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ABSTRACT 

Orodispersible films (ODFs) are increasingly recognized as an important innovation in drug delivery, as they offer quick disintegration, better 
bioavailability, and greater comfort for patients. They are especially beneficial for children, the elderly, and those who have challenging in 
swallowing, since ODFs dissolve in the mouth and allow drugs to be absorbed through a sublingual or buccal route, avoiding metabolism by the 
liver. This review discusses the development of ODFs in detail, including formulation strategies, manufacturing methods, the current market 
landscape, and limitations that still affect these systems. The discussion incorporates significant details from an extensive review of recently 
published papers and patents on the subject, focusing on material screening, design considerations, and production processes. The review discusses 
physicochemical properties, stability issues, regulatory considerations, and challenges associated with industrial production, typically from 
pharmaceutical and engineering perspectives. While a number of advances have been made, challenges such as limited drug load and stability 
issues, and product scale-up still remain. This article attempts to identify these gaps to suggest areas for future research to improve performance, 
scale-up and commercialisation to enable ODFs for patients in need of products other than a conventional dosage form. 
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INTRODUCTION 

The oral route is currently considered the gold standard in the 
pharmaceutical industry due to its perceived superiority in patient 
compliance, cost-effectiveness, and convenience for drug delivery. 
Owing to its high patient adherence compared to alternative routes, 
the oral route remains the predominant form of administration for the 
majority of therapeutic agents intended to elicit systemic effects [1]. 

 

 

Fig. 1: Administration of an Orodispersible film, *This fig. was 
created using AI tools for academic and illustrative purposes 

 

In recent years, orodispersible films have gained recognition as an 
alternative to conventional dosage forms. These thin oral films 
containing Active Pharmaceutical Ingredients (API) can rapidly 
release medication through oral or sublingual administration, 
providing both systemic and local effects [2]. 

There are numerous additional names for these thin films, such as 
oral soluble films, mucoadhesive films, buccal films, wafers, ocular 
films, transmucosal films, oral strips, orodispersible films [ODFs], 
and oral thin films. The Food and Drug Administration (FDA) simply 
refers to it as a soluble film, but the European Medicines Agency 
defines an orodispersible film as one that dissolves readily in the 

oral cavity [3-5]. 

Scope and Purpose 

Orodispersible films (ODFs) are gaining importance as a potent drug 
delivery system because of their simplicity of use, rapid 
disintegration, and potential to increase drug absorption [6, 7]. ODFs 
are considered a precious alternative to conventional solid and 
liquid oral dosage forms. 

ODFs are being proposed as an alternative to the conventional oral 
dosage forms, which can be solid or liquid. Orodispersiblefilms, also 
known as oral drug strips or dissolving films, release medications 
through oral absorption and have a mechanism that delivers the 
medication straight to the bloodstream. For first-pass metabolism 
drugs, it is an alternative platform [8]. 

For drug delivery in patients with dysphagia of conventional dosage 
forms like capsules or tablets, orodispersible films (ODFs) are being 
formulated as a quick, efficient, and patient-friendly mode of drug 
delivery [9]. 

Market data and statistics on ODF adoption trends 

In recent years, the orodispersible film (ODF) market has 
demonstrated robust growth, driven by increasing demand for 
patient-friendly dosage forms and advancements in film 
technologies. As illustrated in fig. 2, industry analyzes project the 
global ODF market value to rise from USD 3.19 billion in 2024 to 
USD 3.52 billion in 2025, and further to USD 7.98 billion by 2033, 
reflecting a Compound Annual Growth Rate (CAGR) of 
approximately 9.45 percent. This upward trajectory underscores 
expanding applications in pharmaceuticals, nutraceuticals, and 
personalized medicine, particularly in developing economies where 
ease of administration and rapid onset of action are prioritized. 

Market forecasts indicate that ODFs will sustain significant growth 
through the next decade, propelled by factors such as rising 
prevalence of chronic diseases, expansion of RandD activities, and 
consumer preference for fast-dissolving, water-free dosage forms. 
Fig. 2 presents the estimated global market value of ODFs from 2024 
through 2033, highlighting key milestones in market expansion and 
projected revenue trends [13]. 
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Fig. 2: Projected global market value of orodispersible films (ODFs) from 2023 to 2033 [10, 11] 

 

Significance of ODFs in improving patient outcomes 

Orodispersible films (ODFs) come with some great benefits that can 
really help patients. They're especially handy for folks who struggle 
with regular pills or liquids since they're easy to take and taste 
better. Because ODFs dissolve quickly in the mouth, the medicine 
gets absorbed faster, which means that it starts working sooner [12]. 

They also bypass the stomach, which can help ensure a more 
consistent dosage, particularly for conditions that require 

immediate relief, such as pain, allergies, or mental health issues [6]. 
Additionally, patients can more easily adhere to their treatment 
plans, as these films can be customized to deliver the appropriate 
dosage for each individual [14, 15]. 

This review aims to critically evaluate the development, formulation 
approaches, manufacturing techniques, and commercialization 
challenges of Orodispersible Films (ODFs), while identifying existing 
limitations and prospects in the field. 

 

 

Fig. 3: Entry into systemic circulation, *This fig. was created using AI tools for academic and illustrative purposes 

 

MATERIALS AND METHODS 

A comprehensive literature search was conducted across PubMed, 
Scopus, Web of Science, and Google Scholar databases. The search 
strategy employed the following keywords: orodispersible films, oral 
thin films, mucoadhesive buccal films, 3D-printed films, nanoparticle-
embedded films, hot-melt extrusion, and solvent casting. Articles 
published between January 2000 and June 2025 were considered to 
capture both foundational developments and the most recent advances. 

RESULTS 

Evolution of Orodispersible Films 

Numerous orodispersible films (ODFs) have received FDA approval 
for both prescription and over-the-counter medications. 

Although ODFs have existed since the 1970s, they began to gain 
popularity and recognition as a drug delivery system only after Pfizer 
introduced Listerine PocketPaks®-refreshing breath strips-in 2001 [16]. 

ODF milestones and innovations 

The development of orodispersible films (ODFs) has experienced 
significant turning points in their evolution, progressing from a 
novel concept to an advanced drug delivery system. ODFs were 
initially proposed as a new oral dosage form; however, their 
prominence emerged in the early 2000s when the FDA approved the 

first thin film formulations for over-the-counter products. Recent 
innovations have expanded ODFs beyond being merely an 
alternative dosage form, enabling accurate dose customization 
through technologies such as 3D printing and personalized 
medicine. ODFs represent next-generation pharmaceutical 
technology, offering a wide range of potential clinical applications 
due to the growing market demand for easy-to-use and effective 
drug delivery systems [17-19]. 

The orodispersible film (ODF) market has evolved significantly 
through its patient-centric design capability, offering rapid dissolution 
and no need for water, which is convenient for patients in specific 
populations, including pediatric, geriatric, and dysphagic patients. 
ODFs are widely used in therapeutic areas including pain 
management, allergy, and neurological indications. Having traced the 
key milestones that have shaped ODF development and footpaths into 
personalized formulation, we now turn to the chemical and 
mechanical considerations that underlie their formulation. 

Formulation strategies  

The process of formulating orodispersible films (ODFs) involves 
selecting polymers, plasticizers, active pharmaceutical ingredients 
(APIs), and other excipients to achieve optimal properties. An ideal 
ODF should disintegrate quickly, possess sufficient mechanical 
strength, accommodate a high drug load, and promote patient 
compliance [20]. 
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Table 1: ODF milestones and innovations 

Period Breakthrough Details 
Pre-2010 Early 

Development 
2001: Pfizer introduced Listerine PocketPaks, the first commercial ODF product, used as a breath freshener.  
2010: FDA approved Zuplenz (ondansetron) for nausea and vomiting, and Suboxone (buprenorphine/naloxone) 
for opioid dependence, validating ODFs as a drug delivery system. 

2010–2020 Technological 
Advancements 

2015: The European Pharmacopoeia and USP formally defined ODFs, providing regulatory clarity.  
2018: Improved solvent casting and hot-melt extrusion enhanced film properties like flexibility, tensile strength, 
and disintegration.  
2020: 3D printing of ODFs enabled personalized medicine, allowing custom dosages for pediatric and geriatric 
patients 

2020–2023 Innovations in 
Formulation 

2021: Nanoparticle-embedded ODFs enhanced the bioavailability of poorly soluble drugs.  
2022: Taste-masking technologies (e. g., Electronic tongue systems) improved acceptability, particularly for 
pediatric use.  
2023: Integration of natural polymers (chitosan, pullulan) improved ODF stability, biocompatibility, and 
expanded applications in nutraceuticals. 

Recent 
Innovations  

Expansion into 
the Food 
Industry 

2024: ODFs gained traction as carriers for dietary supplements, vitamins, and bioactive compounds like 
curcumin and melatonin.  
2025: ODFs are expanded into the food industry as carriers for dietary supplements, vitamins, and bioactive 
compounds.  

Future 
Challenges 

Future 
Prospects and 
Challenges 

Challenges remain, including limited drug-loading capacity, sensitivity to humidity, and the need for standard 
quality control methods.  
Research continues on new applications in mental health, oncology, and personalized medicine. 

 

 

Fig. 4: Schematic representation of the typical composition of orodispersible films [20] 

 

As illustrated in fig. 4, the typical composition of an ODF integrates 
these excipient classes in a balanced formulation to achieve rapid 
film disintegration (<30 sec), adequate tensile strength (≥10 MPa), 
and content uniformity (85–115%). 

Active pharmaceutical ingredient (API) 

Biopharmaceutics Classification System (BCS) Class I medications are 
the most commonly used in oral dissolving films (ODFs) due to their 
high solubility and permeability compared to other drug classes. The 
active pharmaceutical ingredient (API) can only be incorporated into 
medications considered potent, given the film’s low weight (less than 
200 mg). Factors such as solubility, pharmacokinetic properties, and 
physical and chemical stability all influence the selection of APIs. It is 
possible to use 1% to 25% w/w of API, in the form of solid dispersions 
or nanocrystals, to develop an ODF with a total film weight under 200 
mg. Various drug types-such as antibiotics, central nervous system 
agents (including antidepressants), and inhalable formulations like 
pressurized metered-dose inhalers (pMDIs)-have been explored in 
relation to ODFs [23]. 

Novel techniques aimed at enhancing solubility and bioavailability, 
such as cyclodextrin complexation, nanosuspensions, and wet 
milling to reduce particle size, continue to be evaluated. 3D printing 
technologies, such as Fused Deposition Modeling (FDM), improve 
the dissolution properties of the active pharmaceutical ingredient 
(API) by allowing the formation of porous films or by amorphizing 
the API. Multilayered ODFs for combination therapy are a very 
recent concept but present significant challenges due to limitations 
in drug loading [24]. 

In advanced ODF formulations, multilayer structures separate functions 

across distinct strata-mechanical support, drug release, and 
mucoadhesion-thereby overcoming limitations of single-layer films such 
as weak tensile strength or active substance incompatibility. A 
representative schematic of this architecture is shown in fig. 5. 

 

 

Fig. 5: Layers of orodispersible films, *This fig. was created 
using AI tools for academic and illustrative purposes 

 

Orodispersible films have progressively evolved beyond single-layer 
formulations to multilayer architectures that enable separation of 
incompatible actives, enhanced mechanical integrity, and controlled 
release. 

Excipients 

Ideal orodispersible films (ODFs) for future applications must be 
carefully considered in terms of composition and formulation 
techniques to improve patient experience and medication delivery [2].
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Table 2: Typical excipients used in orodispersible films (ODF) preparation 

Excipients Examples of excipients References 
Polymer Natural: Pullulan, gelatin, maltodextrin, hydroxypropyl methyl cellulose, chitosan, sodium alginate 

Synthetic: carboxymethyl cellulose, hydroxypropyl cellulose, polyvinyl pyrrolidone 
[25] 

Plasticizers Glycerin, sorbitol, mannitol, propylene glycol [31] 
Surfactants Sorbitanoleate, glycerilmonolinoleate [50] 
Taste-masking agents Essential oil natural or synthetic flavors, cyclodextrin [22] 
Sweeteners Sucrose, fructose sucralose, saccharin, cyclamate, acesulfame K [35] 
Coloring Agents Titanium dioxide [39] 
Stabilizing Agents Hydroxypropyl cellulose (HPC), polyvinyl pyrrolidone (PVP), xanthan gum, sodium alginate [41] 
Saliva stimulators Citric acid, malic acid, tartaric acid [37] 

 

Polymer 

The film-forming polymer is the most important component of an 
ODF, constituting the largest proportion of the film’s dry weight (40–
50%). A film-forming polymer provides mechanical strength and, 
more importantly, the film-forming properties [25]. Common film-
forming polymers include Hydroxypropyl Methylcellulose (HPMC) 
(E3, E5, E15), Sodium Carboxymethyl Cellulose (NaCMC), gelatin, 
Polyvinyl Alcohol (PVA), Polyvinylpyrrolidone (PVP), Polyethylene 
Oxide (PEO), pullulan, starch derivatives, and various gums [26–30]. 
The performance of film-forming polymers in orodispersible films 
varies significantly under different environmental and formulation 
conditions, necessitating comprehensive evaluation across multiple 
scenarios [25, 26]. 

Moisture sensitivity 

HPMC exhibits superior moisture resistance among hydrophilic 
polymers, retaining structural integrity at 75% RH, while mannitol 
coating further reduces water uptake by ~40% for moisture-sensitive 
APIs [27]. PVA shows high moisture absorption and rapid disintegration 
(17–890 s), though tackiness above 65% RH necessitates moisture-
barrier packaging. Chitosan demonstrates moderate moisture sensitivity 
with antimicrobial activity, beneficial for pediatric formulations. Gelatin 
absorbs>15% moisture but preserves flexibility more effectively than 
synthetic polymers under variable humidity [28].  

High drug loading 

HPMC maintains uniform drug content up to 30% loading (5 mg/1.5 
cm²), but higher loadings reduce tensile strength by ~45% and 
prolong disintegration (>60 s). PVA films allow up to 50% loading; 
however, uniformity declines beyond 40% (CV>10%). HPMC/PVA 
(1:1) blends achieve 25–30% loading with tensile strength>2 MPa 
offering superior performance under high-loading conditions [29]. 

Pediatric formulations 

PVA exhibits excellent biocompatibility for pediatric use with 
minimal oral irritation, supported by favorable toxicity profiles. 
HPMC E5 shows superior compatibility with taste-masking agents, 
maintaining integrity with cyclodextrins and flavors while 
enabling>85% drug release within 10 min. Chitosan–gelatin blends 
enhance flexibility (elongation>200%), reducing film breakage 
during pediatric administration [30]. 

Plasticizers 

The selection and optimization of plasticizers in ODF formulations 
present a complex interplay between mechanical enhancement and 
formulation stability that demands critical evaluation beyond 
traditional empirical approaches. While plasticizers fundamentally 
reduce glass-transition temperatures and improve film flexibility, 
their integration creates multifaceted challenges that significantly 
impact commercial viability and therapeutic performance [31, 32]. 

The conventional recommendation of 0-20% w/w plasticizer 
concentration oversimplifies the optimization challenge, as this 
range fails to account for polymer-specific interactions and 
environmental stability requirements [32, 33]. Glycerol, despite its 
widespread use, exhibits a biphasic behavior that undermines long-
term stability: at concentrations below 10%, it provides inadequate 
flexibility leading to film brittleness, while concentrations above 
15% create excessive tackiness and moisture absorption that 

compromises packaging integrity and shelf-life [34]. This narrow 
therapeutic window highlights a fundamental limitation in current 
plasticizer selection paradigms [33, 34]. 

More critically, the industry's reliance on hygroscopic plasticizers 
like glycerol and propylene glycol creates an inherent contradiction. 
While these agents improve mechanical properties under controlled 
conditions, they simultaneously increase moisture sensitivity, the 
primary cause of ODF degradation in real-world storage conditions. 
Polyethylene glycol (PEG) variants demonstrate superior moisture 
resistance but at the cost of reduced compatibility with hydrophilic 
polymers like HPMC, leading to phase separation during film 
formation [35]. 

Plasticizer optimization in ODFs represents a fundamental 
constraint in aligning regulatory, formulation, and manufacturing 
requirements. Citrate esters, though safer, demand higher 
concentrations that reduce drug loading, while co-plasticizer 
systems lack mechanistic models to guide optimization, limiting 
predictability and scalability. Manufacturing processes impose 
divergent demands-solvent casting favors low-viscosity agents at 
the cost of uniformity, and hot-melt extrusion requires thermal 
stability often at the expense of flexibility, producing fragmented, 
process-dependent solutions. The absence of standardized 
performance metrics specific to ODFs further restricts rational 
selection, as disintegration, mechanical integrity, and patient 
acceptability must be optimized simultaneously. Closing this gap 
requires mechanistic frameworks linking plasticizer–polymer–
environment interactions to long-term stability, shifting 
development from empirical screening toward predictive, scalable 
formulation strategies. 

Sweetening and flavoring agent 

Sweeteners are generally incorporated either individually or in 
combination, with concentrations typically ranging from 3% to 6% 
w/w. In the case of oral thin films (ODFs), various approaches are 
employed to mask the bitter or unpleasant taste of active drugs. 
Recently, researchers have shown considerable interest in the use of 
lipids because of their potential in flavor-masking applications [22]. 

Sweeteners used in ODFs are broadly classified into two categories: 
natural and artificial. Among the natural options, glycyrrhizinic acid-
a triterpenoidsaponin obtained from the roots and rhizomes of 
licorice (Glycyrrhiza glabra)-is well recognized. It has been reported 
to possess a sweetness intensity at least 30 times greater than that 
of sucrose. 

The natural sweetener rebaudioside A (steviol glycosides), isolated 
from stevia, has sweetness many times more than that of sucrose, 
being greater than 200-300 times [36]. The polyol alcohol mannitol 
is commonly employed as a sugar alcohol sweetener in ODFs due to 
the fact that it enhances the physical strength of the dosage form. In 
addition, since mannitol is not hygroscopic and possesses excellent 
stability and compatibility with active substances, it is useful for 
ensuring the long-term stability of the dosage form [38]. 

Saliva-stimulating agent 

Saliva stimulant compounds, also known as sialagogues, are 
substances that may stimulate the mouth to secrete more saliva. 
Saliva stimulant compounds may benefit individuals who have 
disorders such as xerostomia, dry mouth, or who may be unable to 
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produce sufficient saliva [38]. Salivation-inducing materials like 
citric, malic, lactic, ascorbic, and tartaric acids are also typical 
salivation-inducing materials used in dissolving strip formulations. 
Typically, separately or together, these chemicals appear with 
concentrations from 2 to 6% by weight with respect to the film [37]. 

Coloring agents 

Pigments such as titanium dioxide, which impart a lighter or opaque 
appearance to the film, and iron oxides, which impart red, yellow, or 
brown colors to the film, are common Coloring agents in ODFs. The 
film is also colored blue with FD and C approved Coloring agents 
such as indigo carmine and brilliant blue dyes, green with fast green 
food Coloring (FCF), and yellow with tartrazine dye. The ODF 
preparation must have the agents at a maximum concentration of 
1% by weight [39]. 

Stabilizing agents 

Stabilizing ingredients are key constituents of ODFs to keep their 
structural integrity, prevent weakening, and ensure the film's 
desired properties [40]. Stabilizing chemicals help to enhance the 
film's flexibility, slipperiness, and quick break-up. Some of the 
widely used stabilizing ingredients include HPC, PVP, xanthan gum, 
sodium alginate, locust bean gum, carrageenan, gelatin, sorbitol, and 
surfactant [41]. 

With the physicochemical and mechanical properties defined, the 
focus shifts to how these formulations are realized at scale through 
various manufacturing techniques. 

Manufacturing techniques 

The production of orodispersible films (ODFs) is a very complex process 
that requires accuracy in formulation as well as manufacturing 
processes to make sure that the end product is efficient, stable, and able 
to release the Active Pharmaceutical Ingredient (API) at the required 
therapeutic level. This characteristic maximizes the drug's 
bioavailability, which enables faster therapeutic response than 
traditional oral dosage forms like tablets and capsules [42]. 

Solvent casting method 

Solvent casting is the most widely used method for ODF production. 
The production of small batches of ODF and multi-layer films 
intended to deliver fixed combinations of medication can also be 
modified to solvent casting. Physically incompatible Active 
Pharmaceutical Ingredients (APIs) can be injected at different 
intensities onto multiple layers of film [41]. 

The solvent casting technique for preparing orodispersible films 
(ODFs) has a number of key downsides. First, it is extremely 
dependent on volatile organic solvents, which cause environmental, 
safety, and regulatory issues because of their toxicity, flammability, 
and possible residual presence in the final product. Secondly, 
obtaining good film thickness and homogeneity is difficult because 
uneven drying conditions can produce defects such as cracking, 
peeling, or drug unevenness. Thirdly, the process is inappropriate 
for heat-labile or moisture-labile Active Pharmaceutical Ingredients 
(APIs), since the drying step can break down these compounds. 
Moreover, the addition of high drug loads or low solubility drugs can 
adversely affect the mechanical strength and disintegration time of 
the film. Finally, the process is labor-intensive, energy-consuming, 
and requires special equipment, which makes it less scalable and 
economical for commercial-scale production [44]. 

Hot-melt extrusion 

For ODFs, hot melt extrusion has also been contemplated as a 
solvent-free production process. Extrusion certainly has many 
advantages over solvent casting, such as the removal of solvents and 
drying. However, the process of melting may affect the stability of 
the polymer, flavor, or Active Pharmaceutical Ingredient (API) [45]. 

A major limitation of this process is the high processing 
temperature, which can degrade temperature-sensitive Active 
Pharmaceutical Ingredients (APIs) or excipients, thereby restricting 
their applicability for certain drugs. Moreover, the process demands 
strict control over parameters such as temperature, screw speed, 

and pressure, making it complex and requiring advanced equipment 
and expertise. The choice of suitable thermoplastic polymers and 
plasticizers is also limited, as they must withstand high 
temperatures while providing the desired film characteristics, which 
may reduce formulation flexibility. Additionally, achieving uniform 
drug distribution and consistent film thickness remains challenging, 
particularly for drugs with low solubility or high melting points [46]. 

Electrostatic spray deposition 

Electrostatic spray deposition (ESD) for orodispersible films (ODFs) 
leverages an electrohydrodynamic atomization process in which a 
polymer–drug solution is pumped through a charged nozzle and 
breaks into fine, monodisperse droplets that are directed by an 
electric field onto a grounded substrate. Unlike powder‐based 
coatings, liquid‐phase ESD enables precise control over film 
thickness (typically 10–100 µm) and drug loading by adjusting flow 
rate, applied voltage (5–15 kV), and nozzle–substrate distance (5–20 
cm). The process typically employs aqueous or benign organic 
solvents, reducing residual solvent concerns and accommodating 
heat‐sensitive active substances. Following deposition, films are 
dried under controlled humidity (≤ 30% RH) and temperature (25–
40 °C) to preserve mechanical integrity and ensure uniform drug 
distribution. This technique has been used to fabricate ODFs with 
rapid disintegration (<30 s) and tensile strength ≥ 0.5 MPa, suitable 
for high‐potency Active Pharmaceutical Ingredients (APIs) in doses 
up to 20 mg per strip [48].  

Limitations of liquid‐phase ESD include the need for precise 
parameter control to avoid “satellite” droplet formation, scalability 
constraints at high throughput (>1 m²/h), and sensitivity to solution 
conductivity and viscosity, which must be optimized (conductivity 
0.1–1 mS/cm; viscosity ≤ 200 cP) to maintain droplet stability and 
deposition uniformity. Despite these challenges, ESD represents a 
solvent‐efficient, low‐temperature alternative to solvent casting and 
hot‐melt extrusion, particularly advantageous for personalized or 
small‐batch ODF manufacturing. Active Pharmaceutical Ingredients 
[49, 50]. 

Electrospinning method 

The electrospinning process consists of the generation of nanoscale 
fiber filaments by transforming the spherical structure of polymer 
solution droplets into a conical structure. Because of their distinctive 
characteristics and potential applications, electrospun nanofibers 
have attracted significant interest. Such nanofibers possess excellent 
mechanical properties, a high surface area to volume ratio, and can 
be designed to exhibit specific functions such as tissue engineering, 
filtration, controlled release, and energy storage applications [51]. 

A multilayer film was successfully fabricated through sequential 
electrospinning, where ethyl cellulose nanofibers formed the outer 
layers and curcumin-loaded gelatin nanofibers formed the inner 
layer [52]. 

Electrospinning, though a highly promising method of producing 
orodispersible films (ODFs), has numerous limitations that keep it 
from extensive use in drug formulations. These include the lack of 
uniformity in drug distribution and film thickness, among others. 
Electrospinning is, in most cases, also subject to low product yields 
and process speeds, limiting its applicability in large-scale 
production. Maintaining uniform electric field strength and jet 
stability over large-area collectors is technically demanding; minor 
fluctuations in voltage or ambient conditions (humidity, 
temperature) lead to fiber diameter variability and bead formation, 
compromising film homogeneity and mechanical properties. 
Throughput is inherently low-single-needle setups yield just 
milligrams per hour-so multi-needle or needleless configurations 
introduce complex inter-jet interactions and require precise 
synchronization to prevent fiber fusion or deposition defects[53]. 
Electrospinning is perhaps not suited for heat-sensitive or unstable 
Active Pharmaceutical Ingredients (APIs) since the high voltage and 
solvent evaporation process might degrade these compounds [54]. 

Nanotechnology method 

Recent advances have integrated various nanoparticulate systems 
into ODFs to overcome solubility and bioavailability limitations. Self-
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nanoemulsifying drug delivery systems (SNEDDS) loaded into ODFs 
form fine oil-in-water emulsions upon contact with saliva, enhancing 
dissolution of lipophilic drug substances such as curcumin and 
cannabidiol. Polymeric nanoparticles-commonly fabricated from 
PLGA, chitosan, or zein-provide controlled drug release and protect 
heat-or moisture-sensitive drug substances during film formation. 
Nanocrystals, produced by wet‐milling or precipitation, increase 
surface area and saturation solubility; for instance, indomethacin 
nanocrystals embedded in HPMC films achieved a 4-fold faster 
dissolution rate compared to microsuspensions [55]. 

However, nanoparticle incorporation poses formulation challenges. 
Particle aggregation during solvent casting can lead to dose non-
uniformity unless stabilizers (e. g., poloxamers, surfactants) are 
carefully optimized. Polymer–nanoparticle compatibility must be 
assessed via techniques like DSC and XRD to prevent crystallization 
or phase separation that could compromise mechanical integrity. 
Additionally, residual organic solvents used in nanoparticle 
suspensions may plasticize the film matrix adversely, necessitating 
stringent solvent removal protocols [56]. 

3D printing technology 

Three-dimensional printing has enabled precise, on-demand 
manufacture of ODFs with tailored dosage and geometry. Extrusion-
based printing (Fused Deposition Modeling, FDM) extrudes drug–
polymer filaments (e. g., PVA–paracetamol) at elevated 
temperatures (~150–180 °C), permitting layer-by-layer 
construction of films with thicknesses as low as 50 µm. Inkjet 
printing deposits picoliter droplets of Active Pharmaceutical 
Ingredient (API) solution onto preformed polymer sheets, offering 
exceptional resolution (<20 µm) and minimal thermal stress-ideal 
for thermolabile biologics. Stereolithography (SLA), though less 
common, uses photopolymerizable resins to achieve sub-10-µm 
feature sizes, but requires photoinitiators whose safety in oral 
administration remains under investigation [57]. 

Higher resolution (e. g., Inkjet) drastically slows production speed, 
hindering scale-up. Thermal degradation of active substances during 
FDM calls for thermogravimetric analysis (TGA) screening to select 
heat-stable drugs or incorporate plasticizers that lower extrusion 
temperature [58]. Regulatory pathways for 3D-printed ODFs are 
nascent; current FDA guidance addresses 3D-printed solid oral 
dosage forms without film-specific criteria. Demonstrating 
bioequivalence for bespoke geometries and ensuring device 
validation (e. g., Printer calibration, in-process controls) are critical 
for market approval [59]. 

Real-world examples include FDM-printed ondansetron films with 
variable dose gradients for pediatric use, and inkjet-printed 
miconazole nitrate ODFs achieving uniform 2 mg doses with rapid 
disintegration (<15 s). These studies underscore the potential of 3D 
printing to revolutionize personalized ODF manufacture while 
highlighting the need for robust quality-by-design frameworks and 
harmonized regulatory guidelines. 

DISCUSSION 

The evolution of orodispersible films (ODFs) has brought significant 
advantages, including enhanced patient compliance due to ease of 
administration and improved bioavailability through bypassing 
first-pass metabolism. Technological progress in nanoparticle 
incorporation and 3D printing allows tailored dosing and improved 
drug release profiles. 

However, formulating ODFs faces inherent challenges such as 
limited drug loading capacity, especially for poorly soluble or 
unstable APIs, as discussed in the formulation strategies. 
Additionally, taste masking and moisture sensitivity impose 
formulation difficulties impacting palatability and stability. 

Manufacturing techniques, while varied, also present limitations. 
Solvent casting is cumbersome and difficult to scale, whereas hot-
melt extrusion is restricted by processing temperatures affecting 
heat-sensitive drugs. Emerging methods like electrospinning and 
electrostatic spray deposition offer promise but are hindered by 
scalability and process control issues. 

Regulatory challenges further compound these issues, given the 
hybrid nature of ODFs as drug-device combinations, requiring 
extensive validation, which increases development time and costs. 
Challenges in demonstrating bioequivalence and ensuring consistent 
quality remain significant barriers to commercialization. 

To overcome these limitations, ongoing research into novel 
polymers and plasticizers, advanced manufacturing technologies 
with in-line process monitoring, and regulatory frameworks tailored 
for ODFs is critical. Addressing these will be instrumental in 
realizing the full potential of ODFs within both pharmaceutical and 
nutraceutical applications. 

Regulatory and commercialization challenges 

Orodispersible films (ODFs) have yet to achieve widespread 
acceptance, primarily due to several regulatory and 
commercialization challenges. As hybrid drug–device systems, ODFs 
must undergo extensive and rigorous evaluation by regulatory 
agencies such as the FDA and the European Medicines Agency (EMA) 
to ensure safety, efficacy, and quality. The need for advanced 
manufacturing controls to achieve consistency in drug content, 
dissolution behavior, and mechanical strength further adds 
complexity and cost to production. Additional hurdles arise from 
their novel route of administration, which involves different 
absorption pathways. This often requires bioequivalence studies to 
be conducted with highly specific and carefully designed 
methodologies. From a commercialization standpoint, high 
manufacturing costs-driven by specialized equipment, the use of 
moisture-sensitive materials, and difficulties in scaling up 
production-present significant barriers. Moreover, patient and 
prescriber perceptions of ODFs as unconventional dosage forms can 
contribute to lower market acceptance. Beyond these factors, other 
obstacles include patent restrictions, the necessity of demonstrating 
cost-effectiveness to qualify for reimbursement, and meeting strict 
legislative requirements [60, 61]. 

Content uniformity for low-dose active pharmaceutical 
ingredients (APIs) 

ODFs often incorporate potent active substances at low dose levels 
(<25 mg/film), making content uniformity critical. The United States 
Pharmacopeia (USP)<905>Uniformity of Dosage Units requires that 
no more than two individual units may deviate outside ±25% of the 
label claim, with none outside ±30%. For low-dose films, 
manufacturers must demonstrate robust process controls, such as 
in-line near-infrared (NIR) or Raman spectroscopy-to monitor API 
distribution during film formation. For example, Zuplenz® 
(ondansetron ODF) underwent extensive content uniformity studies, 
employing a twin-screw solvent-casting process and validated NIR 
end-point detection to ensure each strip met USP<905>criteria [62]. 

Bioequivalence definitions for local vs. systemic delivery 

Unlike orally disintegrating tablets, ODFs can deliver drugs via 
buccal or sublingual absorption (local) or via gastrointestinal uptake 
post-swallowing (systemic). Regulatory guidance for ODF 
bioequivalence is often extrapolated from Orally Disintegrating 
Tablet (ODT) guidelines:  

FDA: 21 CFR 320.25 permits a pharmacokinetic study when 
systemic absorption predominates, using Cmax and AUC 
comparisons against the reference product [63]. 

EMA: The Reflection Paper on the Use of in vitro–in vivo correlations 
for Orally Disintegrating Dosage Forms advises a tailored crossover 
study, with site-specific sampling (e. g., mucosal versus plasma) 
where local action is intended [64]. 

For Suboxone® (buprenorphine/naloxone ODF), a crossover 
bioequivalence study measured both plasma AUC and local 
mucoadhesive residence time, demonstrating equivalence in systemic 
exposure and adequate film retention for buccal delivery [65]. 

Stability testing for moisture-sensitive matrices 

ODFs’ polymeric matrices (e. g., HPMC, pullulan) are highly 
hygroscopic, making moisture uptake a major stability risk. The 



B. Mukesh et al. 
Int J App Pharm, Vol 18, Issue 1, 2026, 62-70  

68  

International Council for Harmonisation (ICH) Q1A(R2) guideline on 
stability testing must be supplemented by:  

Accelerated moisture stress at 25 °C/75% RH and 40 °C/75% RH, with 
periodic testing of disintegration time, tensile strength, and API assay. 

Real-time packaging studies, evaluating both primary (blister foil 
with desiccant) and secondary (carton) systems for moisture barrier 
performance. 

Franceschinis et al. demonstrated that pullulan-based ODFs 
maintained<5% weight gain after 6 mo at 25 °C/60% RH only when 
packaged in alu-alu blisters with desiccant sachets [66]. 

Harmonization and regulatory pathways in emerging markets 

Emerging-market regulators (e. g., India’s CDSCO) often lack specific ODF 
guidelines but refer to ICH Q8–Q10. Harmonization efforts by the 
International Generic Drug Regulators Program (IGDRP) are promoting:  

Common dossier templates require detailed film-formation 
methodology, in-process controls, and specific packaging validation. 

Convergence workshops to align moisture barrier testing and 
bioequivalence approaches, particularly for low-and middle-income 
countries where ambient humidity varies widely [67]. 

CONCLUSION 

Orodispersible films are a mature, patient-centric platform that 
pairs rapid disintegration with bioavailability gains for pediatric, 
geriatric, and dysphagic patients amid growing pharma and 
nutraceutical adoption. While the FDA uses soluble film and EMA 
uses orodispersible film, advances in 3D printing and nanoparticle 
embedding allow for on-demand microgram dosing, multilayers, and 
dose gradients. Remaining gaps include scale-up and uniformity 
limits in solvent casting, electrospinning, and electrostatic spray 
deposition, moisture sensitivity from hygroscopic matrices, and the 
need for ODF-specific bioequivalence and quality guidance. 
Priorities are continuous roll-to-roll hot-melt extrusion with in-line 
NIR or Raman to meet USP 905, harmonized humidity-cycling and 
mechanical-stress stability models, robust taste masking with saliva 
stimulants and barrier packaging, and collaborative pathways with 
clear criteria for systemic or local action and for personalized 
3D-printed nanoparticle-enabled products. 
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