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Aim. We wish to investigate the therapeutic potential of a single-session high-energy extracorporeal shock wave therapy (ESWT)
on the rotator cuff lesions with shoulder stiffness. Patients and Methods. Thirty-seven patients afflicted with rotator cuff lesions with
shoulder stiffness were randomized to receive either shockwave or sham treatment based on statistical randomization. In the
shockwave group, we used Orthospec™ Extracorporeal Shock Wave Therapy 3000 impulse 24 kV (0.32 mJ/mm?) focused at two
points as one session. The sham intervention entailed the use of the device in which the silicone pad was removed from the
stand-off device. The visual analogue scale (VAS), muscle power of the shoulder, Constant and Murley score (CMS), and range
of motion (ROM) of the shoulder were assessed for all patients. Ten milliliters of peripheral venous blood was obtained from
every participant for the measurements of markers for inflammation, tissue regeneration, angiogenesis, and substance P before
and at 1 week and 4 weeks after intervention. Results. The ESWT group has significantly better VAS, muscle power, CMS, and
ROM at 6 and 12 months after intervention. No between-group differences were observed before as well as 1 and 4 weeks after
intervention in the selected biomarkers. Conclusion. ESWT may be a good adjuvant for the treatment of rotator cuff lesions with
shoulder stiffness.

1. Introduction

Shoulder stiffness is characterized by pain and loss of shoul-
der motion. Some patients have no identifiable cause (so-
called “idiopathic adhesive capsulitis”), and others are caused
by underlying diseases, especially rotator cuft lesions [1].
Rotator cuff lesions are the common shoulder disorder man-
ifested by pain, limited motion, weakness, and functional dis-
ability. Intrinsic degeneration, outlet impingement, and
inflammatory process are the important mechanisms under-

lying the pathogenesis of the rotator cuff lesions [2-5].
Increased expression of IL-1 and myofibroblast recruitment
in the subacromial bursa in rotator cuff lesions could be
observed in shoulder stiffness, suggesting that rotator cuft
lesions with shoulder stiffness are an inflammatory disease
[5]. Treatment options for shoulder stiffness include physical
therapy, intra-articular corticosteroid injection, closed
manipulation, and open or arthroscopic release [1, 6-10].
Faster improvement of the range of motion is desirable,
and even the surgical repair of the rotator cuff lesions is
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needed later, underscoring the importance of an effective
treatment for shoulder stiffness [2, 11-13]. However, none of
the treatment alternatives is simple, effective, and noninvasive.

Extracorporeal shockwave therapy (ESWT) has been uti-
lized in the treatment of shoulder disorders, such as calcific
tendinitis, with favorable outcomes for more than 20 years
[14-19]. Anti-inflammation has been proposed as the pivotal
component for the therapeutic effects of ESWT [6].

Because of the inflammatory nature of the rotator cuff
lesions with shoulder stiffness and the anti-inflammatory
effects of ESWT, we performed a double-blinded, prospec-
tively randomized study to ascertain our hypothesis that
ESWT can exert therapeutic potentials on rotator cuff lesions
with shoulder stiffness [20].

2. Materials and Methods

This prospective randomized double-blinded study was
approved by the Institutional Review Board of Kaohsiung
Chang Gung Memorial Hospital (IRB 101-1810A3), being
performed between July 2014 and April 2017 to compare
the effects of ESWT and sham intervention on the patients
with rotator cuff lesions with shoulder stiffness. All experi-
ments were performed in accordance with relevant guide-
lines and regulations. This study was registered in the
ClinicalTrials.gov system (ID: NCT02450864) on April 13,
2015. Valid written informed consent was procured from
every participant.

The minimum sample size required for each group was
calculated by the GsPower 3.1.9.2 software (http://www
.gpower.hhu.de/en.html). Input parameters were as follows:
“t test” for test family, which “means Wilcoxon-Mann-
Whitney test (two groups)” for statistical test, and “a priori”
for the type of power analysis. The sample size of at least 15
for each group was thus derived (effect size: 1; « level: 0.05;
power: 80%; allocation ratio: 1).

Subjects were considered eligible if they had (1) pain
(visual analogue scale > 3) and stiffness of the shoulder, in
which shoulder stiffness was defined by loss of >50% range
of motion in any direction or the sum of range of motion <
270%; (2) a positive impingement sign and/or pain with Haw-
kins’ test; (3) positive imaging diagnosis of supraspinatus
lesion without complete tear on magnetic resonance imaging
(MRI); and (4) pain and stiffness which did not respond to
activity modification and/or physiotherapy under therapists
for at least 3 months and (5) were aged between 35 and 80
years. We excluded the patients with rheumatic diseases, gle-
nohumeral osteoarthritis, full-thickness cuff tears, fractures,
infections, neoplasms, pregnancy, and subacromial injection
within 3 weeks and the subjects not submitting valid written
informed consent.

The imaging diagnosis of supraspinatus lesion was estab-
lished by magnetic resonance imaging (MRI). On MRI,
supraspinatus tendinopathy was characterized by increased
intratendinous signal intensity on T2-weighted images
without tendon disruption. Partial thickness tear was charac-
terized by the presence of focal hyperintense fluid or a fluid-
like signal extending into the tendon substance on the T2-
weighted images. A full thickness tear was diagnosed by the

BioMed Research International

extension of hyperintense fluid or fluid-like signals through
the entire tendon on T2-weighted images [3, 5, 11]. The
imaging diagnosis of MRI was based upon the consensus
between the orthopedic surgeon (1* author) and the radiolo-
gist (6™ author).

The participants were randomized into 2 groups immedi-
ately before the intervention by the computer-generated ran-
domization list concealed in a set of numbered envelopes.
The research assistant blinded to the clinical information of
the participants opened the concealed envelope, and the card
inside indicated whether the patient was randomized to the
ESWT or sham group. The participants and the follow-up
examiners were all blinded to the treatment assignment. In
the ESWT group, patients received 3000 impulses of shock-
wave at 24kV (energy flux density, 0.32 mJ/mm?) to the
affected shoulder at subacromial space and rotator interval
in one session. Each session lasted for one hour. The source
of the shockwaves was an Orthospec™ Extracorporeal Shock-
wave (Orthospec™- Medispec, Israel). ESWT was performed
by a specialist certified for operating the machine on an out-
patient basis. The area of treatment was clinically focused
with a control guide on the machine, and surgical lubricant
was placed on the skin in contact with the shockwave tube.
Shockwaves were clinically focused at two areas. Area 1 is
the subacromial area, about one finger breadth below the
anterior lateral border of the acromion tip. Area 2 is the
rotator interval, about one finger breadth lateral and above
to the coracoid process. Local anesthetics were prohibited.
The sham intervention entailed the use of the device in
which the silicone pad was removed from the stand-off
device, but the patients could still hear the sound of the
shock wave and have tingling sensation over the skin but
without energy transduced. The vital signs and any dis-
comforts were monitored throughout the course of treat-
ment. The treated areas were inspected for local swelling,
ecchymosis, or hematoma after the treatment. Baseline
activity modification and/or physiotherapy was sustained
after the intervention. Gentle pendulum exercise as well
as assisted shoulder elevation and external and internal
rotation was initiated after intervention for all the partici-
pants. After treatment and during follow-ups, patients were
restricted to the use of a 1000 mg of acetaminophen per day
for pain, in order to facilitate the usage and comparison of
the medications among the patients. Patients had a pain
medication-free interval 3 days prior to each evaluation.
Patients who had persistent and severe shoulder discomfort
were advised to undergo surgical intervention.

The clinical parameters and serum biomarkers were
assessed before and after intervention. The clinical parame-
ters included visual analogue scale (VAS), muscle power for
shoulder abduction, Constant and Murley score (CMS),
and range of motion (ROM) of the shoulder. Visual analogue
scale (VAS) is a scale used for pain measurement with 0 point
indicating no pain and 10 points indicating unbearable pain.
The muscle power for shoulder abduction was examined
during the maximal isometric contraction of the abductor
muscles using a handheld dynamometer in shoulder 45°
abduction and elbow 90° flexion without torso stabilization
[21, 22]. The Constant and Murley score (CMS) is a
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41 patients assessed for eligibility

Exclusion
2 did not meet inclusion criteria

37 patients randomized
into 2 groups

2 refused informed consent

Group I
ESMT group
19 patients
2 shifted to surgery (4W; 3M)
1 lost follow-up (3 M) <
ESWT group

16 patients finally analyzed

Group IT
Sham group
18 patients
1 shifted to surgery (1W)
2 lost follow-up (3M; 3M)
Sham group

15 patients finally analyzed

F1GURE 1: The flow chart for the randomizing process.

standardized scale of assessing shoulder function with a
maximum score of 100 points with a higher score indicat-
ing better shoulder function [23]. The range of motion
(ROM) of the shoulder was measured with the patient in
a sitting position. A goniometer was used to measure the
angle to which the patient could maximally passively for-
ward flex or abduct the shoulder. External rotation and
internal rotation of the shoulders were determined with
the patient’s arm in a resting position and in a 45" flexion
position, respectively. Normal shoulder ROM without
scapular stabilization was considered to be 180" of forward
flexion, 180° of abduction, 90° of external rotation, and 90°
of internal rotation. By summation of the measured ROM,
the sum of range of motion (SROM) was obtained [12].
Shoulder stiffness was defined by loss of more than 50%
of range of motion in any direction or the SROM < 270°
[24]. The clinical parameters were assessed before and 1
week, 4 weeks, 3 months, 6 months, and 12 months after
intervention. The serum biomarkers were also assessed for
the systemic impact of the intervention. Ten milliliters of
peripheral venous blood was obtained from every participant
for the measurements of interleukin 6 (IL-6), tumor necrosis
factor-alpha (TNF-«), interleukin 1-beta (IL-1j3), transform-
ing growth factor-beta 1 (TGF-f1) for inflammation,
insulin-like growth factor-1 (IGF-1), dickkopf-related protein
1 (DKK-1) for tissue regeneration, vascular endothelial growth
factor (VEGF) for angiogenesis, and substance P for pain
threshold before and at 1 week and 4 weeks after intervention.
The choice for the blood sampling time was based upon our
previous publications [25].

The data are expressed as the median (lower quartile
and upper quartile). Categorical variables were compared
by chi-square testing. The Mann-Whitney U test compared
differences between groups. The Friedman test was utilized
for the repeated measure analysis of repeated within-group
comparisons for continuous variables, and the Wilcoxon
signed-rank test was used for post hoc analysis. All statistics

were performed by SPSS software, and a p value of <0.05
was considered to be statistically significant [26].

3. Results

There were 41 patients assessed for eligibility. Two patients
did not meet the inclusion criteria, and two failed to offer
informed consent. The remaining 37 patients were random-
ized into two groups (Figure 1). There were no statistical dif-
ferences in the demographic profiles between the two groups
(Table 1). There were 8 (42.1%) and 4 (22.2%) patients who
suffered from partial supraspinatus tear in the ESWT group
and sham group, respectively (p = 0.197).

In the ESWT group (19 patients), two patients underwent
rotator cuff repair surgeries due to persistent discomfort 4
weeks and 3 months after ESWT, respectively. One patient
lost to follow-up 3 months after ESWT. The remaining 16
patients were followed up to 12 months after ESWT. In the
sham group (18 patients), one shifted to rotator cuff repair
surgery 1 week after treatment and two lost to follow-up 3
months after intervention. The remaining 15 patients were
followed up to 12 months.

The baseline VAS (p = 0.807), muscle power (p = 0.089),
and CMS (p=0.470) were comparable between the two
groups. The subjects receiving ESWT experienced substan-
tially better VAS (p=0.012), stronger muscle power
(p =0.034), and higher CMS (p = 0.026) 6 months after inter-
vention. The VAS was 0.0 (0.0, 0.0) for the ESWT group and
0.5 (0.0, 2.0) for the sham group 12 months after intervention
(p=0.025). The muscle power was 20.01b (20.0, 22.3) for the
ESWT group and 17.51b (16.0, 20.0) for the sham group 12
months after intervention (p =0.002). The CMS was 91.5
(89.8. 95.0) for the ESWT group and 85.0 (72.0, 87.0) for
the sham group 12 months after intervention (p =0.005).
In other words, the subjects receiving ESWT experienced
better VAS, muscle power, and CMS 6 and 12 months after
intervention (Table 2).
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TaBLE 1: Demographic profiles for the two groups.

ESWT group Sham group p value
Gender 9 men, 10 women 3 men, 15 women 0.527
Age 52.0 (50.5, 60.5) 51.0 (49.0, 54.0) 0.709
Nontear tendinopathy/partial tear 11/8 14/4 0.197
Subacromial steroid injection” 8 7 0.842
Affected shoulder 7 right, 12 left 11 right, 7 left 0.024
Affected shoulder as dominant limb 8 (42.1%) 11 (61.1%) 0.280
BMI 245 (21.8, 26.6) 23.1 (22.3, 25.7) 0.688
Medical comorbidities 2 men, 1 woman 0 0.425

BMI: body mass index; ESWT: extracorporeal shockwave therapy. Medical comorbidities included diabetes, coronary artery disease, end-stage renal disease,
and liver cirrhosis. “Subacromial steroid injection performed more than 3 weeks before the intervention.

We also measured the range of motion (ROM) of forward
flexion, abduction, external rotation, internal rotation, and
sum of range of motion (SROM) between the two groups.
The range of motion in all directions, including SROM, was
comparable between the two groups before the intervention.
The subjects receiving ESWT experienced better internal
rotation 3 months after intervention (p = 0.039). The partic-
ipants receiving ESWT experienced better external rotation
(p=0.012), internal rotation (p<0.001), and SROM
(p=0.023) 6 months after intervention. The range of motion
was 170.0° (165.0°, 175.0°) in forward flexion, 165.0° (160.0°,
170.0°) in abduction, 80.0° (68.8°, 81.3°) in external rotation,
70.0° (60.0°, 76.3°) in internal rotation, and 485.0° (457.5°,
502.5°) in SROM for the ESWT group 12 months after inter-
vention. The range of motion was 162.5°(150.0°, 175.0°) in
forward flexion, 150.0° (123.8°, 170.0°) in abduction, 70.0°
(60.0°, 75.0°) in external rotation, 60.0° (51.3°, 70.0°) in inter-
nal rotation, and 445.0° (375.0°, 470.0°) in SROM for the
sham group 12 months after intervention. Better forward
flexion (p =0.048), abduction (p =0.009), external rotation
(p=0.042), internal rotation (p=0.031), and SROM
(p=0.008) for the ESWT group were observed 12 months
after intervention (Table 3).

The levels of serum biomarkers in baseline as well as in 1
and 4 weeks after intervention are summarized in Table 4. No
between-group differences were observed before and 1 and 4
weeks after intervention.

Two patients in the ESWT group reported transient ery-
thematous swelling at the treatment site (2 of 19, 10.5%). All
of the symptoms subsided 1 to 2 days after ESWT. One
patient (1 of 19, 5.26%) reported petechial bleeding at the
treatment site which resolved spontaneously 1 week later.
No complications have been observed in the sham group.

4. Discussion

Although rotator cuff lesions with shoulder stiffness have
been previously described as a self-limiting process, recent
reports have shown that it can lead to long-term disability
[13, 27, 28]. There is no consensus concerning the treatment
of rotator cuff lesions with shoulder stiftness at present. Phys-
ical therapy, intra-articular corticosteroid injections, closed
manipulation, and open or arthroscopic release have been

proposed, but none has been proven to be simple, effective,
and noninvasive [1, 6-10].

The proposed mechanisms for ESWT include altering
cellular activity through cavitation, blocking the gate control
mechanism, altering cellular permeability, and enhancing
angiogenesis, acoustic microstreaming, hyperstimulation of
nociceptors, and anti-inflammatory and antifibrogenic
effects [6, 17, 29-31]. Because shoulder stiffness is an inflam-
matory disorder, we thus tried to apply ESWT, an anti-
inflammatory modality, in the treatment of rotator cuff
lesions with shoulder stiffness. Our study unprecedentedly
showed that a single session of high-energy ESWT improves
the long-term functional outcome of rotator cuff lesions with
shoulder stiffness, suggesting that ESWT is a simple, effective,
and noninvasive alternative for the treatment of rotator cuft
lesions with shoulder stiffness.

Shock waves are three-dimensional pressure pulses of
microsecond duration with the peak pressure of 35-120
million Pa. The focused shock waves are concentrated to
a small focal area of 2-8 mm diameter to minimize effects
on the surrounding tissues [14]. Different protocols have
been proposed for the treatment of shoulder stiffness.
Chen et al. applied the shockwave of the energy intensity
of 0.6 mJ/mm? to 3 locations (1350 to 1500 shots in each
session) at 2-week interval for 3 sessions [32]. We chose
a simpler protocol, applying the shockwave of the energy
intensity of 0.32mJ/mm” to subacromial space and rotator
interval (3000 shots in each area) for only one session
instead and showed comparable results.

The mechanisms of shoulder stiffness included increased
expressions of inflammatory cytokines which can induce
fibrosis or contracture of subacromial synovium and rotator
interval [20, 33, 34]. Lysis of the subacromial adhesions and
rotator internal improves the range of motion and func-
tional outcome of the stiff shoulders [5, 12]. We therefore
adopted the target areas of subacromial space and rotator
interval for the application of ESWT according to the pub-
lications mentioned above. In this way, we can avoid the
undesired effects of shock wave on the main vasculature to
prevent the occurrence of avascular necrosis of the humeral
head [35].

Short- to mid-term (3 to 6 months) benefits of ESWT on
shoulder disorders have been reported [29, 32, 36]. Our study
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TaBLE 2: The visual analogue scale (VAS), muscle power of abduction, and Constant and Murley score (CMS) for the subjects receiving
ESWT and sham interventions.

(a) Baseline profiles

Outcome ESWT group Sham group p value
No. of patients 19 18

VAS 6.0 (5.0, 7.8) 5.5 (3.3, 7.8) 0.807
Muscle power (Ib) 15.0 (14.0, 20.0) 15.0 (13.25, 15.75) 0.089
CMS 44.0 (40.0, 55.0) 44.5 (37.25, 52.25) 0.470

(b) One week after intervention

Outcome ESWT group Sham group p value
No. of patients 19 18

VAS 5.0 (4.0, 7.0) 5.5 (3.0, 6.8) 0.640

Muscle power (Ib) 16.5 (15.0, 20.75) 15.0 (13.0, 17.0) 0.051

CMS 52.5 (45.5, 60.5) 52.5 (45.0, 58.75) 0.450

(c) Four weeks after intervention

Outcome ESWT group Sham group p value
No. of patients 19 17

VAS 5.0 (2.3,7.0) 3.0 (2.0, 6.0) 0.467
Muscle power (Ib) 18.0 (15.0, 20) 16.0 (14.0, 18.0) 0.252
CMS 60.0 (50.5, 71.0) 57.0 (54.0, 67.0) 0.430

(d) Three months after intervention

Outcome ESWT group Sham group p value
No. of patients 18 15

VAS 1.0 (0.0, 2.0) 3.0 (1.5, 4.0) 0.089
Muscle power (Ib) 18.5 (16.0, 20.0) 16.0 (15.0, 19.0) 0.199
CMS 76.0 (59.0, 82.5) 70.0 (57.5, 72.5) 0.160

(e) Six months after intervention

Outcome ESWT group Sham group p value
No. of patients 16 15

VAS 0.0 (0.0, 0.3) 1.0 (0.0, 2.0) 0.012
Muscle power (Ib) 20.0 (19.5, 20.0) 18.0 (16.5, 20.0) 0.034
CMS 87.0 (77.5, 91.0) 76.0 (71.3, 78.8) 0.026

(f) 12 months after intervention

Outcome ESWT group Sham group p value
No. of patients 16 15

VAS 0.0 (0.0, 0.0) 0.5 (0.0, 2.0) 0.025
Muscle power (Ib) 20.0 (20.0, 22.3) 17.5 (16.0, 20.0) 0.002
CMS 91.5 (89.8, 95.0) 85.0 (72.0, 87.0) 0.005

CMS: Constant and Murley score; ESWT: extracorporeal shockwave therapy; VAS: visual analogue scale.

is the first report to demonstrate the long-term benefits of In our cohort, no significant between-group differences
ESWT in the treatment of rotator cuff lesions with shoulder ~ of serum biomarkers were observed before and 1 week and
stiffness. 4 weeks after treatment. The selection of time points is based
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TaBLE 3: The range of motion (ROM) and sum of range of motion (SROM) for the subjects receiving ESWT and sham interventions.

(a) Baseline profiles

ESWT group Sham group p value
No. of patients 19 18
Forward flexion () 90.0 (85.0, 116.0) 97.5 (90.0, 105.0) 0.940
Abduction () 75.0 (67.5, 82.5) 75.0 (70.0, 75.0) 0.196
External rotation (°) 20.0 (15.0, 30.0) 15.0 (15.0, 27.0) 0.787
Internal rotation (°) 15.0 (5.0, 15.0) 15.0 (2.5, 15.0) 0.489
SROM (%) 205.0 (185.0, 247.5) 205.0 (185.0, 227.5) 0.458
(b) One week after intervention
ESWT group Sham group p value
No. of patients 19 18
Forward flexion (°) 110.0 (97.5, 120.0) 110.0 (100.0, 120.0) 0.814
Abduction () 85.0 (75.0, 100.0) 80.0 (71.25, 90.0) 0.153
External rotation (°) 25.0 (15.0, 30.0) 30.0 (15.0, 43.8) 1.000
Internal rotation () 15.0 (3.8, 20.0) 15.0 (10.0, 15.0) 0.703
SROM (°) 240.0 (203.8, 262.5) 235.0 (220.0, 250.0) 0.584
(c) Four weeks after intervention
ESWT group Sham group p value
No. of patients 19 17
Forward flexion (°) 120.0 (100.0, 135.0) 120.0 (105.0, 135.0) 0.894
Abduction (%) 100.0 (90.0, 110.0) 90.0 (75.0, 105.0) 0.124
External rotation (°) 30.0 (20.0, 50.0) 40.0 (30.0, 45.0) 0.936
Internal rotation () 20.0 (7.5, 30.0) 15.0 (10.0, 30.0) 0.825
SROM (°) 280.0 (232.5, 307.5) 260.0 (240.0, 290.0) 0.483
(d) Three months after intervention
ESWT group Sham group p value
No. of patients 18 15
Forward flexion () 142.5 (130.0, 157.5) 130.0 (115.0, 140.0) 0.585
Abduction () 117.0 (97.5, 127.5) 105.0 (90.0, 110.0) 0.393
External rotation (°) 47.5 (32.5, 68.8) 45.0 (30.0, 55.0) 0.356
Internal rotation (°) 42.5 (22.5, 60.0) 30.0 (17.5, 40.0) 0.039
SROM (%) 347.5 (278.8, 390.0) 305.0 (260.0, 340.0) 0.268
(e) Six months after intervention
ESWT group Sham group p value
No. of patients 16 15
Forward flexion () 160.0 (145.0, 167.5) 145.0 (135.0, 167.5) 0.397
Abduction () 135.0 (120.0, 157.5) 120.0 (110.0, 162.5) 0.486
External rotation (°) 60.0 (60.0, 70.0) 50.0 (40.0, 60.0) 0.012
Internal rotation () 60.0 (50.0, 72.5) 45.0 (30.0, 47.5) <0.001
SROM (%) 430.0 (382.5, 462.5) 365.0 (330.0, 417.5) 0.023
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(f) 12 months after intervention

ESWT group Sham group p value
No. of patients 16 15
Forward flexion (°) 170.0 (165.0, 175.0) 162.5 (150.0, 175.0) 0.048
Abduction () 165.0 (160.0, 170.0) 150.0 (123.8, 170.0) 0.009
External rotation (°) 80.0 (68.8, 81.3) 70.0 (60.0, 75.0) 0.042
Internal rotation () 70.0 (60.0, 76.3) 60.0 (51.3, 70.0) 0.031
SROM (°) 485.0 (457.5, 502.5) 445.0 (375.0, 470.0) 0.008

ESWT: extracorporeal shockwave therapy; ROM: range of motion; SROM: sum of range of motion.

TABLE 4: The levels of serum biomarkers before, 1 week, and 4 weeks after intervention between the ESWT and sham groups.

(a) Baseline profiles

Markers ESWT group Sham group p value
IL-6 1.42 (0.97, 2.44) 1.68 (1.24, 2.13) 0.584
TNF-a 0.81 (0.71, 1.35) 0.84 (0.53, 1.01) 0.251
IL-18 3.17 (1.96, 5.36) 1.57 (1.00, 3.75) 0.463
TGF-f1 26884.6 (21154.3, 29731.4) 24074.3 (20721.7, 28819.6) 0.526
VEFG 168.52 (122.51, 232.54) 163.32 (74.97, 224.38) 0.659
Sub P 176.51 (143.57, 242.21) 167.77 (123.32, 241.10) 0.573
DKK-1 3458.80 (2955.63, 3641.98) 3472.66 (2989.00, 4492.58) 0.322
IGF-1 123.89 (97.99, 157.06) 126.48 (115.47, 149.40) 0.586
(b) One week after intervention
Markers ESWT group Sham group p value
IL-6 1.32 (1.01, 2.51) 1.58 (1.02, 1.93) 0.690
TNF-a 0.84 (0.62, 1.39) 0.75 (0.55, 0.96) 0.131
IL-18 4.61 (1.81, 5.81) 1.05 (0.61, 7.74) 0.525
TGF-f1 22324.1 (18882.5, 24578.5) 22404.4 (19687.9, 28536.8) 0.610
VEFG 153.40 (117.70, 209.25) 160.86 (68.38, 195.81) 0.887
Sub P 198.69 (147.02, 240.95) 179.94 (120.48, 318.15) 0.574
DKK-1 3267.62 (2729.97, 3613.64) 3433.46 (2890.84, 4135.69) 0.193
IGF-1 123.72 (99.96, 141.08) 123.46 (106.44, 150.17) 0.518
(c) Four weeks after intervention
Markers ESWT group Sham group p value
IL-6 1.97 (1.23, 2.73) 1.69 (1.26, 2.11) 0.263
TNF-a 0.92 (0.70, 1.41) 0.74 (0.48, 1.18) 0.111
IL-18 324 (1.42, 4.79) 1.62 (0.74, 3.39) 0.255
TGF-f1 22739.9 (16866.4, 30116.9) 22333.6 (19238.3, 25252.1) 0.568
VEFG 177.68 (107.51, 203.46) 159.75 (72.13, 221.06) 0.947
Sub P 182.28 (160.39, 223.34) 193.86 (130.87, 320.81) 0.681
DKK-1 3449.47 (2915.13, 3825.28) 3281.84 (3008.54, 3939.20) 0.535
IGF-1 132.18 (105.82, 147.21) 138.80 (113.45, 148.44) 0.533

DKK-1: dickkopf-related protein 1; IGF-1: insulin-like growth factor-1; IL-1: interleukin 1-beta; IL-6: interleukin 6; Sub P: substance P; TGF-f1: transforming
growth factor-beta 1; TNF-a: tumor necrosis factor-alpha.

upon our previous study, showing that the impact of ESWT  osteonecrosis of femoral head were randomized into three
on systemic biomarkers was most apparent within 4 weeks ~ groups. Group A (10 patients, 16 hips) received 2000
after intervention [25]. In our previous study, 42 hips with ~ impulses of ESWT at 24kV to the affected hip. Group B



(11 patients, 14 hips) and Group C (12 patients, 12 hips)
received 4000 and 6000 impulses of ESWT, respectively.
The VEGF level in Group C was significantly elevated rel-
ative to that of Group A one week after ESWT (p =0.013).
Significantly lower IL-6 level in Group C than that in
Group A was also noted 1 week after ESWT (p=0.016).
Group C showed a significant increase of IGF (p=0.012)
relative to Group A 1 month after ESWT [25]. The findings
mentioned above were not observed in our study. We hypoth-
esize that fewer impulses (3000 impulses in our study) and dif-
ferent target sites (hip versus shoulder) may account for the
discrepancies in the changes of serum biomarkers.

The small sample size was the major limitation of our
study. As a result, the separate analysis and comparison
between groups based upon the severity of baseline supraspi-
natus lesion are not allowed. However, the percentage of par-
ticipants suffering from supraspinatus partial tear, which is
more severe than the nontear tendinopathy, was nonsignifi-
cantly higher in the ESWT group (42.1%) than in the sham
group (22.2%). It is very prudent to suggest that the superior
outcome of ESWT is not due to the milder severity of base-
line supraspinatus lesion. Our adopted a single session of
ESWT with long-term follow-up and good results, suggesting
that ESWT is a simple, effective, and noninvasive modality
for the treatment of rotator cuff lesions with shoulder stiff-
ness. We believe that these data can be a good reference for
further larger scale studies.

5. Conclusions

ESWT is a simple, effective, and noninvasive alternative for
the treatment of rotator cuff lesions with shoulder stiffness.
The benefits of ESWT on the functional outcome can be
observed 6 to 12 months after treatment. We hope that these
data can become the reference for the therapeutic effects of
ESWT on the rotator cuff lesions with shoulder stiffness.
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