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Abstract

Children are often underserved by oral medicines designed for adults, leading to off-label use and
workarounds that risk dosing inaccuracy. To synthesise recent advances in paediatric orodispersible
tablets (ODTs), covering manufacturing technologies, disintegrant choices, taste-masking strategies
and in-vitro disintegration methods. Following PRISMA, we searched PubMed, EMBASE,
MEDLINE, Scopus and Google Scholar for experimental studies formulating ODTs relevant to
paediatric use. Two reviewers screened records and extracted data on technology, excipients,
disintegration/dissolution testing and key outcomes; risk of bias was evaluated using a six-domain
framework. Sixty-four studies met inclusion criteria. Direct compression was the predominant
approach, with additional use of freeze-drying, sublimation, spray-drying, nanoparticle-in-tablet
systems, and semi-solid extrusion/3D printing for personalised dosing. Crospovidone,
croscarmellose sodium and sodium starch glycolate were the most frequent superdisintegrants;
natural and co-processed systems showed promise as cost-effective alternatives. Disintegration time
was commonly assessed with pharmacopoeial methods, but multiple modified set-ups were reported
to better simulate oral conditions. Paediatric ODT development has accelerated, with direct
compression remaining first-line and 3D-printing emerging for dose individualisation. Though
paediatric ODTs are now a practical platform, translation hinges on three priorities: (i) harmonised,
physiologically relevant disintegration tests aligned with Ph. Eur./USP; (ii) routine, age-stratified
acceptability reporting alongside in-vitro data; and (iii) GMP-ready workflows. Head-to-head
benchmarking of co-processed and natural/synthetic superdisintegrants using common endpoints,
plus attention to dose flexibility, heat-stable packaging, and affordability, will accelerate equitable
uptake.

Keywords: orally disintegrating tablets; formulation development; compression; superdisintegrants;
disintegration

1. Introduction

Despite significant advances in alternative drug-delivery routes, the oral route remains the most
popular for paediatric therapy due to accurate dosing, low cost, non-invasiveness and ease of
administration [1]. However, conventional oral medicines available on the market are predominantly
designed for adults [2-4]. Children require different oral dosage forms than adults because of
differences in swallowing ability, taste and texture preferences, and dosing requirements [5,6]. The
paediatric population (1-17 years) is heterogeneous, spanning newborns to adolescents [7].
Consequently, many formulations available worldwide are not age-appropriate; driven by the larger
adult market, products are typically designed for adult patients. To fulfil dosing requirements in
paediatrics, off-label or unlicensed use of adult formulations has become common (e.g., splitting
tablets, crushing tablets, or dispersing capsule contents in water or other liquids), which can lead to
adverse clinical consequences [6,8]. Extemporaneous dispensing is also widespread, yet limitations

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.1094.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2025 d0i:10.20944/preprints202511.1094.v1

2 of 22

such as uncertain stability, imprecise dosing and inconsistent preparation make it challenging for
pharmacists, practitioners and carers [9].

Although liquid formulations are often considered the principal option for paediatric drug
delivery, they can be poorly suited due to strict storage conditions, high transportation costs and the
need for potable water for reconstitution [10]. Non-liquid formulations (i.e., tablets and capsules)
offer a viable alternative [11,12], but are not suitable for infants and toddlers who cannot safely chew
or swallow solid forms [13,14]. Developing age-appropriate formulations is challenging because a
wide range of clinical and pharmaceutical considerations must be addressed to ensure efficacy, safety
and quality [15]. Additional challenges arise from pharmacokinetic and pharmacodynamic profiles,
which vary substantially across development, necessitating age-tailored dosing. Dosing flexibility is
therefore essential to provide appropriate doses across all paediatric age groups [16].

To better meet paediatric needs, in 2007 the World Health Organization (WHO) called to “make
medicines child-size”, emphasising the development of suitable paediatric formulations [17]. In line
with recommendations from the FDA, EMEA and WHO, flexible, child-friendly formulations such
as orodispersible tablets (ODTs) may be preferable for paediatric patients [18]. ODTs can be
administered with a small volume of water or another liquid to younger patients [19]. Following the
FDA'’s recommendations, pharmaceutical companies and researchers have increasingly developed
ODTs to facilitate oral administration and improve convenience [20]. ODTs are stable as solid dosage
forms, particularly within their final packaging, yet disintegrate rapidly in the mouth to form a
solution or suspension [21], providing a pleasant mouthfeel and smooth swallowing [22]. Drug
release from ODTs typically involves rapid tablet disintegration, followed by dissolution and
subsequent absorption. ODTs differ from chewable tablets in that they eliminate the need for chewing
or concomitant liquid intake [23], and from effervescent formulations, which require prior dispersion
in a glass of liquid before administration [24]. Owing to these characteristics, ODTs are considered a
first-line option for paediatric patients with swallowing difficulties or dysphagia [25]. In a study
conducted in the United Kingdom, Saudi Arabia and Jordan, approximately 58.0% of participants
(aged 6-18 years) preferred ODTs over conventional liquids, tablets and capsules [26]. Additionally,
63% of medical practitioners favoured replacing liquid formulations with suitable ODTs where
appropriate [27].

ODTs combine advantages of both solid and liquid dosage forms by leveraging technologies
that enable higher drug loading with acceptable taste and a pleasant mouthfeel [28]. Despite their
commercial success, challenges remain during development, including insufficient mechanical
strength, poor palatability due to inadequate taste-masking, prolonged disintegration times, and
achieving controlled-release profiles when immediate release is required in paediatric care [28].
Several reviews have addressed orodispersible dosage forms. For example, in 2015, Marta Slavkova
and Jorg Breitkreutz focused on orodispersible formulations to outline future perspectives and
potential benefits [29]. Similarly, Karavasili et al. reported the patent landscape for paediatric-
friendly oral drug-delivery formulations and devices, providing insights and future directions [30].
Another review summarised neonatal/paediatric drug-delivery approaches, discussing hurdles and
opportunities in developing age-appropriate formulations [31]. However, comprehensive synthesis
focused specifically on paediatric ODTs, with systematic methods and comparative analysis, appears
limited. Accordingly, this review follows PRISMA guidelines [32] to identify paediatric-relevant
ODTs reported between 2015 and 2023, with specific attention to effective taste masking of APIs,
optimised disintegration times, and improved bioavailability of poorly soluble drugs. In addition,
using metadata extracted from included studies, we summarise manufacturing techniques and
process considerations, the emergence of natural disintegrants, and modified testing parameters used
to evaluate ODTs.
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2. Methodology
2.1. Search Strategy, Information Sources and Screening Process

The search plot was developed in accordance with PRISMA guidelines [32], encompassing
identification, screening, eligibility and inclusion. The systematic review protocol was registered with
the International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY)
under the registration number INPLASY2025110022. A systematic search of published research
articles was conducted from January 2015 to March 2023. An inclusive search plot was implemented
across Google Scholar, EMBASE, PubMed, MEDLINE and Scopus. The lead authors executed the
searches using the following terms: “fast dissolving tablet” OR “orodispersible tablets” OR “orally
disintegrating tablets” OR “mouth-dissolving tablets” OR “rapid dissolving” AND “Paediatric” OR
“Paediatrics” OR “Pediatric” OR “Pediatrics” OR “children”. Titles and abstracts of retrieved records
were screened initially, with studies irrelevant to the rationale of this systematic review removed.
The full texts of the remaining articles were then examined in detail to assess eligibility, and
additional studies not aligned with the review rationale were subsequently excluded.

2.2. Study Selection

The authors independently appraised the suitability of potentially eligible studies. Full texts
were then assessed against the review rationale by two reviewers. Disagreements or differences of
opinion regarding study eligibility were resolved through conclusive discussion.

2.3. Data Extraction and Collection

Data was extracted using a template form [33] and the extracted information was tabulated in
Microsoft ~ Excel 2019 [33-38] including  active = pharmaceutical  ingredients,
superdisintegrants/excipients, manufacturing technology, in-vitro/in-vivo disintegration, dissolution
testing and overall study characteristics. In addition, based on the list of active pharmaceutical
ingredients retrieved in this systematic review, a list of commercially available paediatric products
was compiled [39].

2.4. Risk of Bias Assessment

To assess risk of bias across all eligible studies, a recently published framework was adopted
[40]. The framework covers six key areas: research rationale, description of methodology,
characterisation and testing, description of results, and description of discussion and conclusion,
Table S2 and S3. Two authors independently evaluated risk of bias for each included study and then
discussed the assessments with the research team to reach consensus on the findings.

3. Results and Discussion

The database search identified 932 records. After de-duplication, 132 unique articles remained
for screening. Titles and abstracts were reviewed against the predefined eligibility criteria, after
which 90 articles were taken forward for full-text assessment. Following detailed appraisal of the full
texts, 25 articles were excluded. Consequently, 65 studies [41-105] met the inclusion criteria and were
retained for qualitative synthesis and reporting, as depicted in Figure 1.

The main reason for exclusion was insufficient relevance to paediatric drug delivery and
formulation development. Additional common reasons included: studies focusing solely on adult
populations; dosage forms other than orodispersible tablets; reports limited to devices, packaging or
manufacturing operations without formulation performance data; non-primary research (e.g.,
narrative reviews, perspectives, editorials or conference abstracts lacking methodological detail);
studies outside the defined time window; and records with inadequate data to extract key outcomes.
Where disagreements arose during screening or full-text review, these were resolved through
discussion to reach consensus.
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The included studies were subsequently categorised, and data was extracted using a structured
template (Table S1) aligned to focused domains: (i) the manufacturing technique used to develop
ODTs, (ii) disintegration and dissolution testing approaches, and (iii) overall study characteristics.
Extraction fields covered the active pharmaceutical ingredient (API), excipients/superdisintegrants,
key process parameters, disintegration method (compendial or modified), test media and volumes,
dissolution endpoints, and relevant quality attributes (e.g., hardness, friability, uniformity), together
with any reported palatability or acceptability outcomes. To enhance consistency, terminology and
units were harmonised across studies, and where necessary, comparable outcomes (e.g.,
disintegration time under modified rigs) were normalised and annotated. Data were dual checked
for completeness, with discrepancies resolved by discussion and consensus. Detailed study-level
extractions describing the summarised characteristics of the eligible studies are given in Table S4.
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Figure 1. Systematic search and process of study selection according to PRISMA guidelines.

Figure 2 shows a clear upward trajectory in paediatric ODT research over the years. Figure 2a
demonstrates steady, near-linear growth in the cumulative number of publications, indicating
sustained engagement with ODTs rather than isolated bursts of interest. Figure 2b disaggregates
counts by calendar year, revealing periodic surges that likely reflect several catalysts: (i) increasing
recognition of child-friendly solid oral dosage forms as a priority for acceptability and adherence; (ii)
wider availability of superdisintegrants and co-processed excipients; and (iii) the emergence of
enabling technologies (e.g., spray-drying, sublimation and early applications of 3D printing) that
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facilitate dose flexibility and taste-masking. Collectively, these trends suggest the field is maturing,
with method development increasingly complemented by application-focused studies in paediatric-
relevant APIs and formulation scenarios.
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Figure 2. (a) Trend analysis of studies published over the years and (b) number of published studies per year.

Figure 3 summarises the risk-of-bias assessment across predefined domains. The details of study
level scoring are listed in Table S5. Overall, most studies exhibited low risk, supporting the general
credibility of the evidence base. The “testing and characterisation” domain showed the highest
proportion of high risk (2.2%), commonly arising from incomplete reporting of test conditions (e.g.,
media composition/volume, temperature, or rig modifications) or limited replication and variability
metrics. “Unclear” risk clustered primarily in the discussion domain (5.0%), with smaller
contributions from the results (0.3%) and methodology (1.0%) domains, indicating occasional gaps in
narrative integration, justification of design choices, or transparency around inclusion/exclusion of
data. These patterns point to remediable reporting issues rather than systematic methodological
weaknesses. As the field progresses, adopting consistent templates for analytical method description,
declaring any deviations from compendial tests, and providing full datasets should reduce residual
bias and improve comparability across studies. Moreover, information regarding the commercial
products of those drugs retrieved in this study was tabulated in Table Sé.
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Figure 3. Risk of bias assessment of eligible studies.

Figure 4a and b shows the global distribution of paediatric ODT publications. India contributed
the largest share (n = 24), followed by Egypt (n = 5) and Pakistan (n = 4). Many other countries
contributed one to three studies over the same period, reflecting broad, albeit uneven, global
participation. The concentration of output in a few countries likely reflects established formulation
research hubs, access to excipient and process infrastructure and targeted funding or training
programmes in solid dosage-form development. At the same time, the relative scarcity of
publications from some high-income and low-income regions suggests opportunities to expand
collaborative networks, share standardised testing protocols and build capacity for paediatric-
specific formulation science. Considering this geographic skew is important when interpreting
generalisability: climatic conditions, supply chains and patient acceptability can vary by region,
underscoring the value of multicenter validation and cross-regional replication of promising ODT
technologies.
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Figure 4. (a) Worldwide distribution of paediatric focused published studies on orodispersible tablets (ODTs)
and (b) distribution by country.

3.1. Techniques and Processes for Developing ODTs

A range of approaches has been employed to develop ODTs; however, direct compression
remains the most frequently used route. In several studies, single or combined pre-processing steps —
such as freeze-drying, spray-drying, nanoparticle formation and other modification techniques—
were applied prior to compression to enhance disintegration, taste-masking or bioavailability. Figure
5 summarises the overall distribution of techniques reported across the included studies, and detailed
study characteristics and processing parameters are tabulated in Table S1.
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Figure 5. Techniques and processes involved in the development of orally disintegrating tablets (ODTs).

Consistent with its widespread industrial adoption, direct compression was the predominant
technique identified for paediatric ODTs, reflecting its relative simplicity, cost-effectiveness and
scalability: excipients and API are blended and compressed without a wet-granulation step. Powder
compaction generally proceeds through four stages, initial powder rearrangement, -elastic
deformation, plastic deformation and, finally, relaxation/elastic recovery during unloading and
ejection [106]. Rapid disintegration upon contact with saliva is typically achieved through the
inclusion of superdisintegrants and/or effervescent components within the compact. Across the
eligible studies, APIs were formulated with natural, synthetic or co-processed disintegrants
alongside diluents, fillers and/or effervescent systems to improve onset of action, patient acceptability
and convenience [42,44-46,53-57,61,62,65,67,69,72-76,78,79,84-86,89,90,93,94,96,98,100-104].

Building on this baseline, several studies introduced an intermediate processing step prior to
tableting to tackle specific formulation challenges such as bitterness, low solubility or mechanical
fragility (Figure 6). Because ODTs disperse in the oral cavity, bitter APIs require robust taste-masking
to preserve palatability and adherence; accordingly, a variety of approaches were used, including
fluid-bed coating [41], coacervation [58,71], complexation with ion-exchange resins [51,68,70],
combined ion-exchange resin with cyclodextrin [77], hot-melt extrusion of taste-masked extrudates
[43], solvent-evaporation blends [49,50], fabrication of taste-masked composites prior to compression
[59], and bilayer or multilayer polymer coatings that couple pH-independent water-insoluble with
water-soluble films to enable immediate release while masking bitterness [97]. Importantly, these
methods were generally compatible with downstream direct compression, allowing taste-masked
intermediates to be converted into ODTs without sacrificing processability.
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Figure 6. Methods performed prior to compression in the manufacture of orally disintegrating tablets (ODTs).

Where taste-masking alone was insufficient, alternative tablet-formation routes were explored.
Moulded ODTs were prepared by moistening, dissolving or dispersing the API in a suitable solvent,
shaping the wet mass and removing the solvent at ambient pressure. The lower compaction force
produces a highly porous matrix and, consequently, rapid disintegration and dissolution [107].
Nonetheless, a recent head-to-head comparison reported failure of the moulding route for
hydrochlorothiazide ODTs owing to content-uniformity issues, whereas an alternative technology
met pharmacopoeial requirements [80,95]. This limitation has steered interest towards processes that
engineer high porosity while maintaining uniformity and dose accuracy. Lyophilised systems
represent one such option. Freeze-dried ODTs were reported for fixed-dose combinations (e.g.,
lopinavir/ritonavir) suited to low-resource settings, offering very fast dispersion—even with as little
as 0.5 mL of fluid—and enhanced dissolution relative to conventional tablets [64,88]. A milk-based
oral lyophilisate loaded with the poorly soluble API loratadine also met official quality requirements,
underscoring the versatility of lyophilised matrices for paediatric use [99]. In parallel, nanoparticle-
enabled strategies were used to improve bioperformance before tableting: nanoparticles produced
by ionic gelation or spray-drying were subsequently compressed into ODTs, including polymer-
coated nanoparticles designed for sustained release [48], prednisolone-loaded nanoparticle tablets
for paediatric asthma [52], and a spray-dried nanoparticle-in-microparticle system in which highly
porous particles facilitated rapid disintegration post-compression [60]. A core-coat approach
(nanoparticle core with excipient coat) was also used to achieve immediate and prolonged absorption
of meclizine hydrochloride [92]. These examples illustrate how particle-level engineering can be
integrated with conventional compression to tune both disintegration and release.

Another route to rapid breakup involves creating porosity in situ. Sublimation and effervescence
were employed before or alongside compression to accelerate disintegration. Volatile pore-formers
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(e.g., camphor, menthol, thymol, xylitol) were incorporated and then removed by sublimation after
compression, yielding permeable matrices with very short disintegration times; camphor-based
formulations were particularly effective [47]. Effervescent systems combining sodium bicarbonate
and tartaric acid with disintegrants (e.g., pregelatinised starch, sodium starch glycolate) similarly
enhanced matrix breakup and, in some studies, improved release profiles compared with
conventional comparators [66,87]. Where excipient selection itself was the leverage point, co-
processed excipients produced superior palatability relative to a liquisolid approach after
compression, suggesting an advantage for taste-critical paediatric formulations [63]. Complementary
to this, a kneaded multi-component system improved the absorption and bioavailability of efavirenz,
supporting its value as a paediatric alternative where enhanced exposure is desirable [82]. Process
intensification steps such as top-spray granulation were also used, for example, to prepare mouth-
dissolving memantine hydrochloride tablets aimed at rapid onset of action, while remaining
compatible with subsequent direct compression [83].

Finally, personalised paediatric solid dosage forms produced by three-dimensional (3D)
printing have gained traction as an adaptable alternative to conventional compression [108,109]. A
pressure-assisted microsyringe process generated solvent-free, immediate-release tablets by
extruding a semi-solid feed in successive layers; disintegration and dissolution were tunable via the
number of polymeric layers, and content-uniformity testing confirmed accurate individualised
dosing [81,110]. A micro-extrusion platform produced orodispersible printlets of
hydrochlorothiazide that satisfied European Pharmacopoeia criteria following process optimisation
[91]. Notably, in a comparative study, the moulding approach failed content-uniformity
requirements, whereas semi-solid extrusion printlets met all pharmacopoeial tests and offered a
credible route for dose individualisation with appropriate quality attributes [95]. Orodispersible
minitablets manufactured via semi-solid extrusion also emerged as promising child-appropriate
formats [105].

3.2. Use of Disintegrants in ODT Development

Disintegrants are typically incorporated into ODTs at 1-10% w/w to trigger rapid break-up of
the compact on wetting, thereby accelerating dissolution and drug release; in the paediatric ODTs
surveyed here, materials were classified by origin and principal mode of action into natural, semi-
synthetic, synthetic, and co-processed systems (Figure 7a-d) [111-114]. Natural options (Figure 7a)
appeared relatively infrequently in the dataset yet remain of interest for paediatric use because their
swelling and gelation behaviours can promote rapid liquid wicking while offering favourable safety
and nutritional profiles; their limited frequency of use in the surveyed studies also reflects supply
and performance variability that can steer formulators towards more standardised alternatives [115].
Semi-synthetic superdisintegrants (Figure 7b) dominated overall usage, with sodium starch glycolate
and croscarmellose sodium reported 28 and 24 times, respectively, consistent with their robust
swelling and fibrous-wicking mechanisms and reliable performance across active ingredients of
differing solubility; L-hydroxypropyl cellulose (L-HPC) was used less often but featured in several
dispersible/ODT studies where a balance of rapid dispersion and acceptable mechanical strength was
targeted. Among fully synthetic options (Figure 7c), crospovidone was the most frequently selected
superdisintegrant (28 reports), which aligns with its highly cross-linked, capillary-active structure
that promotes fast water uptake and tablet rupture with comparatively modest sensitivity to tablet
hardness. Beyond single-component superdisintegrants, the literature also evaluated co-processed,
ready-to-use excipient systems designed for direct-compression ODTs (Figure 7d), in which a water-
soluble filler is co-formulated with a superdisintegrant and, frequently, a binder, glidant, or lubricant
to deliver palatability, rapid disintegration, and acceptable flow and compressibility in one blend.
Figure 7 summarises the relative frequency of each class across the surveyed studies, providing
context for the specific choices made in paediatric ODT development.
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Figure 7. Types of disintegrants and their frequency in the development of ODTs: (a) natural disintegrants, (b)
semisynthetic disintegrants, (c) synthetic disintegrants and (d) co-processed disintegrants/excipients.

Compositions for the principal co-processed systems are summarised in Table 1 [97,98]. In
particular, Ludiflash® combines mannitol for mouthfeel with crospovidone for rapid break-up and a
polyvinyl acetate component that contributes to tablet integrity; Pharmaburst® blends crospovidone
with mannitol and sorbitol to enhance sweetness and cooling sensation, while precipitated silicon
dioxide supports flow; F-Melt® integrates crospovidone with xylitol, D-mannitol, microcrystalline
cellulose, and porous magnesium aluminometasilicate to balance rapid wicking with mechanical
strength and blendability; Pearlitol® Flash pairs corn starch with mannitol for a simple, palatable
base; Parteck® ODT couples mannitol with croscarmellose sodium to exploit swelling-wicking
synergy; Prosolv® Easytab SP unites sodium starch glycolate with microcrystalline cellulose, colloidal
silicon dioxide, and sodium stearyl fumarate to streamline flow, compressibility, and lubrication; and
Prosolv® ODT combines crospovidone with microcrystalline cellulose, colloidal silicon dioxide,
mannitol, and fructose to deliver rapid disintegration with good mouthfeel (Table 1) [116,117].
Collectively, these co-processed systems can reduce the need for multi-step pre-blending, shorten
development time, and improve blend uniformity, yet selection should still be guided by dose and
solubility of the API, target disintegration time and mouthfeel, control of hygroscopicity, lubricant
sensitivity, and cost of goods. In practice, screening a small matrix of superdisintegrant level and
compression force within each selected co-processed base helps confirm robustness, while Figure 7a—
d provide a concise snapshot of how frequently each class, and specific members such as sodium
starch glycolate, croscarmellose sodium, and crospovidone, has been deployed across the surveyed
ODT formulations.

Table 1. The composition of ready-to-use excipients employed for the development of ODTs [116,117].

Excipient Ingredients

Mannitol

Ludiflash® Crospovidone

Polyvinyl acetate dispersion

Crospovidone

Mannitol
Sorbitol
Precipitated silicon dioxide

Pharmaburst®

Crospovidone
F-Melt® Xylitol
D-Mannitol
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Microcrystalline cellulose

Magnesium aluminometasilicate
Corn Starch
Mannitol

Pearlitol® Flash

Mannitol

Parteck® ODT
artec Croscarmellose sodium

Sodium starch Glycolate

Microcrystalline cellulose
Colloidal Silicon Dioxide
Sodium Stearyl Fumarate

Prosolv® Easytab SP

Crospovidone

Microcrystalline cellulose
Colloidal Silicon Dioxide

Prosolv® ODT

Mannitol

Fructose

3.2.1. Mechanism of Action of Disintegrants

ODTs disintegrate when the compacted mass takes up liquid and rapidly breaks into smaller

fragments that form a homogeneous suspension, thereby enabling prompt drug release. Several

complementary mechanisms can operate within the same formulation —swelling, wicking (capillary

action), heat of wetting, gas generation (effervescence), enzymatic action, particle-particle repulsion

and deformation recovery, with their relative contribution governed by excipient selection, particle

size distribution, porosity, compression force, lubricant level, and the hydrophilicity of both drug

and excipients [114,118,119]. Table 2 lists the disintegrants identified in this review together with

their source and predominant mechanism [118,119].

Table 2. Disintegrants used in development of paediatric ODTs their natural properties and mechanism of

disintegration [118,119].

Disintegrant Source/Nature Properties Mechanism
Natural disintegrant
Obtained from Sterculia Soluble in hot and cold .
Karaya gum Swelling
urens trees water
Fenugreek seed From mucilage of Soluble in hot water Swelling
powder Fenugreek seed
Mu.cﬂ.age derlve(?ll from Soluble in boiling water.
Gelidium amansii . . . .
Agar Practically insoluble in Swelling
Lamouroux and other red
. cold water
algae species
Musa acuminate Obtained from mango peel - Wicking
Obtained from endosperm  In cold water or hot
Guar gum seeds of Cyamopsis water disperses and Swelling
tetragonolobus swells immediately
Extracted from th ds of
Ispagol husk xtractecd rom Hie Seeds OF - goluble in water Swelling
Plantago ovata
Obtained from Soluble in cold or warm .
Xanthan gum . Swelling
Xanthomonas campestris water
Derived from shells of
Chitosan crustaceans (like shrimp . Sparingly soluble in Swelling
and crabs) and from fungi ~ water
cell wall
Sodium alginate Sodium salt of alginic acid Soluble slowly in water, Swelling

hygroscopic nature
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Semisynthetic disintegrant

erscarmellose Cross-lined sodium CMC 200 mesh particle size Swelling
sodium form

L tituted
ow substitute Uptake of water

Sodium starch crosslinked carboxymethyl — 140mesh particle size .
. followed by rapid
glycolate ether of poly- Insoluble in water .
swelling
glucopyranose
L-HPC Low hydroxy propyl Insoluble, but swells in Swelling and wicking
cellulose water
Hydroxy propyl starch Obtained from natural Insoluble in water Swelling

starch

Practically insoluble in
cold water. In water
with temperature 37°C
starch swells

Extracted from plant
Maize starch sources through a series of
processing steps

Swelling

Synthetic disintegrants
Crosslinked polymer of N-  Practically insoluble in
vinyl-2-pyrrolidone water

Crospovidone Swelling and wicking

Ion exchange resins Crosslinked polyacrylic Insoluble in water swelling

Swelling is the mechanism most commonly associated with both natural and synthetic
superdisintegrants. Following initial liquid ingress—often via capillary pathways—water hydrates
the disintegrant network distributed throughout the matrix; as the network imbibes liquid, it expands
to fill pore volume and generates outward stress that overcomes interparticulate bonds, fracturing
the compact into primary granules and then smaller particles, as shown in Figure 8a [120,121].
Achieving rapid, uniform swelling requires sufficient porosity and hydrophilicity to admit water
quickly, adequate superdisintegrant level and dispersion to generate internal stress, and compaction
conditions that do not collapse pores or over constrain polymer relaxation; excessive compression,
hydrophobic lubrication, or high binder levels can retard this pathway [121]. In wicking, or capillary
action, liquid penetrates the tablet through interconnected pores, displacing adsorbed air and
weakening interparticulate bonds so that the compact breaks down even when swelling is limited;
this capillary-led breakdown is shown in Figure 8b [121,122]. The efficiency of wicking depends
strongly on pore architecture, particle surface energy, and the interfacial tension with the penetrating
fluid; maintaining a low liquid-solid interfacial tension and an open pore network at the chosen
compression force is therefore critical [121,123]. Heat of wetting can contribute where certain particles
exhibit exothermic wetting. Localised thermal and interfacial changes during rapid wetting may
create transient stresses that aid disruption of interparticulate bonds; while seldom the sole driver,
this effect can complement wicking and swelling in highly hydrophilic, finely divided excipients
[124]. Gas-generating, or effervescent, systems promote disintegration by producing carbon dioxide
within the compact as acids (e.g., citric or tartaric acid) react with carbonates or bicarbonates upon
contact with water. The evolving gas increases internal pressure, prising apart the particle network
and often improving taste masking and mouthfeel; because these mixtures are sensitive to
temperature and humidity, environmental controls during blending, compression, and storage are
essential, and the effervescent components are typically incorporated immediately prior to
compression [126]. Enzymatic action represents a biological pathway in which enzymes present in
saliva or the gastrointestinal milieu diminish binder integrity or modify polymer structures, thereby
facilitating water uptake and matrix rupture. Although not universally relied upon, owing to inter-
patient variability, this mechanism can augment physicochemical routes by reducing cohesive
strength in the first seconds to minutes of exposure [127]. Particle—particle repulsion, as described in
the Guyot-Hermann framework, posits that electrostatic repulsive forces between wetted particles
assist separation once liquid bridges form; while often secondary to wicking, this contribution can be
more evident in systems with limited swelling capacity but high surface charge development on
wetting, as summarised in Figure 8c [127,128]. Deformation recovery closes the mechanistic set.
During tabletting, some disintegrant particles undergo elastic or plastic deformation; once exposed
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to liquid, these particles relax towards their pre-compression state, increasing in volume and exerting
expansion forces that help rupture the compact, as depicted in Figure 8d. Starch is a classic example:
granules deformed under compression display enhanced swelling on rehydration and collectively
produce sufficient stress to fracture the tablet [108].

(a) (b)

ODT containing ODT with disintegrant
swellable disintegrant

l molecules l

Swelling of disinte, gr'ant Watermisieciles
m_cge %lleby absorption penetration by replacing of
of flui air around pores
l l As intermolecularbonds
Tablet disintegration become weakbreak down
dueto swelling of tabletinto fine particles
mechanism happen
(0 (d)
ODT containing non- Disintegr: aﬂ"Paﬁ_ides
swellable disintegrant betfore compression
Repulsionoccursbetween
disintegrant molecules when Disintegrant particles changein
encounter solvent structure after compression
Disintegration of ODTs
due to repulsion of Disintegrated particlesreturn to
disintegrant molecules pre-compressionshape

Figure 8. Mechanisms of tablet disintegration: (a) swelling, (b) wicking, (c) repulsion and (d) deformation.

Overall, effective ODTs rarely rely on a single pathway. Formulations typically harness rapid
wicking to admit fluid, prompt swelling or deformation recovery to generate internal stresses, and —
where appropriate—adjunct triggers such as effervescence or enzyme-mediated binder weakening.
Accordingly, the disintegrants catalogued in Table 3 are best selected not only by their nominal
mechanism but also by how they interact with the active ingredient, filler system, and processing
conditions to deliver the target disintegration time, palatability, and mechanical robustness [118,119].
Figure 8a-d provides a visual summary of how these pathways unfold within the tablet
microstructure [121].

3.3. Disintegration Test and Practical Approaches for Determining Disintegration Time

Within pharmaceutical technology, disintegration time is a critical quality attribute used to
confirm that ODTs meet the compendial targets, not more than 3 minutes in the European
Pharmacopoeia and about 30 seconds in the United States, so that they disperse promptly in the oral
cavity and support rapid drug release [129-131]. Because ODTs are intended to disintegrate in the
mouth without the need for chewing or water, they are particularly advantageous for paediatric
patients who have difficulty swallowing [132-134]. In the current systematic search both the USP
compendial and modified approaches were employed (Figure 9).
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Figure 9. Types of disintegration tests used in eligible studies.

In general, the compendial approach to measuring ODT disintegration follows the established
procedures for solid oral dosage forms (tablets and capsules). In the paediatric ODT literature
surveyed here, the pharmacopoeial test used most frequently was the USP method, typically
conducted in a 1-litre beaker containing approximately 800-900 mL of distilled water, with time to
complete disintegration recorded as per the specifications. Alongside this, several modified or
alternative in-vitro methods were also applied to better mimic oral conditions or to accommodate
product-specific features. In the petri-plate approach, the tablet is placed carefully at the centre of a
petri dish (10 cm internal diameter) containing 10 mL of disintegration medium; the time taken for
the tablet to disperse into particles is recorded [47,66,70]. A related variant places a folded tissue or
circular filter paper in the petri dish; a dyed disintegration medium is added, the tablet is placed on
the wetted paper, and the simulated disintegration time is recorded as the point when the aqueous
front has completely diffused across and through the tablet [78]. A further modification employs a
10-mesh basket suspended in a 1000 mL beaker containing 900 mL of purified water under
continuous stirring; the tablet is placed on the basket, and the disintegration time is the moment when
no residue remains on the mesh [70]. To more closely approximate in-mouth environment, Fu et al.
[114] proposed a beaker-and-sieve method, subsequently adapted by other researchers [72], in which
the tablet rests on a sieve suspended 1 cm above the base of a beaker containing 5 mL of artificial
saliva; under gentle stirring, particles detach and pass through the sieve, with disintegration time
taken at complete dispersion in the medium. In one study, a measuring-cylinder setup was used: 6
mL of phosphate buffer was added to a 25 mL cylinder, the ODT was dropped into the medium, and
the time to disintegration was recorded [79]. The individual procedural requirements, media, and
acceptance criteria used in each case are described in Table S2.

4. Future Directions and Outlook

Over the past decade, paediatric ODT development has shifted from feasibility to platform
status, yet several gaps should be addressed to translate laboratory successes into routinely
prescribed products. First, harmonisation of disintegration testing remains a priority. Compendial
apparatus and endpoints do not fully reflect oral conditions in children; validated, physiologically
relevant micro-volume tests (5-10 mL media, artificial saliva of age-appropriate composition,
controlled hydrodynamics) should be standardised and cross-validated against USP/Ph. Eur.
methods to permit regulatory acceptance while preserving clinical relevance. Closely related is the
need for clinically anchored acceptability data: palatability, mouthfeel and swallowability should be
reported using age-stratified, validated scales in small, well-designed human studies to complement
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in-vitro metrics and reduce formulation attrition late in development. Second, excipient strategy
warrants broader exploration. Semi-synthetic superdisintegrants (croscarmellose sodium, sodium
starch glycolate, crospovidone) dominate current practice, but co-processed systems offer integrated
performance with shorter development timelines. Natural polymers remain attractive for cost and
sustainability, yet their batch-to-batch variability and microbial limits demand robust
characterisation frameworks and supply-chain quality agreements before routine paediatric use.
Mapping excipient function to API properties (dose, ionisation state, bitterness, hygroscopicity) using
quality-by-design tools and response-surface modelling can shorten optimisation cycles and help
predict lubricant sensitivity and compression windows. Third, process intensification and
personalisation should move beyond proof-of-concept. Semi-solid extrusion and other 3D-printing
routes already meet basic pharmacopeial criteria; the next step is good manufacturing practice
(GMP)-ready workflows with in-line mass control, rapid content-uniformity checks, and automated
release testing. In parallel, nanoparticle-in-tablet and sublimation/effervescence hybrids deserve
head-to-head comparisons with direct compression using shared APIs and unified endpoints, so
trade-offs between mechanical strength, disintegration kinetics and taste can be quantified rather
than inferred. Finally, equity and access should guide target product profiles. Dose-flexible ODTs for
high-burden paediatric indications (e.g., antiepileptics, antibiotics, TB/HIV co-therapies) should
emphasise heat-stable packaging, minimal water requirement, and manufacturability using widely
available equipment. Transparent reporting, including full datasets for disintegration rig
modifications, media recipes and acceptability outcomes, will improve reproducibility and accelerate
convergence on best practice. The field is poised to deliver a new generation of child-appropriate
ODTs once testing is harmonised, acceptability is measured consistently, and scalable processes are
embedded from the outset.

5. Conclusions

This review shows that paediatric ODT development has matured rapidly, with direct
compression remaining the workhorse because it is simple, scalable and compatible with taste-
masking intermediates. Studies increasingly use pre-compression strategies, coating, complexation,
spray-/freeze-drying, nanoparticle engineering, sublimation or effervescence, to reconcile fast
disintegration with acceptable mechanical strength and taste. Co-processed excipients and semi-
synthetic superdisintegrants dominate successful formulations, while natural options offer promise
where cost and sustainability are decisive, provided variability is controlled. Emerging 3D-printing
approaches now meet pharmacopeial tests and offer dose individualisation in small units suitable for
children. Nonetheless, two barriers limit comparability and translation: heterogeneous disintegration
tests that do not consistently reflect the paediatric oral environment, and sparse clinical acceptability
data. Addressing these will enable better benchmarking across technologies and faster movement
from bench to bedside. In sum, ODTs are well placed to improve paediatric medicine acceptability
and adherence; the next phase should focus on harmonised, child-relevant testing and GMP-ready
processes to deliver robust products across diverse healthcare settings.
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paper posted on Preprints.org.
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