Appendix 1
The risk of bias was assessed in accordance with the Cochrane Handbook for Systematic Reviews of Interventions source for randomised controlled trials (High, Moderate and Low), and with checklists from SIGN (Scottish Intercollegiate Guidelines Network; https://www.sign.ac.uk/what-we-do/methodology/checklists/ ) for studies of other design than RCTs (Reject: Yes/No). 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]
Supplementary table 1. The included articles for QUESTION 1(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Zeng,202110
	​​Patients with KOA

Network meta-analysis (NMA)​​: 122 RCTs, ​​47,113 participants​​ with knee OA.

​​Real-world cohorts​​:
Topical NSAIDs vs Acetaminophen: ​​22,158 matched pairs​​;
Topical NSAIDs vs Oral NSAIDs: ​​14,218 matched pairs​​
	≥40 years
	Systematic review​​ incorporating ​​ NMA of RCTs and ​​propensity-score matched cohort study​​ using real-world data
	Topical NSAIDs​​ vs ​​Acetaminophen​​ vs ​​Oral NSAIDs​​
	Topical NSAIDs ​​superior to acetaminophen​​ for functional improvement 

Topical NSAIDs ​​non-inferior to oral NSAIDs​​ for pain/function
	No

	Zeng,201811
	RCTs​​: 7,900 patients with OA at any joint

​​Observational Studies​​: 218,074 participants from general populations
	≥40 years
	Systematic review​​ incorporating ​​network meta-analysis (NMA)​​ of 36 RCTs and ​​observational studies​​ (7 studies)
	Topical NSAIDs​​: Diclofenac patch/gel/solution, ibuprofen, piroxicam, ketoprofen, salicylate, etoricoxib, etc. (12 formulations).

​​Comparators​​: Placebo (RCTs), no treatment (observational studies)
	Efficacy​​: Topical NSAIDs ​​superior to placebo​​ for pain relief (SMD=-0.30) and functional improvement (SMD=-0.35)

	No

	He,201813
	1,612 Chinese OA patients from 16 RCTs
	25–79 years
	Meta-analysis
	7 NSAIDs: ​​Etoricoxib​​, ​​Celecoxib​​, ​​Diclofenac​​, ​​Loxoprofen​​, ​​Ibuprofen​​, ​​Naproxen​​, ​​Meloxicam​​.

Comparisons: Direct/indirect comparisons between drugs or vs. placebo
	Etoricoxib ranked highest​​ for pain relief (SUCRA=76.2%), followed by Diclofenac (64.6%) and Celecoxib (58.2%).
	No

	Huang,202114
	Patients with KOA

Total​​: ​​2,350 patients​​ (12 studies).
​​Groups​​:
​​Celecoxib group​​: ​​1,189 patients​​
​​Diclofenac sodium group​​: ​​1,161 patients​​
	25–79 years​​
	Meta-analysis based on Randomized Controlled Trials (RCTs)​​ and ​​Clinical Controlled Trials (CCTs)​​
	Celecoxib​​ (COX-2 selective inhibitor) vs. ​​Diclofenac Sodium​​ (non-selective NSAID)
	Celecoxib significantly reduced pain (VAS score), improved treatment response, and lowered inflammatory markers (ESR, CRP) vs. diclofenac sodium
	Yes

	Martin,201915
	Patients with cardiovascular events​​

​​Total​​: ​​>27 million subjects​​ (87 observational studies).

​​Groups​​: ​​NSAIDs users​​ vs. ​​non-users​​ (control group)
	>18 years​​
	Meta-analysis based on observational studies
	NSAIDs​​: Includes ​​coxibs​​ (celecoxib, etoricoxib, rofecoxib, valdecoxib) and ​​non-selective NSAIDs​​ (diclofenac, ibuprofen, naproxen)
	NSAIDs significantly increase cardiovascular risk
	No



Supplementary table 2. The included articles for Question 2(RCTs)

	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	Gaffney,199524
	Patients with knee osteoarthritis (KOA)

​​Intervention Group (THA)​​: ​​42 patients​​ (Triamcinolone hexacetonide 20 mg).
​​Control Group (Placebo)​​: ​​42 patients​​ (0.9% saline)
	Mean 67 years​​
	RCT​
	THA Group​​: Single intra-articular injection of triamcinolone hexacetonide (20 mg in 1 ml).

​​Placebo Group​​: Single intra-articular injection of saline (1 ml)
	Short-term (1 week)​​: THA significantly reduced pain (VAS) and improved function (WD, HAQ) vs. placebo 

​​Long-term (6 weeks)​​: No significant difference between groups

​​Subgroup Benefit​​: Patients with joint effusion or successful synovial fluid aspiration had greater pain reduction with THA
	Low risk



Supplementary table 3. The included articles for QUESTION 2(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Conaghan,201517
	Patients with KOA

Total​​: ​​1,187 patients​​ (from 53 centers in 6 European countries)

​​Groups​​:
​​IPR group (Inadequate Pain Relief)​​: ​​639 patients​​ (54%)
​​Non-IPR group​​: ​​548 patients​​ (46%)
	​≥50 years
	Prospective multi-country longitudinal study
	Analgesic therapy​​: Oral/topical pain medications (NSAIDs, paracetamol, opioids) prescribed for ≥14 days
	​​54% of knee OA patients experienced IPR​​ (BPI pain score >4/10)
	No

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Han, 202118
	​​Patients with KOA

Total​​: ​​5,554 patients​​ (from 43 randomized controlled trials)
	33–73 years
	Network meta-analysis (NMA)​​ of 43 RCTs
	Intra-articular injections: ​​HA​​, ​​steroids​​, ​​PRP​​ (single/multiple), ​​adipose MSC​​, ​​placebo
	​​Steroids and HA ranked highest​​ for pain relief and functional improvement 

​​PRP and adipose MSC showed no significant benefit​​ vs. placebo for pain/function
	No

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Van Middelkoop,201619
	Patients with knee or hip (OA)​​

Total​​: ​​620 patients​​ (from 7 RCTs).

​​Intervention Groups​​:
​​Intra-articular glucocorticoids​​: 116 patients (vs. placebo)
​​Placebo​​: 107 patients:
​​Hyaluronic acid​​: 71 patients.
​​Tidal irrigation​​: 92 patients.
	60–70 years
	Meta-analysis​​ of 7 RCTs
	Glucocorticoids​​ vs. placebo, hyaluronic acid, or tidal irrigation
	Patients with severe pain at baseline derive significantly greater short-term benefit from IA glucocorticoid injection
	No

	[bookmark: _Hlk206677601]He, 201720
	Patients with OA

​​Total​​: ​​1,794 patients​​ (from 12 RCTs).

​​Intervention Groups​​:
​​Intra-articular hyaluronic acid (HA)​​: 895 patients
​​Intra-articular corticosteroids (CS)​​: 899 patients
	49–76 years
	Meta-analysis of 12 RCTs​​
	HA​​: Single/multiple injections (e.g., Hyalgan, Synvisc, NASHA).

​​CS​​: Single/multiple injections (e.g., triamcinolone, methylprednisolone)
	Pain (VAS)​​: CS superior to HA at ​​1 month​​; HA superior to CS at ​​6 months​​.

​​Function (WOMAC)​​: HA significantly improved function vs. CS at ​​6 months​​.

​​Rescue Medication & Withdrawals​​: No significant difference between groups
	No

	Najm, 202121
	Patients with OA

​​Total​​: ​​1,794 patients​​ (from 15 RCTs in meta-analysis).

​​Intervention Groups​​:
​​Intra-articular corticosteroids (GC)​​: Varied per study (pooled analysis)
​​Controls​​: Placebo, hyaluronic acid (HA), NSAIDs, physiotherapy
	≥18 years
	Systematic review & meta-analysis of 23 RCTs​​, 15 included in quantitative synthesis
	GC​​: Single/multiple IA injections (e.g., triamcinolone, methylprednisolone).

​​Controls​​: IA placebo/saline, IA HA, IA/systemic NSAIDs, physiotherapy.
	Short-term (≤ 6 weeks)​​: GC superior to placebo for pain (SMD -0.61) and function (SMD -1.02).
Medium-term (6–24 weeks)​​: No significant differences.
​​Long-term (≥24 weeks)​​: Controls (e.g., physiotherapy) superior to GC for function (SMD 0.88).
	No

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]McCabe,201725
	Patients with OA

All received ​​intra-articular methylprednisolone acetate (80 mg)​​
	Mean 61 years​​
	Open-label, single-arm trial​​
	Single intra-articular steroid injection​​ (methylprednisolone acetate, 80 mg)
	​​Synovial fluid (SF) white cell count (WCC) predicts treatment response​​: Higher baseline SF WCC correlated with greater pain reduction post-injection.

​​Structural association​​: Elevated SF WCC linked to increased synovial tissue volume on MRI
	Yes



Supplementary table 4. The included articles for QUESTION 3(RCTs)
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Wang,202227
	Patients with KOA

Hyaluronic acid(HA) group: 29 patients
HA + Corticosteroids(CS) group: 28 patients
	40–85 years​​
	RCT​
	HA group​​: 3 weekly intra-articular HA injections

​​HA+Corticosteroids group​​: 3 weekly co-injections of HA + CS
	HA+CS group​​ showed significantly greater improvement in WOMAC pain/function and physical performance than HA group
	Low risk

	Yin, 202328
	Patients with knee synovitis in plateau areas​​

​​Intervention Group (Observation)​​: ​​59 patients​​ (HA + Compound Betamethasone).
​​Control Group​​: ​​59 patients​​ (Compound Betamethasone alone)
	≥18 years
	RCT​
	Observation Group​​: Intra-articular injection of ​​sodium hyaluronate (HA) + compound betamethasone​​

​​Control Group​​: Intra-articular injection of ​​compound betamethasone + saline​​
	​​Pain & Function​​: HA + betamethasone significantly reduced VAS pain scores and improved Lysholm knee function scores vs. control (p<0.01)

​​Inflammation​​: Lower TNF-α, IL-1β, IL-6 levels and reduced synovial thickness/effusion in observation group (p<0.01)

​​Efficacy​​: Total effective rate ​​91.53%​​ (observation) vs. ​​77.97%​​ (control) (p<0.05).
	Moderate risk

	Wang,201829
	Patients with KOA

HA group​​: 60 patients
​​HA + CS group​​: 60 patients
	45–80 years​​
	RCT
	HA group​​: Single intra-articular injection of ​​4 ml hyaluronic acid​​

​​HA+CS group​​: Co-injection of ​​3 ml compound betamethasone + 4 ml HA​​
	HA+CS group​​ showed ​​significantly better pain relief and functional improvement​​ (VAS, WOMAC) than HA group at ​​1 week, 1 month, and 3 months​​, but ​​no significant difference at 6 months
	Moderate risk



Supplementary table 5. The included articles for QUESTION 3(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Han, 202118
	​​Patients with KOA

Total​​: ​​5,554 patients​​ (from 43 randomized controlled trials)
	33–73 years
	Network meta-analysis (NMA)​​ of 43 RCTs
	Intra-articular injections: ​​HA​​, ​​steroids​​, ​​PRP​​ (single/multiple), ​​adipose MSC​​, ​​placebo
	​​Steroids and HA ranked highest​​ for pain relief and functional improvement 

​​PRP and adipose MSC showed no significant benefit​​ vs. placebo for pain/function
	No

	Smith,201930
	Patients with KOA

​​Total​​: ​​751 patients​​ (from 8 RCTs).

​​Intervention Group​​: Combined ​​corticosteroid (CS) + hyaluronic acid (HA)​​ intra-articular injection.

​​Control Group​​: ​​HA alone​​ intra-articular injection
	42.3–65 years
	Systematic review and meta-analysis of RCTs
	Intervention​​: Single or multiple ​​intra-articular injections of CS + HA​​.

​​Control​​: ​​Intra-articular HA alone​​.
	Pain reduction​​: Combined CS+HA significantly reduced WOMAC pain scores vs. HA alone at ​​2–4 weeks​​ (SMD 0.60, 95% CI 0.23–0.97), ​​24–26 weeks​​ (SMD 0.25, 95% CI 0.09–0.41), and ​​52 weeks​​ (SMD 0.39, 95% CI 0.01–0.77)

​​Secondary outcomes​​: No significant differences in WOMAC total scores, OMERACT-OARSI responder rates, or adverse events
	No

	Song,201931
	Patients with KOA

Total​​: ​​2,929 patients​​ (from 24 RCTs).

​​Intervention Group​​: ​​Combined sodium hyaluronate (HA) + compound betamethasone​​.
​​Control Group​​: ​​HA alone​​
	​​45.8–66.0 years
	Meta-analysis of RCTs
	​​Intervention​​: ​​Intra-articular injection of HA + compound betamethasone​​ (weekly for 5 weeks)

​​Control​​: ​​Intra-articular HA alone​​ (weekly for 5 weeks)
	Combined therapy significantly improved ​​total response rate​​, ​​HSS knee scores​​, ​​Lysholm function scores​​, and reduced ​​VAS pain scores​​ vs. HA alone
	Yes



[bookmark: _GoBack]Supplementary table 6. The included articles for QUESTION 4(RCTs)
	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	Verstraete,198538
	Patients with periarthritis

Compound betamethasone group: (n=18) 

Triamcinolone acetonide group (n=18)
	-
	RCT
	Compound betamethasone group: (n=18) 

Triamcinolone acetonide group (n=18)
	After 4 weeks of treatment, all 18 cases in the compound betamethasone group improved, while only 10 cases in the triamcinolone acetonide group did. The improvement time of compound betamethasone could last for 25.947 days, while that of the triamcinolone acetonide group was only 18.117 days
	Low risk



Supplementary table 7. The included articles for QUESTION 4(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Derendorf,198635
	Patients with rheumatoid arthritis and osteoarthritis​​

​​Triamcinolone acetonide (TCA)​​: 10 mg (n=4), 20 mg (n=4), 40 mg (n=9).

​​Triamcinolone hexacetonide (THA)​​: 20 mg (n=10), 40 mg (n=7).

​​Betamethasone combination​​: 5.7 mg (n=8)
	​​18–76 years
	Pharmacokinetic/pharmacodynamic (PK/PD) clinical trial
	Single intra-articular injection​​ into the knee joint:
TCA (Volon A), THA (Lederlon), or betamethasone phosphate/acetate (Celestan Depot).
	PK Results​​:
​​Complete absorption​​ from the joint over 2–3 weeks.
​​THA absorbed slower​​ than TCA → longer synovial retention, lower systemic exposure.
​​Betamethasone combination​​: Rapid initial peak (phosphate ester) + prolonged release (acetate ester).

​​PD Results​​:
​​Dose-dependent hydrocortisone suppression​​ (maximal suppression thresholds: TCA 3–4 ng/mL, betamethasone 6–8 ng/mL).
	No

	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Kraus,201836
	Patients with KOA

FX006 cohorts​​:
Week 1: 13 patients
Week 6: 20 patients
Week 12/16/20: 10 patients each

​​TAcs cohort​​: Week 6: 18 patients.
	​​≥40 years​​
	Phase 2 open-label trial​​
	​​FX006​​: Single intra-articular (IA) injection of 32 mg triamcinolone acetonide (TA) in 5 mL extended-release microspheres.

​​TAcs​​: Single IA injection of 40 mg TA crystalline suspension in 1 mL.
	Synovial fluid (SF) TA​​: FX006 maintained quantifiable TA levels through Week 12 (GM: 290.6 pg/mL), while TAcs was largely undetectable by Week 6

​​Plasma TA​​: FX006 showed lower peak plasma concentration (GM C<sub>max</sub>: 966.7 pg/mL) and prolonged release vs. TAcs (GM C<sub>max</sub>: 11,064.7 pg/mL)
	No

	Low,200637
	Patients with ​​Third Lumbar Vertebra Transverse Process Syndrome​​

Treatment group​​: 40 patients
​​Control group​​: 40 patients
	-
	Prospective comparative cohort
	Treatment group​​: Local injection of ​​compound betamethasone​​ (1 mL) + vitamin B₂ (500 μg) diluted in saline (total 15 mL)

​​Control group​​: Local injection of ​​prednisolone​​ (20 mg) + bupivacaine (0.75%, 5 mL) + vitamin B₂ (500 μg) diluted in saline (total 15 mL)
	Pain reduction​​: Treatment group showed ​​significantly lower VAS scores​​ post-treatment vs. control group (P< 0.05)

​​Treatment frequency​​: Treatment group required ​​fewer injections​​ (mean 1.1 ± 0.33) vs. control group (1.6 ± 0.69, P< 0.01)
	Yes

	Chen,199639
	33 patients​​ with thoracic outlet syndrome, tennis elbow, frozen shoulder, carpal tunnel syndrome, radial styloid tenosynovitis


	-
	Self-controlled case series
	Single or repeated local injections​​ of betamethasone​​ at 1 mg/mL
	Superior pain relief and longer duration​​ vs. prior triamcinolone acetonide treatment (subjective patient reports).

​​Immediate pain reduction​​ even without local anesthetics (13 injections)
	Yes

	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Wernecke,201541
	Patients​​ with primarily ​​OA and ​​inflammatory joint disorders​

Total studies​​: ​​40​​ (39 basic science + 1 clinical trial).


	-
	Systematic review
	IA corticosteroids​​: Methylprednisolone, dexamethasone, hydrocortisone, betamethasone, prednisolone, triamcinolone.

​​
	Dose-dependent effects​​:

​​Low doses​​ (<2–3 mg/dose or 8–12 mg cumulative): ↑ chondrocyte growth, cartilage recovery

​​High doses​​ (>3 mg/dose or 18–24 mg cumulative): ↓ cartilage integrity, chondrocyte toxicity
	Yes




Supplementary table 8. The included articles for QUESTION 5(RCTs)
	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	Wang,202227
	Patients with KOA

Hyaluronic acid(HA) group: 29 patients

HA + Corticosteroids(CS) group: 28 patients
	40–85 years​​
	RCT​
	HA group​​: 3 weekly intra-articular HA injections

​​HA+Corticosteroids group​​: 3 weekly co-injections of HA + CS
	HA+CS group​​ showed significantly greater improvement in WOMAC pain/function and physical performance than HA group
	Low risk

	Yin, 202328
	Patients with knee synovitis in plateau areas​​

​​Intervention Group (Observation)​​: ​​59 patients​​ (HA + Compound Betamethasone).

​​Control Group​​: ​​59 patients​​ (Compound Betamethasone alone)
	≥18 years
	RCT​
	Observation Group​​: Intra-articular injection of ​​sodium hyaluronate (HA) + compound betamethasone​​

​​Control Group​​: Intra-articular injection of ​​compound betamethasone + saline​​
	​​Pain & Function​​: HA + betamethasone significantly reduced VAS pain scores and improved Lysholm knee function scores vs. control (p<0.01)

​​Inflammation​​: Lower TNF-α, IL-1β, IL-6 levels and reduced synovial thickness/effusion in observation group (p<0.01)

​​Efficacy​​: Total effective rate ​​91.53%​​ (observation) vs. ​​77.97%​​ (control) (p<0.05).
	Moderate risk

	Wang,201829
	Patients with KOA

HA group​​: 60 patients

​​HA + CS group​​: 60 patients
	45–80 years​​
	RCT
	HA group​​: Single intra-articular injection of ​​4 ml hyaluronic acid​​

​​HA+CS group​​: Co-injection of ​​3 ml compound betamethasone + 4 ml HA​​
	HA+CS group​​ showed ​​significantly better pain relief and functional improvement​​ (VAS, WOMAC) than HA group at ​​1 week, 1 month, and 3 months​​, but ​​no significant difference at 6 months
	Moderate risk

	[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Utamawatin,202343
	Patients with KOA

10 mg triamcinolone acetonide (TA) group​​: 42 patients

​​40 mg TA group​​: 42 patients
	≥50 years​​
	RCT
	10 mg TA group​​: Single intra-articular injection of 10 mg TA + 3 ml 1% lidocaine

​​40 mg TA group​​: Single intra-articular injection of 40 mg TA + 3 ml 1% lidocaine
	10 mg TA was non-inferior to 40 mg TA​​ in pain reduction (VAS) at 12 weeks
	Low risk

	Skwara,200944
	Patients with KOA

Hyaluronan (HA) group​​: 20 patients 

Triamcinolone (TA) group​​: 15 patients
	50–75 years​​
	RCT
	HA group​​: Five weekly intra-articular injections of ​​2 ml sodium hyaluronate​​ (Ostenil®)

​​TA group​​: Five weekly intra-articular injections of ​​1 ml triamcinolone acetonide​​ (Volon A10®)
	​​No significant functional superiority​​ of HA over TA in gait patterns or muscle activity. Both groups showed ​​similar pain reduction​​ (VAS, Lequesne Score, KSS) at 12-week follow-up
	Moderate risk



Supplementary table 9. The included articles for QUESTION 5(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	He, 201720
	Patients with OA

​​Total​​: ​​1,794 patients​​ (from 12 RCTs).

​​Intervention Groups​​:
​​Intra-articular hyaluronic acid (HA)​​: 895 patients.
​​Intra-articular corticosteroids (CS)​​: 899 patients
	49–76 years
	Meta-analysis of 12 RCTs​​
	HA​​: Single/multiple injections (e.g., Hyalgan, Synvisc, NASHA).

​​CS​​: Single/multiple injections (e.g., triamcinolone, methylprednisolone)
	Pain (VAS)​​: CS superior to HA at ​​1 month​​; HA superior to CS at ​​6 months​​
​​Function (WOMAC)​​: HA significantly improved function vs. CS at ​​6 months​​.
​​Rescue Medication & Withdrawals​​: No significant difference between groups
	No

	Smith,201930
	Patients with KOA

​​Total​​: ​​751 patients​​ (from 8 RCTs).

​​Intervention Group​​: Combined ​​corticosteroid (CS) + hyaluronic acid (HA)​​ intra-articular injection.
​​Control Group​​: ​​HA alone​​ intra-articular injection
	42.3–65 years
	Systematic review and meta-analysis of RCTs
	Intervention​​: Single or multiple ​​intra-articular injections of CS + HA​​.

​​Control​​: ​​Intra-articular HA alone​​.
	Pain reduction​​: Combined CS+HA significantly reduced WOMAC pain scores vs. HA alone at ​​2–4 weeks​​ (SMD 0.60, 95% CI 0.23–0.97), ​​24–26 weeks​​ (SMD 0.25, 95% CI 0.09–0.41), and ​​52 weeks​​ (SMD 0.39, 95% CI 0.01–0.77)
	No

	Song,201931
	Patients with KOA

Total​​: ​​2,929 patients​​ (from 24 RCTs).

​​Intervention Group​​: ​​Combined sodium hyaluronate (HA) + compound betamethasone​​.
​​Control Group​​: ​​HA alone​​
	​​45.8–66.0 years
	Meta-analysis of RCTs
	​​Intervention​​: ​​Intra-articular injection of HA + compound betamethasone​​ (weekly for 5 weeks)

​​Control​​: ​​Intra-articular HA alone​​ (weekly for 5 weeks)
	Combined therapy significantly improved ​​total response rate​​, ​​HSS knee scores​​, ​​Lysholm function scores​​, and reduced ​​VAS pain scores​​ vs. HA alone
	Yes

	[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Concoff,201745
	Patients with KOA

Participants​​: ​​5,848 patients​​ across 30 RCTs.
​​Subgroups by injection regimen​​:
Single injection: 4 studies (N= 1,196)
2–4 injections: 16 studies (N= 2,865)
≥5 injections: 11 studies (N= 1,847)
	-
	​​Systematic review and meta-analysis
	IA-HA vs. IA-saline​​ across regimens:
Single injection (1× IA-HA)
2–4 injections (weekly)
≥5 injections (weekly)
	Pain reduction​​:
​​2–4 injections​​: Significant pain relief at 3 months (SMD = -0.76) and 6 months (SMD = -0.36) vs. saline.
​​≥5 injections​​: Significant relief only at 6 months (SMD = -0.18).
​​Single injection​​: No significant effect at 3 or 6 months.
	No



Supplementary table 10. The included articles for QUESTION 6(Observational Studies and meta analysis– SIGN)

	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Fuentes-Braesch,202346
	Patients with KOA and related inflammatory joint conditions

​​Participants​​ across 31 included studies

	≥18 years​​
	​Systematic review​​ of 31 studies (observational studies, technical guidelines, and comparative trials)
	Arthrocentesis​​: Superolateral (SL) approach, 18-gauge needle, ultrasound guidance, mechanical compression

​​Synovial biopsy​​: Image-guided (US/CT) or arthroscopic techniques using forceps (1.8–2.7 mm) or Parker-Pearson needles
	US-guidance and mechanical compression significantly improved synovial fluid yield and diagnostic success​​ in arthrocentesis, while image-guided/arthroscopic biopsies provided superior synovial tissue quality compared to blind techniques
	Yes

	Maricar,201347
	Patients with KOA and ​​inflammatory arthritis​

Participants​​: ​​2,735 patients​​ across 23 studies.

​​Subgroups by injection approach​​:
​​Lateral sites​​: Superolateral patellar (SLP), lateral midpatellar (LMP), anterolateral joint line (ALJL), lateral suprapatellar bursa (LSB).
​​Medial sites​​: Superomedial patellar (SMP), medial midpatellar (MMP), anteromedial joint line (AMJL)
	-
	Systematic review​​ (PRISMA-compliant) comparing ​​blinded vs. image-guided injections
	Blinded injections​​ (anatomical landmark-based)

​​Image-guided injections​​ (ultrasound, fluoroscopy, air-arthrography)
	Accuracy​​:
​​Blinded injections​​: Highest accuracy at ​​SLP site (87%)​​, lowest at ​​MMP site (64%)​​

​​Image-guided injections​​: Near-perfect accuracy (​​95–100%​​ across all sites)

​​Overall​​: Image-guided injections significantly more accurate (ARD = 0.19, p< 0.0001)
	Yes

	[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Hermans,201148
	Patients with KOA and rheumatoid arthritis (RA)

9 studies included​​, totaling ​​774 intra-articular injections​​ across different approaches:
Superolateral (SL): 230 injections
Superomedial (SM): 43 injections
Lateral midpatellar (LMP): 158 injections
Medial midpatellar (MMP): 78 injections
Anterolateral (AL): 202 injections
Anteromedial (AM): 209 injections
Waddell's approach (WA): 20 injections
Modified Waddell's approach (MWA): 50 injections
	≥18 years​​
	Systematic review​​ of 9 studies (including cadaveric, observational, and comparative trials)
	Blind intra-articular needle placement​​ via 7 approaches:
SL, SM, LMP, MMP, AL, AM, WA/MWA.

Techniques varied: Air/contrast/methylene blue injection verified by imaging (X-ray/arthroscopy) or dissection.
	​​SL approach had the highest pooled accuracy (91%, 95% CI 84–99%)​​, while AL and AM approaches had the lowest (67% and 72%, respectively)
	Yes

	Yaqub,201849
	Patients with knee effusion​​

Participants​​: ​​55 patients​​ with symptomatic knee effusion.
​​Group 1 (Extended Knee)​​: 20 patients.

​​Group 2 (Flexed Knee)​​: 35 patients.
	-
	Prospective cohort study​​
	Group 1​​: Arthrocentesis in ​​extended knee position​​ (0°–20° flexion) via ​​superolateral approach​​.

​​Group 2​​: Arthrocentesis in ​​flexed knee position​​ (90° flexion) via ​​anterolateral approach​​, with/without ​​mechanical compression brace​​
	Fluid Yield​​:
Extended knee: ​​16.9 ± 15.7 mL​​
Flexed knee (without compression): ​​5.8 ± 6.3 mL​​ (P<0.007)
Flexed knee (with compression): ​​16.7 ± 11.3 mL​​ (equivalent to extended knee, P=0.96)

​​Diagnostic Success​​ (≥2 mL fluid):
Extended knee: ​​95%​​ (19/20)
Flexed knee (without compression): ​​77%​​ (27/35)
Flexed knee (with compression): ​​100%​​ (35/35)
	No

	[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Fang,202150
	Patients with KOA)​ and ​​inflammatory arthritis

12 Level I studies​​ (1,431 patients, 1,315 knees) with grouped comparisons:
​​Ultrasound-guided injections​​: Varied by study (e.g., 35–100 knees per group).

​​Blind/anatomical-guided injections​​: Varied by study (e.g., 33–123 knees per group).
​​Anatomical approach comparisons​​: e.g., superolateral (SL) vs. modified anterolateral (n=66 each)
	-
	Systematic review of Level I RCTs​​
	Ultrasound-guided vs. blind intra-articular injections​​ (8 studies).

​​Anatomical approach comparisons​​ (4 studies, e.g., SL vs. anteromedial).

Agents: Hyaluronic acid, corticosteroids, contrast, air, or methylene blue for accuracy validation.
	Ultrasound-guided injections significantly more accurate​​ (＞95% accuracy) vs. blind techniques (variable accuracy: 58–95.7%), regardless of portal
	Yes

	Ji,202151
	Patients with knee joint pain​​ including degenerative osteoarthritis

Ultrasound-guided group​​: 30 patients

​​Landmark-guided group​​: 29 patients
	-
	Prospective cohort study
	Ultrasound-guided group​​: Intra-articular injection of compound betamethasone (1 mL) + lidocaine (3 mL) under real-time ultrasound guidance

​​Landmark-guided group​​: Same injection using surface anatomical landmarks
	Ultrasound-guided injection significantly improved​​:
Immediate and 5-week pain relief (↓VAS scores)

Patient satisfaction (↑Likert scores)

Functional recovery (↑KOOS sub-scores for symptoms, pain, activity, recreation, and quality of life)
	Yes



Supplementary table 11. The included articles for QUESTION 7(RCTs)
	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	McAlindon,201752
	Patients with KOA

Triamcinolone group​​: 70 patients
​​Saline group​​: 70 patients
	≥45 years
	RCT
	Triamcinolone group​​: Intra-articular injection of ​​40 mg triamcinolone acetonide​​ every 12 weeks for 2 years.

​​Saline group​​: Intra-articular injection of ​​saline placebo​​ every 12 weeks for 2 years
	Cartilage volume loss​​: Significantly greater in the triamcinolone group vs. saline 

​​Knee pain​​: No significant difference between groups
	Low risk

	[bookmark: OLE_LINK55][bookmark: OLE_LINK58]Raynauld,200354
	Patients with KOA

Steroid group​​: 34 patients

​​Saline group​​: 34 patients
	​40–80 years
	RCT
	Steroid group​​: Intra-articular (IA) injections of ​​40 mg triamcinolone acetonide​​ every 3 months for 2 years (8 injections total)

​​Saline group​​: IA injections of ​​1 mL saline placebo​​ every 3 months for 2 years (8 injections total)
	No significant difference​​ in joint space narrowing between groups at 2 years

Steroid group showed ​​greater improvement in ROM at 1 year​​ and trends for pain relief (no long-term clinical superiority)
	Low risk

	Russell,201856
	Patients with KOA and type 2 diabetes mellitus

TA-ER group​​: 18 patients

​​TAcS group​​: 15 patients
	​≥40 years​
	RCT
	TA-ER group​​: Single intra-articular injection of ​​triamcinolone acetonide extended-release (32 mg)​​

​​TAcS group​​: Single intra-articular injection of ​​triamcinolone acetonide crystalline suspension (40 mg)​​
	​​Significantly lower blood glucose elevation​​ in TA-ER group vs. TAcS group during days 1–3 post-injection
	Low risk



Supplementary table 12. The included articles for QUESTION 7(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Choudhry,201657
	Patients with diabetes mellitus​​ (Type 1 and Type 2) with symptomatic joint arthritis

72 patients​​ across ​​7 studies​​ (prospective cohort studies).

Steroid types: Methylprednisolone acetate (MA), Triamcinolone acetonide (TA), Betamethasone (CC), Triamcinolone hexacetonide (TAH)
	-
	​​Systematic review​​ of prospective studies
	Intra-articular steroid injections​​ (knee/shoulder joints):
Doses: MA (35–80 mg), TA (40 mg), CC (5.7 mg), TAH (20 mg)
	​​Significant post-injection hyperglycemia​​ in diabetic patients:
Peak glucose levels up to ​​500 mg/dL​​ (highest recorded)

Peak typically occurred within ​​24–72 hours​​ (range: 5–84 hours)

Glucose levels returned to baseline in ​​24 hours to 21 days​​
	Yes




Supplementary table 13. The included articles for QUESTION 8(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Petersen,201959
	Patients undergoing ​​intra-articular glucocorticoid (GC) injections​​ or ​​arthrocentesis​​ for various joint disorders

22,370 intra-articular (IA) procedures​​:
GC injections: 14,118

Arthrocenteses: 8,252
	≥18 years
	​​Retrospective registry-based cohort study
	IA GC injections​​ or ​​arthrocentesis​​ using a non-touch sterile technique
	Septic arthritis (SA) incidence​​: 0.08% (11/14,118 GC injections; 95% CI 0.03–0.12%)

​​Risk factors​​: Male gender, older age, pre-existing joint disease (e.g., RA, gout, arthrosis)
	Yes



Supplementary table 14. The included articles for QUESTION 9(RCTs)
	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63]Moeen,201761
	Patients undergoing arthroscopic meniscal
surgery

Dexamethasone Group​​: 20 patients

​​Dexmedetomidine Group​​: 20 patients

​​Control Group (Bupivacaine alone)​​: 20 patients
	20–50 years​
	RCT
	Dexamethasone Group​​: Intra-articular (IA) injection of ​​0.25% bupivacaine (18 mL) + dexamethasone 8 mg​​

​​Dexmedetomidine Group​​: IA injection of ​​0.25% bupivacaine (18 mL) + dexmedetomidine 1 μg/kg​​

​​Control Group​​: IA injection of ​​0.25% bupivacaine (18 mL) + saline 2 mL
	Significantly prolonged analgesia​​ in dexamethasone and dexmedetomidine groups vs. control
	Low risk

	Bhattacharjee,201462
	Arthroscopic knee surgery patients

Group D​​ (dexamethasone + levobupivacaine): 25 patients

​​Group L​​ (levobupivacaine alone): 25 patients
	18-65 years
	RCT
	Group D​​: Intra-articular injection of ​​levobupivacaine (0.25%, 18 mL) + dexamethasone (8 mg)​​.

​​Group L​​: Intra-articular injection of ​​levobupivacaine (0.25%, 18 mL) + saline placebo
	Group D demonstrated significantly prolonged analgesia​​ (10.24 ± 2.8 hours vs. 5.48 ± 1.6 hours; P< 0.01) and ​​reduced diclofenac consumption​​ (88.4 ± 38.4 mg vs. 155.2 ± 46.4 mg/24h; P= 0.002)
	Low risk

	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Koyonos,200963
	Patients with osteoarthritis(OA) and postarthroscopy patients

Steroid Group​​: 29 patients (methylprednisolone + lidocaine)

​​Saline Group​​: 30 patients (saline + lidocaine)
	18–85 years​
	RCT
	Steroid Group​​: Intra-articular injection of ​​methylprednisolone (40 mg) + 1% lidocaine (9 mL)​​

​​Saline Group​​: Intra-articular injection of ​​saline (1 mL) + 1% lidocaine (9 mL)
	Early functional improvement​​ (6 weeks) in steroid group, but ​​no long-term benefit​​ (6–12 months)
	Morderate risk



Supplementary table 15. The included articles for QUESTION 9(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Zhang,201264
	Patients with KOA

Experimental group: 60 patients (65 knees)
Control group: 58 patients (62 knees)
	-
	Prospective cohort study
	Experimental: Arthroscopic lavage + ​​intra-articular betamethasone (1 mL)​​

Control: Arthroscopic lavage alone.
	Experimental group showed ​​significantly reduced pain (VAS) and improved function (Lysholm score)​​ at 6 months (P< 0.01)
	Yes

	Li,201565
	Patients with KOA

SH group: 92; SH+DN+RA group: 94
	43–72 years​​
	Prospective cohort study
	SH group​​: Lavage + sodium hyaluronate (SH) ×4 weekly doses
​​SH+DN+RA group​​: Lavage + ​​SH + dexamethasone (DN) + ropivacaine (RA)​
	SH+DN+RA group​​ showed significantly ​​lower pain (VAS) and better function (Lequence score)​​ up to 24 months vs. SH group (P< 0.05)
	Yes

	[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Cancienne,201966
	Patients undergoing ​​simple knee arthroscopy​

5,533 patients​​ (Private Payer [PP]: 2,685; Medicare [MC]: 2,848)
Injection timing groups: 2-wk (725), 4-wk (1,236), 6-wk (1,716), 8-wk (1,856)
Controls: Matched 10:1 (no injection)
	-
	Retrospective comparative study​​ using national insurance databases
	Ipsilateral intra-articular corticosteroid injection​​ post-arthroscopy at 2, 4, 6, or 8 weeks vs. ​​no injection​​ (controls)
	Early injections (≤4 weeks) significantly increased infection risk​​ vs. later injections (6–8 weeks) and controls (P< 0.01)
	No

	[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Dubin,202567
	Patients undergoing ​​simple knee arthroscopy

20,824 patients​​
Injection timing groups: 0-2 weeks (1,676), 2-4 weeks (3,553), 4-6 weeks (5,854), 6-8 weeks (5,741)
Control group: 20,000 (no injection)
	Injection groups: 58.1–59.1 years

Control: 51.4 years
	Retrospective cohort study​​ using national all-payer database
	​Ipsilateral intra-articular corticosteroid injection​​ post-arthroscopy at:
• 0-2 weeks
• 2-4 weeks
• 4-6 weeks
• 6-8 weeks
vs. ​​no injection​​ (control)
	​Significantly higher infection risk with early injections​​:
• 0-2 weeks: OR 3.31 (95% CI 1.85–5.92; P<0.001)
• 2-4 weeks: OR 2.72 (95% CI 1.57–4.71; P=0.003)
vs. control.
	No



Supplementary table 16. The included articles for QUESTION 10(RCTs)

	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	Wang,202173
	Patients with OA undergoing
primary unilateral TKA

Corticosteroid Group​​: 52 patients
​​Control Group​​: 50 patients
	50–85 years
	RCT
	Corticosteroid Group​​: Periarticular infiltration (PIA) with ​​ropivacaine + epinephrine + dexamethasone​​

​​Control Group​​: PIA with ​​ropivacaine + epinephrine​​ (dexamethasone omitted)
	Mild improvement in early pain relief​​ (≤24h) with corticosteroids, but ​​no clinically significant difference​​ in VAS scores
	Moderate risk



Supplementary table 17. The included articles for QUESTION 10(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Baums,202368
	​Patients with end-stage KOA undergoing total knee arthroplasty

255,627 patients​​ (6 studies)
• Injection group: 80,579
• Control group: 175,048 (no injection)
	-
	Systematic review & meta-analysis
	​​Preoperative intra-articular corticosteroid injection​​ vs. ​​no injection​​

Timeframes: ≤3 months vs. >6 months pre-TKA
	​​Injection ≤3 months pre-TKA significantly increased PJI risk​​ (OR 1.52, 95% CI 1.37–1.67; P<0.01).
No increased risk if injection >6 months pre-TKA
	Yes

	Lai,202269
	Patients with end-stage knee/hip osteoarthritis​​ undergoing total joint arthroplasty

173,465 joints​​ (11 studies)
• Injection group: 73,049
• Control group: 100,416 (no injection)

	≥18 years
	Systematic review & meta-analysis
	​​Preoperative intra-articular corticosteroid injection​​ vs. ​​no injection​​

Timeframes: ≤3 months, 3-6 months, 6-12 months pre-TJA
	​Injections ≤3 months pre-TJA significantly increased PJI risk​​ (OR 1.39, P=0.03).
No increased risk for injections >6 months pre-TJA
	Yes

	Deng,201971
	Patients with end-stage knee osteoarthritis​​ undergoing knee arthroplasty (KA), including TKA (80%) and UKA (20%)

918 patients​​ (10 RCTs)
• Steroid group: 410
• Control group: 408 (placebo/no injection)
	65–70 years​
	Meta-analysis of 10 RCTs​​
	Multimodal cocktail periarticular injection (MCPI) with steroids​​ vs. ​​MCPI without steroids​​

Steroid types: Triamcinolone (40 mg), Dexamethasone (6.6 mg), Methylprednisolone (40 mg)
	Steroids significantly reduced early postoperative pain (POD1), CRP levels, and morphine consumption, and improved ROM/SLR within 5 days.​

No long-term benefits in pain relief or function (POW2 onward)
	No

	Li,202172
	Patients with steoarthritis requiring total knee arthroplasty (TKA)​

​​1051 TKAs​​ (930 patients) from ​​11 RCTs​​
• ​​Glucocorticoid group​​: Variable per study
• ​​Control group​​: Variable per study
	67–76 years​
	Systematic review and meta-analysis of RCTs​
	Periarticular infiltration analgesia (PIA) cocktail with glucocorticoid​​ (dexamethasone, triamcinolone, methylprednisolone, or betamethasone) vs. ​​PIA without glucocorticoid​
	Glucocorticoid PIA reduced early postoperative pain​​ (POD1–2), ​​inflammation (CRP)​​, and ​​opioid consumption​​ without increasing complications
	No

	Mills,201874
	​​Patients with persistent pain after total knee arthroplasty (TKA)​

1,845 injections​​ in ​​736 patients
	38–96 years
	Retrospective cohort study
	​​Intra-articular corticosteroid injection (IACI)​​ into pre-existing TKA (40mg Depo-Medrol/Kenalog + local anesthetic)
	Acute infection rate within 3 months post-IACI: 0.16%​​ (3 infections in 1,845 injections)
	No

	Klement,201975
	Patients with persistent pain/stiffness after total knee arthroplasty (TKA)​

184 patients​​ (129 responders) receiving ≥1 intra-articular corticosteroid injection (CSI)​
	Mean 67.3 years​​
	Retrospective cohort study
	CSI​​ (40mg Kenalog + 0.5% Marcaine) into pre-existing TKA
	84.1% reported symptom improvement​​ (pain/swelling/motion); ​​51.4% had moderate-great improvement​​ lasting >1 month
	Yes



Supplementary table 18. The included articles for QUESTION 11(RCTs)

	Study
	Patients (N)
	Age
	Study Design
	Intervention/Comparator
	Findings
	Bias (if relevant)

	Wang,202173
	Patients with OA undergoing
primary unilateral TKA

Corticosteroid Group​​: 52 patients

​​Control Group​​: 50 patients
	50–85 years
	RCT
	Corticosteroid Group​​: Periarticular infiltration (PIA) with ​​ropivacaine + epinephrine + dexamethasone​​

​​Control Group​​: PIA with ​​ropivacaine + epinephrine​​ (dexamethasone omitted)
	Mild improvement in early pain relief​​ (≤24h) with corticosteroids, but ​​no clinically significant difference​​ in VAS scores
	Moderate risk

	Luo,202477
	Patients underwent primary
unilateral TKA

Group A (Control)​​: 50 patients (ropivacaine alone)

​​Group B (Intervention)​​: 50 patients (ropivacaine + morphine + Diprospan)
	​​≥18 years​
	RCT
	​​Group A​​: Local infiltration analgesia (LIA) with ​​80 mL 0.25% ropivacaine​​

​​Group B​​: LIA with ​​80 mL cocktail​​ (0.25% ropivacaine + 0.125 mg/mL morphine + 62.5 μg/mL betamethasone)
	​​Significantly lower pain scores and opioid consumption​​ in Group B within 48 hours postoperatively, though differences ​​did not reach minimal clinically important difference (MCID)
	Low risk

	Peng,201778
	Patients experienced concurrent bilateral total knee arthroplasty

Total​​: 60 patients (120 knees)

​​Intervention Group​​: Knees receiving ​​periarticular cocktail with betamethasone​​ (7 mg)

​​Control Group​​: Knees receiving ​​periarticular cocktail without corticosteroid​
	53–80 years
	RCT
	Intervention Group​​: Periarticular injection containing ropivacaine (200 mg), adrenaline (0.25 mg), flurbiprofen (50 mg), tranexamic acid (2000 mg), morphine (10 mg), ​​+ betamethasone (7 mg)​​

​​Control Group​​: Same cocktail ​​without betamethasone​​
	No significant difference​​ in pain scores (rest/activity), range of motion (ROM), thigh swelling, or functional scores (HSS) between intervention and control knees at any time point (up to 3 months postoperatively)
	Low risk



Supplementary table 19. The included articles for QUESTION 11(Observational Studies and meta analysis– SIGN)
	Study
	Patients (N)
	Age
	Study Design
	Intervention
	Findings
	SIGN - Reject

	Oshima,202276
	Patients with osteoarthritis requiring total knee arthroplasty (TKA)​

Dexamethasone group​​: 52 patients

​​Triamcinolone group​​: 50 patients
	Mean 73 years
	Retrospective cohort study
	Periarticular injection during TKA​​:
• Dexamethasone (10mg) + ropivacaine
• Triamcinolone acetonide (40mg) + ropivacaine
	Triamcinolone provided superior pain reduction and lower inflammation​​ (CRP) vs. dexamethasone at 7 days post-TKA
	No



