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Abstract: Background: Due to its anatomy and function, the rotator cuff (RC) is vulnerable to considerable 
morbidity. The prevalence of RC diseases (RCD) in the general population is of 5–39%, and it increases with age, 
reaching over 30% in patients over 60 years old. The aim of the present systematic review is to investigate the 
effects of collagen injections use for the treatment of RCD. Methods: A systematic search of scientific electronic 
databases was performed up to October 2023, following the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Two independent authors performed the search and evaluated the 
articles. The inter-rater reliability in the quality assessment was evaluated using the Cohen’s kappa coefficient; 
while the Modified Coleman Methodology Score (CMS) was used to evaluate the methodological quality of the 
articles included in this systematic review.Results: A total of seven articles were included with the overall quality 
of the included articles being evaluated as fair. Despite the use of different types of collagen and injections 
protocols, and different scores applied, each of the included study showed clinically relevant improvements. 
However, given the high grade of heterogeneity of the included studies, we cannot draw conclusions regarding 
which type of collagen and injection protocol is the best for the RCD treatment. Discussion: Collagen 
administration for RCD seem to be effective in reducing pain, improving function, as well as improving tendon 
structure, especially in partial tears and RC tendinopathy. High-quality and prospective long-term follow-up 
studies are needed to confirm the outcomes of the articles included in this systematic review. 

Keywords: rotator cuff; rotator cuff tendinopathy; supraspinatus tendinopathy; rotator cuff partial-thickness 
tear; collagen; collagen injections 
 

1. Introduction 
Rotator cuff (RC) consists in subscapularis, supraspinatus, infraspinatus tendons and teres 

minor muscle, and its function is of dynamically stabilizing the glenohumeral joint, avoiding the 
humeral head migration and contributing to initial phase of shoulder abduction, internal and external 
rotation[1]. Due to its anatomy and function, the RC is vulnerable to considerable morbidity [2], 
usually for a combination of both extrinsic (such as anatomic variables like acromial morphologic 
characteristics, os acromialis, and acromial spurs that compress the RC by bony impingement or 
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direct pressure from the surrounding soft tissue) and intrinsic factors (that arise from the tendon 
itself, such as tensile overload, aging, microvascular supply, traumatisms, or degeneration) [3]. 

RC diseases (RCD) rank third in the population prevalence among musculoskeletal pathologies 
after low back pain and knee pain. The prevalence of RCD is of 5–39% in the general population, and 
it increases with age, reaching over 30% in patients over 60 years old, with a great majority described 
as RC tendinopathy (RCTP), and partial- or full-thickness RC tears (PTRCTs or FTRCTs) [4–7].  

PTRCTs can be divided into bursal, intra-tendinous and articular tears, and are more common 
and painful compared to FTRCTs, with a prevalence of 13% to 32% in the adult population [8–10]. 
Several studies demonstrated that the 80% of PTRCTs progress into FTRCTs despite conservative 
treatment [11]. 

Treatment of choice for RCD is still debated and relies on several factors, including tear degree 
and size, patient symptoms and needs, and functional loss [12,13].  

The arthroscopic cuff repair is the most common and accepted surgical treatment with proven 
satisfactory results [14,15], but post-operative re-tears represent an important complication with an 
incidence between 34.2% and 40% [16], seriously influencing the rehabilitation process and patients’ 
quality of life [17,18]. Given the risks related to surgery (such as reduced strength of RC tendons) and 
a significant risk of recurrence, conservative treatment is usually the first choice, especially in older 
adults [19,20], with different studies showing good results for the management of both PTRCTs and 
FTRCTs [4,21], with surgical option usually being considered when the conservative treatment has 
not effect within the first six–12 weeks [22,23]. 

Conservative options include pharmacotherapy (such as the use of non-steroidal anti-
inflammatory drugs and analgesics), physiotherapy [24–26], therapeutic exercise [27–29], and 
injections using different drugs such as corticosteroids (CS), platelet-rich plasma (PRP), hyaluronic 
acid (HA), and collagen [30–34].  

CS injections provide transient pain relief: anyway, their use does not modify the natural history 
of disease, with recent evidence showing a potential role in accelerating the degenerative tendon 
process [35]. 

PRP alleviate symptoms and slow tendon degeneration better than CS administration and 
prolotherapy [36–40], HA has anti-inflammatory and adhesion prevention activities [41] and play an 
important role in promoting cell differentiation and growth, improving type-I collagen expression in 
tendon-derived cells, and contributing to tendon and bone healing [42–47]. The use of injectable 
collagen into the tendon itself or in the subacromial bursa showed a positive effect reducing collagen 
degenerative process [48].  

Several types of collagens (types I, II, III, and V) can be found in fibrous tissues such as tendons, 
ligaments, and skin. Type-I collagen, the major component of the tendon extracellular matrix (ECM), 
directly influence the structural and mechanical properties of tendons [21,49]. In the RC’s ECM, type-
I collagen represents more than the 95% of the total amount of collagen, whereas the remaining 5% 
consists of collagen types III and V [50,51]. 

The most frequently used injectable collagen is atelocollagen, a soluble type-I collagen with good 
biocompatibility, minor immunogenicity, long half-life and high resistance to enzymatic degradation 
[52–54]. Several advantages have been reported with the use of highly purified atelocollagen in terms 
of collagen-cell interactions and few adverse effects [48]. Collagen injections induce regenerative 
pathways by stimulating tenocyte proliferation and migration, by the synthesis of endogenous 
collagen, and by the restoration of collagen fibers in damaged tendons [23,35,55,56]. The 
administration of collagen at the target site activates the integrin receptors in fibroblast cell 
membranes [57]; consequently, the growth factor cascade initiates the synthesis of endogenous 
collagen [58]. Finally, this pathway heals the damaged collagen fibers and leads to proper alignment 
[59–61].  

In animal models, the administration of atelocollagen directly into the site of RC tear led to better 
tendon healing and remodelling stages based on immunohistochemistry or histopathological 
analyses [48,62]; a possible explanation of this effect may be a facilitation to re-create tendon 
continuity in the injured site, decreasing peritendinous adhesions and improving muscle activity. 
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Collagen injections were also used, with good reported outcomes, for the treatment of large and 
massive RC tears with collagen patches implanted arthroscopically [48,63], as well as for the 
treatment of tennis elbow [64,65] and plantar fasciitis [58,66]. 

Evidence reported synergic effects of collagen and PRP, suggesting that PRP may positively 
affect the cell’s mitogenic activity, collagen production, and the collagen I/III ratio [67]. Furthermore, 
injections with combined drugs such as collagen and PRP or collagen and HA may promote 
regeneration of the native insertion site, prevent scar tissue formation and increase biomechanical 
strength [9,68–70]. The aim of the present study is to systematically review the use of collagen 
injections for the treatment of RCD in humans. We hypothesised that the use of collagen injections 
allows to achieve better clinical and functional results in patients with RCTP, PTRCTs and FTRCTs. 
To date, this is the first systematic review conducted using PRISMA guidelines regarding the use of 
collagen injections for RCD. 

2. Materials and Methods 
2.1. Study Design 

The present systematic review and its procedures were organized and conducted following the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [71–73]. 
The PRISMA flow diagram can be retrieved in Figure 1, while the PRISMA checklist has been added 
as Supplementary material. The research protocol has been registered in the International Prospective 
Register of Systematic Reviews (PROSPERO), registration number CRD42023470461. 

2.2. Eligibility Criteria 
This review includes included randomized clinical trials (RCTs), prospective and case-series 

studies, with a minimum follow-up of one month. Comparative studies with other injections 
therapies such as PRP were also included.  

Articles such as editorials, technical notes, letters to authors, narrative reviews, systematic 
review, case reports, animal or cadaveric studies that did not report clinical outcomes about the use 
of collagen for RCD were excluded. 

2.3. Information Sources 
Potential studies were identified by searching electronic databases, including Cochrane Central 

Register of Controlled Trials (CENTRAL), EMBASE, MEDLINE, PEDro, Web of Science, Scopus, 
PubMed, ad CINAHL. A systematic search of all databases was performed from their inception to 
November 2024, with no language limitations. Reference lists of relevant studies were also screened 
for additional possible studies. 

2.4. Search Strategy 
The strategy had two components including terms for collagen and RCD. Keywords for 

population were “Rotator cuff” [MeSH] OR rotator cuff disease*[all fields] OR rotator cuff 
tendinopathy*[all fields] OR rotator cuff tear*[all fields]; keywords for intervention were “collagen” 
[MeSH] OR “atelocollagen” [MeSH]. 

2.5. Types of Participants 
This study included patients with diagnosis of RCD, defined as RCTP, PTRCTs and FTRCTs.  

2.6. Types of Interventions 
For inclusion, collagen had to be administered to at least one group in the RCTs. Studies in which 

the effects of collagen alone could not be evaluated (such as a mixture of collagen and another drug 
compared with collagen alone or another drug) would not be included. 

2.7. Types of Comparison Controls 
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Comparison groups were classified into active and inactive controls according to the Cochrane 
handbook for systematic reviews of interventions [74]. Inactive control was defined as no injection or 
arthroscopic repair without collagen injection. Active control was defined as the use of different 
injection solutions such as PRP [70] or acellular dermal matrix allograft [75]. 

2.8. Outcomes Measures 
The primary outcome was pain reduction measured by Numeric Analogue Scale (NAS, 0-10) or 

Visual analogue scale (VAS, 0-10). Secondary outcomes included the Constant score (CoS) and the 
American Shoulder and Elbow Surgeons Shoulder Score (ASES), where available. Other scores were 
evaluated on a case-by-case basis depending on the ones used in the included studies. The outcomes 
were evaluated at baseline and at final follow-up for each of the included studies.  

2.9. Study Selection and Data Extraction 
Two independent authors (R.A. and D.T.) performed the search and evaluated the articles. 

Experienced researchers in systematic reviews (E.S., B.C., F.S., R.P., C.R.,) solved cases of doubt. At 
the beginning, investigators read the articles’ abstracts, selected the relevant ones according to both 
inclusion and exclusion criteria, and then compared results with the other investigators. After two 
weeks, the same studies were read again to confirm the agreement. No disagreement was observed 
among the investigators.  

One investigator (R.A.) extracted the data from the full-text articles to Excel spreadsheet 
structured tables to analyse each study in a descriptive fashion. Number of sample size, type of 
management and collagen used, time of follow-up, clinical and functional outcome before and after 
treatment, adverse events and complication were extracted from the retrieved articles and collected 
in Table 1. A second investigator (E.S.) independently double-checked the extraction of primary data 
from all the articles. Doubts and inconsistencies were grouped and solved. All the authors 
participated in the drafting of the text. All results that were compatible with each outcome domain 
in each study were sought. A p-value <0.05 was considered statistically significant. Results are 
presented in Table 1 for comparison of progression from baseline to the last follow-up. All results 
were reported at baseline and at the last follow-up, highlighting the significant differences. Level of 
evidence analysis was determined using the Oxford Centre for Evidence-Based Medicine Levels of 
Evidence [76]. 

Table 1. Main results and outcomes of each study. 

Study 
name 

N. 
patie

nt 

Follo
w-ups Groups 

Collagen 
used 

Interven
tion 

Scores at 
baseline 

Scores at 
last 

follow-
up 

Complicat
ions 

Kim et 
al. 

(2019) 

121 VAS: 
3 

days, 
1 and 

2 
weeks 

 
KSS: 
3, 12, 

24 
month

s 

 Arthrosc
opic 
repair 
plus 
collagen 
injection 
(Group I, 
n=61) 

 Arthrosc
opic 
repair 
alone 
(Group 
II, n=60). 
 

3mL of 
3% 

porcine 
type-I 

atelocoll
agen 

Single 
injection 

at 
baseline 

(after 
arthrosc

opy) 

Group I 
VAS:  
5.3 ± 2.1 
KSS: 63.0 
± 15.1 
 
Group II 
VAS:  
6.3 ± 1.7 
KSS: 61.5 
± 15.2 

Group I  
VAS:  
1.2 ± 1.0 
KSS: 80.1 
± 9.4 
 
Group II 
VAS: 3.2 
± 1.7 
KSS:82.3 
± 11.2 

 Group I: 7 
re-tears 
(11.5%) 

 Group II: 
4 re-tears 
(6.7%) 

  Significant 
improvement in pre-
op and last follow-

up; 
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FTRCT VAS significantly 
better in Group I 

than Group II; 
No differences for 

KSS at final follow-
up. 

Kim et 
al. 

 (2020) 

94 3, 12 
and 24 
month

s 

 0.5 mL 
collagen 
injection 
(Group I, 
n=32) 

 1mL 
collagen 
injection 
(Group 
II, n=30) 

 No 
injection 
(Group 
III, n=32) 
 
PTRCT 

0.5 or 
1mL of 

3%, 
porcine 
type-I 

atelocoll
agen 

Single 
injection 

at 
baseline 

Group I 
VAS: 4.1 
ASES: 
61.9 
CoS: 68.1 
 
Group II 
VAS: 3.6 
ASES: 
63.5 
CoS: 65.8 
 
Group 
III 
VAS: 3.4 
ASES: 
62.9 
CoS: 68.4 

Group I 
VAS: 2.1 
± 1.2 
ASES: 
82.5 ± 
12.3 
CoS: 89.0 
± 6.9  
 
Group II 
VAS: 1.4 
± 1.1  
ASES: 
79.3 ± 8.3 
CoS: 82.0 
± 10.1 
 
Group 
III 
VAS: 3.3 
± 2.5 
ASES: 
65.5 ± 8.5 

CoS: 62.5 
± 11.5  

Not 
reported 

  Significant 
improvement pre-op 
and last follow-up 
only in Group I and 

II; 
Scores significantly 

better in Group I and 
II than III; 

No differences 
between Group I and 

II. 
Chae 
et al. 

 (2020) 

15 2 
month

s 

Collagen 
injection 
 
PTRCT 

1mL 
atelocoll
agen + 
1mL of 

lidocaine 

Single 
injection 

at 
baseline 

ASES: 
57.0 
KSS:  
64.6 
CoS:  
56.4 
VAS: 4.2 
SST:  6.6 
FVAS: 
6.3 

ASES: 
60.4 
KSS: 68.5 
CoS: 58.9 
VAS: 3.7 
SST: 6.9 
FVAS: 
7.1 

Post-
injection 
pain (57%, 
8/15) 
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  Significant 
improvement in pre-
op and last follow-
up only for SST and 

FVAS. 
Corrad
o et al. 
(2020) 

18 2 
weeks, 
1 and 

3 
month

s 

Collagen 
injection
s 
 

RCTP 

2mL, 
porcine 
type-I 

atelocoll
agen 

4 
injection
s (one a 

week for 
4 weeks 
in a row) 

CoS: 
53.11 ± 
12.7 
DASH: 
37.72 ± 19 

CoS:  75 
± 12.9 
DASH: 
18.67 ± 13 

Not 
reported 

  Statistically 
significant 

improvement. 
Godek 
et al. 
(2022) 

82 6 
weeks, 
3 and 

6 
month

s 

 Collagen 
plus PRP 
injection
s (Group 
I, n=28) 

 Collagen 
injection
s (Group 
II, n=27) 

 PRP 
injection
s (Group 
III, n=27) 
 
PTRCT 

2mL, 
porcine 
type-I 

atelocoll
agen 

3 
injection
s (one a 

week for 
3 weeks 
in a row) 

Group I 
VAS: 
74% 
QuickD
ASH: 37 
NRS: 5 
 
Group II 
VAS: 
68% 
QuickD
ASH: 42 
NRS: 5,5 
 
Group 
III 
VAS: 
71% 
QuickD
ASH: 41 
NRS: 6 

Group I 
VAS: 
82% 
QuickD
ASH: 15 
NRS: 1,5 
 
Group II 
VAS: 
80% 
QuickD
ASH: 20 
NRS: 2 
 
Group 
III 
VAS. 
86% 
QuickD
ASH: 20 
NRS: 1,8 

No 
complicati
ons 

  No differences 
between groups at 

final follow-up. 
Aldhaf
ian et 

al. 
(2023) 

129 3, 6 
and 12 
month
s for 
all 

group
s 
 

Last 
follow

-up 
(mont

hs): 
 

 Arthrosc
opic 
repair 
only 
(Group I, 
n=36) 

 Arthrosc
opic 
repair 
plus 
collagen 
injection 
(Group 
II, n=44) 

1ml 
atelocoll

agen 

Single 
injection 

at 
baseline 

(after 
arthrosc

opy) 

Group I 
VAS: 4 
ASES: 58 
CoS: 62 
KSS: 61 
 
Group II 
VAS: 4 
ASES: 61 
CoS: 68 
KSS: 68 
 
Group 
III 

Group I 
VAS: 2 
ASES: 80 
CoS: 76 
KSS: 75 
 
Group II 
VAS: 3 
ASES: 74 
CoS: 79 
KSS: 81 
 
Group 
III 

Re-tear 
rates after 
12 
months: 

 Group I: 
19.4% (7 of 
36)  

 Group II: 
13.6% (6 of 
44)  

 Group III: 
20.4% (10 
of 49)  
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 Group 
I: 
21.6±5.
1 

 Group 
II: 
20±6.3 

 Group 
III: 
18.3±3.
2 

 Arthrosc
opic 
repair 
with 
acellular 
dermal 
matrix 
allograft 
injection 
(Group 
III, n=49) 
 
FTRCT 

VAS: 4 
ASES: 62 
CoS: 68 
KSS: 68 
 

VAS: 3 
ASES: 76 
CoS: 73 
KSS: 73 
 

 
Adverse 
events 
were not 
detected 
in any 
groups. 

  Improved in all 3 
groups compared to 

preoperative 
assessment at final 

follow-up. 
No significant 

difference among the 
3 groups. 

Buda 
et al. 
(2023) 

71 1 and 
6 

month
s 

 Collagen 
injection
s 

  
 Group I 

(SST<42, 
n=23) 

 Group II 
(43< 
SST<74, 
n=28) 

 Group 
III 
(SST>75, 
n=20) 
 

RCTP 

4mg/2ml, 
bovine 

collagen, 
low 

molecula
r weight 
(<3kDa) 

2 
injection
s (one at 
baseline 
and one 
between 
nine and 
17 days 
after the 
first one) 

Overall 
populati
on 
VAS at 
rest: 4.25 
± 3.10 
VAS 
during 
moveme
nt: 6.56 ± 
1.47 
VAS at 
night: 
5.33 ± 
2.98 
CoS: 
63.76 ± 
12.50 
SST: 
54.14 ± 
20.16 
 
Group I 
VAS at 
rest: 6.35 
± 2.29 
VAS 
during 
moveme
nt: 7.26 ± 
4.09 
VAS at 
night: 
6.56 ± 
4.48 
CoS: 
51.52 ± 
59.17 

Overall 
populati
on 
VAS at 
rest: 0.39 
± 0.77 
VAS 
during 
moveme
nt: 1.87 ± 
1.85 
VAS at 
night: 0.7 
± 1.32 
CoS: 
84.07 ± 
11.47 
SST: 
87.15 ± 
14.99 
 
 
Group I 
VAS at 
rest: 0.86 
± 0.99 
VAS 
during 
moveme
nt: 1.77 ± 
1.87 
VAS at 
night: 
0.91 ± 
1.27 
CoS: 
75.10 ± 
10.06 

No 
complicati
ons 
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SST: 
30.43 ± 
40.58 
 
Group II 
VAS at 
rest: 4.28 
± 2.07 
VAS 
during 
moveme
nt: 6.57 ± 
3.96 
VAS at 
night: 
5.03 ± 
3.04 
CoS: 
65.32 ± 
74.10 
SST: 
56.79 ± 
72.58 
 
Group 
III 
VAS at 
rest: 1.90 
± 0.95 
VAS 
during 
moveme
nt: 5.85 ± 
4.30 
VAS at 
night: 
4.55 ± 
2.75 
CoS: 75.1 
± 81.85 
SST: 
77.49 ± 
81.24 

SST: 
77.27 ± 
16.7 
 
Group II 
VAS at 
rest: 0.18 
± 0.56 
VAS 
during 
moveme
nt: 1.89 ± 
1.82 
VAS at 
night: 
0.59 ± 
1.15 
CoS: 
85.37 ± 
10.24 
SST: 
90.74 ± 
13.34 
 
Group 
III 
VAS at 
rest: 0.15 
± 0.49 
VAS 
during 
moveme
nt: 1.9 ± 
1.97 
VAS at 
night: 
0.65 ± 
1.63 
CoS: 
92.45 ± 
7.19 
SST: 
94.18 ± 
7.69 

  Significant 
improvement in the 
overall population 

and Group I, no 
differences in Group 

II and III. 
RCTP=rotator cuff tendinopathy; PTRCT=partial-thickness rotator cuff tear; FTRCT=full-thickness 

rotator cuff tear; CoS=Constant score; ASES=American Shoulder and Elbow Surgeons 
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Shoulder Score; VAS=Visual analogue score; KSS=Korean Shoulder Scoring System; 
SST=Simple Shoulder Test; FVAS=Function-VAS; PVAS=Pain-VAS; NRS=Numerical Rating Scale; 

DASH= Disability of the Arm, Shoulder, and Hand. 

2.10. Quality Assessment 
The Modified Coleman Methodology Score (MCMS) was used to evaluate the quality of the 

articles included in this PRISMA systematic review [77]. MCMS was used to assess the quality of the 
articles found in the present study, assessing methodology with 10 criteria, with a total score between 
0 and 100 (which indicates that the study largely avoids chance, various biases, and confounding 
factors). Final score was categorized as excellent (85-100 points), good (70-84 points), fair (55-69 
points), and poor (<55 points). 

MCMS’ criteria were modified to make them reproducible and relevant for the present 
systematic review. We changed, for example, the “description of surgical technique” criterion with 
“description of injection technique”. More details about the MCMS (such as the definition for each 
criterion along with the scoring system, etc) are reported in the Supplementary materials [78]. Two 
authors (D.T. and R.A.) independently applied the MCMS, and a final score was reached by 
consensus. The MCMS is calculated using ten different criteria (study size, follow-up, number of 
procedures, type of study, diagnostic certainty, description of the injection technique, rehabilitation 
and compliance, outcome criteria, outcome assessment, and selection process), with a maximum total 
possible score of 100 [79]. Then, the agreement in the quality assessment between the two reviewers 
was evaluated using Cohen’s kappa coefficient.  

3. Results 
3.1. Eligible Studies 

After the initial literature search, a total of 299 potentially relevant citations were identified. After 
removal of duplicate records, 83 articles were identified. Then, following a first check of titles and 
abstracts, 67 articles were not included, since they did not investigate outcomes in the use of collagen 
injections for RCD. Finally, after a further screening, other nine articles were excluded as not conform 
to inclusion criteria, and a total of seven articles were included in the present systematic review 
(Figure 1).  

 
Figure 1. Flowchart of included studies. 
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Among the nine excluded studies, two were case-report studies, so their outcomes could not be 
considered as reliable. One article was also excluded because combined collagen with HA, so the 
effects of the sole collagen could not be evaluated. 

3.2. Quality of the Included Studies 
The inter-rater (R.A. and D.T.) reliability in the quality assessment, evaluated using the Cohen’s 

K coefficient, was optimal (0.9). The raters were blinded to the other reviewer’s ratings. 
The results of the MCSMS are reported in Table 2. 

Table 2. Results of the Modified Coleman Methodology Score (MCMS) used to assess the quality of 
the included articles. 

Refere
nces 

Stu
dy 
siz
e 

Foll
ow-
up 

N 
proce
dures 

Ty
pe 
of 
stu
dy 

Diagn
ostic 
certai
nty 

Descri
ption 

of 
injecti

on 
techni

que 

Rehabili
tation 
and 

complia
nce 

Outc
ome 
criter

ia 

Outco
me 

assess
ment 

Selec
tion 

proce
ss 

To
tal 

Kim et 
al 
2019 

10 4 7 0 5 10 5 10 12 5 68 

Kim et 
al 
2020 

7 4 7 10 5 10 5 10 12 5 75 

Chae 
et al 
2020  

0 0 10 0 5 10 5 10 12 5 57 

Corra
do et 
al 
2020 

0 0 10 0 5 5 5 10 12 5 52 

Godek 
et al 
2022 

7 0 7 15 5 5 5 10 12 5 71 

Aldha
fian et 
al 
2023 

10 4 10 0 5 5 5 10 12 5 54 

Buda 
et al. 
2023 

7 0 10 10 5 5 0 10 12 5 76 

Maxi
mum 
Score 
Possib
le 

10 10 10 15 5 10 10 10 15 10 
10
0 

Mean 
± 
Stand
ard 
Devia
tion 

5,8 
± 

4,2 

1,7 ± 
2,1 

8,7 ± 
1,6 

5 ± 
6,4 

5 ± 0 7,1 ± 
2.6 

 4,2 ± 1,8 10 ± 0 12 ± 0 5 ± 0 
63,
3 ± 
8,9 
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There was a large range of MCMS values, from 52 to 76, with a mean of 63.3 ± 8.9 regarded as fair (55-69 points). 
Some of the selected studies reported a relatively small cohort of patients, unclear outcome criteria and 
assessments and poor patient selection processes and low quality of evidence. For this reason, a meta-analysis 
was not performed. 

3.3. Characteristics of Included Studies 
Detailed descriptions of the characteristics of the included studies are summarised in Table 1. Of 

the seven articles retrieved, four studies were retrospective [12,35,75,80], two were prospective 
studies [81,82], reporting results after a different number of collagen injections (from one to four), 
while a single study was a RCT [70].  

Three studies evaluated the effects of collagen injections for PTRCTs [70,80,81], with one of these 
being a RCT in which patients were treated using collagen injections alone or combined with PRP or 
PRP alone [70]. One prospective studies [81] evaluated the use of collagen for PTRCTs at different 
concentration or no injection therapy, while a retrospective [80] study evaluated collagen injections 
alone. 

Two retrospective studies reported the outcomes of patients managed with arthroscopic rotator 
cuff repair for FTRCTs and that received a single collagen injection [12], or a single acellular dermal 
matrix injection [75], or no injections after surgery.  

Effects of collagen injections on RCTPs were investigated in one case-series and one prospective 
studies [35,82]: Buda et al.[82] divided patients on the basis of the simple shoulder test (SST), showing 
better outcomes in patients managed with two single injection, in approximately two weeks, with the 
worst SST at the first time.   

The follow-up ranged from a minimum of 3 months [35] to a maximum of 24 months [81]. The 
total number of patients enrolled in the retrieved studies is 530, with a minimum of 15 patients [80] 
and a maximum of 129 patients [75].  

3.4. Clinical Assessment 
The initial assessment of patients was performed in all the included studies through an US or 

magnetic resonance imaging (MRI) assessment that confirmed the presence of PTRCTs, FTRCTs or 
RCTPs, and three studies also considered clinical signs and symptoms of RC pathology [35,70,81]. 
Only one study reported the use of specific tests for the clinical assessment of RCD such as Neer’s 
and Jobe’s tests [35]. 

3.5. Injection Technique 
Four studies used an in-plane, ultrasound (US)-guided injection technique [35,70,80,81], while 

in the studies in which collagen injection followed the arthroscopic repair, it was delivered through 
an arthroscopic visualization [12,75].  

In three studies collagen was injected directly into the tear site [35,80,81], in one study into the 
subacromial bursa [70], while in another study at the bone-tendon interface [12,75]. No complications 
or adverse event where found in patients managed for RCTP [35,82]. 

In two studies, a single injection was performed at baseline [80,81], in other two, a single injection 
at baseline was performed after the arthroscopic repair [12,75], while in two studies three [70] or four 
injections [35] were administered.  

3.6. Adverse Events 
A 57% post-injection pain (8/15) was reported in only one study [80], while a range from 11.5% 

to 13.6% of RC re-tears after arthroscopic repair followed by collagen injection was found [12,75]. 

3.7. Rehabilitation 
In one study, the rehabilitation protocol after the injection consisted in progressive stretching 

exercises and posterior capsular stretching, comfortable passive ROM, and strengthening exercises 
with resistance bands [81], while in another study, pain-free ROM, postural exercises, and scapular 
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stabilisation exercise were allowed [70]. In the study in which collagen was injected after the 
arthroscopic repair [12], the shoulder was immobilized for six weeks using an abduction brace, with 
early passive ROM permitted within a tolerable range, and active assisted ROM exercises started after 
six weeks, while strengthening exercise were started after three months. 

3.8. Primary and Secondary Outcomes Evaluation 
Different outcomes were assessed, such as range of motion (ROM) [80,81], VAS, NAS, numeric 

rating scale (NRS) [12,70,80,81], ASES [80,81], the Korean Shoulder Score (KSS) [12,80], CoS and 
Constant-Murley (CM) scores [35,80], the Disabilities of the Arm, Shoulder, and Hand (DASH) and 
Quick- Disabilities of the Arm, Shoulder, and Hand (Q-DASH) scores [35,70], Simple Shoulder Test 
(SST) [80,82], and the EQ-5D-5L (descriptive part – Utility Index and EQ-VAS 0–100) questionnaire 
[70].  

In three out of four study in which VAS or NRS were evaluated, the scores decreased at final 
follow-up when compared to baseline more than the threshold for minimal clinically important 
difference (MCID) [83], especially in the short-term [12,70]. Regarding other scores evaluated for 
shoulder function such as DASH, Q-DASH, ASES or CoS, in some studies [35,70,81] scores increased 
significantly from baseline to final follow-up more than the respective MCID [84–86].  

In three studies [35,70,81], significant changes in tendon size and structure were found at the last 
follow-up using US or MRI assessment. Anyway, these radiological changes were not observed in the 
other two studies at the final follow-up [12,80].  

3.9. Collagen Versus Active Controls 
In the study by Godek et al.[70] in which collagen injections for PTRCTs were compared to 

collagen plus PRP and PRP alone injections, the comparison of NRS evolution between the groups 
revealed a reduction in pain intensity mostly in the first six weeks of follow-up (p< 0.001), but no 
significant statistical differences between groups were noticed (p =0.870). The comparison of Q-DASH 
results between the groups at each measurement point also showed a similar pattern of mean value 
reduction (p < 0.001) without significant statistical differences between groups (p =0.997). The 
comparison of EQ-5D-5L (regarding the VAS subscore) results between the groups at each 
measurement point demonstrated no statistically significant differences. The dynamics of changes six 
weeks after the last injection were similarly more intense (p< 0.001).  

Despite no statistical differences were found between groups in primary outcomes, there was a 
trend towards improvement in the collagen plus PRP and PRP alone groups between 12 and 24 
weeks. The following outcomes were also retrieved: rotator cuff discontinuity (n= 3, one case in each 
group) and rotator cuff regeneration (n= 22 in the collagen plus PRP group, n= 20 in the collagen 
group, and n= 23 in the PRP group). The Authors finally stated that a combined therapy of collagen 
and PRP in PTRCTs is not more effective than monotherapies in reducing pain and improving 
mobility, self-care, and usual activities. 

In the study by Aldhafian et al.[75], patients with FTRCTs were treated by arthroscopic repair 
only or arthroscopic repair together with collagen or acellular dermal matrix allograft injection. 
Functional outcomes of the three groups, including VAS for pain, ASES score, KSS, and CS score, 
were improved in all three groups compared with the preoperative assessment at final follow-up, 
with the most consistent improvement at 12-month follow-up. However, there was no significant 
difference between the three groups. 

4. Discussion 
The aim of the present study was to systematically review the use of collagen injections for RCD, 

reporting their functional outcomes, alone or in combination with other management modalities. The 
outcomes of the included studies highlighted the paucity of evidence on the effectiveness and safety 
of collagen injections for RCD.  
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Despite the use of different types of collagen and injection protocols, and different scores 
applied, each study evaluated in this systematic review showed that the administration of collagen 
for the treatment of RCD is effective in reducing pain and improving function. 

RCD are one of the most common disabling musculoskeletal disorders with high prevalence 
rate, and the appropriate treatment is still under debate [87–89]. Among conservative treatments, 
different injection therapies have been proposed in the last years for the treatment of RCD, but they 
have achieved controversial effectiveness according to the scientific literature [90]. Since very few 
injection therapies have proven effective for RCD [31,91], collagen injections may represent an 
effective therapeutic option.  

All the evaluation tools scored differently among the included studies, with statistically 
significant improvements found in all the scores [35,70,75,81] or just in some of them [12,80]. 

US [35,70,80] and MRI [12,81] evaluations were also performed during the follow-up to assess 
RC repair integrity, showing a significant decrease of the tear size in three studies [35,70,81].  

Four studies [35,70,81,82] showed both clinical and radiological improvements for PTRCTs and 
RCTP with the use of collagen, while non-significant changes were found only in one article [80] on 
PTRCTs. When patients treated with collagen injections were compared to non-treated patients, 
outcomes were significantly better [75,81]. These outcomes were also observed in two case-reports on 
the use of injectable collagen for PTRCTs [23,57] in which a complete healing of the tendon tear at the 
last follow-up, along with improvements in shoulder pain and function, were reported. Therefore, 
the use of collagen injections for PTRCTs and RCTPs appears to be reasonable, especially for patients 
with worse starting baseline [82], even if the quality of the studies is relatively low, so several 
questions still need to be addressed.  

Kim et al. [12] compared patients treated with a single collagen injection after RC arthroscopic 
repair for FTRCTs to patients who underwent only arthroscopic repair, and although patients treated 
with collagen resulted in reduced pain two weeks after surgery, no significant difference in the 
healing rate of the RC tear at six months postoperatively was found. Surprisingly, a 11.5% re-tear rate 
in the group treated with collagen versus a 6.7% in the non-collagen group was found, even if the 
difference was statistically not significant.  

These outcomes disagree with those found by Jeong al. [9] who compared patients managed, 
after RC arthroscopic repair for FTRCTs, with combined collagen and HA to patients treated with 
HA alone or with no injections, reporting no difference in terms of clinical outcomes at 1-year follow-
up, but an higher rate of RC tears in the groups treated with HA alone and with no injections, while 
no re-tears were found in the group treated with combined collagen and HA. Therefore, the authors 
stated that the co-administration of collagen and HA effectively improved healing of the RC and 
increased the integrity of the RC repair site. In the same study, at the 3-month follow-up, the authors 
performed intra-articular CS injection to patients with shoulder pain and ROM limitation and, 
interestingly, they administered a significantly lower number of CS injections in the group treated 
with combined collagen and HA. This finding could be of some importance since recently growing 
evidence indicated that CS can have tenotoxic effects, increasing the risk of tendon rupture, increasing 
tenocytes necrosis, and decreased cell viability [92–94]. 

Despite the good outcomes reported in the included studies in this review, the use of collagen 
for RCD remains questionable, since some studies reported conflicting results. For this reason, other 
types of injections, such as PRP, may be preferred according to two recent systematic review about 
the efficacy of injections for RC tears [31,91]: anyway, in one of the included studies [70], patients 
were treated with either combined collagen and PRP or collagen alone or PRP alone for PTRCTs, and 
no statistical differences were found between groups in primary outcomes, with combined therapy 
of collagen and PRP presenting similar effectiveness to monotherapies with collagen or PRP. 

Study limitations 
The present review is not free from limitations. First, the quality of the included studies is 

relatively low, with only one level-I study [70], one level-III [81] and five level-IV studies 
[12,35,75,80,82], preventing definitive recommendations regarding the indication for the use of 
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collagen for RCD. Furthermore, there was a great heterogeneity about the type of collagen used and 
the number of injections performed, and even when the same type of collagen was administered, the 
injection protocol was different [35,70,82]. Even in the studies in which the same specific RC issue 
was addressed [70,80,81], the type of collagen used was different. For this reason, we cannot draw 
any conclusions about which collagen and injection protocol is the best choose for the conservative 
treatment of RCD.  

Finally, the heterogeneity of the study population with the absence of a control group in many 
investigations is an important limitation.  

5. Conclusions 
Despite a relatively low number of studies and low quality of the evidence, collagen 

administration for conservative treatment of RCD showed a positive trend in reducing pain and 
improving function during follow-ups, as well as improving tendon structure, with the most 
satisfactory results seen in PTRCTs and RCTP when patients at baseline experienced worse shoulder 
symptomatology.  

In each study, all the evaluated scores, or at least some of them, improved significantly with 
good, reported outcomes, but given the low level of evidence, recommendations regarding the 
correct indication for the use of collagen in case of RCD cannot be defined. High quality studies with 
long-term follow-ups, such as RCTs, are needed to confirm the outcomes of the included articles. 
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