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Abstract—Pharmaceutical packaging encompasses a range
of components designed to protect medicinal products from
production to consumption. Recent forecasts indicate
substantial growth in the global pharmaceutical packaging
market, driven by rising consumer demand for healthcare
information and innovations aimed at enhancing patient
convenience. Advances in packaging technology, including
blow-fill-seal (BFS) vials, child-resistant packs, prefilled
syringes, and track-and-trace systems, underscore the
industry's progress. Key innovations address safety,
usability, and counterfeit prevention, employing both
covert and overt features like holograms and RFID
technology. Child-resistant and tamper-evident packaging
designs are crucial for safeguarding against accidental
ingestion and tampering. Eco-friendly packaging is gaining
traction, aligning with sustainability goals while
maintaining functionality. Additionally, advancements in
dispensers—such as smart dispensing systems,
personalized solutions, and safety-enhanced designs—are
improving medication management by leveraging
technologies like IoT, AL, and biometric authentication.
Robotics in pharmaceutical packaging further enhances
efficiency and reduces space requirements. Overall, these
developments reflect a transformative shift towards more
secure, effective, and user-friendly medication delivery
systems, poised to improve patient outcomes and
streamline healthcare distribution.

Index Terms — Pharmaceutical packaging, Counterfeit
prevention, Smart dispensing system, Child-resistant
packaging, Eco-friendly packaging.

[. INTRODUCTION

The definition of packaging refers to the collection of
assorted components that wrap the medicinal item from
the moment it is produced until it is consumed.

According to recent forecasts, a considerable increase in
the global market for pharmaceutical packaging can be
expected. This growth in pharmaceutical packaging is a
consequence of the increased demand for healthcare
knowledge on the part of customers. The expansion of
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the market has also been facilitated by novel packaging
ideas which enhance ease of use by patients. It is
important for firms supplying medicines to have
packaging solutions that are not only punctual but are
also reliable and meet patients’ comfort needs.

The pharmaceuticals industry has made great strides in
packaging, as seen with the blow fill seal (BFS) vials,
child-resistant packs, snap-off ampoules, unit dose vials,
two-in-one prefilled vial designs, track and trace
technology overt technologies that use Hologram, color
shifting security inks, sequential product numbering,
plasma impulse chemical vapor deposition (PICVD)
coatings techniques and prefilled syringes. Packaging
delivers life-saving medications, medical devices and
therapies as well as new products including
nutraceuticals which comprise of supplements, poultices
or transdermal patches containing active ingredients
dissolved in solvents such as water or ethanol; solid
forms like tablets and capsules dissolved before use;
powders mixed with liquids just before administration;
and suspensions, Cypak’s advanced report card and
medication tracking systems

Printed technology helps patients take care of
themselves by feeling the services of health care
provider in the contemporary world. Just after the pill is
out of the blister pack, it has put the time and date stamp
to show when they were consumed. In so doing allow
patients to record their observations about side effects
and the responsiveness of therapeutic measures. With
such technology, patient-doctor relationships may reach
greater levels in finding the right treatment paths. The
most appropriate  applications for sensor-based
packaging designs are found at clinical trials’ stages.
Such innovation contributes to drug development
process by revealing if any drugs are really inefficient or
simply not being taken as directed.
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II. TYPES OF PACKAGING
A. Counterfeit prevention packaging

WHO defines a counterfeit as a pharmaceutical
formulation that has been intentionally and maliciously
misaligned about its origin and identity. Counterfeiting
can involve both named and general medicines.

1) Covert (Hidden) Features: A hidden feature helps the
brand owner differentiate imitation products from
original ones, but its presence will remain unknown to
the public who may not have means to authenticate it.
These covert features get less secure when they get into
wrong hands or become widely known.

—Invisible Printing

— Embedded Image

—Digital Watermarks

—Hidden marks and printing
—Laser coding

—Substrates

—Anti-copy and Anti-scan design
—Odour

2) Overt technologies: These are the visible features that
are meant to facilitate the consumer to prove the
originality of the package.

—Holograms

3) Track and trace technologies:

—Barcodes: Labels or packaging may hold different
kinds of data that are in the form of barcodes, numeric
codes or alphanumeric codes.

—Radio Frequency Identification: In other words,
RFID is a technology that involves codes in it which can
act as replacements for bar codes through non-line of
sight features.

B. Child resistant packaging
As for child-proof packaging, it is also termed as child
resistant (CRC) packaging which is not easy for a kid of
less than five years to open but used easily by a grown
up person. CR Packaging is made in order to minimize
opportunities for children getting hold of medicine or
hazardous items.

1) Reclosable packing

2) Non Recosable packing

3) Blister packing

4) Child-Resistant (CR) closures and caps
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1) Pharma small hands resistant (shr): A re-closed and
tear resistant carton . According to Bosch and Stora
Enso, the smallest hands in the pharmaceutical
industry are resistant to the smallest medicines. Stora
Enso Pharma SHR is a carton designed for the safety
of children. It works well for highly dangerous drugs,
and it is simple to use for old people. The way this
paperboard packaging works is by just pushing and
pulling it easily.

Fig 1: Pharma small hands resistant. A re-closed and tear
resistant carton

2) Non reclosable packaging: Child-resistant package or
part of a child-resistant package which, when all or
part of the contents has been removed, cannot be
properly closed again.
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Fig 2: Non Reclosable packaging

3) Burgopak's sliding CR blister pack: To unlock the
Burgopak CR Slider pack, the patient needs to push
two buttons located on each side of the packaging
while pulling the end tab at the same time. When
opened, it would display a blister that is held in one
side of a plastic tray and an understandable format on
the other. Medical Information Sheet that looks like a
book.

When receiving medication, a patient simply pushes the

end tab back into the pack and re-engages the CR lock.

The CR pack itself does not necessitate tougher CR

blister foils, making it easy to operate for elderly people

or those with dexterity problems. Calendar blister
formats may also ever support adherence.
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Fig 3: Burgopak's sliding CR blister pack

4) Child resistant closures and caps

Most of the closures & caps used in CRs is a system that
shuts them with a lockable latch. These newborn types
include “Turn and Lift”, “Push and Turn” as well as
“Squeeze and Turn.” In addition, ‘Push and Turn’,
another common means of securing the openings is also
considered to be childproof because it has usually
proven to serve its purpose very well for stopping syrups
that are administered to children.
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Fig 4: Child-Resistant closures and caps

C. Eco friendly packaging

Accessibility or safety of any package must never be
compromised due to environmental factors. New
pharmaceutical container designs need to incorporate
environmental considerations, while still maintaining
the package advancements of the past ten years. It is
increasingly common practice to use eco-friendly
closure systems as sustainability gets popularity.
Friendly environment and recyclable wrapping materials
are used in packaging for pharmaceuticals sector. In
addition, light closures reduce total weight hence low
carbon footprint.

L

Fig 5: Eco friendly packaging
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D. Tamper resistant packaging

Tamper resistant packaging features an indicator of
entry. It is presumed that it has been tampered when it is
not found. The FDA recognizes the following as tamper
resistant packaging: bubble pack film wrappers blister
packs and strip package Shrink-proof bands and seals
paper, plastic bags oil aerosol containers breakable caps
tape seal and bottle seal.

Some packages like vacuum pack, retort pack aseptically
packed multilayer carton hermetically sealed tin can etc
possess natural resistance to tampering. The types of
tamper-evident packaging systems are:

1) Film wrappers: securing a see-through film with a
unique design surrounding an object or product
container. For access to the container’s contents, the film
has to be ripped or sliced. Substrate options include ultra
destructible films and voidable films that keep their
appearance when they are taken away. solvent-sensitive
papers are included in this category.

2) Shrink seals and bands: bands or wraps with unique
patterns are applied to seal cap-container junctions
through heating or drying processes. To get the product
out, you have to cut open or tear apart the seal on it.

3) Breakable caps: These caps will break if its opened
as they cause an instant injury to anyone who tries to
open one of them. When used together with internal
seals, these stoppers provide double security by serving
as external tamper evidence.

4) Sealed tubes: The mouth of the tube is sealed; in order
to access its contents, the seal should be punctured.

BREAKABLE SEALS ROPP
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Fig 6: Tamper resistant packaging
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E. The talking packaging

At present, two advancements can be noted in the realm
of voice packaging. The “Talk Pack” system, developed
by German company Wipak Walsrode GmbH, requires a
special scanning pen but works on any printed image on
any package. On the other side, VTT Technical Research
Centre of Finland has made a recent invention for users
with NFC-enabled smartphones to download product
information via text, audio or web page that they can
later playback by linking tags based on NFC (Near Field
Communication) technology.

F. Pre-filled packaging
Prefilled syringes have been employed for parenteral
delivery of drugs such as vaccines and
biopharmaceuticals. These syringes offer a solution to
the inconvenience posed by traditional types of syringes
that require filling each time before administering doses.
Such syringes can be equipped with multiple vials
containing different diluents as well as vaccines. In
addition, multi-chamber prefilled syringes are used in
this regard by pharmaceutical companies in designing
lyophilized drugs.

.

Fig 7: Pre-filled packaging
IIT. DISPENSORS IN PHARMACEUTICALS

The field of pharmaceutical dispensers has witnessed
remarkable advancements in recent years. These
advancements span various forms of dispensers, each
designed to address specific challenges in medication
management, which includes;

A. Smart Dispensing Systems

B. Personalized Dispensing Solutions

C. Safety-Enhanced Dispensers

A. Smart Dispensing Systems

Smart dispensing systems represent a significant leap
forward in medication management. These systems
along with leverage technologies such as IOT (Internet
of Things) and AI (Artificial Intelligence) to offer
functionalities like automated dispensing, dose
scheduling and real-time monitoring. They can remind
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patients to take their medications, track adherence, and
provide healthcare providers with valuable data on
patient compliance. This type of dispensing improves
adherence, enhance safety and helps in remotely
monitoring the medications. Cost and accessibility, user
interface, user acceptance and regulatory considerations
play the challenges and future considerations.

1) Connected Pill Dispensers: Devices that can connect
to mobile apps or healthcare provider portals to provide
medication adherence data in real-time.

2) Smart Packaging: Packaging that includes electronic
sensors to monitor when pills are taken out, ensuring
accurate adherence tracking.

3) Dose Verification

4) Data Analytics and Reporting

B. Personalized Dispensing Solutions

These solutions aim to simplify complex medication
regimens and improve patient compliance. The future of
this system relays on Integration of precision medicine,
Artificial Intelligence (AI) and Machine Learning,
Expanded Use of Wearable Devices, Regulatory and
Ethical Considerations etc.

1) Customized Dose Packaging: Systems that pre-
package medications into daily or weekly doses,
reducing the likelihood of dosage errors.

2) Multi-Medication Dispensers: Devices capable of
dispensing multiple medications at precise times,
particularly useful for patients managing chronic
conditions.

C. Safety-Enhanced Dispensers

This type of dispensing system reduces medication
errors, enhance compliance with regulatory standards
and improves healthcare workflow even though the cost,
affordability, user acceptance and training, technical
integration may play challenges in its way. Recent
advancements focus on enhancing safety through;

1) Child-Proof and Tamper-Resistant Designs:
Dispensers equipped with child-proof locks and
mechanisms to prevent accidental ingestion.

2) Biometric Authentication: Systems that require
biometric verification (such as fingerprint or facial
recognition) to access medications, ensuring they are
used only by authorized individuals.

Innovations may include Al-driven predictive analytics
for medication adherence, further miniaturization of
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dispenser technologies, and expanded use of biometric
authentication for enhanced security.

IV. ROBOTICS IN PHARMACEUTICAL
PACKAGING

While some processes with a machine have been
automated by robot, such as the loading of cartoners or
the packaging of blister pack. A higher level of overall
equipment effectiveness (OEE), speed and efficiency
could be some advantages. Moreover, lower costs,
reduced accidents and lack of rework can also be
advantages. robots that can repeat tasks accurately. They
are always up and running, they can track the
movements of machines with continuous motion thanks
to features like vision and line tracking; this helps
maintain production speed as well as confirm product
placement.

Robotic cells generally occupy much less space than
traditional types of packaging machinery. Additionally,
such cells allow for a large work envelope hence
enabling the installed equipment to run multiple
packaging lines. In terms of space requirement, an
average robotic loading assembly which is often referred
to as a collating system takes less room. Two cell
palletizers which are among the largest forms of robotic
packing equipment still occupy less than 12' by 10' area
on the floor. Besides having small footprints, robotic
packing lines can save space by performing multiple
activities through a single robot cell thus eliminating
extra equipments. For example, it is possible to design a
robotic case packing and palletizing cell that minimizes
the amount of equipment and space needed by loading
products into cases and then placing the filled cases on a
pallet

V. CONCLUSION

In conclusion, advancements in pharmaceutical
packaging and dispensers are transforming medication
management by offering smarter, safer, and more
personalized solutions. These innovations signify a
major breakthrough in the protection, effectiveness and
ease of using the medicines. As technology continues to
evolve, the potential for further enhancing patient
outcomes through innovative dispensing solutions
remains promising.

Some of these innovations are smart packaging that
combines medicine monitoring and tracking with digital
technology as well as eco-friendly wraps that limit
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negative effects on environment. Looking ahead, it is
very likely that such advancements will remain top
priority for drug manufacturing companies as they seek
to meet increasing demands for safety, cost-effectiveness
and sustainability in delivering medications. In essence
such progress can be viewed as a new start with regard
to drug distributions owing to the fact that it will bring
about enhanced patient outcomes and smoothen health
care services distribution patterns.
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