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Abstract  When it comes to pharmacotherapy, children 
and adults have different abilities towards drug 
administration and taste acceptability. Pediatric 
medications must be designed to best meet the age of a 
child, physiologic condition, size, and therapeutic needs. 
The existing dosage forms available have various 
drawbacks, which result in poor pediatric patient 
compliance. This review explores the significance of 
pellet-based formulations in pediatric drug delivery, 
emphasizing the extrusion-spheronization technique as a 
versatile and effective method for developing 
multiparticulate oral dosage forms. Pellets produced 
through this method exhibit uniformity in size and shape, 
improved drug stability, controlled release profiles, and the 
potential for taste masking—features critical for ensuring 
accurate dosing and enhanced patient compliance in 
children. Furthermore, it provides an in-depth discussion of 
the fundamental principles of pellet development, detailing 
key stages such as nucleation, coalescence, layering, and 
abrasion. It also covers various pelletization techniques, 
with a special focus on extrusion-spheronization, 
highlighting its advantages over other methods. Factors 
influencing pellet quality, including formulation 
components (e.g., excipients, moisture content, granulating 
fluids) and process parameters (e.g., equipment type, 
extrusion speed, spheronization conditions), are 
thoroughly examined. Recent research studies and 
marketed products using extrusion-spheronization for 
pediatric applications are reviewed to exhibit the practical 
potential and clinical significance of this technology. 

These include taste-masked, fast-disintegrating, and 
dual-release pellet formulations designed to satisfy the 
specific needs of pediatric patients. The review concludes 
that extrusion-spheronization is a promising platform for 
developing innovative pediatric dosage forms that improve 
therapeutic outcomes and patient experience. By 
addressing existing limitations in pediatric drug delivery, 
this approach contributes to safer, more effective, and more 
acceptable treatments for children. 

Keywords Extrusion-Spheronization, Pediatrics, 
Pellets, Patient Compliance 

1. Introduction
The pediatric population is a heterogenous group 

consisting of various subgroups. They have different 
anatomical and physiological characteristics than 
grown-ups and thus cannot be treated as minor adults. 
Therefore, the drug formulations should be developed 
specifically for children. Various technical challenges arise 
while developing new pediatric dosage forms, including 
modification of dose, stability, creation of the 
measurement tool, and packing of the formulation [1]. 
Further, easy administration of formulation, palatability, 
and the potential for adjusting doses based on weight are 
the factors that are required in a dosage form to be suitable 
for children [2]. Hence, the innovation in designing the 
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appropriate dosage form for pediatric population is 
important to improve the patient acceptability and 
biological availability of the drug. 

Despite the fact that single unit dose forms have been 
used for years, multi-particulate dosage forms are now 
gaining a lot of interest as an alternate drug delivery 
technique for oral medication delivery. This shift is 
particularly significant in addressing challenges, such as 
difficulty swallowing unit dosage forms, especially among 
children where multi-particulate drug delivery systems, 
like pellets, emerge as a potential solution. Pellets, among 
various multiple unit dosage forms, can be packaged in 
packets, capsules, dispersed in oral suspension, or 
compressed into orally disintegrating tablets (ODTs) or 
mini-tablets. Pelletized dosage forms have become popular 
because of their advantages, which include easy 
administration, possibility of modified release drug 
delivery, taste masking, site-specific drug delivery, coating 
of the pellets, and less gastrointestinal irritation [3]. 

There are various pelletization techniques for preparing 
pellets, including agitation, compaction, layering, and 
globulation. Amongst these, the extrusion-spheronization 
process stands out as a commonly employed method due to 
its distinct advantages. This technique offers the capability 
to incorporate multiple active agents without concern for 
their compatibility, as well as the ability to amalgamate 
numerous active substances without generating 
excessively large particles. Pellets produced through this 
process are known for their precise spherical shape, 
increased bulk density, absence of fine particles, narrow 
particle size range, and less hygroscopicity [4]. These 
properties of pellets make them particularly beneficial for 
pediatric formulations where precise dosing and ease of 
administration are crucial considerations. Hence, the 
current review article aims to elucidate the critical role and 
advantages of this technique in crafting formulations 
tailored for pediatric use, acknowledging the specific 
attributes that make these pellets particularly suitable for 
pediatric medication delivery. 

2. Limitations of Conventional 
Pediatric Formulations 

2.1. Oral Formulations 

The oral pediatric formulations serve as a primary means 
of delivering medications to children due to their flexibility 
and ease of administration. This route includes the 
administration of solid and liquid dosage forms. Liquid 
dosage forms like solutions, syrups, and suspensions offer 
versatility in dosing strengths across different age or 
weight ranges, yet they come with notable drawbacks. 
Precise measurement and ensuring dose uniformity prove 
challenging with liquid formulations, especially in 
emulsion and suspensions that require thorough shaking 

for proper drug dispersion. Also, the taste masking issues 
arise in the case of drugs that are very bitter [5]. 
Additionally, these dosage forms are prone to microbial 
growth and have stability issues; moreover, they are bulky 
and inconvenient to transport. Furthermore, preservatives 
are added to prevent microbial growth, which could raise 
questions about the safety of the formulation. Hence solid 
dosage forms are the most preferred formulations as they 
overcome the challenges associated with liquid 
formulations. Solid dosage forms are more stable and 
portable and don’t need special storage arrangements. 
However, these dosage forms are associated with various 
limitations including limited dose customization and 
difficulty in swallowing for the children [6]. These dosage 
forms also increase the probability of chewing or choking. 
Hence, researchers are continuously trying the different 
ways to develop the patient friendly formulations with 
better therapeutic efficacy for pediatric population. 

2.2. Non-Oral Formulations 

The non-oral routes for medicament delivery include 
parenteral, pulmonary, topical, nasal, ocular, and rectal 
routes [7]. The formulations administered by these routes 
have their own benefits and challenges. For instance, while 
the parenteral route ensures a 100% bioavailability of the 
drug, it often induces pain at the injection site and instills 
fear in pediatric patients. Topical medications offer 
convenience and sustained drug release, yet they can cause 
irritation at the application site, and skin permeability 
poses a significant barrier to drug absorption. 

Rectal administration, though typically painless, suffers 
from poor patient compliance and limited bioavailability. 
Nasally administered formulations may facilitate brain 
targeting but are prone to causing mucosal irritation, 
systemic effects, and rapid clearance from the nasal cavity. 
Inhalation devices like metered-dose inhalers with spacers 
or facemasks, dry powder inhalers, and nebulizers, while 
effective, encounter challenges such as decreased lung 
deposition and the necessity for precise device usage, 
which can be challenging for pediatric patients. 

These considerations emphasize the oral route as the 
desired mode for drug administration to pediatric 
populations. In 2008, a WHO expert group recommended 
transitioning from liquid formulations to pediatric oral 
solids due to stability concerns and the high costs 
associated with liquid formulation transportation and 
storage [8]. However, researchers must address existing 
issues with oral formulations to achieve optimal 
therapeutic efficacy while ensuring good patient 
compliance. 

3. Novel Oral Pediatric Formulations 
Innovations in pediatric medication development have 
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led to a significant emphasis on novel oral formulations, 
aimed at overcoming the challenges associated with 
traditional drug delivery methods. One such advancement 
is ODT, designed for convenient administration to children 
by rapidly disintegrating and dissolving in saliva without 
requiring water, thus addressing the challenge of 
swallowing tablets. However, the rapid dissolution in 
saliva raises concerns about taste masking, highlighting the 
need for further refinement in this area. A related 
innovation is orally disintegrating films (ODFs), thin films 
that disintegrate swiftly in the mouth, providing an 
alternative dosage form with improved acceptability. They 
offer enhanced acceptability due to their elegant 
appearance and provide flexible dosage options through 
specialized dispensers that cut films to prescribed sizes. 
Despite their advantages, ODFs still face challenges such 
as taste masking and limitations in drug loading and 
controlled-release drug delivery [9]. 

Another oral formulation tailored for pediatric use is 
chewable preparations, including chewing gum, soft chews, 
and chewable tablets. These formulations are considered to 
mechanically break down in the mouth, aiding in drug 
dissolution or disintegration. They offer the advantage of 
not requiring water and eliminate the need to swallow the 
entire dosage form. However, chewable formulations are 
not suitable for taste masking or controlled-release drug 
delivery systems, as they undergo mechanical stress during 
drug release [10]. 

To address the need for dose flexibility and overcome 
the limitations of existing oral formulations, novel 
multiparticulate systems have been developed. These 
systems include mini-tablets, pellets, and orally 
disintegrating tablets, wherein the active ingredient is 
present in numerous tiny individual subunits [11]. 
Thomson et al. [12] showed in 2009 that 46% and 86% of 
children of age 2 years and 5 years, respectively, with no 
aspiration or choking, could successfully swallow novel 
mini-tablets of size 3 mm. An exploratory study showed 
that infants as young as 6 to 12 months old were able to 
gulp mini-tablets of size 2 mm without coating of drug, 
highlighting their potential as a versatile dosage form [13]. 
Mini-tablets, spanning diameters between 1.8mm to 4mm, 
provide dose flexibility and effectively tackle issues related 
to swallowing. Despite their advantages in pediatric 
medication delivery, mini-tablets pose several challenges 
that can be mitigated by preparing pellets. One notable 

issue with mini-tablets is the potential for uneven drug 
distribution throughout the dosage form, leading to 
variability in drug release. Pellets, with their spherical 
shape, offer better control over drug distribution and can be 
coated with uniform drug layers, ensuring consistent 
release profiles. Additionally, pellets serve as suitable 
formulations to address the limitations of orally 
disintegrating tablets, and conventional solid and liquid 
dosage forms, offering a promising solution for pediatric 
medication deliver. 

4. Pellets and Pelletization Techniques 
Pellets are semi-spherical or spherical, free-flowing 

solid units with the size range of 500 and 1500 µm [14]. 
They provide flexibility in dosing, allowing for precise 
adjustments to accommodate varying age groups and 
individual patient requirements. This flexibility minimizes 
the risk of under- or over-dosing, ensuring optimal 
therapeutic outcomes while reducing the potential for 
adverse effects. Researchers have prepared various types 
of pellets to accommodate the customized drug release and 
to achieve the desired drug delivery [15]. Pellets can be 
coated with taste-masking agents or enteric coatings to 
improve palatability, addressing the common issue of 
medication acceptance among children. Furthermore, 
pellets offer enhanced drug stability and bioavailability, 
providing consistent and reliable drug delivery even in the 
dynamic gastrointestinal environment of pediatric patients. 
Their small size and smooth surface also make them easier 
to swallow compared to other solid dosage forms, 
minimizing the risk of choking or aspiration [16]. 

4.1. Theory of Pellet Development 

It is necessary to understand the basic growth and 
formation mechanisms of pellets before selecting and 
optimizing any pelletization process. Various theories have 
been proposed regarding the mechanisms behind the 
development of pellets. Some of these theories are based 
on empirical findings, and others are based on observed 
data. On the basis of experimental results on the growth 
and formation mechanism of pellets, four steps were put 
forward. The steps include nucleation, coalescence, 
layering, and abrasion transfer, as shown diagrammatically 
in Figure 1. 
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Figure 1.  Mechanism of development of pellets 

In the pelletization process, the nucleation stage 
commences with the wetting of powder by a solvent. 
During this stage, primary particles combine, forming a 
system characterized by three phases: air, water, and nuclei. 
The rate, size, and extent of nucleus formation are 
dependent upon various factors including particle size, 
moisture content, substrate wettability, and processing 
parameters. Following the nucleation stage is the 
coalescence phase. Here, well-formed nuclei undergo 
random collisions, leading to the formation of larger 
particles. Despite a reduction in the number of nuclei, the 
overall bulk of the system remains constant throughout this 
phase. The succeeding stage is layering phase, wherein the 
layering mechanism progresses gradually, with additional 
material being deposited onto pre-existing nuclei. As 
particle size increases over time in this phase, the total bulk 
of the system also upsurges, while the particle count 
remains unchanged. The final stage is the abrasion phase, 
during which material is transferred between particles 
without directional preference. Consequently, the size of 
particles continuously fluctuates as long as conditions 
conducive to material transfer persist [17]. 

4.2. Pelletization Techniques 

Pelletization is a technique of agglomeration that turns 
excipients and granules of bulk medications or small 
powders into pellets. Agitation, compaction, drug layering, 
globulation, hot melt extrusion, freeze pelletization are 
certain phenomena that explain the formation of pellets. 

In the agitation process, the finely distributed particles 
that are constantly tumbling or rolling are converted into 
spherical pellets when a specific volume of liquid is added. 

During the balling process, equipment such as discs, 
mixers, pans, or drums can be used to create pellets. In 
compaction, agglomeration takes place by applying 
pressure [18]. Here, drug granules or particles are 
mechanically compressed, either with or without the 
addition of excipients, to produce pellets of the required 
dimensions and shapes. Compression causes the 
reorganization of pretreated materials that have undergone 
wet granulation or dry blending, followed by drying, into a 
compact mass. The particles undergo plastic and elastic 
distortion under greater pressure as they are pressed against 
one another. A binding fluid is used to agglomerate the dry 
powder mixture before subjecting it to 
extrusion-spheronization. High-density extrudates are then 
created by processing them in the extruder. Finally, on the 
spheronizer, these extrudates are ultimately transformed 
into pellets [19]. 

In layering technique, sequential placement of layers 
comprising drug substances, including dry powder, 
suspension, and solution is done [20]. These substances 
may consist of inert starting material, crystals, or granules 
of the same substance, or a combination thereof. While 
layering the powder, the nuclei are initially sprayed with a 
binder solution before adding the powder. As the nuclei 
tumble within the disc or pan, they become wet, attracting 
powder substance. Utilizing capillary forces generated in 
the liquid state, these nuclei accumulate deposits of tiny 
particles that stick to each other and to the nuclei. 
Additional powder is continually layered over the nuclei 
while more binding fluid is sprinkled until the preferred 
pellet sizes are attained. The binding liquid serves to 
dissolve or suspend the drug particles during solution or 
suspension layering. Once the liquid has been sprayed and 
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distributed over the prepared nuclei, it is dried. The 
spreading process is influenced by droplet dynamics, 
droplet wetting properties, and material wettability. 

The fourth process is globulation, where the atomized 
liquid containing medication and polymers produces 
pellets of various sizes and shapes. The liquid undergoes 
evaporation as the atomized droplets encounter a hot gas 
stream during the spray drying process [21]. Mass and heat 
transfers occur simultaneously during the evaporation 
process. This is dependent on several variables, including 
the temperature, humidity, and transport characteristics of 
the air that is encircled by the droplets. During the spray 
congealing process, the atomized droplets are cooled at a 
temperature lower than that of the vehicle. Compounds 
with a narrow melting point range or a distinct melting 
point are crucial for successful implementation of this 
process. 

Another method which is commonly used for the 
creation of pellets without adding solvent is hot melt 
extrusion technique [22]. The method involves the 
compacting of powder and converting it into a product with 
an appropriate shape and size. The pharma company BASF 
was the first to use this method. In this technique polymers 
are heated to melt them and then combined with active 
pharmaceutical ingredients and other excipients before 
being extruded through a die or aperture. The extrusion is 
carried out under controlled pressure, temperature, and 
screw speed. First, the extruder is fed through a hopper, 
and then the mixture is mixed, grounded, and kneaded. The 
flow-through die extrusion is the next stage. There are 
fewer processing stages needed because it is a continuous 
process and also there is no need to add water or any other 
solvents. The disadvantages are that a high energy input is 
required during the process and thermolabile ingredients or 
drugs cannot be operated in this method [23]. 

Lastly, the pellet formation can be done by freeze 
palletization. In this method, molten solids are released as 
droplets into a liquid column that is inert and in which they 
are non-miscible. When the droplets of the solid substance, 
which are in molten form, move in the liquid column, they 
get converted into solid, spherical-shaped pellets. 
Depending on the density of the droplets of the molten 
solid relative to the liquid in the column, the droplets can 
migrate upward or downward. When the density of the 
molten solid matrix is greater than that of the liquid, 
droplets are introduced from the top of the column, causing 
the pellets to solidify at the bottom. Conversely, if the 
density of the molten solid matrix is less than that of the 
liquid, droplets are injected from the bottom of the column, 
leading the pellets to solidify at the top. The column is 
made of borosilicate glass and is separated into two parts, 
hot region and cool region. The temperature of the first 
region, where the droplets are delivered, ranges from 
250°C to 1000°C. In the second region, the liquid droplets 
are allowed to cool to form spherical pellets at a 0°C to 
-400°C range of temperature. This range of temperature is 

conserved using salt-ice or acetonitrile-dry ice as a cooling 
agent. To reduce the degradation of active pharmaceutical 
ingredients, the carrier used throughout the procedure 
should have a melting point below 100°C and be solid at 
room temperature [24]. 

5. Extrusion-Spheronization Technique 
The most popular method for making uniform-sized 

pellets is the extrusion-spheronization technique. Initially 
outlined by Reynolds, Conine, and Hadley, this method 
comprises four distinct steps. The first phase in the 
extrusion-spheronization process is granulation. In this 
step, a plastic mass of the material is prepared, which is 
essential for forming cylindrical extrudates from the wet 
mass in the subsequent step. The granulation liquid and 
powder blend are homogenized using various types of 
granulators, with the most commonly utilized ones being 
planetary, sigma blade, and high-shear mixers. Second step 
is extrusion, which generates extrudates from a prepared 
plastic mass by applying pressure to the bulk wet mass 
until it exits through an orifice. The length of the extrudate 
may vary depending on the extrusion method, 
post-extrusion particle treatment, and the physical 
properties of the substance being extruded. The four main 
types of extruders used in this process are screw, roll, 
basket, ram, and sieve extruders [25]. 

Third phase is spheronization, which is achieved by a 
spheronizer which consists of a hollow cylinder that is 
vertical with a friction plate inside that rotates horizontally 
[26]. In this spheronizer, cylindrical extrudates are broken 
into particles of identical length, from which 
spherical-shaped particles are formed through plastic 
deformation. These spherical particles typically exhibit 
three-dimensional agglomeration, characterized by nearly 
uniform diameters. According to Rowe, spheronization 
progresses through distinct stages, starting from cylindrical 
shapes and evolving into round-edged cylinders, 
dumbbell-shaped, elliptical, and ultimately fully spherical 
particles [27,28]. Another pellet formation mechanism, as 
may also exist where the production of cylinders with 
rounded edges is followed by a twisting of the cylinder, 
which ultimately leads to the separation of the cylinder into 
two different sections, each possessing a flat and a round 
side [19]. The fourth and last phase of the process is drying. 
The pellets undergo drying to remove excess moisture and 
achieve the desired final product. An oven or a fluidized 
bed is used for drying the pellets at an elevated temperature 
or at room temperature. 

5.1. Factors Affecting Quality of Pellets 

The formulation and process related factors impact the 
pellet formation [29]. Understanding and optimizing these 
factors are crucial for developing high-quality pellets with 
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desired characteristics for pharmaceutical applications. 

5.1.1. Formulation Related Factors 
Formulation-related factors considerably influence the 

quality and therapeutic efficacy of pharmaceutical pellets. 
The method of extrusion-spheronization applied to form 
pellets depends on the characteristics of drugs used in the 
formulation. As per the requirement of the drug, immediate 
and modified release pellets can be formulated by 
extrusion-spheronization process. For achieving the 
flexibility in the delivery system, it is necessary to make 
changes in excipients, formulation, and process used for 
the preparation of pellets. 

The quality of pellets is significantly impacted by the 
content of moisture. The moisture present in the wet mass 
provides cohesiveness to the powder mixture so that 
extrusion and spheronization of the wet mass occur. If the 
amount of moisture is below the lower limit, fines are 
generated as a result of dust formation. Agglomeration of 
pellets during the spheronization process occurs when 
there is excess water on the pellet surface, exceeding the 
maximum moisture content limit. Beringhs et al. [30] 
formulated the inclusion complex of β-cyclodextrin and 
carbamazepine using microcrystalline cellulose (MCC) to 
form the pellets. The studies indicated that the presence of 
water results in a more cohesive structure, which impedes 
the diffusion process from within the cores. The studies 
revealed that the presence of water leads to a more 
cohesive structure, hampering the drug diffusion from the 
inside of the cores. Researchers have reported that the drug 
of choice and its particle size are the factors that decide 
how much water is needed for pellet formation [31]. 
Studies have also demonstrated the joint influence of the 
type of MCC and drying with wetting on the mechanical 
strength and disintegration of pellets [32]. 

Another formulation related a factor that affects the 
pellets is the type and amount of granulating fluid. Water is 
the most commonly used liquid for granulation. The 
studies have shown that the amount of granulating liquid 
impacts the drug release from the pellets [33]. However, a 
mixture of alcohol and water or alcohol alone can also be 
used. The granulating liquid influences the particle size 
distribution and the hardness of the finished product. 
According to researchers, in the method of 
extrusion-spheronization, the pellets that are formed by 
using only water as granulation liquid have a significant 
difference in the properties (structural and mechanical) 
from those prepared using a mixture of water and ethanol 
or ethanol alone. The granulation liquid affects the 
mechanical and structural characteristics of the pellets 
through contraction driving and contraction counteracting 
forces that are present during the drying process [34]. 

Additives also play a vital role in the development of 
pharmaceutical pellets, influencing their quality, stability, 
and performance. Various excipients are used for preparing 
pellets, which include diluent (fillers), spheronization 

enhancer, binder, lubricant, separating agent, disintegrant, 
and release modifier. The diluent is used to provide bulk to 
the formulation (lactose, starch, MCC, sucrose, dibasic 
calcium phosphate) and spheronization enhancer improves 
the production of spherical pellets (MCC). MCC is widely 
used excipient for the producing spherical pellets. 
However, studies have proved that modified starch also has 
the potential to prepare the pellets by 
extrusion/spheronisation with acceptable sphericity, fast 
disintegration and low friability [35]. The binder binds the 
powder mixture and also keeps the integrity on pellet 
formation (hydroxypropyl methyl cellulose, starch, 
polyvinylpyrrolidone). The lubricants are the excipient 
which minimizes the coefficient of friction between the 
surface of the equipment and particle or between particles 
(magnesium stearate, calcium stearate). During 
pelletization process, the separating agents are used to aid 
the pellet separation into separate units (talc), disintegrant 
aids are used for disintegration of pellets (sodium starch 
glycolate, croscarmellose sodium). Jain et al. [36] prepared 
crospovidone based mouth melting pellets of fexofenadine 
drug using the extrusion–spheronization technique. The 
results demonstrated the efficacy of crospovidone both as a 
disintegrant and as a pellet formulation aid, replacing the 
need for MCC. Additionally, release modifiers like ethyl 
cellulose and shellac can be added to obtain the modified 
release pellets [37]. 

Excipient also affects the final pellet formulation due to 
the chances of drug-excipient interaction that may affect 
the pellets; thus, excipients must be chosen after 
performing proper preformulation studies. Researchers 
have used two different grades of MCC and silicified MCC 
to observe their effect on the rheological properties of the 
wet masses of powder [38]. The silicified MCC showed 
extra elastic property than the different grades of MCC. In 
another research, the researchers assessed the movement of 
hydrophilic fluids inside as well as on the beds of two 
grades of lactose, MCC, and combinations of both 
materials [39]. In this study, they stated that because of its 
solvent properties, water is a suitable fluid to be used with 
MCC. 

5.1.2. Process Related Factors 
Process related factors have a significant impact on the 

performance of the final pellet formulations. Thommes et 
al. [40] prepared the pellets containing κ-carrageenan and 
evaluated the influence of process factors on the 
development of the desired formulation. The prepared 
pellets of lidocaine showed fast disintegration and drug 
release profile. Authors concluded that the process 
parameters are important factors which affect the pellet 
formulation. 

The type of equipment used in the preparation of 
pharmaceutical pellets significantly impacts their quality, 
size, and overall performance. Extruders and spheronizers 
are commonly employed, with the extruder determining 
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the initial size and shape of the pellets, and the spheronizer 
refining them into uniform, spherical forms. Fluid bed 
processors are used for granulation and coating, providing 
efficient mixing, granule formation, and drying in a single 
step. The choice of equipment affects the effectiveness of 
the pelletization process, the physical properties of the 
pellets, and the consistency of drug release. Therefore, 
selecting appropriate equipment is crucial for achieving 
high-quality, reproducible pellet formulations. 

The type of mixer used for mixing the materials 
significantly influences the final pellet quality. According 
to the study performed by Bryan et al. [41] the mixer type 
has the greatest impact on the properties of paste when a 
comparison was done between screw-based and planetary 
mixers. Pellets prepared with material mixed by a 
screw-based mixer, exhibited more yield, greater strength, 
and formed small pellets as compared to the pellets made 
with material mixed with planetary mixer, when 
spheronized under the same conditions. Numerous 
research in the literature has checked the influence of 
extruder type on pellet sphericity, density, and size 
distribution. These studies have demonstrated variations in 
sphericity and size distribution between pellets produced 
by different types of extruder. Reynolds and Rowe reported 
that axial screw extruders yield denser materials compared 
to radial screw extruders. Although radial screw extruders 
offer higher output, they also lead to greater temperature 
elevation in the material during processing [42]. An 
integral component of the spheronizer, the friction plate 
also plays an essential role in pellet formation. It features a 
grooved surface designed to enhance friction force. Zhang 
et al. [43] explored four variations of cross-hatched 
patterns (saw-toothed, large studs, small studs, and 
pyramidal) with different sizes and shapes of surface 
protuberances. Their study revealed an orderly impact of 
protuberance geometry on product yield, with yields 
declining in the order of large studs, pyramidal, 
saw-toothed, and small studs. Furthermore the type of 
extrusion screen determines the superiority of the pellets. A 
thick screen or plate is required if a denser product is 
desired so that it can withstand the higher extrusion 
pressure. Researchers investigated the impact of an 
extrusion screen having a length-to-radius ratio of 2 or 4 on 
the quality of the finished pellet. They noticed that the 
screen with a length-to-radius ratio of 4 produced a 
well-bound and smooth extrudate, while loosely held 
extrudates were formed with the screen with the lowest 
length to radius ratio. This observation could be attributed 
to the increased density of the damp lump in the thicker 
screen [44]. 

Extrusion speed has an impact on the extruder's output. 
While maximizing yield is economically favorable, 
increasing extrusion speed can compromise the surface 
properties and size of pellets. Pellet quality is also 
significantly influenced by spheronization time and speed 
[45]. The influence of spheronization period can be 
observed on the flow properties, sphericity, and particle 

size of the pellets. The speed of spheronization impacts the 
shape and size of the pellets. At less speed, there were no 
considerable changes in the shape of the extrudate, but at a 
very fast speed, the reduction in particle size was observed. 
The method of drying also has a substantial influence on 
the pellet characteristics. In another study, the investigators 
checked the effect of drying methods on the mechanical 
properties of pellets. Sprout Matador M30 press was used 
for palletization process. Results showed that the pellets 
produced with stored wood were of higher density as 
compared to those made from fresh material dried at a low 
temperature, which highlighted the impact of drying 
method on pellet properties [46]. 

5.2. Pellets Developed Using Extrusion-Spheronization 
Process for Pediatric Population 

The preparation of pellets with the 
extrusion-spheronization method holds immense promise 
for providing the unique pharmaceutical needs of pediatric 
patients. This method offers several distinct advantages for 
the pediatric population. Firstly, this technique allows for 
precise control over the size, shape, and uniformity of 
pellets, ensuring accurate dosing and minimizing the risk 
of dose variability, which is crucial for pediatric patients 
who require precise medication administration. 
Additionally, the extrusion-spheronization technique 
enables the formulation of pellets with customizable 
release profiles, allowing for tailored drug delivery to meet 
the unique needs of pediatric patients. This versatility 
includes the ability to develop fast-dissolving pellets for 
rapid onset of action or sustained-release pellets for 
prolonged drug exposure, thereby optimizing therapeutic 
outcomes while potentially reducing the frequency of 
dosing. Moreover, the technique facilitates the 
incorporation of multiple drugs or active pharmaceutical 
ingredients into a single dosage form, simplifying 
medication regimens for pediatric patients with complex 
treatment needs. Furthermore, pellets prepared using 
extrusion-spheronization can be coated with taste-masking 
polymers to conceal the bitter taste of certain drugs, 
thereby improving medication acceptability and 
compliance in pediatric populations. By combining the 
advantages of extrusion and spheronization, these pellets 
emerge as a versatile dosage form with potential 
applications across a range of pediatric formulations, 
promising improved therapeutic outcomes and enhanced 
patient compliance. 

Research on pellets prepared using the 
extrusion-spheronization technique for the pediatric 
population has witnessed significant progress, reflecting a 
growing interest in tailored dosage forms for pediatric drug 
delivery. Studies have explored various aspects of these 
pellets, from formulation development to clinical 
evaluation. Researchers have focused on optimizing 
formulation parameters such as excipient selection, drug 
loading, and pellet size to ensure accurate dosing and 
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effective drug release in pediatric patients. Additionally, 
pharmacokinetic studies have evaluated the biological 
availability and plasma concentration-time profiles of 
drugs delivered via these pellets, providing valuable 
insights into their pharmacological behavior in pediatric 
populations. Palatability and acceptability assessments 
have also been conducted to enhance patient compliance, 
with taste-masking strategies being investigated to 
overcome potential challenges associated with 
bitter-tasting drugs. Moreover, stability studies and clinical 
trials have been undertaken to evaluate the long-term 
efficacy, tolerability, and safety of these pellets in pediatric 
patients. Below mentioned are some of the research 
activities carried out in this field. 

Király et al. [47] employed two widely used techniques, 
extrusion-spheronization and layering technique, to 
formulate rapidly disintegrating particles containing 
lactase. The study successfully prepared drinking straws 
filled with lactase enzyme-containing fast-disintegrating 
particulates through the application of these distinct 
technological methods. A children friendly medical 
formula was simulated, and the statistical evaluation 
showed that both, the speed of the fluid intake and fluid 
temperature throughout the administration had almost the 
same effect on the rate of drug release. Similarly, Hannne 
U et al. [48] formulated and assessed sugar spheres loaded 
with metoclopramide using extrusion-spheronization 
method for oral delivery to pediatric patients. The surface 
morphology of sugar spheres was assessed by scanning 
electron microscope and it showed that the final 
preparation was spherical. Studies for the stability of the 
optimized sugar sphere formulation demonstrated that 
there were no observable changes in the in-vitro release of 
the drug and drug content. Hence, it is an appropriate drug 
candidate and formulation for the treatment of emesis, with 
a focus on pediatric population in particular. 

Bolourchian N et al. [49] developed coated pellets 
loaded with Matricaria chamomilla L. extract with the goal 
of masking its unpleasant taste and also improving patient 
acceptance and dosing flexibility in the pediatric 
population. The optimized formulation was coated with 
Eudragit E, and the results indicated that M. chamomilla 
extract-loaded coated pellets have the capability of taste 
masking and could be a suitable delivery system for 
pediatric patients. Additionally, Patel et al. [50] formulated 
a dual release reconstituable oral suspension of 
cefpodoxime proxetile (CPDP) for children. 
Extrusion-spheronization technique was used to prepare 
CPDP pellets. The study incorporated various agents to 
modulate release kinetics, yielding sustained-release 
pellets suitable for pediatric administration. 
Sustained-release pellets of cefpodoxime proxetile were 
formulated by using HPMC K100M, Eudragit RSPO, and 
Kollidon SR as agents that retarded the release. The 
example highlights the potential of pellets prepared using 
extrusion-spheronization in pediatric drug delivery, 
offering palatable and compliant dosage forms tailored to 

pediatric needs. 
Orodispersible systems have a lot of potential for 

delivering the medicine to children since they include the 
benefits of both solid and liquid oral dosage forms while 
being easy to administer, stable, and not requiring water. 
Desai et al. [51] developed palatable mouth dissolving 
pellets of cholecalciferol and calcium as nutraceuticals by 
utilizing extrusion-spheronization technology. Fast release 
of the drug was obtained in in-vitro dissolution studies, and 
the pellets remained stable for the desired period of time. 
Franc et al. [52] prepared delayed release coated pellets of 
glucose as a prevention of hypoglycaemic episodes in 
pediatric patients. To investigate the likelihood of 
developing a dosage form with controlled release 
carbohydrates, four osmotically active compounds were 
combined in the form of pellets coated in an ethyl cellulose 
membrane. Delayed release was obtained for 120, 240, and 
360 min in in-vitro dissolution studies for chosen 
formulations, referring to an appropriate delayed release 
formulation for clinical intent. 

Thi et al. [53] developed a novel orally disintegrating 
formulation based on multiple unit dosage forms for 
overcoming the major drawbacks in the dosage form 
design for the pediatric population. Pellets containing 
acetaminophen and MCC were formulated by 
extrusion-spheronization technology and then freeze-dried. 
Within 15 minutes, more than 90 percent of the drug was 
released during the in vitro study because of the rapid 
dissolution of the formulation. In another study, Roblegg et 
al. [54] prepared micro pellets consisting of Ludiflash® 
and a small quantity of MCC via the wet 
extrusion-spheronization technique. Ibuprofen and 
paracetamol were utilized as model drugs. In-vitro 
dissolution studies demonstrated that within 30 and 
60 minutes, more than 80% of the drug was released for 
paracetamol and ibuprofen, respectively. This work leads 
to the conclusion that using Ludiflash® as the primary 
excipient in pellets will provide an appropriate dosage 
form for medication delivery in pediatric patients. 
Researchers have developed a new lipophilic core 
containing microcapsule formulation consisting of high 
amount of sodium benzoate and a coating that is 
saliva-resistant. Due to the unpleasant taste of the drug, 
children refused the oral uptake of semi-solid and liquid 
formulations of sodium benzoate, thus failing in 
preliminary investigations. At room temperature, the blend 
of triglycerides and sodium benzoate was extruded. A 
fluidized-bed processor was used to coat the extrudates 
after which they were subjected to spheronization. The 
studies revealed that in the first few minutes, only a 
negligible amount of sodium benzoate was released; thus, 
the bitter taste was not noticed by the children, and they 
easily accepted the medicine [55]. Recently, Purandare et 
al. [56] designed a specialized straw containing the fast 
disintegrating pellets of famotidine for pediatric patients. 
The extrusion and spheronization technique was used to 
prepare the pellets by incorporating Kyron T-314 as a super 
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disintegrant. The developed formulation showed excellent 
flow properties with less than 30s of disintegration time. It 
was concluded that the developed pellets containing straw 
are easy to manufacture with excellent in vitro 
performance and it can prove to be convenient and 
promising drug delivery device for pediatric population. 

Eudragit EPO is a cationic copolymer consisting of 
butylmethacrylate–(2-dimethylaminoethyl) methacrylate–
methylmethacrylate (1:2:1). It dissolves under pH 5 
because of the presence of tertiary amine groups, which 
ionize at an acidic pH [57]. Coating the pellets with this 
polymer will not allow the drug to be released into salivary 
fluid, thereby concealing the unpleasant taste of the drug. 
Hence, these coated pellets increase the acceptability of the 
medication by pediatric patients. In another research, 
investigators prepared the pellets using 
extrusion-spheronization and coated them, for taste 
masking, with the Eudragit E technique for flexible 
pediatric drug dosing. The in-vivo study of the developed 
formulation revealed the successful taste masking of the 
drug [58]. In another such study, Drašković et al. [59] 
investigated the effectiveness of taste-masking of Eudragit 
EPO when used as an agent for coating the drug particles in 
orally disintegrating tablets. In-vitro and in-vivo 
evaluations of Eudragit EPO coated drug particles were 
carried out, and the results obtained demonstrated that 
coating the drug particle with Eudragit EPO can be an 
appropriate approach for concealing the bitter taste of 
drugs. 

6. Marketed Formulations of Pellets for 
Pediatric Population 

PRADAXA® (dabigatran etexilate) pellets were 
approved by the United States (U.S.), Food and Drug 
Administration (FDA) on June 21, 2021. It is used to treat 
children aged 3 months to less than 12 years with venous 
thromboembolism immediately after they receive 
treatment with a blood thinner given by injection for at 
least five days. It is the first FDA-approved blood thinning 
medicine that can be taken orally by children. 

ACIPHEX® SprinkleTM (rabeprazole sodium) is 
manufactured by a U.S. company, Eisai Inc. It is the 
delayed-release capsule (5mg and 10mg) containing pellets 
that was accepted by the U.S. Food and Drug 
Administration on March 26, 2013. It is used to treat 
gastroesophageal reflux disease in 1 to 11 years old 
pediatric patients. This medicine was discontinued from 
the market by FDA. 

SOVALDI® (sofosbuvir) is an U.S. approved anti-viral 
medication. It is utilized along with other medications to 
treat hepatitis C. It is not used to treat flu, cold or viral 
infections other than hepatitis C. This medication may be 
recommended for some conditions to children as young as 
three years old, nevertheless, safety measures must be 
taken. 

XALKORI® (crizotinib) oral pellets manufactured by 
Pfizer Inc. were authorized by FDA on January 14, 2021, 
for young adults and pediatric patients aged one year and 
above who have systemic anaplastic large cell lymphoma 
that is ALK-positive and has relapsed or is refractory. 

MAVYRET® (glecaprevir and pibrentasvir) pellets are 
used to treat patients with chronic hepatitis C virus (HCV) 
genotypes 1, 2, 3, 4, 5, or 6 who are 3 years of age or older 
and either have compensated cirrhosis (Child-Pugh A) or 
no cirrhosis. 

PHEBURANE® (sodium phenylbutyrate) pellets are 
used to treat urea cycle disorders in adults and children that 
involve deficits in either argininosuccinic acid synthetase, 
carbamylphosphate synthetase, or ornithine 
transcarbamylase. 

7. Conclusions 
In conclusion, this review highlights the versatility and 

potential of pellet formulation, prepared by the 
extrusion-spheronization technique in pediatric drug 
delivery. The marketed formulations for children often 
face challenges such as difficulty swallowing, lack of 
palatability, and limited dose flexibility, leading to poor 
patient compliance. Pellets, as a novel solid multiple unit 
dosage form, offer a solution to these issues, providing 
options for controlled and immediate release formulations. 
The uniform and spherical shape of pellets produced via 
extrusion-spheronization makes this technique widely 
utilized in the pharmaceutical industry. Moreover, these 
pellets can be coated with polymers like Eudragit EPO to 
mask the bitter taste of drugs, further enhancing their 
acceptability and patient compliance. The research 
surrounding extrusion-spheronization for pediatric 
populations is continuously evolving, with ongoing 
advancements aimed at addressing the unique challenges 
and requirements of pediatric patients. As researchers and 
pharmaceutical scientists continue to innovate and refine 
this approach, extrusion-spheronization emerges as a 
promising strategy for improving pediatric medication 
administration, enhancing therapeutic outcomes, and 
ultimately advancing pediatric healthcare. 
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