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a B S T r a c T

BacKGrouNd: rotator cuff tendinopathy (rcTe) is the most common cause of pain and shoulder dysfunction. Numerous clinical studies 
have demonstrated the therapeutic capacity of exogenous peritendinous hyaluronic acid (ha), and the effectiveness of extracorporeal shock-
waves therapy (eSWT) in reducing pain. The aim of this study was to evaluate the added effects of ha treatment plus eSWT (e-g) or eSWT 
alone (Sc-g), focusing on reduction of self-reported pain and disability of patients with rcTe.
MeThodS: Monocentric, randomized open-label clinical trial. patients’ selection, enrollment and interventions were conducted at the chiparo 
physical Medicine and rehabilitation outpatient facility (lecce, italy). patients with a diagnosis of rcTe, were randomly allocated to the e-g or 
to the Sc-g. participants were assessed for self-perceived pain, and for disability, at baseline, after 30 and 60 days.
reSulTS: forty adults (mean age 50.8±6.3; 23 woman, 17 men) were enrolled in the study, twenty for each group. during the study, both 
groups improved their perceived level of disability of the arm (-25.01±2.79; p<0.001), and for pain (-3.13±0.50; p<0.001). a multiplicative ef-
fect was demonstrated in the time × treatment interaction for disability (beta±Se beta: 7.40±1.77; p<0.001), and pain (beta±Se beta: 0.95±0.32; 
p<0.001). Moreover, more patients in the e-g reached the Mcid in the outcomes-score compared to Sc-g. lastly, number needed to treat were 
calculated, for disability: NNT=2 (95% ci: 1-3), and for pain-score: NNT=1 (95% ci: 1-2).
coNcluSioNS: This study provides preliminary evidence that, compared to eSWT alone, the combining eSWT and peritendinous ha-
injections, revert disability and reduces shoulder pain faster in patients with rcTe.
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rotator cuff tendinopathy (rcTe) is the most common 

cause of shoulder pain and dysfunction.1, 2 prevalence 

of rcTe increases with age, although it is considered mul-

tifactorial including biological, genetic and mechanical 
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nitric oxide is released and its analgesic, angiogenic and 

anti-inflammatory effects are very useful in clinical treat-
ment.16 Some authors argue that shock waves relieve pain 

in insertional tendinopathy by hyper-stimulation analge-

sia.17, 18 an initial increase and subsequent long decrease 

in substance p release from the treated region could, how-

ever, explain the initial pain during and shortly after shock 

wave treatment of tendon insertion and subsequent lasting 

pain relief. More recently, researchers are interested in 

investigating the mechanism by which the promotion of 

physical extracorporeal shock wave therapy (eSWT) of 

tendon repair is linked to increased tenocyte proliferation 

and induction of growth factors. it has been proposed that 

increased mitogenic and anabolic responses of tendon tis-

sue may be responsible for the clinical success of eSWT 

treatment in resolving tendon pathologies.19, 20 clinical 

trials and systematic reviews with meta-analyses of clini-

cal trials, have demonstrated the indication and effective-

ness of eSWT in the treatment of tendinopathies.21, 22 To 

date there are no clear and defined evidence that demon-

strate the efficacy of an integrated approach between fo-

cused eSWT and ultrasound (uS)-guided peritendinous 

injection with hyaluronic acid in reducing shoulder pain 

and improving shoulder disability in subjects with a diag-

nosis of rcTe. The aim of this study was to evaluate the 

combined effects of uS-guided peritendinous injections 

with hyaluronic acid treatment plus eSWT (experimen-

tal group [e-g]) or eSWT alone (standard of care group 

[Sc-g]), focusing on the reduction of pain and disability 

in patients with rcTe. as both groups will receive the 

same eSWT-approach that has been shown to be an ef-

fective treatment strategy2 patients with rcTe, our hy-

pothesis is that both groups will achieve a straight clinical 

improvement. Moreover, we hypothesized that patients in 

the e-g will get a bigger improvement (measured also as 

the percentual of patients that overlap the minimally clini-

cally important difference (Mcid) in the Shoulder pain 

and disability index (Spadi) and in the Numeric rating 

Scale for pain (NprS) after the treatment) and a faster 

recovery.

Materials and methods

Study design

This is a monocentric open label, randomized controlled 

clinical trial conducted in compliance with the declara-

tion of helsinki. The research query was structured in 

compliance with the epicoT + model and was reported 

according to Template for intervention description and 

influences.3, 4 Most common complaints of the rcTe are 

movement-related shoulder pain, muscle weakness, and 

impaired mobility; moreover, shoulder pain could also re-

sult from inflammation and degenerative changes in rota-

tor cuff tendons and adjacent structures of the shoulder.3 

Tendons are anatomically constituted by an extracellular 

matrix composed by type I collagen fibers, amorphous 
substance of proteoglycans and glycosaminoglycans 

and cellular elements (tenocytes and tenoblasts).5 The 

mechano-transduction stimulation is the basis of tendon 

turnover and homeostasis during physiological mechani-

cal stresses. Both repeated hyperloading and de-training 

represent a model of catabolic stress on the tendon with 

consequent increased synthesis of pro-inflammatory cyto-

kines, collagen proteinases and neo-angiogenic stimuli.6, 7 

endogenous hyaluronic acid present in connective tissues, 

chemically appears as a polysaccharide linear chain pro-

duced by the aggregation of disaccharide units (glucuron-

ic acid-N-acetylglucosamine).8, 9 preclinical in-vitro and 

in-vivo studies on animal models have shown the ability 

of exogenous peritendinous hyaluronic acid to perform an 

inhibiting effect on the fibroblast on the synthesis of pro-
inflammatory cytokines during tendinopathy.10 Numerous 

clinical studies have demonstrated the therapeutic capac-

ity of exogenous peritendinous hyaluronic acid in reduc-

ing pain, improving function and reducing tendon rubbing 

in pre-insertion areas in the course of the main tendinopa-

thies (e.g. affecting rotator cuff, epicondyle, patellar and 

achilles tendons), injuries and tendon reparative post-sur-

gery.11, 12 preclinical in-vitro and in-vivo studies in animal 

models have shown the ability of exogenous peritendinous 

hyaluronic acid to inhibit the synthesis of pro-inflamma-

tory cytokines by the fibroblast during tendinopathy,13 but 

the effect of ha molecular weight is unclear.14 further-

more, preclinical studies have demonstrated the effect of 

ha to downregulate the mrNa and protein expression 

of MPP-1 and MPP-3 in IL-1β-stimulated tenocytes.14 its 

attenuating effects were dose-dependent and cd44 was 

clearly expressed in the plasma membranes of cultured 

tenocytes.14 however, intratendinous administration of 

hyaluronic acid could have detrimental effects inducing 

lamination effect of the collagen fibers of the tendon with 
consequent weakening of the tendon structure and the risk 

of rupture.15 Shock waves are defined as pressure waves 
(transient pressure oscillations), which propagate in three 

dimensions and typically induce a clear increase in pres-

sure within a few nanoseconds.16 Usually, energy flux 
density applied in clinical practice ranges from 0.001 to 

0.4 mJ/mm2; at lower and medium energy flux density, 
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Randomization

an independent assessor, not involved in data collection, 

generated the randomization list using a computer random-

number generator. participants were randomly allocated to 

one of the two possible groups: e-g or Sc-g. randomiza-

tion was in a 1:1 ratio. allocation was concealed using 

sealed envelopes.

Sample size calculation

calculations were performed taking into consideration 

the primary outcome measure NprS and based on a mean 

difference between two time and the two study groups 

(Δe-g T0-T2 – ΔSc-g T0-T2) of 1.5±1.5, two-sided of 0.05 sig-

nificance level (α-error) and a power of 80% (β-error) the 
sample number is 17 per group (proc power SaS/Stat 

Software; SaS institute, cary, Nc, uSa). Therefore, the 

study population was made of 40 subjects, to ensure an 

adequate sample also in the case of drop-out or severe ad-

verse events.

Protocol and visit

at the enrollment, eligible participants completed a so-

ciodemographic questionnaire, and a complete clinical 

assessment, taking into account: comorbidities, drug as-

sumption, potentially risk factors for adverse drugs reac-

tions, a shoulder functional examination (Table i). More-

over, patients completed the Spadi questionnaire and the 

NprS scale.27 The same assessment was performed in the 

follow-up at T1 (30 days), and at T2 (60 days).

Intervention

SC-g

participants allocated to standard of care group underwent 

a number of three weekly sessions of eSWT (at day-1, 

day-7, day-14) administered from the same physiatrist. 

during each therapeutic session, a number of 2000 eSWT 

pulses were administered, emitted by a piezoelectric gen-

replication (Tidier) and the consolidated Standards of 

reporting Trials (coNSorT) Statement Guidelines.23, 24 

The study protocol was planned at the laboratory of mini-

mally invasive physical and regenerative medicine of 

the department of Medicine and aging Sciences of the 

G. d’annunzio university, chieti, italy, and written in-

formed consent was obtained from all participants. from 

March to august 2021, patients suffering from a painful 

shoulder with rcTe were recruited. The patients’ selec-

tion, enrollment and the interventions were conducted at 

the “chiparo physical medicine and rehabilitation clinic” 

in lecce (italy). uS evaluations were performed by an ex-

perienced sonographer.

Sampling

To be eligible, participants have to be in an age range of 

18 to 65 years, pain for a last two weeks, and have: 1) 

to be negative in screening for other sources of pain out 

of the shoulder (e.g. the cervical spine); 2) to refer mini-

mal resting pain; 3) to show largely preserved range of 

movement; and 4) to refer pain exacerbated consistently 

through resisted testing.25 The diagnosis of rcTe had to 

be confirmed trough US evaluation showing structural 
inhomogeneity, because uS-scan can well identify the 

presence of tendon injury (study’s exclusion criterion).26 

Participant were excluded if they have US-scan confirmed 
rupture of any tendon of the shoulder rotator cuff, had a 

previous shoulder surgery or previous injection treatments 

of the shoulder, specific rehab-treatment within the period 
of the two months prior enrollment in the study. Subjects 

were also excluded if presented any contraindications to 

eSWT and hyaluronic acid injection, such as drug allergy, 

epilepsy, coagulopathies, neoplasms, pregnancy, fibromy-

algia, seronegative enthesitis related arthritis, rheumatoid 

arthritis. Subjects on treatment with oral anticoagulants 

were also excluded. lastly were also excluded patients 

who presented skin infections in the area of injection, or 

symptoms like fever, or were artificial cardiac pacemaker 
holders.

Table I.—� Timetable of the study according to phases of the study.

day
course 1 course 2

1 4 7 10 14 16 30 60

Sc-g eWST eWST eWST

e-G eWST uG-ha eWST uG-ha eWST uG-ha

uS-scan uS-scan uS-scan

Spadi Spadi Spadi

NprS NprS NprS

eWST: extracorporeal shock waves therapy; uG-ha: ultrasound-guided peritendinous injection with hyaluronic acid; uS-scan: ultrasound-scan; Spadi: shoulder 
pain and disability index; NprS: numeric rating scale for pain.

P
R
O
O
F

M
IN
E
R
V
A
 M
E
D
IC
A

PROFF ID.indd   1 10/09/10   14:28



pelleGriNo hyaluroNic acid aNd ShocKWaVeS Therapy iN roTaTor cuff TreaTMeNT

4 The JourNal of SporTS MediciNe aNd phySical fiTNeSS Mese 2022 

components; δ2
0 = in initial status variance components; 

δ2
1 = in rate of change variance components; δ0

1 = covari-

ance estimate; ρ = intra-class coefficient correlation; R2 

y,y1 = percentage of total variability associated linearly 

with time; r2
e = pseudo-r2 statistic assesses the propor-

tion of within-person variation “explained by time”; r2
0 = 

pseudo-r2 statistic assesses the percentage variation in ini-

tial status; r2
1 = pseudo-r2 statistic assesses the percent-

age variation in rate of change; aic = akaike information 

criterion; Bic = Bayesian information criterion). Minimal-

ly clinically important difference (Mcid) was previously 

reported for Spadi-score and NprS.27 logistic regres-

sion Model was applied to assess the risk of a treatment 

failure according to Mcid thresholds for NprS-score, 

Spadi-score and type of intervention, independently from 

age. Number Need to Treat (NNT) and relative 95% ci 

was calculated using SaS-macro as proposed by Bender 

r.31, 32 data were analyzed with SaS-software (rel. 9.4; 

SaS institute, cary, Nc, uSa), and p for differences was 

considered statistically significant for a value less or equal 
to 0.05.

Results

forty patients (23 women, 17 men) were enrolled, 20 for 

each group. The mean age for the study population was 

50.8±6.3 (51.2±6.4 and 50.4±6.4; for e-g and Sc-g, re-

spectively, p=0.71). also, genders were balanced between 

the two groups (female sex: 11 -55.0%- and 12 -60.0%- 

for e-g and Sc-g respectively, p=0.75). The e-g and the 

Sc-g reported similar disability score at baseline (Spadi-

score 45.5±8.2 for e-g and 44.8±9.0 for Sc-g; p=0.83), 

and a similar level of pain at NprS score (6.8±1.2 for 

e-g and 6.8±1.1 for Sc-g; p=0.94) independently from 

age and sex. during the study, both groups improved their 

perceived level of disability of the arm (time for trend 

p<0.001), as matter of fact at T1 the mean Spadi-score 

was reduced of two-third in the e-g, and the improve-

ment ameliorate further at T2; whereas in the Sc-g the 

improvement of the perceived level of disability was less 

evident in T1 and T2 (treatment p<0.001) (figure 1). a 

multiplicative effect was demonstrated for the interaction 

for time and treatment (time × treatment p<0.001) (figure 

1). about 75% of the variance of the Spadi-score is ex-

plained by “within person” component (r2 e=0.75) along 

time of the study; moreover, the full-model considering 

the interaction time × group explain 44% (r20=0.44) more 

of the variance, explained from the unconditional model; 

lastly the full model explains 49% of the variance in the 

erator (piezoclast eMS focused extracorporeal shock 

wave generator; eMS, Nyon, Switzerland) with an energy 

flow frequency of a range between 0.11-0.28 mJ/mm2 and 

a frequency of 6-8 hZ.28

E-g

participants allocated to the e-g, underwent a number of 

3 weekly sessions of eSWT, administrated by the same 

physiatrist of the Sc-g. Moreover, patients in the e-g un-

derwent to hyaluronic acid injection into the supraspi-

natus peritendinous area using real-time uS monitoring. 

uS guided (6-15 Mhz linear probe SonoSite M-Turbo 

ultrasound system; SonoSite, Bothell, Wa, uSa) periten-

dinous injections with hyaluronic acid were administered 

three times (at day-4, day-10, day-16) from the same phys-

iatrist. Injection was given by using a prefilled syringe of 
20 mg in 2 ml of linear hyaluronic acid sodium salt with 

molecular weight 500-730 kda. Needles used were 21G 

40 mm. No anesthetic drug was administered after injec-

tions. during the procedure, the patients were seated, and 

the affected shoulder was positioned in adduction and in-

ternal rotation with elbow flexion and palm resting on the 
back. The skin was disinfected with a chlorhexidine wipe.

Adverse drug event

adverse events (aes) which enables signals for potential 

adverse drug reactions (ADRs) to be identified, were also 
investigated and recorded.29, 30

Statistical analysis

data were reported as mean±standard error (Se) for con-

tinuous variables and as absolute number and percentage 

for dichotomous variables; differences between groups 

were assessed with analysis of variance and χ2 test, respec-

tively. To take into account the role of potential confound-

ers, multivariate models were also conducted. To assess 

the variation of Spadi score, and NprS score during the 

study, linear mixed models (lMM) were applied. intercept 

and Time had a random component. The advantage of this 

approach is that it increases the precision of the estimate 

by using all available information concerning performance 

and, at the same time, allow for handling missing data, 

and had a more powerful modelling of the analysis. from 

the lMM the following estimates and/or parameters were 

reported (γ00 = intercept of the average trajectory; γ01 = 

intercept of the intervention trajectory; γ10= intercept time 

effect; γ11= slope of the trajectory for the interaction be-

tween intervention and time; δ2
e = within person variance 
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three subjects reported no improvement at all in the NprS 

score. overall, from baseline to T2 all the subjects in the 

e-g, and only ten patients (50%) in the Sc-g referred that 

their NprS score improved at least of 33% compared to 

baseline score. logistic regression model was applied to 

assess the risk of an improvement less than Mcid referred 

to baseline NprS-for pain, in the e-g compared to Sc-g. 

independently from age, the treatment-group was statisti-

cally significant less exposed to a clinical inefficacy of the 
intervention, compared to control-group (or=0.03; 95% 

ci: 0.01-0.26); therefore, was also estimated the NNT=2, 

and the relative confidence interval was: 95% CI: 1-3. In 
the treatment group two subjects (10%), and 16 (80%) 

in the control group reported an improvement in the dis-

ability Spadi-score less than 29 points compared to the 

baseline (p=0.001), and the risk that treatment-group was 

statistically significant less exposed to an inefficacy of the 

rate of change of Spadi-score during time and accord-

ing to treatment (r21=0.49). a similar trend was demon-

strated for NprS score that decreased at T1 and T2 (effect 

of time, trend p<0.001), moreover the effect of the treat-

ment was statistically significant (treatment P=0.02), and 
again a multiplicative effect was reported (time × treat-

ment p=0.003) (figure 2). about 74% of the variance of 

the NprS score is explained by “within person” compo-

nent (r2e=0.74) along time of the study; moreover, the full 

model considering the interaction time × group explain 

22% (r20=0.22) more of the variance explained from the 

unconditional model; lastly the full model explains 35% 

of the variance in the rate of change of NprS during time 

and treatment (r21=0.35). at T1, 4 subjects (25%) among 

those in the Sc-g, and 14 (70%) in the e-g reported a re-

duction in the NprS for pain lower than 33% compared 

to the baseline score (p=0.002), moreover in the Sc-g 

figure 1.—Shoulder 
pain and disability in-
dex score variation ac-
cording to time and to 
treatment group.
Time of the study: 
T0=baseline; T1=30 
days; T2=60 days. in-
tervention group (e-g): 
ultrasound-guided peri-
tendinous injection with 
hyaluronic acid treat-
ment plus extracorporeal 
shock waves therapy; 
standard of care (Sc-g): 
extracorporeal shock 
waves therapy (eSWT) 
alone.

figure 2.—Numeric rat-
ing scale for pain varia-
tion according to time 
and to treatment group.
Time of the study: 
T0=baseline; T1=30 
days; T2=60 days. in-
tervention group (e-g): 
ultrasound-guided peri-
tendinous injection with 
hyaluronic acid treat-
ment plus extracorporeal 
shock waves therapy; or 
standard of care (Sc-g): 
extracorporeal shock 
waves therapy (eSWT) 
alone.
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synthesis of nitric oxide and TGf-beta1 protein, and hence 

collagen synthesis.35 fundamental is the ability to identify 

the anatomical region where to inject and the biological 

tissue target of the therapeutic procedure in order to ensure 

the needle is in the most appropriate position, thus mini-

mizing the risk of injury to adjacent structures, ensuring 

the correct localization of the therapeutic agent with the 

advantage of using lower doses. Moreover, the importance 

of respecting the aseptic technique rules and the correct 

execution of the infiltrative procedure emerged as an indis-

pensable requirement for this therapeutic approach. in our 

study, the main hypothesis was to evaluate whether there 

was a higher efficacy in combining the treatment with 
peritendinous infiltration of hyaluronic acid to EWST. 
To date indeed only comparative studies between the two 

therapeutic strategies are reported in the literature. Several 

studies show the effectiveness of a therapeutic scheme of 

three US-guided peritendinous infiltrations of hyaluronic 
acid, administered at an interval of seven days each in 

shoulder tendinopathy.11 Similarly, numerous studies con-

firm the therapeutic efficacy of a treatment with three ses-

sions of focused eSWT at an interval of 7 days each, in 

rcTe.28 Moreover, some studies have compared the effec-

tiveness of peritendinous hyaluronic acid treatment with 

low-energy ESWTs in non-calcific RCTe.36 These studies 

show that both treatments are effective and safe in up to 3 

months of follow-up, and that intra-articular injections of 

hyaluronic acid provide faster clinical improvement than 

eSWT. in the present study we therefore decided to main-

tain the individual therapeutic intervals of each treatment, 

adopting a temporal matching process of the two proce-

dures. The US-guided peritendinous infiltrative treatment 
with hyaluronic acid in addition to eSWT was found to be 

safe and well tolerated, as demonstrated by the absence of 

recorded adverse events.

Limitations of the study

among limitations of the study, it needs to be considered 

the small sample size, even if we have conducted a sample 

size analysis. furthermore, we did not balance the calcu-

lation of the sample for some confounder as age and sex. 

another limitation was that ethics committee approve-

ment was not required. however, data collection and the 

procedures applied are parts of the standard clinical rou-

tine. Moreover, a standardized a-priori protocol was not 

submitted. a performance bias could be introduced in this 

study, but the blind process for the operator is problem-

atic to achieve despite we tried to balance this last bias, 

masking the group-treatment during statistical analytic-

intervention, compared to control-group was or=0.03; 

95% ci: 0.01-0.17; in this case the NNT was 1 with 95% 

ci: 1-2.

Discussion

The main results of this open label randomized controlled 

clinical trial, provide evidence that peritendinous hyal-

uronic acid injection plus eSWT was clinically better than 

eSWT alone, considering Spadi-score and NprS score: 

The improvements retrieved were statistically significant, 
and also clinically more relevant in the e-g compared to 

Sc-g. Notably, both groups improved their perceived level 

of disability of the arm, and reported lower self-perceived 

pain of the shoulder, however, in the e-g the Mcid end 

point was reached faster and was clinically more evident. 

our preliminary data indicate that the combined approach 

promoted a significant and rapid amelioration of the RCTe 
of the assessed parameters in all the patients, and the re-

lief from clinical symptoms such as disability level and 

pain were more rapid in e-g compared to Sc-g. during 

hyperload or detraining, the tendon tissue undergoes a 

catabolic stimulus with consequent increased synthesis of 

collagenase, proteinase and pro-inflammatory cytokines.6 
This biomechanical model is a cofactor underpinning the 

pathogenetic process during tendinopathy and tendon in-

jury in addition to metabolic factors.6 preclinical in-vitro 

and in-vivo studies on animal models showed the ability 

of exogenous peritendinous hyaluronic acid to inhibit the 

synthesis of pro-inflammatory cytokines by the fibro-

blast during tendinopathy13 and the therapeutic effect in 

reducing pain, improving function and reducing tendon 

rubbing in pre-insertion areas in the course of the main 

tendinopathies and tendon reparative post-surgery.11 con-

trary, the mechanism of action of eSWT is not yet fully 

understood.33 it has been documented that the eSWT pro-

motion of tendonitis repair coincides with an increase in 

TGfb1 and iGf-i and conversely il-1beta and MMp-3 

levels were reduced.34 These growth factors have been 

found to regulate the biosynthesis of the extracellular 

matrix by tenocytes and it has been supposed that the in-

creased mitogenic and anabolic responses of tendon tis-

sue may be responsible for the clinical success of eSWT 

treatment in solving tendon pathologies.34 Tenocytes can 

respond to mechanical stimulation by increasing TGf-b1 

gene expression, so that, eSWT can stimulate tenocyte 

proliferation and collagen synthesis. Moreover, tenocyte 

proliferation is mediated by early upregulation of pcNa 

and TGf-beta1 gene expression, endogenous release and 
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approach. Moreover, the patients enrolled in this study, 

while likely representative of general population suffering 

of RCTe, might not necessarily reflect the situation of oth-

er population subgroups as aged population, overweight or 

worker involved in exhausting work. future clinical stud-

ies should include these population subgroups.

Conclusions

This clinical trial represents the first study using the as-

sociation between eSWT and hyaluronic acid in the treat-

ment of rcTe and provides preliminary evidence that, 

compared to eSWT alone, the combining eSWT and uS-

guided peritendinous injections with hyaluronic acid, re-

vert disability and reduces shoulder pain faster in patients 

with rcTe. Moreover, this preliminary evidence, if con-

firmed by further and larger investigations, will condition 
the conservative management of patients with rcTe.
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