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Introduction

Osteoarthritis (OA) is a degenerative joint disease, mainly 
characterized by slowly progressive destruction of the 
articular cartilage. Knee osteoarthritis (KOA) is mostly 
caused by the aseptic inflammation of articular cartilage 
due to wear and tear. The incidence of KOA has increased 
significantly as the number of elderly and obese individuals 
has increased worldwide (1). Under the guidelines of the 

International Association of Osteoarthritis, conservative 
treatment is preferred for KOA. Conservative treatments 
include physical therapies, such as weight loss and exercise, 
and drugs, such as non-steroidal anti-inflammatory drugs 
(NSAIDs) and proprotracyclines (2). Single agents are not 
optimal in improving pain and function in KOA patients. 
Drugs, such as NSAIDs, are not effective, and may even 
have adverse effects on the cardiovascular system, stomach 
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and kidneys, and thus their use has to be limited in elderly 
KOA patients (3).

In relation to surgical treatments, arthroscopic 
debridement, autologous or allogeneic bone cartilage graft 
have been used in the treatment of OA. Arthrescope has the 
advantage of being a simple operation with minimal trauma, 
and has a certain curative effect; however, repaired fibrous 
cartilage is much less wear-and-tear resistant than normal 
cartilage (4). Autologous chondrocyte transplantation 
is suitable for a large area of bone cartilage defects left 
behind after initial treatment failure (5); however, this 
method is expensive without reliable clinical effect. 
Periosteal bone transplantation can be used to treat patients 
with large osteochondral lesions with the advantage of 
chondrometaplasia ability. Moreover, the periosteum can 
closely combine with the bone, which solves the repair 
problem of cartilage and subchondral bone dislocation (6). 
However, if the periosteum is hyperplastic, a secondary 
arthrescope may be required. Thus, local injection drugs 
may be better than other treatments and could play a key 
role in the treatment of OA (7). Intra articular injection 
refers to the direct injection of drugs into the articular 
cavity with a syringe. Intra articular injection is one of the 
main treatment measures to limit the further aggravation 
of joint injury. In recent years, studies have analyzed the 
value of intra-articular injection of drugs in patients with 

KOA, but there have been many new studies in the last two 
years, so it is necessary to analyze it again. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-818/rc).

Methods

A comprehensive literature search of all published studies 
was conducted using PubMed, Web of Science, Embase, 
and the Cochrane Library [2000–2022]. Inclusion criteria 
included studies focus on the treatment of OA. Articles 
retrieved from the searches were evaluated independently 
by two reviewers (Zhijun Cai and Yi Cui) using predefined 
standardized data extraction forms, and then data were 
evaluated by a third reviewer (Yongqing Xu) independently 
(see Table 1). The detailed search strategy (see Table 2). 

Steroids

OA is a degenerative joint disease; however, the aseptic 
inflammation of the joint provides a reliable rationale for the 
application of anti-inflammatory drugs to the joint. Critical 
steroids inhibit the inflammatory by regulating the T cells 
and B cells (8). Intra-articular steroid (anti-inflammatory 
drug) therapy is a practical treatment, as it directly targets 

Table 1 The search strategy summary

Items Specification

Date of search November 5, 2021 to November 11, 2021

Databases and other sources searched PubMed, Web of Science, Embase, and the Cochrane Library

Timeframe 2009–2021

Inclusion and exclusion criteria (study type, 
language restrictions etc.)

Inclusion criteria included studies focus on the treatment of OA

Exclusion criteria included studies did not focus on the treatment of OA

Selection process (who conducted the selection, 
whether it was conducted independently, how 
consensus was obtained, etc.)

Articles retrieved from the searches were evaluated independently by 2 reviewers 
(Zhijun Cai and Yi Cui) using predefined standardized data extraction forms, and then 
data were evaluated by a third reviewer (Yongqing Xu) independently

OA, osteoarthritis.

Table 2 The detailed search strategy (take PubMed for example)

Items Specification

MeSH 198 references were found and after carefully checked the abstract and full text, 51 reference were included in this study 

Free text Knee osteoarthritis; steroid; hyaluronic acid; platelet-rich plasma; treatment; management; intra-articular injection; drug

Filters Studies did not focus on intra-articular injection

https://atm.amegroups.com/article/view/10.21037/atm-22-818/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-818/rc
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the affected joint, and has little systemic effect. The current 
guidelines of The European League Against Rheumatism, 
The American College of Rheumatology, and the 
Osteoarthritis Research Society International all recommend 
intra-articular steroid injections for the treatment of hip 
OA. However, as the panel of The American College of 
Rheumatology has noted, research focusing on patients with 
symptomatic KOA is limited (9).

C u r r e n t l y ,  t r i a m c i n o l o n e  a c e t o n i d e  a n d 
methylprednisolone are most commonly used to treat KOA. 
Triamcinolone is a better choice for diabetics concerned 
about increased blood sugar after injection as it is less 
water soluble than methylprednisolone (10). Triamcinolone 
acetonide takes 3 weeks for complete absorption in the 
joint, and is detectable in plasma after 6 weeks, with an 
average stay of 2.5–4.3 days in plasma. Sustained-release 
triamcinolone acetonide ensures pain relief for more than 
12 weeks (11). The intra-articular injection of sustained-
release triamcinolone acetonide was found to effectively 
relieve pain symptoms while having a minimal effect 
on blood glucose in OA patients (12). According to a 
previous study, Methylprednisolone acetate significantly 
relieves early pain in OA patients, and the efficacy of 
the local injection of methylprednisolone acetate peaked  
2 weeks and lasted for 24 weeks (13). And studies showed 
that the efficacy of methylprednisolone acetate may last 
for 3 months or more(14,15). Intra-articular injection of 
corticosteroids significantly relieves the symptoms in early 
OA patients (14). However, the relief is very short, and 
most patients no longer benefit from the treatment after 
half a year (14). Most patients with OA show a functional 
improvement within 6 weeks after the local injection of 
corticosteroid (16,17). Additionally, using corticosteroids 
for a long time results in oxidative stress, changes gene 
expression in chondrocytes, and causes adverse reactions, 
such as chondrotoxicity, which accelerate the progression 
of OA (18). A recent study found a causal association 
between high doses and the prolonged administration 
of corticosteroids and the chondrotoxicity (19). Thus, 
symptomatic joints should not be injected with articular 
corticosteroids >4 times a year (20). Studies have showed 
that the corticosteroids provides mild and temporary 
analgesic effects only, and surgeons are gradually beginning 
to doubt the sustainability of this treatment (21,22).

Hyaluronic acid

Hyaluronic acid is also commonly used in OA. It is 

glycoaminoglycan, consisting of β-glucuronoside and 
β-acetaminoglucose produced by type B synovial cells (23). 
As a major component of the intra-articular synovial fluid, 
hyaluronic acid is present at 1–2 um in the upper layer of 
the articular cartilage. Normal knees contain 2.5–4 mg/mL  
hyaluronic acid, while the knees of OA patients contain only 
1–2 mg/mL (24). Hyaluronic acid has been widely used 
since the Food and Drug Administration (FDA) approved 
its use in OA patients in 1997.

In relation to OA, intra-articular hyaluronic acid 
treatment may: (I) serve as a supplement to the mechanical 
viscosity of the joint by providing lubrication and vibration 
absorption, reducing friction, and protecting the joint (25); 
and (II) direct the reconstruction of joint homeostasis via its 
endogenous secretion. Presently, hyaluronic acid not only 
has a structural function, but also functions as a signaling 
molecule. In its interaction with different cell surface 
receptors, it can regulate cell proliferation, chondrocyte 
migration (26), which affect the extracellular matrix, 
which in turn not only promotes endogenous hyaluronan 
synthesis, but also reduces cartilage destruction. It can 
also inhibit the inflammatory; for example, it reduces the 
secretion of prostaglandin, leukotriene, interleukin-1 (IL-1),  
and interleukin-6 (IL-6). In addition, hyaluronic acid is an 
important component of articular cartilage extracellular 
matrix, which is of great significance to maintain the 
integrity of cartilage biomechanics (27).

The use of hyaluronic acid for OA has attracted 
the attention of many scholars. A study showed that 
the injections of hyaluronic acid in OA patients can 
significantly reduce the pain symptom within 1 year when 
compared with the betamethasone treatment group (28). 
Research has shown that hyaluronic acid of different 
molecular weights affect patients differently (7,8). It was 
believed that the molecular weight of hyaluronic acid 
can influence the efficacy and safety (29). Low molecular 
weights (LMWs) appear to be less effective (30,31). In 
a clinical study examining the use of mixed with high 
molecular weight (HMW) hyaluronic acid to treat OA 
patients, the hybrid hyaluronic acid was more effective 
than the HMW hyaluronic acid (32). The study also 
compared the efficacy of a mixture of LMW and HMW 
hyaluronic acid, and found that the mixed hyaluronic 
acid was better than the HMW hyaluronic acid (32).  
The researchers conjectured that the combination of the 
anti-inflammatory effect of LMW hyaluronic acid on 
chondrocytes combined with the biomechanical effect of 
HMW hyaluronic acid accounted for these results (32).
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The contraindications to intra-articular hyaluronic 
acid injection are not clear, but most scholars are of the 
view that they are similar to the local contraindications 
of corticosteroid injection. A previous study found that 
scleroderma should be considered a contraindication to the 
injection of hyaluronic acid, as the proinflammatory effects 
of hyaluronic acid may lead to keratinocyte migration and 
the deterioration of skin ulcers (33). The American College 
of Plastic Surgeons did not find any evidence to support the 
treatment of KOA using hyaluronic acid (34). Intra-articular 
injection of hyaluronic acid alleviated pain symptoms in 
patients with early and moderate KOA more than saline 
without increased adverse events within 6 months (35). 
However, late stage KOA patients treated with hyaluronic 
acid had lower levels of pain relief and a significantly higher 
risk of treatment-related adverse events than those treated 
with saline. If a single treatment does not work well, the 
frequency of intra-articular hyaluronic acid injections could 
have increased from 1 cycle to 4 cycles (36). Thus, the 
intra-articular injection of hyaluronic acid may cause local 
adverse effects, such as synovitis and pain.

Platelet-rich plasma (PRP)

PRP is plasma rich in high concentrations of platelets, 
and can be obtained from the whole blood of animals or 
humans after centrifugation. PRP has been shown to delay 
senescence and increase cell viability, and thus has been 
widely used in plastic surgery (37). PRP is essentially an 
autologous plasma, with higher platelet concentrations 
than normal plasma; PRP usually contains 150,000 to  
300,000 platelets per microliter (38). It is widely believed 
that PRP that contains 2–8 times higher platelet 
concentrations than normal plasma can be used for 
therapeutic purposes (39). PRP contains large amounts 
of growth factors and anti-inflammatory cytokines, which 
can be released at the healing site when the platelets were 
activated. Additionally, PRP also adds type Ⅰ collagen to 
the extracellular matrix. Growth factors after PRP injection, 
such as Platelet-derived Growth Factor-BB, increase at 
different times (24). It also reduces the concentrations of 
proinflammatory cytokines by inhibiting IL-1 and nuclear 
factor kappa-B, thereby alleviating the inflammatory effects 
during OA. Further, it has been proposed that TGF-β 
increases the mitotic effect of osteoblasts (40).

Like hyaluronan, there is still a lack of high-quality 
study demonstrating the efficacy of PRP. PRP has not 
been approved by the FDA. Lin et al. (36) conducted a 

randomized clinical trial comparing a hyaluronic acid 
treatment and a saline treatment in mild to moderate 
KOA patients, and found that PRP significantly improved 
patients’ clinical function over 1 year. In 2019, a study found 
that that a single injection of high-purity PRP produced 
good clinical results, and relieved symptoms in 84.2% of the 
patients (41). The Lysholm score and the Lequesne index 
improved significantly in the 1st, 3rd, and 6th months, and 
no adverse effects occurred. Al-Ajlouni et al. (42) proposed 
that platelet lysates can be used to treat early and medium 
KOA by releasing growth factors in vitro through platelets, 
and injecting them directly into the damaged joints. The 
researchers treated 48 degenerative joint change patients 
with platelet lysates. After 1 year, they found significant 
improvement in patients’ symptoms. This may be an 
important promotion for the future application of PRP. As 
a very promising new type of pharmaceutical product, PRP 
has great potential application value. However, the lack of 
standardized factors, such as a standard centrifugal speed 
and standard PRP preparation time, may produce variants 
enriched in or without leukocytes (43). This may lead to 
adverse reactions, such as pain and joint stiffness (44). Thus, 
it is necessary to advance further trials to promote the use 
of PRP.

Other treatments

An imbalance of catabolic and anabolic factors may occur in 
OA patient (45). Tumor necrosis factor-α (TNF-α) play a role 
in affecting the OA, and it is a proinflammatory cytokine. 
The current most commonly used TNF-α inhibitors are 
infliximab and etanercept. A study has demonstrated the 
safeness of infliximab, but research on the use of infliximab 
to treat OA is still in the exploratory phase. In a study of 
hyaluronic acid and etanercept, VAS scores of the etanercept 
were found to be better than those of the hyaluronic acid in 
the first 12 weeks, but the difference in efficacy between the 
2 drugs gradually narrowed after week 4 (46).

Gene therapy includes viral-based and non-viral-based 
gene therapy. However, inefficient gene transduction is 
a major barrier to its widespread use (47). It has been 
demonstrated that the binding of A-10 integrin antibodies 
to the capsid of the helper-dependent adenovirus vector not 
only leads to effective chondrocyte infection, but also targets 
other cell types simultaneously (48). There are also some 
problems with adenoviral vectors in treating OA, such as 
immunogenicity, insertion mutations, and the sustainability 
of transgene expression (49). Non-viral-based gene 
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therapy does not lead to the complications associated with 
adenovirus-mediated gene therapy. However, it is difficult 
for chondrocytes to enter the unvascular cartilage, and the 
dense collagen matrix also hinders drug absorption (50).  
Thus, the therapeutic role of drugs in the treatment of the 
joint requires further research (51).

Narrative

Most OA patients showed functional improvement within 
6 weeks of the corticosteroid injection, but their symptoms 
did not improve significantly after this period. Using 
corticosteroids for a long time can result in oxidative stress, 
change gene expression in chondrocytes, lead to adverse 
reactions, such as cartilage toxicity, and accelerate the 
progress of OA. Due to its high frequency, the hyaluronic 
acid may cause more adverse reactions than corticosteroids, 
including synovitis and pain. Due to the lack of standardized 
factors, such as a standard centrifugation speed and a 
standard time for PRP preparation, leukocyte-rich or 
leukocyte-free variants may be produced. Adverse reactions 
include injection-site pain, joint stiffness, dizziness, 
headache, nausea, tachycardia, infection, bleeding and 
peripheral tissue injury.

Summary

OA creates an imbalance in the dynamic balance between 
joint tissue destruction and repair, which leads to a loss of 
joint structure and function. Challenges in OA treatment 
research include various pathological mechanisms and 
differences in rates of disease progression. Intra-articular 
injection therapy can maximize local therapeutic efficacy. 
Treating patient pain using minimally invasive methods is 
an effective and promising treatment option, which requires 
further research and exploration.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
atm.amegroups.com/article/view/10.21037/atm-22-818/rc

Conflicts of Interest: All authors have completed the 

ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-818/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Bruyère O, Honvo G, Veronese N, et al. An updated 
algorithm recommendation for the management of knee 
osteoarthritis from the European Society for Clinical 
and Economic Aspects of Osteoporosis, Osteoarthritis 
and Musculoskeletal Diseases (ESCEO). Semin Arthritis 
Rheum 2019;49:337-50.

2. Singh VK, Rathore KS, Khan G, et al. Clinical and 
Radiological Study of Serum Fluoride in Relation to Knee 
Osteoarthritis. Malays Orthop J 2020;14:151-4.

3. Katz JN, Arant KR, Loeser RF. Diagnosis and Treatment 
of Hip and Knee Osteoarthritis: A Review. JAMA 
2021;325:568-78.

4. Vitaloni M, Botto-van Bemden A, Sciortino Contreras RM, 
et al. Global management of patients with knee osteoarthritis 
begins with quality of life assessment: a systematic review. 
BMC Musculoskelet Disord 2019;20:493.

5. Akhlaque U, Ayaz SB, Akhtar N. Efficacy of intra-articular 
autologous platelet rich plasma injection in primary knee 
osteoarthritis: A quasi-experimental study. J Pak Med 
Assoc 2020;70:2143-6.

6. Freitag J, Bates D, Wickham J, et al. Adipose-derived 
mesenchymal stem cell therapy in the treatment of knee 
osteoarthritis: a randomized controlled trial. Regen Med 
2019;14:213-30.

7. Alfieri FM, Lima ARS, Salgueiro MMHAO, et al. Efficacy 
of an exercise program combined with lifestyle education 
in patients with knee osteoarthritis. Acta Reumatol Port 

https://atm.amegroups.com/article/view/10.21037/atm-22-818/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-818/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-818/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-818/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Cai et al. A narrative review of the progress in the treatment of KOAPage 6 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(6):373 | https://dx.doi.org/10.21037/atm-22-818

2020;45:201-6.
8. Yilmaz V, Umay E, Gundogdu I, et al. The comparison of 

efficacy of single intraarticular steroid injection versus the 
combination of genicular nerve block and intraarticular 
steroid injection in patients with knee osteoarthritis: a 
randomised study. Musculoskelet Surg 2021;105:89-96.

9. Zamborsky R, Danisovic L. Surgical Techniques for Knee 
Cartilage Repair: An Updated Large-Scale Systematic 
Review and Network Meta-analysis of Randomized 
Controlled Trials. Arthroscopy 2020;36:845-58.

10. Wilson LA, Liu J, Fiasconaro M, et al. Increased Use of 
Intra-Articular Steroid Injection to Treat Osteoarthritis is 
Associated With Chronic Opioid Dependence After Later 
Total Knee Arthroplasty But Not Total Hip Arthroplasty. J 
Arthroplasty 2020;35:1979-82.

11. Han SB, Seo IW, Shin YS. Intra-Articular Injections 
of Hyaluronic Acid or Steroids Associated With 
Better Outcomes Than Platelet-Rich Plasma, Adipose 
Mesenchymal Stromal Cells, or Placebo in Knee 
Osteoarthritis: A Network Meta-analysis. Arthroscopy 
2021;37:292-306.

12. Buyuk AF, Kilinc E, Camurcu IY, et al. Compared efficacy 
of intra-articular injection of methylprednisolone and 
triamcinolone. Acta Ortop Bras 2017;25:206-8.

13. Maricar N, Parkes MJ, Callaghan MJ, et al. Do Clinical 
Correlates of Knee Osteoarthritis Predict Outcome 
of Intraarticular Steroid Injections? J Rheumatol 
2020;47:431-40.

14. Habib G, Sakas F, Artul S, et al. The Effect of Periarticular 
Injection of Methylprednisolone Acetate in Patients with 
Primary Osteoarthritis of the Proximal Interphalangeal 
Joints: A Case Controlled Study. Pain Res Treat 
2018;2018:7561209.

15. Barton KI, Heard BJ, Sevick JL, et al. Posttraumatic 
Osteoarthritis Development and Progression in an Ovine 
Model of Partial Anterior Cruciate Ligament Transection 
and Effect of Repeated Intra-articular Methylprednisolone 
Acetate Injections on Early Disease. Am J Sports Med 
2018;46:1596-605.

16. McLarnon M, Heron N. Intra-articular platelet-rich 
plasma injections versus intra-articular corticosteroid 
injections for symptomatic management of knee 
osteoarthritis: systematic review and meta-analysis. BMC 
Musculoskelet Disord 2021;22:550.

17. Fredericksen K, Kiel J. Bedside ultrasound-guided 
aspiration and corticosteroid injection of a baker's cyst in 
a patient with osteoarthritis and recurrent knee pain. J Am 
Coll Emerg Physicians Open 2021;2:e12424.

18. Kon E, Engebretsen L, Verdonk P, et al. Autologous 
Protein Solution Injections for the Treatment of 
Knee Osteoarthritis: 3-Year Results. Am J Sports Med 
2020;48:2703-10.

19. Georgiev T, Angelov AK. Modifiable risk factors in knee 
osteoarthritis: treatment implications. Rheumatol Int 
2019;39:1145-57.

20. Latourte A, Lellouche H. Update on corticosteroid, 
hyaluronic acid and platelet-rich plasma injections in 
the management of osteoarthritis. Joint Bone Spine 
2021;88:105204.

21. Kikkuri RR, Kashyap V, Upadhay A, et al. Effect of Intra-
articular Injection of Corticosteroid in the Patients with 
Osteoarthritis of the Knee - A Hospital-Based Cross-
Sectional Study. J Pharm Bioallied Sci 2021;13:S1162-7.

22. Jang KM, Park YG, Choi WK, et al. Safety of a single 
intra-articular injection of LBSA0103 hyaluronic acid 
in patients with osteoarthritis of the knee: a multicenter, 
single-arm, prospective, cohort study. Curr Med Res Opin 
2021;37:1573-80.

23. Smith C, Patel R, Vannabouathong C, et al. Combined 
intra-articular injection of corticosteroid and hyaluronic 
acid reduces pain compared to hyaluronic acid alone in 
the treatment of knee osteoarthritis. Knee Surg Sports 
Traumatol Arthrosc 2019;27:1974-83.

24. Belk JW, Kraeutler MJ, Houck DA, et al. Platelet-Rich 
Plasma Versus Hyaluronic Acid for Knee Osteoarthritis: 
A Systematic Review and Meta-analysis of Randomized 
Controlled Trials. Am J Sports Med 2021;49:249-60.

25. Di Martino A, Di Matteo B, Papio T, et al. Platelet-
Rich Plasma Versus Hyaluronic Acid Injections for the 
Treatment of Knee Osteoarthritis: Results at 5 Years of a 
Double-Blind, Randomized Controlled Trial. Am J Sports 
Med 2019;47:347-54.

26. Han Y, Huang H, Pan J, et al. Meta-analysis Comparing 
Platelet-Rich Plasma vs Hyaluronic Acid Injection 
in Patients with Knee Osteoarthritis. Pain Med 
2019;20:1418-29.

27. Matas J, Orrego M, Amenabar D, et al. Umbilical cord‐
derived mesenchymal stromal cells (MSCs) for knee 
osteoarthritis: Repeated MSC dosing is superior to a 
single MSC dose and to hyaluronic acid in a controlled 
randomized phase I/II trial. Stem Cells Transl Med 
2019;8:215-24.

28. Trueba Davalillo CÁ, Trueba Vasavilbaso C, Navarrete 
Álvarez JM, et al. Clinical efficacy of intra-articular 
injections in knee osteoarthritis: a prospective randomized 
study comparing hyaluronic acid and betamethasone. 



Annals of Translational Medicine, Vol 10, No 6 March 2022 Page 7 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(6):373 | https://dx.doi.org/10.21037/atm-22-818

Open Access Rheumatol 2015;7:9-18.
29. Huang Y, Liu X, Xu X, et al. Intra-articular injections of 

platelet-rich plasma, hyaluronic acid or corticosteroids for 
knee osteoarthritis. Der Orthopäde 2019;48:239-47.

30. Ebad Ali SM, Farooqui SF, Sahito B, et al. Clinical 
Outcomes Of Intra-Articular High Molecular Weight 
Hyaluronic Acid Injection For Hip Osteoarthritis- A 
Systematic Review And Meta-Analysis. J Ayub Med Coll 
Abbottabad 2021;33:315-21.

31. Migliore A, Blicharski T, Plebanski R, et al. Knee 
Osteoarthritis Pain Management with an Innovative High 
and Low Molecular Weight Hyaluronic Acid Formulation 
(HA-HL): A Randomized Clinical Trial. Rheumatol Ther 
2021;8:1617-36.

32. Poulsen E, Goncalves GH, Bricca A, et al. Knee 
osteoarthritis risk is increased 4-6 fold after knee injury 
– a systematic review and meta-analysis. Br J Sports Med 
2019;53:1454-63.

33. Gualdi G, Monari P, Cammalleri D, et al. Hyaluronic 
Acid-based Products are Strictly Contraindicated in 
Scleroderma-related Skin Ulcers. Wounds 2019;31:81-4.

34. Zeng C, Lane NE, Hunter DJ, et al. Intra-articular 
corticosteroids and the risk of knee osteoarthritis 
progression: results from the Osteoarthritis Initiative. 
Osteoarthritis Cartilage 2019;27:855-62.

35. Campbell KA, Erickson BJ, Saltzman BM, et al. Is Local 
Viscosupplementation Injection Clinically Superior to 
Other Therapies in the Treatment of Osteoarthritis of the 
Knee: A Systematic Review of Overlapping Meta-analyses. 
Arthroscopy 2015;31:2036-45.e14.

36. Lin KY, Yang CC, Hsu CJ, et al. Intra-articular Injection 
of Platelet-Rich Plasma Is Superior to Hyaluronic Acid 
or Saline Solution in the Treatment of Mild to Moderate 
Knee Osteoarthritis: A Randomized, Double-Blind, Triple-
Parallel, Placebo-Controlled Clinical Trial. Arthroscopy 
2019;35:106-17.

37. Kon E, Di Matteo B, Delgado D, et al. Platelet-rich 
plasma for the treatment of knee osteoarthritis: an expert 
opinion and proposal for a novel classification and coding 
system. Expert Opin Biol Ther 2020;20:1447-60.

38. Bastos R, Mathias M, Andrade R, et al. Intra-articular 
injection of culture-expanded mesenchymal stem cells with 
or without addition of platelet-rich plasma is effective in 
decreasing pain and symptoms in knee osteoarthritis: a 
controlled, double-blind clinical trial. Knee Surg Sports 
Traumatol Arthrosc 2020;28:1989-99.

39. Hohmann E, Tetsworth K, Glatt V. Is platelet-rich 
plasma effective for the treatment of knee osteoarthritis? 

A systematic review and meta-analysis of level 1 and 
2 randomized controlled trials. Eur J Orthop Surg 
Traumatol 2020;30:955-67.

40. Poniatowski LA, Wojdasiewicz P, Gasik R, et al. 
Transforming growth factor Beta family: insight into the 
role of growth factors in regulation of fracture healing 
biology and potential clinical applications. Mediators 
Inflamm 2015;2015:137823.

41. Guillibert C, Charpin C, Raffray M, et al. Single Injection 
of High Volume of Autologous Pure PRP Provides 
a Significant Improvement in Knee Osteoarthritis: 
A Prospective Routine Care Study. Int J Mol Sci 
2019;20:1327.

42. Al-Ajlouni J, Awidi A, Samara O, et al. Safety and Efficacy 
of Autologous Intra-articular Platelet Lysates in Early 
and Intermediate Knee Osteoarthrosis in Humans: 
A Prospective Open-Label Study. Clin J Sport Med 
2015;25:524-8.

43. Gilat R, Haunschild ED, Knapik DM, et al. Hyaluronic 
acid and platelet-rich plasma for the management of knee 
osteoarthritis. Int Orthop 2021;45:345-54.

44. Luo P, Xiong Z, Sun W, et al. How to Choose Platelet-
Rich Plasma or Hyaluronic Acid for the Treatment of 
Knee Osteoarthritis in Overweight or Obese Patients: A 
Meta-Analysis. Pain Res Manag 2020;2020:7587936.

45. Martel-Pelletier J, Pelletier JP. Osteoarthritis: A single 
injection of anakinra for treating knee OA? Nat Rev 
Rheumatol 2009;5:363-4.

46. Vladimirov S, Kudaeva F, Kudinsky D, et al. FRI0310 
Radiographic Progression of Knee Osteoarthritis in 
Patients with Different Clinical Types of Calcium 
Pyrophosphate Deposition Disease VS Patients with 
Osteoarthritis (Preliminary Data). Inflammatory Bowel 
Diseases 2015;11:618-20.

47. Majumdar A, Balasubramanian S, Thej C, et al. Allogeneic 
mesenchymal stem cell therapy for knee osteoarthritis: 
safety and efficacy results of a randomized, double 
blind, phase 2, placebo controlled, dose finding study. 
Cytotherapy 2014;16:S105.

48. Zhao L, Huang J, Fan Y, et al. Exploration of CRISPR/
Cas9-based gene editing as therapy for osteoarthritis. Ann 
Rheum Dis 2019;78:676-82.

49. Vázquez PF, Aguirre RMI, Verdecho MAC, et al. Effects 
of intraarticular Botulinum Toxin A (Botox®) on refractory 
knee osteoarthritis. Revista De La Sociedad Espaola Del 
Dolor 2011;18:320-5.

50. Lee H, Kim H, Seo J, et al. TissueGene-C promotes 
an anti-inflammatory micro-environment in a rat 



Cai et al. A narrative review of the progress in the treatment of KOAPage 8 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(6):373 | https://dx.doi.org/10.21037/atm-22-818

monoiodoacetate model of osteoarthritis via polarization 
of M2 macrophages leading to pain relief and structural 
improvement. Inflammopharmacology 2020;28:1237-52.

51. Skou ST, Koes BW, Grønne DT, et al. Comparison 

of three sets of clinical classification criteria for knee 
osteoarthritis: a cross-sectional study of 13,459 patients 
treated in primary care. Osteoarthritis Cartilage 
2020;28:167-72.

Cite this article as: Cai Z, Cui Y, Wang J, Qi X, He P, Bu P, 
Xu Y, Li Y. A narrative review of the progress in the treatment 
of knee osteoarthritis. Ann Transl Med 2022;10(6):373. doi: 
10.21037/atm-22-818 


