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ABSTRACT
Objective. To perform a systematic 
review and meta-analysis to assess the 
clinical efficacy of collagen-based sup-
plements on knee osteoarthritis (OA) 
symptoms.
Methods. Until October 2023, we 
conducted searches on the MEDLINE, 
EMBASE, Web of Science, and Scopus 
databases to identify randomised con-
trolled trials (RCTs) that reported the 
effects of oral collagen-based supple-
ments on knee OA. Quantitative data 
from outcomes were pooled using a 
random- or fixed-effects model (de-
pending on inter-study variability) and 
the generic inverse variance method. 
The Cochrane Risk of Bias 2.0 tool was 
employed to assess the risk of bias.
Results. This systematic review incor-
porated information of 870 participants 
included from 11 RCTs, with 451 allo-
cated to the collagen supplementation 
group and 419 to the placebo group. 
The meta-analysis revealed an overall 
significant improvement of both func-
tion [MD, -6.46 (95% CI -9.52, -3.40); 
I2=75%; p=0.00001] and pain scores 
[MD, -13.63 (95% CI -20.67, -6.58); 
I2=88%; p=0.00001], favouring colla-
gen supplementation.
Conclusion. The results of this meta-
analysis suggest that oral collagen 
administration relieves OA symptoms. 
Our findings revealed noteworthy im-
provements, statistically and clinically, 
in both functional and pain scores.

Introduction
Osteoarthritis (OA) is a prevalent 
chronic joint disease and stands as 
one of the primary degenerative disor-
ders with limited succeed in treatment 
(1–3). While OA can affect joints of 

various sizes, the knee is particularly 
susceptible, reaching an 83% of all OA 
cases. This condition affects approxi-
mately 13% of women and 10% of men 
over the age of 60 (4, 5).
There is a diverse range of non-surgi-
cal therapeutical options for knee OA, 
primarily focused on alleviating symp-
toms and reducing functional impair-
ment to maintain a good quality of life 
(6). Initial treatments typically involve 
the use of oral or topical non-steroidal 
anti-inflammatory drugs (NSAIDs) 
and intra-articular application of cor-
ticosteroids (7, 8). However, numer-
ous clinical trials and meta-analyses 
have explored the potential benefits 
of various nutraceuticals and dietary 
supplements, including glucosamine, 
chondroitin sulfate, vitamin D, and col-
lagen (6, 9-13). Nevertheless, due to the 
limited availability of robust evidence, 
most guidelines do not recommend (8, 
14) or consider uncertain (15, 16) the 
use of nutraceuticals for managing knee 
OA. Specifically, the evidence on colla-
gen supplementation is currently insuf-
ficient to make any definitive recom-
mendation.
Numerous preclinical and clinical stud-
ies suggest that collagen supplementa-
tion could be a promising option for 
early-onset OA patients, through reduc-
ing cartilage breakdown (17, 18). How-
ever, it is essential to note that the avail-
able evidence is of moderate to low 
quality due to various factors, includ-
ing methodological limitations (17). In 
light of emerging evidence from recent 
randomised controlled trials (RCTs) 
investigating the effects of collagen 
supplements, we undertake an updated 
analysis in this field. This endeavour 
seeks to potentially validate the findings 
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from the previous meta-analysis (6). 
Equally important is emphasising that 
a new analysis should also encompass 
an evaluation of the clinical relevance 
of the observed responses, an aspect 
overlooked in the earlier analysis, but 
crucial for a more thorough understand-
ing of the potential therapeutic impact 
of collagen supplementation. 
Therefore, the purpose of this system-
atic review and meta-analysis of RCTs 
is to conduct an updated assessment of 
the clinical relevance of collagen-based 
supplements on knee OA symptoms.

Methods
The study protocol is registered with 
PROSPERO under the registration 
number CRD42023438898. The study 
adheres to the PICOS (Population, 
Intervention, Comparison, Outcome, 
Study design) criteria, encompass-
ing patients diagnosed with knee OA 
established by Kellgren-Lawrence or 
Albhack classification (P), oral admin-
istration of collagen supplementation 
(I), placebo (C), and the assessment of 
pain relief and functional improvement 
using validated scales or questionnaires 
(e.g. VAS, WOMAC, KOOS, IKDC) 
(O) in randomised clinical trials (paral-
lel or cross-over) (S). The review also 
includes the documentation of adverse 
events. Furthermore, this systematic 
review follows the Preferred Reporting 
Items for Systematic Reviews and Me-
ta-Analysis (PRISMA) guidelines (19).

Selection criteria 
and search strategy
The search strategy, collaboratively 
developed by an experienced librar-
ian and the study authors, employed a 
combination of MeSH terms (e.g. knee 
osteoarthritis, knee OA, knee pain, col-
lagen supplementation, collagen sup-
plement, collagen administration, col-
lagen hydrolysate, collagen peptides) 
and relevant text words. The aim was 
to identify original articles or abstracts 
in any language that included patients 
diagnosed with knee OA. The compre-
hensive search covered databases such 
as MEDLINE, EMBASE, Web of Sci-
ence, and Scopus, spanning from incep-
tion to October 2023. Exemplar search 
strategies are detailed in Appendix 1.

A study was considered eligible for in-
clusion in the meta-analysis if it report-
ed at least one outcome under review. 
Exclusion criteria encompassed incon-
sistencies in study design, presentation 
at conferences or congress meeting, 
or duplication. Studies with less than 
9 weeks of follow-up were excluded, 
with no language restrictions. Addi-
tionally, studies lacking relevant data 
concerning the outcomes of interest 
were also excluded.

Study selection process
The process encompassed a two-step 
approach conducted by two reviewers. 
In the first step, titles and abstracts of 
studies were assessed, with inclusion of 
studies approved by at least one review-
er. The second step involved a full-text 
screening, using the same criteria from 
the first phase. The agreement between 
reviewers was gauged using the kappa 
statistic, adjusting for chance (20), 
and any discrepancies were resolved 
through consensus. For data manage-
ment during the selection process, the 
Distiller Systematic Review Software 
(DistillerSR, Evidence Partners, Otta-
wa, Canada) was employed. 

Data collection 
and risk of bias assessment 
The extraction of data was conducted 
independently and in duplicate, uti-
lising a standardised digital format. 
Eligible studies underwent a thorough 
review, and the following information 
was extracted: first author, publication 
year, treatment duration and follow-up, 
participant count, intervention arms, 
dosage, collagen source, OA classi-
fication, demographics of study par-
ticipants, values of pain and function 
scores, and recorded side effects. The 
risk of bias for each included RCT was 
evaluated using the Cochrane risk-of-
bias tool for randomised trials version 
2 (RoB 2.0) (21). Whenever feasible, 
potential publication bias was explored 
through visual inspection of Begg’s 
funnel plot asymmetry and Egger’s 
weighted regression tests. To address 
potential missing studies and adjust for 
the impact of publication bias on the 
analysis, the Duval and Tweedie “trim 
and fill” method was employed (22).

Data analysis and synthesis
The meta-analysis utilised two statis-
tical software tools: Comprehensive 
Meta-Analysis version 4 software and 
the Review Manager statistical soft-
ware version 5.4.1. For each study, the 
summary of the intervention effect was 
determined through mean differences 
(MD) and 95% confidence intervals 
(CI) for both pain and functional out-
comes. Calculation of net changes in 
measured scores was derived as fol-
lows: the measure at the end of follow-
up − the measure at baseline in both 
the intervention and control groups. 
The mean change from baseline was 
employed for analysis. In cases where 
numerical values were solely presented 
graphically, the GetData (Graph Digi-
tizer) software version 2.26 was used 
for data extraction. The standard devia-
tion of the mean differences was com-
puted using the intervention-specific 
standard deviations and an imputed 
correlation coefficient (R) of 0.5 (23).
The meta-analysis employed a random-
effects model and the generic inverse 
variance method when the heteroge-
neity exceeded 50%. Conversely, a 
fixed-effects model was used if the 
heterogeneity fell below 50%. To as-
sess the consistency and heterogeneity 
among studies, the Cochrane’s Q statis-
tic test was applied, with a significance 
threshold set at p<0.05. Additionally, 
the I2 statistic was utilised, categorising 
0−25% heterogeneity as unimportant, 
>25–50% as moderate, and >50% as 
important heterogeneity. A sensitiv-
ity analysis was conducted to evaluate 
the impact of individual studies on the 
overall effect size using the leave-one-
out method (i.e. systematically remov-
ing one study at a time and re-analys-
ing) (24, 25). Lastly, the effect sizes for 
each outcome were compared against 
established minimal clinically impor-
tant difference (MCID) criteria in knee 
OA to gauge the clinical significance of 
the observed changes.

Results
Search output
The search strategy initially yielded 
802 publications. Out of these, 766 
studies were excluded for not meeting 
the inclusion criteria, and four studies 
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could not be retrieved. Upon reviewing 
32 full-text, 21 were excluded for the 
various reasons, such as lacking a pla-
cebo group (n=7), not being RCT (n=5), 
involving combined collagen interven-
tion (n=4), incomplete data (n=3), and 
congress presentations (n=2). Five 
studies were part of the previous ver-
sion of this systematic review, with six 
new additions. Consequently, 11 clini-
cal trials were selected and included in 
the meta-analysis. The complete work-
flow is illustrated in Figure 1.

Characteristics of the included studies
This systematic review encompassed 
data from 870 subjects, with 451 in the 
collagen supplementation arm and 419 
in the placebo arm. The studies spanned 
publication dates from 2009 (26) and 
2023 (27). Enrolled participants had di-
agnoses raging from mild to moderate 
knee OA, with only one study including 
patients with severe knee OA (28). The 
follow-up duration varied across stud-
ies, ranging from 10 weeks (29) to 48 
weeks (30). The trials reported the usage 
of undenatured collagen and hydrolysed 
collagen, with chicken sternal cartilage 
being the most frequently used collagen 

source (27, 29, 31, 32). Comprehensive 
information on study characteristics and 
patients is presented in Table I.

Risk of bias assessment
In the domain of the randomisation pro-
cess, two studies (11, 33) raised some 
concerns, while the remaining studies 
demonstrated a low risk of bias. Con-
cerns in the deviations from intended 
interventions domain were noted in five 
studies (11, 26-28, 33), with the rest 
exhibiting a low risk of bias. All the 
studies demonstrated a low risk of bias 
in domains related to missing outcome 
data and measurement of the outcome. 
Regarding the selection of reported 
results, two studies (29, 32) prompted 
some concerns, while the remainder 
presented a low risk of bias. Overall, 
four studies were rated as low risk (30, 
31, 34, 35), and seven studies were 
classified as having some concerns (11, 
26-29, 32, 33). The complete risk of 
bias assessment is depicted in Figure 2.

Efficacy of collagen supplementation
A total of 11 and 5 studies reported 
functional (WOMAC) and pain (VAS) 
outcomes, respectively. The meta-

analysis revealed an overall signifi-
cant improvement of both pain [MD, 
-13.63 (95% CI -20.67, -6.58); I2=88%; 
p=0.0002; Fig. 3] and functional scores 
[MD, -6.46 (95% CI -9.52, -3.40); 
I2=75%; p<0.0001; Fig. 4], favouring 
collagen supplementation. The sensi-
tivity analysis demonstrated that col-
lagen supplementation’s effects on both 
functional and pain outcomes remained 
consistent and were not influenced by 
any single study (Supplementary Table 
S1, Suppl. Table S2).
Subanalysis for the functional WOMAC 
score was performed including pain 
[MD, -1.23 (95% CI -2.08, -0.38); I2= 
62%; p=0.004; Fig. 5], stiffness [MD, 
-0.56 (95% CI -1.02, -0.09); I2=52%; 
p=0.02; Fig. 5] and function [MD, -3.70 
(95% CI -7.65, 0.25); I2=82%; p=0.07; 
Fig. 5], showing a significant improve-
ment in the domains of pain and stiff-
ness with the use of collagen supple-
mentation.

Clinical relevance 
of collagen supplementation
In all the studies that assessed pain us-
ing the VAS, an MCID of 20% (36) or 
more was achieved, with two studies 

Fig. 1. PRISMA flow diagram of the selected studies.
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(26, 28) reaching a satisfactory clini-
cal improvement by decreasing <32.3 
points (37) at the end of the interven-
tion period. An overall clinically rel-
evant improvement of 9 mm change on 
a 0-100 mm VAS score has been pro-
posed for oral glucosamine-chondroi-
tin supplementation (38), which was 
achieved with collagen supplemen-

tation according to our results (13.6 
mm). Similarly, in studies evaluating 
pain through the WOMAC subscale, 
an MCID of 20% or more was consist-
ently observed, and two studies (26,35) 
attained an MCID of at least 4.2 points.
Moreover, seven studies (26, 28, 29, 
31, 32, 34, 35) achieved an MCID of 
at least 16.1 points on the WOMAC 

scale (39), while one study (35) met 
an MCID of at least 1.9 in the stiffness 
subscale. Additionally, three studies 
(26, 29, 35) obtained an MCID of at 
least 10.1 points in the function sub-
scale of WOMAC. Nevertheless, the 
overall effect size recorded for the total 
WOMAC score (6.46) did not achieve 
the MCID threshold of 16.1 points.

Fig. 2. Quality evaluation of studies through risk of bias assessment.

Fig. 3. Forest plot displaying weighted mean difference and 95% confidence intervals for the effect of collagen-based supplementation on pain.

Fig. 4. Forest plot displaying weighted mean difference and 95% confidence intervals for the effect of collagen-based supplementation on the total 
WOMAC score.
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Adverse events
Out of the studies included in the analy-
sis, 7 reported adverse events (11, 26, 
29, 30, 34, 35). These events were 
generally categorised as non-severe. 
Only one study suggested a potential 
link between collagen supplementation 
and side effects such as headaches and 
poor-quality sleep (11). In the remain-
ing studies, there was no apparent as-
sociation between the treatment and the 
observed adverse events. Supplemen-
tary Table S3 shows a detailed break-
down of the reported adverse events.

Publication bias
An examination of publication bias 
revealed an asymmetric funnel plot, 
indicating potential bias in the func-
tional outcome. To address this asym-
metry, the “trim and fill” method was 
employed to impute potentially miss-
ing studies (Fig. 6). Egger’s regression 
test (95% CI, [-3.89, 0.35]; p=0.046) 
and Begg and Mazumdar rank cor-
relation test (Kendall’s Tau, -0.455; z 
value, 2.057; p=0.023) both suggested 
the presence of publication bias in the 
meta-analysis for the functional score. 

Following Cochrane Handbook recom-
mendations for Systematic Reviews 
of Interventions, a funnel plot for pain 
score was not generated due to the ab-
sence of RCTs reporting data on this 
outcome (40).

Discussion
The results of this updated meta-analysis 
endorse the administration of oral colla-
gen for decreasing pain and improving 
function in patients with knee OA, as 
indicated by previous meta-analysis (6).
The primary approach for addressing 
knee OA typically involves the use of 
NSAIDs for pain relief. However, it is 
essential to note that NSAIDs do not 
modify the natural course of the dis-
ease, nor do they enhance knee func-
tionality (41). Moreover, the use of 
NSAIDs may result in adverse effects, 
including gastrointestinal complica-
tions (42). Consequently, nutraceuticals 
and dietary supplements have emerged 
as valuable alternatives in the treatment 
of knee OA.
Within the domain of nutraceuticals and 
dietary supplements, collagen maintains 
a significant research interest. Depend-

ing on its source, molecular weight, and 
type, collagen can be fundamentally 
categorised into two primary groups: 
hydrolysed collagen (HC) and undena-
tured collagen (UC) (43-45). The key 
distinction between these two lies in 
their molecular weight, HC possesses a 
lower molecular weight, allowing it to 
be readily absorbed in the small intes-
tine, thus reaching the cartilage of the 
joints, and resulting in a chondropro-
tective effect. On the other hand, UC is 
not absorbed as is within the intestine. 
Instead, it triggers a specific immune re-
sponse, known as oral tolerance, which 
actively inhibits inflammation and miti-
gates tissue breakdown at the joint level 
(46, 47).
A noteworthy observation to consider 
derived from our analysis is that in 
studies where HC collagen (26, 27, 30) 
was employed, the results exhibited a 
greater degree of variability. However, 
the one consistent trend was the benefi-
cial effect of collagen over a placebo, 
specifically in terms of pain relief, as-
sessed using VAS or the pain domain 
within the WOMAC tool. 
Conversely, in studies where PCP/

Fig. 5. Forest plot displaying weighted mean difference and 95% confidence intervals for the effect of collagen-based supplementation on the WOMAC subscores.



132 Clinical and Experimental Rheumatology 2025

Collagen supplementation / M. Simental-Mendía et al.

BCP (28) or UC (31-35) were utilised, 
a consistent improvement for collagen 
over the placebo was evident across all 
WOMAC domains as well as the VAS 
score. This observation can potentially 
be attributed to the substantial presence 
of autoantigens related to type II colla-
gen in OA patients (48, 49). As a result, 
the induction of oral tolerance may have 
an anti-inflammatory effect by reducing 
the plasma concentration of cytokines 
such as TNF-α and IL-1β (46). Oral tol-
erance is characterised by the deliberate 
suppression of specific immune reac-
tions to antigens initially encountered 
in the gastrointestinal tract (50). This 
mechanism plays a crucial role in pre-
venting immune responses to innocuous 
antigens, including food proteins. 
Oral collagen supplements are believed 
to provide the necessary building blocks 
for cartilage repair and maintenance by 
supplying amino acids that are critical 
for the synthesis of cartilage proteins. 
The aggressive phenotype of synovial 
fibroblasts involves the production of 
cytokines and proteases that contribute 
to cartilage degradation.(51) Collagen 
supplements might help modulate the 
activity of these fibroblasts by reducing 
inflammation and providing the struc-
tural proteins necessary for cartilage 
repair.  Also, by potentially reducing in-
flammation in the joints, collagen sup-
plements can indirectly modulate pain 
pathways influenced by inflammatory 

mediators, including those interacting 
with nerve growth factors (52). Reduced 
inflammation can lead to decreased acti-
vation of pain receptors in the joint​. Re-
ducing inflammation through collagen 
supplements could potentially slow the 
progression of OA. 
To determine whether an outcome has 
clinical relevance, in 1989 Jaeschke et 
al. (53) introduced the concept of mini-
mum clinically important difference 
(MCID) which stands as “the smallest 
difference in score in the domain of in-
terest which patients perceive as benefi-
cial and which would mandate, in the 
absence of troublesome side effects and 
excessive cost, a change in the patient’s 
management.” In the context of knee 
OA, it appears that a reduction in pain 
of 10–20% as measured by either the 
WOMAC pain subscale or VAS, meets 
the criteria for a MCID (54). Further-
more, patients consider a score of 32.3 
mm or less on the 1–100 mm VAS a 
satisfactory state (37). The information 
needed to establish the MCID for the 
complete WOMAC scale and its sub-
scales is available in invasive knee OA 
studies. Therefore, we draw upon the 
findings of Kim et al. (39), which in-
volve high tibial osteotomy with a me-
dial opening wedge for knee OA treat-
ment. Their study has determined that a 
significant MCID for knee OA includes 
an improvement of 16.1 points on the 
WOMAC scale, as well as 4.2, 1.9, and 

10.1 points for the pain, stiffness, and 
function subscales of WOMAC, re-
spectively.
In our results, it can be observed that 
collagen is an effective treatment for 
pain relief, including clinical signifi-
cance. This aligns with the findings by 
Liu et al. (55), where the only dietary 
supplements achieving this clinical 
outcome were UC-II and green-lipped 
mussel. Clinical significance was also 
observed overall with the WOMAC 
score, even when its stiffness subscale 
did not achieve either clinical or statis-
tical significance.
Given that most studies found minimal 
adverse effects in patients treated with 
collagen (26, 29, 30, 34, 35), it can be 
considered as a safe therapeutic option 
for knee OA. This is consistent with 
previous clinical trials that have used 
collagen as a dietary supplement in 
other joint disorders or even in healthy 
subjects (56-58).
The present study has some limitations 
that warrant consideration. Firstly, con-
sidering the occurrence incidence of 
knee OA, the population can still be 
considered small; although we have 
increased the number of included stud-
ies (and subjects) compared to previ-
ous reports. Secondly, the included 
studies utilised different collagen for-
mulations, which may have influenced 
our findings. Lastly, four of the RCTs 
had a treatment duration of 13 weeks 
or less, which might be insufficient to 
achieve the therapeutic effects of col-
lagen supplementation on knee OA 
symptoms. However, it is important to 
consider that the samples of subjects, 
their demographic characteristics, and 
the results evaluated were very similar, 
minimising the possible influence of the 
inter-study heterogeneity.
In conclusion, the findings of this meta-
analysis indicate that oral collagen ad-
ministration can effectively alleviate 
knee OA symptoms, as demonstrated 
by statistical and clinically significant 
reductions in both pain and functional 
scores. However, further extended 
clinical trials involving larger study 
populations with longer follow-up are 
necessary to corroborate the potential 
therapeutic benefits of collagen supple-
mentation in individuals with knee OA. 

Fig. 6. Funnel plot detailing publication bias in the studies reporting the effect of collagen-based sup-
plementation on the total WOMAC functional score.
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Appendix: 
Examples of search strategies

Ovid MEDLINE-Embase
1.	 exp knee osteoarthritis/
2.	 (“arthrosis, knee” or “femorotibial 

arthrosis” or “gonarthrosis” or “knee 
arthrosis” or “knee joint arthrosis” or 
“knee joint osteoarthritis” or “knee os-
teo−arthritis” or “knee osteo-arthrosis” 
or “knee osteoarthrosis” or “gonar-
throsis” or “osteoarthritis, knee” or 
“osteoarthrosis, knee” or “knee osteo-
arthritis”).mp. [mp=ti, ot, ab, fx, sh, 
hw, kw, tx, ct, tn, dm, mf, dv, kf, dq, bt, 
nm, ox, px, rx, an, ui, sy, ux, mx]

3.	 collagen suplementation.mp. [mp=ti, 
ot, ab, fx, sh, hw, kw, tx, ct, tn, dm, mf, 
dv, kf, dq, bt, nm, ox, px, rx, an, ui, sy, 
ux, mx]

4.	 exp collagen/
5.	 (“biocor” or “collagel” or “collagen 

horm” or “collastypt” or “collistat” 
or “lyostypt” or “medistat” or “nova-
col” or “phonogel” or “collagen”).mp. 
[mp=ti, ot, ab, fx, sh, hw, kw, tx, ct, tn, 
dm, mf, dv, kf, dq, bt, nm, ox, px, rx, 
an, ui, sy, ux, mx]

6.	 exp placebo/
7.	 (“placebo” or “placebo gel” or “pla-

cebos”).mp. [mp=ti, ot, ab, fx, sh, hw, 
kw, tx, ct, tn, dm, mf, dv, kf, dq, bt, nm, 
ox, px, rx, an, ui, sy, ux, mx]

8.	 1 or 2
9.	 3 or 4 or 5
10.	 6 or 7
11.	 8 and 9 and 10	
12.	 from 11 keep 1-117
13.	 from 11 keep 118-124
14.	 from 11 keep 125-298
15.	 from 11 keep 299-370

SCOPUS
TITLE-ABS (“arthrosis, knee” OR “femo-
rotibial arthrosis” OR “gonarthrosis” OR 
“knee arthrosis” OR “knee joint arthro-
sis” OR “knee joint osteoarthritis” OR 
“knee osteo&#8722;arthritis” OR “knee 
osteo&#8722;arthrosis” OR “knee osteo-
arthrosis” OR “gonarthrosis” OR “osteoar-
thritis, knee” OR “osteoarthrosis, knee” OR 
“knee osteoarthritis”) AND (“biocor” OR 
“collagel” OR “collagen horm” OR “col-
lastypt” OR “collistat” OR “lyostypt” OR 
“medistat” OR “novacol” OR “phonogel” 
OR “collagen”) AND (“placebo” OR “pla-
cebo gel” OR “placebos”)

Web of Science
TS=((“arthrosis, knee” OR “femorotibial 
arthrosis” OR “gonarthrosis” OR “knee 
arthrosis” OR “knee joint arthrosis” OR 
“knee joint osteoarthritis” OR “knee osteo-
arthritis” OR “knee osteo-arthrosis” OR 
“knee osteoarthrosis” OR “gonarthrosis” 
OR “osteoarthritis, knee” OR “osteoarthro-

sis, knee” OR “knee osteoarthritis”) AND 
(“biocor” OR “collagel” OR “collagen 
horm” OR “collastypt” OR “collistat” OR 
“lyostypt” OR “medistat” OR “novacol” 
OR “phonogel” OR “collagen”) AND (“pla-
cebo” OR “placebo gel” OR “placebos”))

References
  1.	ZHANG Y, JORDAN JM: Epidemiology of   

osteoarthritis. Clin Geriatr Med 2010; 26(3): 
355-69. 

	 http://doi.org/10.1016/j.cger.2010.03.001
  2. 	XIE SH, WANG Q, WANG LQ, WANG L, SONG 

KP, HE CQ: Effect of internet-based reha-
bilitation programs on improvement of pain 
and physical function in patients with knee 
osteoarthritis: Systematic review and meta-
analysis of randomized controlled trials. J 
Med Internet Res 2021; 23(1): e21542

	  http://doi.org/10.2196/21542
  3. 	NEOGI T: The epidemiology and impact of 

pain in osteoarthritis. Osteoarthritis Carti-
lage 2013; 21(9): 1145-53. 

	 http://doi.org/10.1016/j.joca.2013.03.018
  4. 	JANG S, LEE K, JU JH: Recent updates of       

diagnosis, pathophysiology, and treatment on 
osteoarthritis of the knee. Int J Mol Sci 2021; 
22(5): 2619. 

	 http://doi.org/10.3390/ijms22052619
  5. 	VOS T, FLAXMAN AD, NAGHAVI M et al.: 

Years lived with disability (YLDs) for 1160 
sequelae of 289 diseases and injuries 1990-
2010: A systematic analysis for the Global 
Burden of Disease Study 2010. Lancet 2012; 
380(9859): 2163-96. http://

	 doi.org/10.1016/S0140-6736(12)61729-2
  6. 	GARCÍA-CORONADO JM, MARTÍNEZ-OLVE-

RA L, ELIZONDO-OMAÑA RE et al.: Effect 
of collagen supplementation on osteoarthritis 
symptoms: a meta-analysis of randomized 
placebo-controlled trials. Int Orthop 2019; 
43(3): 531-38. 

	 http://doi.org/10.1007/s00264-018-4211-5.
  7. 	VAISHYA R, SATHISH KUMAR S, VAISH A, 

BABU YSS: Effectiveness of the guidelines 
for the non-operative management of knee 
osteoarthritis. Arch Bone Jt Surg 2021; 9(4): 
472-74. http://

	 doi.org/10.22038/abjs.2020.51112.2535
  8. 	KOLASINSKI SL, NEOGI T, HOCHBERG MC et 

al.: 2019 American College of Rheumatology/
Arthritis Foundation Guideline for the Man-
agement of Osteoarthritis of the Hand, Hip, 
and Knee. Arthritis Rheumatol 2020; 72(2): 
220-33. http://doi.org/10.1002/art.41142

  9. 	ZENG C, WEI J, LI H et al.: Effectiveness and 
safety of Glucosamine, chondroitin, the two 
in combination, or celecoxib in the treatment 
of osteoarthritis of the knee. Sci Rep 2015; 5: 
16827. http://doi.org/10.1038/srep16827

10. 	RONDANELLI M, BRASCHI V, GASPARRI C et 
al.: Effectiveness of non-animal chondroitin 
sulfate supplementation in the treatment of 
moderate knee osteoarthritis in a group of 
overweight subjects: A randomized, double-
blind, placebo-controlled pilot study. Nutri-
ents 2019; 11(9): 2027. 

	 http://doi.org/10.3390/nu11092027
11. 	HEWLINGS S, KALMAN D, SCHNEIDER LV: 

A randomized, double-blind, placebo-con-
trolled, prospective clinical trial evaluating 

water-soluble chicken eggshell membrane 
for improvement in joint health in adults with 
knee osteoarthritis. J Med Food 2019; 22(9): 
875-84. http://doi.org/10.1089/jmf.2019.0068

12. 	SIMENTAL-MENDÍA M, SÁNCHEZ-GARCÍA 
A, VILCHEZ-CAVAZOS F, ACOSTA-OLIVO CA, 
PEÑA-MARTÍNEZ VM, SIMENTAL-MENDÍA 
LE: Effect of glucosamine and chondroitin 
sulfate in symptomatic knee osteoarthritis: a 
systematic review and meta-analysis of rand-
omized placebo-controlled trials. Rheumatol 
Int 2018; 38(8): 1413-28. 

	 http://doi.org/10.1007/s00296-018-4077-2
13. 	JIN X, ANTONY B, WANG X et al.: Effect 

of vitamin D supplementation on pain and 
physical function in patients with knee os-
teoarthritis (OA): An OA Trial Bank proto-
col for a systematic review and individual 
patient data (IPD) meta-analysis. BMJ Open 
2020;10(4): e035302. 

	 http://doi.org/10.1136/bmjopen-2019-035302
14. 	ROYAL AUSTRALIAN COLLAGE OF GENER-

AL PRACTIONERS: Guideline for the manage-
ment of knee and hip osteoarthritis. Austral-
ian Government National Health and Medical 
Research Council. 2nd edn. East Melbourne, 
Vic: RACGP, 2018: 342-343. https://www.
racgp.org.au/getattachment/71ab5b77-afdf-
4b01-90c3-04f61a910be6/Guideline-for-the-
management-of-knee-and-hip-osteoarthritis.
aspx

15. 	BROPHY RH, FILLINGHAM YA: AAOS Clini-
cal Practice Guideline Summary: Manage-
ment of Osteoarthritis of the Knee (Nonar-
throplasty), Third Edition. J Am Acad Orthop 
Surg 2022; 30(9): e721-29.

	  http://doi.org/10.5435/jaaos-d-21-01233
16. 	McALINDON TE, BANNURU RR, SULLIVAN 

MC et al.: OARSI guidelines for the non-
surgical management of knee osteoarthritis.   
Osteoarthritis Cartilage 2014; 22(3): 363-
88. http://doi.org/10.1016/j.joca.2014.01.003

17. 	HONVO G, LENGELÉ L, CHARLES A, REGIN-
STER JY, BRUYÈRE O: Role of collagen de-
rivatives in osteoarthritis and cartilage repair: 
a systematic scoping review with evidence 
mapping. Rheumatol Ther 2020; 7(4): 703-40. 

	 http://doi.org/10.1007/s40744-020-00240-5
18. 	LARDER CE, ISKANDAR MM, KUBOW S: 

Collagen hydrolysates: a source of bioactive 
peptides derived from food sources for the 
treatment of osteoarthritis. Medicines 2023; 
10(9): 50. 

	 http://doi.org/10.3390/medicines10090050
19. 	MOHER D, LIBERATI A, TETZLAFF J et al.: 

Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA state-
ment. BMJ 2009; 339: b2535. 

	 http://doi.org/10.1136/bmj.b2535
20. 	McGINN T: Tips for learners of evidence-

based medicine: 3. Measures of observer 
variability (kappa statistic). CMAJ 2004; 
171(11): 1369-73. 

	 http://doi.org/10.1503/cmaj.1031981
21. 	STERNE JAC, SAVOVIĆ J, PAGE MJ et al.: 

RoB 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 2019; 366: 
l4898. http://doi.org/doi/10.1136/bmj.l4898

22. 	DUVAL S, TWEEDIE R: Trim and fill: a simple 
funnel-plot–based method of testing and ad-
justing for publication bias in meta-analysis. 
Biometrics 2000; 56(2):455-63. http://



134 Clinical and Experimental Rheumatology 2025

Collagen supplementation / M. Simental-Mendía et al.

	 doi.org/10.1111/j.0006-341x.2000.00455.x
23. 	HIGGINS JPT, ELDRIDGE S, LI T: Chapter 

23: Including variants on randomized trials. 
Cochrane Handbook for Systematic Reviews 
of Interventions version 6.4 (updated Au-
gust 2023). Cochrane, 2023. https://training.
cochrane.org/handbook/current/chapter-23

24. 	WAN X, WANG W, LIU J, TONG T: Estimat-
ing the sample mean and standard deviation 
from the sample size, median, range and/or 
interquartile range. BMC Med Res Methodol 
2014; 14:135. 

	 http://doi.org/10.1186/1471-2288-14-135
25. 	SERBAN C, SAHEBKAR A, URSONIU S et al.: 

A systematic review and meta-analysis of 
the effect of statins on plasma asymmetric 
dimethylarginine concentrations. Sci Rep 
2015; 5: 9902. 

	 http://doi.org/10.1038/srep09902
26. 	BENITO-RUIZ P, CAMACHO-ZAMBRANO 

MM, CARRILLO-ARCENTALES JN et al.: A 
randomized controlled trial on the efficacy 
and safety of a food ingredient, collagen hy-
drolysate, for improving joint comfort. Int J 
Food Sci Nutr 2009; 60(Suppl 2): 99-113. 
http://doi.org/10.1080/09637480802498820

27. 	CHEN CC, CHANG SS, CHANG CH et al.: Ran-
domized, double-blind, four-arm pilot study 
on the effects of chicken essence and type 
II collagen hydrolysate on joint, bone, and 
muscle functions. Nutr J 2023; 22(1): 17. 

	 https://doi.org/10.1186/s12937-023-00837-w
28. 	KUMAR S, SUGIHARA F, SUZUKI K, INOUE N, 

VENKATESWARATHIRUKUMARA S: A dou-
ble-blind, placebo-controlled, randomised, 
clinical study on the effectiveness of colla-
gen peptide on osteoarthritis. J Sci Food Ag-
ric 2015; 95(4): 702-7. 

	 https://doi.org/10.1002/jsfa.6752
29. 	SCHAUSS AG, STENEHJEM J, PARK J, EN-

DRES JR, CLEWELL A: Effect of the novel 
low molecular weight hydrolyzed chicken 
sternal cartilage extract, biocell collagen, on 
improving osteoarthritis-related symptoms: a 
randomized, double-blind, placebo-controlled 
trial. J Agric Food Chem 2012; 60(16): 4096-
101. https://doi.org/10.1021/jf205295u

30. 	McALINDON TE, NUITE M, KRISHNAN N et 
al.: Change in knee osteoarthritis cartilage 
detected by delayed gadolinium enhanced 
magnetic resonance imaging following treat-
ment with collagen hydrolysate: A pilot ran-
domized controlled trial. Osteoarthritis Car-
tilage 2011; 19(4): 399-405. 

	 https://doi.org/10.1016/j.joca.2011.01.001
31. 	COSTA AP, CUNHA TEIXEIRA V, PEREIRA M 

et al.: Associated strengthening exercises to 
undenatured oral type II collagen (UC-II). 
A randomized study in patients affected by 
knee osteoarthritis. Muscles Ligaments Ten-
dons J 2020; 10(3): 481-92. 

	 https://doi.org/10.32098/mltj.03.2020.18
32. 	COSTA AP, MONTEIRO C, TEIXEIRA VC et 

al.: Correlation between muscle strength and 
functional improvement after a neuromuscu-
lar electrical strengthening associated with 
undenatured type II collagen in knee osteoar-
thritis. SN Compr Clin Med 2021; 3: 1122-32. 

	 https://doi.org/10.1007/s42399-021-00830-6
33. 	JIANG JX, YU S, HUANG QR et al.: Collagen 

peptides improve knee osteoarthritis in elder-
ly women: A 6-month randomized, double-
blind, placebo-controlled study. Agro Food 

Ind Hi Tech 2014; 25(2): 19-23.
34. 	LUGO JP, SAIYED ZM, LANE NE: Efficacy and 

tolerability of an undenatured type II colla-
gen supplement in modulating knee osteoar-
thritis symptoms: A multicenter randomized, 
double-blind, placebo-controlled study. Nutr 
J 2016; 15: 14. 

	 http://doi.org/10.1186/s12937-016-0130-8
35. 	LUO C, SU W, SONG Y, SRIVASTAVA S:          

Efficacy and safety of native type II collagen 
in modulating knee osteoarthritis symptoms: 
a randomised, double-blind, placebo-con-
trolled trial. J Exp Orthop 2022; 9(1): 123. 
https://doi.org/10.1186/s40634-022-00559-8

36. 	CONCOFF A, ROSEN J, FU F et al.: A compari-
son of treatment effects for nonsurgical ther-
apies and the minimum clinically important 
difference in knee osteoarthritis: a systematic 
review. JBJS Rev 2019; 7(8): e5. 

	 https://doi.org/10.2106/jbjs.rvw.18.00150
37. 	SCHNEIDER H, MAHEU E, CUCHERAT M: 

Symptom-modifying effect of chondroitin 
sulfate in knee osteoarthritis: a meta-analysis 
of randomized placebo-controlled trials per-
formed with structum(®). Open Rheumatol J 
2012; 6: 183-89. https://

	 doi.org/10.2174/1874312901206010183
38. 	WANDEL S, JUNI P, TENDAL B et al.: Effects 

of glucosamine, chondroitin, or placebo in 
patients with osteoarthritis of hip or knee: 
network meta-analysis. BMJ 2010; 341: 
c4675. https://doi.org/10.1136/bmj.c4675

39. 	KIM MS, KOH IJ, CHOI KY et al.: The Minimal 
Clinically Important Difference (MCID) for 
the WOMAC and factors related to achieve-
ment of the MCID after medial opening wedge 
high tibial osteotomy for knee osteoarthritis. 
Am J Sports Med 2021; 49(9): 2406-15. 

	 https://doi.org/10.1177/03635465211016853
40. 	PAGE MJ, HIGGINS JPT, STERNE JAC: Chap-

ter 13: Assessing risk of bias due to missing 
results in a synthesis. Cochrane Handbook 
for Systematic Reviews of Interventions ver-
sion 6.4 (updated August 2023). Cochrane, 
2023. https://training.cochrane.org/hand-
book/current/chapter-13

41. 	COLLETTI A, CICERO AFG: Nutraceutical 
approach to chronic osteoarthritis: From 
molecular research to clinical evidence. Int J 
Mol Sci 2021; 22(23): 12920. 

	 https://doi.org/10.3390/ijms222312920
42. 	WALLACE JL: Polypharmacy of osteoarthri-

tis: The perfect intestinal storm. Dig Dis Sci 
2013; 58(11): 3088-93. 

	 https://doi.org/10.1007/s10620-013-2777-8
43. 	MUSAYEVA F, ÖZCAN S, KAYNAK MS:            

A review on collagen as a food supplement.  
J Pharm Technol 2022; 3(1): 7-29. 

	 https://doi.org/10.37662/jpt.2022.1012432
44. 	WANG H: A review of the effects of collagen 

treatment in clinical studies. Polymers (Ba-
sel) 2021; 13(22): 3868. 

	 https://doi.org/10.3390/polym13223868
45. 	DE ALMAGRO MC: The use of collagen hy-

drolysates and native collagen in osteoarthri-
tis. Am J Biomed Sci Res 2020; 7(6): 530-32. 
https://

	 doi.org/10.34297/AJBSR.2020.07.001217
46. 	MARTÍNEZ-PUIG D, COSTA-LARRIÓN E, 

RUBIO-RODRÍGUEZ N, GÁLVEZ-MARTÍN P: 
Collagen supplementation for joint health: 
the link between composition and scientific 
knowledge. Nutrients 2023; 15(6):1332. 

	 https://doi.org/10.3390/nu15061332
47. 	MOBASHERI A, MAHMOUDIAN A, KALVAI-

TYTE U et al.: A white paper on collagen 
hydrolyzates and ultrahydrolyzates: potential 
supplements to support joint health in osteoar-
thritis? Curr Rheumatol Rep 2021; 23(11): 78. 

	 https://doi.org/10.1007/s11926-021-01042-6
48. 	PELLETIER JP, MARTEL-PELLETIER J, 

ABRAMSON SB: Osteoarthritis, an inflam-
matory disease: potential implication for the 
selection of new therapeutic targets. Arthritis 
Rheum 2001; 44(6): 1237-47. 

	 https://doi.org/10.1002/1529-0131(2001 
06)44:6<1237::AID-ART214>3.0.CO;2-F

49. 	CHARRÍRE G, HARTMANN DJ, VIGNON E, 
RONZÍRE M, HERBAGE D, VILLE G: Antibod-
ies to types I, II, IX, and XI collagen in the 
serum of patients with rheumatic diseases. 
Arthritis Rheum 1988; 31(3): 325-32. 

	 https://doi.org/10.1002/art.1780310303
50. 	TORDESILLAS L, BERIN MC: Mechanisms 

of oral tolerance. Clin Rev Allergy Immunol 
2018; 55(2): 107-17. https://doi.org/10.1007/
s12016-018-8680-5

51. 	CHEN HW, HUANG CH, HUANG CYF, CHANG 
CH, LIAO HJ: Distinct subsets of synovial 
fibroblasts control cartilage destruction in 
joint diseases. Clin Exp Rheumatol 2024; 
42(5): 1118-26. https://

	 doi.org/10.55563/clinexprheumatol/txl9rm
52. 	ALTAIE A, CAMPBELL TM, OWSTON H et al.: 

Soluble low affinity nerve growth factor re-
ceptor (sLNGFR) may regulate pain in knee 
osteoarthritis. Clin Exp Rheumatol 2024; 
42(3): 713-17. https://

	 doi.org/10.55563/clinexprheumatol/163r6k
53. 	JAESCHKE R, SINGER J, GUYATT GH: Meas-

urement of health status. Ascertaining the 
minimal clinically important difference. Con-
trol Clin Trials 1989; 10(4): 407-15. 

	 https://doi.org/10.1016/0197-2456(89)90005-6
54. 	CONCOFF A, ROSEN J, FU F et al.: A compari-

son of treatment effects for nonsurgical ther-
apies and the minimum clinically important 
difference in knee osteoarthritis. JBJS Rev 
2019; 7(8): e5.

	 https://doi.org/10.2106/jbjs.rvw.18.00150
55. 	LIU X, MACHADO GC, EYLES JP, RAVI V, 

HUNTER DJ: Dietary supplements for treat-
ing osteoarthritis: A systematic review and 
meta-Analysis. Br J Sports Med 2018; 52(3): 
167-75. 

	 https://doi.org/10.1136/bjsports-2016-097333
56. 	SCHÖN C, KNAUB K, ALT W, DURKEE S, SAI-

YED Z, JUTURU V: UC-II undenatured type 
II collagen for knee joint flexibility: a mul-
ticenter, randomized, double-blind, placebo-
controlled clinical Study. J Integr Comple-
ment Med 2022; 28(6): 540-48.

	 https://doi.org/10.1089/jicm.2021.0365
57. 	ZDZIEBLIK D, BRAME J, OESSER S, GOLL-

HOFER A, KÖNIG D: The influence of specific 
bioactive collagen peptides on knee joint dis-
comfort in young physically active adults: a 
randomized controlled trial. Nutrients 2021; 
13(2): 523. 

	 https://doi.org/10.3390/nu13020523
58. 	LUGO JP, SAIYED ZM, LAU FC et al.:             

Undenatured type II collagen (UC-II®) for 
joint support: a randomized, double-blind, 
placebo-controlled study in healthy volun-
teers. J Int Soc Sports Nutr 2013; 10(1): 48. 

	 https://doi.org/10.1186/1550-2783-10-48


