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ABSTRACT 
Oral dissolving films are a way to give people medicine that is easy to take. These oral dissolving films are very 
thin. They break down quickly in the mouth without needing any water. This means the medicine from the 
dissolving films gets into the body fast. They are easy for people to take. Oral dissolving films are especially good 
for kids and older adults who have trouble swallowing pills. Oral dissolving films can also help the body absorb 
the medicine from the dissolving films better. They do this by letting the medicine enter the body before it reaches 
the stomach. This way, the medicine from the dissolving films is not broken down much by the liver. This article 
discusses how oral dissolving films are made and what is important for them to work well. It also talks about the 
materials that can be used to make dissolving films and how to make oral dissolving films taste good. There are 
ways to make oral dissolving films, including using special machines that can print them. The article also discusses 
how to ensure oral dissolving films are high quality and how to test them. It is important to make dissolving films 
in a way that is safe and effective. Oral dissolving films are a way to give people medicine. They may be used 
more in the future to make medicine that is just right for each person. Overall, oral dissolving films are an idea. 
They can help people get the medicine they need in a way that is easy to take. 
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1. INTRODUCTION 
The oral route is still the most common way to 
deliver drugs in modern medicine because it is non-
invasive, easy to use, and most patients prefer it. 
Still, many people have trouble swallowing 
traditional solid pills. This problem, known as 
dysphagia, often happens because of age-related 
declines in muscle coordination and less saliva, 
especially in older adults and children who may not 
have the coordination needed to swallow tablets 
safely. Studies show that up to 26% of people have 
swallowing disorders, and these issues are even 
more common in institutional care settings (2). 
These difficulties can lead to patients not taking their 
medicine, skipping doses, or crushing or splitting 
tablets incorrectly, which can change how the drug 
works or even expose caregivers to harmful 
substances. Oral fast-dissolving films (OFDFs) offer 
a practical and patient-friendly answer to this 
problem. These thin, flexible strips are made from a 
water-loving polymer that swells quickly when 
placed on the tongue, releasing the medicine in 
seconds without needing water (3). This technology 

started as a consumer product for freshening breath 
and has now become a sophisticated pharmaceutical 
dosage form (4). OFDFs also help the drug absorb 
through the mouth lining, which can reduce the 
amount broken down by the liver, increase how 
much of the drug gets into the body, and help the 
medicine start working faster (5).  
Oral dissolving films, or OFDFs, have many 
advantages, but they are still hard to make work 
properly. This is because they have some problems: 
they are not strong, the dose is not uniform, they do 
not taste good, they get damaged by moisture, and it 
is hard to make a lot of them. So, we need to 
understand how to design OFDF formulations, what 
is important for OFDF quality, how to make OFDFs, 
and what rules apply if we want OFDFs to be sold 
successfully. This review covers how to make 
dissolving films, what polymers to use for fast-
dissolving films, how to manufacture them, how to 
test them, what can go wrong, what the rules say, 
and what is new with oral fast-dissolving films. We 
focus on designing fast-dissolving films well from 
the start so we can make oral fast-dissolving films 
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that patients like. We also consider future 
opportunities in medicine and smart oral fast-
dissolving films that deliver drugs, which is a big 
deal for oral fast-dissolving films. 
 
2. RATIONALE AND CLINICAL NEED FOR 
ORAL FAST-DISSOLVING FILMS 
2.1 Addressing Dysphagia and Improving 
Compliance 
Older adults are increasing in number across the 
world, and there is increased polypharmacy and age-
related dysphagia. Other common problems in older 
people are xerostomia, oesophageal dysmotility, and 
weakness of the neuromuscular system, which make 
tablets difficult to swallow (6). Many people crush 
the tablets without clinical advice, which has the 
potential to cause 'dose dumping' in modified-
release tablets. The water-free administration 
approach of OFDFs allows for maintaining the 
physiological limits and therapeutic integrity. There 
are analogous issues that exist in the paediatric 
population. Solid dosage forms are difficult to 
swallow by young children, and liquid dosage forms 
are difficult to swallow, may not be palatable, and 
may fail to be stable or may be dosed inaccurately 
(7). 
 A rapidly dissolving film that sticks to the tongue 
without applying pressure will reduce expulsion 
opportunities and may include child-friendly 
flavours, improving treatment acceptability and 
compliance (8). Patients with psychiatric or 
neurodegenerative diseases can benefit from 
OFDFs. Films that stick to the oral mucosa are not 
easily removed or hidden, which is a great advantage 
in supervised administration for patients with 
schizophrenia or Parkinson's (9). 
2.2 Enhanced Bioavailability and Rapid Onset 
The oral mucosa is well vascularized, with direct 
systemic access that avoids gastrointestinal 
degradation and hepatic metabolism. Certain drugs 
that are extensively metabolised, such as opioids, 
anti-emetics and cardiovascular drugs, show an 
improvement in bioavailability when administered 
through OFDF (10). This is confirmed by 
commercial products such as Suboxone® 
(buprenorphine/naloxone) film, in which the effect 
of sublingual absorption is essential for the 
management of opioid dependence (11). Rapid 
disintegration also exposes the drug in the pre-
solubilised form directly to the stomach, which 
would be absorbed more quickly than compact 
tablets that need to disintegrate in the stomach (12). 
 3. DESIGN PRINCIPLES AND CRITICAL 
QUALITY ATTRIBUTES 
Successful formulation of oral fast-dissolving films 
(OFDFs) requires a balance between mechanical 
strength, rapid disintegration, drug release, and 
patient acceptability. These properties are 
considered critical quality attributes (CQAs) 

because they directly influence the safety, efficacy, 
and stability of the formulation. 
3.1 Mechanical Properties  
Mechanical properties are important in checking 
that OFDFs can withstand handling, packaging, and 
administration without breaking while allowing for 
rapid disintegration in the oral cavity (13). The 
important metrics are tensile strength, elongation at 
break, Young's modulus, and folding endurance. 

1. Tensile Strength: It measures the 
maximum stress the film can withstand 
before breaking. Poor tensile strength can 
result in tearing during handling or 
packaging (14). 

2. Elongation at Break: Elongation at break 
indicates film flexibility. Brittle films crack 
easily, but highly elastic films may fold 
during packaging. 

3. Young’s Modulus: Young's Modulus 
represents film stiffness. Lower values 
indicate softer, more flexible films. 

4. Folding Endurance: Determines the 
number of folds a film can withstand 
without breaking. The polymer 
composition, the concentration of 
plasticiser, and the amount of moisture 
define it. Plasticisers such as glycerol and 
propylene glycol improve flexibility, but 
excessive amounts can cause tackiness 
(15). 

 
3.2 Disintegration Behaviour 
 
Rapid disintegration is an essential characteristic of 
OFDFs as it allows rapid drug release and start of 
action. Oro-dispersible films should disintegrate 
within 180 seconds, according to the European 
Pharmacopoeia, though formulations with 
disintegration times of less than 30 seconds are often 
favoured for improved patient acceptance (16).  
Disintegration occurs by rapid saliva penetration, 
polymer swelling, and matrix relaxation. Super-
disintegrants such as croscarmellose sodium, 
crospovidone, and sodium starch glycolate enhance 
disintegration by stimulating water uptake and 
swelling (17). However, excessive concentrations 
may affect film transparency and mechanical 
strength. 
 
3.3 Content Uniformity and Crystallinity 
Uniform drug distribution is critical in OFDFs 
because these films often contain low drug doses 
across a small area. Poor content uniformity may 
lead to dose variation and inconsistent therapeutic 
results.  Water-soluble drugs are usually uniformly 
dissolved in the polymer matrix, whereas poorly 
soluble drugs disperse as suspensions and require 
stabilisation during casting (18). Drugs can remain 
amorphous or recrystallise upon drying, depending 
on the formulation and storage conditions. 
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Amorphous drugs exhibit greater solubility and 
dissolution rates, but they may recrystallise under 
humidity or temperature stress, affecting stability 
and drug release. X-ray diffraction (XRD) and 
differential scanning calorimetry (DSC) are standard 
techniques to assess crystallinity and solid-state 
stability. 
 
3.4 Organoleptic Properties 
Organoleptic properties have a significant effect on 
patient compliance, especially in juvenile and 
geriatric populations. OFDFs dissolve quickly in the 
oral cavity, bringing the medication into close 
contact with taste receptors and requiring taste 
masking (19).  
An ideal OFDF should have a pleasant taste, a 
smooth mouthfeel, quick hydration, and low 
grittiness (Fig 1). To improve patient acceptability 
and therapeutic adherence, the right sweeteners, 
flavours, and taste-masking methods should be 
carefully chosen. 
 

 
Figure 1 : Schematic diagram showing the 
OFDF anatomy and absorption pathway 
schematic 

4. POLYMER-EXCIPIENT LANDSCAPE IN 
ORAL FAST DISSOLVING FILMS  
The selection of suitable film-forming polymers and 
excipients plays a crucial role in determining the 
mechanical strength, disintegration behaviour, drug 
release, and patient acceptability of oral fast-
dissolving films (OFDFs). An ideal polymer should 
possess good film-forming ability, rapid hydration, 
non-toxicity, and compatibility with the active 
pharmaceutical ingredient (API). 
4.1 Conventional Film-Forming Polymers 
Hydroxypropyl methylcellulose (HPMC) is one of 
the most widely used polymers in OFDF 
formulations because of its excellent film-forming 
ability, water solubility, and compatibility with 
various drugs (20). Low-viscosity grades such as 
HPMC E5 and E15 provide good mechanical 
strength while maintaining rapid disintegration. 
Pullulan, a natural polysaccharide produced by 
Aureobasidium pullulans, forms transparent and 
rapidly dissolving films with excellent mechanical 
properties and low oxygen permeability. (21). 
Polyvinyl alcohol (PVA) is another commonly used 
hydrophilic polymer known for producing strong 
and flexible films with good adhesive properties 
(22). 

Polyvinyl pyrrolidone (PVP) acts as both a film-
forming agent and solubiliser. However, films 
prepared solely with PVP are often brittle and 
hygroscopic; therefore, it is commonly combined 
with polymers such as HPMC or sodium alginate to 
improve film stability and flexibility (23). 
4.2 Innovative and Advanced Polymers 
Recent research focuses on advanced polymers 
capable of improving mucoadhesion, controlled 
drug release, and patient compliance. Polyethene 
oxide (PEO) exhibits excellent mucoadhesive 
properties and enhances buccal retention by forming 
hydrogel-like films upon hydration (24). 
Gellan gum, a natural anionic polysaccharide, forms 
strong films with improved mechanical stability and 
controlled disintegration behaviour, making it 
suitable for OFDF applications (25). Chitosan, a 
cationic biopolymer derived from chitin, provides 
mucoadhesive and permeation-enhancing properties 
that prolong drug residence time in the oral cavity 
(26). 
Eudragit® polymers, particularly Eudragit E PO, are 
widely investigated for taste-masking applications 
because they remain insoluble in saliva but dissolve 
under acidic gastric conditions, thereby reducing 
bitterness perception (27). 

4.3 Auxiliary Excipients 
Auxiliary excipients are incorporated to optimise 
film performance and patient acceptability. 

 Plasticisers: Glycerol and sorbitol 
improve film flexibility by reducing 
polymer brittleness, although excessive 
concentrations may cause tackiness (28).  

 Superdisintegrants: Agents such as 
croscarmellose sodium and crospovidone 
promote rapid film disintegration and faster 
drug release.  

 Saliva-Stimulating Agents: Organic acids 
such as citric acid and malic acid stimulate 
saliva secretion, improving hydration and 
disintegration of the film (29).  

 Sweeteners and Flavours: Sweeteners 
such as sucralose, mannitol, and xylitol are 
commonly used along with flavouring 
agents to improve taste masking and 
patient acceptability (30). 

5. TASTE MASKING STRATEGIES FOR 
ORAL FILMS 

Taste masking is one of the most important 
formulation challenges in oral fast-dissolving films 
(OFDFs) because the drug is released directly in the 
oral cavity and comes into immediate contact with 
taste receptors. Therefore, effective taste masking is 
essential to improve patient acceptability and 
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compliance, particularly in paediatric and geriatric 
populations.  

5.1 Flavour and Sweetener Systems 

Flavours and sweeteners are commonly used as the 
first approach to reduce bitterness and improve 
palatability. Flavours such as mint, citrus, and berry 
help mask unpleasant taste sensations, while 
sweeteners including sucralose, aspartame, 
mannitol, and xylitol enhance mouthfeel and overall 
patient acceptability. However, flavouring agents 
alone may be insufficient for highly bitter drugs 
(31). 

5.2 Ion Exchange Resin Complexation 

 Ion exchange resins (IERs) are insoluble polymers 
containing charged functional groups capable of 
binding oppositely charged drug molecules. In the 
oral cavity, the drug-resin complex prevents 
interaction between the drug and taste receptors, 
thereby reducing bitterness. In the acidic gastric 
environment, the drug is released through ion 
exchange mechanisms for subsequent absorption 
(32). This approach is highly effective but limited to 
ionizable drugs. 

5.3 Cyclodextrin Complexation 

Cyclodextrins (CDs) are cyclic oligosaccharides 
with hydrophobic cavities capable of forming 
inclusion complexes with drug molecules. 
Encapsulation of bitter drugs within the cyclodextrin 
cavity minimises drug interaction with taste 
receptors and improves taste masking efficiency 
(33). Hydroxypropyl-β-cyclodextrin is commonly 
preferred because of its high aqueous solubility and 
safety profile. In addition to taste masking, 
cyclodextrins can improve drug solubility and 
stability (34). 

5.4 Physical Barrier Methods: Microparticle 
Coating 

Physical barrier approaches prevent direct drug 
contact with taste receptors by coating or embedding 
the drug within protective matrices. 

 Microparticle Coating: Bitter drug 
particles are coated with polymers such as 
Eudragit E PO, which remain insoluble in 
saliva but dissolve under gastric 
conditions, thereby minimising bitterness 
perception 

 Solid Dispersions by Hot-Melt 
Extrusion: In this method, the drug is 
molecularly dispersed within polymer 
carriers, improving taste masking, 
dissolution behaviour, and bioavailability 
(35). 

Overall, the selection of an appropriate taste-
masking strategy depends on the physicochemical 
properties of the drug, formulation requirements, 
and desired patient acceptability (Fig 2). 

 
Figure 2: Comparative diagram of taste-masking 
mechanisms in OFDFs: (A) Ion exchange resin 
complexation, (B) Cyclodextrin inclusion complex, 
(C) Polymer coating of drug particles, (D) Solid 
dispersion matrix. Create a visual showing drug 
molecules being shielded 

6. MANUFACTURING TECHNOLOGIES FOR 
ORAL FAST-DISSOLVING FILMS  
Various manufacturing techniques have been 
developed for the preparation of oral fast-dissolving 
films (OFDFs), depending on the physicochemical 
properties of the drug, polymer characteristics, and 
desired film performance. The selected 
manufacturing method significantly influences film 
thickness, mechanical strength, drug uniformity, and 
disintegration behaviour. 

6.1 Solvent Casting Method  
Solvent casting is the most widely used technique 
for OFDF preparation due to its simplicity and 
ability to produce uniform films. In this method, 
film-forming polymers are dissolved in suitable 
solvents along with the drug and other excipients to 
form a homogeneous casting solution. The solution 
is then cast onto a flat surface, dried, peeled, and cut 
into individual films (36). 
This method offers good content uniformity and is 
particularly suitable for heat-sensitive drugs. 
However, solvent removal requires controlled 
drying conditions, and the use of organic solvents 
may lead to residual solvent concerns and increased 
processing costs (37). 
6.2 Hot Melt Extrusion (HME) 
Hot-melt extrusion is a continuous and solvent-free 
manufacturing process gaining increasing 
importance in pharmaceutical applications. In this 
technique, the drug, polymer, and excipients are 
mixed and processed through a heated extruder 
containing rotating screws. The molten mass is then 
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extruded through a flat die to produce thin films 
(38). 
HME eliminates the need for solvent evaporation 
and can improve drug solubility by forming 
amorphous solid dispersions. Additionally, it 
supports continuous manufacturing and enhanced 
taste masking. However, the process requires 
specialised equipment and may not be suitable for 
thermolabile drugs or polymers. 
6.3 Semisolid Casting 
Semisolid casting involves preparing a viscous gel 
or semisolid mass using polymers such as gelatine 
or pectin, followed by casting and controlled drying. 
This technique requires lower solvent volumes and 
is particularly useful for thermosensitive drugs and 
natural bioactive compounds (39). 
6.4 Advanced Manufacturing Techniques 
Recent advancements in additive manufacturing 
have expanded the potential of OFDF technology for 
personalised medicine and customised drug delivery 
systems (40). 

 Inkjet-Printing: 
Inkjet printing deposits precise amounts of 
drug solution onto edible film substrates, 
allowing accurate dose customisation and 
multidrug incorporation (41).  

 Fused Deposition Modelling (FDM): 
FDM is a three-dimensional (3D) printing 
technique in which drug-loaded polymer 
filaments are melted and deposited layer by 
layer to fabricate films with controlled 
geometry and drug release characteristics 
(42).  

 Extrusion-Based 3D Printing: 
This method involves extrusion of drug-
containing gels through fine nozzles at room 
temperature, making it suitable for heat-
sensitive drugs and multilayered formulations 
(43). Overall, the selection of an appropriate 
manufacturing method depends on drug 
stability, formulation requirements, scalability, 
and desired film properties (Fig 3). 

 
 
Figure 3 : Process flow diagram comparing 
manufacturing technologies: (A) Solvent casting 
with drying tunnel, (B) Hot-melt extrusion with 
chill rolls, (C) Inkjet printing onto blank film 
substrate. Include key process parameters for each 
method. 
7. CHARACTERIZATION AND QUALITY 
CONTROL TESTS 

Comprehensive characterisation and quality control 
testing are essential to ensure that oral fast-
dissolving films (OFDFs) consistently meet the 
required critical quality attributes (CQAs) related to 
safety, efficacy, mechanical integrity, and patient 
acceptability. These evaluations are generally 
adapted from pharmacopoeia standards and 
specialised analytical methods developed for thin 
polymeric oral films (44). The major 
characterisation parameters, analytical instruments, 
and their pharmaceutical significance are 
summarised below in Table 1. 
Table 1: Characterisation parameters and 
quality control tests for oral fast-dissolving films 
(OFDFs). 

TEST 
PARAMETE
R 

INSTRUME
NT 

SIGNIFICA
NCE 

Thickness Digital 
Micrometer 

Influences 
dose 
uniformity 
and 
disintegration 
performance 

Weight 
Variation 

Analytical 
Balance 

 

Indicates 
formulation 
uniformity 
and process 
reproducibili
ty 

 

Tensile 
Strength/Elon
gation 

Texture 
Analyzer 

Evaluates 
mechanical 
strength 
during 
handling and 
packaging 

Folding 
Endurance 

Manual/Auto
mated Tester 

 

Assesses 
flexibility 
and 
brittleness 
characteristi
cs 

 

Disintegration 
Time 

Petri 
Dish/Slide 
Frame 
Assembly 

Determines 
rapid film 
disintegration 
performance 
(<60 s) 

Surface pH pH Meter with 
Flat Electrode 

Prevents 
irritation to 
oral mucosal 
tissues (pH 
6.0–7.0) 

Moisture 
Content 

Karl Fischer 
Titration/Loss 
on Drying 

Important for 
stability and 
prevention of 
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recrystallisati
on 

Drug Content 
Uniformity 

HPLC/UV 
Spectroscopy 

Confirms 
uniform API 
distribution 
within 
acceptable 
limits 

In Vitro 
Dissolution 

USP 
Apparatus 
(Paddle over 
Disk) 

Evaluates 
drug release 
profile in 
simulated 
media 

X-Ray 
Diffraction 

Powder X-ray 
Diffractomete
r 

Determines 
crystalline or 
amorphous 
nature of API 

Scanning 
Electron 
Microscopy 

Electron 
Microscope 

Examines 
surface 
morphology 
and 
particulate 
distribution 

   

 
Figure 4: SEM Images of Oro dispersible Films 
Showing Surface and Cross-Sectional 
Morphology. 
The slide frame assembly method is commonly 
employed to evaluate the disintegration behaviour of 
OFDFs by fixing the film within a frame and 
applying simulated salivary fluid while measuring 
rupture or disintegration time (45). In addition, 
morphological analysis using scanning electron 
microscopy (SEM) provides valuable information 
regarding surface 
smoothness, pore formation, and homogeneity of 
drug distribution, all of which significantly 
influence film hydration, dissolution, and drug 
release characteristics (46) as shown in fig 4.   

8. STABILITY CONSIDERATIONS AND 
PACKAGING REQUIREMENTS 
Stability and packaging play a significant role in 
maintaining the quality, efficacy, and shelf life of 
oral fast-dissolving films (OFDFs). Due to the 
presence of hydrophilic polymers and their thin 
structural architecture, OFDFs are highly 
susceptible to environmental factors such as 
humidity, temperature fluctuations, and light 
exposure (47). Therefore, suitable packaging 

systems and controlled storage conditions are 
essential to preserve film integrity, mechanical 
properties, and therapeutic performance throughout 
the product life cycle.  

8.1 Chemical and Physical Stability Challenges 
Elevated moisture uptake can significantly alter the 
physical characteristics of OFDFs by reducing the 
glass transition temperature (Tg) of the polymeric 
matrix. When the Tg decreases below the storage 
temperature, the film may transition from a rigid 
glassy structure to a softer rubbery state, resulting in 
drug migration, stickiness, and possible 
recrystallisation of the active pharmaceutical 
ingredient (48). Furthermore, the high surface area-
to-volume ratio of OFDFs increases the exposure of 
APIs to oxygen and environmental stress, thereby 
enhancing the possibility of oxidation and chemical 
degradation.  

8.2 Packaging Solutions 
Packaging materials for OFDFs should provide 
effective protection against moisture, oxygen, and 
light exposure while maintaining convenience 
during handling and administration. 
• Single-Unit Pouches: Individual film packaging 
using multilayer laminated pouches composed of 
polyethene, aluminium foil, and polyester provides 
excellent moisture and light barrier properties. This 
packaging format effectively minimises 
environmental exposure and improves product 
stability, although it may increase packaging cost 
and material usage. 
• Multi-Unit Blister Packs: High-barrier blister 
systems prepared using materials such as Aclar® or 
cyclic olefin copolymer are widely employed for 
OFDF packaging. Incorporation of desiccants 
further reduces residual moisture and enhances 
stability during storage. These systems improve 
patient convenience and facilitate dose organisation 
(49). 
• Roll Dispensers: Roll-type dispensers are mainly 
suitable for relatively stable consumer products such 
as breath strips. However, their protective capability 
is generally insufficient for pharmaceutical OFDFs 
containing highly moisture-sensitive active 
ingredients. 
Overall, appropriate packaging selection is essential 
to maintain the physicochemical stability, 
mechanical integrity, and therapeutic effectiveness 
of OFDF formulations during transportation and 
long-term storage. 

9. REGULATORY AND QUALITY BY 
DESIGN PERSPECTIVES 
OFDF development is guided by regulatory 
expectations and Quality by Design (QbD) 
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principles outlined in ICH guidelines (ICH Q8, Q9, 
Q10). 

9.1 Regulatory Classification 
In the United States, OFDFs are generally 
considered novel oral dosage forms. They may 
require submission through the 505(b)(2) New Drug 
Application pathway or Abbreviated New Drug 
Application (ANDA) pathway when an appropriate 
reference listed product is available (50). Although 
the United States Food and Drug Administration 
(FDA) has issued guidance related to orally 
disintegrating tablets, no separate regulatory 
guideline currently exists specifically for oral films. 
Nevertheless, regulatory considerations regarding 
disintegration testing, dissolution behaviour, 
bioavailability, and bioequivalence apply to OFDF 
formulations. 
Generic OFDF products generally require 
comparative pharmacokinetic studies in human 
volunteers to establish bioequivalence with the 
reference product because in vitro dissolution 
testing alone may not adequately predict in vivo 
performance (51). Regulatory authorities also 
emphasise evaluation of content uniformity, 
stability, mechanical strength, packaging integrity, 
and patient acceptability during product 
development and commercialisation. 

 

9.2 Application of Quality by Design 
Quality by Design (QbD) provides a science-based 
and risk-oriented framework for the systematic 

development and optimisation of OFDF 
formulations (52). 

1. Quality Target Product Profile (QTPP): 
A predefined summary describing the 
desired quality characteristics of the final 
dosage form, including rapid 
disintegration, acceptable taste, adequate 
mechanical strength, and long-term 
stability.  

2. Critical Quality Attributes (CQAs): 
Physical, chemical, mechanical, and 
microbiological properties that must 
remain within predefined limits to ensure 
product quality, safety, and efficacy. 

3. Critical Material Attributes (CMAs) and 
Critical Process Parameters (CPPs): 
Identification of formulation variables such 
as polymer viscosity, plasticiser 
concentration, and API particle size, along 
with processing conditions including 
drying temperature and casting speed, that 
may influence CQAs. 

4. Design Space: Statistical tools and Design 
of Experiments (DoE) approaches are 
employed to establish relationships 
between CMAs, CPPs, and CQAs. The 
resulting multidimensional design space 
defines the operational ranges capable of 
consistently producing films with 
acceptable quality attributes. 

5. Control Strategy: Comprehensive control 
measures involving raw material testing, 
in-process monitoring, and final product 
evaluation are implemented to ensure 
manufacturing consistency and product 
reliability (Fig 5). 
 

Application of QbD principles is particularly 
important in OFDF development because film 
performance is strongly influenced by interactions 
among polymer composition, plasticiser 
concentration, drying conditions, and environmental 
factors during manufacturing and storage (53). 
 

 
Figure 5: Ishikawa (fishbone) diagram illustrating 
factors affecting OFDF critical quality attributes. 
Include branches for Materials, Process, casting 
speed, Environment, and Equipment 

10. BIOPHARMACEUTICAL 
CONSIDERATIONS AND IVIVC 
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The oral mucosal membrane provides a highly 
vascularized and permeable surface for drug 
absorption. Drugs administered through buccal or 
sublingual delivery pathways can directly enter the 
systemic circulation while partially bypassing 
gastrointestinal degradation and hepatic first-pass 
metabolism (54). This route is particularly 
advantageous for drugs that are acid labile or 
undergo extensive hepatic metabolism, thereby 
improving bioavailability and reducing variability in 
therapeutic response. 
Establishing in vitro–in vivo correlation (IVIVC) for 
oral fast-dissolving films (OFDFs) remains a 
considerable challenge because drug absorption may 
occur through both oral mucosal and gastrointestinal 
pathways simultaneously (55). In addition, 
physiological variations in saliva composition, 
salivary flow rate, oral residence time, and 
swallowing behaviour can significantly influence 
drug dissolution and absorption characteristics. 
Conventional dissolution methods may not 
accurately simulate the oral cavity environment; 
therefore, development of physiologically relevant 
dissolution models using small-volume media and 
controlled hydrodynamic conditions has gained 
increasing importance. Gittings and co-workers 
characterised human saliva as a potential biorelevant 
dissolution medium for evaluating oral film 
formulations and improving prediction of in vivo 
performance (56). Such approaches may contribute 
toward better IVIVC establishment and optimisation 
of OFDF formulations during pharmaceutical 
development. 

11. CLINICAL APPLICATIONS AND 
COMMERCIAL PRODUCTS 
The growing commercial success of oral fast-
dissolving films (OFDFs) demonstrates their 
therapeutic potential across multiple clinical 
applications and patient populations (57). 
These commercially available products highlight the 
versatility of OFDF technology in therapeutic areas 
including addiction management, neurology, pain 
management, and supportive care medicine (58) as 
showed in table 2 . Rapid disintegration, ease of 
administration, improved patient compliance, and 
the possibility of enhanced bioavailability 
contribute significantly to their clinical acceptance. 
In addition, the availability of pre-formulated oral 
film platforms such as OrPhyllo™ has simplified 
extemporaneous compounding and individualised 
dose preparation in pharmacy settings. Such systems 
may reduce dosing errors while supporting 
personalised medicine approaches for paediatric, 
geriatric, and special patient populations requiring 
flexible dosage adjustments (59). 
Table 2: Commercially available oral fast-
dissolving film products and their therapeutic 
applications. 

PRO
DUC
T 

API INDIC
ATION 

MANUFA
CTURER 

Subox
one® 

Buprenorphin
e/Naloxone 

Opioid 
depende
nce 

Indivior 

Zuple
nz® 

Ondansetron Chemot
herapy-
induced 
nausea 

Midatech 

Kynm
obi® 

Apomorphine Parkins
on's 
OFF 
episode
s 

Sunovion 

Belbu
ca® 

Buprenorphin
e 

Chronic 
pain 

BioDeliver
y Sciences 

  
12. CHALLENGES, GAPS, AND FUTURE 
DIRECTIONS 
12.1 Persistent Challenges 

 High-dose drug incorporation: 
because of the limited thickness and mass 
capacity of oral fast-dissolving films, drugs 
larger than 30-40 mg cannot be included, 
which may have adverse effects on 
mechanical properties, disintegration 
behaviour, and patient acceptance. 

 Mucoadhesive formulations: Although a 
prolonged residence time may promote 
drug absorption, excessive mucosal 
adhesion may lead to discomfort and 
irritation during delivery. 

 Large-scale manufacturing: To ensure 
reproducibility and product uniformity, 
multilayered and functionally complex 
OFDFs need to be produced using 
sophisticated technology and stringent 
process control. 

 Taste masking limitations: Because no 
universal technique can be applied to all 
bitter active medicinal components, 
effective taste masking remains 
formulation-specific. 

 IVIVC establishment: The development 
of credible in vitro-in vivo correlation 
models remains problematic due to the dual 
absorption pathways that involve both oral 
mucosal and gastrointestinal drug uptake. 

12.2 Emerging Opportunities 
 Personalised Medicine: Advanced printing 

technologies, such as inkjet printing, allow 
for the creation of individualised doses 
based on patient-specific therapeutic 
requirements. This method is particularly 
useful for pediatric patients and 
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medications with limited therapeutic 
indices (60).  

  Stimuli-Responsive Polymers: Smart 
polymers that may respond to salivary pH, 
temperature, or enzymatic activity may 
enable site-specific and regulated 
medication release in the oral cavity (61). 

   Nanocarrier Incorporation: Including 
nanoparticles, liposomes, nano-emulsions, 
and other nanocarrier systems in OFDFs 
can improve drug solubility, permeability, 
and targeted delivery, especially for poorly 
soluble and biological medicines (62).  

 Digital Health Integration: The 
incorporation of ingestible sensors and 
digital monitoring technology into oral film 
systems may aid in medication adherence 
tracking and the creation of sophisticated 
digital treatments. 

  Continuous Manufacturing: Emerging 
technologies such as hot-melt extrusion 
and continuous coating systems align with 
modern pharmaceutical manufacturing 
approaches focused on improving product 
quality, scalability, and cost-effectiveness 
(Fig 6).  

 
Figure 6: Future perspectives illustration 

 DISCUSSION 
Oral dissolving films are a way to give people 
medicine. These Oral dissolving films are really 
good for kids, older adults and people who have 
trouble swallowing. When we look at what other 
people have written about dissolving films, we see 
that they work really well when we use the right 
materials to make them. We need to choose 
materials like the kind of plastic we use to make the 
film and the way we make it so that it is strong and 
dissolves quickly in the mouth. Some materials, like 
HPMC, pullulan and PVA, are really good at 
making films. We can also use materials to make 
Oral fast-dissolving films that work even better and 
give people the right amount of medicine. There are 
ways to make fast-dissolving films, like using a 
special liquid to make the film or using heat to melt 
the materials together. We can even use a kind of 
printer to make the films, which is really good for 
making medicine that is just right for one person. 
There are still some problems with fast-dissolving 

films, like how they can only hold a small amount of 
medicine and how they can be affected by moisture. 
Also, some people may not like the taste. It can be 
hard to make a lot of them at the time. We need to 
figure out how to make dissolving films that work 
the same way every time so that we can be sure they 
are safe and effective. If we can do this, then Oral 
dissolving films could be really great for giving 
people medicine in the future- medicine that is just 
right for one person and for using tiny particles to 
deliver medicine. Oral dissolving films are a 
promising way to give people medicine, and they 
could be used to make medicine that is tailored to 
each person's needs. 

 

13. CONCLUSION 
Oral fast-dissolving films (OFDFs) have emerged as 
an advanced and patient-focused drug delivery 
platform capable of improving treatment 
compliance and administration convenience, 
notably among paediatric, geriatric, and dysphagic 
patients. These methods combine rapid dissolution, 
ease of administration, and the potential for 
increased bioavailability via paragastric absorption 
pathways. Conventional polymers like HPMC and 
pullulan, as well as highly advanced mucoadhesive 
and stimuli-responsive polymers, have significantly 
improved film performance and patient 
acceptability.  
Recent developments in manufacturing 
technologies, such as hot-melt extrusion and three-
dimensional printing, have broadened the 
application of OFDFs to customised medicine and 
controlled drug delivery. Despite these advantages, 
challenges with dose loading, large-scale 
manufacturing, taste masking, stability, and the 
establishment of credible IVIVC models continue to 
impede wider adoption. 
Nevertheless, continuous improvements in polymer 
science, nanotechnology, sophisticated 
manufacturing, and Quality by Design (QbD) 
procedures are expected to overcome these 
limitations in the near future. Commercially 
accessible OFDF medicines have previously 
demonstrated clinical efficacy in areas such as pain 
management, neurology, addiction treatment, and 
supportive care. Overall, OFDFs are a promising 
and emerging pharmaceutical dosage form with 
significant implications for future patient-centred 
drug delivery systems. 
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