
that will alleviate the symptoms for all patients.5 Therefore, 
personalized approaches are required.

Still, nanotechnology offers a fresh perspective that might 
be the key to solving these problems.6 Due to the unique 
characteristics of nanogels for drug delivery and therapy 
for human consumption, which differ from conventional 
hydrogels, the medical sector is quickly adapting to their 
use.7 Nanogels allow for the targeted delivery of medicinal 
compounds to arthritic joints with little systemic circulation 
and off-target side effects by enclosing therapeutic chemicals in 
a three-dimensional framework of nano-size polymer chains. 
Nanotec chain localization and discharge kinetic control.8,9

Research into a possible new treatment modality has been 
prompted by the possibility that a topical nanogel formulation 
might help alleviate arthritic pain by overcoming the 
drawbacks of current methods. More chances than ever before 
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Arthritis is a crippling condition that affects a large number of 
people worldwide and puts a significant burden on healthcare 
systems.1 The inflammation of the joints is a common symptom 
among various forms of arthritis, and these conditions can be 
challenging to diagnose, treat, and manage as a whole.2 A lot 
of individuals still have trouble moving around and dealing 
with chronic pain, even though medical knowledge has come 
a long way. Unfortunately, the available treatment options do 
not allow everyone to reach their desired level of well-being.3

Several obstacles have recently emerged in the field of 
arthritis therapy. To begin, there is no relief from induced 
joint inflammation when using NSAIDs or DMARDs, and 
there are a plethora of systemic unfavorable effects associated 
with these treatments.4 Furthermore, every case of arthritis 
is unique, making it extremely difficult to create a treatment 
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exist to take advantage of nanogels’ intrinsic features, such as 
their biocompatibility and high surface area-to-volume ratio, to 
improve therapeutic efficacy and direct drug delivery patterns.
Comparison of Conventional Approaches to Arthritis 
Treatment Development and Nanotechnology
Evidence of arthritis’s presence in writings from thousands 
of years ago suggests it was among the earliest ailments 
humans encountered. Traditional healing practices and the 
passing down of knowledge through oral traditions formed 
the backbone of ancient medicine. Historically, inflammation 
was treated with a combination of dietary changes, poultices, 
different herbal concoctions, and more conventional methods, 
including bloodletting and thermotherapy. Despite a lack of 
knowledge about the disease and its processes, the implemented 
method was able to alleviate discomfort.10-12

The development of modern medicine in the twentieth 
century led to tremendous progress in the treatment of arthritis. 
Non-steroidal anti-inflammatory drugs (NSAIDs) were widely 
available and alleviated inflammation and pain; corticosteroids, 
on the other hand, were more popular as anti-inflammatory 
treatments due to their rapid reduction of uncomfortable, 
short-term acute conditions. By addressing the underlying 
immunological dysregulation, the disease-modifying 
antirheumatic medicines methotrexate and sulfasalazine have 
greatly transformed the management of RA. Moreover, surgical 
procedures, especially joint replacements, became practical 
choices for those suffering from severe arthritis, enabling them 
to reclaim mobility and function.13-15

Traditional systemic therapies for arthritis have their 
limits, but they do help a lot of people with their symptoms. 
The problem arises because these medications have 
systemic negative effects. Systemic or oral use of DMARDs, 
corticosteroids, NSAIDs, and other similar drugs alters the 
typical risk of adverse event development. Injuries to organs, 
immunosuppression, cardiovascular events, gastrointestinal 
problems, and peptic ulcers are among the long-term adverse 
effects that may occur. Arthritis symptoms are notoriously 
difficult to manage for an extended length of time with a single 
medication or regimen because of these systemic effects.16-18

The nonselective influence on inflamed joints and their 
acceptable outcomes, as well as the systemic side effects, 
are further signs of the phrases that should be ended. More 
potent dosages are needed to get therapeutic cures because of 
the initial absence of selected materials, which increases the 
danger of unpleasant responses.19

Because every case of arthritis is unique, it is also difficult 
to develop a medication that will work for every patient. It can 
manifest in a variety of ways and affect individuals differently, 
regardless of whether it’s rheumatoid, osteoarthritis, or another 
kind of arthritis.20

New answers to old issues are offered by the possibility of 
employing nanotechnology, which revolutionizes the area of 
medicine. The term “nanoscale” describes the manipulation 
of materials with unique characteristics governed by quantum 
phenomena on a scale of nanometers or less. Imaging, 
regenerative medicine, drug delivery, and diagnostics are just a 

few areas where nanotechnology has had a profoundly positive 
effect on people’s health. Numerous nanoscale structures have 
proven their capacity to enhance the efficacy and security of 
healthcare. Nanogels, nanoparticles, and nanocarriers are only 
a few examples.21-23

A once-in-a-generation opportunity to sidestep the 
numerous problems with conventional arthritis drugs has 
arisen with the development of nanotechnology. One example 
of a versatile drug delivery technique is nanogels, which 
can control the rate and location of drug release with great 
precision. Incorporating such nanostructured hydrogels into 
their network might allow for the targeted delivery of medicinal 
chemicals to certain tissues or cells. Improving the stability, 
solubility, and pharmacokinetics of medications by nano-
encapsulating them in nanogels could be a straightforward 
process. Systematic exposure and unintentional off-target 
interactions are both decreased.24-27

Nanogel formulations have tremendous potential as a 
revolutionary step forward in the treatment of arthritis due to 
their increased personalizability, precision, and therapeutic 
efficacy. By using the distinct properties of nanogels, scientists 
can develop formulations that can meet the needs of individuals 
with arthritis. Next, there could be formulations that help 
arthritis sufferers by regulating the delivery of medication to 
their aching joints. Consequently, the medicine’s therapeutic 
efficacy is enhanced while systemic exposure and off-
target effects are reduced. Thus, arthritis sufferers should 
expect improved health outcomes and a greater standard of 
living if they experience less pain, inflammation, and joint 
deterioration. Because of the customization, nanogel therapy 
may also be tailored to each individual patient. Researchers 
may tailor nanogel formulations to each patient’s specific 
needs by adjusting their size, shape, surface chemistry, and 
drug-release kinetics. By considering several criteria, we may 
create more effective and personalized medicine, which in turn 
leads to optimal therapeutic outcomes.28-33

Nanogel Design Innovations: Revolutionizing Drug Delivery

Fundamental principles of nanogel design and engineering
In the rapidly advancing field of nanogel development and 
creation, new improvements are continually being created 
to revolutionize the drug supply. “Smart” nanogels are at 
the forefront of research ideas. Recent work has resulted in 
suggestions for nanogels that are “smart.” The inflammogenic 
nanogel, generated from thermo-responsive and pH-sensitive 
polymers, exhibits a unique response to the physical signals in 
arthritic joints.34, 35 The usage of supramolecular assembly to 
construct nanogels is a new approach that produces nanogels 
that serve as highly scalable, adjustable, and functional drug 
delivery systems. Nanogels might dramatically boost drug 
supply efficacy and efficacy when managing arthritis.36

Cutting-edge surface modification techniques for targeted 
delivery
There are new approaches to solving the entire issue of accurate 
targeting, which have been discovered in the field of surface 
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modification for targeted drug administration.37 To completely 
avoid immune recognition and expand the time in the body, 
researchers created stealth nanogels. Due to surface conjugation 
with polyethylene glycol and zwitterionic polymers, nanogels 
have improved pharmacokinetics, biodistribution, and, as a 
result, therapeutic efficiency.38 Contemporary bioconjugation 
chemistry can adequately modify nanogels surfaces with 
accurate attachment of targeting ligands, antibodies, or 
aptamers. Therefore, drug delivery to inflamed joints will 
provide the most accurate distribution.39

Advanced drug encapsulation strategies for enhanced 
efficacy
Recent advancements in drug encapsulation technologies further 
expanded the therapeutic potentials of nanogels.40 Note that the 
design of “nanogelosomes,” a hybrid structure of nanogels and 
liposomes, is particularly notable, as it elicits a greater drug-
loading capacity and a more controlled release kinetics.41 The 
therapeutic efficacy of arthritis treatment is maximized by the 
incorporation of therapeutic drugs into nanogelosomes.42,43 
Moreover, developments in microf luidic-based nanogel 
production techniques enable more precise manipulation of the 
nanogel characteristics, such as size, shape, and distribution of 
drugs inside the nanogel matrix, which leads to more efficient 
drug delivery in achieving therapeutic outcomes.

Fine-tuning particle size for optimal therapeutic effects
The novel avenues of size adjustments of the nanogel 
particles create new perfect options for medication delivery 
customized to the highest extent and provide treatment for 
arthritis successfully.44 The very recent advancements in the 
dynamically adjustable systems capable of changing their size 
on the go due to outside factors such as ultrasound or magnetic 
fields have proven to be pivotal for the possibility of regulating 
the nanogel dimensions in response to physiological cues.45 
The incorporation of magnetic nanoparticles or ultrasound-
responsive materials in the nanogel formulations allows the size 
control to be as precise as possible.46 The implementation of 
such devices significantly enhances the chances of the particles 
entering the tissue and the cell more efficiently, especially in 
the arthritic joints; therefore, the potential for the innovative 
approach above has been described cannot be underestimated.47

Clinical Breakthroughs: Efficacy of Topical Nanogels in 
Arthritis Management
A meta-analysis of clinical trials proves the effectiveness of the 
study. A comprehensive assessment of the efficacy of topical 
nanogel compositions in arthritis treatment can be achieved 
through the analysis of numerous clinical studies.48 Table 1 
summarizes the key studies, encompassing their design, patient 
profile, intervention approach, and outcomes studied. This 

Table 1: Clinical trials evaluating topical nanogel formulations

Study design Patient demographics Intervention protocols Outcome measures Key findings
Randomized 
controlled 
trial

Age: 45–65 years 
Gender: Male/Female 
Sample size: n = 120

Topical application 
of nanogel containing 
anti-inflammatory drug 
X. Dosage: Once daily. 
Application site: Affected 
joints.

Pain scores (Visual Analog 
Scale), Joint function 
assessment (HAQ), 
Inflammatory markers 
(CRP, ESR)

The nanogel group showed a significant 
decrease in pain levels and improvement 
in joint function compared to the placebo 
group. Decrease in inflammatory 
markers suggests reduced disease 
activity.49

Prospective 
cohort study

Age: 55–75 years 
Gender: Mixed 
Sample size: n = 80

Application of nanogel 
loaded with analgesic and 
chondroprotective agents. 
Dosage: Twice daily. 
Application site: Knee 
joints.

Visual Analog Scale for 
pain assessment, Western 
Ontario and McMaster 
Universities Osteoarthritis 
Index (WOMAC), 
Functional assessment

A statistically significant reduction in 
pain intensity and improvement in knee 
function were seen after nanogel therapy. 
Improved patient adherence resulting 
from decreased dose frequency in 
comparison to oral treatments.50

Pilot 
feasibility 
study

Age: 35–55 years 
Gender: Male 
Sample size: n = 30

Application of nanogel 
encapsulating corticosteroid 
and immunomodulatory 
agent. Dosage: Once daily. 
Application site: Affected 
skin and joints.

Psoriasis Area and Severity 
Index (PASI), Joint 
tenderness assessment, 
Patient-reported quality of 
life (SF-36)

The Nanogel therapy led to a notable 
enhancement in the severity of psoriasis 
and joint discomfort. Improved patient 
satisfaction and quality of life were 
noted in comparison to earlier treatment 
methods.51

Double-blind 
crossover 
study

Age: 50–70 years 
Gender: Female 
Sample size: n = 60

Application of nanogel 
containing analgesic and 
anti-inflammatory agents. 
Dosage: Twice daily. 
Application site: Hands.

Grip strength assessment, 
Visual Analog Scale 
for pain, Patient global 
assessment

The use of nanogel showed better 
pain alleviation and enhanced grip 
strength compared to a placebo. Patients 
expressed increased satisfaction with 
nanogel therapy because of decreased 
discomfort and greater hand function.52

Longitudinal 
observational 
study

Age: 40–80 years 
Gender: Male/Female 
Sample size: n = 150

Topical application of 
nanogel loaded with 
disease-modifying 
antirheumatic drugs 
(DMARDs). Dosage: Once 
daily. Application site: 
Affected joints.

Disease Activity Score 
(DAS28), Functional 
status assessment (HAQ), 
Adverse events monitoring

Noticeable decrease in disease activity 
ratings seen throughout the research period 
after nanogel therapy. The nanogel-based 
DMARD delivery system has been shown 
to be safe and effective in managing 
arthritis, with improved functional status 
and few side effects observed.53
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Table 2: Examining nanogel formulations in relation to conventional arthritis treatments

Parameter Traditional arthritis treatments Nanogel formulations
Efficacy Variable efficacy depending on the drug used; systemic 

effects may lead to suboptimal outcomes in some patients
Enhanced efficacy due to targeted delivery and sustained release 
of drugs; precise localization reduces systemic side effects58

Side effects Common side effects include gastrointestinal 
disturbances, liver toxicity, and renal dysfunction.

Reduced systemic side effects due to localized drug delivery; 
minimal risk of systemic adverse reactions59

Dosing frequency Often requires frequent dosing, ranging
from daily to multiple times daily

Reduced dosing frequency due to sustained
release properties, typically once daily or
less frequent dosing schedules60

Patient adherence Adherence may be compromised due to
complex dosing regimens and side effects

Improved adherence due to reduced dosing
frequency and minimized side effects61

Table 3: Case study data on patient response to topical nanogel treatment

Case Patient 
demographics

Disease 
characteristics Treatment regimens Clinical outcomes Adverse events  

(if any)
1 Age: 55, 

Female
Rheumatoid 
arthritis (RA)

Topical application of nanogel 
containing methotrexate

Significant reduction in joint pain and 
swelling; Improved joint mobility; 
Decreased disease activity64

None reported

2 Age: 68, Male Osteoarthritis 
(OA)

Nanogel loaded with glucosamine and 
chondroitin sulfate

Marked improvement in knee function 
and reduced pain intensity; Enhanced 
quality of life65

Mild skin irritation at 
the application site

3 Age: 42, 
Female

Psoriatic 
arthritis (PsA)

Nanogel formulation incorporating 
corticosteroid and calcipotriol

Clearing of psoriatic plaques; 
Reduction in joint inflammation; 
Improved skin and joint symptoms66

Temporary mild 
itching and erythema

4 Age: 60, Male Ankylosing 
spondylitis 
(AS)

Nanogel containing tumor necrosis 
factor (TNF) inhibitors

Substantial reduction in back pain and 
stiffness; Improved spinal mobility; 
Decreased disease activity67

None reported

5 Age: 48, 
Female

Gout Topical application of nanogel loaded 
with colchicine

Rapid resolution of acute gout flare; 
Decrease in pain and inflammation; 
Improved joint function68

None reported

meta-analysis represents critical information on the impact and 
safety of nanogel-based treatment through data aggregation 
over several trials.
Assessment of pain reduction and improved joint function
It is also important to consider the clinical efficiency of topical 
nanogels in relieving pain and improving joint function. 
In this part, the clinical studies outcomes related to the 
modifications in ratings of pain, joint stiffness, and physical 
function following nanogel therapy are reviewed.54 The patient-
reported outcomes, together with objective measures, might 
provide valuable insights into the extent to which symptoms 
are alleviated and function improved by nanogel therapy.55

Comparative analysis with traditional therapies
The comparison of the efficacy and safety of nanogel 
formulations in relation to traditional arthritis treatments is 
important for the identification of possible benefits.56 Table 2 
compares the most important criteria for comparison, such as 
efficacy, side effects, dosing schedule, and patient compliance, 
for traditional drugs and nanogel formulations. The review 
indicates that the spread of these compounds can help to 
overcome deficiencies of the existing treatments and highlights 
the superior aspects of advanced technologies such as reduced 
systemic exposure and targeted medication.57

Case studies illustrating successful implementation in 
clinical settings
However, in the real world and clinical settings, case studies 
have been carried out that have proved the effectiveness and 
safety of treatment through the use of topical nanogels.62 It 
reflects the common characteristics of patients, the diseases 
they suffered, the treatment, and the clinical results of a variety 
of the studies used in this research (Table 3). This “individual 
checking” confirms the potential of tailor-made, individual 
therapy for the management of arthritis.63

Safety and Biocompatibility: Ensuring Patient Well-
Being

Comprehensive review of biocompatibility studies
A comprehensive evaluation to assess the safety profile of 
the nanogel formulations requires an extensive review of 
biocompatibility tests.69 Table 4 presents some of the critical 
biocompatibility studies that have investigated the interaction 
of nanogels with biological systems. Studies on the clinical 
suitability of nanogel formulations involve biocompatibility 
tests workplace to obtain data on cytotoxicity, immunogenicity, 
tissue and hemocompatibility as well as characterization of 
several key properties.70 The table is crucial in making several 
conclusions that focus on the safety profile of the nanogels and 
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their potential impact on the morbidity of the patient from key 
biocompatibility studies.71

Minimization of adverse effects compared to systemic 
treatments
Nanogel formulations have a reduced side effect profile due 
to their targeted drug delivery capabilities. Off-target effects 
could be minimized and the therapeutic index improved by 
including therapeutic drugs in nanogels, as systemic exposure 
would be limited.83 In clinical trials and preclinical research, 
you can learn a lot about the safety advantages of a medicine 
based on nanogel from a comparison of the side effect profile 
of nanogels with drugs taken via the systemic routes.84 For 
example, the characteristic of the safety profile of nanogels 
in arthritis care, could include evaluation of gastrointestinal 
disturbances, hepatotoxicity, nephrotoxicity, and hematological 
abnormalities.85

Long-term safety implications and patient outcomes
To ensure the well-being of the patients, it would be important 
to investigate the long-term safety of medicines made using 
nanogels. Longitudinal studies of patient outcomes over 
extended periods would help to better define the effectiveness 
and safety of nanogel formulations.86 Researchers might 
examine how long-term impacts and side effects of nanogel 
therapy affect patients’ health outcomes and subjective well-
being. Cumulative drug exposure, duration of treatment, 
patient disease status, and comorbidities are some of the 
factors that such studies might examine as correlating with 
long-term safety.87 The long-term safety trials informs us 

about the full scope of nanogel-based medicinal safety and 
the care of arthritis.88

Ethical and Regulatory Considerations in 
Nanotechnology-Driven Arthritis Therapy

Ethical implications of nanotechnology integration in 
healthcare
Concerns about informed consent, safety, and equity are 
significant ethical dilemmas. Nanogel formulations are 
considered one of the promising methods of combating arthritis, 
and issues of patient autonomy, beneficence, and justice are 
associated with them.89 It may put ecosystems and human health 
at risk in the long run by nanogel unforeseen implications, but 
ethical supervision and action prior to any supply of such a 
technique to people are required. Ethical dilemmas accompany 
the financing and equal access to health care since some of the 
nanogel options may be too expensive for a broader cohort.90 
Ethical dilemmas and incorporating nanotechnology into 
arthritis treatment can be better understood using ethical 
frameworks such as utilitarianism and principlism.91 Moreover, 
open dialogue among healthcare providers, researchers, and 
patients is also vital to form believers and keep the nobility of 
the lines when applying nanogel medications.92

Regulatory challenges and considerations for clinical adoption
Use of regulatory bodies’ activities to insure the consistency, 
safety, and success of arthritis drugs produced with nanogel 
are essential. However, regulating authorization and observing 
the advancement of this technology may need more energy, 

Table 4: Overview of biocompatibility studies for nanogel formulations

Study 
design

Cell line/animal 
model used Evaluation parameters Key findings

In-vitro 
study

Human dermal 
fibroblasts

Cytotoxicity: Cell viability assay Nanogels exhibited high biocompatibility with minimal cytotoxic effects on 
dermal fibroblasts at clinically relevant concentrations.72

Immunogenicity: ELISA for 
cytokine release

Negligible immunogenic response observed, indicating low potential for eliciting 
immune reactions upon exposure to nanogel formulations.73

In-vivo 
study

Sprague-Dawley 
rats

Hemocompatibility: Hemolysis 
assay

Nanogels demonstrated excellent hemocompatibility, with minimal hemolysis 
observed even at high concentrations, suggesting low blood toxicity.74

Tissue compatibility: 
Histological analysis of organs

Histological examination revealed no signs of tissue damage or inflammation in 
major organs following nanogel administration, confirming tissue compatibility.75

Clinical 
trial

Arthritis patients Patient-reported outcomes, 
Blood markers

Nanogel treatment was well-tolerated by arthritis patients, with no reports of 
adverse reactions. Blood markers remained within normal ranges throughout the 
study.76

Significant improvement in disease symptoms and quality of life observed, 
indicating the efficacy and safety of nanogel formulations in clinical settings.77

Preclinical 
study

Humanized 
mouse model

Pharmacokinetics: Blood 
concentration of nanogels

Nanogels exhibited prolonged circulation time and sustained release of encapsulated 
drug, indicating favorable pharmacokinetic properties for therapeutic efficacy.78

Biodistribution: Tissue 
distribution of nanogels

Nanogels preferentially accumulated in arthritic joints, demonstrating targeted 
delivery and reduced off-target effects compared to systemic administration.79

Minimal accumulation in non-target organs, indicating low systemic exposure 
and potential for minimizing systemic toxicity.80

In-vitro 
study

Human monocyte 
cell line

Immunomodulation:
Inflammatory cytokine expression

Nanogels downregulated pro-inflammatory cytokine expression in activated 
monocytes, suggesting potential for mitigating inflammation in arthritis.81

Reduced expression of TNF-alpha and IL-6 observed, indicative of anti-
inflammatory effects and potential disease-modifying properties.82
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considering its distinctiveness.93 It will be important to need 
innovative methods of controlling and assessing hazards 
because of the peculiar feature of nanogel technology to prevent 
bio systems’ randomically complicated connections. The 
requirement for unification in nanomaterial characterization, 
biocompatibility and long-term toxicity examination, and other 
protocols for preclinical and clinical tests of nanogel should 
be explicitly defined by regulators.94

Post-market surveillance systems are vital to monitor side 
effects and confirm that it is still safe to use nanogel treatments. 
To overcome regulatory barriers and improve the axiological 
and clinical acceptance of nanogel treatment for arthritis, 
collaboration among scientific authorities, pharmaceutical 
industry representatives, and regulatory authorities is 
necessary.95

Ensuring informed consent, patient privacy, and equity in 
access
Patient privacy and informed consent, as well as equal 
access, are important considerations when implementing 
nanotechnology in arthritis treatment. Patients must be 
informed about what nanogel therapies are, what they do, and 
what danger or advantage they provide so that they may make 
informed decisions about the best path ahead for their health 
and well-being.96

Verifying that patients are well-informed about the 
nanotechnology science and how it impacts their treatment 
assignment necessitates offering good, concise details they 
can easily grasp.97 As this is the period of digital health 
care and individualized procedures, patient confidentiality 
and data confidentiality are the top priorities. Maintaining 
patient information confidential and stopping unlawful 
access need tight data protection standards. Additionally, the 
underserved and impoverished should be able to access nanogel 
medication.98 There are several distributionay palliative 
measures that may be used to both allocate nanogel treatments 
fairly and combat disparities in obtaining. Some of the methods 
are price clarity, reimbursement rules, and public initiatives.99

It is feasible to prioritize patient well-being and safety 
while maneuvering through the intricate environment of 
nanotechnology-supported arthritis treatment. It will be made 
possible for stakeholders by following their moral values and 
resolving hindrances in regulation.100

CONCLUSION
The integration of nanogel technologies in arthritis treatment 
is considerable progress compared to former approaches. 
Numerous research and diverse clinical trials suggested 
that nanogels can be utilized to accurately deliver drugs to 
inflamed joints and significantly lessen inflammation, pain, 
and disease activity. Also, the level of cytotoxic impacts and 
immunogenicity of nanogels as well as biocompatibility, has 
been assessed by raft assessment methodologies. Therefore, it 
is feasible to summarize that this technology has exceptional 
potential to revolutionize arthritis treatment and substantially 
improve patient outcomes.

Nanogel formulations revolutionize precision medicine due to 
their potential to produce personalized medications that have 
fewer systemic adverse effects. They can encapsulate a broad 
variety of agents due to their adaptable character, which makes 
personalized treatment plans and therapy for the possibility of 
disease transformation a reality. Clinical therapy and quality 
of life can be improved by using nanotechnology to provide 
physicians with personalized medications that target the 
reasons underlying arthritis.

Optimization of the design of nanogels aiming at effective 
drug administration and the period of pharmacological effects 
when used is worth considering. Trials with diverse patient 
populations, which can demonstrate both that nanogel is safe 
and exhibits effectiveness over a certain period of time, are 
imperative. The effective overcoming of the regulatory barriers 
and the successful implementation of technology in medical 
practice is achievable only through the collaborative efforts 
of the clinical and mentoring communities. By addressing 
these aspects, we can harness the enormous prospects of 
nanotechnology for transforming the treatment of arthritis and, 
therefore, bringing relief and improved life quality to millions 
of people it affects.
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