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Abstract

Introduction: Therapeutic ultrasound (US) has been used in physiotherapy for more than 50 years to treat acute
and chronic inflammatory diseases in joints, muscles, tendons, ligaments and so on. Despite of its widespread use
in rehabilitative practice and the large number of studies, low scientific, statistically assessed evidences of
therapeutic US effectiveness are available. As a matter of fact, details about the treatment modalities and the way in
which the patients’ feedback was collected are often missing. The aim of our study is to assess the therapeutic US
effectiveness in shoulder disease management when a “customized” treatment to each patient is delivered and the
clinical outcome is globally monitored.

Methods: Patients with shoulder pain who underwent rehabilitative treatment, including Ultrasound Therapy (US)
in our Department of Physical Therapy and Rehabilitation Medicine at Turin University from May to September 2015
were enrolled. Clinical, functional and sonographycal evaluation of the shoulder was performed before US treatment
(T0), and at the end of the US therapy (T1) using Numeric Rating Scale, Constant Score, DASH questionnaire and
sonography.

Results: Statistically relevant improvements of the clinical outcome were observed in all the considered
parameters, with a significant reduction of shoulder pain and functional limitation in all patients. Sonographic images
support clinical data.

Conclusions: Although studies involving a larger number of patients are required, the effectiveness of
‘customized’ US treatment evaluated with different approaches, including sonography, is assessable and lead to
statistically significant results.

Keywords: Therapeutic ultrasounds; Joints; Muscles; Physiotherapy;
Musculoskeletal disorders

Introduction
Therapeutic Ultrasounds (US) is one of the most popular physical

treatment used in physiotherapy for more than 50 years for acute and
chronic inflammatory diseases in joints, muscles, tendons, ligaments
and so on [1,2]. Its effectiveness has been recently questioned since
scientific, evidence-based and robust outcomes are still missing [3,4].

Such controversial aspects may depend on the low quality of most
clinical rehabilitative studies: in fact, despite of the large number of
published reports on musculoskeletal disorders, including meta-
analyses and reviews, the specific values of the US parameters and of
the treatment modalities used (e.g. frequency, power, pulsed or
continuous waves, fixed or ‘massage’ probe position, duration of the
treatment) are seldom detailed. The issue of US dosimetry, which is
related to the above parameter values, is becoming highly topical [5].
Moreover, the effectiveness of the US treatment is often evaluated only
by using clinical tests and pain scores such as VAS or NRS, which give
a subjective rather than quantitative and objective measure.

Another important issue is the frequent use of “protocols” which
sets the same treatment parameters values (e.g. duration and treatment
modalities) for all patients and all kind of diseases: performing
standardized treatments may produce poor quality results both in
clinical outcomes and in scientific studies.

The aim of this investigation is to make a further step toward quality
treatment by applying to the clinics what we learned from our previous
in vitro study on joint-mimicking phantoms in 2014. The temperatures
measured at different depths were strictly depending from the US
parameter values and the treatment modalities, and in order to induce
the expected thermal effects and clinical advantages each patient
should receive a “customized” treatment [6].

Moreover, in order to obtain an objective assessment of the US
treatment effectiveness, patient evaluation should be multimodal,
including clinical, functional and pain scores, but also a sonographic
quantitative investigation of the local phlogosis and edema resolution.
We, therefore, focused our study on shoulder inflammatory diseases,
which are easily imaged by sonography.
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Methods
Patients with shoulder pain and functional limitation, due to biceps

brachii long head muscle or rotator cuff tendonitis, bursitis, intra-
articular effusion, without indication for surgical treatment, who
entered our Department of Physical Therapy and Rehabilitation
Medicine at Turin University, from May to September 2015 were
enrolled.

Inclusion criteria for the study were
• Clinical diagnosis of shoulder pain with tendons/bursa/articular

phlogosis
• Rehabilitation program fully performed in our department

following those criteria, 25 patients were recruitable.

Esclusion criteria were defined as follows:

• Comorbilities with controindication for US treatment
• Neurological diseases or deficits (in particular affecting the painful

shoulder)
• Pharmacological therapy with Nonsteroidal Anti-inflammatory

Drugs or other anti-inflammatory local or systemic drugs, which
could possibility bias the study results.

Following those criteria only 10 patients: 8 females and 2 males,
mean age= 63.2 yrs, were selected.

The subjects received a detailed explanation of the study and gave
written informed consent prior to participation. The study conformed
to the guidelines in the Declaration of Helsinki and was approved by
the local ethics committee (“Comitato Etico Interaziendale - AOU
Città della Salute e della Scienza di Torino”, number 0070322). Table 1
shows clinical records with age, sex and dominant limb.

Patient Sex Age Dominant limb

1 F 51 yes

2 F 63 no

3 F 84 yes

4 F 81 no

5 F 55 yes

6 F 73 no

7 F 68 yes

8 M 57 yes

9 F 48 yes

10 M 52 yes

Table 1: Clinical records with age, sex and dominant limb: 80%
females, 20% males.

After a preliminary physiatric evaluation, each patient underwent
US and other successive rehabilitative treatments.

The US therapeutic protocol is based on 10 sessions in consecutive
days for an overall period of two weeks.

A multimodal assessment (clinical, functional and sonographic) of
the actual pathology was performed before the US treatment (T0),

recording shoulder pain, ROM, strength, functional parameters and
sonographic imaging.

Pain was estimated using the Numeric Rating Scale (NRS) [7];
Constant Score [8] and DASH scale [9] were used for shoulder’s
function evaluation.

A preliminary sonographic study was performed in order to
quantify edema, phlogosis or effusion. Relevant images were saved and
transferred on PC for further elaboration.

US treatments were then designed and performed by selecting the
specific US parameters values and the treatment modalities for each
patient in consideration of their specific clinical, functional and
sonographic findings. In particular, the same apparatus (SONOPLUS
434 , Enraf Nonius, Rotterdam, NL) has been used for all patients,
selecting a US intensity of 1.5 W/cm2 and moving the probe on the
skin with a ‘massage-like’ modality to avoid the formation of ‘hot-
spots’.

As far as the other US parameter values are concerned, a careful
evaluation of the estimated depth of the lesion suggested the choice of
the frequency of 1 MHz for deep and of 3 MHz for more superficial
treatment sites.

Moreover, depending on the expected therapeutic increase in
temperature at the lesion, the ‘continuous’ modality was selected to
induce more heat deposition ( for a shorter time) while the ‘pulsed’
modality, with a Duty Cycle ( i.e. the US emitting time related to the
total time length of the cycle) selected at 25% was preferred for longer
time (10 min) treatments. Table 2 lists the clinical diagnosis and the
specific treatment parameters for each patient.

PAZ. Clinical Diagnosis
US

frequency
(MHz)

US Modality
and (Duty

Cycle)

US
Session
duration

(min)

1 Impingements and tendonitis
BBLC 3 pulsed (25%) 10

2 tendonitis BBLC 3 pulsed (25%) 10

3 frozen shoulder 1 continuous 5

4 frozen shoulder 1 continuous 5

5 Rotator cuff tendinopathy 1 pulsed (25%) 10

6 frozen shoulder 3 continuous 5

7 suvraspinal tendonitis and
bursitis SAD 3 pulsed (25%) 10

8 Impingement syndrome 3 pulsed (25%) 10

9 tendonitis BBLC 1 pulsed (25%) 10

10 tendonitis BBLC and rotator
cuff 3 pulsed (25%) 10

Table 2: Clinical diagnosis and US parameters selected.

The same procedure for result assessment was followed at the end of
the US treatment (T1).

The sonographic examination was performed following a
standardized procedure for the shoulder imaging [10] named
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muskulo-skeletal ultra sonographic exam (MSUS), which satisfactorily
detects the main findings of the phlogosis process.

In particular, articular effusion, rotator cuff or BLC tenosinovitis
and bursitis were recorded and these inflammatory alterations were
accounted for according to definitions in EBM.

To each alteration, a semi-quantitative score from 0 to 3 was given
(0: no alterations; 1, 2, 3: low, mid and high inflammatory alterations).
Single scores were added to give a total value (total score), indicating
the global index of phlogosis of shoulder in each patient [11].

MSUS exam was performed before the US treatment session (T0)
and at the end of the last US session (T1) by rehabilitation medical
specialist, using an Edge Ultrasound System (Sonosite, USA)
connected to a 7.5 MHz frequency probe.

Statistical significance is estimated by paired t Student test for all
scores.

Results and Discussion
Study results are shown in Table 3.

Patie
nt

NRS
T0

NRS
T1

Consta
nt T0

Consta
nt T1

DASH
T0

DASH
T1

Eco
T0

Eco
T1

1 8 0 36 83 78 37 4 2

2 8 3 49 78 65 52 3 2

3 8 5 42 64 105 81 6 4

4 7 4 45 67 98 73 5 4

5 6 5 53 55 72 70 4 3

6 9 5 34 59 103 77 4 2

7 7 2 51 80 71 43 5 3

8 6 3 58 79 62 45 4 3

9 7 2 50 81 60 39 3 3

10 8 4 33 75 69 41 5 3

Table 3: Results of the study.

Statistical significance (p<0.01) was achieved for all parameters
values (Table 4).

All patients enrolled in our study, which were treated at the best of
our knowledge, selecting the parameter values of the US treatment
according to the characteristics of their lesions, showed a significant
reduction of shoulder pain and functional limitations. In particular,
NRS and DASH scores significantly improved from T0 to T1.
Sonographic imaging supports clinical data, showing a considerable
reduction of bursa or tendon’s area of phlogosis at T1 evaluation
(Figure 1). All the scores assigned to the multimodal assessment
system before and after the US treatment showed statistically
significant improvements.

The previous experience obtained in monitoring temperatures in a
realistic model (phantom) heated with US with different modalities
have been useful in defining more precisely, which values of the US
parameters and which treatment modalities would be optimal to
induce the expected thermal effects for each specific patient.

Figure 1: Sonographic imaging.

When conventional, standard US therapy is delivered, clinical
assessment with the same semi-quantitative scores described in this
paper didn’t succeed in reaching statistically significant pre-post
differences [12].

The sonographic monitoring, allowing an objective quantitative
assessment of the inflammatory states before and after the treatment,
proved useful to improve the overall clinical quality.

Only one patient did not obtain a significant improvement in NRS
score at T1 and in DASH score at T. This patient, affected by a rotator
cuff degenerative tendinopathy, being younger than the average of
patients involved in the study, could not stop her heavy work duty, with
overuse of the shoulder, for the time of the US and rehabilitation
treatment, severely restricting the anti-inflammatory and antalgic
effects of therapies.
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NRS T0-NRS T1 DASH T0-DASH T1 COSTANT T0-T1 SONO T0-T1

Number of clinical
records 10 10 10 10 10 10 10 10

Average Value 74,000 33,000 783,000 558,000 451,000 721,000 43,000 29,000

Standard dev. 0,9661 16,364 172,179 174,216 85,952 100,383 0,9487 0,7379

t 68,228 29,048 64,608 36,836

P (statistical
significance ) 0,0000 0,0094 0 0,0017

Comment: Difference between average value is statistically significant (p< 0.01)

Table 4: Statistic analysis of pre-post multimodal evaluation.

The main limits of the study is the low number of patients involved,
due to the very restrictive inclusion criteria (patients who underwent
anti-inflammatory local or systemic therapy in the period T0-T1 were
excluded to avoid bias in results).

Conclusions
Although painful shoulder treatment with physical therapies, US in

particular, is still an object of discussion, due to contradictory results
of meta-analysis and revisions, our results show that treatment quality
and ‘costumization’ lead to clinical results which are assessable with
different semi-quantitative evaluation tools stating the functional
improvement, the pain reduction and the sonographic evidence.

In order to stress the ‘evidence based’ [13] effectiveness of physical
treatments in rehabilitation it is therefore mandatory both to improve
their quality, tuning the treatment parameters according to the
characteristics and level of the injury (personalized therapy vs.
standard protocols) and assessing the clinical results using suitable
semi-quantitative tools including sonography.
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