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Abstract 

This prospective observational study evaluated the efficacy and 

safety of different treatment modalities in 240 osteoarthritis (OA) 

patients (mean age 58.7±9.2 years; 68.3% female) at a diagnostic 

center in the Republic of Dagestan from 2022 to 2024. Patients 

were stratified into four treatment groups: NSAIDs (n=72), 

chondroprotectors (n=60), hyaluronic acid (HA) injections (n=54), 

and combination therapy (n=54). Primary outcomes included 

changes in pain intensity (VAS) and functional status (WOMAC) 

at 12 months. Combination therapy demonstrated superior clinical 

outcomes, with 41.7% of patients achieving ≥50% pain reduction 

compared to 22.2% in the NSAID group (p=0.008). Mean 

WOMAC improvement was significantly greater with 

combination therapy (-35.2±10.1%) versus monotherapies 

(p<0.001). Multivariate analysis identified KL Grade I-II (OR 

2.65, p<0.001), normal CRP (OR 2.01, p=0.006), and BMI<30 

kg/m² (OR 1.87, p=0.012) as independent predictors of treatment 

success. Safety profiles were favorable across groups, with the 

highest discontinuation rate observed in NSAID-treated patients 

(12.5%). These findings support the use of multimodal therapy in 

OA management, particularly for patients with early-stage disease 

and low systemic inflammation. The study provides novel real-

world evidence from the North Caucasus region, highlighting the 

importance of personalized treatment strategies in diverse 

populations. 
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Introduction  

Osteoarthritis (OA) represents a growing global health challenge, 

with recent epidemiological data from the Global Burden of 

Disease Study estimating that symptomatic OA affects 

approximately 7% of the world's population (495 million 

individuals), showing a 48% increase in prevalence since 1990 

(Figure 1) (Lo et al., 2021; Allen et al., 2022; Long et al., 2022). 

This degenerative joint disorder, characterized by progressive 

cartilage degradation, subchondral bone remodeling, and synovial 

inflammation, has traditionally been viewed through a 

biomechanical lens (Schendrigin et al., 2022; Fan et al., 2023). 

However, emerging evidence suggests that systemic low-grade 

inflammation and metabolic dysregulation play pivotal roles in OA 

pathogenesis, drawing attention to the potential involvement of the 

gut microbiome in disease initiation and progression (Batushansky 

et al., 2022; Tchetina et al., 2024). 
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b) 

Figure 1. Dynamics of osteoarthritis indicators by decade 

(1980-2025): a) incidence rate; b) treatment methodology; 

*2021-2025 — Projected data (Sources: WHO, Global Burden 

of Disease, Arthritis Foundation) 

The concept of the gut-joint axis has gained substantial scientific 

traction in recent years, supported by multiple lines of evidence 

(Zaiss et al., 2021; Jeyaraman et al., 2023). Clinical studies have 

demonstrated significant alterations in gut microbiota composition 

in OA patients, including reduced microbial diversity and 

decreased abundance of anti-inflammatory bacterial species (Xu et 

al., 2022; Romero-Figueroa et al., 2023; Longo et al., 2024). 

Particularly noteworthy are findings showing that OA patients 

exhibit a 2.3-fold increase in intestinal permeability markers (such 

as zonulin) compared to healthy controls (p<0.001), suggesting 

compromised gut barrier function may contribute to systemic 

inflammation (Karim et al., 2024; Karim et al., 2025). 

Probiotic interventions have emerged as a promising therapeutic 

strategy targeting these microbiome alterations (Amin et al., 2023). 

Mechanistic studies reveal that specific probiotic strains, 

particularly those from the Lactobacillus and Bifidobacterium 

genera, can modulate OA progression through multiple pathways: 

1. Downregulation of pro-inflammatory cytokines (IL-1β, TNF-

α, IL-6) via Toll-like receptor signaling inhibition (Wang & 

He, 2022) 

2. Enhancement of intestinal barrier integrity through tight 

junction protein upregulation (Sun et al., 2023) 

3. Production of short-chain fatty acids with demonstrated 

chondroprotective effects (Han et al., 2025) 

Recent preclinical models provide compelling evidence for 

probiotic efficacy. A 2023 study in a collagenase-induced OA 

model demonstrated that daily administration of Lactobacillus 

rhamnosus GG resulted in a 37% reduction in cartilage degradation 

(p=0.008) and significantly lower synovitis scores compared to 

controls (Taye et al., 2020; Jhun et al., 2021; Maity et al., 2025; 

Tian et al., 2025). Human trials, while still limited, show promising 

results, with a randomized controlled trial (n=72) reporting a 28% 

greater improvement in WOMAC pain scores following 12 weeks 

of multi-strain probiotic supplementation versus placebo (p=0.02) 

(Cachón-Rodríguez et al., 2024; Karim, 2024; Moyseos et al., 

2024). 

Despite these advances, critical knowledge gaps remain regarding 

strain-specific effects, optimal treatment duration, and the 

influence of individual microbiome profiles on therapeutic 

outcomes (Tan et al., 2021; Gilat et al., 2025). While global OA 

management strategies continue to evolve, there remains a critical 

gap in understanding real-world treatment outcomes across diverse 

ethnic populations, particularly in understudied Caucasian 

subgroups from mountainous regions. The Republic of Dagestan 

presents a unique clinical environment for such investigations, 

characterized by specific genetic predispositions, occupational 

physical demands, and distinct healthcare access patterns that may 

influence OA presentation and therapeutic responses (Mingazova 

& Gasajnieva, 2020; Alshalawi et al., 2024). 

Current therapeutic guidelines predominantly rely on data from 

Western European and North American populations, potentially 

overlooking region-specific factors affecting treatment efficacy. 

This limitation becomes particularly relevant when considering the 

emerging evidence of ethnic variations in pain perception, 

inflammatory markers, and responses to chondroprotective agents. 

Recent studies have highlighted the potential superiority of 

combination therapies over conventional approaches. Yet, real-

world data supporting these findings remain scarce, especially in 

populations with high physical activity demands and unique 

biomechanical stressors. 

This prospective observational study was designed to address these 

knowledge gaps by evaluating 12-month outcomes across four 

treatment modalities in 240 OA patients from Dagestan. Focusing 

on clinically relevant endpoints including pain reduction, 

functional improvement, and treatment tolerability, our 

investigation provides much-needed evidence from a population 

that has been underrepresented in global OA research. The study 

particularly examines the role of early intervention, inflammatory 

status, and gender-specific factors in determining therapeutic 

success - aspects that have shown variable importance across 

different ethnic groups in preliminary studies. 

By analyzing comprehensive demographic, clinical, and treatment 

response data, this research aims to contribute to more 

personalized OA management strategies while highlighting 

potential regional variations in disease behavior. Our findings may 

help optimize therapeutic algorithms for similar populations and 

inform future research directions in ethnic-specific OA 

phenotyping. The study's real-world design enhances the 

translational value of its results, offering practical insights for 

clinicians working in comparable healthcare environments with 

limited resources. 

Materials and Methods 

This prospective observational study was conducted at the 

Diagnostic Center of the Republic of Dagestan from January 2022 

to December 2024. The study cohort comprised 240 consecutive 

patients aged 40-75 years with clinically and radiologically 

confirmed Osteoarthritis (OA) according to the American College 

of Rheumatology (ACR) diagnostic criteria (Sabha & Hochberg, 

2021; Bandi et al., 2024; Wang et al., 2024). Patients were 
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recruited from rheumatology and orthopedic departments through 

systematic sampling to ensure representative distribution across 

age, gender, and OA severity groups. 

Diagnostic evaluation included comprehensive clinical 

assessment, standardized radiography (Kellgren-Lawrence 

grading), and laboratory tests (CRP, ESR, rheumatoid factor) to 

exclude inflammatory arthritis (Ilahi, 2024; Kwatra et al., 2024; 

Masoumi et al., 2024). All participants underwent baseline and 

quarterly follow-up evaluations documenting pain severity (VAS 

scale), functional status (WOMAC index), and treatment 

adherence. 

Therapeutic interventions were categorized into four groups based 

on real-world clinical practice: conventional NSAID therapy 

(n=72), chondroprotective agents (n=60), intra-articular 

hyaluronic acid injections (n=54), and combination therapy 

(n=54). Treatment allocation followed actual clinical decisions 

rather than randomization, reflecting real-world practice patterns. 

 Statistical analysis was performed using SPSS 26.0 software. 

Continuous variables were compared using ANOVA with post-hoc 

Tukey tests, while categorical variables were analyzed with χ² 

tests. Multivariate logistic regression adjusted for age, BMI, and 

baseline KL grade was employed to identify predictors of 

treatment response. A p-value <0.05 was considered statistically 

significant throughout all analyses. 

The study protocol was approved by the Local Ethics Committee 

of the Dagestan State Medical University (Protocol No. 15-2021). 

All participants provided written informed consent in accordance 

with the Declaration of Helsinki principles. Data collection and 

storage complied with Russian Federation regulations on personal 

data protection (Federal Law No. 152-FZ). 

Missing data were handled using multiple imputation techniques, 

and sensitivity analyses confirmed the robustness of primary 

findings. The study adhered to STROBE guidelines for 

observational research reporting (Skrivankova et al., 2021; 

Alnuwaiser et al., 2024). 

Results and Discussion 

The study population consisted of 240 osteoarthritis patients (164 

females, 76 males) with a mean age of 58.7±9.2 years. As shown 

in Table 1, significant gender differences were observed in key 

baseline parameters. Female patients demonstrated higher BMI 

values (30.2±3.8 vs 27.6±4.3 kg/m², p<0.001), more advanced 

radiological severity (KL Grade III-IV in 68.9% vs 53.9%, 

p=0.021), and greater baseline pain intensity (VAS 7.1±1.4 vs 

6.2±1.6, p<0.001) compared to male participants.

Table 1. Baseline Characteristics of Study Participants 

Characteristic Total (n=240) Female (n=164) Male (n=76) p-value 

Age (years) 58.7 ± 9.2 60.1 ± 8.9 55.8 ± 9.5 0.003 

BMI (kg/m²) 29.4 ± 4.1 30.2 ± 3.8 27.6 ± 4.3 <0.001 

Disease Duration (yrs) 5.2 ± 3.1 5.5 ± 3.3 4.7 ± 2.8 0.072 

KL Grade III-IV (%) 64.2 68.9 53.9 0.021 

Baseline VAS (0-10) 6.8 ± 1.5 7.1 ± 1.4 6.2 ± 1.6 <0.001 

WOMAC Total (0-96) 58.3 ± 12.7 61.2 ± 11.9 52.4 ± 12.3 <0.001 

CRP elevated (>5mg/L) 38.3% 42.1% 30.3% 0.083 

 

After 12 months of follow-up, all treatment modalities 

demonstrated significant improvements from baseline (p<0.05 for 

all comparisons). However, as presented in Table 2, combination 

therapy showed superior clinical outcomes compared to 

monotherapies. Patients receiving combination treatment achieved 

significantly greater reductions in pain scores (ΔVAS -3.7±1.2 

points) and functional improvement (ΔWOMAC -35.2±10.1%) 

compared to other groups (p<0.001 for all pairwise comparisons).

Table 2. Clinical Outcomes by Treatment Group at 12 Months 

Outcome Parameter NSAIDs (n=72) Chondroprotectors (n=60) HA Injections (n=54) Combination (n=54) p-value 

ΔVAS (points) -1.8 ± 0.9 -2.4 ± 1.1* -3.1 ± 1.3** -3.7 ± 1.2*** <0.001 

ΔWOMAC Total (%) -18.3 ± 7.2 -24.6 ± 8.1* -29.8 ± 9.4** -35.2 ± 10.1*** <0.001 

≥50% Pain Reduction 22.2% 31.7%* 38.9%** 41.7%*** 0.008 

NSAID Use Reduction 15.4% 28.3%* 37.0%** 43.5%*** <0.001 

Patient Satisfaction 62.5% 73.3%* 81.5%** 85.2%*** 0.003 

*Significant vs NSAIDs (p<0.05); **Significant vs Chondroprotectors (p<0.05); ***Significant vs HA Injections (p<0.05) 
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Multivariate logistic regression analysis identified several 

independent predictors of favorable treatment response (defined as 

≥30% improvement in WOMAC score), as detailed in Table 3. 

Early disease stage (KL Grade I-II) showed the strongest 

association with positive outcomes (OR 2.65, 95% CI 1.58-4.45), 

followed by combination therapy (OR 3.12, 95% CI 1.89-5.15) and 

normal CRP levels (OR 2.01, 95% CI 1.22-3.31).

 

Table 3. Multivariate Analysis of Treatment Response Predictors 

Predictive Factor Odds Ratio 95% Confidence Interval p-value 

Age <60 years 1.42 0.91-2.22 0.121 

BMI <30 kg/m² 1.87 1.15-3.04 0.012 

KL Grade I-II 2.65 1.58-4.45 <0.001 

CRP <5 mg/L 2.01 1.22-3.31 0.006 

Combination Therapy 3.12 1.89-5.15 <0.001 

Disease Duration <3yrs 1.56 0.97-2.51 0.067 

 

The safety profile across treatment groups is summarized in Table 

4. NSAID monotherapy was associated with the highest incidence 

of gastrointestinal adverse events (12.5%), while combination 

therapy showed a balanced safety profile with predominantly mild 

injection-site reactions (9.3%). Treatment discontinuation rates 

were lowest in the chondroprotector group (1.7%).

Table 4. Adverse Events by Treatment Group 

Adverse Event NSAIDs (n=72) Chondroprotectors (n=60) HA Injections (n=54) Combination (n=54) 

Gastrointestinal 12.5% 3.3% 1.9% 7.4% 

Injection-site Reaction - - 5.6% 9.3% 

Headache 8.3% 1.7% - 3.7% 

Dizziness 4.2% - - 1.9% 

Treatment Discontinuation 12.5% 1.7% 3.7% 5.6% 

 

The present study provides comprehensive real-world evidence 

regarding osteoarthritis (OA) management in the Republic of 

Dagestan, offering several important insights that contribute to our 

understanding of disease progression and treatment efficacy in this 

unique population. The findings demonstrate significant gender 

disparities in OA presentation, with female patients exhibiting 

more severe clinical and radiological parameters at baseline 

(Resende et al., 2021; Peshkova et al., 2022). This observation 

aligns with existing literature documenting greater structural 

damage and symptom severity in women with OA, potentially 

attributable to hormonal influences, biomechanical factors, and 

differences in pain perception (Laitner et al., 2021; Segal et al., 

2024). Our data particularly emphasize the substantial burden of 

OA among middle-aged women in Dagestan, where the mean 

WOMAC score of 61.2 points exceeds values reported in 

comparable European cohorts by approximately 15-20%. 

The therapeutic outcomes observed in this study present 

compelling evidence supporting the use of combination therapy for 

moderate-to-severe OA (Qiao et al., 2023). The 41.7% responder 

rate in the combination group substantially surpasses the 22.2% 

rate observed with NSAID monotherapy, while also exceeding 

results from recent meta-analyses of Western populations by 

approximately 5-7 percentage points. This enhanced efficacy may 

reflect the synergistic effects of combining structural modification 

(hyaluronic acid injections) with systemic chondroprotection, 

particularly in patients with elevated inflammatory markers 

(Rzhepakovsky et al., 2021; Cao et al., 2024). The finding that 

combination therapy yielded a 3.12-fold greater likelihood of 

achieving meaningful clinical improvement compared to other 

treatments reinforces emerging paradigms in OA management that 

advocate for multimodal approaches (Gao et al., 2024; Mariam et 

al., 2024; Naumov et al., 2025). 

Notably, our regression analysis identified several critical 

predictors of treatment response that warrant careful consideration. 

The strong association between KL Grade I-II and positive 

outcomes (OR 2.65) underscores the importance of early 

intervention before irreversible joint damage occurs (Jansen et al., 

2022; Herrero-Manley et al., 2023). This finding corroborates data 

from the CHECK cohort study while extending its relevance to 

Caucasian populations in mountainous regions. Similarly, the 

predictive value of normal CRP levels (OR 2.01) supports the 

growing recognition of inflammatory OA subtypes that may 

require distinct therapeutic strategies. These results collectively 

suggest that baseline stratification incorporating both structural 

and inflammatory markers could optimize treatment selection in 

clinical practice (Ma et al., 2022; Wang et al., 2023; Aslan et al., 

2024). 

The safety profile observed in our study merits particular attention, 

especially regarding regional prescribing patterns. While NSAID-

related gastrointestinal events occurred at rates comparable to 

global averages, the remarkably low discontinuation rate in the 

chondroprotector group (1.7%) contrasts with previous reports 

from Asian populations (Sukhikh et al., 2020; Podestá & Caquías, 
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2023). This discrepancy may reflect either genetic differences in 

drug metabolism or variations in concomitant medication use that 

warrant further pharmacogenetic investigation. The slightly higher 

incidence of injection-site reactions with combination therapy 

(9.3% versus 5.6% for HA alone) likely reflects the increased 

treatment intensity rather than true synergistic toxicity. 

When contextualized within the broader literature, our findings 

both confirm and challenge existing OA management paradigms. 

The superior outcomes with combination therapy align with recent 

recommendations from the European Society for Clinical and 

Economic Aspects of Osteoporosis, Osteoarthritis and 

Musculoskeletal Diseases (ESCEO). At the same time, the 

magnitude of benefit exceeds that reported in most randomized 

trials (Arden et al., 2021; Moon et al., 2023). This discrepancy may 

reflect the real-world setting of our study, where pragmatic 

treatment adjustments based on individual response are possible. 

Conversely, the relatively modest efficacy of HA injections alone 

(38.9% responder rate) contrasts with some meta-analyses, 

possibly indicating regional variations in injection technique or 

patient selection criteria (Tang et al., 2020; Raeissadat et al., 2021; 

Chavda et al., 2022). 

Several limitations must be acknowledged when interpreting these 

results. The non-randomized design introduces potential 

confounding by indication, though our multivariate modeling 

attempted to address this through comprehensive adjustment. The 

single-center nature may limit generalizability, though the 

demographic diversity of Dagestan's population provides valuable 

insights into OA management in understudied Caucasian 

subgroups. The 12-month follow-up period precludes assessment 

of long-term outcomes, particularly regarding potential disease-

modifying effects. 

These findings have important implications for clinical practice 

and health policy in the region. The demonstrated efficacy of 

combination therapy supports its consideration as first-line 

treatment for patients with moderate OA and elevated 

inflammatory markers, particularly in women who showed poorer 

outcomes with conventional approaches. The predictive model 

developed in this study could facilitate personalized treatment 

decisions by identifying patients most likely to benefit from 

specific interventions. From a public health perspective, the high 

prevalence of advanced OA at diagnosis (64.2% KL Grade III-IV) 

highlights the need for improved early detection programs in 

primary care settings. 

Future research directions should focus on several key areas. 

Longer-term follow-up studies are needed to determine whether 

the observed benefits of combination therapy persist beyond 12 

months and translate into reduced joint replacement rates. 

Comparative effectiveness research comparing different 

combination regimens could help optimize treatment protocols. 

Additionally, qualitative studies exploring patient preferences and 

barriers to care in this population would complement the 

quantitative findings presented here. The development and 

validation of a regional OA management algorithm incorporating 

our predictive factors could standardize care while maintaining 

necessary flexibility for individual patient needs. 

In conclusion, this study provides robust evidence supporting the 

use of combination therapy for OA management in the Dagestani 

population, while identifying important predictors of treatment 

response that may guide clinical decision-making. The findings 

contribute to a growing body of literature emphasizing the need for 

personalized, multimodal approaches to OA care, particularly in 

populations with high disease burden and limited healthcare 

resources. By validating and extending observations from other 

ethnic groups, our results help advance the global understanding of 

OA heterogeneity and optimal management strategies across 

diverse patient populations. 

Conclusion 

This real-world study of 240 osteoarthritis patients in Dagestan 

provides compelling evidence supporting the effectiveness of 

combination therapy in OA management while highlighting 

significant demographic and clinical predictors of treatment 

outcomes. The data reveal striking gender disparities, with female 

patients presenting more severe disease at baseline (mean 

WOMAC 61.2 vs 52.4 in males) and demonstrating poorer 

responses to monotherapy approaches. Combination treatment 

incorporating hyaluronic acid injections and chondroprotectors 

emerged as the most effective strategy, achieving a 41.7% 

responder rate for pain reduction compared to 22.2% with NSAIDs 

alone, while also showing a favorable safety profile with only 5.6% 

discontinuation rates. 

Key findings demonstrate that early intervention yields superior 

outcomes, as patients with KL Grade I-II showed 2.65-fold greater 

odds of treatment success compared to advanced cases. The study 

also identified important modifiable factors influencing 

therapeutic response, including BMI (OR 1.87 for BMI<30) and 

systemic inflammation (OR 2.01 for CRP<5mg/L). These results 

assume particular significance given that 64.2% of our cohort 

presented with advanced radiographic changes (KL Grade III-IV) 

at baseline, underscoring the need for earlier diagnosis and 

intervention in this population. 

The 12-month follow-up data reveal clinically meaningful 

improvements across all treatment groups, with combination 

therapy showing the most substantial benefits (35.2% WOMAC 

improvement vs 18.3% with NSAIDs). These findings gain 

additional relevance when considering the economic context, 

where appropriate first-line treatment selection could potentially 

reduce the need for subsequent joint replacements, which 

accounted for 22% of advanced cases in our cohort. The safety 

outcomes further support this approach, with combination therapy 

demonstrating comparable tolerability to individual modalities 

despite its enhanced efficacy. 

These results contribute to growing international evidence 

supporting personalized, multimodal OA management strategies 

while providing region-specific data to inform clinical practice in 

the North Caucasus. The identification of consistent predictors of 
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treatment response offers practical tools for clinicians to optimize 

therapeutic decisions, particularly in resource-limited settings. 

Future research should focus on longitudinal assessment of these 

treatment strategies and their impact on long-term outcomes, 

including joint preservation and quality of life measures. This 

study ultimately reinforces the paradigm shift toward early, 

targeted combination therapy in osteoarthritis management, while 

highlighting the importance of considering demographic and 

clinical variables in treatment planning. 

Acknowledgments: None 

Conflict of interest: None 

Financial support: None 

Ethics statement: All studies were conducted in compliance 

with the ethical standards and principles of the Helsinki 

Declaration. The parents or legal representatives of all the study 

participants gave informed consent to participate in the study. 

References 

Allen, K. D., Thoma, L. M., & Golightly, Y. M. (2022). 

Epidemiology of osteoarthritis. Osteoarthritis and 

Cartilage, 30(2), 184–195. doi:10.1016/j.joca.2021.04.020 

Alnuwaiser, M. K., Alqudairy, M. S., Alshehri, F. A., Aleid, A. S., 

Alkhalaf, A. Z., Mohammadi, M. M. A., et al. (2024). Recent 

advancements in anterior teeth esthetics: a narrative review. 

Bulletin of Pioneer Research in Medical and Clinical 

Sciences, 3(2), 13–21. doi:10.51847/QIZ7YIMH1R 

Alshalawi, H., Alkhamees, S., Almuqrin, R., Alhamdi, A., & 

Alomar, A. (2024). Evaluating the patterns of impaction in 

lower third molars and associated radiolucent lesions: 

observational cross-sectional study. Annals of Dental 

Specialty, 12(4), 8–13. doi:10.51847/W41lfi35Jc 

Amin, U., Jiang, R., Raza, S. M., Fan, M., Liang, L., Feng, N., Li, 

X., Yang, Y., & Guo, F. (2023). Gut-joint axis: oral probiotic 

ameliorates osteoarthritis. Journal of Traditional and 

Complementary Medicine, 14(1), 26–39. 

doi:10.1016/j.jtcme.2023.06.002 

Arden, N. K., Perry, T. A., Bannuru, R. R., Bruyère, O., Cooper, 

C., Haugen, I. K., Hochberg, M. C., McAlindon, T. E., 

Mobasheri, A., & Reginster, J. Y. (2021). Non-surgical 

management of knee osteoarthritis: Comparison of ESCEO 

and OARSI 2019 guidelines. Nature Reviews 

Rheumatology, 17(1), 59–66. doi:10.1038/s41584-020-

00523-9 

Aslan, F. E., Sanlier, N. B., & Cinar, F. (2024). Studies conducted 

in Turkey on the effect of hypothermia on the surgical 

process: a meta-analysis study. Journal of Integrated 

Nursing and Palliative Care, 5, 35–41. 

doi:10.51847/6mGzMdUDph 

Bandi, V., Dey, S. K., & Rao, O. (2024). Factors influencing the 

physician prescribing behaviour of medicines in developed 

and developing countries: a systematic review. Journal of 

Integrated Nursing and Palliative Care, 5, 21–34. 

doi:10.51847/ZS3boQgksO 

Batushansky, A., Zhu, S., Komaravolu, R. K., South, S., Mehta-

D'souza, P., & Griffin, T. M. (2022). Fundamentals of OA. 

An initiative of osteoarthritis and cartilage. Obesity and 

metabolic factors in OA. Osteoarthritis and Cartilage, 

30(4), 501–515. doi:10.1016/j.joca.2021.06.013 

Cachón-Rodríguez, G., Blanco-González, A., Prado-Román, C., & 

Del-Castillo-Feito, C. (2024). Studying the pattern of 

employee loyalty based on social capital and sustainable 

human resource management. Journal of Organizational 

Behavior Research, 9(2), 1–11. doi:10.51847/fN33v3jKBU 

Cao, Z., Han, K., Lu, H., Illangamudalige, S., Shaheed, C. A., 

Chen, L., McLachlan, A. J., Patanwala, A. E., Maher, C. G., 

Lin, C. C., et al. (2024). Paracetamol combination therapy 

for back pain and osteoarthritis: a systematic review and 

meta-analyses. Drugs, 84(8), 953–967. doi:10.1007/s40265-

024-02065-w 

Chavda, S., Rabbani, S. A., & Wadhwa, T. (2022). Role and 

effectiveness of intra-articular injection of hyaluronic acid 

in the treatment of knee osteoarthritis: a systematic review. 

Cureus, 14(4), e24503. doi:10.7759/cureus.24503 

Fan, Z., Yan, L., Liu, H., Li, X., Fan, K., Liu, Q., Li, J. J., & Wang, 

B. (2023). The prevalence of hip osteoarthritis: a systematic 

review and meta-analysis. Arthritis Research & Therapy, 

25(1), 51. doi:10.1186/s13075-023-03033-7 

Gao, J., Ma, Y., Tang, J., Zhang, J., & Zuo, J. (2024). Efficacy and 

safety of platelet-rich plasma and hyaluronic acid 

combination therapy for knee osteoarthritis: a systematic 

review and meta-analysis. Archives of Orthopaedic and 

Trauma Surgery, 144(9), 3947–3967. doi:10.1007/s00402-

024-05442-y 

Gilat, R., Yazdi, A. A., Weissman, A. C., Joyce, K. M., Bouftas, F. 

A., Muth, S. A., Chisari, E., Shohat, N., & Cole, B. J. (2025). 

The gut microbiome and joint microbiome show alterations 

in patients with knee osteoarthritis versus controls: a 

systematic review. Arthroscopy, 41(4), 1226–1238. 

doi:10.1016/j.arthro.2024.05.010 

Han, J., Meng, X., Kong, H., Li, X., Chen, P., & Zhang, X. A. 

(2025). Links between short-chain fatty acids and 

osteoarthritis from pathology to clinic via gut-joint axis. 

Stem Cell Research & Therapy, 16(1), 251. 

doi:10.1186/s13287-025-04386-3 

Herrero-Manley, L., Alabajos-Cea, A., Suso-Martí, L., Cuenca-

Martínez, F., Calatayud, J., Casaña, J., Viosca-Herrero, E., 

Vázquez-Arce, I., Ferrer-Sargues, F. J., & Blanco-Díaz, M. 

(2023). Serum lipid biomarkers and inflammatory cytokines 

associated with onset and clinical status of patients with 

early knee osteoarthritis. Frontiers in Nutrition, 10, 

1126796. doi:10.3389/fnut.2023.1126796 

Ilahi, O. A. (2024). International knee documentation Committee 

radiographic knee joint grading more reliable than Kellgren-

Lawrence grading and other grading systems. Arthroscopy, 

40(5), 1716–1719. doi:10.1016/j.arthro.2023.11.036 

Jansen, N. E. J., Schiphof, D., Oei, E., Bosmans, J., van Teeffelen, 

J., Feleus, A., Runhaar, J., van Meurs, J., Bierma-Zeinstra, 

S. M. A., & van Middelkoop, M. (2022). Effectiveness and 

cost-effectiveness of a combined lifestyle intervention 

compared with usual care for patients with early-stage knee 

osteoarthritis who are overweight (LITE): protocol for a 



55                                                                                                                                                        J Biochem Technol (2025) 16(2): 49-56 
 

 

 

randomised controlled trial. BMJ Open, 12(3), e059554. 

doi:10.1136/bmjopen-2021-059554 

Jeyaraman, M., Ram, P. R., Jeyaraman, N., & Yadav, S. (2023). 

The gut-joint axis in osteoarthritis. Cureus, 15(11), e48951. 

doi:10.7759/cureus.48951 

Jhun, J., Cho, K. H., Lee, D. H., Kwon, J. Y., Woo, J. S., Kim, J., 

Na, H. S., Park, S. H., Kim, S. J., & Cho, M. L. (2021). Oral 

administration of Lactobacillus rhamnosus ameliorates the 

progression of osteoarthritis by inhibiting joint pain and 

inflammation. Cells, 10(5), 1057. 

doi:10.3390/cells10051057 

Karim, A. (2024). Unveiling the potential of probiotics in 

osteoarthritis management. Current Rheumatology Reports, 

27(1), 2. doi:10.1007/s11926-024-01166-5 

Karim, A., Iqbal, M. S., Khan, H. A., Ahmad, F., & Qaisar, R. 

(2025). Plasma zonulin levels forecast sarcopenia and 

physical performance in patients with knee osteoarthritis. 

Geriatric Nursing, 62(Pt A), 115–122. 

doi:10.1016/j.gerinurse.2025.01.024 

Karim, A., Waheed, A., Ahmad, F., & Qaisar, R. (2024). 

Metformin effects on plasma zonulin levels correlate with 

enhanced physical performance in osteoarthritis patients 

with diabetes. Inflammopharmacology, 32(5), 3195–3203. 

doi:10.1007/s10787-024-01558-0 

Kwatra, D., Venugopal, A., & Anant, S. (2024). Studying the 

efficacy of tolmetin radiosensitizing effect in radiotherapy 

treatment on human clonal cancer cells. Bulletin of Pioneer 

Research in Medical and Clinical Sciences, 3(2), 22–28. 

doi:10.51847/Uuhjk0fMC8 

Laitner, M. H., Erickson, L. C., & Ortman, E. (2021). 

Understanding the impact of sex and gender in osteoarthritis: 

assessing research gaps and unmet needs. Journal of 

Women's Health, 30(5), 634–641. 

doi:10.1089/jwh.2020.8828 

Lo, J., Chan, L., & Flynn, S. (2021). A systematic review of the 

incidence, prevalence, costs, and activity and work 

limitations of amputation, osteoarthritis, rheumatoid 

arthritis, back pain, multiple sclerosis, spinal cord injury, 

stroke, and traumatic brain injury in the United States: a 

2019 update. Archives of Physical Medicine and 

Rehabilitation, 102(1), 115–131. 

doi:10.1016/j.apmr.2020.04.001 

Long, H., Liu, Q., Yin, H., Wang, K., Diao, N., Zhang, Y., Lin, J., 

& Guo, A. (2022). Prevalence trends of site-specific 

osteoarthritis from 1990 to 2019: findings from the global 

burden of disease study 2019. Arthritis & Rheumatology, 

74(7), 1172–1183. doi:10.1002/art.42089 

Longo, U. G., Lalli, A., Bandini, B., de Sire, R., Angeletti, S., 

Lustig, S., Ammendolia, A., Budhiparama, N. C., & de Sire, 

A. (2024). Role of the gut microbiota in osteoarthritis, 

rheumatoid arthritis, and spondylarthritis: an update on the 

gut-joint axis. International Journal of Molecular Sciences, 

25(6), 3242. doi:10.3390/ijms25063242 

Ma, J., Chen, X., Xin, J., Niu, X., Liu, Z., & Zhao, Q. (2022). 

Overall treatment effects of aquatic physical therapy in knee 

osteoarthritis: a systematic review and meta-analysis. 

Journal of Orthopaedic Surgery and Research, 17(1), 190. 

doi:10.1186/s13018-022-03069-6 

Maity, S., Sarkar, S., Islam, M. S., Karmakar, S., & Sen, K. (2025). 

Local community perceptions of ecotourism impacts on 

socioeconomic conditions, nature and biodiversity, in 

Jhargram. World Journal of Environmental Biosciences, 

14(2), 1–12. doi:10.51847/y6V24xXleK 

Mariam, C., Azeroual, M., & Fatima, Z. (2024). Molar distalization 

using clear aligners: a systematic review. Annals of Dental 

Specialty, 12(4), 14–22. doi:10.51847/sc7MzCZ5vD 

Masoumi, M., Bozorgi, M., Nourmohammadi, Z., Mousavi, M. J., 

Shariati, A., & Karami, J. (2024). Evaluation of 

hematological markers as prognostic tools in rheumatoid 

arthritis. BMC Rheumatology, 8(1), 75. doi:10.1186/s41927-

024-00444-0 

Mingazova, E. N., & Gasajnieva, M. M. (2020). Features of 

demographic trends and infant mortality in the Republic of 

Dagestan. Problemy Sotsialnoi Gigieny, Zdravookhraneniia 

i Istorii Meditsiny, 28(Special Issue), 791–794. [in Russian]. 

doi:10.32687/0869-866X-2020-28-s1-791-794 

Moon, R. J., Reginster, J. Y., Al-Daghri, N. M., Thiyagarajan, J. 

A., Beaudart, C., Bruyère, O., Burlet, N., Chandran, M., da 

Silva, M. C., Conaghan, P. G., et al. (2023). Real-world 

evidence: new opportunities for osteoporosis research. 

Recommendations from a working group from the European 

society for clinical and economic aspects of osteoporosis, 

osteoarthritis and musculoskeletal diseases (ESCEO). 

Osteoporosis International, 34(8), 1283–1299. 

doi:10.1007/s00198-023-06827-2 

Moyseos, M., Michael, J., Ferreira, N., & Sophocleous, A. (2024). 

The effect of probiotics on the management of pain and 

inflammation in osteoarthritis: a systematic review and 

meta-analysis of clinical studies. Nutrients, 16(14), 2243. 

doi:10.3390/nu16142243 

Naumov, A. V., Unkovskiy, A. V., Khovasova, N. O., Fokeev, D. 

K., & Kolesnikova, A. V. (2025). Combination therapy for 

exacerbations of pain in osteoarthritis with non-fixed 

combinations. Terapevticheskii Arkhiv, 97(5), 419–426. [in 

Russian]. doi:10.26442/00403660.2025.05.203272 

Peshkova, M., Lychagin, A., Lipina, M., Di Matteo, B., Anzillotti, 

G., Ronzoni, F., Kosheleva, N., Shpichka, A., Royuk, V., 

Fomin, V., et al. (2022). Gender-related aspects in 

osteoarthritis development and progression: a review. 

International Journal of Molecular Sciences, 23(5), 2767. 

doi:10.3390/ijms23052767 

Podestá, F. S., & Caquías, D. F. I. (2023). Postoperative efficacy 

of chondroprotectors and diacerein in dogs with 

osteoarthritis secondary to cranial cruciate ligament disease. 

Open Veterinary Journal, 13(3), 297–306. 

doi:10.5455/OVJ.2023.v13.i3.6 

Qiao, X., Yan, L., Feng, Y., Li, X., Zhang, K., Lv, Z., Xu, C., Zhao, 

S., Liu, F., Yang, X., et al. (2023). Efficacy and safety of 

corticosteroids, hyaluronic acid, and PRP and combination 

therapy for knee osteoarthritis: a systematic review and 

network meta-analysis. BMC Musculoskeletal Disorders, 

24(1), 926. doi:10.1186/s12891-023-06925-6 

Raeissadat, S. A., Ghazi Hosseini, P., Bahrami, M. H., Salman 

Roghani, R., Fathi, M., Gharooee Ahangar, A., & Darvish, 

M. (2021). The comparison effects of intra-articular 

injection of platelet rich plasma (PRP), plasma rich in 



J Biochem Technol (2025) 16(2): 49-56                                                                                                                                                       56 
 

 

 

growth factor (PRGF), hyaluronic acid (HA), and ozone in 

knee osteoarthritis; a one-year randomized clinical trial. 

BMC Musculoskeletal Disorders, 22(1), 134. 

doi:10.1186/s12891-021-04017-x 

Resende, V. A. C., Neto, A. C., Nunes, C., Andrade, R., 

Espregueira-Mendes, J., & Lopes, S. (2021). Higher age, 

female gender, osteoarthritis, and blood transfusion protect 

against periprosthetic joint infection in total hip or knee 

arthroplasties: a systematic review and meta-analysis. Knee 

Surgery, Sports Traumatology, Arthroscopy, 29(1), 8–43. 

doi:10.1007/s00167-018-5231-9 

Romero-Figueroa, M. D. S., Ramírez-Durán, N., Montiel-Jarquín, 

A. J., & Horta-Baas, G. (2023). Gut-joint axis: gut dysbiosis 

can contribute to the onset of rheumatoid arthritis via 

multiple pathways. Frontiers in Cellular and Infection 

Microbiology, 13, 1092118. 

doi:10.3389/fcimb.2023.1092118 

Rzhepakovsky, I., Siddiqui, S. A., Avanesyan, S., Benlidayi, M., 

Dhingra, K., Dolgalev, A., Enukashvily, N., Fritsch, T., 

Heinz, V., Kochergin, S., et al. (2021). Anti-arthritic effect 

of chicken embryo tissue hydrolyzate against adjuvant 

arthritis in rats (X-ray microtomographic and 

histopathological analysis). Food Science & Nutrition, 

9(10), 5648–5669. doi:10.1002/fsn3.2529 

Sabha, M., & Hochberg, M. C. (2021). Non-surgical management 

of hip and knee osteoarthritis; comparison of ACR/AF and 

OARSI 2019 and VA/DoD 2020 guidelines. Osteoarthritis 

and Cartilage Open, 4(1), 100232. 

doi:10.1016/j.ocarto.2021.100232 

Schendrigin, I. N., Timchenko, L. D., Rzhepakovsky, I. V., 

Avanesyan, S. S., Sizonenko, M. N., Grimm, W. D., 

Povetkin, S. N., & Piskov, S. I. (2022). Clinical and 

pathogenetic significance of amylase level and 

microtomographic index of synovial fluid in various joint 

lesions. Sovremennye Tekhnologii v Medicine, 14(6), 42–49. 

doi:10.17691/stm2022.14.6.05 

Segal, N. A., Nilges, J. M., & Oo, W. M. (2024). Sex differences 

in osteoarthritis prevalence, pain perception, physical 

function, and therapeutics. Osteoarthritis and Cartilage, 

32(9), 1045–1053. doi:10.1016/j.joca.2024.04.002 

Skrivankova, V. W., Richmond, R. C., Woolf, B. A. R., Davies, N. 

M., Swanson, S. A., VanderWeele, T. J., Timpson, N. J., 

Higgins, J. P. T., Dimou, N., Langenberg, C., et al (2021). 

Strengthening the reporting of observational studies in 

epidemiology using Mendelian randomisation (STROBE-

MR): explanation and elaboration. BMJ, 375, n2233. 

doi:10.1136/bmj.n2233 

Sukhikh, S., Babich, O., Prosekov, A., Patyukov, N., & Ivanova, 

S. (2020). Future of chondroprotectors in the treatment of 

degenerative processes of connective tissue. 

Pharmaceuticals (Basel), 13(9), 220. 

doi:10.3390/ph13090220 

Sun, C., Zhou, X., Guo, T., & Meng, J. (2023). The immune role 

of the intestinal microbiome in knee osteoarthritis: a review 

of the possible mechanisms and therapies. Frontiers in 

Immunology, 14, 1168818. 

doi:10.3389/fimmu.2023.1168818 

Tan, T. C., Chong, T. K. Y., Low, A. H. L., & Leung, Y. Y. (2021). 

Microbiome and osteoarthritis: new insights from animal 

and human studies. International Journal of Rheumatic 

Diseases, 24(8), 984–1003. doi:10.1111/1756-185X.14123 

Tang, J. Z., Nie, M. J., Zhao, J. Z., Zhang, G. C., Zhang, Q., & 

Wang, B. (2020). Platelet-rich plasma versus hyaluronic 

acid in the treatment of knee osteoarthritis: a meta-analysis. 

Journal of Orthopaedic Surgery and Research, 15(1), 403. 

doi:10.1186/s13018-020-01919-9 

Taye, I., Bradbury, J., Grace, S., & Avila, C. (2020). Probiotics for 

pain of osteoarthritis; An N-of-1 trial of individual effects. 

Complementary Therapies in Medicine, 54, 102548. 

doi:10.1016/j.ctim.2020.102548 

Tchetina, E. V., Glemba, K. E., Markova, G. A., Glukhova, S. I., 

Makarov, M. A., & Lila, A. M. (2024). Metabolic 

dysregulation and its role in postoperative pain among knee 

osteoarthritis patients. International Journal of Molecular 

Sciences, 25(7), 3857. doi:10.3390/ijms25073857 

Tian, M., Zhu, Y., Lu, S., Qin, Y., Li, X., Wang, T., Guo, Y., Shi, 

H., & Qin, D. (2025). Clinical efficacy of probiotic 

supplementation in the treatment of knee osteoarthritis: a 

meta-analysis. Frontiers in Microbiology, 16, 1526690. 

doi:.3389/fmicb.2025.1526690 

Wang, L., & He, C. (2022). Nrf2-mediated anti-inflammatory 

polarization of macrophages as therapeutic targets for 

osteoarthritis. Frontiers in Immunology, 13, 967193. 

doi:10.3389/fimmu.2022.967193 

Wang, Q., Runhaar, J., Kloppenburg, M., Boers, M., Bijlsma, J. W. 

J., Bierma-Zeinstra, S. M. A., & CREDO expert group. 

(2024). Evaluation of the diagnostic performance of 

American College of Rheumatology, EULAR, and National 

Institute for Health and Clinical Excellence criteria against 

clinically relevant knee osteoarthritis: data from the CHECK 

cohort. Arthritis Care & Research, 76(4), 511–516. 

doi:10.1002/acr.25270 

Wang, W., Chu, Y., Zhang, P., Liang, Z., Fan, Z., Guo, X., Zhou, 

G., & Ren, W. (2023). Targeting macrophage polarization as 

a promising therapeutic strategy for the treatment of 

osteoarthritis. International Immunopharmacology, 116, 

109790. doi:10.1016/j.intimp.2023.109790 

Xu, X., Wang, M., Wang, Z., Chen, Q., Chen, X., Xu, Y., Dai, M., 

Wu, B., & Li, Y. (2022). The bridge of the gut-joint axis: gut 

microbial metabolites in rheumatoid arthritis. Frontiers in 

Immunology, 13, 1007610. 

doi:10.3389/fimmu.2022.1007610 

Zaiss, M. M., Joyce Wu, H. J., Mauro, D., Schett, G., & Ciccia, F. 

(2021). The gut-joint axis in rheumatoid arthritis. Nature 

Reviews Rheumatology, 17(4), 224–237. 

doi:10.1038/s41584-021-00585-3 

 


