Volume 72 Issue 10, 331-335, October 2024
© 2024 Seventh Sense Research Group®

International Journal of Engineering Trends and Technology
ISSN: 2231-5381 / https://doi.org/10.14445/22315381/IJETT-V72110P131

Review Article

Optimizing Pharmaceutical Tablets: A Comprehensive
Analysis of Hardness, Diameter and Thickness

Poorvi K. Joshit, Rupali S. Balpande?, Vaishali Raut®, Pradnya Morey* ,Vishal Yadav®

L5Electronics Engineering Department, Ramdeobaba University, Nagpur, Maharashtra, India.

2 Department of Electronics Engineering, Yeshwantrao Chavan College of Engineering, Nagpur, India.
3Electronics and Telecommunication Engineering Department, G. H. Raisoni College of Engineering, Pune, Maharashtra,
India.

“Electronics and Telecommunication Engineering, RTM Nagpur University, Maharashtra, India.

ICorresponding Author : joshipk@rknec.edu

Received: 07 June 2024 Revised: 07 October 2024 Accepted: 17 October 2024 Published: 25 October 2024
Abstract - Three crucial components of pharmaceutical tablet formulation—hardness, diameter, and thickness—are essential
to achieving the best possible drug administration. This thorough investigation explores three essential elements of
pharmaceutical tablet formulation—hardness, diameter, and thickness—in the quest for ideal medication delivery. By
analyzing seminal studies over the last twenty years, we pinpoint important knowledge gaps and provide a path forward for
future study. We demonstrate the complex relationship between lubricants and tablet hardness through a thorough analysis
considering methodologies, results, and consequences. Our results highlight the post-compression parameters' critical roley in
preserving consistent quality and offering insightful information to regulators, producers, and academics. This review fosters
prospects for pharmaceutical tablet formulation and quality assurance breakthroughs by capturing current knowledge on the

subject and outlining options for further exploration.

Keywords - Tablet hardness tester, Thickness measurement device for tablets, Diameter measurement tool for tablets, Digital

tablet characterization equipment.

1. Introduction

The dynamic pharmaceutical industry highlights tablet
formulation's critical role in maximizing drug delivery. This
review explores the important characteristics of tablets,
particularly their diameter, thickness, and hardness,
recognizing their major influence on patient adherence,
safety, and efficacy of a medication. The review carefully
looks at the main factors affecting tablet formulation using
information from fifteen well-regarded papers over the
previous 20 year. It highlights the need for standardized
procedures and promotes dependable, consistent methods to
guarantee the manufacture of tablets of superior quality. To
set the stage for a more thorough examination of important
publications, the review begins by stressing the basic
function of tablet characteristics. The impact of lubricants is
investigated by Otsuka et al. 2006, who provide insights into
the complex dynamics affecting tablet hardness [1]. Turning
attention to post-compression factors, Chaithanya et al.
(2013) stress how crucial it is to follow guidelines in order to
preserve a constant level of tablet quality [2]. The focus is on
improvements in tablet quality control, with examples being
the ground-breaking counter-force calibration technique
developed by Wang et al. (2021) and the real-time coating

thickness measurement using machine vision applied by
Ficzere et al. (2022) [3, 4]. Nurjanah et al. (2023) investigate
excipient selection, delving into the subtleties of the direct
compression technique and the best excipient use to provide
greater drug dispersion [5]. Through insights from the
National Pharmacopoeia Commission's 2015 guidelines and
Fell et al.'s (1968) diametral-compression test, the review
incorporates historical and regulatory views [6, 7]. Apart
from pinpointing existing research deficiencies, the analysis
establishes the foundation for subsequent inquiries into the
complex correlation between tablet attributes and drug
release kinetics [8]. The review concludes with a futuristic
viewpoint, imagining how artificial intelligence and new
technologies could revolutionize tablet formulation and
quality assurance in the future [9].

2. Current Status of Knowledge or Methods
and Results

The current state of knowledge on pharmaceutical tablet
formulation is a reflection of a changing field that has been
influenced by numerous recent research initiatives. Research
works like Otsuka et al. (2006) substantially contributed to
this knowledge. Investigating the complex interplay between
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lubricants and tablet hardness, Otsuka et al. found subtle
interactions essential for reaching the ideal tablet hardness
without sacrificing other qualities [1]. The study of
Chaithanya et al. redefined the narrative around tablet quality
throughout the manufacturing process by highlighting the
significance of conforming to pharmacopeial requirements,
representing a paradigm change that goes beyond initial
formulation considerations [2].

Technological developments have added to the
understanding, as demonstrated by Wang et al. (2021) and
Ficzere et al. 2022. The counter-force calibration method
developed by Wang et al. for tablet hardness testers and the
real-time coating thickness measurement using machine
vision and deep learning by Ficzere et al. represent novel
approaches to long-standing problems and revolutionary
advances in quality control methodologies [3, 4]. These
developments demonstrate the potential of cutting-edge
technologies to improve tablet quality control and offer more
accurate methods for assessing tablet hardness.

The analysis also emphasizes the importance of
choosing the right excipient and using the direct compression
approach, as Nurjanah et al. (2023) have shown, to get the
best possible drug dispersion [5]. The present understanding
of tablet formulation is enhanced by historical perspectives,
such as the diametral-compression test by Fell et al. (1968),
and by following regulatory standards, such as the principles
set forth by the National Pharmacopoeia Commission 2015
[6,7].

However, even with these developments, there are still a
lot of unanswered questions about the complex relationship
between tablet properties and drug release kinetics [1]. The
analysis highlights the lack of consistent methodology
among research papers, which highlights the necessity of
standardizing  calibration  procedures to  promote
comparability and coherence in the field of tablet quality
testing.

In summary, technological developments, a realization
of knowledge gaps that demand more research, and a rich
tapestry of insights from many studies characterize the
current state of knowledge in pharmaceutical tablet
formation. Standardized methods and the use of cutting-edge
technologies are important areas of focus for upcoming study
and advancement in this vital sector.

The Vallet et al. analysis accentuates the necessity for
strategic collaboration among industry stakeholders [10].
Zhang et al. mentioned that bridging gaps between
producers, regulators, and researchers is paramount for a
unified approach to tablet quality, fostering the exchange of
optimal methodologies and accelerating the integration of
novel technologies. The prospect of extensive guidelines,
akin to the National Pharmacopoeia Commission's standards,
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emerges as a guiding light for the future [9]. Such standards,
adaptable to technological advancements, hold the potential
to shape the landscape of tablet formulation and quality
control, ensuring regulatory standards that are both current
and effective [11]. All the research that has been looked at
provides important  information  on  developing
pharmaceutical tablets. Lubricants' effect on hardness
necessitates sophisticated formulas. Together, these results
open new possibilities for enhanced formulation techniques,
better quality assurance, and continuous improvements in
tablet development processes shown in Table 1(a).

2.1. Real World Applications

The Complex science of pharmaceutical tablet
formulation transcends the realm of theory and impacts
numerous aspects of real-world healthcare:

2.1.1. Enhanced Drug Delivery
Improved Efficacy

Precise formulation can optimize the rate and extent of
drug release, ensuring medication reaches its target site
effectively and maximizing its therapeutic benefit. This is
crucial for drugs with narrow therapeutic windows or those
requiring sustained release over a longer period.

Tailored Medication

Formulation allows for the creation of specific dosage
forms suitable for different patient needs. For example,
chewable tablets cater to children or individuals with
swallowing difficulties, while controlled-release tablets
ensure long-term medication delivery.

Enhanced Patient Compliance

Well-designed tablets can be easier to swallow, taste
pleasant, and disintegrate rapidly, improving patient
adherence to their medication regimen.

2.1.2. Improved Product Stability and Shelf Life
Protection from Environmental Factors

Formulations can incorporate excipients that safeguard
the active ingredients from degradation caused by light,
moisture, or air exposure, ensuring the medication remains
potent throughout its shelf life.

Enhanced Physical Properties

Formulation techniques can optimize tablet hardness,
friability, and disintegration, reduce the risk of breakage
during transport and storage, and promote faster dissolution
in the body.

2.1.3. Cost-Effectiveness
Efficient Manufacturing

Tablet formulation allows for mass production of
standardized doses, which translates to cost-effective
medication production and greater accessibility for patients.
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Table 1. Literature survey

The Theme Researchers Key Insights Technological Gaps ldentified Future Directions
(Year) Advancements
- More nuanced :
. . - - Explore the impact
- Lubricants influence formulation L
Tablet Hardness | Otsuka et al. hardness: Formulation is i strateqies of mixing time and
and Formulation 2006[1] o HegIe different lubricants on
crucial considering
. hardness
lubricants
. S - Importance of | - In-depth analysis of
Post-compression . - Pharmacopeial criteria e ! ;

. Chaithanya et . maintaining chemical, physical,
Evaluation and ensure consistent tablet - . . - L2
Quality Control al. 2013[2] uality uniformity between | and bioavailability

y a batches characteristics
. . - Machine vision and - Further
Real-time Quality | _. . L .
Ficzere etal. | deep learning for real- | Machine vision developments in
Control . - . . - .
2022[3] time coating thickness |and deep learning analysis procedures
Advancements A .
measurement for sustained quality
- Counter-force Innovative - Reinvent calibration
Hardness Tester | Wang et al. calibration improves
A . . counter-force - methods for elevated
Calibration 2021[4] compliance and quality .
method industry standards
control
Direct - Direct compression is - Imorove - Research excipient
Compression  |Nurjanah etal.| affordable and easy; . pre selection and
- e - disintegration and :
Method and 2023[5] Excipient selection is . compression force for
g ! . : dissolve rates .
Excipients crucial for dispersion reliable tablets
Reduced Waste solution, enhancing bioavailability and ease of
Precise formulations minimize the use of unnecessary consumption.
excipients, leading to less waste and a more environmentally e  Orally Disintegrating Tablets (ODTs): Particularly

friendly manufacturing process.

2.1.4. Diversified Treatment Options
Combination Therapies

Formulating multiple medications into a single tablet
simplifies medication administration for patients requiring
multiple drugs, reducing pill burden and improving
adherence.

Drug Targeting

Specialized formulations can be designed to release the
medication in specific areas of the body, minimizing
unwanted side effects on other organs.

2.2. Examples of Applications

e Controlled-release morphine tablets: These tablets
provide sustained pain relief over 12 hours, reducing the
need for frequent medication administration.

e Chewable antacid tablets: Formulated for quick
disintegration and ease of swallowing, they offer fast
relief from heartburn for children and adults.

e  Combination birth control pills: Combining estrogen and
progesterone in a single tablet simplifies administration
and improves adherence.

e Effervescent tablets: Utilized to deliver vitamins and
minerals, these tablets dissolve in water to create a fizzy

beneficial for patients with swallowing difficulties,
ODTs dissolve rapidly in the mouth, providing a
convenient option for various medications.

e (Gastric retention tablets: Designed to remain in the
stomach for an extended period, ensuring prolonged
drug release and absorption for conditions requiring
localized treatment.

In conclusion, pharmaceutical tablet formulation plays a
vital role in ensuring the efficacy and safety of medications
and enhancing patient experience and accessibility. By
understanding this science's applications and real-world
impact, its significance can be appreciated in delivering
lifesaving and life-improving treatments to individuals in
need.

3. Result and Discussion
3.1. Summary of Findings

This comprehensive review of pharmaceutical tablet
formulation, focusing on hardness, diameter, and thickness,
synthesizes findings from key investigations spanning the
past two decades.

The exploration has uncovered critical insights into the
nuanced aspects of tablet formulation, paving the way for
advancements in pharmaceutical sciences.
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3.1.1. Key Conclusions
Lubricants and Tablet Hardness

Otsuka et al.'s 2006 investigation revealed the intricate
influence of lubricants on tablet hardness, emphasizing the
need for careful formulation. This finding underscores the
importance of considering lubricant impact in tablet
development processes.

Post-Compression Parameters

Chaithanya et al. 2013 highlighted the significance of
post-compression parameters in ensuring consistent tablet
quality. Adhering to pharmacopeial criteria emerged as a
pivotal factor, reshaping the narrative around tablet quality
beyond the initial formulation stages.

Technological Advancements

The review showcased technological strides, including
Wang et al.'s (2021) [4] counter-force calibration method and
Ficzere et al.'s (2022) [3] application of machine vision and
deep learning in real-time coating thickness measurement.
These innovations signal a transformative phase in tablet
quality control methodologies.

Excipient Selection and Direct Compression

Nurjanah et al. (2023) emphasized the affordability and
efficacy of the direct compression method, shedding light on
the crucial role of excipient selection in achieving optimal
medication dispersion. These insights offer practical
guidance for formulators in the pharmaceutical industry.

Gaps and Future Directions

The review identified gaps in current research
paradigms, particularly in understanding the intricate
connection between tablet characteristics and drug release
kinetics. This revelation calls for future investigations to
unravel this complexity, propelling pharmaceutical tablet
formulation into new frontiers.
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