
ABSTRACT
Osteoarthritis (OA) is a chronic disease that affects the cartilage in the joint owing to the cause of age factors, obesity deficiency, 
genetic disorder, and significantly it reduces the effect of motions in normal functional activities. Today, various treatment 
methods are followed to prevent this disease’s adverse effects, such as exercise, surgery, topical and oral medications, steroidal 
injections, stem cell therapy, and viscosupplementation. Nevertheless, nonsteroidal anti-inflammatory drugs (NSAIDs) are 
suggested to overcome the intensity of pain, but it is still limited due to various side effects. Although there is no proper 
treatment adopted for the long term to permanently eradicate this disease, it is essential to know about the manifestation in 
both pharmacologic and non-pharmacologic treatments for OA. In spite of various treatments implemented there are many 
challenges that still remain unclear to completely rehabilitate from this disease, such as the origin of this disease and mechanism. 
This review aimed to discuss and summarize the significant progression in different treatment methods for OA, the importance 
of nano therapy, drug delivery systems for OA and highlighted the utilization of carbon nanotubes in OA therapy in order to 
bring out the noteworthy of nano therapy and demonstrating the importance of various therapeutic strategy followed for OA 
disease. Hence, a better understanding of treatment modalities for OA will pave the path to emerge new therapeutics in future 
clinical trials to control this disease and perspicuous view on choosing the treatment methods.
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for non-obesity men to 1.02% per year for obesity women.  
The lifespan occurrence of hand OA with obesity (47.1%, 
95% CI 37.8-56.7%) was 11% greater than in people without 
obesity (36.1%, 95% CI 29.7- 42.9%).4-5 Inhibitory efforts may 
need to concentrate highly on decreasing the adverse effect of 
obesity and on sarcopenic obesity to decrease the knee OA, 
which is more common.6 Hand osteoarthritis has been related 
to the accomplishment of regular activity disability and partly 
intervene with pain.7 The corresponding risk of knee OA was 
35% for every 5 unit rise in Body Mass Index (BMI), with 
the effect of magnitude is considerably higher for women than 
men, as reported by many authors.8 Recurrent pain in knees 
shows higher rates of longitudinal degradation of intermediate 
cartilage in comparison to knees often without pain. These 
might ultimately hasten the development of systematic disease 
due to elevated mechanical loading.9 The consistency of the 
articular cartilage may be severely affected by enormous 
load, anxiety, and muscle imbalance.10 At once, 1,500 mg 
of glucosamine sulfate taken orally daily is more effective 
than placebo in treating knee OA but less effective than non-
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INTRODUCTION
Osteoarthritis (OA) is a chronic disease that occurs 
when cartilage in the skeletal system begins to crack and 
induces swelling in synovial membranes. These diseases 
are particularly found among aged people, and still, many 
factors associated with the disease need to be understood. 
The occurrence of OA was spotted to rise drastically due to 
obesity problems, genetics, and improper lifestyle.1 The initial 
indication of osteoarthritis (OA) is pain. Consecutively 
excessive pain occurs when the cartilage becomes more 
worn out and showing less fruitful effects with medications 
or therapies.2 Stiffness and swelling in the joint are also 
intermittent, particularly in the early morning. The feeling 
of breakage or crack over a joint during a normal gesture 
is usually identified in later stages.3 The phenomenon and 
the growing prevalence of obesity among children are 
likely to contribute to higher OA rates in younger people. 
The approximate occurrence of diagnosed indication of 
knee OA was found highest among adults aged between 55 
to 64 years, and approximately ranged from 0.37% per year 
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steroidal anti-inflammatory drugs (NSAIDs) in OA pain 
management, particularly for patients with intermediate to 
severe pain.11 Diacerein drug is highly effective for knee OA 
and safe to use for a long time compared with placebo. There 
were no substantial variations between the consequences of 
NSAIDs as well as those of diacerein. Also, the quick sign of 
OA symptoms occurs when the NSAIDs are stopped during 
the treatment period.12 Treatment with diacerein substantially 
decreased the drastic morphologic changes in OA relative to 
placebo.13 Chondroitin sulfate (CS) and glucosamine sulfate 
(GS) combination was not effective as placebo during 6 months 
of treatment in pain management and reduced physical 
function in knee OA patients.14 When compared with placebo, 
100μg dose of sprifermine showed less effect in a period of 
12 months, and no substantial difference is reported in acute 
inflammatory reactions between sprifermine and placebo.15 
Celecoxib medication showed a fewer risk of cardiovascular, 
gastrointestinal, and renal malfunctioning in contrast 
with ibuprofen and naproxen drugs in patients suffering 
from osteoarthritis and rheumatoid arthritis.16 Fulranumab 
treatment at 3 mg every 4 weeks exhibited reduced pain in a 
short time frame in connection with hip and knee OA, but at the 
same time, patients who had taken placebo medication stopped 
earlier as compared with fulranumab.17 A single intra-articular 
of trans-capsaicin (CNTX-4975) 1.0 mg injection were found 
to be fruitful in providing a substantial reduction in pain that 
arises when walking in patients with medium to severe OA 
knee pain.18 In treating patients with hand OA, chondroitin 
sulfate is efficient and stable.19 Muscle building and aerobic 
workouts are widely prescribed exercise treatment modalities 
for hip OA.20 Bones of lower limbs smaller by a minimum 2 cm  
are at an elevated risk of hip osteoarthritis (HOA) similar to 
knee osteoarthritis.21 There is a need for further investigation 
on the appropriate form and duration of exercise in patients 
with various stages of the disease and the impact of an 
activity on disease progression, including consideration 
of the standard of living outcomes and the cost-benefit of 
treatment.22 Bariatric surgery based on the complete weight 
reduction approach results in significant weight loss, relieves 
hip and knee discomfort, and also functional outcomes in 
obesity patients.23 Increasing emphasis to post-treatment 
mental health, is required and can contribute to better surgery 
results, especially among patients with knee and spine 
osteoarthritis.24 The challenge of therapeutics development 
in OA is an overwhelming task.25 Various therapies are 
implemented to reduce the adverse effect of osteoarthritides, 
such as lifestyle modification, surgery, topical and oral 
medication, steroid injection, and exercise. However, there 
is no sign of long-term remedy associated with different 
treatment modalities for this chronic disease. In this review, 
the significant progression in different treatment methods for 
OA, importance of nano therapy treatment, drug delivery 
system for OA, and challenges in treatment methods for OA 
are discussed to bring out the momentousness of nano therapy 
and significant advancement in pharmacological effects by 
various implemented therapeutic management. 

Current Therapy for Osteoarthritis Disease
The four key factors that encompass the option against a certain 
treatment method for osteoarthritis disease are treatment effect, 
cost, individual condition, guidance from patient’s common 
circumstances.26 Elderly patients suffering from the adverse 
effect of osteoarthritis must be equipped with drug free 
methods as the most important choice of treatment, whether 
or not including pharmaceutical therapies.27 Patients who had 
experiences of chronic joint pain and self-health care 
prominence are advised to take part in physical activity 
programs or exercise and physiotherapy treatment to control 
the effect of pain.28 Enhancement in self-reported knee 
uncertainty and a decrease in the anxiety of physical exercise 
are correlated to therapeutic responsiveness to treatment 
exercise programs.29 Lanfeng Huang et al. reported that the 
joint discomfort and severe acute pain were adequately 
decreased and the knee joint flexibility enhanced with regular 
quadriceps isometric contraction exercise. Visual analog scale 
(VAS) and Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) results exhibited a substantial 
reduction in pain following 1 month of treatment (p < 0.05).30 

Andrea Dell’Isola et al. found that patients with knee 
osteoarthritis (KOA) who had taken home exercise (HE) 
illustrated a substantially reduced intensity of pain level in 
contrast with patients who attended education (ED) only.31 
An obvious sign was identified that 12-weeks of Tai Chi and 
physical therapy led to relatively extended development in pain 
intensity with negligible positive effects after 2 weeks and 
significant fruitful effects after 4 to 5 weeks.32 Martijn F. Pisters 
et al. found that the effect of physical therapy or exercise in 
the management of chronic pain and functional optimization 
is not sustained for a long time in patients with hip and knee 
osteoarthritis.33 Aerobic or advanced workout may be desirable 
for enhancing muscle strength and exhibited positive effects 
on normal functional activities.34 Staja Booker et al. stated 
that a physical exercise workout exhibited a decrease in pain 
level and enhanced the normal functional activity with 
satisfaction in health condition of the patients. However, 
patients should undergo proper suggested training mode at an 
appropriate time, guidance, and encouragement to take part 
in treatment to amplify the health conditions in osteoarthritis 
pain control administration.35 Nevertheless, particular exercise 
adopted to treat osteoarthritis will have remarkable benefits 
such as reducing the level of pain intensity. However, there is 
an ambiguity arises in types of exercise to be done and duration 
of the physical activities to avoid without injury the tissue 
system as stated by Judith C.Bautch et al.36 There is a 
significant development in the quality of life for patients 
suffering from osteoarthritis on the hip following an exercise 
therapy (ET) for 8 weeks. The patient’s gratification was 
relatively high, especially for people who attended ET.37 
As such, knee joint distraction (KJD) may be joint preservation 
considerably younger patients of advanced stage knee OA.38 
Doing exercise at home turned to be more effective for elderly 
peoples with osteoarthritis and stability abnormalities by 
enhancing the pose movement of the particular workout.39 
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Apart from this, the administration of stinging nettle leaf 
compared to placebo (p = 0.026 and p = 0.0027, respectively) 
has substantially decreased the intensity of pain level and 
impairment. Harpagophytum procumbens (generally 
recognized as a devil’s claw) is generally sold as an herbal 
treatment for osteoarthritis as reported by Karen Walker-
Bone.27 Patients who had taken treatment with either ticagrelor 
or clopidogrel exhibited a 29% lower chance of experiencing 
OA was observed. A minimum occurrence of osteoarthritis 
(OA) in ticagrelor-treated patients was observed because of an 
increase in extracellular adenosine and a repercussion not 
shown in conjunction with clopidogrel.40 The acceptable levels 
of high synovial f luid white cell count (SF-WCC) will 
distinguish people who are especially to take advantage 
through intra-articular steroid injection as well as other 
therapies adopted to treat severe joint pain.41 Allan Gibofsky 
et al. stated that celecoxib 200 mg/day and rofecoxib 25 mg/
day seem to be relatively efficacious in the treatment of 
osteoarthritis (OA), correspondent with the US drug delivery 
precautions.42 Though many clinical studies have shown that 
intra-articular (IA) injection of hyaluronan (HA) minimizes 
the stiffness of joints in patients with knee OA, simultaneously 
indistinguishable outcomes are identified with placebo 
dissimilarity between hyaluronan and placebo are still 
ambiguous.43 Jeanette Ezzo et al. suggested that there is a 
significant indication that real acupuncture is better successful 
than sham acupuncture in treating inflammation. There’s been 
a lack of information to evaluate regarding acupuncture’s 
effectiveness comparable to different therapies.44 The inclusion 
of acupuncture therapy for patients with continuous pain 
related to knee or hip OA who had been getting general medical 
routine showed a meaningful and long-lasting improvement.45 

The intensity of osteoarthritis (OA) variations was decreased 
by calcitonin, and this type of therapy will have positive effects 
for people who have undergone severe wounding in the knee.46 
T. Pincus et al. found that diclofenac combined with 
misoprostol had significantly shown better enhancements than 
in patients who had taken acetaminophen at the end result. 
However, while patients with moderate pain level reported a 
considerable positive indication with both medications, there 
is a considerable positive indication.47 At an advanced stage 
of osteoarthritis, the utilization of glucosamine and chondroitin 
as prescribed medications had not come out to minimize the 
adverse effect of the chronic illness.48 The increased risk of 
nonsteroidal anti-inflammatory drugs (NSAIDs) reaction has 
a substantial adverse effect in mild conditions of osteoarthritis 
(OA) in comparison to extreme conditions of OA.49 The 
extended period intake of NSAIDs has been correlated with 
progress in the patients’ stiffness and physical activity and 
significant improvement in joint space width (JSW) levels.50 

Indistinguishable joint space width (JSW) impairment was 
noted in the combined medications (glucosamine and 
chondroitin sulfate) in comparison with placebo medication. 
However, joint space width impairment was found higher in 
patients who have received glucosamine or chondroitin 
sulphate exclusively as reported by Allen D. Sawitzke et al.51 

Patients who disappointed to get sufficient positive effect 
adequately through paracetamol or topical NSAIDs; 
chondroitin sulfate and intra-articular treatments are 
considered to be an appropriate treatment for osteoarthritis.52 
Owing to the application of naproxen, there is a substantial 
decrease in brain function of subsequent medications with 
naproxen and also found in regions of the brain typically 
correlated with the intensity of pain, along with the 
somatosensory cortex, thalamus, and amygdala.53 Adult 
mesenchymal stem cells delivered locally to damaged joints 
showed significant meniscal tissue rejuvenation and delayed 
OA’s continuous deterioration effects.54 The gratification of 
stem cell injection was found to be good enough as reported 
by the patients with knee osteoarthritis and simultaneously 
there is an identification of inflammation sign occurrence 
owing to the effect of the injection.55 Yancheng Song et al 
reported that mesenchymal stem cells (MSCs) are effectual in 
reducing the intensity of pain as well as maintaining normal 
functionality in patients with knee osteoarthritis (OA). 
The safeness and effectiveness need to be assessed in the view 
of long term to obtain a fruitful effect before the implementation 
of extensive use of MSCs therapy in medical application.56 
The utilization of paracetamol, oral and topical nonsteroidal 
anti-inflammatory drugs (NSAIDs), opioids and intra-articular 
injections of corticosteroids or hyaluronic acid (HA) often 
provide concordance strength.57 In a short period, the 
utilization of topical NSAIDs in hand and knee osteoarthritis 
is found to be secure and stable. Additional and supplemental 
drugs are used to treat osteoarthritis pain, such as S-adenosy-
lmethionine (SAMe), methylsulfonyl-methane (MSM), 
dimethyl sulfoxide (DMSO), and green-lipped mussel 
(GLM).58 Patients who suffered from hand osteoarthritis had 
a greater relief from pain and improved physical activities due 
to the application of diclofenac sodium 1% gel (DSG) and 
vehicle gel (placebo). Topical NSAIDs tend to have better 
therapeutic acceptability than oral NSAIDs.59 However, to 
enhance maximal interincisal opening (MIO) as well as pain 
intensity in temporomandibular joint osteoarthritis (TMJOA) 
patients, platelet-rich plasma (PRP) is considered to be an 
excellent treatment when compared with chitosan. Although 
the clinical relevance of PRP is found to be indistinguishable 
as compared with chitosan to enhance joint sensation and 
condylar bone regeneration.60 Intra-articular corticosteroid 
injection (ICI) can be an appropriate treatment for temporary 
relief from severe pain.61 Alaa H. Salama et al. reported that 
intake of corticosteroids drug induces a severe adverse reaction 
in the normal functioning of the nervous system and 
osteoporosis deficiency. Therefore, etoricoxib injecting anti-
inflammatory drugs could be a perfect option to prevent such 
side effects.62 Depending upon the effectiveness and safety 
aspects, corticosteroids remain beneficial for intense about 
1 to 2 weeks and perhaps a relatively short duration of reducing 
the inflammation in 4 to 6 weeks. Although hyaluronic acid is 
effective towards prolonging the period for positive therapeutic 
response.63 A scaffold therapy may be applied for optimal 
osteoarthritis (OA) treatment by combining electrostatic 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 321

activity with cells or nanoscale technology, or cell proliferation. 
Exosomes therapies are not only an enzyme but also simple to 
manage as well as to develop for making it an appropriate 
solution for medical trials.64 The decrease in pain level was 
considerably higher, prominent at 1% Hedera helix gel 
treatment in comparison with a placebo group. However, the 
reduction of pain level might not have been substantially 
different in comparison to diclofenac gel-treated patients. 
H.helix gel and diclofenac gel dramatically minimized the 
stiffness and activity in contrast to the placebo group as 
reported by Morteza Dehghan et al.65 With the progression of 
treatment; injections are commonly utilized; however, the 
majority of individuals finally prefer total knee arthroplasty 
(TKA).66 Current studies in osteoarthritis animal research 
conducted in vitro and in vivo investigation of antisense 
oligonucleotide (ASO) treatment found to be promising in 
clinical examination. Nevertheless, additional investigation is 
required in the controlled release of the drug.67 However, 
treatment with bisphosphonates such as tiludronate, 
pamidronate, alendronate, and zoledronic acid has been shown 
to minimize subchondral bone attrition and bone degradation 
and retain articular cartilage in several animal model 
investigations. Although there is quite increment in remodeling, 
bisphosphonates could perhaps show fruitful effects in an 
earlier stage of OA.68 Since the emotional parameters are 
considered as a major intervention in various treatment 
modalities, the patients with knee osteoarthritis who have 
undergone traditional therapy such as aerobic workout, 
ultrasound therapy, microwave therapy, muscle strengthening 
exercise, NSAIDs combined exercises demonstrated that the 
severity of pain is minimum with less adverse effect.69 
Jielai Yang et al. suggested that a novel intra-articular 
management preparation of kartogenin (KGN) loaded 
GelMA@ Lipo microgels (GelMA@Lipo@KGN) could 
decrease the mode of injection, thus preserving the effectiveness 
of KGN against side-effects, simultaneously offering an 
efficient OA therapeutic approach.70 A popular herbal medicine, 
Qiang-Huo-Sheng-Shi Decoction (QHSSD), was found to be 
useful in treating rheumatoid arthritis (RA) and osteoarthritis 
(OA). However, biological data revealed that QHSSD can 
c o n t r o l  t h e  va r i a n c e  of  o s t e o c l a s t .71  I s o l a t e d 
scaphotrapeziotrapezoid (STT) osteoarthritis is an operationally 
debilitating disease that, when conventional therapy is not 
effective, it should be treated surgically. Surgical management 
of isolated STT osteoarthritis that has refused to respond to 
appropriate therapy results in substantial functioning 
enhancement, notably in terms of discomfort, without affecting 
wrist mobility.72 Nevertheless, 6 weeks of 10 mg prednisolone 
therapy contributed to a significant decrease in finger pain. In 
systematic reviews of pain intensity, prednisolone was 
significantly effective than placebo, with a substantial disparity 
in the comparison of Outcome Measures in Rheumatology-
Osteoarthritis Research Society International (OMERACT-
OARSI) respondents among groups (72 % vs 33%).73 Sharif 
Najafi et al. found that botulinum toxin type A was reported 
to be beneficial and harmless for the management of knee 

osteoarthritis. There is a considerable reduction in pain and 
stiffness was reported among elderly people. However, further 
research is needed to determine the positive effect of botulinum 
toxin injection for longer fruitful effects.74 Arthroscopic 
therapy of elbow osteoarthritis offers acceptable physical 
results, improves defined functionality, and significantly 
reduces pain. Performance restoration was higher if the radial 
head had not been removed. Table 1 shows the strength, grip 
before and after surgery.75

Acetaminophen treatment does not sufficiently alleviate 
pain in several patients, although the regular consumption 
of acetaminophen is limited to 4 g. However, the optimistic 
features of tramadol were equivalent to ibuprofen. The 
inclusion of topical analgesics, namely capsaicin cream, is 
considered a supplementary treatment for patients with knee 
osteoarthritis disease.76 Brian S. Winters et al. suggested that 
an osteochondral allograft surgical procedure is an alternative 
way for young patients suffering from adverse effects of 
arthritis in ankle joints compared with other nonsurgical 
treatments.77 Arthroplasty replacement, an effective treatment 
for the elderly generation, is a challenging course of action 
in the younger generation and leads to increased inability. 
Cartilage reconstruction thus tends to be a viable approach to 
care for young age patients.78 Inflammation, blood clot in the 
vein and wound tissue bonding are the main problems that may 
arise following articular cartilage reconstruction.79 However, 
osteochondral allograft transplants surgery in chondral 
abnormalities contribute to consistent positive results and 
higher acceptance levels as suggested by Jaskarndip Chahal 
et al.80 Osteochondral allograft transplantation (OAT) is an 
important method for preventing specific patellofemoral (PF) 
osteoarthritis (OA) development. Furthermore, the influence 
of graft processing on the functional knee movement is still 
ambiguous.81 Wenham et al. conducted an accessible, clinical 
trial of 30 patients with knee osteoarthritis who had been 
using methotrexate for 6 months. Although, six-month results 
showed a 20% decrease in pain in 50% of patients and a 40% 
decrease in pain in 37% of patients. Unloader knee braces were 
utilized in osteoarthritis to attenuate the intensity of pressure 
in the joint.82 Previous investigations revealed that following 
osteotomy procedures can enhance the joint space width. 
Joint alternation through surgery has increasingly become 
an important effective procedure among old age peoples, 
alleviating pain and aiding in the regeneration of activity.83 
C YU et al. suggested that microRNA (MiRNAs) could provide 
significant clinical practice ability and may also possess 

Table 1: Variation and strength before and after surgery

Specification
Before surgery
Mean (range)

After surgery
Mean (range) Reference 

Flexion 119 (85–125) 132 (100–170)

75

Extension -25 (-80 to 0) -8 (-30 to 0)
Overall grip 
strength, kg 33.1 (10–58) 42.1

Elbow flexion 
strength, kg 8.8 (4–20) 15.3 (3–32)



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 322

an innovative approach of managing OA.84 Intra-articular 
injection of autologous conditioned serum (ACS) has been 
shown to be beneficial in reducing the adverse effect of knee 
OA in most investigations, with a relatively low rate of severe 
reactions and complications compared with surgery.85 Also, 
intra-articular injections of hyaluronic acid manifest strong 
safety characteristics and have indicated more beneficial 
in treating knee osteoarthritis. NSAIDs and corticosteroid 
injections reduce pain for a short duration of time, while 
viscosupplementation injections alleviate pain for 26 weeks.86 
However, the pulsed electrical stimulation (PES) interface was 
widely accepted and could offer an efficient non-pharmaceutical 
to treat osteoarthritis of the knee for 16 weeks.87 Previous 
studies have analyzed that S-adenosylmethionine (SAMe) 
as a possible effective therapy for osteoarthritis that can 
potentially rejuvenate cartilage.88 Magnetic pulse treatment 
is fruitful for patients having knee osteoarthritis, feel less 
pain and have fewer limitations.89 Cooled radiofrequency 
ablation (CRFA) treatment has offered effective pain control, 
functional improvement and reported beneficial effects over 
24 months for patients with knee osteoarthritis.90 Usage of 
opioids and antidepressant drugs need attentiveness.91 Ceruso’s 
procedure is a dermal laceration at a trapezium-phalange joint, 
somewhat arched in a longitudinal position. This technique 
provides better strength, firmness, and potential gripping 
to the first metacarpal. The patients reported no side effects 
and it is considered as an inexpensive surgery technique.92 
The clinical management of thumb carpometacarpal (CMC) 
joint osteoarthritis, the abductor pollicis longus (APL) 
suspension intervention arthroplasty is an effective and simpler 
alternative compared to certain illustrated techniques. It seems 
to be simple to incorporate the APL suspension procedure 
and also to prevent complicated bone excavation and surgical 
process of flexor carpi radialis (FCR) ligament.93 Nortriptyline 
medication showed no improvement to suppress pain level 
for those affected with knee osteoarthritis. The most specific 
findings of patients who had taken nortriptyline are dry mouth 
(87% vs. 51% p < 0.001), constipation (69% vs. 30% p < 0.001) 
and perspire (31% vs. 21% p= 0.033).94 The outcomes of ozone 
injection seem to have been quick and exhibited fruitful effects 
during two months, but after six months pharmacological 
effects tend to be are not effective. Platelet-rich plasma (PRP), 
plasma rich in growth factors (PRGF), and hyaluronic acid 
(HA) had improved positive effects than ozone injection after 
6 months of monitoring. Table 2 shows the satisfaction level 
among the four groups.95

Platelet-rich plasma (PRP) therapy had a little adverse effect 
on the interleukin 1β (IL-1β) intermediation development of 
metalloprotease (particularly MMP1, MMP3, and MMP13) 
and nitric oxide. PRP can enhance the standard of living, 
particularly in patients suffering from severe condition of 
OA.96 Specifically, the biologically active turmeric extraction 
is as effective paracetamol for enhancing joint functioning and 
mitigating joint pain in knee OA patients and reported to be 
secure and quite efficient in significant reduction of C-reactive 
protein (CRP) and tumor necrosis factor- alpha (TNF-α).97 
Hip lavage accompanied by triamcinolone injection enhances 
both short and long-term pain and functional capacity for 
patients with mild hip osteoarthritis (HOA); Hylan G-F20 
also enhances the range of motion (ROM) up to one year.98 
Qiang-Qiang Li et al. reported that hydroxychloroquine might 
inhibit swelling and showed a good candidate in the treatment 
of hand osteoarthritis. It is already utilized effectively in the 
management of several inflammatory disorders.99 Especially in 
comparison to specific cyclooxygenase-2 (COX-2) inhibitors, 
nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids, 
monoclonal nerve growth factor (NGF) antibody offer 
substantially superior pain control and physical performance 
in the management of OA. Monoclonal NGF antibodies did not 
show any extreme adverse events (AEs) such as headache and 
nausea.100 An intra-articular injection of sodium hyaluronate 
and sodium chondroitin (HA-SC) was adequately regulated, 
and it is secure and reliable in the management of indicative 
hip OA. Hence, this therapy exhibited to a substantial 
reduction in the intensity of pain level (VAS) and activity 
(Lequesne’s Index), which began instantly after following 
up with injection for a period of 6 months.101 Ziqin Cao et al. 
reported that lutikizumab, the modern anti-interleukin-1α/β 
dual variable domain immunoglobulin, exhibited no progress 
in reduction of pain level or activity when compared to placebo. 
However, very secure and efficient medication for OA is found 
to be specific cyclooxygenase-2 (COX-2) antagonists and 
duloxetine. Duloxetine has paved the way for better results, 
while specific COX-2 inhibitors contribute to enhanced 
physical activities, and lutikizumab has fewer positive 
effects.102 Intra-articular injection (IA) of hyaluronic acid and 
corticosteroid (HA+CS) in combination with duloxetine vs 
IA (HA+CS) can offer efficient strategies for alleviating pain 
and increase knee functionality in patients with KOA and 
providing effective direction on multidisciplinary pain relief.103 

Also, hyaluronic acid (HA) combined with triamcinolone 
IA showed a substantial reduction in pain level intensity. 

Table 2: The level of appreciation in each of the four groups.

Specification PRP PRGF HA Ozone P Test Reference
Very little 4 (7.7%) 5 (9.8%) 7 (14.3%) 8 (16.7%) 0.06 kruskal-wallis

95
Little 9 (17.3%) 8 (15.7%) 8 (16.3%) 7 (14.6%)
Moderate 10 (19.2%) 9 (17.6%) 12 (24.5%) 19 (39.6%)
Much 15 (28.8%) 17 (33.3%) 13 (25.6%) 9 (18.8%)
Very much 14 (26.9%) 12 (23.5%) 9 (18.4%) 5 (10.4%)
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Prescription-grade crystalline glucosamine sulfate (pCGS) 
resulted in considerable developments in physical activity.104 
The positive impact of collagen extracts has a certain ability 
to facilitate as an innovative and appropriate supplementation 
alternative for OA patients without considering its reliability.105 
In consideration of effectivenes, pelubiprofen CR 90 mg 
tablet was never subservient to aceclofenac 200 mg in the 
management of indicative knee osteoarthritis.106 According 
to a report, patients who had received an increased dosage of 
glucocorticoid therapy (21 mg/day) had found dissipated of 
27% lumbar spine bone thickness in the course of first-year 
therapy. Long-term consumption of glucocorticoids, on the 
other hand, is shown to exhibited severe side effects.107

Why Nano Therapy for Osteoarthritis Disease?
Nanoparticles (NPs) are probably the greatest creative 
biomaterials for osteoarthritis (OA) treatment. The capacity to 
formulate exceptional nanoparticles for the identification of the 
earlier stage of osteoarthritic variations in articular cartilage 
is one of the substantial advantages of nanomaterials.108 
Inclusion of a nanoparticle structure allows for major increases 
in joint preservation in corresponding to other medical 
treatments. Nanotechnologies in a medical application have 
achieved tremendous development and are very promising as 
an enforceable tool for the sustainable and effective infusion of 
drugs to OA treatment.109 Targeted drug delivery to particular 
body tissues is among the key applications of modified NPs in 
medication. NPs from fascinating biomaterials are being 
utilized as a platform in the manufacture of bone tissue as they 
provide exceptional biological characteristics with encompassing 
tissues.110 For a wide range of medical uses, magnetic 
nanoparticles (MNPs) have historically long been utilized, 
including cell separation, DNA extraction, gene focusing, drug 
delivery, and testing. A desirable technique for monitoring, 
managing, and regulating cells is the interaction of 
superparamagnetic iron oxide nanoparticles (SPIONs) with 
stem cells.111 Magnetic nanoparticles were often utilized to 
validate chondrocytes in osteochondral deficiency reconstruction 
for control growth, separation, and rehabilitation.112 Liu et al. 
reported a decrease in matrix metalloproteinase 3 (MMP-3) in 
the knee joints of rats followed with intra-articular hyaluronic 
acid reinforced graphene oxide injection, and considered fair 
that this consequence is secondary to the macrophages 
amplification. However, a previous study revealed that PEGylate 
carbon nanotubes equipped with anti-sense oligomers 
administered in the knee of osteoarthritis mice exhibited 
sustained retention of the joint cavity (exceeding 14 days).113 
Similarly, nano therapy inhibited nuclear factor kappa B 
(NF-κB) protein to minimize cartilage deterioration synovial 
inflammatory and to alleviate the functional effects of post-
traumatic osteoarthritis (PTOA) chronic inflammation as 
reported by Huimin Yan et al.114 Reza Mohammadinejad et al. 
reported that kartogenin (KGN) nanoparticles (NPPs), 
synthesized through wet milling and consequently filled with 
polymer microparticles (320 nm), showed elevated encapsulated 
drug (31.5 % w/w) and sustained release of drugs (62% for a 

period of 3 months). In comparison, the nanostructures 
equipped with p38 MAPK inhibitor (PH-797804) for OA 
administration (PH-NPPs) are impressive.108 Ponnurangam 
et al. reported that by treating the defective chondrocytes with 
cerium oxide (CeO2), nanoparticles exhibited the anti-
inf lammatory proper ties on prolonged chondrocyte 
inflammation.115 Although some drugs are considered to 
exhibited severe consequences, such as methotrexate (MTX) 
and methylprednisolone, are explicitly applied to arthritis 
disorders. Carbon nanotubes (CNT) have often used to transmit 
genomes to chondrocytes when combined with poly (ethylene 
glycol) PEG (PEG-CNT) and polyethylene imine (PEI-
coated).116 Poly (lactic-co-glycolic acid) PLGA nanoparticles 
containing HA and ammonium bicarbonate (NH4HCO3) are 
considered fruitful medication for managing knee osteoarthritis. 
The nanoparticles are low enough, showed a homogeneous 
dispersion and innocuous both in vitro and in vivo.117 Qiumei 
Lan et al. conducted a research and reported that MRC-poly(2-
ethly-2oxazoline) - poly(ε-caprolactone)@Psoralidin (MRC-
PPL@PSO) nano-micelle stimulated the cell expansion and 
suppressed inflammatory reactions and inactivating the tumor 
necrosis factor-α (TNF-α), MMP-3, and MMP-13 reduced the 
cartilage injuries and also with least OARSI value by a 
considerable amount after 2 to 6 weeks of post-treatment, 
demonstrating a cartilage protective and cartilage-targeting 
therapeutic consequence.118 Metal-organic frameworks 
reformed hyaluronic acid charged with protocatechuic acid 
(MOF@HA@PCA) nanoparticles have the potential to extend 
the residency period of PCA in the joint space and thus enhance 
the therapeutic efficacy of OA. MOF@HA@PCA might release 
the drug according to the severity of disease in reaction to the 
acidic conditions of OA in joints.119 Tian Jin et al. investigated 
and reported that hollow mesoporous silica nanomaterials were 
the perfect carrier for common insoluble drugs and were 
extremely biocompatible with intra articular injection. 
The intra-articular injection of celastrol - hollow mesoporous 
silica nanomaterials-chitosan (CSL@HMSNs-Cs) with 
enhanced emulsifiable offers a pH-responsive treatment 
approach targeting osteoarthritis.120 Cationic polymeric 
hydrogel has been found to have a higher persistence duration 
of the drug carrier such as dextran after ionic bridge with 
nanoparticles in synovial f luid without affecting the 
characteristics of the fluid.121 Barbara Crivelli et al. found that 
silk fibroin nanoparticles (SFN) loaded curcumin (CUR) had 
a synergic antioxidant impact, whereas celecoxib (CXB) were 
found to be certainly forbidden. There were no considerable 
variations in anti-inflammatory behavior among CUR-loaded 
SFNs and CXBs.122 Feng Zhou et al. prepared zeolitic 
imidazolate framework-8 (ZIF-8) nanoparticles (NPs) and have 
been reported to conquer synovial M1 macrophages with 
enhanced persistence period in OA joints by changing the 
antigen to zeolitic imidazolate framework-8 (ZIF-8). Notably, 
reformed NPs inhibited the infiltration of M1 macrophages and 
stimulated M2 macrophages into synovial membrane, thereby 
impeding cartilage deterioration.123 The drug release analysis 
demonstrated that the biodegradable mesoporous silica 
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nanoparticles reformed with poly(2-methacryloyloxxyethyl 
phosphocholine) (bMSNs–NH2@PMPC) can release the pre-
loaded drug in a consistent manner. The lubrication study 
revealed that the bMSNs–NH2@PMPC had enhanced 
lubrication characteristics in comparison with the bMSNs.124 
Emine Alarcin et al. adopted W/O/W double-emulsion solvent 
evaporation process to successfully encapsulated oxaceprol 
into poly (lactic-co-glycolic acid) PLGA nanoparticles for 
intra-articular (IA) injection in OA management. Furthermore, 
significantly increased drug loading and wider particulates 
resulted in the quickest delivery of drugs. Pertaining to cell 
culture tests, nanoparticles equipped with oxaceprol had no 
cytotoxicity and showed enhanced bio-compatibility.125 
Dextran sulfate-Triamcinolone acetonide (DS-TA) nanoparticles 
have been proven to positively minimize the feasibility of 
functional macrophages (RAW 264.7 cells) and the output of 
proinflammatory cytokines, comprise such as interleukin 1β 
(IL-1β), interleukin 6 (IL-6) and tumor necrosis factor alpha 
(TNF-α) in the cartilaginous tissues.126 The in vitro and in vivo 
findings revealed that the designed photothermal-triggered 
nitric oxide (NO) nanogenerators (NO-Hb@siRNA@PLGA-
PEG) (NHsPP) nanoparticles showed regulated NO escape not 
only in RAW 264.7 cells but also in alive OA mice. In 
conjunction with certain nano therapy methods, it can provide 
optical representation for certain inflammatory diseases.127 
Mesoporous silica nanoparticles and polyethyleneimine (MSN-
CC-PEI) have effectively transmitted hyaluronan synthase type 
2 (HAS2) into synovium and have stimulated endogenic 
hyaluronan development in vitro and in vivo. In particular, the 
higher HAS2 activation sustained for minimum 3 weeks and 
molecular mass of HA were substantially increased.128 James 
McMasters et al. conducted a research and reported that sulfate-
containing poly(N-isopropylacrylamide) (pNIPAM) 
nanoparticles have become an efficient medium for the 
processing and release of penetrated anti-inflammatory peptides 
with improved storage potential and extended drug release. In 
vitro studies showed that the nanoparticles are effectively 
absorbed into the endolysosomal chambers of RAW 264.7 cells, 
e n a b l i n g  t h e  i n t r a c e l l u l a r  t r a n s m i s s i o n  o f 
KAFAKLAARLYRKALARQLGVAA (KAFAK) loaded 
towards the particles and also reducing proinflammatory 
interleukin-6 (IL-6) production after interleukin-1 beta (IL-1β) 
activation.129 The possibility of utilizing cationic nanoparticles 
is an exciting and innovative strategy to achieve improved 
persistence and continuous release of drug into the knee 
compartment to manage OA or other rheumatic diseases.130 
In mono-iodoacetate (MIA) - induced OA, nano curcumin may 
elevate functional modifications, improved cellularity, and 
boost matrix discoloration of articular cartilaginous. Nano 
curcumin can be significantly improving the chondro protective 
consequences of curcumin.131 Rush L Bartlett II et al. conducted 
a transmission electron microscopy (TEM) study and found 
that par ticles comprising 2-acrylamido-2-methyl-1-
propanesulfonic acid (AMPS) are more homogeneous and retain 
greater intraparticle size than N-isopropylacrylamide 
poly(NIPAm) itself. Hence, the inclusion of AMPS could be 

effectively utilized as a sulfated polymer chain to regulate 
thermal inflammation, colloidal retention, loading of drugs, 
and releases of the particulate peptide.132 A distinguish 
administration of avidin conjugated drug allows for quick 
absorption and long-term release within cartilage at lower 
intertissued levels, thereby minimizing unintended drug access 
to certain joints tissues. Avidin-dexamethasone (DEX) single 
administration inhibited cytokine instigate sulfated-
glucosaminoglycan (sGAG) deterioration across 3 weeks, 
retrieved cellular damage caused by cytokines (IL-1α), and 
preserved sGAG development rates.133 Diacerein (DC) loaded 
solid lipid nanoparticles amended with chondroitin sulfate 
(ChS) (ChS-DC-SLN) composition was 396 ± 2.7 nm in 
dimension exhibited prolonged releasing of drug for 16 hours 
and enhanced the bioactivity of diacerein over 2.8 times. In the 
particular instance of ChS-DC-SLN, rhein concentrations were 
substantially larger (7.8 ± 1.23 μg/mL) than drug diffusion 
(2.9 ± 0.45 μg/mL).134 The chondroitin sulfate (ChS) – chitosan 
(CS) nanoparticles loaded with fluorescein isothiocyanate 
combined bovine serum albumin (FITC–BSA) exhibited the 
better encapsulation efficacy and stable release of the drug.135  
A standard intra-articular injection of polyethylene glycol 
(PEG)-single-walled carbon nanotubes (SWCNTs) appeared to 
be effectively penetrated in the thick cartilage extracellular 
matrix (ECM). PEG-SWCNTs can remain in the joint 
compartment for a sustained period, penetrate the cartilage 
cells, and transmit chromosome modifiers to the chondrocytes 
in healthy and osteoarthritis-affected mice.136 Rasika M 
Samarasinghe et al. reported that in vivo experiments with 
lakshadi guggul (LG) and alginate encased chitosan–calcium 
phosphate (LG NCs) showed cartilage regeneration in those 
provided by nano scale form. Nanocarriers (NCs) turn out to 
be harmless and no toxic indication to mice decreased joint 
inflammation and also suppressed matrix metalloproteinases 
(MMP) and cytokine gene activation.137 In vitro experiments 
of fish oil protein (FP) and gold nano particles (GNP) integrated 
with dipalmitoylphosphatidylcholine (DPPC) (FP-GNP-DPPC) 
showed that FP was emancipated in prompted synovial fluid 
for an extended period of time. The hydrophilic nature for GNP 
was enhanced by FP, whereas the combined action of FP-GNP 
in liposomes escalated the hydrophobic nature.138 Pranoprofen 
(PF) – nanostructured lipid carriers (NLCs) PF-NLCs F7 and 
F10 offered long-lasting exposure, excellent consistency, and 
optimum skin preservation and also preventing from adverse 
clinical impacts. Topical PF-NLCs F7 and F10 may provide 
novel therapeutic strategies for treating localized swelling and 
infection.139 The chondrocyte affinity peptide modified 
PEGylated polyamidoamine conjugate (CAP-PEG-PAMAM) 
exhibited improved activity of cells and cartilage sensing 
capacity. CAP-PEG-PAMAM also lasted a considerable period 
in the joint space and had excellent biocompatibility. The CAP4-
PP-RB showed significant efficacy of cell absorption than the 
PEG-PAMAM-RB.140 Yan Zhou et al. conducted research and 
reported that an ionic cross-linking approach was used to 
produce novel berberine chloride (BBR) effectively loaded 
chitosan nanoparticles (CNs) and in vitro studies revealed that 
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the nanoparticles emitted BBR for a long time and were stable. 
Hence by using chitosan nanoparticles to load BBR can 
potentially maximize the efficacy of BBR implementation on 
anti-apoptosis behavior in rat anterior cruciate ligament 
transection (ALCT) in combination with medial menisci 
resection (MMx).141 Xia Zhao et al. reported that chitosan 
enhanced green fluorescence protein (pEGFP) nanoparticles 
characteristic examined through fluorescence-activated cell 
sorting (FACS) study showed that transfection efficacy might 
achieve a quite higher level; therefore the number of healthy 
cells might surpass 50% under specific conditions.142 Blanka 
Suto et al. conducted an in vitro testing and found that the 
ibuprofen loaded nanostructured lipid carrier (IBU-NLC) had 
greater drug permeability than that of the IBU suspensions. 
Hence IBU-NLC will be a good choice for treating inflammation 
joints.143 Integrated hydrogen peroxide equipped with anti-
inflammatory drug dexamethasone and cartilage-derived 
morphogenetic protein-1 (CDMP-1) showed that the drug-
loaded micelle adequately secured the propagation of stimulated 
macrophage, macrophage apoptosis of antiphlogistic properties 
and also enabled the bone marrow mesenchymal stem cells 
(BMSCs) to distinguish within the chondrocytes.144 Through 
the aid of collagen- II targeting peptide (WYRGRL), rapamycin 
and bilirubin loaded MPMW (RB@MPMW) was able to 
approach cartilage directly and had excellent MR image 
capabilities to control the treatment actions in vivo. Pertinently, 
the nanostructure exhibited improved chondrocyte vitality 
metabolic processes by stimulating the AMP-activated kinase–
sirtuin 1-proliferator-activated receptor-γ coactivator-1α 
(AMPK-SIRT1-PGC-1α) signaling process. Moreover, 
it induces reduced cell apoptosis in vitro, also controls cartilage 
deterioration in vivo.145 The collagen targeting lipid-polymer 
hybrid nanoparticles (ctLP-NPs) showed that drug delivery was 
maintained for 48 hr excluding exploding. Indeed while 
administered towards knee joints of mice with collagenase 
prompted OA, the drug-loaded nanoparticles significantly 
minimize cartilage degradation and perhaps relieve the intensity 
of the disorder.146 Solid lipid nanoparticles (SLNs) – plasmid 
DNA (pDNA) facilitates cells development and prevents 
interleukin- 1β (IL-1β) induced apoptosis through up-regulating 
integrin β1 in chondrocytes. Compared to certain DNA 
transmission techniques such as lipofetamin 2000, the SLNs 
-pDNA structure is less harmful and has the same DNA 
transmission efficacy.147 Tongming Chen et al. demonstrated 
that fullerene – molybdenum disulfide (F-MoS2) nanoparticles 
had good abrasion resistance, and reduced friction capabilities 
were found to be substantially improved in the synovial fluid. 
In contrast to hyaluronic acid (HA), the liquid accompanied by 
F-MoS2 nanoparticles had a greater welding load (PD), reduced 
wear scar diameters (WSD), and lesser coefficient of 
friction (μ).148 4-arm-poly(ethylene glycol)-maleimide (PEG-
4MAL) microgels comprising of poly (lactic-co-glycolic) acid 
(PLGA) nanoparticles were found to sustained throughout the 
joint region for minimum three weeks in a rat model afflicted 
with knee osteoarthritis, as assessed by equilibrium partitioning 
of an ionic contrast – microcomputed tomography (EPIC-μCT) 

and simultaneously not causing certain joint debilitating 
modifications.149 Han et al. reported that when compared to 
sodium selenium and chondroitin sulphate respectively, the 
formulated selenium chondroitin sulphate nanoparticles showed 
higher selenium inducement ability, lower harmfulness towards 
chondrocytes, and quite efficient in minimizing undesirable 
cells in chondrocyte.150 The finding of an in vitro osteoarthritis 
analysis indicates that cartilage deterioration was substantially 
reduced following intervention with cerium oxide nanoparticles 
(CeO2), implying which cerium oxide nanoparticles would 
defend impaired chondrocytes from oxidative stress as stated 
by Yi-Wen Lin et al.151 Deyu Zuo et al. conducted in vitro and 
in vivo study and found that the Prussian blue nanoparticles/
low-intensity pulsed ultrasound (PBNPs/LIPUS) combined 
therapy has improved the protein rates in p-PI3K, p-Akt and 
p-mTOR, while decreasing protein rates in p-JINK and p-c-Jun 
and prevent ECM deterioration through decreasing MMPs 
activity.152 Mesoporous silica nanoparticles (MSNs) - poly 
(3-sulfopropyl methacrylate potassium salt) (PMPK) - 
diclofenac sodium (DS) (MSNs-NH2 @ PSPMK-DS) can 
enhance the lubricating capacity, although the drug-releasing 
level is maintained when the thickness in the PSPMK polymer 
surface is enlarged. Furthermore, the findings of both in vitro 
and in vivo experiments showed the DS-loaded MSNs-NH2@
PSPMK nanoparticles efficiently prevent chondrocytes from 
deteriorating.153 The drug release analysis revealed that the 
poly[N-isopropylacrylamide-2-methacryloyloxyethyl 
phosphorylcholine] PNIPAM-PMPC nanospheres PNIPAM-
PMPC nanospheres can effectively encompass anti-
inflammatory drug of diclofenac sodium (DS) and obtained 
stable condition of delivery. In vitro, the PNIPAM-PMPC 
nanospheres have also been found to be bioactive and also to 
prevent chondrocytes against cytokine-induced degradation.154

Drug Delivery Systems (DDS) for Osteoarthritis
Different forms of intra-articular (IA) drug delivery methods 
have been established for OA management, particularly 
nanoparticles, microparticles, liposomes, hydrogels, and 
micelles.155 Since osteoarthritis is considered a chronic 
disorder; nanoparticles have become an excellent medium for 
developing combinational drug treatments that activate or 
suppress particular functions in specified tissues.156 Utilization 
of polymer-based nanoparticles, liposomes and micelles 
showed promising results in medical trials. Having certain 
tendency to promote drug aggregation in particular locations 
and inherent lubrication characteristics, nanoparticles activated 
with cartilage bounded peptides and liposomes indeed had 
desirable effects.157 Drugs may be integrated into drug delivery 
systems using traditional compression, spray and dip coating, 
and encapsulation methods. While developing drug delivery 
systems, the inserted drug should be stable in the functional 
condition, biocompatibility, and the optimal release of drug 
period must be considered crucially.158 The various methods 
adopted in drug delivery systems are auspicious if the period 
of drug delivery throughout the joint region is extended and 
lowers the necessary injection intensity.159 According to 
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previous studies, a significant amount of delivery mechanisms 
has become refined; however certain issues persist, including 
drug dissemination without any particular region and drug 
supply to the bone. Nanomedicine can support drug delivery 
conditions and have good promise for managing osteoporosis 
(OP) and other bone disorders because of its capacity to amplify 
controlled drug activation.160 However, utilizing an intra-
articular regulated delivery method containing polymeric 
particles will result in longer drug delivery time, reduced toxic 
effects, and relaxation. Based on the previous investigations, 
different types of polymers were used to study microparticles 
and nanoparticle structured drug delivery systems effectively.161 
Intra-articular managed drug delivery systems exhibited 
desirable advantages such as decreased adverse reactions and 
toxic effects, minimal tissue susceptibility and regulated active 
pharmaceutical ingredient (API) activation in contradiction 
with oral management.162 Besides this, the findings of the 
calcein-AM and MTT tests indicated that particle hyaluronic 
acid (HA) and particle + hyaluronic acid (HA), and diclofenac 
sodium (DS) preserved cells from hydrogen peroxide (H2O2) 
induced chondrocyte deterioration. Particle-HA and Particle- 
HA and DS batches displayed optimistic morphological 
improvements. The particle-HA and DS had more superior 
performance when compared to certain groups such as 
phosphate-buffered saline (PBS).163 Ambika G. Bajpayee et al. 
found that the absorption capacity of avidin in ordinary 
cartilage was 400 times greater than that of neutravidin. Avidin 
is an effective illustration of a nanoparticle that can be used to 
activate and distribute lower molecule mass functionally 
medications. Secondly, significantly wider shaped particles 
can be utilized, which could bind within the marginal region 
of cartilage.164 Zhen Li et al. carried cytotoxicity testing and 
revealed that the synthesized strontium-based metal-organic 
framework (Sr/PTA-MOF) had no harmful impact on OA 
chondrocytes. As a result, Sr/PTA-MOF-Ketoprofen should 
be regarded as a robust OA treatment process, as it is an 
effective agent for anti-inflammation, analgesia, and bone 
steadiness preservation.165 Corticosteroids delivered through 
polymer circular frame exhibited that dynamic release motion 
was relatively slow. Corticosteroid discharge through 
cyclodextrin polymers showed prolonged retention over all 
other dextran groups with the maximum extended release for 
10 days.166 Yingyu Zhao et al. reported that the retention period 
of dexamethasone (DS) throughout joint space was considerably 
increased owing to the influence of molybdenum disulfide 
nanosheets-Chitosan-Dexamethasone MoS2@CS@Dex 
(MCD). Intra-articular injection of MCD in conjunction with 
NIR radiation resulted in a substantial improvement in the 
clinical efficacy of DS towards lower consistent dose levels 
that reduced car tilage degradation induced through 
inflammation elements such as tumour necrosis factor α 
(TNF-α) and interleukin 1-β (IL-1β).167 In comparison to 
kartogenin (KGN) loaded liposomes (Lipo@KGN), KGN-
loaded gelatin methacryloyl (GelMA)@Lipo microgels 
(GelMA@Lipo@KGN) were able to prolong KGN activation 
lasting about three weeks and signif icantly enhance 

chondrocyte divergence of bone marrow mesenchymal stem 
cells (BMSCs) in vitro. According to the in vivo analysis in a 
rat DMM model, the GelMA@Lipo@KGN may strengthen 
cartilage rehabilitation and prevent OA development due to its 
improved presence in the joint as stated by Jielai Yang et al.70 
Hai-Yu Hu et al. conducted in vivo study and revealed that 
renovating the DOTAM (1, 4, 7, 10-tetraazacyclododecane-1, 
4, 7, 10-tetraacetic acid amide) core including the collagen 
bonding WYRGRL peptide series will significantly increase 
the specific accessibility and persistence period of a DOTAM 
interconnected drug. Hence these drugs have the ability to 
substantially increase the drug retention period in the joints.168 
Polymer microparticles of 320 nm incorporated kartogenin 
(KGN) - nanocrystals-polymer particles (KGN-NPPs) have a 
higher drug load rate of 31.5% (w/w) and prolonged delivery 
of drugs with 62% for three months. KGN-NPPs could provide 
better joint preservation in comparison with KGN approach. 
Although, over dose levels (100 × EC50), KGN-NPPs seemed 
to not affect the cell feasibility of sophisticated OA human 
synovial membrane.169 Ana Henriques Mota et al. conducted 
in vitro study and revealed that the discharge of hyaluronic 
acid (HA) through poly(lactic-co-glycolic acid) PLGA particles 
showed a consistent pattern. Accordingly, the HA correlation 
efficacy of PLGA particles with or without oleic acid were 73.6 
and 86.2%. In vivo anti-inflammatory analysis revealed that 
HA charged PLGA particles exhibited significantly increased 
resistance in HA (78 vs 60%).170 Chondrocyte affinity peptide 
(CAP) exosomes transmit miR-140 towards deeper cartilage 
areas by way of thick mesochondrium, suppress cartilage 
deteriorating proteinase, and slow down the development and 
adverse effect of osteoarthritis (OA) affected in a rat model, 
indicating an effective treatment in the progression of OA.171 

Mintao Xue et al. investigated and reported that in vitro release 
of rifampicin (RFP) incorporating gelatin hydrogel/tricalcium 
phosphate bioceramics (TSB) through ternary composites that 
can be efficiently maintained for an extended duration of span. 
Fur thermore, these composites demonstrated strong 
biocompatibility for MC-3T3 cellular function in vitro and can 
be utilized for tissue reconstruction in vivo in a rabbit model.172 
Xianzhu Zhang et al. found that intraarticular injection of 
yes-associated protein (YAP) detected inhibitor, verteporfin 
charged chitosan microspheres substantially preserved 
cartilage equilibrium in OA affected mice model. Verteporfin 
are considered efficacious in preserving chondrocyte in vitro 
and implies conceivable administration for OA treatment.173 
Pengfei Chen et al. stated that in vivo analysis of sinomenium 
(SIN) prevents cartilage matrix deterioration through 
amplifying autophagy. SIN reduced matrix metallopeptidase 
13 (MMP13) and a disintegrin and metalloproteinase with 
thrombospondin motifs 5 (ADAMTS-5) manifestation, which 
helped to prevent cartilage deterioration.174 According to the 
study of FX scanning in rats, the brucine charged PLGA 
nanoparticles in PLGA microparticles NiMs might remain 
throughout the articular compartment for about 11 days. 
In vivo, NiMs have the potential to reduce burst release rate 
and increase persistence with more stable as studied by 
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Zhipeng Chen et al.175 Zhengxiao Ouyang et al. reported that 
in vitro, the synthesised Hesperetin (Hes)-Gadolinium 
carbonate (Gd2(CO3)3) - Polydopamine (PDA)-Polyethylene 
glycol (PEG) - DWpeptide (HGdPDW) nanoparticles showed 
strong chondrocyte accordance, and anti-inf lammation 
consequences in response to IL-1β activation by decreasing 
the expression of cartilage metabolic rate genes, which include 
Acan, Sox-9, MMP-13, Col2a1 and Col10a1 ensuing inhibiting 
chondrocyte progression and distinction.176 Polyethylene glycol 
– manganese dioxide (PEG-MnO2) nanoparticles may be able 
to minimize swelling instigated oxidative stress in cartilage, 
resulting in improved chondrocyte feasibility and extracellular 
matrix (ECM) conservation. Perhaps, when the intra-articular 
injection is stimulated into rat, the particles tend to be sustained 
in the joint region for one week, despite 75% of a preliminary 
sensation existing within a joint.177 However, in vitro drug 
discharge characteristics of cartilage targeting and MMP-13/
pH responsive ferritin nanocages (CMFn) - hydroxychloroquine 
(HCQ) revealed that persistent drug release was noticed and 
also it increases the drug retaining period to the extent of 14 
days to reduce the synovial swelling in the OA joints 
significantly as stated by Haimin Chen et al.178 The poly(d,l-
lactide)-poly(ethylene glycol)-poly(d,l-lactide)-Platelet lysate 
(PLEL@PL-NPs) formations protected the chondrocytes from 
inflammatory reactions as well as excessive catabolism beneath 
interleukin 1β (IL-1β) activation. Such multipurpose composite 
structure avoids cartilage degradation mostly in initial stage 
of OA and even in the later stages.179 Liposomes can be utilized 
for delivering as well as focusing carriers for anti-inflammatory 
drugs, allowing them to be administered at reduced levels with 
less toxic effects.180 Liposomes have unique characteristics in 
applying effective drug delivery systems, particularly when 
made at the nanoparticle scale with innovative and complex 
strategies and methodologies like the SuperLip emerging 
technologies.181 Due to the maximum load effectiveness, 
hydrogel is commonly employed in a drug delivery platform. 
For example, microspheres integrated along hydrogel are 
equipped with anti-inflammatory drugs and administered 
exactly on the knee joints of OA rabbits. The findings showed 
that the composite hydrogel have paved the way to discharge 
the drugs in a regulated way for about 7 days or even more.182 
Rachel H. Koh et al. reported that hyaluronic acid embedded 
with dextran – tyramine (HA-g-DX-TA) hydrogels increased 
the chondrocyte expansion and extracellular matrix (ECM) 
development after three weeks of in vitro evaluation, especially 
in comparison to DX-TA hydrogels. Platelet-rich plasma (PRP) 
carried gelatin-poly(ethylene glycol)-tyramine (GPT) 
hydrogels exhibited increased manifestation of cannabinoid 
receptors, CB1 and CB2 that were shown to provide anti-
inflammatory characteristics and to reduce the intensity of 
pain in animal arthritis studies.183 Efficient, micelle-guided 
recombinant adeno associated viral (rAAV) SOX9 increased 
levels improved the accumulation of extracellular matrix 
(ECM) elements and cell preservation rates, although also 
beneficially inverting the negative impact of OA cytokines on 
these pathways.184 Cristiano Sacchetti et al. reported that a 

single IA injection of polyethylene glycol-single-walled carbon 
nanotubes (PEG-SWCNTs) were capable to effectively 
penetrate into the thick cartilage ECM, migrate towards 
cytoplasm of chondrocyte and produce gene inhibitors into 
OA affected mice as well as healthy mice.136 

Challenges in Treatment of Osteoarthritis
The task of developing treatments for OA is overwhelming, 
including at minimum two purposes. Initially, OA pathogenesis 
incorporates mechanopathology and indeed the biochemical 
reaction to physically caused injuries, and these together tend 
to work to cause joint destruction and discomfort. If either or 
both of such essential explanatory factors were not approached, 
treatment will not give a positive approach and lead to 
dissatisfaction.25 Nevertheless, to prevent gastrointestinal 
risks, NSAIDs must be used as minimum as possible. There 
is an insufficient study to support the utilization of opioid 
medication and a significant risk of impairment for long-term 
treatment with an opioid. While paracetamol seems to have 
better efficacy and security than NSAIDs, the possibility of 
liver problems is not insignificant at the prescribed limit of  
4 g/day.185 Health professionals prefer to use paracetamol 
because a certain pharmacological or non-pharmacological 
treatment, like topical NSAIDs and exercise, may have identical 
analgesic consequences with less adverse effects. A further 
challenge is that even though therapeutic options include 
details regarding treatments that should be administered, 
those are conspicuously ambiguous about whether particular 
interventions are necessary and whether different approaches 
can be combined in a holistic therapeutic strategy.186 However, 
inadequate incorporation of multidiscipline programs through 
health care system environments is a significant impediment 
to appropriate control guidance adoption. Furthermore, the 
recommendations may not consider the impact of multiple 
diseases associated with choosing the treatment.187 Diabetic 
patients with broader finger epiphyseal index may become 
significant harm of radiographic hand interphalangeal joint 
(IPJ) osteoarthritis development, although the proof is scarce 
and reports are subjective. Yet, there are no studies to evaluate 
the development of indicative IPJ osteoarthritis.188 Standard 
treatment falls incapable of reaching the clinical needs, and 
therefore none of the appropriate pharmaceutical treatment 
is evidenced for the possibility of regenerating the originally 
formed pattern and functioning of OA cartilage as well as 
certain synovial tissues.189 

CONCLUSION
In this review, the strategy of various treatments and their 
outcomes are highlighted and why nano therapy treatment 
plays a significant role in the management of OA are also 
discussed. The development of therapeutic strategies for OA 
is more challenging due to the disease’s unknown origin and 
including mechanism. Based on previous studies, exercises, 
NSAIDs, viscosupplementation, injections, surgery, and 
other advanced therapies showed reduced intensity of pain to 
only a certain period. Platelet-rich plasma (PRP) is effective 
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in reducing inf lammation, as reported in the previous 
investigation. Also, the utilization of nanoparticles for the 
treatment of OA shows improved persistence, continuous 
release of the drug into the knee compartment, and stable 
release of a drug. The application of carbon nanotubes in the 
treatment of OA exhibited excellent mechanical properties, 
stable release of drug, and restoration of bone both in vivo and 
in vitro. However, the toxicity study of carbon nanotubes is 
more needed in further studies. Many previous research works 
in different treatment modalities, and various pharmacologic 
medications have been extensively carried out to suppress OA, 
but the positive effect of well-established therapeutic platforms 
was sustained for a limited period only. The challenges remain 
in a way that there is inadequate evidence to promote the use 
of opioid medications, and there is a high risk of deterioration 
with long-term opioid treatment. Hence, future research work 
should focus on nanotherapy-based techniques in formulating 
a novel drug delivery system with bioinspired materials for 
effective management in suppressing osteoarthritis with 
combined treatment modalities.  

REFERENCES
1. Kapoor M, Mahomed NN, editors. Osteoarthritis: Pathogenesis, 

diagnosis, available treatments, drug safety, regenerative and 
precision medicine. Springer; 2015 Jul 20.

2. Taruc-Uy RL, Lynch SA. Diagnosis and treatment of 
osteoarthritis. Primary care. 2013 Sep 26;40(4):821-36.

3. Pereira D, Ramos E, Branco J. Osteoarthritis. Acta medica 
portuguesa. 2015;28(1):99-106.

4. Losina E, Weinstein AM, Reichmann WM, Burbine SA, 
Solomon DH, Daigle ME, Rome BN, Chen SP, Hunter DJ, 
Suter LG, Jordan JM. Lifetime risk and age at diagnosis of 
symptomatic knee osteoarthritis in the US. Arthritis care & 
research. 2013 May;65(5):703-711.

5. Qin J, Barbour KE, Murphy LB, Nelson AE, Schwartz TA, 
Helmick CG, Allen KD, Renner JB, Baker NA, Jordan JM. 
Lifetime risk of symptomatic hand osteoarthritis: the Johnston 
County Osteoarthritis Project. Arthritis & Rheumatology. 2017 
Jun;69(6):1204-1212.

6. Misra D, Fielding RA, Felson DT, Niu J, Brown C, Nevitt 
M, Lewis CE, Torner J, Neogi T, MOST study. Risk of knee 
osteoarthritis with obesity, sarcopenic obesity, and sarcopenia. 
Arthritis & Rheumatology. 2019 Feb;71(2):232-237.

7. Siviero P, Zambon S, Limongi F, Castell MV, Cooper C, Deeg 
DJ, Denkinger MD, Dennison EM, Edwards MH, Gesmundo A, 
Otero Á. How hand osteoarthritis, comorbidity, and pain interact 
to determine functional limitation in older people: observations 
from the European Project on OSteoArthritis Study. Arthritis 
& rheumatology. 2016 Nov;68(11):2662-2670.

8. Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau 
S. Risk factors and burden of osteoarthritis. Annals of physical 
and rehabilitation medicine. 2016 Jun 1;59(3):134-138.

9. Eckstein F, Cotofana S, Wirth W, Nevitt M, John MR, Dreher D, 
Frobell R, Osteoarthritis Initiative Investigators Group. Greater 
rates of cartilage loss in painful knees than in pain‐free knees 
after adjustment for radiographic disease stage: Data from 
the Osteoarthritis Initiative. Arthritis & Rheumatism. 2011 
Aug;63(8):2257-2267.

10. Santos ML, Gomes WF, Pereira DS, Oliveira DM, Dias JM, 
Ferrioli E, Pereira LS. Muscle strength, muscle balance, physical 
function and plasma interleukin-6 (IL-6) levels in elderly women 
with knee osteoarthritis (OA). Archives of gerontology and 
geriatrics. 2011 May 1;52(3):322-326.

11. Herrero‐Beaumont G, Ivorra JA, del Carmen Trabado M, Blanco 
FJ, Benito P, Martín‐Mola E, Paulino J, Marenco JL, Porto A, 
Laffon A, Araújo D. Glucosamine sulfate in the treatment of 
knee osteoarthritis symptoms: a randomized, double‐blind, 
placebo‐controlled study using acetaminophen as a side 
comparator. Arthritis & Rheumatism. 2007 Feb;56(2):555-567.

12. Pavelka K, Trč T, Karpaš K, Vı́  tek P, Sedláčková M, Vlasáková 
V, Böhmová J, Rovenský J. The efficacy and safety of diacerein 
in the treatment of painful osteoarthritis of the knee: A 
randomized, multicenter, double‐blind, placebo‐controlled 
study with primary end points at two months after the end of a 
three‐month treatment period. Arthritis & Rheumatism. 2007 
Dec;56(12):4055-4064.

13. Smith Jr GN, Myers SL, Brandt KD, Mickler EA, Albrecht ME. 
Diacerhein treatment reduces the severity of osteoarthritis in 
the canine cruciate‐deficiency model of osteoarthritis. Arthritis 
& Rheumatism: Official Journal of the American College of 
Rheumatology. 1999 Mar;42(3):545-554.

14. Roman‐Blas JA, Castañeda S, Sánchez‐Pernaute O, Largo 
R, Herrero‐Beaumont G, CS/GS Combined Therapy Study 
Group, Blanco FJ, Gómez RB, Burlato MC, González CG, 
Vázquez JL. Combined treatment with chondroitin sulfate and 
glucosamine sulfate shows no superiority over placebo for 
reduction of joint pain and functional impairment in patients 
with knee osteoarthritis: A six‐month multicenter, randomized, 
double‐blind, placebo‐controlled clinical trial. Arthritis & 
rheumatology. 2017 Jan;69(1):77-85.

15. Lohmander LS, Hellot S, Dreher D, Krantz EF, Kruger DS, 
Guermazi A, Eckstein F. Intraarticular sprifermin (recombinant 
human fibroblast growth factor 18) in knee osteoarthritis: a 
randomized, double‐blind, placebo‐controlled trial. Arthritis 
& Rheumatology. 2014 Jul;66(7):1820-1831.

16. Solomon DH, Husni ME, Wolski KE, Wisniewski LM, 
Borer JS, Graham DY, Libby P, Lincoff AM, Lüscher TF, 
Menon V, Yeomans ND. Differences in safety of nonsteroidal 
antiinflammatory drugs in patients with osteoarthritis and 
patients with rheumatoid arthritis: a randomized clinical trial. 
Arthritis & Rheumatology. 2018 Apr;70(4):537-546.

17. Sanga P, Katz N, Polverejan E, Wang S, Kelly KM, Haeussler J, 
Thipphawong J. Long‐Term Safety and Efficacy of Fulranumab 
in Patients With Moderate‐to‐Severe Osteoarthritis Pain: A Phase 
II Randomized, Double‐Blind, Placebo‐Controlled Extension 
Study. Arthritis & Rheumatology. 2017 Apr;69(4):763-773.

18. Stevens RM, Ervin J, Nezzer J, Nieves Y, Guedes K, Burges 
R, Hanson PD, Campbell JN. Randomized, Double‐Blind, 
Placebo‐Controlled Trial of Intraarticular Trans‐Capsaicin for 
Pain Associated With Osteoarthritis of the Knee. Arthritis & 
Rheumatology. 2019 Sep;71(9):1524-1533.

19. Gabay C, Medinger‐Sadowski C, Gascon D, Kolo F, Finckh 
A. Symptomatic effects of chondroitin 4 and chondroitin 6 
sulfate on hand osteoarthritis: A randomized, double‐blind, 
placebo‐controlled clinical trial at a single center. Arthritis & 
Rheumatism. 2011 Nov;63(11):3383-3391.

20. Hernández‐Molina G, Reichenbach S, Zhang B, LaValley M, 
Felson DT. Effect of therapeutic exercise for hip osteoarthritis 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 329

pain: Results of a meta‐analysis. Arthritis Care & Research. 
2008 Sep 15;59(9):1221-1228.

21. Kim C, Nevitt M, Guermazi A, Niu J, Clancy M, Tolstykh I, 
Jungmann PM, Lane NE, Segal NA, Harvey WF, Lewis CE. 
Brief report: leg length inequality and hip osteoarthritis in the 
multicenter osteoarthritis study and the osteoarthritis initiative. 
Arthritis & Rheumatology. 2018 Oct;70(10):1572-1576.

22. Kettunen JA, Kujala UM. Exercise therapy for people with 
rheumatoid arthritis and osteoarthritis. Scandinavian journal of 
medicine & science in sports. 2004 Jun;14(3):138-142.

23. Gill RS, Al‐Adra DP, Shi X, Sharma AM, Birch DW, Karmali 
S. The benefits of bariatric surgery in obese patients with hip 
and knee osteoarthritis: a systematic review. obesity reviews. 
2011 Dec;12(12):1083-1089.

24. Power JD, Kudesia P, Nadeem A, Perruccio AV, Sundararajan 
K, Mahomed NN, Rampersaud YR, Gandhi R. Patterns of 
depressive symptoms before and after surgery for osteoarthritis: 
a descriptive study. ACR open rheumatology. 2019 Jun;1(4): 
203-212.

25. Felson DT, Neogi T. Emerging treatment models in rheumatology: 
challenges for osteoarthritis trials. Arthritis & Rheumatology. 
2018 Aug;70(8):1175-1181.

26. Selten EM, Vriezekolk JE, Geenen R, van der Laan WH, van der 
Meulen‐Dilling RG, Nijhof MW, Schers HJ, van den Ende CH. 
Reasons for treatment choices in knee and hip osteoarthritis: a 
qualitative study. Arthritis Care & Research. 2016;68(9):1260-
1267.

27. Walker-Bone K. ‘Natural remedies’ in the treatment of 
osteoarthritis. Drugs & aging. 2003 Jun;20(7):517-26.

28. Smith T, Collier TS, Smith B, Mansfield M. Who seeks 
physiotherapy or exercise treatment for hip and knee 
osteoarthritis? A cross‐sectional analysis of the English 
Longitudinal Study of Ageing. International journal of 
rheumatic diseases. 2019 May;22(5):897-904.

29. Fitzgerald GK, White DK, Piva SR. Associations for change 
in physical and psychological factors and treatment response 
following exercise in knee osteoarthritis: an exploratory study. 
Arthritis care & research. 2012 Nov;64(11):1673-80.

30. Huang L, Guo B, Xu F, Zhao J. Effects of quadriceps functional 
exercise with isometric contraction in the treatment of knee 
osteoarthritis. International journal of rheumatic diseases. 2018 
May;21(5):952-959.

31. Dell’Isola A, Jönsson T, Ranstam J, Dahlberg LE, Ekvall 
Hansson E. Education, home exercise, and supervised exercise 
for people with hip and knee osteoarthritis as part of a nationwide 
implementation program: data from the Better Management of 
Patients With Osteoarthritis Registry. Arthritis care & research. 
2020 Feb;72(2):201-207.

32. Lee AC, Harvey WF, Price LL, Han X, Driban JB, Iversen MD, 
Desai SA, Knopp HE, Wang C. Dose-Response effects of tai 
chi and physical therapy exercise interventions in symptomatic 
knee osteoarthritis. PM&R. 2018 Jul 1;10(7):712-723.

33. Pisters MF, Veenhof C, Van Meeteren NL, Ostelo RW, De 
Bakker DH, Schellevis FG, Dekker J. Long‐term effectiveness 
of exercise therapy in patients with osteoarthritis of the hip or 
knee: a systematic review. Arthritis care & research. 2007 Oct 
15;57(7):1245-1253.

34. Bennell K, Hinman RS, Wrigley TV, Creaby MW, Hodges P. 
Exercise and osteoarthritis: cause and effects. Comprehensive 
Physiology. 2011 Jan;1(4):1943-2008.

35. Booker S, Herr K, Tripp-Reimer T. Black American older adults’ 
motivation to engage in osteoarthritis treatment recommendations 
for pain self-management: A mixed methods study. International 
journal of nursing studies. 2019 Dec 25:103510.

36. Bautch JC, Malone DG, Vailas AC. Effects of exercise on knee 
joints with osteoarthritis: a pilot study of biologic markers. 
Arthritis & Rheumatism. 1997 Feb;10(1):48-55.

37. French HP, Cusack T, Brennan A, Caffrey A, Conroy R, 
Cuddy V, FitzGerald OM, Gilsenan C, Kane D, O’Connell PG, 
White B. Exercise and manual physiotherapy arthritis research 
trial (EMPART) for osteoarthritis of the hip: a multicenter 
randomized controlled trial. Archives of physical medicine and 
rehabilitation. 2013 Feb 1;94(2):302-314.

38. Jansen MP, Mastbergen SC, van Heerwaarden RJ, Spruijt S, van 
Empelen MD, Kester EC, Lafeber FP, Custers RJ. Knee joint 
distraction in regular care for treatment of knee osteoarthritis: 
a comparison with clinical trial data. PloS one. 2020 Jan 
22;15(1):e0227975.

39. Mat S, Ng CT, Tan PJ, Ramli N, Fadzli F, Rozalli FI. Effect of 
modified Otago exercises on postural balance, fear of falling, 
and fall risk in older fallers with knee osteoarthritis and impaired 
Gait and balance: a secondary analysis. PM R. 2018; 10 (3): 254-
262. Epub 2017/08/23. https://doi. org/10. 1016/j. pmrj. 2017.08. 
405 PMID: 28827207;.

40. Baker MC, Weng Y, William RH, Ahuja N, Rohatgi N. 
Osteoarthritis risk is reduced after treatment with ticagrelor 
compared to clopidogrel: a propensity score matching analysis. 
Arthritis & Rheumatology (Hoboken, NJ). 2020 Jun 21.

41. McCabe PS, Parkes MJ, Maricar N, Hutchinson CE, Freemont 
A, O’Neill TW, Felson DT. Synovial fluid white cell count in 
knee osteoarthritis: association with structural findings and 
treatment response. Arthritis & rheumatology (Hoboken, NJ). 
2017 Jan;69(1):103.

42. Gibofsky A, Williams GW, McKenna F, Fort JG. Comparing 
the efficacy of cyclooxygenase 2–specific inhibitors in treating 
osteoarthritis: Appropriate trial design considerations and 
results of a randomized, placebo‐controlled trial. Arthritis & 
Rheumatism. 2003 Nov;48(11):3102-3111.

43. Brandt KD, Smith Jr GN, Simon LS. Intraarticular injection 
of hyaluronan as treatment for knee osteoarthritis: what is the 
evidence?. Arthritis and rheumatism. 2000 Jun 1;43(6):1192-203.

44. Ezzo J, Hadhazy V, Birch S, Lao L, Kaplan G, Hochberg M, 
Berman B. Acupuncture for osteoarthritis of the knee: a systematic 
review. Arthritis & rheumatism. 2001 Apr;44(4):819-825.

45. Witt CM, Jena S, Brinkhaus B, Liecker B, Wegscheider 
K, Willich SN. Acupuncture in patients with osteoarthritis 
of the knee or hip: a randomized, controlled trial with an 
additional nonrandomized arm. Arthritis & Rheumatism. 2006 
Nov;54(11):3485-3493.

46. Manicourt DH, Altman RD, Williams JM, Devogelaer JP, 
Druetz‐Van Egeren A, Lenz ME, Pietryla D, Thonar EJ. Treatment 
with calcitonin suppresses the responses of bone, cartilage, and 
synovium in the early stages of canine experimental osteoarthritis 
and significantly reduces the severity of the cartilage lesions. 
Arthritis & Rheumatism. 1999 Jun;42(6):1159-1167.

47. Pincus T, Koch GG, Sokka T, Lefkowith J, Wolfe F, Jordan 
JM, Luta G, Callahan LF, Wang X, Schwartz T, Abramson 
SB. A randomized, double‐blind, crossover clinical trial of 
diclofenac plus misoprostol versus acetaminophen in patients 
with osteoarthritis of the hip or knee. Arthritis & Rheumatism: 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 330

Official Journal of the American College of Rheumatology. 2001 
Jul;44(7):1587-1598.

48. Chang J, Kauf TL, Mahajan S, Jordan JM, Kraus VB, Vail TP, 
Reed SD, Omar MA, Kahler KH, Schulman KA. Impact of 
disease severity and gastrointestinal side effects on the health 
state preferences of patients with osteoarthritis. Arthritis & 
Rheumatism. 2005 Aug;52(8):2366-2375.

49. Yang S, Eaton CB, McAlindon TE, Lapane KL. Effects 
of glucosamine and chondroitin supplementation on knee 
osteoarthritis: an analysis with marginal structural models. 
Arthritis & Rheumatology. 2015 Mar;67(3):714-723.

50. Lapane KL, Yang S, Driban JB, Liu SH, Dubé CE, McAlindon TE, 
Eaton CB. Effects of prescription nonsteroidal antiinflammatory 
drugs on symptoms and disease progression among patients 
with knee osteoarthritis. Arthritis & Rheumatology. 2015 
Mar;67(3):724-732.

51. Sawitzke AD, Shi H, Finco MF, Dunlop DD, Bingham III CO, 
Harris CL, Singer NG, Bradley JD, Silver D, Jackson CG, 
Lane NE. The effect of glucosamine and/or chondroitin sulfate 
on the progression of knee osteoarthritis: a report from the 
glucosamine/chondroitin arthritis intervention trial. Arthritis 
& Rheumatism. 2008 Oct;58(10):3183-3191.

52. Ayhan FF, Sunar I, Ebru UM, Keskin D, Altan L, Dincer 
F, Duruöz T, Karalezli N, Kuran B, Tuncer T. The Turkish 
League Against Rheumatism Recommendations for the 
Management of Hand Osteoarthritis Under Guidance of 
the Current Literature and 2018 European League Against 
Rheumatism Recommendations. Archives of Rheumatology. 
2020 Sep;35(3):309.

53. Sanders D, Krause K, O’Muircheartaigh J, Thacker MA, 
Huggins JP, Vennart W, Massat NJ, Choy E, Williams SC, 
Howard MA. Pharmacologic modulation of hand pain in 
osteoarthritis: A double‐blind placebo‐controlled functional 
magnetic resonance imaging study using naproxen. Arthritis &  
Rheumatology. 2015 Mar;67(3):741-751.

54. Murphy JM, Fink DJ, Hunziker EB, Barry FP. Stem cell therapy 
in a caprine model of osteoarthritis. Arthritis & Rheumatism: 
Official Journal of the American College of Rheumatology. 2003 
Dec;48(12):3464-3474.

55. Kenihan L, McTier L, Phillips NM. Patients’ expectations 
and experiences of stem cell therapy for the treatment of knee 
osteoarthritis. Health Expectations. 2020 Oct;23(5):1300-1309.

56. Song Y, Zhang J, Xu H, Lin Z, Chang H, Liu W, Kong L. 
Mesenchymal stem cells in knee osteoarthritis treatment: a 
systematic review and meta-analysis. Journal of Orthopaedic 
Translation. 2020 Sep 1;24:121-130.

57. Sellam J, Courties A, Eymard F, Ferrero S, Latourte A, Ornetti 
P, Bannwarth B, Baumann L, Berenbaum F, Chevalier X, Ea 
HK. Recommendations of the French Society of Rheumatology 
on pharmacological treatment of knee osteoarthritis. Joint Bone 
Spine. 2020 Dec 1;87(6):548-555.

58. Anandacoomarasamy A, March L. Current evidence for osteo-
arthritis treatments. Therapeutic advances in musculoskeletal 
disease. 2010 Feb;2(1):17-28.

59. Barthel HR, Axford-Gatley RA. Topical nonsteroidal anti-
inflammatory drugs for osteoarthritis. Postgraduate medicine. 
2010 Nov 1;122(6):98-106.

60. Li FL, Wu CB, Sun HJ, Zhou Q. Comparison of autologous platelet-
rich plasma and chitosan in the treatment of temporo mandibular 
joint osteoarthritis: A retrospective cohort study. Journal of Oral 
and Maxillofacial Surgery. 2021 Feb 1;79(2):324-332.

61. Blankstein M, Lentine B, Nelms NJ. Common practices in 
intra-articular corticosteroid injection for the treatment of knee 
osteoarthritis: A survey of the American Association of Hip and 
Knee Surgeons membership. The Journal of Arthroplasty. 2021 
Mar 1;36(3):845-850.

62. Salama AH, Abdelkhalek AA, Elkasabgy NA. Etoricoxib-loaded 
bio-adhesive hybridized polylactic acid-based nanoparticles as 
an intra-articular injection for the treatment of osteoarthritis. 
International journal of pharmaceutics. 2020 Mar 30;578:119081.

63.  Bannuru RR. Editorial Commentary: Intra-Articular Injections 
for Painful Knee Osteoarthritis: What Is the Current Treatment 
Paradigm?. Arthroscopy. 2021 Jan;37(1):307-308.

64. Jain KB, Ravikumar P. Recent advances in treatments of 
cartilage regeneration for knee osteoarthritis. Journal of Drug 
Delivery Science and Technology. 2020 Aug 23:102014.

65. Dehghan M, Saffari M, Rafieian-kopaei M, Ahmadi A, Lorigooini 
Z. Comparison of the effect of topical Hedera helix L. extract gel 
to diclofenac gel in the treatment of knee osteoarthritis. Journal 
of Herbal Medicine. 2020 Aug 1;22:100350.

66. Gress K, Charipova K, An D, Hasoon J, Kaye AD, Paladini A, 
Varrassi G, Viswanath O, Abd-Elsayed A, Urits I. Treatment 
recommendations for chronic knee osteoarthritis. Best Practice 
& Research Clinical Anaesthesiology. 2020 Jul 4.

67. Nakamura A, Ali SA, Kapoor M. Antisense oligonucleotide-
based therapies for the treatment of osteoarthritis: Opportunities 
and roadblocks. Bone. 2020 Sep 1;138:115461.

68. Eriksen EF, Shabestar i M, Ghouri A, Conaghan PG. 
Bisphosphonates as a treatment modality in osteoarthritis. 
Bone. 2021 Feb 1;143:115352.

69. Tanaka R, Hirohama K, Kurashige Y, Mito K, Miyamoto S, 
Masuda R, Morita T, Yokota S, Sato S. Prediction models 
considering psychological factors to identify pain relief in 
conservative treatment of people with knee osteoarthritis: A 
multicenter, prospective cohort study. Journal of Orthopaedic 
Science. 2020 Jul 1;25(4):618-626.

70. Yang J, Zhu Y, Wang F, Deng L, Xu X, Cui W. Microfluidic 
liposomes-anchored microgels as extended delivery platform 
for treatment of osteoarthritis. Chemical Engineering Journal. 
2020 Nov 15;400:126004.

71. Shi YY, Li YQ, Xie X, Zhou YT, Zhang Q, Yu JL, Li P, Mi 
N, Li F. Homotherapy for heteropathy active components and 
mechanisms of Qiang-Huo-Sheng-Shi decoction for treatment of 
rheumatoid arthritis and osteoarthritis. Computational Biology 
and Chemistry. 2020 Dec 1;89:107397.

72. Lafaye G, Rongières M, Mansat P, Grolleau JL, Riot S. 
Functional outcomes after surgical treatment of isolated 
scaphotrapeziotrapezoid osteoarthritis: Retrospective single-
center 24-case series. Hand Surgery and Rehabilitation. 2020 
Apr 1;39(2):107-12.

73. Kroon FP, Kortekaas MC, Boonen A, Böhringer S, Reijnierse 
M, Rosendaal FR, Riyazi N, Starmans M, Turkstra F, van 
Zeben J, Allaart CF. Results of a 6-week treatment with 10 mg 
prednisolone in patients with hand osteoarthritis (HOPE): a 
double-blind, randomised, placebo-controlled trial. The Lancet. 
2019 Nov 30;394(10213):1993-2001.

74. Najafi S, Sanati E, Khademi M, Abdorrazaghi F, Mofrad RK, 
Rezasoltani Z. Intra-articular botulinum toxin type A for 
treatment of knee osteoarthritis: Clinical trial. Toxicon. 2019 
Jul 1;165:69-77.

75. Desmoineaux P, Carlier Y, Mansat P, Bleton R, Rouleau DM, 
Duparc F. Arthroscopic treatment of elbow osteoarthritis. 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 331

Orthopaedics & Traumatology: Surgery & Research. 2019 Dec 
1;105(8):S235-S240.

76. Felson DT, Lawrence RC, Hochberg MC, McAlindon T, Dieppe PA, 
Minor MA, Blair SN, Berman BM, Fries JF, Weinberger M, Lorig 
KR. Osteoarthritis: new insights. Part 2: treatment approaches. 
Annals of internal medicine. 2000 Nov 7;133(9):726-737.

77. Winters BS, Raikin SM. The use of allograft in joint-preserving 
surgery for ankle osteochondral lesions and osteoarthritis. Foot 
and ankle clinics. 2013 Sep 1;18(3):529-542.

78. Gomoll AH, Filardo G, Almqvist FK, Bugbee WD, Jelic M, 
Monllau JC, Puddu G, Rodkey WG, Verdonk P, Verdonk R, 
Zaffagnini S. Surgical treatment for early osteoarthritis. Part 
II: allografts and concurrent procedures. Knee Surgery, Sports 
Traumatology, Arthroscopy. 2012 Mar 1;20(3):468-486.

79. Stannard JP, Cook JL, Farr J, editors. Articular cartilage injury of 
the knee: Basic science to surgical repair. Thieme; 2013 Apr 15.

80. Chahal J, Gross AE, Gross C, Mall N, Dwyer T, Chahal A, 
Whelan DB, Cole BJ. Outcomes of osteochondral allograft 
transplantation in the knee. Arthroscopy: The Journal of 
Arthroscopic & Related Surgery. 2013;29(3):575-588.

81. Yabumoto H, Nakagawa Y, Mukai S, Saji T. Osteochondral 
autograf t t ransplantat ion for isolated patellofemoral 
osteoarthritis. The Knee. 2017 Dec 1;24(6):1498-1503.

82. Kalunian KC. Current advances in therapies for osteoarthritis. 
Current opinion in rheumatology. 2016 May 1;28(3):246-250.

83. Yang KA, Saris DB, Dhert WJ, Verbout AJ. Osteoarthritis of the 
knee: current treatment options and future directions. Current 
Orthopaedics. 2004 Aug 1;18(4):311-20.

84. Yu C, Chen WP, Wang XH. MicroRNA in osteoarthritis. Journal 
of International Medical Research. 2011 Feb;39(1):1-9.

85. Wehling P, Moser C, Maixner W. How does surgery compare 
with advanced intra-articular therapies in knee osteoarthritis: 
current thoughts. Therapeutic advances in musculoskeletal 
disease. 2016 Jun;8(3):72-85.

86. Ray TR. Using viscosupplementation to treat knee osteoarthritis. 
The Physician and sportsmedicine. 2013 Nov 1;41(4):16-24.

87. Fary RE, Briffa NK, Briffa TG. Effectiveness of pulsed electrical 
stimulation in the management of osteoarthritis of the knee: 
three case reports. Physiotherapy theory and practice. 2009 
Jan 1;25(1):21-29.

88. Hosea Blewett HJ. Exploring the mechanisms behind 
S-adenosylmethionine (SAMe) in the treatment of osteoarthritis. 
Critical reviews in food science and nutrition. 2008 May 
8;48(5):458-463.

89. Pipitone N, Scott DL. Magnetic pulse treatment for knee 
osteoarthritis: a randomised, double-blind, placebo-controlled 
study. Current medical research and opinion. 2001 Jan 
1;17(3):190-196.

90. Hunter C, Davis T, Loudermilk E, Kapural L, DePalma M. 
Cooled Radiofrequency Ablation Treatment of the Genicular 
Nerves in the Treatment of Osteoarthritic Knee Pain: 18‐and 
24‐Month Results. Pain Practice. 2020 Mar;20(3):238-246.

91. Lo-Ciganic WH, Floden L, Lee JK, Ashbeck EL, Zhou 
L, Chinthammit C, Purdy AW, Kwoh CK. Analgesic use 
and risk of recurrent falls in participants with or at risk of 
knee osteoarthritis: data from the Osteoarthritis Initiative. 
Osteoarthritis and cartilage. 2017 Sep 1;25(9):1390-1398.

92. Caggiari G, Polese F, Rosetti C, Ciurlia E, Brusoni M, Leone 
A, Pisanu F, Manunta AF, Doria C, Manca M. Suspension 
arthroplasty in the treatment of thumb carpometacarpal 
osteoarthritis. Orthopedic Reviews. 2020 Dec 31;12(4).

93. Sander AL, Buhrmann CF, Sommer K, Frank J. Simplified 
abductor pollicis longus suspension interposition arthroplasty 
for thumb carpometacarpal joint osteoarthritis. European 
Journal of Trauma and Emergency Surgery. 2020 Dec 24:1-6.

94. Hudson B, Williman JA, Stamp LK, Alchin JS, Hooper GJ, 
Mangin D, Thompson BF, Toop L. Nortriptyline for pain in knee 
osteoarthritis in general practice: a double blind randomised 
controlled trial. British Journal of General Practice. 2021 Feb 9.

95. Raeissadat SA, Hosseini PG, Bahrami MH, Roghani RS, Fathi 
M, Ahangar AG, Darvish M. The comparison effects of intra-
articular injection of Platelet Rich Plasma (PRP), Plasma Rich 
in Growth Factor (PRGF), Hyaluronic Acid (HA), and ozone in 
knee osteoarthritis; a one year randomized clinical trial. BMC 
Musculoskeletal Disorders. 2021 Dec;22(1):1-4.

96. Andia I, Maffulli N. Platelet-rich plasma for managing pain and 
inflammation in osteoarthritis. Nature Reviews Rheumatology. 
2013 Dec;9(12):721-30.

97. Singhal S, Hasan N, Nirmal K, Chawla R, Chawla S, Kalra BS, 
Dhal A. Bioavailable turmeric extract for knee osteoarthritis: 
a randomized, non-inferiority trial versus paracetamol. Trials. 
2021 Dec;22(1):1-1.

98. Rezende MU, Gurgel HM, Ocampos GP, Campos GC, Frucchi R, 
Pailo AF, Pasqualin T, Vicente JR, Camargo OP. Improvements 
in hip osteoarthritis with lavage, triamcinolone and hylan g-f20. 
Acta Ortopédica Brasileira. 2020 Dec 4;28:280-6.

99. Li QQ, Xie YD, Liang WQ, Yang GQ, Zhang HB, Wang YP. 
Efficacy of hydroxychloroquine in hand osteoarthritis: A 
protocol for systematic review and meta-analysis of randomized 
clinical trial. Medicine. 2020 Dec 11;99(50).

100. Cao Z, Zhou J, Long Z, Li Y, Sun J, Luo Y, Wang W. Targeting 
nerve growth factor, a new option for treatment of osteoarthritis: 
a network meta-analysis of comparative efficacy and safety with 
traditional drugs. Aging (Albany NY). 2021 Jan 15;13(1):1051.

101. Papalia R, Salini V, Voglino N, Fortina M, Carta S, Sadile F, 
Costantino C. Single-dose intra-articular administration of a 
hybrid cooperative complex of sodium hyaluronate and sodium 
chondroitin in the treatment of symptomatic hip osteoarthritis: a 
single-arm, open-label, pilot study. Rheumatology and Therapy. 
2021 Mar;8(1):151-165.

102. Cao Z, Li Y, Wang W, Jie S, Hu X, Zhou J, Wu T, Aili D, Long 
Z, Li Y, Dou P. Is lutikizumab, an anti–interleukin-1α/β dual 
variable domain immunoglobulin, efficacious for osteoarthritis? 
Results from a Bayesian network meta-analysis. BioMed 
research international. 2020 Nov 4;2020.

103. Li DY, Han R, Zhao ZG, Luo F. Duloxetine combined with intra-
articular injection versus intra-articular injection alone for pain 
relief in knee osteoarthritis: a study protocol for a randomised 
controlled trial. BMJ open. 2020 Oct 1;10(10):e036447.

104. Beaudart C, Lengelé L, Leclercq V, Geerinck A, Sánchez-
Rodríguez D, Bruyère O, Reginster JY. Symptomatic efficacy of 
pharmacological treatments for knee osteoarthritis: a systematic 
review and a network meta-analysis with a 6-month time 
horizon. Drugs. 2020 Oct 19:1-3.

105. Honvo G, Lengelé L, Charles A, Reginster JY, Bruyère O. 
Role of Collagen Derivatives in Osteoarthritis and Cartilage 
Repair: A Systematic Scoping Review With Evidence Mapping. 
Rheumatology and therapy. 2020 Oct 17:1-38.

106. Shin JY, Chang MJ, Kim MK, Kang SB, Kim KI, Park HG, 
Lee S, Kim SH, Han SB, Lee HJ, Moon YW. Efficacy and 
safety of short-term use of a pelubiprofen CR and aceclofenac 
in patients with symptomatic knee osteoarthritis: A double-



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 332

blinded, randomized, multicenter, active drug comparative, 
parallel-group, phase IV, non-inferiority clinical trial. PloS one. 
2020 Sep 29;15(9):e0238024.

107. Moghadam‐Kia S, Werth VP. Prevention and treatment of 
systemic glucocorticoid side effects. International journal of 
dermatology. 2010 Mar;49(3):239-248.

108. Mohammadinejad R, Ashrafizadeh M, Pardakhty A, Uzieliene 
I, Denkovskij J, Bernotiene E, Janssen L, Lorite GS, Saarakkala 
S, Mobasheri A. Nanotechnological strategies for osteoarthritis 
diagnosis, monitoring, clinical management, and regenerative 
medicine: recent advances and future opportunities. Current 
rheumatology reports. 2020 Apr;22(4):1-7.

109. Brown S, Kumar S, Sharma B. Intra-articular targeting 
of nanomaterials for the treatment of osteoarthritis. Acta 
biomaterialia. 2019 Jul 15;93:239-257.

110. Roy K, Kanwar RK, Kanwar JR. Molecular targets in arthritis 
and recent trends in nanotherapy. International journal of 
nanomedicine. 2015;10:5407.

111. Wimpenny I, Markides H, El Haj AJ. Orthopaedic applications 
of nanoparticle-based stem cell therapies. Stem cell research & 
therapy. 2012 Jun;3(2):1-2.

112. Lawson TB, Mäkelä JT, Klein T, Snyder BD, Grinstaff MW. 
Nanotechnology and osteoarthritis; part 1: Clinical landscape 
and opportunities for advanced diagnostics. Journal of 
Orthopaedic Research®. 2021 Mar 1;39(3):465-472.

113. Ummarino A, Gambaro FM, Kon E, Torres Andón F. Therapeutic 
Manipulation of Macrophages Using Nanotechnological 
Approaches for the Treatment of Osteoarthritis. Nanomaterials. 
2020 Aug;10(8):1562.

114. Yan H, Collins KH, Springer LE, Guilak F, Wickline SA, Rai MF, 
Pan H, Pham CT. Nanotherapy targeting NF-κB attenuates acute 
pain after joint injury. Precision nanomedicine. 2019;2(1):245.

115. Jin GZ. Current nanoparticle-based technologies for osteoar-
thritis therapy. Nanomaterials. 2020 Dec;10(12):2368.

116. Rabiei M, Kashanian S, Samavati SS, Derakhshankhah H, 
Jamasb S, McInnes SJ. Nanotechnology application in drug 
delivery to osteoarthritis (OA), rheumatoid arthritis (RA), and 
osteoporosis (OSP). Journal of Drug Delivery Science and 
Technology. 2020 Aug 15:102011.

117. Zerrillo L, Que I, Vepris O, Morgado LN, Chan A, Bierau K, 
Li Y, Galli F, Bos E, Censi R, Di Martino P. pH-responsive 
poly (lactide-co-glycolide) nanoparticles containing near-
infrared dye for visualization and hyaluronic acid for treatment 
of osteoarthritis. Journal of Controlled Release. 2019 Sep 
10;309:265-276.

118. Lan Q, Lu R, Chen H, Pang Y, Xiong F, Shen C, Qin Z, Zheng L, 
Xu G, Zhao J. MMP-13 enzyme and pH responsive theranostic 
nanoplatform for osteoarthritis. Journal of Nanobiotechnology. 
2020 Dec;18(1):1-4.

119. Xiong F, Qin Z, Chen H, Lan Q, Wang Z, Lan N, Yang Y, 
Zheng L, Zhao J, Kai D. pH-responsive and hyaluronic acid-
functionalized metal–organic frameworks for therapy of 
osteoarthritis. Journal of nanobiotechnology. 2020 Dec;18(1): 
1-4.

120. Jin T, Wu D, Liu XM, Xu JT, Ma BJ, Ji Y, Jin YY, Wu SY, Wu T, 
Ma K. Intra-articular delivery of celastrol by hollow mesoporous 
silica nanoparticles for pH-sensitive anti-inflammatory therapy 
against knee osteoarthritis. Journal of nanobiotechnology. 2020 
Dec;18(1):1-5.

121. Gu W, Wu C, Chen J, Xiao Y. Nanotechnology in the targeted 
drug delivery for bone diseases and bone regeneration. 

International journal of nanomedicine. 2013;8:2305.
122. Crivelli B, Bari E, Perteghella S, Catenacci L, Sorrenti M, 

Mocchi M, Faragò S, Tripodo G, Prina-Mello A, Torre ML. 
Silk fibroin nanoparticles for celecoxib and curcumin delivery: 
ROS-scavenging and anti-inflammatory activities in an in vitro 
model of osteoarthritis. European Journal of Pharmaceutics and 
Biopharmaceutics. 2019 Apr 1;137:37-45.

123. Zhou F, Mei J, Yang S, Han X, Li H, Yu Z, Qiao H, Tang 
T. Modified ZIF-8 nanoparticles attenuate osteoarthritis by 
reprogramming the metabolic pathway of synovial macrophages. 
ACS applied materials & interfaces. 2019 Dec 18;12(2):2009-2022.

124. Wan L, Wang Y, Tan X, Sun Y, Luo J, Zhang H. Biodegradable 
lubricating mesoporous silica nanoparticles for osteoarthritis 
therapy. Friction. 2020 May 22:1-2.

125. Alarçin E, Demirbağ Ç, Karsli‐Ceppioglu S, Kerimoğlu 
O, Bal‐Ozturk A. Development and characterization of 
oxaceprol‐loaded poly‐lactide‐co‐glycolide nanoparticles for 
the treatment of osteoarthritis. Drug development research. 
2020 Jun;81(4):501-510.

126. She P, Bian S, Cheng Y, Dong S, Liu J, Liu W, Xiao C. Dextran 
sulfate-triamcinolone acetonide conjugate nanoparticles for 
targeted treatment of osteoarthritis. International journal of 
biological macromolecules. 2020 Sep 1;158:1082-1089.

127. Chen X, Liu Y, Wen Y, Yu Q, Liu J, Zhao Y, Liu J, Ye G. A 
photothermal-triggered nitric oxide nanogenerator combined 
with siRNA for precise therapy of osteoarthritis by suppressing 
macrophage inflammation. Nanoscale. 2019;11(14):6693-6709.

128. Li H, Guo H, Lei C, Liu L, Xu L, Feng Y, Ke J, Fang W, Song 
H, Xu C, Yu C. Nanotherapy in joints: increasing endogenous 
hyaluronan production by delivering hyaluronan synthase 2. 
Advanced Materials. 2019 Nov;31(46):1904535.

129. McMasters J, Poh S, Lin JB, Panitch A. Delivery of anti-
inflammatory peptides from hollow PEGylated poly (NIPAM) 
nanoparticles reduces inflammation in an ex vivo osteoarthritis 
model. Journal of Controlled Release. 2017 Jul 28;258:161-70.

130. Morgen M, Tung D, Boras B, Miller W, Malfait AM, Tortorella 
M. Nanoparticles for improved local retention after intra-
articular injection into the knee joint. Pharmaceutical research. 
2013 Jan;30(1):257-268.

131. Niazvand F, Khorsandi L, Abbaspour M, Orazizadeh M, Varaa 
N, Maghzi M, Ahmadi K. Curcumin-loaded poly lactic-co-
glycolic acid nanoparticles effects on mono-iodoacetate-induced 
osteoarthritis in rats. InVeterinary Research Forum 2017;8(2): 155.  
Faculty of Veterinary Medicine, Urmia University, Urmia, Iran.

132. Bartlett RL, Medow MR, Panitch A, Seal B. Hemocompatible 
poly (NIPAm-MBA-AMPS) colloidal nanoparticles as 
carriers of anti-inf lammatory cell penetrating peptides. 
Biomacromolecules. 2012 Apr 9;13(4):1204-1211.

133. Bajpayee AG, Quadir MA, Hammond PT, Grodzinsky 
AJ. Charge based intra-cartilage delivery of single dose 
dexamethasone using Avidin nano-carriers suppresses cytokine-
induced catabolism long term. Osteoarthritis and cartilage. 2016 
Jan 1;24(1):71-81.

134. Jain A, Mishra SK, Vuddanda PR, Singh SK, Singh R, 
Singh S. Targeting of diacerein loaded lipid nanoparticles to 
intra-articular cartilage using chondroitin sulfate as homing 
carrier for treatment of osteoarthritis in rats. Nanomedicine: 
Nanotechnology, Biology and Medicine. 2014 Jul 1;10(5):e1031-
e1040.

135. Yeh MK, Cheng KM, Hu CS, Huang YC, Young JJ. Novel 
protein-loaded chondroitin sulfate–chitosan nanoparticles: 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 333

Preparation and characterization. Acta biomaterialia. 2011 Oct 
1;7(10):3804-3812.

136. Sacchetti C, Liu-Bryan R, Magrini A, Rosato N, Bottini N, 
Bottini M. Polyethylene-glycol-modified single-walled carbon 
nanotubes for intra-articular delivery to chondrocytes. ACS 
nano. 2014 Dec 23;8(12):12280-12291.

137. Samarasinghe RM, Kanwar RK, Kumar K, Kanwar JR. 
Antiarthritic and chondroprotective activity of Lakshadi 
Guggul in novel alginate-enclosed chitosan calcium phosphate 
nanocarriers. Nanomedicine. 2014 Jun;9(6):819-837.

138. Sarkar A, Carvalho E, D’souza AA, Banerjee R. Liposome-
encapsulated fish oil protein-tagged gold nanoparticles for 
intra-articular therapy in osteoarthritis. Nanomedicine. 2019 
Apr;14(7):871-887.

139. Rincón M, Calpena AC, Clares B, Espina M, Garduño-Ramírez 
ML, Rodríguez-Lagunas MJ, García ML, Abrego G. Skin-
controlled release lipid nanosystems of pranoprofen for the 
treatment of local inflammation and pain. Nanomedicine. 2018 
Oct;13(19):2397-2413.

140. Hu Q, Chen Q, Yan X, Ding B, Chen D, Cheng L. Chondrocyte 
affinity peptide modified PAMAM conjugate as a nanoplatform 
for targeting and retention in cartilage. Nanomedicine. 2018 
May 4;13(7):749-767.

141. Zhou Y, Liu SQ, Peng H, Yu L, He B, Zhao Q. In vivo 
anti-apoptosis activity of novel berberine-loaded chitosan 
nanoparticles effectively ameliorates osteoarthritis. International 
immunopharmacology. 2015 Sep 1;28(1):34-43.

142. Zhao X, Yu SB, Wu FL, Mao ZB, Yu CL. Transfection of 
primary chondrocytes using chitosan-pEGFP nanoparticles. 
Journal of Controlled Release. 2006 May 15;112(2):223-228.

143. Sütő B, Berkó S, Kozma G, Kukovecz Á, Budai-Szűcs M, 
Erős G, Kemény L, Sztojkov-Ivanov A, Gáspár R, Csányi E. 
Development of ibuprofen-loaded nanostructured lipid carrier-
based gels: characterization and investigation of in vitro and 
in vivo penetration through the skin. International journal of 
nanomedicine. 2016;11:1201.

144. Wu X, Li P, Cheng J, Xu Q, Lu B, Han C, Huo W. ROS-Sensitive 
Nanoparticles Co-delivering Dexamethasone and CDMP-1 
for the Treatment of Osteoarthritis Through Chondrogenic 
Differentiation Induction and Inflammation Inhibition. Frontiers 
in Bioengineering and Biotechnology. 2021 Jan 28;9:15.

145. Xue S, Zhou X, Sang W, Wang C, Lu H, Xu Y, Zhong Y, Zhu 
L, He C, Ma J. Cartilage-targeting peptide-modified dual-drug 
delivery nanoplatform with NIR laser response for osteoarthritis 
therapy. Bioactive materials. 2021 Aug 1;6(8):2372-89.

146. Ai X, Duan Y, Zhang Q, Sun D, Fang RH, Liu‐Bryan R, Gao 
W, Zhang L. Cartilage‐targeting ultrasmall lipid‐polymer 
hybrid nanoparticles for the prevention of cartilage degradation. 
Bioengineering & translational medicine. 2021 Jan;6(1): 
e10187.

147. Zhao Y, Chen H, Wang L, Guo Z, Liu S, Luo S. Cationic 
solid lipid nanoparticles loaded by integrin β1 plasmid DNA 
attenuates IL-1β-induced apoptosis of chondrocyte. Aging 
(Albany NY). 2020 Nov 30;12(22):22527.

148. Chen T, Zou H, Wu X, Chen Y, Situ B, Zheng L, Yang G. 
Fullerene-like mos2 nanoparticles as cascade catalysts 
improving lubricant and antioxidant abilities of artificial 
synovial fluid. ACS Biomaterials Science & Engineering. 2019 
May 2;5(6):3079-88.

149. Mancipe Castro LM, Sequeira A, García AJ, Guldberg RE. 
Articular Cartilage-and Synoviocyte-Binding Poly (ethylene 

glycol) Nanocomposite Microgels as Intra-Articular Drug Delivery 
Vehicles for the Treatment of Osteoarthritis. ACS Biomaterials 
Science & Engineering. 2020 Aug 11;6(9):5084-5095.

150. Saeedi T, Alotaibi HF, Prokopovich P. Polymer colloids as drug 
delivery systems for the treatment of arthritis. Advances in 
Colloid and Interface Science. 2020 Sep 18:102273.

151. Lin YW, Fang CH, Meng FQ, Ke CJ, Lin FH. Hyaluronic 
acid loaded with cerium oxide nanoparticles as antioxidant in 
hydrogen peroxide induced chondrocytes injury: An in vitro 
osteoarthritis model. Molecules. 2020 Jan;25(19):4407.

152. Zuo D, Tan B, Jia G, Wu D, Yu L, Jia L. A treatment combined 
prussian blue nanoparticles with low-intensity pulsed ultrasound 
alleviates cartilage damage in knee osteoarthritis by initiating 
PI3K/Akt/mTOR pathway. American Journal of Translational 
Research. 2021;13(5):3987.

153. Yan Y, Sun T, Zhang H, Ji X, Sun Y, Zhao X, Deng L, Qi J, 
Cui W, Santos HA, Zhang H. Euryale ferox seed‐inspired 
superlubricated nanoparticles for treatment of osteoarthritis. 
Advanced Functional Materials. 2019 Jan;29(4):1807559.

154. Zhang K, Yang J, Sun Y, Liang J, Cui W, Deng L, Xu X, Wang 
B, Zhang H. Thermo-sensitive dual-functional nanospheres 
with enhanced lubrication and drug delivery for the treatment 
of osteoarthritis. Available at SSRN 3527827. 2020.

155. Kang ML, Im GI. Drug delivery systems for intra-articular 
treatment of osteoarthritis. Expert opinion on drug delivery. 
2014 Feb 1;11(2):269-82.

156. Chinnagounder Periyasamy P, Leijten JC, Dijkstra PJ, Karperien 
M, Post JN. Nanomaterials for the local and targeted delivery 
of osteoarthritis drugs. Journal of nanomaterials. 2012;2012.

157. Colella F, Garcia JP, Sorbona M, Lolli A, Antunes B, D’Atri 
D, Barré FP, Oieni J, Vainieri ML, Zerrillo L, Capar S. Drug 
delivery in intervertebral disc degeneration and osteoarthritis: 
Selecting the optimal platform for the delivery of disease-
modifying agents. Journal of controlled release. 2020 Aug 27.

158. Janssen M, Mihov G, Welting T, Thies J, Emans P. Drugs and 
polymers for delivery systems in OA joints: Clinical needs and 
opportunities. Polymers. 2014 Mar;6(3):799-819.

159. Gerwin N, Hops C, Lucke A. Intraarticular drug delivery in 
osteoarthritis. Advanced drug delivery reviews. 2006 May 
20;58(2):226-242.

160. Fazil M, Ali A, Baboota S, Sahni JK, Ali J. Exploring drug 
delivery systems for treating osteoporosis. Expert opinion on 
drug delivery. 2013 Aug 1;10(8):1123-1136.

161. Zhang Z, Huang G. Micro-and nano-carrier mediated 
intra-articular drug delivery systems for the treatment of 
osteoarthritis. Journal of Nanotechnology. 2012 Jan 1;2012.

162. Maudens P, Jordan O, Allémann E. Recent advances in intra-
articular drug delivery systems for osteoarthritis therapy. Drug 
discovery today. 2018 Oct 1;23(10):1761-1775.

163. Yang L, Liu Y, Shou X, Ni D, Kong T, Zhao Y. Bio-
inspired lubricant drug delivery particles for the treatment of 
osteoarthritis. Nanoscale. 2020;12(32):17093-17102.

164. Bajpayee AG, Wong CR, Bawendi MG, Frank EH, Grodzinsky 
AJ. Avidin as a model for charge driven transport into cartilage 
and drug delivery for treating early stage post-traumatic 
osteoarthritis. Biomaterials. 2014 Jan 1;35(1):538-549.

165. Li Z, Peng Y, Xia X, Cao Z, Deng Y, Tang B. Sr/ptA Metal 
organic framework as A Drug Delivery System for osteoarthritis 
treatment. Scientific reports. 2019 Nov 26;9(1):1-7.

166. Rivera-Delgado E, Djuhadi A, Danda C, Kenyon J, Maia J, 
Caplan AI, von Recum HA. Injectable liquid polymers extend 



Nanotherapy Technology Based Treatment and Drug Delivery Management for Osteoarthritis: A Review

IJPQA, Volume 12 Issue 3, July 2021 – September 2021 Page 334

the delivery of corticosteroids for the treatment of osteoarthritis. 
Journal of Controlled Release. 2018 Aug 28;284:112-121.

167. Zhao Y, Wei C, Chen X, Liu J, Yu Q, Liu Y, Liu J. Drug delivery 
system based on near-infrared light-responsive molybdenum 
disulfide nanosheets controls the high-efficiency release of 
dexamethasone to inhibit inflammation and treat osteoarthritis. 
ACS applied materials & interfaces. 2019 Mar 7;11(12):11587-
11601.

168. Hu HY, Lim NH, Ding-Pfennigdorff D, Saas J, Wendt KU, 
Ritzeler O, Nagase H, Plettenburg O, Schultz C, Nazare M. 
DOTAM derivatives as active cartilage-targeting drug carriers 
for the treatment of osteoarthritis. Bioconjugate chemistry. 2015 
Mar 18;26(3):383-388.

169. Maudens P, Seemayer CA, Thauvin C, Gabay C, Jordan 
O, Allémann E. Nanocrystal–polymer particles: extended 
delivery carriers for osteoarthritis treatment. Small. 2018 
Feb;14(8):1703108.

170. Mota AH, Direito R, Carrasco MP, Rijo P, Ascensão L, Viana AS,  
Rocha J, Eduardo-Figueira M, Rodrigues MJ, Custódio L, 
Kuplennik N. Combination of hyaluronic acid and PLGA 
particles as hybrid systems for viscosupplementation in 
osteoarthritis. International journal of pharmaceutics. 2019 
Mar 25;559:13-22.

171. Liang Y, Xu X, Li X, Xiong J, Li B, Duan L, Wang D, Xia 
J. Chondrocyte-targeted MicroRNA delivery by engineered 
exosomes toward a cell-free osteoarthritis therapy. ACS Applied 
Materials & Interfaces. 2020 Jul 30;12(33):36938-36947.

172. Xue M, Hu H, Jiang Y, Liu J, He H, Ye X. Biodegradable polymer-
coated, gelatin hydrogel/bioceramics ternary composites for 
antitubercular drug delivery and tissue regeneration. Journal 
of Nanomaterials. 2012 Jan 1;2012.

173. Zhang X, Cai D, Zhou F, Yu J, Wu X, Yu D, Zou Y, Hong Y, 
Yuan C, Chen Y, Pan Z. Targeting downstream subcellular 
YAP activity as a function of matrix stiffness with Verteporfin-
encapsulated chitosan microsphere attenuates osteoarthritis. 
Biomaterials. 2020 Feb 1;232:119724.

174. Chen P, Xia C, Mei S, Wang J, Shan Z, Lin X, Fan S. Intra-
articular delivery of sinomenium encapsulated by chitosan 
microspheres and photo-crosslinked GelMA hydrogel 
ameliorates osteoarthritis by effectively regulating autophagy. 
Biomaterials. 2016 Mar 1;81:1-3.

175. Chen Z, Liu D, Wang J, Wu L, Li W, Chen J, Cai BC, Cheng 
H. Development of nanoparticles-in-microparticles system for 
improved local retention after intra-articular injection. Drug 
delivery. 2014 Aug 1;21(5):342-350.

176. Ouyang Z, Tan T, Liu C, Duan J, Wang W, Guo X, Zhang Q, Li 
Z, Huang Q, Dou P, Liu T. Targeted delivery of hesperetin to 
cartilage attenuates osteoarthritis by bimodal imaging with Gd2 
(CO3) 3@ PDA nanoparticles via TLR-2/NF-κB/Akt signaling. 
Biomaterials. 2019 Jun 1;205:50-63.

177. Kumar S, Adjei IM, Brown SB, Liseth O, Sharma B. Manganese 
dioxide nanoparticles protect cartilage from inflammation-
induced oxidative stress. Biomaterials. 2019 Dec 1;224: 
119467.

178. Chen H, Qin Z, Zhao J, He Y, Ren E, Zhu Y, Liu G, Mao C, 
Zheng L. Cartilage-targeting and dual MMP-13/pH responsive 
theranostic nanoprobes for osteoarthritis imaging and precision 
therapy. Biomaterials. 2019 Dec 1;225:119520.

179. Tang Q, Lim T, Shen LY, Zheng G, Wei XJ, Zhang CQ, Zhu 
ZZ. Well-dispersed platelet lysate entrapped nanoparticles 
incorporate with injectable PDLLA-PEG-PDLLA triblock for 
preferable cartilage engineering application. Biomaterials. 2021 
Jan 1;268:120605.

180. Vanniasinghe AS, Bender V, Manolios N. The potential of 
liposomal drug delivery for the treatment of inflammatory 
arthritis. InSeminars in Arthritis and Rheumatism 2009 Dec 1 
39(3):182-196). WB Saunders.

181. Cipollaro L, Trucillo P, Bragazzi NL, Della Porta G, Reverchon 
E, Maffulli N. Liposomes for Intra-Articular Analgesic Drug 
Delivery in Orthopedics: State-of-Art and Future Perspectives. 
Insights from a Systematic Mini-Review of the Literature. 
Medicina. 2020 Sep;56(9):423.

182. He Z, Wang B, Hu C, Zhao J. An overview of hydrogel-based 
intra-articular drug delivery for the treatment of osteoarthritis. 
Colloids and Surfaces B: Biointerfaces. 2017 Jun 1;154:33-39.

183. Koh RH, Jin Y, Kim J, Hwang NS. Inflammation-modulating 
hydrogels for osteoarthritis cartilage tissue engineering. Cells. 
2020 Feb;9(2):419.

184. Urich J, Cucchiarini M, Rey-Rico A. Therapeutic Delivery of 
rAAV sox9 via Polymeric Micelles Counteracts the Effects of 
Osteoarthritis-Associated Inflammatory Cytokines in Human 
Articular Chondrocytes. Nanomaterials. 2020 Jun;10(6):1238.

185. Charlesworth J, Fitzpatr ick J, Perera NK, Orchard J. 
Osteoarthritis-a systematic review of long-term safety 
implications for osteoarthritis of the knee. BMC musculoskeletal 
disorders. 2019 Dec;20(1):1-2.

186. Dziedzic KS, Allen KD. Challenges and controversies 
of complex interventions in osteoarthritis management: 
recognizing inappropriate and discordant care. Rheumatology. 
2018 May 1;57(suppl_4):iv88-98.

187. de Meneses SF, Rannou F, Hunter DJ. Osteoarthritis guidelines: 
Barriers to implementation and solutions. Annals of physical and 
rehabilitation medicine. 2016 Jun 1;59(3):170-173.

188. Shah K, Yang X, Lane JC, Collins GS, Arden NK, Furniss 
D, Filbay SR. Risk factors for the progression of finger 
interphalangeal joint osteoarthritis: a systematic review. 
Rheumatology international. 2020 Aug 24:1-2.

189. Mobasheri A. The future of osteoarthritis therapeutics: targeted 
pharmacological therapy. Current rheumatology reports. 2013 
Oct 1;15(10):364.


