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Ultrasound-guided collagen injections in the treatment of supraspinatus tendinopathy:
a case series pilot study.
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Aim of the present pilot study was to verify, for the first time ever, the effects of collagen injections
in patients with chronic supraspinatus tendinopathy. Eighteen patients with chronic supraspinatus
tendinopathy were treated with a series of 4 type I porcine collagen ultrasound-guided injections, at
weekly intervals. The effects were verified at 2-week, 1-month and 3-month follow-up by means of
shoulder scoring systems and sonography. A very strong evidence (p<0.001) of a statistically significant
main effect amongst the multiple clinical observation was found. Ultrasound imaging highlighted
improvement in the structural integrity of the tendon. Compared to other injection therapies, collagen

injections proved to be at least equally effective, faster acting and safer.

Supraspinatus (SSP) is one of the four muscles
that comprise the rotator cuff of the shoulder, the
others being subscapularis, infraspinatus, and teres
minor. The rotator cuff muscles work as stabilizers
of the glenohumeral joint. SSP has its origin from the
supraspinous fossa of the scapula and inserts into the
greater tuberosity of the humerus. SSP together with
the deltoid muscle adducts the arm at the shoulder
by fixing the head of the humerus firmly against the
glenoid fossa. SSP functions as an abductor for the
initial 30° of abduction.

Rotator cuff syndrome (RCS) constitutes
a spectrum of disease across a wide range of
pathologies associated with injury or degenerative
conditions affecting the rotator cuff. RCS is a
frequent cause of pain in the shoulder and often
brings to functional and labour disabilities. Within
RCS, the most common muscle affected is SSP (1).

The definitive cause of SSP tendinopathy
remains uncertain. Proposed mechanisms include

intrinsic, extrinsic, or combined mechanisms.
Extrinsic mechanisms potentially involve attrition
of the tendon from contact with bone structures.
Intrinsic mechanisms relate to factors that directly
influence tendon health and quality, including aging,
genetics, postural imbalances, vascular changes,
altered loading, and surgery (2, 3). Excessive tissue
load remains the most substantial causative factor
in the development of SSP tendinopathy. Indeed,
the prevailing pathogenesis model suggests that
SSP tendinopathy occurs from a primary response
of the tendon cells to overload, which results in
tendon cells activation and proliferation, increase
in proteoglycans, that in their turn cause collagen
matrix disruption, and increased vascularisation (4).

Symptoms of RCS include pain at rest and at night,
particularly if lying on the affected shoulder, and pain
and weakness when lifting heavy objects or rotating
the arm. Tenderness or deformity can be detected at
physical examination. There is limited evidence for
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any of the tests commonly used in diagnosing SSP
tendinopathy as being very sensitive or specific. The
empty can test (Jobe’s test) and the full can test (Neer
test) are the most commonly employed. Patients with
SSP tendinopathy may also experience a painful arc
of movement between 60° and 120° of abduction,
which was found to carry the highest likelihood ratio
compared with other provocative tests (5).

There are three imaging options in the evaluation
of SSP tendinopathy: plain radiography (X-ray),
ultrasound (US), and Magnetic Resonance (MR)
with or without arthrography (MRA). US, and US
elastography is increasingly gaining in importance
for the study of muscles and tendons (6-8). US is
an excellent tool for evaluating rotator cuff: it is
less expensive than MR and it allows to assess
dynamic movements of the shoulder. US may be
helpful to detect signs of tendinopathy and to predict
improvement or worsening of the tendon health at
the tissue level (9). For the shoulder there is a lack
of clinically relevant, standardized and reliable
US methods for assessing tendinopathy. Since US
is highly influenced by clinician experience and
technique, standardized US procedures for assessment
of structural changes in relation to tendinopathy need
to be defined. Based on the literature, consensus was
made on definitions of relevant structural changes
related to SSP tendinopathy, including thickening,
fibrillar disruption and calcifications (10).

There are several treatment options for SSP
tendinopathy. Conservative treatment may include
rest, activity modification, non-steroidal anti-
inflammatory drugs (NSAIDs), and physical
therapy, focused on both core and scapular muscles
strengthening (11). In about 80% of patients,
nonsurgical treatment relieves pain and improves
function. If rest, medications, and physical therapy
do not relieve pain, patients can undergo injection
therapy. Several injection therapy options are
available, including injection of corticosteroids,
hyaluronic acid (HA), platelet-rich plasma (PRP),
and natural irritants (prolotherapy). These injection
treatments have shown variable effectiveness and
have some criticalities. The combination of injection
therapies with physical exercise can reduce recovery
time (12).
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Type 1 porcine collagen injections represent
a new and refined tool in prevention and therapy
of ageing of intra-articular structures, as well
as of periarticular ones and of those concerning
mesodermic supporting tissues (13-16). Collagen
injections can stimulate synthesis, maturation and
secretion of endogenous type I collagen, which is
always deficient in inflammatory and/or degenerative
diseases concerning the musculokeletal system and
other anatomical structures of mesodermic origin
(17).

Aims of this prospective pilot study were (a) to
evaluate the effects of a series of 4 porcine type |
collagen US-guided injections (once a week) on
pain and disability in a group of patients who have
been suffering from SSP tendinopathy for at least 6
months, and, (b) to verify the effects of this injection
therapy on the ultrasonographic tendon structure.

MATERIALS AND METHODS

This is a prospective observational pilot study and
was carried out at Federico II University Hospital in
Naples, Italy. The subjects were all outpatients and we
enrolled them from October 2018 to May 2019. All the
patients who referred shoulder pain and disability were
evaluated to verify the criteria for the enrollment and
underwent ultrasound and X-ray. The inclusion criteria
were: age >18 years, symptomatic SSP tendinopathy of
at least 6 months of duration, pain triggered by overhead
activities, positive impingement sign (Neer test), pain
with supraspinatus testing (Jobe’s test), ultrasound
evidence of SSP tendinopathy, and lack of therapy in
the last 6 months. The exclusion criteria were; previous
shoulder surgery, rotator cuff tears greater than 50% of
the tendon thickness, adhesive capsulitis, inflammatory
arthritis, acromioclavicular joint pain, X-ray evidence
of glenohumeral osteoarthritis, and previous fractures/
bone tumors/osteonecrosis of the humerus. After a full
and clear description of the study protocol, all patients
enrolled were invited to sign the informed consent. The
study was carried out in accordance with the principles of
the Declaration of Helsinki and met the ethical standards
of the local ethics committee.

We selected 20 patients but 2 refused to take part in
the trial. Finally, we enrolled 18 patients, of which 11
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males and 7 females, with an average age of 52 + 15 years.
For the treatment we planned 4 US-guided injections of
2 ml porcine type I collagen, once a week. Ultrasound-
guided injections for SSP tendinopathy have proved to
be superior to blind interventions (18). All injections
were performed by a single doctor with over 10 years of
experience. Injections were performed using an anterior
approach. The patients were seated on a chair with the arm
in internal rotation to expose as much of the SSP tendon
as possible. This position was best achieved by placing
the patient’s arm behind his back. A 22-gauge needle was
directed towards the main hypoechoic/anechoic area of
the supraspinatus tendon as guided by US until the tip
of the needle was seen in the correct position and then
the collagen was injected slowly. Patients were invited
to keep the shoulder at rest until the day after. No other
treatment was associated with collagen injections.
Patients were evaluated at the time of enrollment (T0),
right before the third injection (T0), one month (T2) and three
months (T3) after the last injection by means of the Constant-
Murley (CM) score and the disability of the arm, shoulder
and hand (DASH) questionnaire. An ultrasound evaluation
of the rotator cuff was performed by a radiologist with over
20 years of experience at TO and T3. An ordinal grading
scale was assessed. The scale ranged from 0 to 5 (0 =normal
tendon; 1 = thickening; 2 = disruption without calcifications;
3 = disruption with microcalcifications; 4 = disruption with
macrocalcifications; 5 = partial rupture) (10).

Statistical analysis

Analysis of variance (ANOVA) for repeated measures
was used to compare both CM and DASH mean scores
with each other at different time points (TO0, T1, T2, T3).
Afterwards, Bonferroni post-hoc test was employed to
perform pairwise comparisons by time points (TO/T1,
TO/T2, TO/T3, T1/T2, T1/T3, T2/T3). The confidence
interval was established at 95% (p <0.05). With regards
to US evaluation, a simple comparison between means +
standard deviation was performed at two different time
points (TO and T3).

CM and DASH mean scores and standard deviations
at different time points are listed in Tables I and II
respectively. For repeated measures ANOVA provided
very strong evidence (p < 0.001) of a statistically
significant main effect amongst the multiple observation,
both as regards to CM score and DASH questionnaire
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(Fig. 1). The multiple-comparison post-hoc correction
(Bonferroni method) highlighted statistically significant
differences between CM and DASH mean scores for each
pair of time points (p < 0.05) except for the pair T2/T3.

US mean scores and standard deviation at TO and T3
are listed in Table III. We observed a 27.5% reduction in the
US mean score between the two time points (Fig. 2).

No adverse event has been described after collagen

Table 1. Descriptive statistics of CM score at different
time points.

Mean Std. Deviation
TO 53,11 12,700
T1 62,89 10,775
T2 72,17 10,450
T3 75,00 12,916

Table I1. Descriptive statistics of DASH score at different
time points.

Mean Std. Deviation

TO 37,72 19,078

T1 28,89 15,080

T2 19,72 10,063

T3 18,67 13,002
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Fig. 1. Constant score and DASH questionnaire multiple
observation at different time points.
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injections, except for some cases of burning sensation at the
injection site which resolved spontaneously in a few hours.

SSP tendinopathy is a frequent cause of shoulder pain
but its pathophysiology is not fully understood. Treatment
of SSP tendinopathy is a challenge for physicians, physical
therapists and all the healthcare professionals. The current
literature suggests a multidisciplinary approach: NSAIDs,
exercise rehabilitation, physical therapy modalities, shock
wave therapy, injection therapies, and surgery (19).

In this pilot study we wanted to evaluate the collagen
injection therapy in a cohort of 18 subjects affected by
SSP tendinopathy (4 US-guided injections, once a week,
of type I porcine collagen). The results were evaluated
by administering CM score and DASH questionnaire,
before the first and the third injections, and one month
and three months after the last injection. All the selected
patients underwent US evaluation of SSP tendon at the
time of enrollment and at 3-month follow-up. At the end
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of the treatment we observed a statistically significant
improvement on pain and function. The positive findings
wereregistered both in objective (CM score) and subjective
(DASH questionnaire) outcome measures. Three-month
post-treatment US evaluation showed reduced tendon
thickness and a trend towards normalization in the tendon
sonographic features.

At this stage there are not literature studies about
collagen injections in the treatment of SSP tendinopathy.
Several injection therapies with substances different from
collagen are used in a variety of shoulder conditions and
RCS. Most of the literature on injection therapies for RCS
focuses on corticosteroids. Although some studies have
reported efficacy in reducing pain and improving function,
thereislittlereproducibleevidence. Ina2017 meta-analysis
on corticosteroid injections in rotator cuff tendinosis,
Mohamadi et al. highlighted that corticosteroid injections
provide minimal transient pain relief in a small number of

Table I11. Descriptive statistics of US grading score at different time points.

3h TO T3 ATO-T3 %AT0-T3
Totale score 51 37 -14 -27,5
Mean 2,8 2 -0,8
Standard deviation 1,5 1,9

Fig. 2. Sonographic assessment of a patient with supraspinatus tendinopathy who switched from a pre-treatment score of

2 to a post-treatment score of 0.
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patients, that they cannot modify the natural history of the
disease, and that, given the potential to accelerate tendon
degeneration associated with corticosteroids, they have
limited appeal (20). Another injection therapy that has
been described for the treatment of chronic painful rotator
cuff tendinopathy is prolotherapy or hypertonic dextrose
injection. The literature on prolotherapy in the shoulder is
limited to small retrospective series. A recent prospective,
randomized, double blinded clinical trial by Cole et al.
aimed to compare glucose prolotherapy injection into
the SSP tendon with corticosteroid injection into the
subacromial bursa for treatment of SSP tendinopathy.
Authors concluded that glucose prolotherapy offers
no additional benefit over subacromial corticosteroid
injection (21). The use of PRP for the treatment of RCS
has been extensively studied through multiple RCTs and
meta-analyses.

The variability on the composition of PRP produced
make it difficult to draw any definitive conclusions on the
efficacy of PRP treatment of RCS. In 2019 Hurley et al.
performed a systematic review of the literature on the use
of PRP for non-operative treatment of RCS. The authors
stated that the currently limited available evidence suggests
that in the short term PRP injections may not be beneficial
and that interpretation of the literature is confounded by
the lack of reporting of the cytology and characteristics of
PRP (22). The peritendinous administration of hyaluronic
acid (HA) has shown promising results in clinical trials
including patients with various disorders involving
tendons in the rotator cuff. However, the superiority of
HA over other interventions in scales assessing pain is
controversial, and few studies have evaluated the efficacy
of HA in the treatment of lesions affecting a tendon. In
their 2017 multicenter, randomized, controlled trial, Flores
et al. found that combined treatment with peritendinous
2% HA injections and physical therapy promotes faster
recovery in patients with SSP tendinopathy (23). Recently
mesenchymal stem cells (MSCs) derived from bone
marrow and adipose have garnered the most attention
for use in RCS. Nevertheless, only a few studies have
examined the effect of augmentative MSC therapy on RC
repair in humans, with early results suggesting a possible
improvement in repair site healing (24).

Eventually, several newer injection therapies have
gained popularity in the treatment of SSP tendinopathy.
However, the existing evidence for each type of therapy
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is currently limited and some of them have shown a lack
of safety due to their potential side effects (25). Another
limitation of several injection therapies for tendinophaties
is the high cost, which make them accessible only to a
limited number of patients.

The present study has some limitations: (a) a
small sample, (b) the lack of a control group, and (c) the
short follow-up time. However, it should be stated that
this is a pilot study and that it is currently the only study
in the literature on the effectiveness of collagen injection
therapy in SSP tendinopathy.

In conclusion, this pilot study has shown that a series of
4 type I porcine collagen US-guided injections, at weekly
intervals, is able to reduce significantly pain symptoms
and improve the function in a group of 18 patients with
chronic SSP tendinopathy. Moreover, the positive clinical
findings have been confirmed by ultrasonographic
features. Finally, we can state that there are grounds for
carrying out an RCT to confirm our preliminary data.
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