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Abstract: Background: Greater Trochanteric Pain Syndrome (GTPS) is a frequent clinical condition
characterized by acute or chronic pain in the lateral region of the hip. This condition is primarily
due to degenerative gluteus minimus and medius muscle tendinopathy. In a previous ex vivo study,
proliferation and migration of human tenocytes and synthesis, maturation, and secretion of
Collagen I (COL-I) were improved when human gluteal tenocytes were exposed to a swine-derived
type 1 collagen available on the market (MD-Tissue—GUNA S.p.a. Milan, Italy). The study’s
purpose is to evaluate the effects of injecting an MD-tissue medical device on GTPS pain, hip
function, and strength. Methods: The study group was treated with ultrasound-guided injections
of swine-derived collagen once a week for three consecutive weeks. Primary endpoint was pain
reduction of at least 3 points on the Numeric Rating Scale (NRS) for pain at ten weeks. Secondary
endpoints were: NRS average reduction at rest and palpation, modified Harris Hip Score (mHHS),
abductor strength, and magnetic resonance imaging (MRI) improvement at six months. Results:
Fifty-two patients were screened, 47 enrolled, 43 completed the study, and 42 were available for the
final follow-up. The primary endpoint was reached in more than 60% of the patients. The secondary
endpoint, increased in all the timelines with statistical significance. Neither early nor late adverse
effects were found. Conclusions: Ultrasound-guided peritrochanteric injections of MD-Tissue are a
safe and effective treatment for the majority of the Patients affected by Greater Trochanteric Pain
Syndrome.

Keywords: greater trochanteric pain syndrome, collagen, injection, tendinopathy

1. Introduction

Greater Trochanteric Pain Syndrome (GTPS) is a frequent and complex clinical condition
characterized by acute, chronic, and more or less relapsing pain in the lateral region of the hip around
the greater trochanter [1,2].

In the past, lateral hip pain was attributed exclusively to an inflammation state of the peri-
trochanteric bursae, described as “trochanteric bursitis” [3].

GTPS, instead, can result from different mechanical and inflammatory conditions involving
peri-trochanteric structures and can be traced back to three primary entities. External snapping hip
syndrome, trochanteric bursitis, and, more frequently, degenerative gluteus medius and minimus
muscle tendinopathies [4-7].

Traditionally, the treatment of GTPS is initially conservative and includes rest, ice, Non-steroidal
anti-inflammatory drugs (NSAIDs), and physical therapy focusing on postural exercises and
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stretching of the iliotibial band [8-10]. The use of steroids is highly controversial and does not appear
to be effective in the long term [8,11]. In recent years, few studies have been conducted with Platelet
Rich Plasma (PRP); however, only one study has shown valid results at 12 weeks [12-16]. In two in
vitro studies [17,18], the effects of swine-derived Type I Collagen, MD-Tissue (GUNA S.p.a. Milan,
Italy), on a culture of human tenocytes were described, focusing on collagen turnover pathways to
understand how this medical device could improve tendon biology. MD-Tissue is an injectable
medical device, non-FDA approved, based on type I porcine collagen; the collagen content is
100pg/2mL per vial. Porcine collagen is similar to human collagen and highly compatible; it presents
very low risks of inducing adverse effects, so it is used in various clinical settings [19,20]. The Authors
used MD-Tissue as a coating for cell cultures of human tenocytes harvested from the gluteus minimus
tendon. The results suggested that MD-Tissue can induce an anabolic phenotype in tenocytes by
stimulating their proliferation and migration; furthermore, it promotes synthesis, maturation, and
secretion of COL-], thus positively regulating homeostasis.

For this reason, MD-Tissue could be a valid biological treatment for GTPS. It is less invasive and
less expensive than PRP and autologous tenocytes.

The primary endpoint of this study was to evaluate, through NRS, pain reduction in patients
affected by GTPS.

Secondary endpoints were the pre- and post-procedural modified Harris Hip Score, hip
abductor strength, and the peritrochanteric space MRI images. Furthermore, the amount of painkiller
consumption and dropouts, as well as all adverse events, were recorded.

2. Materials and Methods

The study is a single-center pilot clinical investigation based on a one-sample design and was
approved by the Institutional Review Board (protocol code OSMAMI-14/05/2021-0021380-U in date
14/5/2021); National Clinical Trial number - NCT number: 05486078.

The subjects were selected among patients who met the inclusion criteria, did not meet the
exclusion criteria, and were willing to sign the informed consent.

Male and female subjects aged between 18 and 70 who met the following criteria were
considered eligible: palpatory lateral pain lasting at least one month; positive Faber (flexion-
abduction-external rotation) test; pain elicited by resisted abduction and resisted external derotation;
pain level > 5 assessed according to the NRS; capability to collaborate, understand, and sign in the
informed consent.

Pre-procedural (T0) diagnostic exams included a Pelvis X-ray and Dunn 45° axial views of the
hip and a high field MRI (1,5 Tesla) with different sequences: coronal T1 and STIR (FAT suppression),
axial T1, and STIR.

The exclusion criteria were the following: actual hip joint pain (with positive flexion-adduction-
internal rotation test); ESHS (External Snapping Hip Syndrome); total hip replacement in the affected
hip; radiological and clinical evidence of gluteus minimus and/or medius tendons tears with an
indication for surgical repair; evidence of tendon calcifications documented radiographically; hip
osteoarthritis (Toénnis classification >1); lumbar spine pathology and sacroiliac joint pathology;
fibromyalgia; fluoroquinolones treatment within 30 days before enrollment; hip injection with
hyaluronic acids or steroids within four weeks before the enrollment; local or systemic infection;
chronic treatment with steroids or immunosuppressants; drug and/or alcohol addiction, psychiatric
disorders or clinical conditions that may compromise the correct interpretation of Patient-Reported
Outcome Measures (PROMs) or follow-up; coagulopathies, platelet aggregation disorders, or
treatment with oral anticoagulants or antiplatelets that cannot be suspended during the study period;
pregnancy and breastfeeding; allergy to porcine collagen.

The all-study group was treated with an ultrasound-guided injection of 2 ml of MD-Tissue —one
injection once a week for three consecutive weeks.

The injections were guided by an ultrasound device (MyLab™ XPRO 80, Esaote S.p.a., Genova,
Italy). The procedures were performed with the patient in a lateral decubitus. After preparing a sterile
field, a linear (15-18 MegaHertz) probe was placed longitudinally along the gluteus tendons,
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precisely at the most painful trigger point and where the most significant area of microstructural
inhomogeneity was visible. At that point, a 20-22 Gauge spinal needle was inserted under constant
ultrasound guidance. MD-Tissue was injected into the trochanteric bursa and at the level of the
tendons, particularly at the most degenerated insertional areas.

The subjects were then evaluated at six different times: at baseline (time TO), after one week
(T1s), after two weeks (T2s), after six weeks (T6s/FU), after ten weeks (T10s/FU), and after 24 weeks
(T24s/FU) when a post-procedural Pelvis MRI (High-field MRI 1,5 T) was performed for each patient
for further radiological evaluation. Two highly qualified musculoskeletal radiologists performed
MRI evaluations focusing on perilesional edema on axial and coronal STIR-weighted images.

The strength is assessed with the subject supine through the mean of 3 repeated measurements
of the abduction force of the hip affected by GTPS, using a dynamometer, with 30-second interval
between each measurement to avoid muscle fatigue and ensure consistency.

Since this is a one-sample study, it is assumed that the proportion of successes (patients who
have a reduction of at least 3 points in the NRS scale) in the absence of treatment cannot exceed 25%
(HO), while it is assumed a success rate equal to at least 50% (HA) in treated subjects.

With these premises, a one-tailed exact binomial test applied to a sample of 49 subjects reaches
a power of 95.7% in discriminating the difference equal to 25% between the proportion predicted by
HA and that predicted by HO at a significance level equal to 0.025.

Possible dropout subjects cannot determine sample size inflation, as each subject of this type will
automatically be considered a failure.

Incidentally, it should also be noted that upon reaching the 19th success, the null hypothesis can
already be rejected, as 19 successes out of 49 would represent a proportion of 38.776%, which has an
exact binomial confidence interval at 95%, which varies between 25.197 % and 53.761%, so the
maximum proportion of 25% predicted by HO would be below the lower margin of the confidence
interval. All the variables were subjected to the appropriate descriptive analysis after validation.
According to distribution, continuous variables were presented as mean and standard deviation or
median and range. Categorical variables were expressed in terms of case numbers or frequencies.
Statistical analyses were conducted with Stata/SE 17.0 (StataCorp LLC, College Station, USA).

The primary endpoint was assessed with a one-tailed exact binomial test. It was evaluated at
T10s/FU, and the NRS score at T10s/FU was compared to T0. Reducing at least 3 points in the NRS
scale in at least 50% of the treated subjects was considered clinically significant.

The within-subject repeated measures ANOVA or Friedman test was used to evaluate the NRS
score, mHHS score, and abductor strength at T6s/FU and T24s/FU compared to time TO.

The Student’s t-test for paired data or Wilcoxon test was used to assess the evidence of resolution
or decrease in inflammatory signs in the peri-trochanteric region of the hip affected according to MRI
images at T24s/FU compared to TO.

The repeated measures ANOVA or Friedman test was used to evaluate painkiller consumption
based on the clinical diary at TO, T1s, T2s, T6s/FU, T10s/FU, and T24s/FU.

The absolute and relative frequency and 95% confidence interval of the fraction of subjects who
abandoned the study concerning Adverse Events were also reported.

3. Results

Of the initially eligible 52 subjects, 47 were enrolled in the study for 13 months, from October
2021 to November 2022. Of these 47 patients, two withdrew at time T1 (one independently and one
due to SarsCov2 infection) and two at T6/FU (one due to steroid injection, one untraceable). One was
considered a dropout only from MRI analysis at T24/FU for incompatibility because of an artificial
lens inserted in the meantime (cataract surgery).

Therefore, the subjects who completed the study for the primary endpoint were 43, while those
participating in the entire study [primary and secondary endpoints (T0-T24/FU)] were 42, as
illustrated in Figure 1.
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Figure 1. MEDANTRO Pilot Study patient enrollment chart.

3.1. Primary Endpoint

Twenty-six patients (60.5%) showed a significant pain reduction (more than 3 NRS points) at
T10/FU (primary endpoint); 17 patients (39.5%) did not reach the primary endpoint (Table 1). The
primary endpoint was achieved since 60.5% of patients declared a reduction of more than 3 NRS
points.

Table 1. Responder analysis for the subjects that have completed the study.

Frequency Percentage Cumulative
0 17 39.53 39.53
1 26 60.47 100.00
Total 43 100.00

Binomial Exact

Variable Observed Proportion Std. Err. 95% CI

Responder 43 .6046512 .0745604 4440995 - .7502333

3.2. Secondary endpoints

3.2.1. NRS Pre- and Post-Procedural

Data available for NRS till T24/FU were complete for 42 patients. A statistical improvement in
pain was maintained till T24/FU. The F-test for within-subject variation was significant (p < 0.001)
under any assumption regarding sphericity. Pairwise tests corrected with the Bonferroni method
show that the values at TO significantly differed from those at T6s/FU, T10s/FU, and T24s/FU (p <
0.0001 in all cases) (Figure 2).
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Figure 2. NRS Descriptive plot.

3.2.2. mHHS

The data available for mHHS were complete for 42 patients. A statistical improvement in mHHS
was maintained till T24/FU. The F-test for within-subject variation was significant (p < 0.001) under
any assumption regarding sphericity. Pairwise tests corrected with the Bonferroni method show that
the values at TO significantly differed from those at T6s/FU, T10s/FU, and T24s/FU (p < 0.0001 in all
cases) (Figure 3).
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Figure 3. mmHS Descriptive plot.

3.2.3. Abduction Strength

The data available for the strength in abduction were complete for 42 patients. A statistical
improvement in strength in hip abduction was recorded till T24/FU but with a different behavior.
The F-test for within-subject variation was significant (p < 0.001) for any sphericity assumption.
Pairwise tests corrected with the Bonferroni method show that the values at TO were significantly
different compared to those at T10s/FU (p = 0.0003) and T24s/FU (p = 0.0001) (Figure 4).
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Figure 4. Abduction Strength Descriptive plot.

3.2.4. NRS on Palpation

The data available for NRS on palpation showed an improvement maintained at T24/FU. Again,
the F-test for within-subject variation was significant (p < 0.001) for any sphericity assumption. The
Pairwise tests corrected with the Bonferroni method show that the values at TO significantly differ
from those at T6s/FU, T10s/FU, and T24s/FU (p < 0.0001 in all cases) (Figure 5).
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Figure 5. NRS on palpation descriptive plot.

3.2.5. Painkiller Consumption

Data on painkiller consumption were available for 43 patients and did not increase significantly
during the study (Friedman test: p =0.992). However, in two patients, between T10s/FU and T24s/FU,
an abnormal increase in painkiller consumption was observed, going from 1 to 12 and from 1 to 13,
respectively.

3.2.6. MRI

MRI images of the peritrochanteric area after six months (T24/FU) were available for 40 patients.
In 25 patients (62.5%), a reduction in peri-tendinous edema was visible between the MRI performed
before treatment and the one obtained at T24s/FU (Figure 6), while in 15 (37.5%), no changes were
found. The paired samples t-test was statistically significant at p < 0.001. Interestingly, a linear
correlation between pain reduction and improved MRI images was not always found, and vice versa.
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Figure 6. A) Pre-treatment MRI coronal STIR sequence of a right hip affected by GTPS with the
presence of a fluid signal in the insertional area of the gluteus medius tendon; B) MRI coronal STIR
sequence of the same hip at T24s/FU with the presence of a homogeneous signal of the tendon.

4. Discussion

The main finding of this study was patients’ significant improvement, still at six months follow-
up, after three ultrasound-guided peritrochanteric injections of MD-Tissue for GIPS, with no
reported adverse effects.

No other study has previously evaluated the effect of a collagen-based medical device
administered with ultrasound-guided injections as a therapy for GTPS.

The main strengths of the present study are the prospectively collected data, the quantitative
evaluation of the abductor strength, and the qualitative investigation through MRI.

Lateral peri trochanteric pain, defined as Greater Trochanter Pain Syndrome (GTPS) since the
pioneering research of Karpinski in 1985 [21], is due to a minimus and medius glutei tendinopathy
and represents one of the most frequent causes of pain around the hip worldwide. Various treatments
have been proposed, but no one has shown a clear superiority. The orthopedic community has
recently moved from classic treatments, such as physiotherapy, focal shock wave therapy, and steroid
injections, to a new era focused on restoring biological homeostasis. Ultrasound-guided injections of
platelet-rich plasma, bone marrow aspirate [22], autologous tenocytes [23], and percutaneous
fenestrations [24] are examples of this trend. Among these biological treatments, Porcine collagen is
one of the most recent, at least regarding its use in the specific field of GTPS.

Swine-origin type I collagen has an excellent scientific basis in vitro studies [17,18] and some
evidence of its effectiveness in the clinical practice for different musculoskeletal disorders
[19,20,25,26]. It has been used for epicondylitis [27], plantar fasciitis [28], knee osteoarthritis [29],
supraspinatus tendinopathy [19], and myofascial pain treatment [30].

A 2023 Bayesian analysis [31] of 596 GTPS patients treated with ultrasound-guided infiltrations
of PRP, corticosteroids, or focal shock waves showed that PRP was the most efficacious pain
reduction agent, followed by shock waves. The study demonstrated that both therapies were safe
and effective, but neither the abduction strength nor MRI imaging were analyzed.

Heaver C. [32], in a single-blinded, double-arm randomized controlled trial, compared the
results of focal shock wave therapy with corticosteroids ultrasound-guided infiltrations. The primary
endpoint was pain reduction. At one year follow-up, the group treated with focal shock waves
showed a statistically significant improvement compared to those treated with corticosteroids. This
study also demonstrated an improvement in the Trendelenburg sign. The improvement was
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maintained over time in the group treated with focal shock waves but not in the group treated with
corticosteroid injections.

A 2021 systematic review [33] of randomized controlled trials, with 1034 patients analyzed,
demonstrated that PRP and focal shock waves significantly improve pain reduction. Unfortunately,
the authors also showed that none of the two therapies maintained these clinical improvements over
time.

In this study, hip strength in abduction remained constant and progressively increased up to 6
months after treatment. This is an understandable trend since myotendinous junction and tendon
fibers take time to regain physiological functionality.

MD-Tissue treatment also showed favorable MRI imaging and reduced peri-tendinous edema
in more than 60% of treated patients. However, imaging improvements did not always correlate with
clinical ones. The inadequacy of the follow-up could partly explain this difference. A visible biological
response at MRI imaging, as an end-up result of cellular metabolic changes, may take longer to be
observable. On the other hand, some patients without significant pain improvement showed a
subjective reduction in peri-tendinous edema. This finding could be explained by the intrinsic
difficulties in evaluating the peri-trochanteric space, the subjectivity of the methodology, and a need
for complete knowledge about pain generators of the area.

The present study has some limitations. First, the small sample size risks type II errors, even
though 90% of the patients enrolled have completed the study. Second, the need for a control group
limits this study.

Another issue is that the Modified Harris Hip Score is less suited for use in patients with GTPS,
as it was developed primarily for elderly patients undergoing total hip arthroplasty [34]. Finally, the
opportunity to compare these results to previous ones is limited due to this study’s unicity and the
literature’s heterogeneity.

The mean age of the cohort patients could also be a source of bias since younger patients could
respond faster and better to biologically active treatment.

5. Conclusions

Ultrasound-guided peritrochanteric injections of MD-Tissue are a safe and effective treatment
for the majority of the Patients affected by Greater Trochanteric Pain Syndrome.
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