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ABSTRACT - Objective: Shoulder pain is often associated with injuries to the long head of the biceps ten-
don (LHBT). First-line treatment typically involves medications and physical therapy. Hyaluronic acid (HA), as an
alternative treatment, promotes viscoelasticity in tendons, and skin-penetrating peptides offer a non-invasive
strategy for its transdermal delivery.

This investigation aimed to evaluate the effect of a topically applied medical device (ST500®), composed of
hydrogel containing HA and peptide mixture, on shoulder functionality and symptoms in patients with LHBT injury
assessed with Constant-Murley Score (CMS).

Patients and Methods: This study is a post-market interventional, single-arm clinical investigation. 35 patients
were enrolled at the screening visit (V-1) and then treated with the first application at V1 (defined as baseline vis-
it). Patients continued the application of ST500°® twice a week for six weeks and were followed up for three visits
(V2-v4) at weeks 2, 6, and 10, respectively. Satisfaction rate and tolerance were evaluated using the Likert scale.
High-resolution ultrasound (HRUS) was used to determine tendon lesions and effusion. A digital goniometer was
used to assess the range of motion (ROM) of the arm and to register the elevation and abduction degrees.

Results: 33 patients were included in the analysis. The treatment with ST500® was safe and well-tolerated, with
only one patient reporting mild local swelling. The Likert Scale showed that patients were satisfied with the prod-
uct. The efficacy was assessed by observing the increase of CMS from V1 to V3-V4. After the treatment, comparing
V1 and V4 (end of the study), CMS significantly improved (p<0.0001); in addition, ROM values showed significant
improvement in elevation (p=0.032) and abduction (p<0.0001). Furthermore, HRUS imaging showed a significant
reduction in effusion (p<0.0001) and a decrease in the total number of lesions, although not significant (p=0.157).

Conclusions: a 6-week topical application of ST500° significantly improved pain and function in patients with
LHBT injury. Further studies are needed, comparative and in a larger population, to investigate the device’s effec-
tiveness in patients affected by different types of tendinopathies.
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INTRODUCTION

Shoulder pain is a very common musculoskeletal disorder, with a 1-year prevalence in the general pop-
ulation estimated between 20% and 50%%. Due to its anatomical features, the long head of the biceps
tendon (LHBT) is often affected by conditions mainly caused by biceps instability, inflammatory, degen-
erative, and traumatic events®. It has been estimated that LHBT injuries represent 96% of all rotator
cuff (RC) tears*, and since they occur in up to 50% of the population, damage to the LHBT is a prevalent
clinical problem?®. LHBT lesions rarely appear in isolation and are often linked to other shoulder pathol-
ogies®. Age and overuse, typically associated with repetitive overhead activities, contribute to tendon
degeneration and tendinopathy’. Because the common symptoms of LHBT injury are similar to those of
RC tears, diagnosing isolated LHBT injury is usually difficult®1°. LHBT injury can be debilitating and often
impacts an individual’s quality of life due to persistent pain, long periods of rest, and modification to
daily work and sports activities. First-line treatment of LHBT disorders is non-operative and general-
ly includes rest, use of non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroid injections (CSls)
into the bicipital sheath, and physical therapy!!. Failed non-operative management indicates the need
for surgical treatment!?. However, prolonged use of anti-inflammatory drugs can have side effects, and
surgical procedures can lead to complications.

Therefore, alternative treatments are needed to improve symptoms and shoulder functionality while
reducing the risk of complications associated with pain medications. Hyaluronic acid (HA) is a naturally
occurring polymer that belongs to a group of heteropolysaccharides called glycosaminoglycans. In addi-
tion to being present in several other tissues, HA is largely found in the extracellular space of tendons,
where it promotes viscoelasticity and tendon gliding by reducing adhesions®®. Thanks to its high ability
to bind with water molecules, one of its main functions is to lubricate joints and muscles. The unique
viscoelastic nature of HA, along with its biocompatibility and non-immunogenicity, has led to its use
in various clinical applications, including the supplementation of joint fluid in arthritis and tendinopa-
thies. Indeed, exogenous HA is unlikely to induce adverse reactions, even after repeated administra-
tions. Although intra-articular injection of HA has shown*?* high efficacy in the treatment of shoulder
tendinopathy without severe adverse effects, it is nevertheless an invasive procedure that must be
carefully performed by an orthopedic physician. In contrast, the topical application of HA-based for-
mulations could be an alternative, non-invasive, and more comfortable approach for patients suffering
from LHBT injury, helping to avoid potential complications associated with invasive HA injections.

Several studies in the literature have shown that HA alone hardly penetrates intact skin due to its
hydrophilicity and high molecular weight. Therefore, carriers are often needed to deliver the macromol-
ecule into the deepest layers of the skin'®. Among the types of carriers used, skin-penetrating peptides
are attracting increasing attention as a non-invasive strategy for transdermal delivery of macromole-
cules such as HA'8, Qligopeptides, or more simply “peptides”, are short chains of amino acids joined
together by peptide bonds. Peptides contribute to skin conditioning, allowing better passage of topically
applied macromolecules such as HA. ST500° (Supplementary Figure 1) is a medical device composed
of a hydrogel containing HA and a peptide mixture, designed to be applied to intact skin to limit the
physiological degeneration of tissues and improve joint and tendon function. The mechanism of action
outlined for ST500° (Contrad Swiss SA, Lugano, Switzerland) consists of mechanically improving tendon
function through the action of the HA included in the formulation. Based on the characteristics and
toxicological features of the ingredients/components, the medical device ST500° has been shown to be
safe for topical application from a biological risk perspective.

Therefore, the aim of this single-arm, post-market, confirmatory, interventional clinical investigation
was to evaluate the effect of HA-based gel containing a peptide mixture, topically applied, on shoulder
functionality and symptoms in patients affected by LHBT lesions.

PATIENTS AND METHODS
Patient Enrollment and Follow-Up

This is a post-market interventional, single-arm clinical investigation. The study was conducted accord-
ing to ISO 14155:2020, Good Clinical Practice guidelines, local laws and obligations, and the World Med-
ical Association Declaration of Helsinki. The study was approved by the independent Ethics Committee
of Insubria (hnumber CTD-SW ST500, date of approval 12/10/2021). A signed copy of the informed con-
sent was collected from each enrolled patient.
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Inclusion criteria were: age 218 years, presence of symptomatic, unilateral or bilateral LHBT injury of
mild or moderate severity, assessed according to Constant-Murley Score (CMS<70)*. Exclusion criteria
were: other clinical conditions of the shoulder requiring surgical intervention, partial and full rotator
cuff tears, LHBT lesions classified as type IV, V, or VI, previous shoulder surgery, immune system illness-
es, uncontrolled systemic diseases, infectious or inflammatory processes or damaged skin near the area
of treatment, ongoing cutaneous allergies, serious and chronic pathological skin conditions, allergy to
device components, any other systemic or local therapy for the treatment of LHBT injury (only physio-
therapy allowed) or other inflammatory diseases or painful states, drug and/or alcohol abuse, mental
issues, pregnancy or breastfeeding.

Patients who were seen at the Orthopedic and Traumatology Unit of the Luini Confalonieri Hospital,
Luino (Italy), between November 2021 and October 2022 were screened for the study. A total of 35 pa-
tients satisfied the study criteria and were enrolled.

Each patient underwent a screening visit (V-1), a baseline visit (V1), and three scheduled visits (V2-
V4). Two weeks (V2) after V-1, the patient was contacted by telephone to monitor product safety and
compliance with the protocol. V3 was conducted at the end of treatment after six weeks, and V4 was a
follow-up visit after ten weeks. At V1, V3 and V4, the CMS was collected.

Both satisfaction rate and tolerance to the treatment were evaluated using a five-point Likert scale®:
(1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree.

Treatment with ST500°

ST500° is a medical device, a water and glycerin-based monodose gel containing sodium hyaluronate
and a peptide mixture in a 1.5 mL monodose vial. ST500° is a hydrogel formulated as follows: demin-
eralized water, glycerin, propylene glycol, Polyethylene Glycol (PEG)-40 hydrogenated castor oil, phe-
noxyethanol, carbomer, xanthan gum, disodium EDTA, panthenol, sodium hydroxide, sodium hyaluro-
nate, benzoic acid, dehydroacetic acid, ethylhexylglycerin, SH-Polypeptide-29 and SH-Tripeptide-1.

The treatment was performed twice weekly for six weeks for each target area. After the first application
at the baseline visit (V1), the treatment was repeated for two days per week for six weeks at home. Patients
were required to apply the treatment twice a week every three days. The patients applied the content of the
single-dose vial to the painful area using a dedicated patch, which was kept in place for 4 to 8 hours.

Assessment of Tendon Effusion, Lesion and Shoulder Range of Movement

High-resolution ultrasound (HRUS) was used to determine tendon effusion. The instrument used was
the LogiQ, General Electric (GE) Healthcare (Chicago, IL, USA). The presence of effusion and lesion was
classified as missing, absent, mild, and moderate.

A digital goniometer was used to assess the range of motion (ROM) and to register the elevation
and abduction degrees. The assessment of tendon effusion, lesion, and shoulder ROM was always per-
formed by the same orthopedic doctor.

Statistical Analysis

Sample size calculation was performed assuming a minimum difference of 20% between CMS (equal to
10 points) evaluated between V-1 and V4, with a standard deviation (SD) of 16, a medium Pearson’s cor-
relation of 30% between two time points, and a type | error of 5% Thirty-one patients were considered
sufficient to reach a statistical power greater than 80%.

Additionally, planning to enroll a total of 35 subjects would allow for a 10% drop-out rate.

The distribution of continuous variables was tested for normality using the Kolmogorov-Smirnov
test. Based on the result of this test, a t-test for paired data was applied to evaluate the change of CMS
between study visits.

A Wilcoxon signed-rank test was applied to data on effusion levels assessed by HRUS, while the dif-
ferences between proportions in the presence of lesions were analyzed using McNemar’s test.

Statistical power calculation and analysis were performed using SAS® software, v. 9.4 (Cary, NC, USA),
and GraphPad Prism software, v. 10.1 (La Jolla, CA, USA). Differences were considered statistically sig-
nificant for p-values <0.05.
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RESULTS

Enrolled Patients

As determined by the sample size calculation, 35 patients were enrolled in this study. Thirty-three pa-
tients completed the study correctly. All the patients were included in the Safety Analysis Set (SAS)
because they all started the treatment. Two patients (5.7%) were not included in the analysis: one due
to non-compliance, and the other underwent surgery.

Demographic and Other Characteristics of the Enrolled Patients

Table 1 shows the baseline characteristics of the enrolled patients.

Table 1. Baseline characteristics of the enrolled patients.

Overall (N=35)

Age (year)
MeanSD 55+14
Median (Min-Max) 57 (22-76)
Sex
Male N (%) 12 (34.3)
Female N (%) 23 (65.7)
Ethnic group
Caucasian N (%) 35 (100.0)
Smoking status
Non-smoker N (%) 31(88.6)
Smoker N (%) 4(11.4)
Abuse of alcohol
No N (%) 35 (100.0)

SD: standard deviation.

Concerning the medical history, five patients (16.7%) had a neoplasm, and eight patients (22.9%) had
cardiovascular disorders. There were also two patients (5.7%) with a history of endocrine disorders, three
patients (8.6%) with metabolism and nutrition disorders, three patients (8.6%) with respiratory, thoracic, and
mediastinal disorders, two patients (5.7%) with gastrointestinal disorders, four patients (11.4%) with mus-
culoskeletal and connective tissue disorders, and five patients (16.7%) with a history of surgical procedures.

Safety and Satisfaction Rate Assessment

During the study, six patients experienced at least one adverse event, with one classified as possibly
related (“light local swelling”). No signs of allergy, lesions, or infections were recorded throughout the
study’s duration.

Patient satisfaction assessed through a Likert Scale at the end of the study showed a mean value of
3.8+1.0 (median value 4.0), indicating that patients were satisfied with the study product.

Efficacy of the ST500°

The primary endpoint was to evaluate the clinical performance of ST500° in increasing shoulder func-
tionality in patients affected by LHBT injury in terms of the difference (%) in the CMS between V1 (base-
line visit) and V4. Compared to baseline values, there was a mean increase of 8.3 points in the CMS
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at the end of the study (4 weeks after the end of a 6-week treatment period) (Table 2). Neverthe-
less, the improvement defined by the primary endpoint (20% difference, equal to 10 points) was not
achieved. However, all differences between V1 and final values at V3 and V4 were statistically significant
(p<0.0001). A significant difference in the CMS values was also observed between V3 and V4 (p<0.0001).
Figure 1A shows the CMS values from V1 to V4.

Table 2. Constant-Murley Score.

CMS Total Score N Mean (SD) p-value (paired t-test)
V1 33 52.9(7.5)

Difference 33 <0.0001

V1-v3 5.3 (4.3)

V3 33 58.2 (6.2)

Difference <0.0001

V1-v4 33 8.3 (5.5)

V4 33 61.2 (7.5)

Difference <0.0001

V3-V4 33 3.0(3.6)

CMS: Constant-Murley Score
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Figure 1. A, difference (%) in the Constant-Murley Score (CMS) between V1 (baseline visit) and V4 (follow-up visit
after ten weeks). Range of motion values, expressed as elevation (B) and abduction (C) degree at the baseline visit
(V1), at six weeks (V3), and at ten weeks after treatment (V4). *p<0.05; **p<0.01; ***p<0.0001; not significant (ns).

The performance of ST500° was also assessed through HRUS and range of motion. HRUS showed a
significant improvement in terms of tendon effusion at the end of the treatment (V3, p=0.0016) and at
the end of the study (V4, p<0.0001) compared to baseline (Table 3).

Range of motion values, expressed as elevation and abduction degree, showed a significant differ-
ence in shoulder movement before (V1) and after treatment (V4) (p=0.0320 and p<0.0001, respectively)
(Tables 4 and 5). Abduction degree values showed an increase from V1 to V3 (p=0.0042) and from V3
to V4 (p=0.0460) (Table 5), while elevation degree did not improve significantly when comparing V1-V3
and V3-V4 (p=0.1856 and p=0.1245). Figures 1B and 1C show the range of motion values of elevation
and abduction degree.
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Table 3. High-resolution ultrasound assessment of tendon effusion.

Effusion Vi V3 v4 pt p?
0.0016 <0.0001

Missing N (%) 1(2.9)

Absent N (%) 1(3.0) 7(20.6) 13 (39.4)

Mild N (%) 18(54.5)  20(58.8)  20(60.6)

Moderate N (%) 14 (42.4) 6 (17.6)

Wilcoxon signed-rank test was applied for this data to calculate p-values. : p-value for the comparison between
median value or proportion at V1 and median value or proportion at V3. 2: p-value for the comparison between
median value or proportion at V1 and median value or proportion at V4.

Table 4. Elevation range of motion (ROM).

Elevation ROM N Mean (SD) p-value (paired t-test)
Vi 33 138.3 (27.8)

Difference 33 0.1856

V1-V3 3.2(13.5)

V3 33 141.5 (24.8)

Difference 0.0320

V1-v4 33 8.3 (5.5)

V4 33 144.5 (23.7)

Difference 0.1245

V3-V4 33 3.03(11.04)

Table 5. Abduction range of motion (ROM).

Abduction ROM N Mean (SD) p-value (paired t-test)
Vi 33 115.9 (21.8)

Difference 33 0.0042

V1-v3 8.9 (16.7)

V3 33 124.8 (19.1)

Difference <0.0001

V1-v4 33 15.8 (19.0)

V4 33 131.7 (20.0)

Difference 0.0460

V3-V4 33 6.8 (18.9)

Assessment of Regenerative Processes

The assessment of the presence of lesions by HRUS revealed that at V1, 12 (36.4%) had a lesion, while
8 patients (23.5%) had a lesion at V3. However, the difference between proportions, analyzed with
McNemar’s test, was not statistically significant (p=0.1025) (Table 6). The same pattern was observed
in terms of difference between V1 and V4, with presence of lesion occurring in 8 patients (24.2%) at V4
(p=0.1573) (Table 6).
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Table 6. Presence of lesions assessed by high-resolution ultrasound assessment.

Lesion Vi V3 V4 pt p?

0.1025 0.1573

Missing N (%) 1(2.9)
Absent N (%) 21(63.6)  25(73.5)  25(75.8)
Present N (%) 12 (36.4) 8(23.5) 8(24.2)

McNemar’s test was applied for this data to calculate p-values. : p-value for the comparison between median value
or proportion at V1 and median value or proportion at V3. 2: p-value for the comparison between median value or
proportion at V1 and median value or proportion at V4.

DISCUSSION

The present study demonstrated that the topical application of ST500° is safe and effective in alleviating
symptoms in patients with LHBT lesions. The product was well tolerated by patients, with no local reac-
tions observed except for one case of light local swelling, which was classified as possibly device-related.
Although the study was statistically adequate, further studies enrolling a larger cohort of patients and
including a control group are highly recommended.

At the end of the study, patients were generally satisfied with the product. This is likely due to the
non-invasive, topical, and convenient method of administration and the improvement in shoulder func-
tionality. Although the performance data showed that a 6-week treatment with ST500° did not result in
the hypothesized 10-point improvement in shoulder functionality on the CMS, there was a significant
increase of 8 points on the CMS at the end of the study compared to the baseline visit. By stratifying
patients based on the presence of more or less pain before treatment, the CMS improved slightly, but
still not enough to reach the primary endpoint.

By the end of the study, effusion within the biceps long head tendon sheath had significantly im-
proved, and there was a significant increase in shoulder range of movement.

The product is particularly innovative for the treatment of tendinopathies, especially due to its versa-
tility for topical use. Similar devices such as AI500° and CR500°, which contain HA with added peptides,
have been used to treat joint diseases and have shown??® efficacy in reducing inflammation and pain
commonly found in joint diseases.

The improvement in functional parameters observed in this study is likely mediated by the activity
of the HA and peptides mixture of the ST500°, which act synergistically to promote tendon homeosta-
sis. HA modulates the expression of inflammatory mediators?*, while the skin-conditioning peptides?’
in the formulation aid its skin permeation and support the anti-degenerative effects on tendons. One
of the peptides, SH-Polypeptide-29, is derived from interleukin-3 (IL-3), a potent growth-promoting
cytokine involved in various cell activities such as growth, differentiation and apoptosis?®. The second
peptide, SH-Tripeptide-1, is synthetically produced to mimic a portion of fibroblast growth factor 1
(FGF-1), which stimulates tendon healing by boosting cell proliferation and angiogenesis*-. In addi-
tion, FGF-1 is also known to stimulate fibroblast proliferation and collagen formation?3°, promoting
tendon matrix deposition.

In this context, SH-Polypeptide-29 peptide and SH-Tripeptide-1 may stimulate tendon cell prolifera-
tive processes and promote tendon matrix synthesis. Notably, key growth factors like FGF-1 tend to lose
their biological functional activity rapidly when injected as free solutions, limiting their application in
tendon healing?®. Tendon healing is a long-lasting process requiring factors to be adsorbed or encapsu-
lated in materials that protect them from degradation and preserve their biological activity. Therefore,
appropriate materials and substrates must be developed to deliver and release them in damaged ten-
dons. The use of a patch, as in the present study, allows for modulated dosage of active biomolecules
and convenient, repeated application for the patient.

Regarding the study limitations, the absence of randomization cannot completely exclude the
possibility of a natural and physiological improvement of LHBT injury. The efficacy of the product
should be confirmed in a larger cohort of patients. However, data extrapolated from the analyses,
which possess sufficient statistical power, suggest that the improvement is likely due to the treat-
ment itself.
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CONCLUSIONS

In conclusion, while a longer treatment period may be necessary to confirm the clinical performance
of the medical device in terms of CMS, a 6-week topical application of ST500° significantly improved
tendon effusion and shoulder movement in patients with LHBT lesions. Further studies are warranted
to investigate the effectiveness of the product in a larger cohort of patients with a spectrum of tendon
diseases, possibly in comparison with gold-standard treatments.
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