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1. Introduction

Knee osteoarthritis (OA) is a progressive, multifactorial joint disorder character-
ized by pain, functional loss, and substantial impairment of quality of life [1-3]. Glob-
ally, knee OA is a leading cause of disability, with prevalence estimates ranging from
approximately 4.9% to 7.6% in adults and exceeding 23% in those aged > 40 years [1,4].
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Women are more frequently and severely affected than men, with prevalence and
disability rates significantly higher in high-income countries and among individuals
with metabolic risk factors [5,6]. The social and economic impacts of knee OA are pro-
found, driving significant healthcare costs and affecting work productivity and daily
activities [7].

Treatment paradigms emphasize non-pharmacological strategies, such as physi-
cal therapy, alongside pharmacological interventions, including nonsteroidal anti-in-
flammatory drugs, corticosteroids, and intra-articular therapies [1,6,8,9]. Intra-articu-
lar hyaluronic acid (HA) injections are a cornerstone of symptom management due to
their viscoelastic, chondroprotective, and anti-inflammatory properties [10-12]. How-
ever, persistent pain and poor function in a substantial proportion of patients, includ-
ing those with advanced radiographic severity, obesity, and complex clinical profiles,
highlight the unmet need for new and more effective injectable therapies [1,5].

Carboxymethyl chitosan (CM-chitosan) is a novel injectable biopolymer with
demonstrated clinical benefits in various populations with knee osteoarthritis. The
clinical mechanism of CM-chitosan is distinct from that of traditional and cross-linked
HA formulations, as it offers joint lubrication, free radical scavenging, and modula-
tion of inflammatory processes [13-16]. Clinical studies have suggested rapid pain
relief, durable benefit, and good tolerability in both general OA and difficult-to-treat
populations, including those with advanced radiographic severity, obesity, and poor
responses to previous HA therapies [13-15,17].

Despite these advances, knowledge gaps remain regarding the precise role, mag-
nitude, and durability of the benefits of CM-chitosan compared to competing injecta-
bles across diverse patient profiles. Therefore, we performed a systematic review and
meta-analysis to evaluate the efficacy, safety, and patient-centered outcomes of CM-
chitosan, with a focus on its performance relative to cross-linked HA.

2. METHODS

This systematic review and meta-analysis was performed in accordance with the
Cochrane Collaboration Handbook for Systematic Reviews of Interventions and the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement guidelines [18,19]. This meta-analysis was prospectively registered in the
International Prospective Register of Systematic Reviews (PROSPERO) under the
identifier “CRD420251127750”. The complete PRISMA checklist is available in the
Supplementary Appendix.

Eligibility criteria

Inclusion criteria were: (1) randomized or non-randomized cohorts; (2) single-arm
or comparative designs; (3) adults (=18 years) with knee osteoarthritis; (4) a single
intra-articular knee injection of CM-chitosan; and (5) reporting =1 outcome of interest.
Exclusion criteria were: (1) chitosan compounds other than CM-chitosan; (2) multi-
injection chitosan regimens; (3) cadaveric or in-vitro studies; and (4) non-English pub-
lications.

Search strategy and data extraction

We systematically searched PubMed, Scopus, and the Cochrane Library from in-
ception to August 2025. Two researchers (M.A.M. and L.S.) independently selected
records using the Rayyan software [20]. We also extracted data with authors blinded
to each other's decisions (M.A.M. and L.S.). Disagreements were resolved through
discussions with a third researcher (R.M.M.). Our search strategy included the follow-
ing medical subject heading terms: “kiomedine,” “chitosan,” “carboxymethyl-chi-
tosan,” “CM-chitosan,” “osteoarthritis,” and “knee osteoarthritis.” The complete
search strategy is presented in the Supplementary Appendix. Additionally, the refer-
ences of previous reviews were manually searched for eligible studies.
Endpoints

a7



Balneo and PRM Research Journal 2026, 17, 2 3 of 14

24

Outcomes included clinical assessments such as (1) Western Ontario and McMaster
Universities Osteoarthritis (WOMAC) score, (2) Knee Injury and Osteoarthritis Out-
come Score (KOOS), (3) Osteoarthritis Research Society, (3) Osteoarthritis Research
Society International (OARSI) Standing Committee for Clinical Trials Response Crite-
ria Initiative, and the Outcome Measures in Rheumatology (OMERACT) responder
rates [21], (4) Visual Analogue Scale (VAS) pain score. The safety analysis included
(1) adverse device effects (ADEs), (2) arthralgia, and (3) joint swelling.

Quality assessment

Quality assessment of the included RCTs was performed using the revised Cochrane
risk of bias tool for randomized trials (RoB-2) [37], in which studies were scored as
having high, some concerns, or low risk of bias in five domains: randomization pro-
cess, deviations from intended interventions, missing outcome data, measurement of
the outcome, and selection of the reported result. (Supplementary Table 1A). The
quality assessment for observational studies was performed using the Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-I) [38], which scores the studies
as having low, moderate, serious, or critical risk of bias, evaluating seven domains:
confounding, selection of participants, classification of interventions, deviations from
the intended intervention, missing data, measurement of outcomes, and selection of
reported results (Supplementary Table 1B). Two researchers (M.A.M. and L.S.),
blinded to each other's decisions, independently performed a quality assessment. In
case of disagreement, a third researcher was consulted (R.M.M.).

2.5 Statistical analysis

For pairwise analyses, we pooled risk ratios (RRs) for dichotomous outcomes and
mean differences (MDs) for continuous outcomes using the Mantel-Haenszel method
with a fixed-effects model, given the small number of studies. Single-arm meta-anal-
yses of continuous outcomes pooled study-level post-treatment means using inverse-
variance random-effects models. Proportional meta-analyses used events/total with
logit transformation in a generalized linear mixed model (GLMM), reported as per-
centages. Where pooling was not possible, results were presented qualitatively with
descriptive study-level estimates. Comparative pooling was limited to the two RCTs,
whereas single-arm pooling combined randomized treatment arms with observa-
tional cohorts; with fewer than 10 studies, design subgroups or meta-regressions
could not be examined.

Heterogeneity was assessed using the Cochran’s Q test and I? statistics, with thresh-
olds of p-value < 0.10 and I? interpreted according to the overlapping ranges in the
Cochrane Handbook [18], with values of 50-90% regarded as potentially substantial.
Leave-one-out sensitivity analyses were used to assess the effects of influential studies
on pooled analyses only for endpoints with N > 3 studies. Studies were sequentially
removed one at a time, and the data were reanalyzed to evaluate the stability of the
pooled effects.

Due to the expected limited nature of this analysis, robustness was also assessed by
comparing alternative meta-analytic methods (fixed-effects versus random-effects
Hartung-Knapp-Sidik-Jonkman (HK-SJ) models). When studies reported different
metrics, absolute post-treatment means (+SDs) were converted to change-from-base-
line using the Cochrane within-participant correlation approach, and a sensitivity
analysis using different Rs was performed to assess robustness.

All analyses used 95% confidence intervals (CI), and a two-sided p-value below 0.05
was set as statistically significant for the estimated effect sizes. Analyses were per-
formed using Review Manager Web (version 9.10.0, Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark), and R Studio (version 4.5.0, R Foun-
dation for Statistical Computing, Vienna, Austria) was used with the “meta” package
[22].
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3. RESULTS

3.1 Study selection and characteristics

40f14

As detailed in Figure 1, the initial search yielded 761 records. After removing duplicate records
and ineligible studies, 17 records were reviewed in full-text. Of these, four studies [13—15,17]
met all inclusion criteria, representing 264 patients, of whom 180 (68.2%) were assigned to
the CM-chitosan group with a mean age ranging from 60 to 80 years. Population characteristics

are presented in Table 1. We reported baseline characteristics stratified using CM-chitosan
versus HA among studies that reported such data.
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Figure 1. PRISMA 2020 flow diagram for study screening and selection
Table 1. Baseline characteristics of included studies.
Patients Age' Female
. (n) (years) (%) BMIf(kg/m?) KL Grade (%) Follow-
Study Design HAGPE oM/ CM-C/  CM-C/ CM-C/HA CM-C/ HA up
HA HA HA
Emans 2022 comparative, RCT ~ Durolane®  63/32 61.9/ 74.6% | 289/29.1 1L 61.9%/65.6% % v;ksé
(APROOVE) P ’ urotane 59.8 53.1% it 11:38.1% / 34.4% e
Hylan G-F
Van Overschelde o s 2 wks.
2025 comparative, RCT s zgisc- 52/52 6611'97/ 6793'213/ 28.8/28.3 TIII(I:I;ﬂ Ii\l/)le 3,6,9,
(PIONEER) o : e & 12 mos.
One)
single-arm, pro- 1I: 46.9% I wk.
> o 1 46.9%,
Lynen 2024 spective NA 49 65.6 71.4% 30.1 1L 53.1 % 3,6,9
mos.
Manocchio 2025 Single-arm, retro- NA 16 79.6 56.3% NA I and TV* 13,6,
spective 12 mos.

t mean or median, { number of patients not available

Abbreviations: CM-C: Carboxymethyl-chitosan, HA: Hyaluronic Acid, NA: Not available; wks: Weeks; mos: Months



Balneo and PRM Research Journal 2026, 17, 2 5of 14

3.2 Pair-wise pooled analysis of studies

The two RCTs involving 199 patients performed a comparative analysis between CM-
chitosan and HA [13,15]. At 6 months, there was no statistically significant difference
between CM-chitosan and HA for OMERACT-OARSI responder rates (RR 1.02; 95%
CI0.87 to 1.21; p = 0.79; I>= 0%; Figure 2) and mean percentage change from baseline
in WOMAC total scores (MD 1.42%; 95% CI -6.39 to 9.23; p = 0.72; I2= 0%; Figure 3).
In addition, the groups were similar in terms of joint swelling (RR 3.88; 95% CI 0.45
to 33.23; p = 0.22; I>= 0%; Figure 4A). However, HA was associated with lower rates
of ADEs (9.63% vs 28.44% with CM-chitosan) (RR 3.50; 95% CI 1.72 to 7.13; p = 0.0006;
I2=0%; Figure 4B) and arthralgia (10.84% vs 31.00%) (RR 3.01; 95% CI 1.53 to 5.91; p
=0.001; I>=0%; Figure 4C).

CM-Chitosan Hyaluronic Acid Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 35% CI
Emans 2022 43 61 21 31 48.7% 1.04[0.78 , 1.39]
Overschelde 2025 33 38 31 36 53.3% 1.01[0.84, 1.21]
Total 99 67 100.0% 1.02 [0.87 , 1.21]
Total events: 76 52
Test for overall effect: Z = 0.27 (P = 0.79) o5 o7 1 s 3
Favors Hyaluronic Acid Favors CM-Chitosan

Heterogeneity: Chi? = 0.04, df = 1 (P = 0.85); 1= 0%

Figure 2. There was no statistically significant difference in OMERACT-OARSI responder rates
at 6 months between CM-Chitosan and Hyaluronic Acid

CI, Confidence interval; M-H, Mantel-Haenszel; CM-Chitosan, Carboxy-methyl Chitosan; SD, Standard deviation

CM-Chitosan Hyaluronic Acid Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Emans 2022 60.7 23 61 60.7 25.3 31  54.2% 0.00[-10.61, 10.61]
Overschelde 2025 69.4 255 39 66.3 26.15 38 458% 3.10[-8.44 , 14.64]
Total 100 69 100.0% 1.42[-6.39,9.23]
Test for overall effect: Z = 0.36 (P = 0.72) d0 2 o 55 80
Favors Hyaluronic Acid Favors CM-Chitosan

Heterogeneity: Chiz = 0.15, df =1 (P = 0.70); 1= 0%

Figure 3. There was no statistically significant difference in WOMAC scores at 6 months be-
tween CM-Chitosan and Hyaluronic Acid

CI, Confidence interval; IV, Inverse variance; CM-Chitosan, Carboxy-methyl Chitosan, SD, Standard deviation

CM-Chitosan Hyalurenic Acid Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Emans 2022 4 63 0 32 564% 4.64[0.26,83.62] ——
Overschelde 2025 1 53 0 51 43.6% 2.89[0.12,69.32] —

Total 116 83 100.0% 3.88[0.45, 33.23]
Total events: 5 0

Test for overall effect: Z = 1.24 (P = 0.22) 0tz o1 1 10 500
Favors CM-Chitosan Favors Hyaluronic Acid

Heterogeneity: Chiz = 0.05, df =1 (P =0.83); 2=0%

Figure 4A. There was no statistically significant difference in joint swelling rates between CM-
Chitosan and Hyaluronic Acid

CI, Confidence interval; M-H, Mantel-Haenszel; NA-FKA-CM-Chitosan, Carboxy-methyl Chitosan, SD, Standard deviation
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CM-Chitosan Hyaluronic Acid Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

6 of 14

Risk ratio

M-H, Fixed, 95% CI|

Emans 2022 9 63 1 32 157% 4.57[0.61, 34.52]
Overschelde 2025 24 53 7 51 84.3% 3.30[1.56 , 6.98]
Total 116 83 100.0% 3.50 [1.72,7.13]
Total events: 33 8

Test for overall effect: Z = 3.45 (P = 0.0006)

Heterogeneity: Chiz = 0.09, df = 1 (P = 0.76); I? = 0%

.
<

10

001 0.1
Favors CM-Chitesan Favors Hyaluronic Acid

Figure 4B. Adverse device effects were significantly decreased after Hyaluronic Acid

compared with CM-Chitosan

CI, Confidence interval; M-H, Mantel-Haenszel; CM-Chitosan, Carboxy-methyl Chitosan, SD, Standard deviation

CM-Chitosan Hyaluronic Acid Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Emans 2022 16 63 3 32 39.4% 2.71[0.85, 8.62] —a—
Overschelde 2025 20 53 6 51 60.6% 3.21[1.40,7.34] ——
Total 116 83 100.0%  3.01[1.53, 5.91] <
Total events: 36 9
Test for overall effect: Z = 3.20 (P = 0.001) 0_{31 0_‘1 1‘0 1(‘)0

Favors CM-Chitosan Favors Hyaluronic Acid

Heterogeneity: Chi? = 0.05, df =1 (P =0.82); k= 0%

Figure 4C. Arthralgia was significantly decreased after Hyaluronic Acid compared with CM-

Chitosan

CI, Confidence interval; M-H, Mantel-Haenszel; CM-Chitosan, Carboxy-methyl Chitosan, SD, Standard deviation

Single-arm pooled analysis

The overall OMERACT-OARSI responder rate of CM-chitosan at 6 months was
74.44% (95% CI 62.10 to 83.81; I2= 64%; Supplementary Figure 5). KOOS pain was
62.54% at 3 months (95% CI 40.51 to 84.57; 12 = 94%; Supplementary Figure 6A) and
60.89% at 6 months (95% CI 30.01 to 91.77; I> = 96%; Supplementary Figure 6B). VAS
pain was 42.95 mm at 3 months (95% CI 16.73 to 69.17; I> = 93%; Supplementary Fig-
ure 7A) and 44.57 mm at 6 months (95% CI -0.71 to 89.86; I> = 98%; Supplementary
Figure 7B). Mean KOOS scores for symptoms, activities of daily living (ADL), sports
and recreation (sport/rec), and quality of life (QoL) subscales are shown in Supple-

mentary Appendix (Figures 8 and 9A, B, C, D).

3.3 Qualitative synthesis

Our quantitative synthesis results are limited to a 6-month follow-up due to variabil-
ity of reported results. Long-term results (9 and 12 months) were not powered for
between-group comparisons and are presented qualitatively (Table 2). At 9 months
of follow-up, Lynen et al. reported that baseline VAS pain was 49 mm and fell to 18
mm, and KOOS pain subscale score rose from 58.3% at baseline to 86.1%. In Manoc-
chio et al.’s 12-month cohort, baseline VAS pain was 73.75 mm and decreased to 70
mm, and KOOS Pain increased from 37.80% at baseline to 40.22%. Likewise, at 12
months, Van Overschelde et al. reported numerically greater WOMAC pain reduc-
tion of 73.5% with CM-chitosan versus 62.0% with HA. OMERACT-OARSI re-
sponder rates were 93.8% for CM-chitosan and 82.8% for HA. The incidence of total
knee arthroplasty (TKA) was lower in the CM-chitosan group (2/24 patients) than in
the HA group (4/20 patients). However, these statistics were not tested between

groups and should not be extrapolated.
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Table 2. Long-term results of CM-Chitosan.

Study Van Overschelde 2025 (PIONEER) Lynen 2024 Manocchio 2025
Ti int/ WOMAC OMERACT- Eligible for VAS pain KOOS VAS pain KOOS
(‘)“‘tep‘““ pain’ (%) OARSI (%) TKA (%) (mm) pain (%) (mm) pain (%)
uteome — cM-c/HA CM-C/ HA CM-C/ HA CM-C CM-C CM-C CM-C
Bascline NA NA 76.5/78.8 473 56.2 73.7 36.6
Month 9 NA 87.9/72.4 42/273 25.4 74.1 NA NA
Month 12 ~73.5/-62 93.8/82.8 8.3/20 NA NA 70 40.2

t change from baseline,

Abbreviations: TKA: Total knee arthroplasty, CM-C: Carboxymethyl-chitosan, NA: Not available; mm: Millimeters;
3.4 Sensitivity analysis

Due to N < 3 studies, a leave-one-out sensitivity analysis was conducted only on the
outcome of OMERACT-OARSI responders at 6 months (Supplementary Figure 5).
This analysis revealed that the effects remained unchanged. To further assess the ro-
bustness of the findings, we compared fixed-effect with random-effects Hartung-
Knapp-Sidik-Jonkman (HK-SJ) models; results were consistent. For the WOMAC
score at 6 months, varying the within-participant correlation coefficient (R = 0.2-0.8)
did not materially change the estimates.

3.5 Quality assessment

Supplementary Appendix Tables 1A and 1B present an individual appraisal of each
study using the Cochrane Collaboration’s RoB2 and ROBINS-I tools. The two ran-
domized trials exhibited some concerns regarding missing outcome data and a low
risk of bias in the remaining domains. The non-randomized studies showed a mod-
erate risk of bias in confounding, participant selection, and selection of reported re-
sults. Both studies had a low risk of bias in the classification of interventions and
deviations from intended interventions. Lynen et al. showed low risk of bias in miss-
ing data and outcome measurement, while Manocchio et al. showed moderate risk.

4. DISCUSSION

In this systematic review and meta-analysis of four studies involving 264 patients,
we assessed the safety and efficacy of intra-articular CM-chitosan injection and com-
pared it with cross-linked HA for knee OA. Our main findings include: (1) at 6
months of follow-up, there was no statistically significant difference in WOMAC
scores, OMERACT-OARSI responder rates, and joint swelling rates between CM-chi-
tosan and HA; (2) HA was associated with a reduction in ADEs (9.63% vs. 28.44%)
and arthralgia (10.84% vs. 31%); (3) single-arm mean KOQOS pain subscale scores de-
creased from 62.54% at 3 months to 60.89% at 6 months; (4) single-arm mean VAS
pain scores slightly rose from 42.95 mm at 3 months to 44.57 mm at 6 months; (5)
qualitative analysis may indicate that the benefits of CM-chitosan could persist up to
9-12 months, with VAS, KOOS, WOMAC, OMERACT-OARSI improvements and
potentially fewer TKAs compared to HA. To the best of our knowledge, this system-
atic review is the first to evaluate CM-chitosan and compare it with HA, as previous
studies have focused on other chitosan formulations [23].

Management of knee OA with conservative measures includes options like HA, a
high-molecular-weight polysaccharide, essential in synovial fluid and articular carti-
lage [24]. HA injection into the knee joint lubricates the surface, reduces erosion,
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nourishes cartilage, and stimulates endogenous HA production [25]. However, sys-
tematic reviews and RCTs show inconclusive results regarding its efficacy for pain
relief and functional improvement [26-28]. These variations may be due to factors
like HA molecular weight, OA stage, BMI, age, female sex, and different patient-re-
ported outcome measures (PROMs) [29]. The molecular weights of HA provide dif-
ferent biomechanical profiles. Ultra-high and high molecular weight polymers offer
better joint lubrication and mechanical support in joints with less severe inflamma-
tion. Both RCTs included in this systematic review used cross-linked high-molecular-
weight HAs: Durolane and Hylan G-F 20 (Synvisc-One) [26-28].

CM-chitosan has promising mechanistically regenerative long-term properties in
knee OA. It modulates inflammation by inhibiting pro-inflammatory cytokines, such
as TNF-a, IL-1, IL-6, and IL-17, while stimulating extracellular matrix component
production [13,17,30]. Furthermore, chitosan-based hydrogels exhibit sustained re-
lease properties and remain in the joints for extended periods. This prolonged release
enhances therapeutic efficacy and may reduce the need for frequent injections [17].
Preclinical models have suggested that chitosan-based hydrogels can effectively alle-
viate cartilage destruction and reduce pain compared to traditional HA [17,31]. Our
quantitative comparative findings at 3-6 months do not indicate early superiority of
CM-Chitosan versus cross-linked HA, which is compatible with an inflammatory
mechanism that may not yield short-term separation. The clinically consequential
question is whether CM-chitosan offers a more durable trajectory or differential ben-
efit in “difficult-to-treat” phenotypes.

Long-term outcomes (9-12 months) were reported in three included studies
[14,15,17]. These suggest that symptom improvement can be maintained in selected
populations, with a possible divergence in the longer-term trajectory that cannot be
confirmed quantitatively. This is supported by Van Overschelde et al. [15], where the
direction of effects at 12 months (greater WOMAC pain reduction, higher
OMERACT-OARSI responder rates, and decreased need for TKA for CM-chitosan)
aligns with our qualitative inference that any advantage would plausibly emerge af-
ter an early window, when both injectables perform similarly. The high-risk visco-
supplementation failure population [15,17,32,33] (Kellgren-Lawrence III-IV, and/or
obesity) may have partial attenuation by 12 months (Table 2), indicating that in ad-
vanced, refractory disease, CM-chitosan may provide modest symptomatic relief ra-
ther than sustained remission.

Our results showed that ADEs decreased significantly after HA compared with CM-
chitosan. Treatment-related adverse events are induced by a physiological macro-
phage reaction required to degrade CM-chitosan implants [13,16]. Local reactions fol-
lowing CM-chitosan injection are typically due to its biomaterial response and should
not be mistaken for hypersensitivity reactions [15,31]. Patients experience transient
arthralgia lasting 3 days, as reported by Van Overschelde et al., which responds to
anti-inflammatory drugs without impacting clinical benefit [15]. Emans et al. showed
that CM-chitosan had more treatment-related adverse events (30.2%) than Durolane,
but fewer than Hylan G-F 20 (Synvisc-One) and Gel-One [13,34]. To address these
initial side effects, Van Overschelde et al. administered an intra-articular corticoster-
oid (CS) injection at screening, which resulted in an initial decrease in pain before
randomization [15]. According to the Brazilian consensus group, CS injection im-
proves pain and function for 2-4 weeks [15,35], raising the question of whether inject-
ing CS or anti-inflammatory drugs before CM-chitosan would be potentially benefi-
cial, but this warrants prospective evaluations.

From a rehabilitation standpoint, CM-chitosan should be regarded as an adjunct
within the multidisciplinary, conservative management of knee OA, in which patient
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education, structured exercise, and weight management remain the core treatments
and intra-articular therapies serve as complementary options [8,9,39]. By providing
a window of symptom relief, it may facilitate engagement in physiotherapy and ex-
ercise-based rehabilitation within an individualized care pathway, although its opti-
mal timing and combination with rehabilitation interventions remain to be defined
[40].

This meta-analysis has limitations. Firstly, there was substantial variability in OA se-
verity and HA formulation among included studies. Secondly, CS injection at enroll-
ment to reduce joint inflammation may have acted as a confounder affecting PROMs.
These factors, together with the variability inherent to single-arm pooling, contrib-
uted to substantial statistical heterogeneity, with I? exceeding 90% for the pooled sin-
gle-arm estimates of KOOS pain and VAS pain; however, the I? statistic can often be
high due to the nature of proportional data, which does not necessarily indicate data
inconsistency [36]. Thirdly, heterogeneity in follow-up durations and results also pre-
vented long-term comparisons. Fourthly, publication bias could not be properly as-
sessed due to the limited number of studies. Finally, having only two comparative
RCTs precluded robust pooled estimates, and single-arm designs required longitu-
dinal comparisons, preventing quantitative synthesis of all studies. These findings
should be regarded as exploratory and hypothesis-generating rather than definitive
estimates of treatment effect. Future RCTs with standardized protocols stratified by
OA stage, standardized comparators, long-term follow-up, and use of minimal clini-
cally important difference-validated scores are required to confirm these findings.

5. CONCLUSION

This systematic review and meta-analysis suggest that CM-chitosan may provide
early, satisfactory relief with moderate mid-term results, but does not demonstrate
superiority to HA at 6 months. Further research is necessary to confirm its long-term
efficacy. Although CM-chitosan demonstrates a favorable safety profile, it is-associ-
ated with a slightly higher risk of adverse events than HA. From a physical and re-
habilitation medicine standpoint, CM-chitosan may serve as an adjunct to conserva-
tive, multidisciplinary management, alongside exercise-based physiotherapy and pa-
tient education.
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Appendix A

Search strategy: (“KiOmedine” OR chitosan OR “carboxymethyl-chitosan” OR “CM-
chitosan”) AND (“osteoarthritis” OR “knee osteoarthritis”)

Supplementary Table 1A. Critical appraisal of individual studies according to the Cochrane
Collaboration’s RoB 2 tool for assessing the risk of bias in randomized trials.

Risk of bias domains

® &€ © @ & O

>

©

=

? ® &6 © @ & ©
Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. -~ Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Supplementary Table 1B. Critical appraisal of individual studies according to the
Cochrane Collaboration’s ROBINS- I tool for assessing the risk of bias in non-randomized
trials.

Risk of bias domains

© 0 ® ®® e O O
© 0 ® ® 060 6 00

Study

Domains: Judgement
D1: Bias due to confounding.

D2: Bias due to selection of participants. = Moderate
D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Events per 100 observations

Study Events Total Weight Responder rate 95% CI GLMM, Random, 95% CI
Emans 2022 40 62 -% 64.52 [51.34; 76.26] +

Lynen 2024 32 a4 -% 72.73 [57.21; 85.04] ——
Overschelde 2025 33 38 -% 86.84 [71.91; 95.59] —
Total (95% CI) 144 100.0% 74.44 [62.10; 83.81] -‘I-

Heterogeneity: Ta

u? = 0.1263; Chi® = 5.57, df = 2 (P = 0.0619); I* = 64.1% I T T T
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Supplementary Figure 5. Proportion of OMERACT-OARSI responders at 6 months
CI, Confidence interval; GLMM, Generalized Linear Mixed Model
Mean

Author Mean sD Total Weight Mean 95% ClI IV, Random, 95% CI
Manocchio 2025 51.01 18.50 16 48.7% 51.01 [41.95,60.077 ——
Lynen 2024 7350  20.19 48 51.3% 7350  [67.79;79.21] D ——
Total (95% Cl) 64 100.0% 6254  [40.51; 84.57] ———————
Heterogeneity: Tau? = 237.9585; Chi® = 16.93, df = 1 (P < 0.0001); I = 94.1%

50 60 70 80
Supplementary Figure 6A. Mean KOOS pain subscale score at 3 months after CM-Chitosan
injection

CI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% CI IV, Random, 95% CI
Manocchio 2025 44 86 19.87 16 49.1% 44 .86 [35.12; 54.60] ——
Lynen 2024 76.38 18.32 44 50.9% 76.38 [70.97; 81.79] : -
Total (95% CI) 60 100.0% 60.89 [30.01; 91.77] ————

Heterogeneity: Tau® = 480.6033; Chi® = 30.76, df = 1 (P < 0.0001); I* = 96.7% ‘ I ‘ T T ‘

40 50 60 70 80 90

Supplementary Figure 6B. Mean KOOS pain subscale score at 6 months after CM-Chitosan
injection

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% ClI IV, Random, 95% CI
Manocchio 2025 56.56 21.43 16 49.1% 56.56 [46.06; 67.06] — B
Lynen 2024 29.80 28.10 48 50.9% 29.80 [21.85; 37.75] ——
Total (95% CI) 64 100.0% 42.95 [16.73; 69.17] *

Heterogeneity: Tau® = 335.4723; Chi? = 15.86, df = 1 (P < 0.0001); I* = 93.7% f T T I !
20 30 40 50 60

Supplementary Figure 7A. Mean VAS pain score at 3 months after CM-Chitosan injection
ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% CI IV, Random, 95% CI
Manocchio 2025 67.81 19.66 16 49.7% 67.81 [568.18; 77.44] ——
Lynen 2024 21.60 23.00 44 50.3% 21.60 [14.81; 28.40] - :
Total (95% CI) 60 100.0% 44,57 [-0.71; 89.86] ——-——-——

Heterogeneity: Tau® = 1049.4997; Chi2 = 59.02, df = 1 (P < 0.0001); I = 98.3% ‘ ‘ ‘ I !
0 20 40 60 80

Supplementary Figure 7B. Mean VAS pain score at 6 months after CM-Chitosan injection
ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% ClI IV, Random, 95% CI
Manocchio 2025 54.64 17.96 16 48.4% 54.64 [45.84;63.44] —l——
Lynen 2024 73.88 20.04 48 51.6% 73.88 [68.21; 79.55] —
Total (95% CI) 64 100.0% 64.57 [45.72; 83.41] ——————

Heterogeneity: Tau® = 170.8254; Chi’ = 12.98, df = 1 (P = 0.0003); I> = 92.3% LN
50 55 60 65 70 75 80

Supplementary Figure 8A. Mean KOOS symptoms subscale score at 3 months after
CM-Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation
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Mean
Author Mean sSD Total Weight Mean 95% ClI IV, Random, 95% CI
Manocchio 2025 49.99 16.22 16 49.3% 49.99 [42.04; 57.94] —l—
Lynen 2024 74.81 20.09 48 50.7% 74.81 [69.13; 80.49) o —l—
Total (95% CI) 64 100.0% 62.56 [38.24; 86.88] ——
I

Heterogeneity: Tau® = 295.5004; Chi” = 24.79, df = 1 (P < 0.0001); I* = 96.0%

I I T 1
40 50 60 70O 80

Supplementary Figure 8B. Mean KOOS activities of daily living (ADL) subscale score at 3
months after CM-Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean sSD Total Weight Mean 95% CI IV, Random, 95% CI
Lynen 2024 53.91 29.53 40 49.5% 53.91 [44.76; 63.06] —i—
Manocchio 2025 27.44 15.68 16 50.5% 27.44 [19.76; 35.12] —B—
Total (95% CI) 56 100.0% 40.55 [14.61; 66.49] ————
Heterogeneity: Tau? = 331.7470; Chi® = 18.85, df = 1 (P < 0.0001); I = 94.7% f T T I |

20 30 40 50 60

Supplementary Figure 8C. Mean KOQOS sport and recreation subscale score at 3 months
after CM-Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% CI IV, Random, 95% ClI
Manocchio 2025 27.23 19.26 16 48.8% 27.23 [17.79; 36.67] ———
Lynen 2024 50.13 22.68 48 51.2% 50.13 [43.71; 56.55] P —l—
Total (95% CI) 64 100.0% 38.95 [16.52; 61.39] ———————
Heterogeneity: Tau? = 245 2547; Chi® = 15.47, df = 1 (P < 0.0001); I = 93.5% f ‘ T ‘ I

20 30 40 50 60

Supplementary Figure 8D. Mean KOOS quality of life subscale score at 3 months after CM-
Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean sD Total Weight Mean 95% CI IV, Random, 95% CI
Manocchio 2025 45.64 18.31 16 49.5% 45.64 [36.67; 54.61] ——
Lynen 2024 77.35 21.09 44 50.5% 77.35 [71.12; 83.58] ——
Total (95% CI) 60 100.0% 61.67 [30.59; 92.74] —————
Heterogeneity: Tau® = 487.2309; Chi® = 32.37, df = 1 (P < 0.0001); I = 96.9% ‘ T T |

40 50 60 70 80 90

Supplementary Figure 9A. Mean KOOS symptoms subscale score at 6 months after CM-
Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean SD Total Weight Mean 95% CI IV, Random, 95% ClI
Manocchio 2025 49.99 16.22 16 49.6% 49.99 [42.04; 57.94] —l—
Lynen 2024 77.61 20.76 44 50.4% 77.61 [71.48; 83.74] ——
Total (95% Cl) 60 100.0% 63.92 [36.85; 90.99] ———————
[

Heterogeneity: Tau® = 368.3132; Chi® = 29.07, df = 1 (P < 0.0001); I = 96.6%

I I T I !
40 50 60 70 80 90

Supplementary Figure 9B. Mean KOOS activities of daily living (ADL) subscale score at 6
months after CM-Chitosan injection.

ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation
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Mean
Author Mean SD Total Weight Mean 95% CI IV, Random, 95% CI
Lynen 2024 62.39 29.02 34 49.8% 62.39 [62.64; 72.14] ——
Manocchio 2025 16.38 16.38 16 50.2% 16.38 [ 8.35; 24.41] -
Total (95% Cl) 50 100.0% 39.30 [-5.79; 84.39] ——_———

Heterogeneity: Tau? = 1037.6808; Chi? = 50.96, df = 1 (P < 0.0001); I* = 98.0% f T T T !
0 20 40 60 80
Supplementary Figure 9C. Mean KOQOS sport and recreation subscale score at 6 months
after CM-Chitosan injection.
ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation

Mean
Author Mean sD Total Weight Mean 95% CI IV, Random, 95% CI
Manocchio 2025 27.00 18.01 16 49.7% 27.00 [18.18; 35.82] —— :
Lynen 2024 53.84 25.94 44 50.3% 53.84 [46.18; 61.50] ——
Total (95% CI) 60 100.0% 40.51 [14.21; 66.81] ————————
Heterogeneity: Tau” = 342.4101; Chi” = 20.26, df = 1 (P <0.0001); I = 95.1%

20 30 40 50 60

Supplementary Figure 9D. Mean KOOS quality of life subscale score at 6 months after
CM-Chitosan injection.
ClI, Confidence interval; IV, Inverse variance; SD, Standard deviation
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