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ABSTRACT

BACKGROUND: Rotator cuff tendinopathy is the most common cause of painful shoulder. The
treatment is mainly conservative and several therapeutic approaches have been proposed, including
NSAIDs, physiotherapy, injections and physical therapies. The aim of the current study is to
compare the clinical effectiveness of low molecular weight hyaluronic acid (LMW-HA) injection
versus low-energy Extracorporeal Shock-Wave Therapy (ESWT) until 3 months of follow-up for
the management of painful non-calcific rotator cuff tendinopathies, evaluating also the trend over
time between the groups.

METHODS: A total of 34 patients affected by painful rotator cuff tendinopathy were randomly
divided into 2 groups of 17 individuals. The first group (Group A; mean age 58.2 years) underwent
3 injections of LMW-HA (Hyalgan ®, 500-730 kDa), while in the second group (Group B:;
mean age 58.5 years) the treatment protocol consisted of 4 sessions of low-energy ESWT. Pain
level and function were assessed with the DASH and Constant-Murley questionnaires. Parameters
were evaluated at baseline (V0), at the end of the treatment (V1) and after 3 months of follow-up
(V2).

RESULTS: Patients of both groups achieved statistically significant improve in pain and function (p
< 0.0001). Clinical outcome shows a different trend in time between Group A and Group B for
DASH and Constant-Murley questionnaires.

CONCLUSION: LMW-HA and low-energy ESWT are effective and safe in patients suffering from
non-calcific rotator cuff tendinopathy until 3 months of follow-up. Intra-articular injections of

LMW-HA provide prompt clinical improvement compared to ESWT, which results in more gradual

improvement over time.

Keywords:
Hyaluronic  Acid, Injections, Rotator Cuff/therapy, Tendinopathy, Low-Energy Shock

Waves/therapeutic use
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Introduction

About 3% of the population suffer from shoulder pain [1]. Rotator cuff pathology is the most
common cause of shoulder pain, including a combination of different diseases that vary from
tendinopathy to rotator cuff tear [2]; the incidence of rotator cuff lesions reported in literature varies
from 5 to 40%, with supraspinatus tendon most commonly affected [3].

Rotator cuff tendinopathy is mostly related to functional overload but there is also a growing
interest about the possible correlation to metabolic and endocrine pathologies [4-6]. The
pathogenesis is multifactorial with a combination of intrinsic and extrinsic factors [7.8].

The diagnosis is mainly clinical, being based on medical history and accurate physical examination
[9.10]. The most important symptom is pain, which gradually compromises activities of daily living
[11]. Ultrasound (US) and MRI are widely used to support the clinical findings [12,13].

Despite the frequent use of the term "tendinitis", the condition is characterized histologically by
absence of classical inflammation features, while dominant lesions exhibit features of a failed
healing response [14,15]; tendon pathology may be associated with the presence of calcifications
[16,17].

Treatment goals are to decrease pain, to regain muscle strength and to improve life quality and
function. Treatment is mainly conservative, while surgery is indicated only in refractory patients
[18,19]. Several therapeutic approaches have been proposed, including NSAIDs [20], physiotherapy
[21], injections [22] and physical therapies [23]. Intra-articular injections of hyaluronic acid (HA)
and extracorporeal shock wave therapy (ESWT) represent two of these therapeutic options.

Strong evidences have proved as hyaluronic acid (HA) injection represent a valuable option for
different musculoskeletal diseases [24].

HA is a non-sulfated glycosaminoglycan without a core protein and it is a main component of

connective tissues. It suppresses the inflammatory process, lubricates joints, stimulates cell
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proliferation, promotes the release of prostaglandins and tissue inhibitors of metalloproteinases and
promotes the synthesis of endogenous HA [25,26].

Clinical studies in patients with rotator cuff disease ranging from tendinopathy to rotator cuff tears
found a positive influence on the reduction of pain and improved function with no consistent side-
effects recorded [27,28]. HA provided equal effectiveness but fewer side effects than
corticosteroids, and it is well-tolerated by patients without serious adverse effects [29]. However,
the characteristics of the preparation, particularly in terms of molecular weight, that ensure greater
effectiveness are still not clear [30].

Shock waves are acoustic waves characterized by high peak pressure (> 500 bar), rapid increase in
pressure (<10 ns) and short duration (<10 ps). Shock waves stimulate the activation of mediators
responsible for specific biological reactions (mechanotransduction) [31], particularly nitric oxide
(NO) [32]. ESWT is widely used in several tendon conditions [33,34]. The mechanisms of action
determines anti-inflammatory, anti-edema, angiogenetic, reparative and analgesic effects [35,36].
Level I studies have shown that ESWT is effective in calcific rotator cuff tendinopathy, while for
the non-calcific form the results are discordant and less satisfying [37,38].

This study compared the clinical effectiveness until 3 months of follow-up of low molecular weight
hyaluronic acid (LMW-HA) injection versus low-energy Extracorporeal Shock-Wave Therapy
(ESWT) in the management of painful non-calcific rotator cuff tendinopathies, evaluating also the

trend over time between the groups.
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Materials and methods

SUBJECTS AND STUDY DESIGN

This was a prospective, randomized, single centre, single blind comparative pilot-study, in 34
outpatients at the Department of Physical Medicine and Rehabilitation of the University of Padua.
All patients gave their written consent to participate in the study. Patients were divided into 2
treatment groups, each consisting of 17 patients randomized by ABAB model; Group A underwent
sub-acromial injections of LMW-HA (500-730 kDa, HYALGAN® 20mg/2 ml), while Group B
received low-energy ESWT.

The clinical course of patients was assessed using the validate cross-cultural adaptation into Italian
of the DASH (Disability of the Arm, Shoulder and Hand) and Constant-Murley scales [39,40].

In a single-blind fashion, in each of the two groups, the treatment (injection or ESWT) was
administered by a physician, while questionnaires were administered to the patients by another
physician, unawared to the delivered treatment. Patients were asked not to reveal which treatment
group they had been allocated to. For both groups, clinical and questionnaire evaluations were
carried out before treatment (V0), at the end of the treatment (V1), and 3 months after the end of the
treatment (V2).

Inclusion and exclusion criteria are listed in Table L.

INJECTION PROCEDURE

The patients allocated to receive HA received 1 injection weekly for 3 weeks of LMW-HA

(HYALGAN® 20mg/2 ml).

All the injections were performed by the same fully trained physician under ultrasound guidance to
identify the sub-acromial space in a standard sterile fashion using a 21G needle, following the
principles of safety and sterility in a sequential procedure [41,42].

ESWT PROTOCOL
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Patients were weekly undergone to a session of low-energy extracorporeal shockwave therapy
(MODULITH® SLK, Storz Medical, Tidgerwilen, Switzerland) for 4 weeks; each session consisted
of 1600 shots at a frequency of 4 Hz. The applied energy was adjusted on the basis of the patient's
tolerance, until a maximum level not exceeding 0.15 mJ/mm?.

After reading and signing the informed consent, patients were asked to lie supine on the couch in
the supine position. After applying to the skin surface a transparent and odorless gel, which
facilitates the propagation of waves to biological tissues, the head of the generator was positioned
under ultrasound guidance so as to focus shock waves on the target area. At that point. we began to
deliver ESWT, starting from a minimum level and gradually increasing it to values compatible with
the tolerance of the patient to the discomfort or pain caused by the treatment, without ever
exceeding an energy density of 0.15 mJ/mm?. Overall, each session of ESWT had a mean duration
of about 10 minutes.

STATISTICAL METHODS

The demographic characteristics of patients and ratings pre-treatment have been reported for each
treatment group as number and percentage of patients in each category for categorical variables.
Quantitative variables have been reported as mean, deviation or standard error. The comparison of
patients’ characteristics between treatment groups was performed using Fisher exact test for sex and
Wilcoxon rank sum test for age. The trend over time between the groups was analyzed by a general
linear model considering the effects of treatment group, time and groupxtime interaction with a first
order autoregressive matrix of variance and covariance. The results relating to the difference
between groups at the times considered were reported as mean of this difference accompanied by an
interval of confidence at 95%. Significance was set at p < 0.05. Statistical analysis was conducted

with SAS program 9.2 (SAS Institute Inc, Cary, NC, USA) for Windows.

Results
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Both groups consisted in 13 females (76.48%, 26 patients) and 4 males (23.52%, 8 patients) (Fisher
exact test p = 1.0000) and were comparable for age, since the difference were very slight (58.5
years for Group B and 58.2 years for Group A, Wilcoxon rank sum test p = 1.0000) and therefore it
is not able to compromise the statistical comparison between the two groups as regards either
DASH scores either Constant-Murley scores.

With regard of Constant-Murley and DASH scores before treatment (V0), the groups had the values
shown in Table II and Table III. Patients in Group A had a mean score on the Constant-Murley
scale lower than Group B. Therefore the two groups started from slightly different situations, as at
time 0 the articular condition of Group A was slightly more compromised. However this difference
did not result to be statistically significant (Constant Wilcoxon rank sum test p = 0.7446, DASH
Wilcoxon rank sum test p = 0.8497), whereby the two groups could be considered comparable to

their starting condition.

The trend of the Constant-Murley scale (Figure 1) revealed that in both groups there was an
increase of scores after treatment. Furthermore, there was no statistically significant difference (p =
0.5065) between the two types of treatment, whereas for both groups the scores change over time
significantly (p < 0.0001). A different time distribution of the scores in relation to the treatment
group was shown (p = 0.0063). As regards the DASH scale (Figure 2), in both groups the score
decreased as a result of therapy. Also in this case there are no significant differences between
groups (p = 0.4808), while the scores varied in time significantly in both groups (p < 0.0001).
Unlike the Constant-Murley, the DASH did not reveal a different pattern of scores over time
between the two groups (p = 0.1334).

Table II shows the scores obtained in the Constant-Murley scale at the different times of evaluation
and makes a comparison between the two groups in terms of difference between means.

In both groups the difference with respect to VO was statistically significant (p < 0.001) for all the

two subsequent evaluations (V1 and V2).
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In Group A the improvement was greater at V1 and remains almost constant at V2, while in Group
B the improvement was less marked (but still significant) at V1, but there was a further increase in
the score, although not statistically significant (p = 0.066), at the 3 months evaluation.

The last column shows that these differences between means in the two groups were not statistically
significant in all evaluations (confidence level set at 95%), while including the confidence interval
some relevant differences. Despite this lack of statistical significance, the major difference between
means is in the post-treatment evaluation, while pre-treatment and 3 months values are much more
similar. The Group A, even starting from a score lower than the Group B, in subsequent evaluations
showed higher scores.

Table III shows the scores obtained in the DASH scale at the different times of evaluation and
makes a comparison between the two groups.

It was observed a significant decrease of scores in both evaluations after treatment compared to
baseline (pre-treatment) in both groups (p < 0.0001).

Similarly to the Constant-Murley scores, Group A had a statistically significant at V1 which
remained constant at 3 months, while in the Group B at the end of the therapeutic cycle the
improvement was less clear (though significant) but later the score decreased further, also if not in
a statistically significant way (p = 0.244), at the 3 months evaluation.

Considering a confidence level of 95%, the differences between means in the two groups were not
statistically significant in all evaluations and the most important difference was recorded at the end
of the treatment cycle with more similar scores at pre-treatment and 3 months evaluations.
Conversely to Constant-Murley, Group A, there was a starting DASH score higher than the Group

B, in subsequent evaluations showed lower scores.
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Discussion

We compared the effects of sub-acromial injection of LMW-HA and ESWT in patients with chronic
non-calcific rotator cuff tendinopathy. Regardless of the treatment implemented, there was a
significant improvement in pain and function, and a significant reduction in shoulder disability
following either the HA injections or ESWT.

Merolla et al. showed that sub-acromial injections of sodium hyaluronate determined pain reduction
and improve joint function 2, 4 and 12 weeks after treatment [41]. Similarly, HA reduced pain in 56
patients with supraspinatus tendinopathy up to 4 months after the injection [42].

Our study confirms these findings, showing a marked clinical improvement after injections with
LMW-HA. This improvement was maintained even 3 months after the end of the treatment (V2).
Comparing the outcomes on the basis of Constant-Murley and DASH scores at V1 and V2, it
emerges that by the third injection of HA there was a clear and statistically significant benefit which
remains almost constant at the 3 month follow-up.

It is conceivable that the use of musculo-skeletal ultrasound to guide the intra-articular injections
improves the accuracy of the treatment, helping to achieve better outcomes. Recent studies are
suggested as the ultrasound guidance leads to a more effective treatment with respect to blind
injections [43], also for less approachable locations [44].

Several authors demonstrated the effectiveness of ESWT in patients with calcific rotator cuff
tendinopathies until 6 months of follow-up; both the low-energy and the high-energy ESWT have
been successful, although some studies report statistically better results for high-energy shock
waves [45]. For non-calcific rotator cuff tendinopathy, clinical studies reported conflicting and less
satisfactory results; this fact may be related, at least in part, to the different treatment protocols
chosen, since currently there is still no consensus on the protocol of ESWT to be used in the
different pathological conditions of the shoulder and at the various stages of condition.
Nevertheless, Galasso et al. found that low energy ESWT, compared to placebo, produced a clinical

improvement in 20 patients suffering from non-calcific tendinopathy of the supraspinatus. This
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improvement remained significant compared to baseline pre-treatment condition at a follow-up of 3
months [46].
In accordance with these results, our study showed a significant clinical relevant improvement in
patients with non-calcific rotator cuff tendinopathy treated with low-energy shock waves.
Comparing Constant-Murley and DASH scores at V1 and V2, the treatment showed a further
positive trend, although no statistically significant at 3 months follow-up. In our knowledge, only
one study investigating the effectiveness of low energy ESWT in comparison to high energy ESWT
in the long-term follow-up of non-calcific shoulder tendinopathy has been already performed. In
both groups the functional and pain scores improve at 1-year follow-up in comparison to pre-
treatment and 12 weeks of follow-up values. Furthermore, there were no significant differences
between the groups, with low-energy ESWT that appear to be non-inferior to high-energy ESWT in
the management of non-calcific shoulder tendinopathy [47].
The baseline values were slightly different between the groups, with Group A starting from a
clinical condition slightly worse than Group B. However this difference is not statistically
significant so that the two groups can be considered comparable as regards the pre-treatment
condition. After treatment both groups show a significant improvement in the outcome of patients
and no statistically significant difference in the overall effect of the two treatments was found.
However, while in Group A all scores were clinical relevant in V1 and V2, for Group B the values
in Constant-Murley scale were not clinical relevant in V1 (<17 points) [48], but still statistically
significant.
There appears to be a different time course in clinical outcome in the two groups, but we are unsure
whether this will have any clinical relevance. These findings may be relevant in subjects that need
to prompt recovery function, as athletes affected by painful shoulder. LMW-HA seemed to be
effective by the end of the treatment, with the improvement being maintained by 3 months of
follow-up. After 3 months, patients who had received ESWT were still experiencing some
improvement, as reported by other authors [47]. Given the different trend of efficacy between the
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groups at V1 and V2, it may be useful to perform further studies that include patients treated with a
combination therapy (LMW-HA + low-energy ESWT) in comparison to LMW-HA and ESWT

groups, that may determine sudden pain and function restoration.

Conclusions

Both LMW-HA and low-energy ESWT are effective in improving joint function and reducing pain
in patients with non-calcific rotator cuff tendinopathy until 3 months of follow-up, with no
clinically significant difference in outcome.

The main weaknesses of our study are represented by small sample size and short follow-up.
Therefore, further studies with larger cohorts of patients are necessary to confirm and compare the

efficacy of these approaches in the medium and long term.
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INCLUSION CRITERIA

EXCLUSION CRITERIA

1) shoulder pain that exacerbates in overhead
movements

1) complete rupture of cuff tendons diagnosed by
US or MRI

2) pain for at least 3 months not responding
adequately to conventional therapy with NSAIDs
and/or physiotherapy

2) calcifications of diameter greater than 1 cm in
rotator cuff tendons at ultrasound evaluation

3) age between 18 and 85 years

3) pregnancy or breast-feeding

4) pain on palpation at the site of insertion of
rotator cuff tendons on humeral head and positive
clinical test for the pathology of the rotator cuff

4) tumors, coagulation disorders or rheumatic
diseases in acute phase

5) instrumental diagnosis (US or MRI) of the rotator
cuff tendonitis

5) significant trauma to the target shoulder within 6
months

6) reduced joint movement of the shoulder in
flexion, abduction, internal and external rotation

6) history of allergies or hypersensitivity to chicken
proteins or hyaluronic acid

7) steroid therapy in the last three months, steroid
therapy in the contralateral shoulder in the last 4
weeks, viscosupplementation in the target shoulder
in the last 24 weeks, oral NSAIDs in the past 48
hours
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Table 11

Comparison between Constant scores of the two groups at the different evaluations

Ti Group A Group B | Difference between means
s mean mean A - B (95%CI*)
pre-treatment | o /100 | 56.7/100 4.9 (-18.4 ; +8.5)
(VO)
p"s”(';‘;f)‘““’“t 81.2/100 | 69.8/100 +11.4 (2.1 ; +24.9)
3 months
81.8/100 76.5/100 +5.4(-8.1;+18.8

* 05%CI: confidence interval 95%
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Table III

Comparison between DASH scores of the two groups at the different evaluations

Ti Group A Group B | Difference between means
T mean mean A - B (95%CI*)
pre-treatment | g,4, 150 | 782/150 +2.1(-11.6 ; +15.8)
(Vo)
P"S"t(';‘ff)t“‘e“t 49.6/150 | 59.2/150 - 9.6 (-23.3 ; +4.0)
3 months
49.6/150 | 543/150 - 4.6 (-18.3;+9.0
V2) ( )

* 95%CI: confidence interval 95%

his document & protected by intemational cm

opy of this Arficle. It § not permifted to make

heelec!rm‘ccopvdedetha@mmtmmdfathetﬂemmngwm. elecironic maiing or any other means which may alow occess to the Adicle. The
imbe Fop |~

vt of B A diesla far s Camamnsseied | len e med meseattad The cenediom of dock o om mdder Feare Hae Aiela T med i mnd The memch wbiae ~f

No addificnal reproduction s autharized. It is peritfed for personal use to download and save only one fie and print only or
copies (either sporadically or systeraficaly, eifher printed or elecironic) of the Article for any pumoase. It s not permitted to distribut

wecfdlorar

il e e -,



(IS AJ[NJA-IURISUO)) JO W JAAO pUdI]

[ amndiyg

= TA
ok - =

£9000-d uonIe AU

1000°0 > d Ao i

§905°0 = 0 “DepRwawean

Emu ...-. <=+
upn.o-.aqa.n.-c-..a

.-acvo..o.o-.-.o-o.
-— -

(131

L4

08

ly one file and prnt only or
any purpese, it s not permitied o distibut

ther means which may alow access fo the Article. The uise of cll orar

ng or ony o

pemitted for personal use to download and save onl
bdale e cad vcamsloed The cench allae af camdads fae = amee ol oo ocssae e el

her printed or electronic) of the Arficke for

nal copies (either sporadically or systematicaly, eif
g systerms. elecironic mo

onine intemet and/or infranet fie

ht laws. No odditional reproduction i authorzed, It is

of the oriicle through

D i VST U ey

3y

his document & protected by intemational
:opy of this Arficle. It & not pemitted to moke

ne electronic copy

vk



o ™
g§82
- -
(=20 ==
[ 1] v
S Qo
3
L
t.
=
& ..
-‘-:
c ¢ ©
Q-':S
E o =
R
v E =
- .

<@ ESWT

—— HA

his document & protected by intemational ¢

40
30

‘ght laws. No addifional reproduction is autharized. 1t s pemitted for personal Use fo dowrload
nal coples (either sporadically or systemaficaly, efther printed or electronic) of the Arficle for any
Shang systems, elecrenic moling or any other mears which may glow

:opy of this Aricle. it s not permitted to make
arficle fhrough onine intemet and/or infranet file sh

he slehronic cory ot he arfice he

Figure 2

Trend over time of DASH scale



