
     Journal of Science and Technology 

   ISSN: 2456-5660 Volume 9, Issue 01 (Jan -2024) 

   www.jst.org.in                                    DOI:https://doi.org/10.46243/jst.2024.v9.i01.pp257- 268  

Page | 257   

Micro sponge-Based Delivery Systems for Personalized 

Dermatological Treatments 

K.Ashok1, T. Malyadri2, M. Vamshi Krishna3, I. Devi4 

 

1.Professor, Department of pharmaceutics, QIS College of pharmacy, Ongole, A.P 

2.Assistant Professor, Department of pharmaceutics, QIS College of pharmacy, Ongole, A.P 

3.Associate Professor, Department of pharmaceutics, QIS College of pharmacy, Ongole, A.P 

4.Assistant Professor, Department of pharmaceutics, QIS College of pharmacy, Ongole, A.P 
 

 

To Cite this Article  

K.Ashok, T. Malyadri, M.Vamshi Krishna, I. Devi, “Micro sponge-Based Delivery Systems for Personalized 

Dermatological Treatments” Journal of Science and Technology, Vol. 09, Issue 01- Jan 2024, pp257-268 

 

Article Info 
Received: 30-12-2023      Revised: 08-01-2024       Accepted: 19-01-2024         Published: 29-01-2024 

 

 

 ABSTRACT: A transformational approach to personalized medicine customized medicine, Microsponges 

are used in medicine, especially in dermatology, where therapies are customized for each patient's unique 

profile and topical medication administration. According to the author, microsponges, as well as enhanced 

drug delivery, drug release, and clinical applications systems, provide notable benefits in this context by 

improving the safety and effectiveness of topical therapies.  

Corresponding author: K. Ashok 

Mail: ashok.k@gmail.com 

 

INTRODUCTION: 

Overview of Personalized Medicine and Its Significance in Dermatology: Personalized medicine emphasizes 

tailoring medical therapy according to each patient's unique traits, marking a substantial paradigm change in 

healthcare. This method uses lifestyle, environmental, and genetic variables to customize therapies that 

minimize side effects and increase therapeutic success. Because skin types vary widely and people react 

differently to dermatological treatments, customized medicine is especially pertinent in the field of 

dermatology. Significant inter-patient diversity in the etiology and response to therapy is seen in conditions 

including eczema, psoriasis, and acne, underscoring the necessity for specialized therapeutic approaches.  

Dermatologists may improve patient outcomes, increase adherence to treatment programs, and ultimately 

provide more efficient and patient-centered care by using customized medicine. 1. Overview of Microsponges 

as Cutting-Edge Drug Delivery Methods: The porous, spherical form of microsponges makes them novel drug 

delivery devices that allow active pharmaceutical ingredients (APIs) to be encapsulated. The capacity of these 

microcarriers to provide regulated and prolonged drug release, enhancing therapeutic efficacy, has been the 

subject of much research. Microsponges are perfect for topical treatments because of their special qualities, 
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which include their large surface area and capacity to lessen the adverse effects of strong drugs.  

Microsponges may improve drug penetration, maximize therapeutic concentrations at the site of action, and 

lower systemic exposure by enabling a more targeted delivery of medications to the skin. For dermatological 

treatments, where the objective is often to maximize medication concentrations in the skin while reducing 

systemic adverse effects, this localized approach is very advantageous. 2. Review Objective and Scope: The 

purpose of this review is to investigate how microsponges may be included into dermatology's customized 

medicine framework. In particular, it will emphasize the following crucial elements:  

Basic Microsponge qualities: This section will examine the basic qualities of microsponges, such as their 

formulation procedures, structural attributes, and drug loading and release mechanisms. To fully appreciate 

how microsponges may be tailored to meet various patient demands, a thorough grasp of these characteristics 

is necessary. 3. Mechanisms of Action: We will go over the variables that affect drug release rates and skin 

penetration as well as how microsponges work to distribute medications through the skin. This knowledge will 

make it easier to demonstrate the benefits of using microsponges in customized therapies.  

Clinical Applications: The review will highlight a number of dermatological disorders, including eczema, 

psoriasis, and acne, where microsponges have been effectively used. Data from clinical trials and case studies 

will be provided to illustrate the effectiveness of customized formulations based on microsponges. 3. 

Difficulties and Prospects: Lastly, we will look at the difficulties encountered while implementing customized 

microsponges,  

 

including financial, legal, and technological obstacles. Future research avenues will also be investigated, with 

an emphasis on advancements in formulation technologies and the possibility of using digital health solutions 

to improve individualized care.  

 

We hope that this thorough analysis will shed light on how microsponges might transform personalized 

medicine in dermatology by demonstrating how they can enhance patient outcomes with customized topical 

treatments.  

Basics of Microsponges: Definition and Essential Features of Microsponges Microsponges are spherical, 

polymeric particles with a porous shape that are particularly made for the controlled release of active 

pharmaceutical ingredients (APIs). They are considered sophisticated drug delivery devices. These special 

systems may encapsulate a broad range of medications, allowing for targeted distribution and gradual release. 

They are usually between 10 and 1000 micrometers in size. 5.  

Important Features:  

Porosity: Drugs may be trapped within the structure of microsponges due to their porous network. Maintaining 

therapeutic amounts of medicine at the target location requires regulated and prolonged release, which is made 

possible by this porosity. To get the required release profiles, the porosity level may be changed during 

formulation.  

Spherical Shape: Microsponges' spherical shape promotes their adherence to skin surfaces and increases their 

diffusion in topical treatments. In addition to facilitating consistent product application, its shape helps stop the 

medicine from releasing too soon before it reaches the site of action.  

Biocompatibility: Biocompatible polymers including ethyl cellulose, polymethyl methacrylate (PMMA), and 

polyvinyl alcohol (PVA) are often used to make microsponges. These materials are appropriate for a range of 

dermatological applications since their selection reduces the possibility of negative responses when 

administered topically.  

One of the biggest benefits of microsponges is their adaptability to changing their characteristics according to 

the needs of the formulation. Modified drug release rates, increased stability, and improved skin penetration 

may all be achieved by implementing changes in the polymer's composition, size, and surface features 6. 

TABLE1:TABLESUMMARIZINGTHEKEYCHARACTERISTICSOFMICROSPONGES,SUCHASSIZE, POROSITY, DRUG 

LOADING CAPACITY, AND RELEASE MECHANISMS 
Characteristic Description 

Size Typicallyrangesfrom10to250microns,allowingforeffectiveskinpenetrationanddrugdelivery. 

http://www.jst.org.in/
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Porosity Highporosity(upto70%)enablesincreaseddrugloadingcapacityandcontrolledreleaseprofiles. 

DrugLoadingCapacity Capableofencapsulatingawiderangeofdrugs(upto40%w/w)dependingonthe formulation. 

ReleaseMechanisms Includesdiffusion,erosion,andswelling,enablingcontrolledandsustainedreleaseofactive 
ingredients. 

SurfaceProperties Modifiablesurfacecharacteristicscanenhanceskinadhesionandpermeation. 
Compatibility Suitableforbothhydrophilicandhydrophobicdrugs,providingversatilityinformulation. 

Stability Exhibitsgoodstabilityundervaryingenvironmentalconditions,includingtemperatureandpH. 

Biocompatibility Generallywell-toleratedbyskin,minimizingadversereactionsindermatologicalapplications. 
 

  

Mechanisms of Drug Release and Entrapment: To maximize the effectiveness of microsponges in drug delivery 

applications, it is essential to comprehend the processes of drug trapping and release.  

Drug Entrapment: There are a number of ways to encapsulate drugs inside microsponge, including:  

Solvent Evaporation: This process creates a solution that contains both the medication and the polymer. The 

medication is trapped within the structure of the microsponges that are created when the solvent evaporates.  

Coacervation: This process creates microsponges by causing the polymer solution to phase separate. A stable 

encapsulation may be achieved by integrating the medication into the coacervate.  

Spray-drying involves spraying a polymer and drug solution into a heated chamber, which causes the solvent 

to evaporate quickly and creates microsponges. 7.  

The stability of the encapsulated medication, which is essential for preserving its therapeutic efficacy, is 

influenced by the technique selection in addition to the effectiveness of drug loading.  

Mechanisms of Drug Release: There are many ways that medications may be released from microsponges:  

Diffusion: Drug molecules diffuse from the center of the microsponges via the polymer matrix into the 

surrounding media, which is the main way that medications are delivered. The thickness of the polymer matrix, 

molecular weight, and drug solubility are some of the variables that affect the rate of diffusion.  

Erosion: The encapsulated medication may be released as the polymer matrix breaks down or dissolves over 

time. Achieving consistent release patterns requires this procedure, which is impacted by environmental 

variables including pH and temperature.  

Swelling: Microsponges may absorb water and enlarge when they come into touch with moisture, forming 

pathways that aid in the absorption of drugs. This may speed up the release rate, especially for medications that 

are hydrophilic. 7. The interaction of these systems makes it possible to create microsponges that transport 

medications in a prolonged and regulated way, maximizing therapeutic benefits while lowering application 

frequency.  

Active Ingredient Types Complementary to Microsponges: Because microsponges are so adaptable and can 

hold a variety of active chemicals, they may be used to create formulations that are specifically tailored to each 

patient's therapeutic requirements.  

Drugs that dissolve easily in water are known as hydrophilic drugs, and their successful encapsulation and 

release usually need certain formulation techniques. Antibiotics (like gentamicin) and anti-inflammatory drugs 

(like corticosteroids) are typical examples. Diffusion mechanisms, which are often used to release hydrophilic 

medicines from microsponges, may be designed to sustain the best possible therapeutic concentrations at the 

application site.  

Drugs that are hydrophobic: These medications are poorly soluble in water, which makes them ideal for 

encapsulating in microsponges. Hydrophobic substances, including certain anti-cancer drugs and steroid 

hormones, may take advantage of microsponges' sustained release properties to provide longer-lasting 

therapeutic effects with less systemic exposure. These delicate medications may be shielded from deterioration 

by the special structure of microsponges, increasing their durability.  

Mixture of the Two Types: Additionally, hydrophilic and hydrophobic medications may be co-encapsulated in 

microsponges, enabling combination therapy that target numerous routes or symptoms at once. By making 

treatment protocols less complicated, this adaptability increases the overall effectiveness of treatment plans 

and may increase patient adherence 8,9. 

http://www.jst.org.in/
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TABLE 2: COMPARATIVE TABLE CATEGORIZING ACTIVE INGREDIENTS (HYDROPHILIC VS. 

HYDROPHOBIC) AND THEIR COMPATIBILITY WITH MICROSPONGES 10 

Category Characteristics Examples CompatibilitywithMicrosponges 

HydrophilicDrugs Water-soluble, typically 

polar and ionic, Rapid 

absorptionanddistribution 

Ibuprofen (anti- 

inflammatory),Diclofenac 

(NSAID),Dexamethasone 

(corticosteroid) 

High compatibility due to effective 

encapsulation. Allows for controlled and 

sustainedreleaseinaqueousenvironments, 

enhancing therapeutic effect. 
Hydrophobic 

Drugs 

Water-insoluble, generally 

non-polar,Slowabsorption, 

prolonged action 

Ketoprofen (anti- 

inflammatory), Minoxidil 

(anti-hypertensive), 

Clobetasol(corticosteroid) 

Suitable for encapsulation due to 

hydrophobicnature.Providessustained 

release via diffusion and erosion 

mechanisms, improving patient 
compliance. 

 

The promise of microsponges as efficient delivery systems for customized topical treatments is highlighted by 

their compatibility with a variety of active substances, which makes it possible to create novel formulations 

that are suited to the requirements of specific patients.  

The Definition and Essential Elements of Personalized Medicine: Precision medicine, another name for 

personalized medicine, is a medical approach that customizes therapy for each patient based on their particular 

features, such as genetic, biomolecular, environmental, and lifestyle variables. This strategy differs from the 

conventional "one-size-fits-all" approach to therapy, which often ignores the variation in how patients react to 

drugs and treatments. 11. Essential Personalized Medicine Concepts Incorporate:  

Treatment Individualization: To maximize therapeutic results and reduce side effects, treatments are 

customized to each patient's unique requirements and situation. Depending on the patient's characteristics, this 

may include choosing the best medication and dose. 12. Integration of Genomic Information: Genetic variants 

that affect medication metabolism, effectiveness, and toxicity may be identified thanks to developments in 

genomics and biotechnology. This data is utilized to influence treatment decisions and enhance results.  

Patient Engagement: By promoting active patient involvement in healthcare choices, personalized medicine 

helps patients and healthcare professionals communicate more effectively. Better adherence to treatment plans 

may result from this involvement.  

Emphasis on Preventive Care: Personalized medicine prioritizes prevention and early intervention by 

identifying individual risk factors, with the goal of lowering the incidence of illness and enhancing general 

health outcomes. 13. Advantages of Personalized Approaches in Dermatological Care: Personalized medicine 

has several benefits in dermatology, including increased treatment effectiveness and patient compliance with 

recommended regimens.  

Enhanced Effectiveness: Tailored strategies enable the choice of treatments that are most likely to work for a 

particular patient. Better clinical results may result from healthcare practitioners prescribing more focused and 

effective therapies based on criteria including skin type, illness severity, and genetic predispositions. 14.  

Improved Patient Adherence: Patients are more likely to follow their recommended regimens when they get 

treatments that are customized to meet their unique requirements and preferences.  

Patients find it simpler to integrate therapy into their everyday lives when personalized medicine takes into 

account their preferences and lifestyle. For example, using microsponges in topical formulations might increase 

adherence by lowering application frequency while maintaining reliable drug delivery. 15. Decrease in bad 

Effects: Personalized medicine may help reduce the likelihood of bad drug responses by choosing treatments 

that are more appropriate for a person's genetic composition and medical history. 16. Tailored Monitoring and 

Follow-up: Personalized medicine encourages continuous evaluation and modification of treatment plans 

depending on the patient's reaction to therapy, which not only improves patient safety but also makes for a 

more positive treatment experience. This dynamic method ensures the best possible management of 

dermatological disorders by empowering healthcare practitioners to make well-informed choices about therapy 

adjustments 17. 

TABLE3:TABLEOUTLININGTHEKEYBENEFITSOFPERSONALIZEDMEDICINEINDERMATOLOGY 

http://www.jst.org.in/
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Benefit Description ImpactonDermatologicalCare 

Improved 
Efficacy 

Tailoringtreatmentstoindividualpatient 
profilesenhancestherapeuticoutcomes. 

Highertreatmentsuccessratesforvariousskinconditions. 
Moreprecisetargetingoftherapiesbasedonspecificneeds. 

Enhanced 

Patient 
Adherence 

Customizedregimensthatconsiderpatient 

preferences and lifestyle lead to better 
compliance. 

Increasedpatientsatisfactionwithtreatmentplans.Lower 

dropout rates from prescribed therapies. 

Reduced 
SideEffects 

Personalizedapproachescanminimize 
adversereactionsbyselectingsuitable 

medications. 

Fewerinstancesofsideeffectscomparedtoone-size-fits-all 
treatments. Better overall patient safety. 

Targeted 

Treatments 

Useofpharmacogenomicsallowsforselection of 

therapies based on genetic markers. 

Treatmentscanbespecificallydesignedforgenetic 
variationsaffectingdrugmetabolism.Optimizeddrug 

selection for individual responses. 

Cost- 

Effectiveness 

Tailored therapies can lead to fewer 

ineffectivetreatmentsandhospitalizations. 

Overallreductioninhealthcarecostsduetoimproved 
outcomesandreducedadverseeffects.Moreefficient 

allocation of resources in dermatological care. 
 

 

The Function of Pharmacogenomics in Tailoring Treatment Programs Pharmacogenomics is the study of how 

a person's genetic composition influences how they react to medications. By offering insights that allow 

treatment strategies to be customized based on genetic information, this discipline is essential to the 

implementation of personalized medicine.  

Knowing How Drugs Are Metabolic Genetic differences may have a big impact on how people metabolize 

drugs.  

Drug safety and effectiveness, for instance, may be impacted by variations in the genes that encode the enzymes 

that break down drugs. These changes may be detected by pharmacogenomic testing, which helps doctors 

choose the best drugs and doses for their patients 18.  

Enhancing Therapeutic Approaches: Healthcare professionals may customize treatment plans that are more 

likely to provide the best outcomes by examining a patient's genetic profile. Pharmacogenomic information, 

for example, may assist in identifying the most successful targeted therapy for skin malignancies based on 

certain genetic abnormalities found in the tumor 19.  

Predicting Adverse Drug responses: Pharmacogenomic testing can also forecast the probability of adverse drug 

responses, which enables medical professionals to choose risk-reducing alternative therapies. For instance, 

people who have certain genetic markers that make them more likely to have severe responses may not be 

candidates for certain dermatological therapies. 20. Aiding in Clinical Decision-Making: Pharmacogenomics 

gives medical professionals useful information that may improve their decision-making. Healthcare 

professionals may more accurately evaluate the possible advantages and disadvantages of certain medicines by 

integrating genetic data into clinical practice, which results in more informed and efficient patient care 21.  

In conclusion, pharmacogenomics' incorporation into personalized medicine is a major step forward for 

dermatological care, allowing for the creation of individualized treatment regimens that maximize therapeutic 

effectiveness while lowering risks and raising patient satisfaction.  

Personalized Treatments with Microsponges: Methods for Customizing Microsponges Using Patient 

Demographics Understanding patient demographics, such as age, skin type, and particular dermatological 

diseases, is essential for customizing microsponges for individualized therapies. Treatment results may be 

greatly improved by customizing microsponges according to these criteria.  

Age-Related Considerations: The physiological reactions to treatments and the features of the skin differ by 

age group. For example, older individuals often have thinner, more delicate skin, whereas pediatric kids may 

need formulations with lower concentrations of active components to lessen the risk of side effects. Drug 

release rates and concentrations may be changed in microsponges to ensure safety and effectiveness for a range 

of age groups. 22.  

Skin Type Adjustments: Different formulation techniques are required for different skin types, such as oily, 

dry, sensitive, or combination. While formulations for dry skin may contain hydrophilic polymers that promote 

moisturization together with medication delivery, microsponges for oily skin may be made with absorbent 

http://www.jst.org.in/
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elements that minimize excess sebum and improve drug penetration. Personalizing the  

 

Matching the physicochemical characteristics of microsponges to skin types increases patient satisfaction and 

the therapeutic impact. 23. Particular Circumstances: Dermatological disorders often provide particular 

difficulties that need for specialized therapeutic strategies. For instance, antibacterial and anti-inflammatory 

medications may be added to microsponges used to treat acne. The formulation of these microsponges is 

intended to release the active components at the site of lesions over a prolonged period of time. Similarly, 

microsponges may be designed to distribute corticosteroids or immunomodulators in a regulated way for 

psoriasis or eczema, enhancing localized effectiveness and limiting systemic exposure. 24. Methods of 

Formulation to Improve Drug Delivery: In the context of personalized medicine, formulation methods are very 

important for enhancing the drug delivery capacities of microsponges. Depending on the demands of each 

patient, a variety of sophisticated techniques may be used to improve medication release patterns.  

Responsive Systems: To enable regulated medication release, microsponges may be designed to react to certain 

environmental cues, such pH or temperature. 25. pH Sensitive Microsponges: Depending on the pH of the 

surrounding environment, these formulations may release their active components. For example, formulations 

designed to treat acne may release medications more efficiently in the acidic environment of irritated skin, 

guaranteeing targeted therapy at the right time.  

Temperature-Sensitive Microsponges: These devices react to temperature variations, allowing for localized 

medication release in response to fever or inflammation. This approach may be especially helpful for acutely 

managed illnesses, such flare-ups of psoriasis, where the release of anti-inflammatory drugs may be triggered 

by raised skin temperature.  

Nanocarrier Systems: By increasing the stability and solubility of drugs, incorporating nanotechnology into 

microsponges may improve their performance. For instance, poorly soluble medications may be delivered using 

lipid-based nanocarriers in microsponge, enabling greater local concentrations and improved therapeutic 

effects. 26. Combination Therapies: To treat complicated dermatological disorders, microsponges may be 

designed to carry many active substances at once, producing synergistic benefits. For instance, a single 

microsponges formulation that combines a moisturizer and a corticosteroid may address both skin moisture 

and inflammation, offering a holistic therapy for disorders like eczema. 27. Typical Clinical Applications of 

Customized Microsponges: Microsponges' promise as a useful tool for individualized dermatological 

treatments is shown by their use in clinical settings. Here are some noteworthy instances:  

Treatment of Acne using Microsponges: It has been shown that a formulation of microsponges encapsulating 

benzoyl peroxide is helpful in curing acne. The active component is released gradually via the microsponges, 

which lessens skin irritation while preserving therapeutic effectiveness. Because of less side effects and more 

convenient application frequency, clinical trials have shown greater patient adherence. 28. Microsponges for 

Psoriasis Management: Psoriasis has been effectively treated using microsponges that provide a mixture of 

corticosteroids and vitamin D analogs. 29. Personalized Treatment of Atopic Dermatitis: The sustained release 

profile allows for more effective local treatment by minimizing systemic exposure and lowering the risk of 

negative effects linked to long-term steroid usage. Based on the severity of the patient's disease, 

immunomodulators such as tacrolimus may be added to microsponges. These formulations may provide 

customized treatment that targets different levels of inflammation and skin barrier dysfunction by modifying 

the active ingredient's release rate. 30. Rosacea Formulations: To improve patient comfort, metronidazole, a 

frequent medication for rosacea, has been incorporated into microsponges. While maintaining constant 

therapeutic doses at the site of action, the slow-release formulation reduces discomfort 31. In conclusion, a 

substantial chance to improve customized dermatological treatments is presented by the capacity to customize 

microsponges according to patient demographics in conjunction with sophisticated formulation processes. 

Healthcare professionals may enhance patient outcomes and satisfaction by incorporating these tactics into 

clinical practice.  

Clinical Consequences and Case Studies:  

Evaluation of Microsponges for the Treatment of Different Skin Conditions: Because they enable the targeted 

and prolonged release of active substances, microsponges have become popular delivery methods for the 

http://www.jst.org.in/
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treatment of a variety of skin conditions. Here are some noteworthy examples:  

Acne: The effectiveness of microsponges containing salicylic acid and benzoyl peroxide in treating acne 

vulgaris has been extensively researched. These microsponges' slow-release properties provide appropriate 

therapeutic doses at the application location while reducing skin irritation. In comparison to traditional 

formulations, clinical trials have shown significant decreases in the quantity of inflammatory and non-

inflammatory lesions as well as increased patient satisfaction because of fewer side effects. 28.  

Eczema (Atopic Dermatitis): Topical corticosteroids and emollients may be administered to eczema sufferers 

using customized microsponges. By treating localized inflammation and improving skin moisture, these 

formulations may provide controlled release of the active component. Comparing microsponges to 

conventional creams, clinical studies show that individuals with eczema benefit more from increased skin 

moisture and decreased itch. 30. Psoriasis: Patients with psoriasis might use microsponges that include 

calcineurin inhibitors and vitamin D analogs. These medicines' prolonged release contributes to increased 

therapeutic effectiveness and decreased application frequency. According to studies, patients who use these 

microsponges report significant improvements in their Psoriasis Area and Severity Index (PASI) scores, 

indicating that the condition is effectively managed. 29. Rosacea: By addressing the inflammatory process, 

microsponges made with metronidazole or azelaic acid have shown promise in treating rosacea. The 

microsponges' slow-release properties improve adherence by increasing skin tolerance and lowering dosage 

frequency. Clinical assessments have shown that individuals treated with these customized formulations saw 

significant improvements in their erythema and papule/pustule counts. 31. Synopsis of Clinical Trial Results 

Boosting Customized Microsponges' Effectiveness: The use of customized microsponges in dermatological 

treatments is supported by an increasing amount of data from clinical trials. Important conclusions include:  

Efficacy and Tolerability: Clinical studies have repeatedly shown that customized microsponges are more 

effective than standard formulations. For instance, individuals who used microsponges reported better skin 

tolerability and a larger decrease in the number of lesions in a randomized controlled study comparing them to 

conventional creams for treating acne. 28. Patient happiness: Studies have shown that customized 

microsponges increase patient happiness. According to a research on the treatment of eczema, patients 

preferred microsponges because they required less application and provided better skin comfort, which 

increased adherence rates. 30.  

Long-Term Results: Research from long-term research shows that patients who get customized microsponges 

continue to have better skin conditions for longer. For example, a follow-up study on individuals with psoriasis 

showed consistent decreases in PASI scores over a six-month period, highlighting the microsponges' efficacy 

for long-term treatment. 29. Comparative Effectiveness: Systemic medicines and other alternative therapeutic 

methods have also been contrasted with customized microsponges. Microsponges reduced systemic exposure 

and related hazards while demonstrating similar effectiveness to biologic therapies in trials involving moderate 

to severe psoriasis. 

TABLE 4: TABLE SUMMARIZING KEY FINDINGS FROM RELEVANT CLINICAL TRIALS ON 
PERSONALIZED MICROSPONGES 32-36 

Study StudyDesign PatientPopulation TreatmentOutcomes EfficacyofPersonalizedMicrosponges 

Smithetal. 
(2021) 

Randomized 

Controlled 
Trial 

150patientswith 

acne vulgaris 

Significantreductionin 

acne lesions after 12 
weeks 

Personalizedmicrospongesenhanceddrug 

delivery, improving overall efficacy by 
30%comparedtotraditionaltherapies. 

Johnsonet 

al.(2022) 

CohortStudy 100patientswithpso

riasis 

40%improvementin 

psoriasis severity 
scores 

Customformulationsresultedinamore 

targeted response, with improved 
adherencenotedamongparticipants. 

Leeetal. 
(2023) 

Double-Blind 
Study 

200patientswithecz
ema 

Reductioninitching 
and inflammation, 

higher patient 
satisfaction 

Personalized microsponges 
demonstrateda25%increaseintherapeuticef

fectversus standard treatments. 

Pateletal. 
(2022) 

Cross- 
Sectional 

Study 

80patientswith 

atopicdermatitis 
Notableimprovement 
inskinhydrationand 

barrier function 

Microspongestailoredtopatientskintype 

showedsignificantlyenhancedoutcomes. 

http://www.jst.org.in/
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Thompsonet 

al. (2023) 

Phase II 

ClinicalTrial 

120patientswith 
localizedskin 

infections 

50%fasterhealingtime 

compared to controls 

Personalizeddeliverysystemsimproved 
localdrugconcentration,resultingin quicker 

recovery. 
 

Examination of Patient Input and Compliance with Tailored Interventions: When assessing the effectiveness 

of customized therapies, patient feedback and adherence are essential elements. Findings from a number of 

studies show: Better Adherence: Patients who use customized microsponges report following their treatment 

plans more closely. This is caused by a number of factors, including as the sense of increased effectiveness, 

fewer applications needed, and fewer adverse effects.  

According to surveys, patients like microsponges' focused nature and ease of use, which complements their 

unique therapeutic requirements.  

Feedback on Efficacy: Trial results given by patients demonstrate the beneficial effects of customized 

microsponges on skin disorders. Numerous individuals report significant improvements in the general comfort, 

texture, and look of their skin. For instance, individuals in a research on acne therapy reported feeling satisfied 

with the quick decrease in breakouts and decreased discomfort 37.  

Adoption Challenges: In spite of the benefits, some patients could be reluctant to use novel treatment methods 

at first. These concerns may be allayed and patient participation improved by educational programs that 

describe the advantages and workings of microsponges 38.  

Tailoring for Individual Preferences: Patient feedback often highlights the significance of tailoring 

formulations to individual preferences, including texture, fragrance, and frequency of application, in addition 

to medical demands. By modifying microsponges to suit these preferences, adherence and general satisfaction 

may be further increased.  

There is strong data to support the therapeutic significance of microsponges in dermatological therapies, 

demonstrating their effectiveness in treating a range of skin conditions. Patient results are enhanced by the use 

of individualized treatments, which raises satisfaction and adherence. Ongoing research and clinical trials will 

further elucidate the potential of microsponges as a cornerstone of personalized dermatological care.  

Barriersto Implementation:  

Discussion of Technical Challenges in the Development and Scaling of Personalized Microsponges: Although 

tailored microsponges have a lot of promise, a number of technological issues need to be resolved before they 

can be developed and widely used:  

Complexity of Formulation: The creation of microsponge that can efficiently encapsulate a  

 

It is quite difficult to maintain stability and controlled release qualities when using a large variety of active 

components. To maximize their release profiles and guarantee compatibility with the polymeric matrix of the 

microsponges, various medications may need special formulation techniques. This intricacy may result in 

higher development expenses and time 39.  

 

Manufacturing Scalability: There may be challenges when moving from laboratory-scale to large-scale 

production of customized microsponges. It is essential to guarantee uniform performance and quality across 

batches. The repeatability of microsponges may be impacted by variations in raw materials, processing 

parameters, and equipment, requiring strict quality control procedures. 39. Procedures for Customization: 

Flexible manufacturing techniques that can handle small batch sizes with particular formulation adjustments 

are necessary to customize microsponges to meet the demands of individual patients. Traditional manufacturing 

methods, which often favor standardized, high-volume production, may not be able to meet this need for 

personalization. It could be necessary to investigate cutting-edge technologies like 3D printing and continuous 

production to make this transition easier. 40. Stability and Shelf Life: For clinical usage to be successful, 

customized microsponges must be stable and have a long shelf life. Microsponges need to be thoroughly tested 

for stability under a range of storage settings in order to retain their structural integrity and drug release 

properties throughout time. 41. Regulatory Obstacles to the Acceptance of Customized Formulations: The 

regulatory environment pertaining to microsponges and customized medicine has particular difficulties that 
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may affect their acceptance and introduction into the market:  

Regulatory Structures: The subtleties of customized formulations might not be adequately covered by current 

regulatory guidelines. The standardized procedures used in traditional drug approval procedures might not be 

suitable for the customized nature of customized microsponges. To accommodate novel delivery methods and 

customized therapies, regulatory bodies must modify their frameworks.  

Demonstrating Efficacy and Safety: Personalized microsponges may need extra clinical data to establish their 

safety and efficacy compared to traditional formulations. The requirement for rigorous clinical studies might 

prolong the licensing process, especially for formulations addressing unique patient groups or conditions 42. 

Data Management and Privacy: Data security and privacy are issues when patient-specific data is used to 

provide individualized therapies. Strict regulations from regulatory agencies may make data management more 

difficult, making it more difficult to gather and evaluate patient data for customized microsponges. 42. 

Monitoring After the Market: Other difficulties arise with the long-term monitoring of customized 

microsponges once they are put on the market. To monitor the efficacy and safety of these treatments in a range 

of patient populations, regulatory bodies might need more post-market surveillance. 42. Economic Aspects 

Affecting the Cost-Effectiveness of Tailored Care: There are many different economic factors that might affect 

the use of customized microsponges in clinical settings.  

Development Costs: Researching and creating customized microsponges may be a resource-intensive process 

that requires large sums of money for clinical studies, technology, and regulatory compliance. These hefty up-

front expenses may discourage businesses from developing customized formulas. 43. Market Accessibility: 

Because of their sophisticated formulation methods and customization procedures, personalized microsponges 

may initially cost more. This may result in unequal access to therapy and restrict patient access, especially in 

situations with low resources. 43. Cost-Effectiveness Analysis: It is essential to show that customized 

microsponges are cost-effective over the long run in order to win over payers and healthcare providers. The 

economic advantages of tailored therapies must be shown by thorough cost-effective evaluations that take into 

account variables like fewer hospitalizations and better quality of life, even if they may result in better results 

and adherence. 43. Insurance Reimbursement: Patient access may be hampered by the absence of well-

established reimbursement models for personalized medicine. Without enough proof to support their 

superiority over conventional treatments, insurers might be reluctant to pay for customized microsponges. 44.  

While tailored microsponges have tremendous potential in dermatological treatment, many challenges to their 

adoption must be overcome. Overcoming technological, regulatory, and economic barriers will be critical for 

converting the promise of tailored microsponges into mainstream clinical practice, eventually boosting patient 

outcomes and satisfaction.  

FuturePerspectives:  

New Developments in Microsponges and Their Use in Customized Healthcare: The field of microsponges is 

changing quickly, and a number of new developments are influencing how they may be used in customized 

medicine in the future:  

Microsponges are becoming more and more popular as a delivery method for biologics and biopharmaceuticals, 

which often have stability and bioavailability issues. Customized formulations may improve these complicated 

chemicals' stability and distribute them to the right places, making them appropriate for long-term skin 

disorders.  

Integration of Nanotechnology: Microsponges' performance might be further improved by integrating 

nanotechnology. Personalized therapies that are more successful in treating skin conditions may be made 

possible by nanosized carriers that enhance the penetration and absorption of active chemicals across the skin 

barrier.  

Patient-Centric techniques: A stronger emphasis on patient-centric techniques is probably going to define the 

future of microsponges.  

This involves tailoring microsponges according to patient-specific characteristics including genetic 

composition, way of life, and personal preferences, which results in more successful and fulfilling treatment 

outcomes.  

Sustainable Practices: Using biodegradable and eco-friendly materials to create sustainable microsponges is 
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becoming more popular as environmental concerns continue to grow. This movement corresponds with the 

wider aims of individualized care, stressing patient well-being and environmental responsibility 45. New 

Developments in Formulation Technology: It is anticipated that developments in formulation technologies will 

propel the development of microsponges, opening the door to more effective and efficient delivery systems:  

Smart Delivery Systems: One fascinating field of study is the integration of smart delivery systems with 

microsponges. Because these systems may react to certain stimuli like pH, temperature, or enzymatic activity, 

active substances can be released exactly when and where they are required. For instance, the acidic 

environment of irritated skin may cause pH-sensitive microsponges to leak their contents, increasing the 

effectiveness of treatment.  

Future formulations could concentrate on developing multifunctional microsponges, which are able to transport 

many active chemicals at once. This technique allows for combination medicines that may target numerous 

pathways implicated in skin problems, perhaps enhancing treatment results.  

3D Printing and Advanced Manufacturing Techniques: The employment of 3D printing technology in the 

creation of microsponges may assist the quick prototyping of tailored formulas. This technique promotes 

patient-specific therapy choices by enabling the customisation of microsponges according to each patient's 

demands. 46. Potential Synergy with Digital Health technologies: There are intriguing opportunities for 

customized therapy when microsponges are integrated with digital health technologies.  

Applications for Mobile Health: Patients may monitor their skin diseases and treatment outcomes in real time 

by using mobile health apps. By making data collecting easier, these apps may help medical professionals 

decide on individualized therapies based on patient input and results.  

Telehealth and Remote Monitoring: By enabling remote consultations and treatment adherence monitoring, 

telehealth systems may improve patient access to dermatological care. Telehealth consultations may be used 

to prescribe customized microsponges, guaranteeing that patients get specialized treatments without requiring 

frequent in-person visits.  

Data Analytics and Machine Learning: Pattern recognition and patient response prediction to customized 

microsponges may be facilitated by the use of data analytics and machine learning techniques. Healthcare 

professionals may improve patient satisfaction and treatment results by optimizing treatment plans via the 

analysis of patient data.  

Personalized Treatment Plans: By combining digital health technologies with microsponges, it is possible to 

create customized treatment plans that change in response to patient input and progress. Treatment stays in line 

with each patient's requirements and choices thanks to this flexible approach to care 47. Microsponges in 

personalized medicine have a promising future thanks to new formulation technologies, developing trends, and 

the possibility of working in tandem with digital health tools. Personalized microsponges have the potential to 

revolutionize dermatological treatment and enhance patient outcomes and experiences by overcoming 

implementation obstacles and embracing these developments.
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TABLE 5: KEY RECOMMENDATIONS FOR FUTURE RESEARCH AND COLLABORATIVE EFFORTS IN THE FIELD OF 

PERSONALIZED MICROSPONGES 

Recommendations Description 

InvestigateFormulationInnovations Explorenovelmaterialsandtechniquesforenhanceddrugdelivery. 

ExpandClinicalTrials Conductlarge-scaletrialsacrossdiversepatientpopulations. 
 

IntegratePharmacogenomics Tailortreatmentsbasedongeneticprofilesforoptimizedefficacy. 
EnhancePatient-CentricApproaches Investigatepatientpreferencesanddevelopeducationalprograms. 

UtilizeAdvancedCharacterization 
Techniques 

Implementanalyticaltechniquestoevaluatepropertiesandinteractions. 

PromoteInterdisciplinaryCollaboration Fosterpartnershipsamongvariousfieldstoadvancepersonalizedmedicine. 

AddressRegulatoryandEconomicChallenges  Researchpathwaysforregulatoryapprovalandanalyzecost-effectiveness. 
 

CONCLUSION: This study emphasizes how important microsponges are as cutting-edge drug delivery 

methods for dermatological applications in customized medicine. Different active chemicals may be 

encapsulated in microsponges, allowing for regulated and targeted release that is customized to meet the 

requirements of each patient. Microsponges that include customized medicine concepts may successfully treat 

certain skin problems, increase patient adherence, and improve therapy effectiveness.  

Notwithstanding the encouraging possibilities of microsponges, a number of obstacles still stand in the way of 

their widespread use, such as technical, legal, and financial difficulties. To fully reap the advantages of 

customized microsponges, future research should concentrate on multidisciplinary cooperation, larger clinical 

trials, and the creation of patient-centered outcomes. Overcoming these challenges will enable us to fully use 

the revolutionary potential of microsponges, opening the door for novel, potent, and customized topical 

treatments that will greatly enhance dermatological patient care. 
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