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Abstract

The development of reliable tablet formulations relies heavily on the choice of excipients, as these
materials influence both the manufacturing process and the final quality of the product [*1042)
Conventional single excipients often present limitations, since they may not simultaneously provide
desirable flowability, compressibility, and disintegration [>646] To overcome these challenges, co-
processed excipients (CPEs) have emerged as innovative multifunctional materials that integrate the
advantages of two or more excipients into a single system [3**»>!- Recent research demonstrates that
novel CPEs such as silicified microcrystalline cellulose (ProSolv® SMCC), Cellactose®,
CombiLac®, and mannitol-starch combinations significantly enhance powder flow, packing
uniformity, and bonding strength during compression U*16:17:18351 These improvements lead to
tablets with superior mechanical strength, reduced elastic recovery, and more consistent quality
attributes  '>2®} Furthermore, advances in processing techniques including spray drying,
granulation, and particle surface modification have further boosted the functionality of CPEs,
making them especially well-suited for direct compression and the development of fast-
disintegrating dosage forms 26314443 Qverall, CPEs represent a practical solution to the drawbacks
associated with conventional excipients, offering better processability, lower sensitivity to
lubricants, and greater formulation flexibility for modern oral solid dosage forms. [2°-2%:6%]

Key words: Co-processed excipients, flow properties, compactibility, tablet formulation, direct
compression, powder handling, lubricant sensitivity, mechanical strength, particle engineering,
spray drying, granulation, silicified microcrystalline cellulose, Cellactose, Combilac, fast-
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1. INTRODUCTION

The performance of solid dosage forms, particularly tablets, is strongly influenced by the type and
quality of excipients used in their formulation. Far from being simple inactive ingredients,
excipients play a vital role in ensuring adequate powder flow, compactibility, and mechanical
strength—factors that are essential for consistent product quality and efficient large-scale
manufacturing 194265 However, traditional single-component excipients often fall short, as they
rarely provide all the required properties such as good flow, compressibility, and rapid
disintegration at the same time 1246}
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To overcome these shortcomings, researchers and formulators have shifted attention toward co-
processed excipients (CPEs). These are innovative combinations of two or more excipients
engineered to deliver enhanced functionality beyond that of simple physical mixtures [323591
Manufactured through processes like spray drying, particle surface modification, and granulation,
CPEs offer advantages such as uniform particle size, improved flowability, and stronger compaction
[3:26311 Well-known examples include silicified microcrystalline cellulose (ProSolv® SMCC),
Cellactose®, CombilLac®, and mannitol—starch blends, all of which have been shown to produce
tablets with superior flow properties, higher hardness, and reduced elastic recovery when compared
to their parent excipients [14!16:17:18.35]-

Moreover, recent studies have demonstrated that CPEs help minimize issues like lubricant
sensitivity, while making direct compression easier and enabling the development of fast-
disintegrating and patient-friendly dosage forms 13384443 Their multifunctional nature not only
simplifies the manufacturing process but also gives formulators greater flexibility in addressing
diverse formulation challenges 252601,

Given these promising benefits, it is important to critically evaluate how novel co-processed
excipients affect the flow properties and compactibility of tablet blends. This review aims to
consolidate current research findings, offering insights into the potential of CPEs to improve both
manufacturing efficiency and the quality of modern pharmaceutical dosage forms.

2. Overview of Co-Processed Excipients (CPEs)

2.1 Definition and Concept

Co-processed excipients (CPEs) are specially engineered combinations of two or more existing
excipients designed to achieve improved functional performance compared to their individual
components or simple physical mixtures. Unlike traditional excipients, which often fall short in
providing optimal flow, compressibility, and disintegration simultaneously, CPEs are created to
deliver multiple functionalities within a single material ®2-%'The primary goal of CPE
development is to minimize formulation challenges, such as segregation, variable compaction, and
poor powder handling, while maximizing tablet strength and production efficiency 2646}

2.2 Preparation Techniques

Several particle engineering techniques are employed to prepare CPEs, each imparting unique
physical and functional advantages:

Spray Drying — Produces spherical, uniform particles with enhanced flowability and compressibility
[3:26]- Granulation (Wet/Dry) — Improves particle size distribution, reduces segregation, and enhances
blending B'"Particle Surface Modification — Alters surface characteristics to reduce friction,
improve bonding, and decrease lubricant sensitivity ®**Melt Extrusion — Combines excipients
under heat and pressure, producing uniform systems with better compactibility °° These approaches
provide synergistic effects, where the final co-processed product performs better than the sum of its
parts.

2.3 Advantages of CPEs
Compared to single excipients or simple blends, CPEs offer multiple benefits:
1. Improved Powder Flow — Uniform particle size and shape enhance handling !'*16}

2. Superior Compactibility — Stronger interparticle bonding leads to harder, more robust tablets
[18,35].

15,38].
44,45].

3. Reduced Elastic Recovery — Tablets maintain strength and integrity after compression [
4. Less Lubricant Sensitivity — Ensures consistent performance across manufacturing scales !
5. Versatility in Applications — Useful for direct compression, fast-disintegrating tablets, and
patient-friendly dosage forms [25-2:60)
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2.4 Commercial Examples of CPEs

ProSolv® SMCC (Silicified Microcrystalline Cellulose) — Enhances both flow and compressibility
by combining MCC with colloidal silicon dioxide [!*1¢}

Cellactose® — A lactose—cellulose co-processed excipient that supports direct compression with
excellent binding capacity [!-18)

CombiLac® — A multifunctional excipient combining lactose, MCC, and starch, offering balanced
flow and compaction [

Mannitol-Starch Blends — Improve palatability, disintegration, and flow, especially for chewable
and orodispersible tablets [!3-38)

2.5 Common Techniques for Preparing Co-Processed Excipients

- Spray drying (45%) is the most widely used method, producing spherical particles with better
flow.

- Granulation (30%) improves particle size distribution and reduces segregation.

- Melt extrusion (15%) allows incorporation of excipients with unique thermal properties.

- Surface modification (10%) improves wetting, dispersibility, and compatibility.

3. Flow Properties of Co-Processed Excipients (CPEs)

The flowability of powders is one of the most critical parameters in tablet manufacturing because it
directly affects die filling, weight uniformity, and ultimately the reproducibility of dosage forms.
Conventional excipients often exhibit poor flow due to irregular particle size distribution, surface
roughness, or high cohesiveness [“>%%®3 For example, microcrystalline cellulose has excellent
compressibility but its poor flow restricts its use in high-speed tableting.

Co-processed excipients (CPEs) address this limitation by combining excipients with
complementary properties through particle engineering techniques such as spray drying and
granulation [323°} Examples include Cellactose® (lactose + cellulose), CombiLac® (lactose +
cellulose + starch), and silicified microcrystalline cellulose (ProSolv® SMCC). These CPEs exhibit
more uniform particle morphology, improved particle packing, and reduced cohesiveness

, which together enhance powder flow ['%!718} Experimental evidence has shown that the angle of
repose and Carr’s compressibility index are significantly lower for CPEs compared to their parent
excipients, reflecting better flowability 163} In large-scale operations, this improvement

translates into smoother die filling, reduced weight variability, and fewer manufacturing defects
[25,29].

4. Compactibility of Co-Processed Excipients (CPEs)

Compactibility is a vital characteristic in tablet formulation, as it directly affects the mechanical
strength, durability, and overall quality of the final dosage form. Conventional excipients such as
microcrystalline cellulose (MCC) and lactose often struggle to provide sufficient compactibility at
lower compression pressures, leading to weaker tablets or the need for higher compaction forces
(41421 This limitation increases energy consumption and sometimes compromises tablet integrity.

In contrast, co-processed excipients (CPEs) like silicified microcrystalline cellulose (SMCC),
Cellactose®, and CombiLac® demonstrate superior compactibility. These engineered combinations
provide stronger inter-particulate bonding and higher plastic deformation capacity, resulting in
tablets with improved hardness and reduced friability, even under lower compression pressures
(4344 Research findings consistently show that tablets formulated with CPEs exhibit less elastic
recovery, better bonding strength, and enhanced resistance to mechanical stress compared with
those made using conventional excipients [*°}

5. Lubricant Sensitivity and Processability of Co-Processed. Excipients (CPEs)
The performance of a tablet formulation does not only depend on flow and compactibility but also
on how excipients interact with lubricants, such as magnesium stearate. While lubricants are
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essential to reduce friction during compression and ejection, they often coat the surface of excipient
particles, which can weaken interparticulate bonding and reduce tablet hardness. This problem is
more pronounced in conventional excipients like microcrystalline cellulose (MCC) and lactose,
which are known to be highly sensitive to lubricant levels %72 Co-processed excipients (CPEs)
were developed to overcome this challenge. Their engineered particle structures show reduced
lubricant sensitivity because their surfaces provide multiple bonding sites that are not easily masked
by hydrophobic lubricants. For example, silicified microcrystalline cellulose (ProSolv® SMCC)
and Cellactose® have shown minimal reduction in tensile strength even at higher lubricant
concentrations 747} This allows formulators to maintain consistent tablet quality across different
production scales.

5.1 Effect of Lubricant Concentration on Tablet Strength

Research shows that when magnesium stearate levels are increased beyond 0.5-1%, tablets made
with conventional excipients suffer a marked reduction in hardness and tensile strength. In contrast,
tablets prepared with CPEs such as SMCC or CombiLac® maintain much higher mechanical
integrity, confirming their lower lubricant sensitivity /%77

5.2 Implications for Processability

Reduced lubricant sensitivity makes CPEs highly valuable for modern manufacturing practices,
particularly direct compression, which avoids the need for wet granulation. This simplifies
processing, reduces production costs, and shortens manufacturing time ["#%} CPEs also provide
greater robustness in continuous manufacturing environments, where variability in blending times
and lubricant distribution can otherwise cause significant quality issues [81].Another aspect of
processability is the ability of excipients to minimize elastic recovery (springback). CPEs exhibit
lower elastic recovery compared to single excipients, leading to smoother tablet ejection, reduced
capping, and fewer machine stoppages [7>%%)

5.3 Summary
Overall, CPEs show clear advantages in processability, particularly by reducing lubricant
sensitivity, enabling direct compression, and improving machine handling. Their robustness offers
significant benefits for scaling up from laboratory to industrial production without compromising
tablet quality.

6. Applications of Co-Processed Excipients (CPEs) in Modern Tablet Formulations
Co-processed excipients (CPEs) have gained significant importance in modern pharmaceutical
formulations due to their multifunctional performance and ability to overcome the shortcomings of
conventional excipients. One of the most important applications is in direct compression (DC),
where CPEs provide excellent flow and compaction properties, minimizing the need for granulation
(7172} Products such as ProSolv® SMCC and CombiLac® have become industry standards for DC
formulations, enabling consistent tablet quality and robust mechanical strength.Another crucial
application is in orodispersible tablets (ODTs) and fast-disintegrating tablets (FDTs). CPEs such as
Pharmaburst® and Ludiflash® have been specifically engineered to ensure rapid disintegration
within seconds, improving patient compliance, particularly for pediatric and geriatric populations
[73.74CPEs are also beneficial for high-dose or poorly compressible active pharmaceutical
ingredients (APIs). For example, silicified microcrystalline cellulose improves compressibility even
at high drug loadings, while mannitol-starch blends enhance palatability and mechanical stability of
chewable tablets [7>7®'Beyond solid oral dosage forms, CPEs also support modified-release
formulations by enabling robust matrix structures, and in some cases, they have been adapted for
use in effervescent and chewable tablets "”Overall, the versatility of CPEs makes them highly
suitable for modern patient-centric formulations, offering advantages in manufacturability, stability,
and performance.
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7. Future Perspectives and Challenges of Co-Processed Excipients (CPEs)

While co-processed excipients (CPEs) have demonstrated clear advantages in improving flow,
compatibility, and multifunctionality, there remain several challenges and future directions that
require attention for their broader application.

1. Regulatory acceptance and standardization: Currently, regulatory agencies such as the FDA and
EMA classify CPEs as combinations of existing excipients rather than as new chemical entities.
This simplifies approval but can create ambiguity regarding quality and safety standards 757,
Development of specific guidelines for CPEs will be critical in the coming years.
2. Cost-effectiveness and scalability: Advanced techniques like spray drying and granulation
increase production costs. The scalability of CPE manufacturing without compromising
performance is an ongoing challenge, particularly for low-cost generic formulations

3. Limited excipient diversity: Despite progress, only a small number of marketed CPEs exist,
dominated by cellulose- and lactose-based systems. Future research should focus on novel
polymers, sugars, and natural excipients to expand the functionality of CPEs (8!}

4. Patient-centric formulations: With the growing demand for or dispersible tablets, pediatric-
friendly dosage forms, and personalized medicine, CPEs will play an even greater role. Innovations
that improve disintegration time, taste masking, and compatibility with high-dose APIs are expected
[82,83].

5. Sustainability and green manufacturing: The pharmaceutical industry is moving toward
environmentally friendly processes. Future CPEs will need to align with sustainable practices, using
energy-efficient manufacturing and biodegradable excipients 34

In summary, the future of CPEs lies in expanding their material base, enhancing regulatory clarity,
and developing cost-effective yet high-performance options. Addressing these challenges will
establish CPEs as the cornerstone of next-generation pharmaceutical excipients.

e Challenges of Co-Processed Excipients (CPEs):
1. Regulatory Acceptance and Standardization

Regulatory bodies classify CPEs as combinations of existing excipients rather than as new chemical
entities, which creates ambiguity in how quality, safety, and performance are evaluated.

The absence of standardized guidelines complicates formulation development and approval
processes.'?

2. Cost-Effectiveness and Scalability

Advanced manufacturing processes like spray drying, granulation, and melt extrusion require
specialized equipment and energy, increasing production costs.

Scaling up without compromising the functionality and performance of CPEs remains challenging,
especially for low-cost generic formulations.?

3. Limited Excipient Diversity

The market is largely dominated by cellulose- and lactose-based systems, limiting the available
range of functionalities.

There is a need for research into novel polymers, sugars, and natural excipients to expand the
functionality and applicability of CPEs.*

4. Patient-Centric Formulations

Growing demand for orodispersible tablets, pediatric-friendly dosage forms, and personalized
medicines requires excipients that can meet specific needs.

Innovations are needed to improve disintegration times, taste masking, and compatibility with high-
dose or poorly soluble active ingredients.®
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5. Sustainability and Green Manufacturing

There is increasing pressure on the pharmaceutical industry to adopt environmentally sustainable
practices.

Future developments in CPEs should focus on energy-efficient production, biodegradable materials,
and reducing environmental impacts.®

8. Conclusion

Co-processed excipients (CPEs) have proven to be a reliable alternative to conventional excipients,
offering multifunctional properties that directly improve powder handling and tablet performance.
Unlike traditional single excipients, which often fail to balance flowability, compressibility, and
disintegration, CPEs integrate the strengths of multiple components into one engineered system,
thereby minimizing formulation challenges and ensuring robust manufacturing outcomes
[9:.1042.651.Gtydies on materials such as silicified microcrystalline cellulose (ProSolv® SMCC),
Cellactose®, and Combilac® demonstrate their superior ability to enhance flow properties,
compaction, and mechanical strength compared with their parent excipients [!+16:1823]  These
improvements not only streamline direct compression but also reduce variability, improve tablet
hardness, and ensure consistent disintegration behavior [2>2%#} Furthermore, research highlights
that CPEs exhibit lower sensitivity to lubricants, reduce elastic recovery during compression, and
support the development of fast-disintegrating and patient-centric dosage forms 33538 Sych
features are particularly valuable in modern formulation science, where efficiency and adaptability
are essential for industrial-scale production. Looking ahead, the pharmaceutical industry is expected
to focus on the scale-up of CPEs, regulatoryacceptance, and the incorporation of sustainable
excipients to meet both technical and patient-driven demands #3631 By offering enhanced
performance, flexibility, and consistency, CPEs are well positioned to become a cornerstone of oral
dosage form development in the future.In conclusion, CPEs not only address the long-standing
limitations of conventional excipients but also open new opportunities for innovation in solid oral
dosage formulations, ensuring higher product quality and better patient outcomes.

9. References

1. Turian S, Ilie L, Achim M, Tomuta I. The evaluation of dynamic compaction analysis as a gbd
tool for paediatric orodispersible minitablet formulation. Farmacia. 2020;68(6):999-1010.

2. [1li¢ 1, Kasa P, Dreu R, Pintye-Hodi K, Sr¢i¢ S. The compressibility and compactibility of
different types of lactose. Drug Development and Industrial Pharmacy. 2009;35(10):1271-80.

3. Al-Zoubi N, Odeh F, Nikolakakis I. Co-spray drying of metformin hydrochloride with
polymers to improve compaction behavior. Powder Technology [Internet]. 2017 Feb 1 [cited
2025 Jul 23];307:163-74. Available from: https://www.researchgate.net/publication
/310815400_Co-spray_drying_of metformin_hydrochloride_with_polymers_to_improve
_compaction_behavior

4. YuY, Zhao L, Lin X, Wang Y, Du R, Feng Y. Research on the powder classification and the
key parameters affecting tablet qualities for direct compaction based on powder functional
properties. Advanced Powder Technology [Internet]. 2021 Feb 1 [cited 2025 Jul
23];32(2):565-81. Available from: https://www.sciencedirect.com/science/article
/abs/pii/S0921883121000042

5. Adolfsson A, Olsson H, Nystrom C. Effect of particle size and compaction load on
interparticulate bonding structure for some pharmaceutical materials studied by compaction and
strength characterisation in butanol. European Journal of Pharmaceutics and Biopharmaceutics
[Internet]. 1997 Nov 1 [cited 2025 Jul 23];44(3):243-51. Available from: https://www.science
direct.com/science/article/abs/pii/S0939641197001367

6. Syukri Y, Romdhonah R, Fazzri AN, Sholehuddin RF, Kusuma AP. FORMULATION OF
CHLORPHENIRAMINE MALEATE TABLETS USING CO-PROCESSED EXCIPIENT AS
A FILLER AND BINDER. Journal of Pharmaceutical Sciences and Community. 2019 May

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1904


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.researchgate.net/publication%20/310815400_Co-spray_drying_of_metformin_hydrochloride_with_polymers_to_improve%20_compaction_behavior
https://www.researchgate.net/publication%20/310815400_Co-spray_drying_of_metformin_hydrochloride_with_polymers_to_improve%20_compaction_behavior
https://www.researchgate.net/publication%20/310815400_Co-spray_drying_of_metformin_hydrochloride_with_polymers_to_improve%20_compaction_behavior
https://www.sciencedirect.com/science/article%20/abs/pii/S0921883121000042
https://www.sciencedirect.com/science/article%20/abs/pii/S0921883121000042

Study Of The Effect Of Novel Coprocessed Excipients On The Flow Properties And Compactibility Of A Tablet Blend

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

31;16(1):29-35.

Gohel MC, Patel TM, Parikh RK, Parejiya PB, Barot BS, Ramkishan A. Exploration of novel

co-processed multifunctional diluent for the development of tablet dosage form. Indian Journal

of Pharmaceutical Sciences [Internet]. 2012 Sep [cited 2025 Jul 23];74(5):381-6. Available

from: https://www.researchgate.net/publication/236958957 Exploration_of Novel Co-

processed_Multifunctional Diluent for the Development of Tablet Dosage Form

Chaerunisaa AY, Sriwidodo S, Abdassah M, Chaerunisaa AY, Sriwidodo S, Abdassah M.

Microcrystalline Cellulose as Pharmaceutical Excipient. Pharmaceutical Formulation Design -

Recent Practices [Internet]. 2019 Jul 19 [cited 2025 Jul 23]; Available from:

https://www.intechopen.com/chapters/68199

Jivraj M, Martini LG, Thomson CM. An overview of the different excipients useful for the

direct compression of tablets. Pharmaceutical Science and Technology Today [Internet]. 2000

Feb 1 [cited 2025 Jul 23];3(2):58-63. Available from: https://www.researchgate.net/publication

/222000718 An_overview_of the different_excipients useful for the direct compression_of
tablets

Badawy SIF, Shah KR, Surapaneni MS, Szemraj MM, Hussain M. Effect of spray-dried

mannitol on the performance of microcrystalline cellulose-based wet granulated tablet

formulation. Pharmaceutical Development and Technology. 2010;15(4):339-45.

Setty C, Prasad DVK, Gupta VRM, Sa B. Development of fast dispersible aceclofenac tablets:

Effect of functionality of superdisintegrants. Indian Journal of Pharmaceutical Sciences
[Internet]. 2008 Feb 1 [cited 2025 Jul 23];70(2):180-5. Available from:

https://www.researchgate.net

/publication/324795476 Flow compaction and tabletting properties of co-

processed excipients using pregelatinized ofada rice starch and HPMC

Zhao H, Zhao L, Lin X, Shen L. An update on microcrystalline cellulose in direct compression:

Functionality, critical material attributes, and co-processed excipients. Carbohydrate Polymers
[Internet]. 2022 Feb 15 [cited 2025 Jul 23];278:118968. Available from:

https://www.sciencedirect.com/science/article/abs/pii/S0144861721013552

Rojas J, Kumar V. Comparative evaluation of silicified microcrystalline cellulose II as a direct

compression vehicle. International Journal of Pharmaceutics [Internet]. 2011 Sep 15 [cited

2025 Jul 23];416(1):120-8. Available from: https://www.sciencedirect.com/science/article/abs

/pii/S0378517311005515

Woyna-Orlewicz K, Brniak W, Tatara W, Strzebonska M, Haznar-Garbacz D, Szafraniec-

Szczgsny J, et al. Investigating the Impact of Co-processed Excipients on the Formulation of

Bromhexine Hydrochloride Orally Disintegrating Tablets (ODTs). Pharmaceutical Research
[Internet]. 2023 Dec 1 [cited 2025 Jul 23];40(12):2947. Available from:

https://pmc.ncbi.nlm.nih. gov/articles/PMC10746752/

Arida AIl, Al-Tabakha MM. Cellactose® a co-processed excipient: A comparison study.

Pharmaceutical Development and Technology [Internet]. 2008 Mar [cited 2025 Jul

23];13(2):165-75. Available from:

https://www.researchgate.net/publication/5472568 CellactoseR_a_Co-processed

Excipient_ A_Comparison_Study

Dominik M, Vranikova B, Svacinova P, Elbl J, Pavlokova S, Blahova Prudilova B, et al.

pharmaceutics Comparison of Flow and Compression Properties of Four Lactose-Based Co-

Processed Excipients: Cellactose ® 80, CombiLac ® , MicroceLac ® 100, and StarLac ®. 2021
[cited 2025 Jul 23]; Available from: https://doi.org/10.3390/pharmaceutics13091486

Pharma GmbH J. PROSOLV SMCC ® Silicified Microcrystalline Cellulose.

The Influence of Matrix Plasticity on Lubricant Effects. [cited 2025 Jul 23]; Available from:

www.jrspharma.com

The Influence of Matrix Plasticity on Lubricant Effects. [cited 2025 Jul 23]; Available from:

www.jrspharma.com

Arida Al, Al-Tabakha MM. Cellactose® a co-processed excipient: A comparison study.

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1905


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.researchgate.net/publication/236958957_Exploration_of_Novel_Co-processed_Multifunctional_Diluent_for_the_Development_of_Tablet_Dosage_Form
https://www.researchgate.net/publication/236958957_Exploration_of_Novel_Co-processed_Multifunctional_Diluent_for_the_Development_of_Tablet_Dosage_Form
https://www.intechopen.com/chapters/68199
https://www.researchgate.net/publication%20/222000718_An_overview_of_the_different_excipients_useful_for_the_direct_compression_of_tablets
https://www.researchgate.net/publication%20/222000718_An_overview_of_the_different_excipients_useful_for_the_direct_compression_of_tablets
https://www.researchgate.net/publication%20/222000718_An_overview_of_the_different_excipients_useful_for_the_direct_compression_of_tablets
https://www.sciencedirect.com/science/article/abs/pii/S0144861721013552
https://www.sciencedirect.com/science/article/abs%20/pii/S0378517311005515
https://www.sciencedirect.com/science/article/abs%20/pii/S0378517311005515
https://www.researchgate.net/publication/5472568_CellactoseR_a_Co-processed_%20Excipient_A_Comparison_Study
https://www.researchgate.net/publication/5472568_CellactoseR_a_Co-processed_%20Excipient_A_Comparison_Study
https://doi.org/10.3390/pharmaceutics13091486

Study Of The Effect Of Novel Coprocessed Excipients On The Flow Properties And Compactibility Of A Tablet Blend

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pharmaceutical Development and Technology [Internet]. 2008 Mar [cited 2025 Jul
23];13(2):165-75. Available from: https://pubmed.ncbi.nlm.nih.gov/18379907/

van Veen B, Bolhuis GK, Wu YS, Zuurman K, Frijlink HW. Compaction mechanism and
tablet strength of unlubricated and lubricated (silicified) microcrystalline cellulose. European
Journal of Pharmaceutics and Biopharmaceutics [Internet]. 2005 Jan 1 [cited 2025 Jul
231;59(1):133-8. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0939
641104001614?utm_source=chatgpt.com

Rojas J, Buckner I, Kumar V. Co-proccessed excipients with enhanced direct compression
functionality for improved tableting performance. Drug Development and Industrial Pharmacy.
2012 Oct;38(10):1159-70.

Rojas J, Buckner I, Kumar V. Co-proccessed excipients with enhanced direct compression
functionality for improved tableting performance. Drug Development and Industrial Pharmacy
[Internet]. 2012  Oct [cited 2025 Jul 23];38(10):1159-70. Available from:
https://pubmed.ncbi.nlm.nih.gov/22966909/

Aleksié I, Gligi¢ T, Cirin-Varadan S, Djuris M, Djuris J, Paroj¢i¢ J. Evaluation of the Potential
of Novel Co-Processed Excipients to Enable Direct Compression and Modified Release of
Ibuprofen. Pharmaceutics [Internet]. 2024 Nov 1 [cited 2025 Jul 23];16(11):1473. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC11597293/

Horison R, Surini S. ADVANCES OF CO-PROCESSED EXCIPIENTS: APPLICABILITY
AND FUNCTIONAL CHARACTERISTIC IMPROVEMENTS. FARMACIA [Internet]. 2024
[cited 2025 Jul 23];72:5. Available from: https://doi.org/10.31925/farmacia.2024.5.2

Hauschild K, Picker-Freyer KM. Evaluation of a new coprocessed compound based on lactose
and maize starch for tablet formulation. AAPS PharmSci [Internet]. 2015 May 26 [cited 2025
Jul 23];6(2):27. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC2751008/

Badwan AA, Rashid I, al Omari MMH, Darras FH. Chitin and Chitosan as Direct Compression
Excipients in Pharmaceutical Applications. Marine Drugs [Internet]. 2015 Mar 1 [cited 2025
Jul 237;13(3):1519. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4377997/

Shah DS, Moravkar KK, Jha DK, Lonkar V, Amin PD, Chalikwar SS. A concise summary of
powder processing methodologies for flow enhancement. Heliyon [Internet]. 2023 Jun 1 [cited
2025  Jul  23]:9(6):e16498.  Available  from:  https://pmc.ncbi.nlm.nih.gov/articles
/PMC10245010/

Thoorens G, Krier F, Leclercq B, Carlin B, Evrard B. Microcrystalline cellulose, a direct
compression binder in a quality by design environment—A review. International Journal of
Pharmaceutics [Internet]. 2014 Oct 1 [cited 2025 Jul 23];473(1-2):64—72. Available from:
https://www.sciencedirect.com/science/article/pii/S0378517314004840

Chen FC, Liu WJ, Zhu WF, Yang LY, Zhang JW, Feng Y, et al. Surface Modifiers on
Composite Particles for Direct Compaction. Pharmaceutics [Internet]. 2022 Oct 1 [cited 2025
Jul 23];14(10):2217. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9612340/

A Hedaya M, Aldeeb D. The Need for Tamper-Resistant and Abuse-Deterrent Formulations.
Journal of Pharmaceutical Care & Health Systems. 2014;1(1).

Mohammad HT, Omar TA. Abuse Deterrent Dosage Forms: Approaches, Advantages and
Limitations. Al-Rafidain Journal of Medical Sciences ( ISSN 2789-3219 ) [Internet]. 2024 Oct
1 [cited 2025 Jul 23];7(2):1-7. Available from: https://ajms.ig/index.php/ALRAFIDAIN/a
rticle/view/1277

Schmidt PC, Rubensdorfer CJW. Evaluation of ludipress as a “multipurpose excipient” for
direct compression: Part 1: Powder characteristics and tableting properties. Drug Development
and Industrial Pharmacy [Internet]. 1994 [cited 2025 Jul 23];20(18):2899-925. Available from:
https://www.researchgate.net/publication/232037185_Evaluation_of Ludipress_as_a Multipur
pose Excipeent for Direct Compression Part I Powder Characteristics_and_Tableting_Prop
erties

PEARLITOL Flash Co-processed Mannitol Starch [Internet]. [cited 2025 Jul 23]. Available
from: https://www.roquette.com/innovation-hub/pharma/product-profile-pages/pearlitol-flash-

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1906


https://jptcp.com/index.php/jptcp/issue/view/79
https://pubmed.ncbi.nlm.nih.gov/18379907/
https://www.sciencedirect.com/science/article/abs/pii/S0939%20641104001614?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs/pii/S0939%20641104001614?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/22966909/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11597293/
https://doi.org/10.31925/farmacia.2024.5.2
https://pmc.ncbi.nlm.nih.gov/articles/PMC2751008/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4377997/
https://pmc.ncbi.nlm.nih.gov/articles%20/PMC10245010/
https://pmc.ncbi.nlm.nih.gov/articles%20/PMC10245010/
https://www.sciencedirect.com/science/article/pii/S0378517314004840
https://pmc.ncbi.nlm.nih.gov/articles/PMC9612340/
https://ajms.iq/index.php/ALRAFIDAIN/a%20rticle/view/1277
https://ajms.iq/index.php/ALRAFIDAIN/a%20rticle/view/1277
https://www.researchgate.net/publication/232037185_Evaluation_of_Ludipress_as_a_Multipurpose_Excipeent_for_Direct_Compression_Part_I_Powder_Characteristics_and_Tableting_Properties
https://www.researchgate.net/publication/232037185_Evaluation_of_Ludipress_as_a_Multipurpose_Excipeent_for_Direct_Compression_Part_I_Powder_Characteristics_and_Tableting_Properties
https://www.researchgate.net/publication/232037185_Evaluation_of_Ludipress_as_a_Multipurpose_Excipeent_for_Direct_Compression_Part_I_Powder_Characteristics_and_Tableting_Properties
https://www.roquette.com/innovation-hub/pharma/product-profile-pages/pearlitol-flash-co-processed-mannitol-starch

Study Of The Effect Of Novel Coprocessed Excipients On The Flow Properties And Compactibility Of A Tablet Blend

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

co-processed-mannitol-starch

Kuck J, Breitkreutz J. Impact of lubrication on key properties of orodispersible minitablets in
comparison to conventionally sized orodispersible tablets. European Journal of Pharmaceutics
and Biopharmaceutics [Internet]. 2022 Nov 1 [cited 2025 Jul 23];180:71-80. Available from:
https://www.researchgate.net/publication/363286798 Impact of Lubrication_on_Key Properti
es_of Orodispersible Minitablets in_Comparison_to_Conventionally Sized Orodispersible
Tablets

Hejduk A, Czajka S, Lulek J. Impact of co-processed excipient particles solidity and circularity
on critical quality attributes of orodispersible minitablets. Powder Technology [Internet]. 2021
Jul 1 [cited 2025 Jul 23];387:494-508. Available from: https://www.sciencedirect.com/
science/article/pii/S0032591021002631

Kokott M, Lura A, Breitkreutz J, Wiedey R. Evaluation of two novel co-processed excipients
for direct compression of orodispersible tablets and mini-tablets. European Journal of
Pharmaceutics and Biopharmaceutics [Internet]. 2021 Nov 1 [cited 2025 Jul 23];168:122-30.
Available from:  https://www.researchgate.net/publication/354232763 Evaluation_of two
_novel co-processed excipients_for_direct compression_of orodispersible_tablets_and mini-
tablets

Tranova T, Macho O, Loskot J, MuZzikova J. Study of rheological and tableting properties of
lubricated mixtures of co-processed dry binders for orally disintegrating tablets. European
Journal of Pharmaceutical Sciences. 2022 Jan 1;168.

Lura V, Lura A, Breitkreutz J, Klingmann V. The revival of the mini-tablets: Recent
advancements, classifications and expectations for the future. European Journal of
Pharmaceutics and Biopharmaceutics [Internet]. 2025 May 1 [cited 2025 Jul 23];210:114655.
Available from: https://www.sciencedirect.com/science/article/pii/S0939641125000311

Saigal N, Baboota S, Ahuja A, Ali J. Fast-dissolving intra-oral drug delivery systems. Expert
Opinion on Therapeutic Patents [Internet]. 2008 Jul [cited 2025 Jul 23];18(7):769-8]1.
Available from: https://www.researchgate.net/publication/232069101_Fast-dissolving_intra-
oral_drug_delivery_systems

Salustio PJ, Inacio C, Nunes T, Sousa e Silva JP, Costa PC. Flow characterization of a
pharmaceutical excipient using the shear cell method. Pharmaceutical Development and
Technology. 2020 Feb 7;25(2):237-44.

Desai PM, Chan LW, Heng PWS. Drug Substance and Excipient Characterization. Handbook
of Pharmaceutical Granulation Technology. 2021 Apr 1;69-102.

Jain S, Kaur S, Rathi R, Nagaich U, Singh I. Application of co-processed excipients for
developing fast disintegrating tablets: A review. Polymers in Medicine. 2023 Mar 16;53(1):59—
68.Parkash V, Maan S, Deepika, Yadav S, Hemlata H, Jogpal V. Fast disintegrating tablets:
Opportunity in drug delivery system. Journal of Advanced Pharmaceutical Technology &
Research  [Internet]. 2011  [cited 2025 Jul  23];2(4):223. Available from:
https://pme.ncbi.nlm.nih.gov/ articles/PMC3255350/

Ili¢ I, Kasa P, Dreu R, Pintye-Hodi K, Sr¢i¢ S. The compressibility and compactibility of
different types of lactose. Drug Development and Industrial Pharmacy. 2009;35(10):1271-80.
PROSOLV® ODT G2 - Pharma Excipients [Internet]. [cited 2025 Jul 23]. Available from:
https://www.pharmaexcipients.com/product/prosolv-odt-g2/

Hejduk A, Czajka S, Lulek J. Impact of co-processed excipient particles solidity and circularity
on critical quality attributes of orodispersible minitablets. Powder Technology [Internet]. 2021
Jul 1 [cited 2025 Jul 23];387:494—-508. Available from: https://www.sciencedirect.com/science
/article/pii/S0032591021002631

Stoltenberg I, Breitkreutz J. Orally disintegrating mini-tablets (ODMTs) - A novel solid oral
dosage form for paediatric use. European Journal of Pharmaceutics and Biopharmaceutics.
2011 Aug;78(3):462-9.

Schulze D. Flow Properties of Powders and Bulk Solids. [cited 2025 Jul 23]; Available from:
https://www.springer.com/us/book/9783030767198

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1907


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.roquette.com/innovation-hub/pharma/product-profile-pages/pearlitol-flash-co-processed-mannitol-starch
https://www.researchgate.net/publication/363286798_Impact_of_Lubrication_on_Key_Properties_of_Orodispersible_Minitablets_in_Comparison_to_Conventionally_Sized_Orodispersible_Tablets
https://www.researchgate.net/publication/363286798_Impact_of_Lubrication_on_Key_Properties_of_Orodispersible_Minitablets_in_Comparison_to_Conventionally_Sized_Orodispersible_Tablets
https://www.researchgate.net/publication/363286798_Impact_of_Lubrication_on_Key_Properties_of_Orodispersible_Minitablets_in_Comparison_to_Conventionally_Sized_Orodispersible_Tablets
https://www.sciencedirect.com/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20science/article/pii/S0032591021002631
https://www.sciencedirect.com/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20science/article/pii/S0032591021002631
https://www.researchgate.net/publication/354232763_Evaluation_of_two%20_novel_co-processed_excipients_for_direct_compression_of_orodispersible_tablets_and_mini-tablets
https://www.researchgate.net/publication/354232763_Evaluation_of_two%20_novel_co-processed_excipients_for_direct_compression_of_orodispersible_tablets_and_mini-tablets
https://www.researchgate.net/publication/354232763_Evaluation_of_two%20_novel_co-processed_excipients_for_direct_compression_of_orodispersible_tablets_and_mini-tablets
https://www.sciencedirect.com/science/article/pii/S0939641125000311
https://www.researchgate.net/publication/232069101_Fast-dissolving_intra-oral_drug_%20delivery_systems
https://www.researchgate.net/publication/232069101_Fast-dissolving_intra-oral_drug_%20delivery_systems
https://pmc.ncbi.nlm.nih.gov/%20articles/PMC3255350/
https://www.pharmaexcipients.com/product/prosolv-odt-g2/
https://www.sciencedirect.com/science%20/article/pii/S0032591021002631
https://www.sciencedirect.com/science%20/article/pii/S0032591021002631
https://www.springer.com/us/book/9783030767198

Study Of The Effect Of Novel Coprocessed Excipients On The Flow Properties And Compactibility Of A Tablet Blend

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Iurian S, Ilie L, Achim M, Tomuta I. THE EVALUATION OF DYNAMIC COMPACTION
ANALYSIS AS A QBD TOOL FOR PAEDIATRIC ORODISPERSIBLE MINITABLET
FORMULATION. FARMACIA [Internet]. 2020 [cited 2025 Jul 23];68:6. Available from:
https://doi.org/10.31925/farmacia.2020.6.6

W. Heckel, “Density-Pressure Relationship in Powder Compaction,” Transactions of the
Metallurgical Society of AIME, Vol. 221, 1961, pp. 671-675. - References - Scientific
Research ~ Publishing  [Internet].  [cited 2025 Jul  23].  Available from:
https://www.scirp.org/reference/ referencespapers?referenceid=936921

Adams MJ, McKeown R. Micromechanical analyses of the pressure-volume relationship for
powders under confined uniaxial compression. Powder Technology [Internet]. 1996 Aug 1
[cited 2025 Jul 23];88(2):155-63. Available from: https://www.sciencedirect.com/science/
article/abs/pii/0032591096031178

Leuenberger H. The application of percolation theory in powder technology. Advanced Powder
Technology [Internet]. 1999 Jan 1 [cited 2025 Jul 23];10(4):323-52. Available from:
https://www.sciencedirect.com/science/article/abs/p11/S0921883108604215

Nielsen LF. Strength and Stiffness of Porous Materials. Journal of the American Ceramic
Society [Internet]. 1990 Sep 1 [cited 2025 Jul 23];73(9):2684-9. Available from:
/doi/pdf/10.1111/j.1151-2916.1990.tb06746.x

Keizer HL, Kleinebudde P. Elastic recovery in roll compaction simulation. 2019 [cited 2025 Jul
23]; Available from: https://doi.org/10.1016/].ijpharm.2019.118810

Fell JT, Newton JM. The prediction of the tensile strength of tablets. Journal of Pharmacy and
Pharmacology [Internet]. 1970 [cited 2025 Jul 23];22(3):247-8. Available from:
https://pubmed.ncbi.nlm.nih.gov/4399504/

Hiestand EN. Mechanical Properties of Compacts and Particles that Control Tableting Success.
Journal of Pharmaceutical Sciences [Internet]. 1997 Sep 1 [cited 2025 Jul 23];86(9):985-90.
Available from: https://www.sciencedirect.com/science/article/abs/pi1/S002235491550378X
Bowles BJ, Dziemidowicz K, Lopez FL, Orlu M, Tuleu C, Edwards AJ, et al. Co-Processed
Excipients for Dispersible Tablets-Part 1: Manufacturability.

Bhatia V, Dhingra A, Chopra B, Guarve K. Co-processed excipients: Recent advances and
future perspective. Journal of Drug Delivery Science and Technology [Internet]. 2022 May 1
[cited 2025 Jul 23];71:103316. Available from:
https://www.sciencedirect.com/science/article/abs
/pii/S177322472200226X?utm_source=chatgpt.com

Burande AS, Dhakare SP, Dondulkar AO, Gatkine TM, Bhagchandani DO, Sonule MS, et al. A
review on the role of co-processed excipients in tablet formulations. Hybrid Advances
[Internet]. 2024 Dec 1 [cited 2025 Jul 23];7:100299. Available from:
https://www.sciencedirect.com
/science/article/pi1/S2773207X2400160X?utm_source=chatgpt.com

Hejduk A, Czajka S, Lulek J. Impact of co-processed excipient particles solidity and circularity
on critical quality attributes of orodispersible minitablets. Powder Technology [Internet]. 2021
Jul 1 [cited 2025 Jul 23];387:494-508. Available from: https://www.sciencedirect.com/science
/article/pii/S0032591021002631?utm_source=chatgpt.com

Aleksi¢ I, Gligi¢ T, Cirin-Varadan S, Djuris M, Djuris J, Paroj¢i¢ J. Evaluation of the Potential
of Novel Co-Processed Excipients to Enable Direct Compression and Modified Release of
Ibuprofen. Pharmaceutics [Internet]. 2024 Nov 1 [cited 2025 Jul 23];16(11):1473. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC11597293/

Inactive Ingredients in Approved Drug Products Search: Frequently Asked Questions | FDA
[Internet]. [cited 2025 Jul 23]. Available from: https://www.fda.gov/drugs/drug-approvals-and-
databases/inactive-ingredients-approved-drug-products-search-frequently-asked-questions

Shi T, Lv Y, Huang W, Fang Z, Qi J, Chen Z, et al. Enhanced transdermal delivery of curcumin
nanosuspensions: A mechanistic study based on co-localization of particle and drug signals.
International Journal of Pharmaceutics [Internet]. 2020 Oct 15 [cited 2025 Jul 23];588:119737.

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1908


https://jptcp.com/index.php/jptcp/issue/view/79
https://doi.org/10.31925/farmacia.2020.6.6
https://www.scirp.org/reference/%20referencespapers?referenceid=936921
https://www.sciencedirect.com/science/%20article/abs/pii/0032591096031178
https://www.sciencedirect.com/science/%20article/abs/pii/0032591096031178
https://www.sciencedirect.com/science/article/abs/pii/S0921883108604215
https://doi.org/10.1016/j.ijpharm.2019.118810
https://pubmed.ncbi.nlm.nih.gov/4399504/
https://www.sciencedirect.com/science/article/abs%20/pii/S177322472200226X?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs%20/pii/S177322472200226X?utm_source=chatgpt.com
https://www.sciencedirect.com/science%20/article/pii/S0032591021002631?utm_source=chatgpt.com
https://www.sciencedirect.com/science%20/article/pii/S0032591021002631?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC11597293/
https://www.fda.gov/drugs/drug-approvals-and-databases/inactive-ingredients-approved-drug-products-search-frequently-asked-questions
https://www.fda.gov/drugs/drug-approvals-and-databases/inactive-ingredients-approved-drug-products-search-frequently-asked-questions

Study Of The Effect Of Novel Coprocessed Excipients On The Flow Properties And Compactibility Of A Tablet Blend

64.

65.
66.

67.

68.

69.

70.

71.

Available from: https://www.sciencedirect.com/science/article/abs/pii/S03
78517320307213?via%3Dihub

Handbook of Pharmaceutical Excipients — 7th Edition. Pharmaceutical Development and
Technology [Internet]. 2013 Apr [cited 2025 Jul 23];18(2):544-544. Available from:
https://www.tandfonline.com/doi/abs/10.3109/10837450.2012.751408

Parikh DM. Handbook of Pharmaceutical Granulation Technology, Second Edition. 2005.
Bolhuis GK, Armstrong NA. Excipients for direct compaction - An update. Pharmaceutical
Development and Technology [Internet]. 2006 Feb [cited 2025 Jul 24];11(1):111-24. Available
from: https://pubmed.ncbi.nlm.nih.gov/16544915/

Morin G, Briens L. The Effect of Lubricants on Powder Flowability for Pharmaceutical
Application. AAPS PharmSciTech [Internet]. 2013 Sep [cited 2025 Jul 24];14(3):1158.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC3755167/.

Patel S, Kaushal AM, Bansal AK. Compression physics in the formulation development of
tablets. Critical Reviews in Therapeutic Drug Carrier Systems [Internet]. 2006 [cited 2025 Jul
241;23(1):1-65. Available from: https://pubmed.ncbi.nlm.nih.gov/16749898/

Sonnergaard JM. Quantification of the compactibility of pharmaceutical powders. European
Journal of Pharmaceutics and Biopharmaceutics [Internet]. 2006 Jul [cited 2025 Jul
241;63(3):270-7. Available from: https://pubmed.ncbi.nlm.nih.gov/16682176/

Burcham CL, Florence AJ, Johnson MD. Continuous manufacturing in pharmaceutical process
development and manufacturing. Annual Review of Chemical and Biomolecular Engineering
[Internet]. 2018 [cited 2025 Jul 241;9:253-81. Available from:
https://pubmed.ncbi.nlm.nih.gov/ 29879381/

Builders PF, Arhewoh MI. Pharmaceutical applications of native starch in conventional drug
delivery. Starch/Staerke [Internet]. 2016 Sep 1 [cited 2025 Jul 24];68(9-10):864—73. Available
from: /doi/pdf/10.1002/star.201500337

Vol.32 No. 07 (2025) JPTCP (1899-1909) Page | 1909


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.sciencedirect.com/science/article/abs/pii/S03%2078517320307213?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S03%2078517320307213?via%3Dihub
https://www.tandfonline.com/doi/abs/10.3109/10837450.2012.751408
https://pubmed.ncbi.nlm.nih.gov/16544915/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3755167/
https://pubmed.ncbi.nlm.nih.gov/16749898/
https://pubmed.ncbi.nlm.nih.gov/16682176/
https://pubmed.ncbi.nlm.nih.gov/%2029879381/

