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Abstract: Osteoarthritis (OA) is the most frequent degenerative progressive joint disease worldwide,
with the hand, hip, and knee being the most-affected joints. Actually, no treatment can alter the
course of OA, and therapy is directed at reducing pain and improving function. The exogenous
administration of collagen has been investigated as a possible symptomatic adjuvant or stand-alone
treatment for OA. The aim of this review is to assess if intra-articular collagen administration can be
considered as a valid and safe therapeutic option for OA. A search in the main scientific electronic
databases to identify the available scientific articles about the effects of intra-articular collagen as
an OA treatment was performed. The results of the seven included studies showed that the intra-
articular administration of collagen may stimulate chondrocytes to produce hyaline cartilage and
hinder the normal inflammatory response leading to fibrous tissue formation, reducing symptoms,
and improving functionality. The use of type-I collagen as an intra-articular treatment for knee OA
was found not only to be effective, but also safe with negligible side effects. The reported findings are
strongly promising, highlighting the need for further high-quality research to confirm the consistency
of these findings.

Keywords: collagen; collagen injections; intra-articular injections; infiltrative treatment; osteoarthritis;
knee osteoarthritis

1. Introduction

Osteoarthritis (OA) is the most frequent degenerative progressive joint disease world-
wide, concerning middle-aged and elderly individuals, with a higher incidence in women.
OA mainly affects both small and large diarthrodial joints with the hand, hip, and knee
being the most-affected ones [1]. Economic and social costs of OA are high, and its impact
on patients” quality of life (QoL) may be devastating in terms of limitation of the activities
of daily living (ADL) and absence from work [2—4].

Different aetiologies lead to the development of OA, but there are similar biological
and clinical factors that cause a reduction in the articular range of motion (ROM), muscle
weakness, pain, and that increase disability worsening the QoL [5]. Radiologically, OA is
characterized by the incremental erosion of the articular cartilage, especially of its outermost
portion, with consequent subchondral sclerosis and cyst formation, joint space narrowing,
synovial inflammation, and marginal osteophyte development [6].

Currently, no treatment can alter the course of OA, and therapy is directed at reducing
pain and improving function [7,8]. Medications including nonsteroidal anti-inflammatory
drugs (NSAIDs), acetaminophen, duloxetine, opioids, topical NSAIDs, and capsaicin
are effective in reducing symptoms [9]. Intra-articular injections are usually carried out
using corticosteroid [10], hyaluronic acid (HA) [11-15], ozone [16], plasma rich in growth
factor [17], and platelet-rich plasma [18,19].

During the onset of OA, an acute inflammatory process is established that tends to
become chronic: chondrocytes are exposed to the joint cavity, osmotic pressure in the
articular cartilage changes, and proteoglycans migrate progressively into the joint space,
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hindering the natural healing stages [20,21]. Pro-inflammatory factors such as TNF-f3,
IL-6, IL-1¢c;, and IL-1p are released, stimulating cartilage-degrading enzymes such as a
disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS), and matrix
metalloproteinases (MMPs) [22]. These enzymes cause the degradation of the extracellular
matrix (ECM), including collagen [23]. For this reason, the exogenous administration of
collagen has been investigated as a possible symptomatic adjuvant or stand-alone treatment
for OA [24,25].

Collagen is a major structural protein in the human body, representing the main
component of connective tissue and constituting approximately 45-75% of dry weight
in the ligaments, tendons, and cartilage [26]. Collagen fibres are a major component of
the extracellular matrix that supports most tissues and plays an important role in cell
structure [26].

The in vitro exposure of animal or human synovial and cartilage cells to collagen
preparations, with different degrees of hydrolysation or polymerization, was shown to
induce the up-regulation of chondrocyte proliferation and production of cartilage extra-
cellular matrix proteins, to increase the production of hyaluronic acid, and to reduce the
release of inflammatory mediators [27-31]. For example, purified porcine atelocollagen, a
soluble type-I collagen with good biocompatibility, minor immunogenicity, a long half-life,
and high resistance to enzymatic degradation, was shown to directly reduce inflammation
and to promote tissue repair, acting as a scaffold for regeneration reaction around the
damaged areas [32-34].

In rabbit models with induced femoral groove defects, the intra-articular administra-
tion of atelocollagen was shown to be effective; Suh et al. showed a restored cartilage layer
at weeks 3 and 12 after the injections and, histologically, a regenerated cartilage like that of
the normal articular cavity [26].

Naraoka et al. [35] found that periodical injections of collagen tripeptide and collagen
tripeptide plus hyaluronic acid delayed the progression of cartilage degeneration in early
OA induced by anterior cruciate ligament transection in rabbits.

Given these promising in vitro and in vivo findings about the effects of collagen on
OA models and the paucity of knowledge about its use in humans for treating OA, the aim
of this review is to assess whether intra-articular collagen injections can be considered as a
valid and safe therapeutic option for OA. To best of our knowledge, this is the first study
that reviews the use of intra-articular collagen injections for OA in humans.

2. Materials and Methods

All the procedures related to this review were organized and reported after performing
a search in the main scientific electronic databases (PubMed, Scopus, etc.) to identify the
articles about the effects of intra-articular collagen as an OA treatment, with no restrictions
of time and language.

For the purposes of our review, we used several combinations of the following key-
words: collagen, injection, intra-articular treatment, infiltrative treatment, osteoarthritis.
Editorials, technical notes, letters to authors, narrative reviews, systematic review articles,
and articles that did not report any clinical outcomes were excluded. Furthermore, arti-
cles involving surgical approaches, physiotherapy, physical therapies, and other kind of
therapies were excluded.

Only articles that assessed the outcomes of intra-articular collagen injections in humans
(alone or in combination with other types of drugs) for OA were selected.

3. Results

The results of the research lead to the selection of seven articles; all the articles found
evaluated the effects of intra-articular collagen injections for knee OA. A summary of the
outcomes of the selected studies is reported in Table 1.
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Table 1. A summary of the outcomes of the selected studies.

Timing of
Study and Authors C({l}};aegden KL Grade Groups Intervention Clinical Outcomes Adverse Effects
Assessment
i Injection site pain
12 injections . lasting <24 h
Furuzawa- Type-I _ ) Baseline, 6 1 WOMAC
Carballeda et al. polymerized N/D VSOIﬁEEEO(’Zn_—ZQ) (8w1e§k1821,1%1, 31' 64,260’ months, 12 | VAS 2/27 (collagenf
[27] collagen P - A e S Y months | NSAIDs use group) cases o
and 24) 1LS aseptic acute
arthritis
6 injections (1 after | LI
Furuzawa- Type-I Collagen (n = 10) arthroscopic Baseline 1 VIQ/XISAC S '
Carballeda et al. polymerized v v?t plac;a}‘:) 0 (n=9) lavage, then 1 a 3 months, | NSAIDs use In]lecttlpn 51t284p}?m
[36] collagen atter arthroscopic week for 5 weeks 6 months 1+LS asting <
lavage 6 weeks after 1 evaluation of
surgery) drug efficacy
ilVLAIS 1/32 (coll
Martin Martin et al. Typel Collagen (n = 32) 5 injections Baseline, J Pain killer roup) f::ojgf;e
[37] : hydrolysed TI-ITT HA (n < 30 (1 a week for 3 months, consumption & I: ek
llagen s (n=32) 5 weeks in a row) 6 months P post-injection
collag 1 SE-36 reaction
questionnaire
Baseline, 1 VAS
Lee et al. Type-1 I Collagen (n = 101) 1 injecti 1 month, | WOMAC 11/101, of which
-11- _ injection o, .
[38] atelocollagen vs. placebo (1 =99) 3 months, 1 SF-36 55% knee pain
6 months questionnaire
o Baseline, 6-11 1 V%I(\DIQ/ISAC o )
Borja-Flores et al Type-1 6 injections (1 a months, 12-35 1 functional Injection site
) [39] . polymerized II-1IT Collagen (1 = 309) week for 6 weeks in months, 36-48 disability pain <24 h in all
: collagen arow) morrggf{tﬁz—w 1 time of surgical patients
referral of TKA
Type-1 e Baseline, 15 days, JLI
De Luca etal. hydrolysed LIV Collagen (n=20)  ° MeHns (weeks 1 month, 1 WOMAC None
collagen i 6 months 1 VAS
. Type-1 P Baseline, 15 days, JLI
V"llﬁ i al hydrolysed LIV Collagen (n=70) ~ °Mections (weeks 1 month, L WOMAC None
collagen +15,45) 6 months } VAS

KL = Kellgren Lawrence; LI = Lequesne Index; WOMAC = Western Ontario and McMaster Universities Os-
teoarthritis Index; VAS = Visual Analogue Scale; NSAIDs = Non-Steroidal Anti-Inflammatory Drugs; LS = Likert
Score; SF-36 = Short Form Health Survey 36; TKA = Total Knee Arthroplasty.

In 2009, Furuzawa-Carballeda et al. [27] conducted a prospective, randomized, double-
blind placebo-controlled in vivo clinical trial on the effectiveness and safety of type-I poly-
merized collagen in patients affected by knee OA. Primary and secondary outcomes such
as the Lequesne Index (LI) (i.e., an index of severity of knee OA, with higher scores indicat-
ing worse severity), Western Ontario and McMaster University Osteoarthritis (WOMAC)
Index (i.e., an index that quantifies knee pain during the ADL, with higher scores indi-
cating worse knee pain and impairment while performing the ADL), and pain intensity
on a visual analogue scale (VAS) (higher scores indicate worse pain) were evaluated.
Enzyme immunoassays were employed to quantify urinary levels of C-terminal crosslink-
ing telopeptide of type-II collagen (CTXII) and serum high-sensitivity C-reactive protein
(hsCRP). These tests were used to monitor the progression of the joint damage.

Type-I polymerized collagen injections emerged as being well tolerated and effec-
tive, since patients showed a statistically significant clinical improvement at six months
compared with baseline and placebo in almost all primary and secondary endpoints. The
beneficial effects of type-I polymerized collagen injections lasted throughout the entire
follow-up. Furthermore, in the placebo group, a threefold rise in CTXII was found, in-
dicating the progression of joint damage and cartilage degradation. Moreover, patients
who received polymerized collagen decreased the use of NSAIDs at statistically significant
levels compared with baseline and placebo group.

These promising findings were confirmed by Furuzawa-Carballeda et al. [36] in 2012
in a double-blind and placebo-controlled trial on patients affected by symptomatic knee OA
who underwent arthroscopic lavage followed by type-I polymerized collagen injections.
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Patients treated with collagen were compared with baseline and placebo at the 3-month
follow-up, showing clinical benefits and elevated response rates for primary and secondary
outcomes. Patients also reported VAS improvement and IL-1f, and IL-10 peripheral-
expressing cell reduction. A noteworthy result was the decreased level of urinary CTX-II of
44% in patients who received collagen injections, demonstrating an improvement in the
joint damage. Moreover, patients treated with collagen considerably reduced NSAID con-
sumption at statistically significant levels. These outcomes proved that type-I polymerized
collagen administration is able to reduce the response time to the pharmacological treat-
ment after arthroscopic surgery, favouring the decrease in proteolytic enzymes, synovial
reaction, and pro-inflammatory factors, optimizing the articular ROM [36].

In another double-blind randomized active-controlled clinical trial performed in 2016
by Martin Martin et al. [37], the intra-articular administration of type-I hydrolysed porcine
collagen was compared to the intra-articular HA administration in patients affected by knee
OA. At the three- and six-month follow-ups, collagen injections showed the same beneficial
effects and safety as intra-articular HA, whose use is widespread for treating OA [37].

The authors finally stated that the reduced cost of collagen compared to low- or high-
MW HA could allow a greater use of intra-articular collagen as an alternative therapeutic
option to HA for OA, resulting in an NSAID intake reduction, as well as social cost reduction
due to working days lost and caregivers’ time off work.

In 2019, Lee and colleagues [38] conducted a multicentre, randomized, double-blind
study on the intra-articular administration of type-I atelocollagen in subjects affected
not only by OA, but also by chondromalacia and other cartilage defects, with patients
suffering from knee OA representing the most consistent group (86%). Their outcomes
showed that the resulting VAS scores of the collagen group were not different to those
of the placebo group at 4 and 12 weeks, but a statistically significant improvement in the
collagen group was reported at 24 weeks. The WOMAC and Short Form Health Survey
36 (SF-36) (i.e., a patient-reported survey of patient health, with the higher the score, the
less the disability) scores also showed significant improvement after the intra-articular
injection of atelocollagen, although scores between the collagen group and placebo were
similar; both WOMAC and SF-36 were not significantly different between the two groups
at 4, 12, and 24 weeks. Moreover, 72 subjects in the collagen group were satisfied with
the clinical benefit, while only 57 patients from the placebo group showed satisfaction.
Equally, practitioners were satisfied with 73 better outcomes from patients in the collagen
group and only 61 from the placebo group. Their results demonstrated that intra-articular
atelocollagen administration is able to reduce knee pain not only for OA, but also for other
pathologic cartilage conditions such as chondromalacia [38].

Borja-Flores et al. [39], in a cohort study published in 2020, evaluated the efficacy of
the intra-articular administration of type-I polymerized collagen in preventing and/or
delaying total knee replacement surgery (TKR) among subjects affected by symptomatic
mild-to-moderate knee OA. At a 60-month follow-up, 95.5% of the subjects who underwent
type-I polymerized collagen injection showed positive outcomes and none needed to resort
to TKR due to the persistence of pain and knee stiffness. Five subjects (1.6%) resorted to
arthroscopy, seven (2.3%) subjects to high tibial osteotomy (HTO), and two subjects (0.6%)
to anterior cruciate ligament (ACL) reconstruction. Instrumental investigations supported
and confirmed the clinical benefits of collagen injections: radiographic images of 42 knees
were obtained at baseline and at 60 months, and were evaluated for Kellgren Lawrence
(KL) classification, showing a remarkable difference between baseline and follow-up with
the preservation of the joint space. Patients who underwent intra-articular polymerized-
collagen injections reported a statistically significant improvement in the primary outcomes,
optimizing the OA course, reducing pain and functional disability. At 60 months after the
therapeutic effects, a 98.8% freedom from surgical procedures such as arthroscopy and TKR
was reported. Interestingly, the same percentage of freedom from surgery was highlighted
in both obese and normal-weighted people.
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In 2019, De Luca and colleagues [40] conducted a functional in vitro investigation and
a pilot retrospective clinical study on the effectiveness of intra-articular hydrolysed collagen
to treat knee OA. In the in vitro part of the study, they took human chondrocytes from
five donors affected by KL grade IV OA who underwent total hip arthroplasty with the aim
of assessing the growth and viability of the chondrocytes exposed to hydrolysed collagen.
The expression of MMP1/MMP3 and TIMP1/TIMP3 (their inhibitors) was evaluated using
RT-PCR, while the expression of trophic factors such as IGF-I and TGFf1 and angiogenic
factors such as VEGF was evaluated via ELISA assays. After 28 days of hydrolysed collagen
exposition, the extracellular matrix (ECM) constitution was studied through the Bern score,
while the collagen deposition was studied using immunostaining. The hydrolysed collagen
did not induce any change in the release of the aforementioned factors, but it positively
affected the structure of chondrocytes, presenting smaller cell density, higher morphology,
and better ECM deposition.

In the pilot study, subjects were enlisted to receive three injections of an innovative
formulation of collagen characterized by hydrolysed collagen of bovine (and not porcine
like the previously reported studies) origin with an MW < 3 kiloDalton (kDa).

Both VAS and LI scores decreased significantly after the first injection, but not after
the second injection, and remained stable at the 6-month follow-up. WOMAC scores
significantly decreased after the second injection compared to those at baseline, and after
the third injection, they were lower than after the second one. All the scores collected were
not significantly modified at the 6-month follow-up from those collected after the third
injection. In conclusion, the authors stated that this formulation of hydrolysed collagen may
stimulate chondrocytes to produce hyaline cartilage and to reduce fibrous tissue formation,
and it was found to be effective and safe in the treatment of mild—-moderate knee OA [40].

These positive findings of this study were later confirmed by Volpi et al. [1] in a multi-
centric retrospective clinical study in 2020, showing that the same formulation of hydrol-
ysed collagen (bovine origin with an MW < 3 kDa) and the same injection protocol (three
injections) is well-tolerated without any significant adverse effects, also reporting stronger
evidence on a larger sample of patients than previously published by De Luca et al. [40].

At the last follow-up, 70 subjects reported a 50% decrease in the LI, a 50% decrease
in the VAS score at rest and moving, and a >50% reduction in WOMAC sub-scores and
total score. Similar to what was stated by De Luca et al. [40], the authors concluded that
the intra-articular administration of hydrolysed collagen is a safe and effective short-term
adjuvant in the treatment of symptomatic knee OA [1].

4. Discussion

OA frequently affects the knee joint, with remarkable social costs and a strong impact
on patients” QoL, resulting in reduced capacity to perform the ADL. Different therapeutic
strategies have been tested so far, and all of them were effective in the short term. Therefore,
adjuvant non-pharmacological therapies may be tempting since they allow the combination
of different specific benefits with different durations.

The results of the present narrative review showed that the intra-articular administra-
tion of collagen may stimulate chondrocytes to produce hyaline cartilage and hinder the
normal inflammatory response, leading to fibrous tissue formation, reducing symptoms,
and improving functionality. The use of type-I collagen as an intra-articular treatment
for knee OA was found not only to be effective, but also safe with negligible side effects.
Furthermore, the intra-articular administration of type-I collagen was shown to increase
the benefits of arthroscopic lavage when administered after it, as well as being able to
significantly delay the need for joint replacement such as TKR.

The studies by De Luca et al. and Volpi et al. [1,40] were the only ones concerning
hydrolysed collagen of bovine origin and low MW (<3 kDa), and the effects associated with
its intra-articular use for knee OA. The study conducted by Volpi et al. [1] demonstrated,
on a larger sample of patients, the effectiveness of hydrolysed collagen and the safety of
treating knee OA in patients presenting a BMI < 30 and a grade 1 to 4 of KL. These findings
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confirmed those of De Luca et al. [40]. However, some differences emerged between the
outcomes of the two studies. When low-MW hydrolysed collagen was injected on a large-
scale study, it resulted in a lower decrease in VAS at rest, with only a 50% reduction (half of
the 100% showed by De Luca and colleagues). Moreover, a minor reduction compared to
the outcomes reported by De Luca et al. [40] was also observed in the WOMAC stiffness
subscale (50% Volpi vs. 75% De Luca). For all the other scores evaluated, the differences
between the two studies were neglectable. Nevertheless, the lower percentage values found
by Volpi et al. [1] did not reflect a lesser clinical benefit, which remained considerable in
most patients. Moreover, compared to all the other studies discussed, the studies conducted
by De Luca et al. [40] and Volpi et al. [1] were the only ones that provided a three-dose
infiltrative protocol, and not five or more weekly doses, with this different frequency in the
collagen administration not resulting in any less clinical benefit.

Further comparing the outcomes between the included studies, the outcomes regard-
ing VAS, LI, and WOMAC scores demonstrated a similar improvement between the studies
of De Luca et al. and Volpi et al. [1,40] and the studies by Furuzawa-Carballeda et al. [27,36]
in all the three indexes, with the LI and WOMAC scores of the first two studies [1,40] being
better than the last two at six months [27,36].

A similar improvement was reported in the studies by De Luca et al. and Volpi
et al. [1,40] and Martin Martin et al. [37] concerning VAS and LI scores, even if the LI scores
collected in the first two studies [1,40] were better than in the last one at six months [37].

Again, a similar improvement regarding the global assessment of disease activity
change at the end of the treatment measured using the Likert score (LS) (the higher the
score, the better the change in disease activity) was found in the studies by Furuzawa-
Carballeda [27,36] and the one by Borja-Flores [39]. While in the first two studies, the
patient LS was already significant at three and two months (respectively), in the last study,
it became statistically significant only at 12 months. Regarding the physician LS, in the first
two studies, it became statistically significant at four and three months (respectively), while
in the last study, it became statistically significant at six months.

It is not clear whether these differences were affected by the different frequency of
administration of collagen even in the studies from the same authors (12 vs. 6 injections
in studies by Furuzawa-Carballeda), or the different composition of the collagen injected.
Indeed, the collagen administrated by Furuzawa-Carballeda [27,36] was a y-irradiated
mixture of atelopeptidic porcine type-I collagen and polyvinylpyrrolidone, the one used
by Martin Martin [37] was a pure type-I collagen with a much heavier (300 kDa) MW, and
the hydrolysed formulation of collagen used by De Luca et al. and Volpi et al. [1,40] was a
low-molecular weight (<3 kDa) type-I collagen.

Furthermore, apart from the number of injections administrated and the type of colla-
gen used, the results of the selected studies confirmed that all types of collagen formulation
can alleviate painful symptoms of knee OA, improving QoL and reducing physical lim-
itations, thanks to the regenerative and proliferative stimulus given by collagen to the
chondrocytes [27,36]. Furthermore, as reported by Borja-Flores et al. [39], polymerized type-
I collagen is the cheapest cost-benefit alternative compared to NSAIDs for the symptomatic
treatment of knee OA.

The beneficial effects of type-I polymerized collagen were also found in laboratory
and radiologic data.

Furuzawa-Carballeda et al. [36] found that at 48 weeks after the last injection, a three-
fold rise in CTX-II was found only in the placebo group. The authors explained that the
CTX-II decrease found in patients treated with intra-articular polymerized collagen was
associated with a lower pro-inflammatory cytokine (IL-13- and TNF-o-) amount with an
increase in CD4 T-regulatory cells and IL-10-producing cells [27,36].

Finally, concerning the radiological evaluation, Borja-Flores et al. [39] showed positive
results at a 60-month follow-up, with most of the subjects treated with intra-articular
type-I polymerized collagen advancing from stage II to III, but not from III to IV in the KL
grading scale. Furthermore, the use of intra-articular type-I polymerized collagen prevented
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remarkable changes in the knee joint width in the medial, lateral, and patellofemoral
compartments, suggesting no radiological aggravation.

The main limitation of this review is the very small number of articles found in the
scientific literature about the effects and safety of intra-articular type-I collagen injections
for OA in humans. The current poor knowledge about its therapeutic potential on OA
could limit its diffusion as an intra-articular treatment, leading physicians to prefer drugs
with a stronger scientific rationale, such as HA.

Furthermore, the infiltrative protocols and the type of collagen used differed from
each other, so it is not possible to draw definitive conclusions about which protocol and
which kind of collagen provides the best benefits.

5. Conclusions

The results of the present review showed that the intra-articular administration of
collagen may represent a valid therapeutic option for knee OA. The use of type-I collagen
as an intra-articular treatment for knee OA was found not only to be effective, but also safe
with negligible side effects.

Given the promising results of the articles included in this review, more in vitro and
in vivo high-quality research (such as randomized clinical trials) should be performed for
a further understanding of the beneficial effects of type-I collagen as an intra-articular
treatment for OA, since there is still not enough knowledge about its effectiveness.

Furthermore, all the selected studies regarded the use of intra-articular type-I collagen
only for knee OA, so it would be interesting to extend its use to other joints commonly
affected by OA.
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