internet]. 2020;147(September 2019):105291. Available from: 
https://doi.org/10.1016/j.ejps.2020.105291 

26.  Herrada-Manchón H, Rodríguez-González D, Alejandro Fernández M, Suñé-Pou M, 
Pérez-Lozano P, García-Montoya E, et al. 3D printed gummies: Personalized drug 
dosage in a safe and appealing way. Int J Pharm [Internet]. 2020;587(April):119687. 
Available from: https://doi.org/10.1016/j.ijpharm.2020.119687 

27.  Goyanes A, Madla CM, Umerji A, Duran Piñeiro G, Giraldez Montero JM, Lamas Diaz 
MJ, et al. Automated therapy preparation of isoleucine formulations using 3D printing 
for the treatment of MSUD: First single-centre, prospective, crossover study in 
patients. Int J Pharm [Internet]. 2019;567(July):118497. Available from: 
https://doi.org/10.1016/j.ijpharm.2019.118497 

28.  Rycerz K, Stepien KA, Czapiewska M, Arafat BT, Habashy R, Isreb A, et al. Embedded 
3D printing of novel bespoke soft dosage form concept for pediatrics. Pharmaceutics. 
2019;11(12):1–15.  

29.  Scoutaris N, Ross SA, Douroumis D. 3D Printed “Starmix” Drug Loaded Dosage Forms 
for Paediatric Applications. Pharm Res. 2018;35(2):1–11.  

30.  Karavasili C, Zgouro P, Manousi N, Lazaridou A, Zacharis CK, Bouropoulos N, et al. 
Cereal-Based 3D Printed Dosage Forms for Drug Administration During Breakfast in 
Pediatric Patients within a Hospital Setting. J Pharm Sci [Internet]. 2022;111(9):2562–
70. Available from: https://doi.org/10.1016/j.xphs.2022.04.013 

31.  Malebari AM, Kara A, Khayyat AN, Mohammad KA, Serrano DR. Development of 
Advanced 3D-Printed Solid Dosage Pediatric Formulations for HIV Treatment. 
Pharmaceuticals. 2022;15(4):1–15.  

32.  Bracken L, Habashy R, McDonough E, Wilson F, Shakeshaft J, Ohia U, et al. Creating 
Acceptable Tablets 3D (CAT 3D): A Feasibility Study to Evaluate the Acceptability of 
3D Printed Tablets in Children and Young People. Pharmaceutics. 2022;14(3):1–15.  

33.  Wang Z, Han X, Chen R, Li J, Gao J, Zhang H, et al. Innovative color jet 3D printing of 
levetiracetam personalized paediatric preparations. Asian J Pharm Sci [Internet]. 
2021;16(3):374–86. Available from: https://doi.org/10.1016/j.ajps.2021.02.003 

34.  Boniatti J, Januskaite P, da Fonseca LB, Viçosa AL, Amendoeira FC, Tuleu C, et al. 
Direct powder extrusion 3d printing of praziquantel to overcome neglected disease 
formulation challenges in paediatric populations. Pharmaceutics. 2021;13(8).  

35.  Cui M, Pan H, Fang D, Sun H, Qiao S, Pan W. Exploration and evaluation of dynamic 
dose-control platform for pediatric medicine based on Drop-on-Powder 3D printing 
technology. Int J Pharm [Internet]. 2021;596(October 2020):120201. Available from: 
https://doi.org/10.1016/j.ijpharm.2021.120201 

36.  Krause J, Müller L, Sarwinska D, Seidlitz A, Sznitowska M, Weitschies W. 3D printing of 
mini tablets for pediatric use. Pharmaceuticals. 2021;14(2):1–16.  

37.  Wang H, Dumpa N, Bandari S, Durig T, Repka MA. Fabrication of Taste-Masked Donut-

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

Shaped Tablets Via Fused Filament Fabrication 3D Printing Paired with Hot-Melt 
Extrusion Techniques. AAPS PharmSciTech. 2020;21(7):1–11.  

38.  El Aita I, Rahman J, Breitkreutz J, Quodbach J. 3D-Printing with precise layer-wise 
dose adjustments for paediatric use via pressure-assisted microsyringe printing. Eur J 
Pharm Biopharm. 2020;157(August):59–65.  

39.  Palekar S, Nukala PK, Mishra SM, Kipping T, Patel K. Application of 3D printing 
technology and quality by design approach for development of age-appropriate 
pediatric formulation of baclofen. Int J Pharm [Internet]. 2019;556(November 
2018):106–16. Available from: https://doi.org/10.1016/j.ijpharm.2018.11.062 

40.  Eduardo DT, Ana SE, José B. F. A micro-extrusion 3D printing platform for fabrication 
of orodispersible printlets for pediatric use. Int J Pharm. 2021;605(May).  

41.  Suárez-González J, Magariños-Triviño M, Díaz-Torres E, Cáceres-Pérez AR, Santoveña-
Estévez A, Fariña JB. Individualized orodispersible pediatric dosage forms obtained by 
molding and semi-solid extrusion by 3D printing: A comparative study for 
hydrochlorothiazide. J Drug Deliv Sci Technol. 2021;66(September).  

42.  Khalid GM, Musazzi UM, Selmin F, Franzè S, Minghetti P, Cilurzo F. Extemporaneous 
printing of diclofenac orodispersible films for pediatrics. Drug Dev Ind Pharm 
[Internet]. 2021;47(4):636–44. Available from: 
https://doi.org/10.1080/03639045.2021.1908335 

43.  Ehtezazi T, Algellay M, Islam Y, Roberts M, Dempster NM, Sarker SD. The Application 
of 3D Printing in the Formulation of Multilayered Fast Dissolving Oral Films. J Pharm 
Sci [Internet]. 2018;107(4):1076–85. Available from: 
https://doi.org/10.1016/j.xphs.2017.11.019 

44.  Öblom H, Sjöholm E, Rautamo M, Sandler N. Towards printed pediatric medicines in 
hospital pharmacies: Comparison of 2d and 3d-printed orodispersiblewarfarin films 
with conventional oral powders in unit dose sachets. Pharmaceutics. 2019;11(7).  

45.  Wickström H, Nyman JO, Indola M, Sundelin H, Kronberg L, Preis M, et al. Colorimetry 
as Quality Control Tool for Individual Inkjet-Printed Pediatric Formulations. AAPS 
PharmSciTech. 2017;18(2):293–302.  

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

Table 1: Overview of the investigated key attributes of the immediate released 3D printed paediatric 

chewable formulations (solid dosage forms and soft dosage forms/gummies)  

Dosage form/ release rate* 

Printin
g 

metho
d 

API(s) Excipients Flavours Colours Shapes 
Dimensio
ns (mm) 

Ref. 

solid  
(immediate) 

SSE propranolol 

gelatine, 
carrageenan,  

CMS-Na, 
glycerine, 
maltitol, 

sucralose, citric 
acid, gaba, 
ferulic acid 

orange carmine 

capsule, 
diamond, 

flower, 
bear 

- (19) 

soft  
(immediate) 

SSE paracetamol 
mycusini® 3D 

choco dark 
dark 

chocolate 
- cube 

L x W x H: 
8 × 8 × 5 

to  
22 × 22 × 

17 

(20) 

solid  
(immediate and modified) 

SSE ibuprofen 

soluplus, 
PVP VA-64, 

eudragit 
EPO 

- - tablet 
D x H: 

10 x 3 or 
2.4 

(21) 

soft 
(immediate) 

SSE lamotrigine 

gelatin, 
SE600 

reduced 
starch 
syrup, 
HPMC 

- 

monascus 
pigment, 
red beet 
pigment, 
spirulina 

algae, 
gardenia, 

purple 
sweet 

potato, 
grain of 

gramineo
us plants, 
bamboo 
charcoal 

square, 
star, 

diamond, 
pentagon, 

heart, 
cylinder, 

triangular, 
hemispher

e, 
doughnut 

L x W x H: 
10 x 10 x 3 

(square) 
(22) 

soft  
(immediate) 

HME/ 

FDM 

diphenhydrami

ne HCl 

sucralose, 
gelucire 

48/16TM 
(GLC), 

hydroxypro
pyl cellulose 

strawberr

y 

food 
grade 

colouring
s yellow, 
green, 

blue, red 

smurf, 
palm, 

cherry, 
banana, 
tablet 

- 
(23) 

soft 
(immediate) 

SSE isoniazid corn starch - 
blue food 
colouring 

tablet, 
cube, 
heart, 

moon, dog 

D x H: 
11.3 x 6.5 

(24) 

solid 
(in SGF pH 2.0: 

paracetamol: immediate  
IBU: modified) 

SSE 
paracetamol, 

ibuprofen 

bitter 

chocolate, 

corn syrup 

chocolate  - 

star, 

cartoon 

characters 

L x W x H 

between: 

59.1Χ33.1 

Χ3 to 61.8 

Χ 84.1 Χ 6 

(25) 

soft SSE - 

sucrose, 
pectin, 

maltodextri
n  

lemon yellow 
cylinder/di

sk 
D x H: 

10 x 3.6 
(8) 

soft 
(personalised release: immediate or 

modified) 
SSE 

ranitidine 
hydrochloride 

corn starch, 
carrageenan

, xanthan 
gum, 

gelatine, 
liquid 

sweetener  
(Edulcorant
e de mesa 

líquido, 
Hacendado)

, purified 

strawberr
y 

food 
grade 

colouring 
(Colorant

e 
alimentari

o 
Vahiné®, 
McCormi
k España 

S.A.) 

disk, heart, 
gummy 

bear 

L x W x H: 
disk: 15.01 
x 15.00 x 

4.27  
heart: 

19.59 x 
16.45 x 

2.94  
gummy-

bear (80% 
infill): 

20.56 x 

(26)  
 

D
ow

nloaded from
 https://academ

ic.oup.com
/rpsppr/advance-article/doi/10.1093/rpsppr/rqad009/7097643 by guest on 05 April 2023



Acc
ep

ted
 M

an
us

cri
pt

 

 

water 10.97 x 
7.44  

gummy-
bear (65% 

infill): 
20.44 x 
10.98 x 

7.42 

soft 
(immediate) 

SSE isoleucine 

sucrose, 
pectin, 

maltodextri
n 

strawberr
y, orange, 

lemon, 
raspberry
, banana, 
coconut 

red, 
orange, 
yellow, 

light blue, 
light 

green, 
black 

cylindrical 

D x H 
8.2 ×4.1 

10.8 ×5.4 
12.5× 6.25 

13.9 × 
6.95 

(27)  
 

soft 
(modified) 

SSE e-
3DP 

ibuprofen 
paracetamol 

gelatin 
glycerol EP 
locust bean 
gum (from 
ceratonia 

siliqia 
seeds) 

- 

brilliant 
blue, 
lake 

allura red 

lego™brick 
W x L x H:  
20 x 29.52 

x 0.45 

(28)  
 

soft 
(immediate) 

ΗΜΕ/ 
FDM 

indomethacin 

PEG, 
hypromelos

e acetate 
succinatε 

- - starmix® - (29) 

solid 
(paracetamol: immediate  

IBU: modified) 
SSE 

paracetamol 
ibuprofen 

cereal, high 
purity water  

red and 
yellow 
food 

colouring 

alphabe
t 

letters, 
star, 

heart, 
torus, 

flower, 
mesh  

- 
(30

) 

* Release rate as stated by the author(s), CMS-Na: sodium carboxymethyl starch, D: diameter, e-3DP: embedded 3D 

Printing, EPO: Εudragit EPO, FDM: fused deposition modelling, gaba: γ-aminobutiric acid, GLC: gelucire 48/16TM, H: height, 

HME: hot melt extrusion, IBU: ibuprofen, L: length, MCC: microcrystalline cellulose, PEG: polyethylene glycol, PVP: 

polyvinylpyrrolidone, SGF: simulated gastric fluid, SOL: soluplus, SSE: semi-solid extrusion, SSF: simulated saliva fluid, W: 

width 
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Table 2: Overview of the investigated key attributes of the 3D-printed paediatric swallowing dosage 

forms 

Dosage form/ release rate* 

Printi
ng 

meth
od 

API(s) Excipient(s) 
Colour

s 
Shape

s 

Dimensi
ons 

(mm) 

Re
f 

minitablets 
(modified) 

DPE 
3DP 
HME

/ 
FDM 

lopinavir 
ritonavir 

PEG 4000 
magnesium stearate 

hypromellose acetate 
succinate 

- 
spheri

cal 

D:  
ritonavir: 

6.3 
lopinavir: 

6.6  

(3
1) 

tablets 
HME

/ 
FDM 

- 
eudragit EPO, sodium 

phosphate fumarate, talc, 
triethyl citrate FCC 

TiO2 round 
D: 6, 8, 

10 
(3
2) 

tablets 
(immediate) 

BJP/C
JP 

levetirace
tam 

MCC, mannitol, sucralose, 
colloidal silicon dioxide, 

polyvinylpyrrolidon, 
glycerine, polysorbate 20 

food 
grade 
water-
solubl

e 
pigme

nts 

carto
on 

(e.g. 
rabbit
, bear, 
heart, 
candy

) 

D x H: 
18.5 x 
8.33 

(3
3) 

tablets 
(modified) 

HME
/ 

DPE 

racemic 
praziqua

ntel 

kollidon® VA 64, kolliphor® 
SLS Fine, span™20 - 

cylind
erl 

D x H: 
P 50: 

9.720 x 
3.579  
M 50: 

9.810 x 
3.554 
M 35 
span: 

9.982 x 
3.507  
M 35 
SLS: 

9.841 x 
3.591 

(3
4) 

tablets 
(theophylline: sustained  
metoprolol: immediate) 

BJP 

theophyll
ine 

metoprol
ol 

hydroxypropyl cellulose, 
MCC, 

lactose, 
polyvinyl pyrrolidone, 

croscarmellose sodium, 
polyoxyethylene (WSR 

N750) 

- 

cylind
er of 

variou
s 

volum
es 

D: 
TP 

tablets: 
11.2 - 
16.3 
MT 

tablets: 
7.2 - 9.0 

(3
5) 

minitablets 
(immediate or modified release in pH 7.4 

depending on diameter) 

HME
/ 

FDM 

caffeine 
proprano

lol HCl 

Hypromellose, 
Hyprolose, 
PEG 6000, 

fumed silica 

(- cylind
er 

D x H: 
4.0 x 3.0 
3.0 x 2.0 
2.0 x 1.5 
1.5 x 1.0 

(3
6) 

tablets 

DLP 

- 

bis (2,4,6-
trimethylbenzoyl)phenylpho

sphineoxid, PEGDA 

ribofla
vin cylind

er 

/disk 

D x H: 

10 x 3.6 

(8) 

SLS PVA-PEG 

candur
in® 

gold 
sheen 

 

FDM PVA filament -  

tablets 
(formulations F6,F7 with infill 10%, 50%, 

100%: modified) 

HME
/ 

FDM 

caffeine 
citrate 

HPC LF 
HPC HF 

HPMC K4M 
eudragit EPO 

- donut 

D: 10 
H: 5  

R: 3.5 
tube T: 

3 
wall T: 

0.2 

(3
7) 

tablets SSE levetirace PVA-PEG - round T x D: (3
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(immediate) tam 3 layers: 
0.862 x 
9.797  

5 layers: 
1.442 x 
9.754  

8 layers: 
2.286 x 
9.746  

11 
layers: 
3.147 x 
9.760 

8) 

minicaplets 

(L=5 and 7.5: immediate  

L=10 gradual) 

HME

/ 

FDM 

baclofen 
PVA 

sorbitol 
- caplet 

L: 5, 7.5, 

10 

(3

9) 

* Release rate as stated by the author(s), BJP: binder jet printing, CJP: colour jet printing, D : diameter, DLP: digital light 

processing, DPE: direct powder extrusion, FDM: fused deposition modelling, H: height, HME: hot melt extrusion, HPC: 

hydroxypropylcellulose, HPMC: hydroxypropyl methylcellulose, IBU: ibuprofen, L: length, MCC: microcrystalline cellulose, 

MT: metoprolol, PEG: polyethylene glycol, PEGDA: polyethylene glycol diacrylate, PVA: polyvinyl alcohol, R: radius, SLS: 

selective laser sintering, SLS: sodium laurilsulfate, SSE: semi-solid extrusion, TP: theophylline, W: width 
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Table 3: Overview of the investigated key attributes of the immediate release 3D printed paediatric 

orodispersable printlets and films 

Dosage 
form 

Printin
g 

metho
d 

API(s) Excipient(s) 
Flavour(s

) 
Colour(s

) 
Shape(s

) 
Dimensio
ns (mm) 

Ref 

p
ri

n
tl

et
s 

SSE 
hydrochlorothiazi

de 

polyvinylpyrrolidone, 
CCS, lactose 

monohydrate 
banana - cylinder 

D x T: 
4.39-4.94 

x  
1.40-1.73 

(40
) 

D x T: 
4.62 x 1.62 

(41
) 

fi
lm

s 

HME diclofenac sodium 
maltodextrin, 

glycerol, sucralose 

mint, 
licorice 

mint 
TiO2 

square, 
rectangl

e  

W x L: 
10x10, 
10x20 
20x30, 
20x100 

(42
) 

HME/ 
FDM 

paracetamol, 
ibuprofen 

PVA, PEO, starch,  
sodium starch 

glycolate CCS, SLS 

strawberr
y  

- 
circle, 
square 

circular (D 
x T):  

20 x 0.2 
square 

(LxWxH): 
20 x 20 x 

0.2 

(43
) 

SSE 
IJP 

warfarin sodium 

hydroxypropylcellulo
se (SSE) 

 
propylene glycol (IJP) 

- 
quinolin
e yellow 

(IJP) 
square 

W x L: 
for 0.1 

mg:  
5 x 5(SSE)  
4.4 x4.4 

(IJP) 
for 0.5 

mg:  
11.2x 11.2 

(SSE) 
9.8x9.8 

(IJP) 
for 1 mg:  

15.8 x 15.8 
(SSE) 13.9 
x 13.9 (IJP) 
for 2 mg:  

22.4 x 22.4 
(SSE) 19.7 
x 19.7 (IJP) 

(44
) 

IJP 
vitamins B1, B2, 

B3, B6 rice and sugar paper  - 
tartrazin

e 
square - 

(45
) 

CCS: croscarmellose sodium, D: diameter, FDM: fused deposition modelling, H: height, HME: hot melt extrusion, IJP: inkjet 

printing, L: length, PEO: polyethylene oxide, PVA: polyvinyl alcohol, SLS: sodium lauryl sulphate, SSE: semi-solid extrusion, 

T: thickness, W: width 
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Figure 1: Examples of chewable formulations 

Figure 2: Examples of flavours used in 3D printlets 
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Figure 1 
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Figure 2 
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