Hindawi

BioMed Research International

Volume 2021, Article ID 6687094, 9 pages
https://doi.org/10.1155/2021/6687094

Research Article

Effectiveness of Focused Shockwave Therapy versus Radial
Shockwave Therapy for Noncalcific Rotator Cuff Tendinopathies:

A Randomized Clinical Trial

Chengxin Li,' Zhizhuo Li," Lijun Shi,” Peixu Wang,” Fugiang Gao,” and Wei Sun

'Department of Orthopedics, Peking University China-Japan Friendship School of Clinical Medicine, 2 Yinghuadong Road,

Chaoyang District, Beijing 100029, China

Department of Orthopedics, Graduate School of Peking Union Medical College, China-Japan Friendship Institute of
Clinical Medicine, 2 Yinghuadong Road, Chaoyang District, Beijing 100029, China
’Beijing Key Laboratory of Immune Inflammatory Disease, China-Japan Friendship Hospital, 2 Yinghuadong Road,

Chaoyang District, Beijing 100029, China

Correspondence should be addressed to Wei Sun; cjthsunw@163.com

Received 22 October 2020; Revised 20 December 2020; Accepted 25 December 2020; Published 9 January 2021

Academic Editor: Mattia Fortina

Copyright © 2021 Chengxin Li et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. The superiority of focused shockwave therapy (F-SWT) versus radial shockwave therapy (R-SWT) for treating
noncalcific rotator cuff tendinopathies remains controversial. This study is aimed at comparing the effectiveness of F-SWT
versus R-SWT for the management of noncalcific rotator cuff tendinopathies. Methods. A total of 46 patients affected by
noncalcific rotator cuff tendinopathies were randomly divided into 2 groups of 23 individuals. Patients in group A received 4
sessions of F-SWT, while patients in group B were treated by 4 sessions of R-SWT. In each session, mean energy flux density
(EFD) for F-SW 3000 shots was 0.09 + 0.018 mJ/mm? with 5.1 + 0.5 Hz, while average pressure for R-SW 3000 shots was 4.0 +
0.35 bar with 3.2 + 0.0 Hz. Pain level and shoulder function were assessed with the numerical rating scale (NRS) and Constant-
Murley Scale (CMS). The primary endpoint was the change in the mean NRS pain score from baseline to 24 weeks after the
intervention. Secondary endpoints were changes in the mean NRS pain scores at all other follow-up points, changes in the mean
CMS scores, and radiographic findings. Results. There were no significant differences between the two groups regarding NRS
pain score and CMS score within 24 weeks after intervention (all p > 0.05). However, F-SWT resulted in significantly lower NRS
compared with R-SWT at 24 weeks and 48 weeks after treatment (2.7 + 1.0 vs. 4.5+ 1.2 and 1.4 + 1.0 vs. 3.0 + 0.8, respectively,
all p<0.001). Similar results were found in CMS changes and radiographic findings. Conclusions. Both F-SWT and R-SWT are
effective in patients with noncalcific rotator cuff tendinopathy. F-SWT proved to be significantly superior to R-SWT at long-
term follow-up (more than 24 weeks). This trial is registered with ChiCTR1900022932.

1. Introduction

Shoulder pain is frequently encountered in medical practice
with the prevalence ranging from 7% to 27% in the general
population [1]. Rotator cuff pathology is one of the principal
causes of shoulder pain, including calcific and noncalcific
tendinopathy [2]. The etiology of noncalcific rotator cuff ten-
dinopathies is still not completely clear but is likely to be the
result of a combination of intrinsic and extrinsic factors [3,
4]. Specifically, extrinsic factors cause compression of the

rotator cuff tendons and varying degrees of microtraumas,
while intrinsic mechanisms are associated with degenerative
changes in the rotator cuff tendon. These factors can cause
tendon wear and ultimately a part- or full-thickness rotator
cuff tear. Patients usually report shoulder pain, being exacer-
bated by overhead activities and having difficulty reaching
behind the back. Diagnosis of this condition is based on the
patients’ history, physical examination, and radiographic
imaging, usually magnetic resonance imaging (MRI) scans,
although patients with noncalcific rotator cuff tendinopathies
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are recommended to attempt conservative treatments such as
a course of NSAIDS, physical therapy, and steroid injection
before any surgical treatment. Unfortunately, these treat-
ments including surgery hardly prevent tendon degenera-
tion; over half of patients will suffer from recurrent and
persistent pain in the long term [5]. Therefore, to compensate
for these limitations, alternative therapeutic options for
patients with noncalcific rotator cuff tendinopathies are
urgently required.

Over the past few decades, extracorporeal shockwave
therapy (ESWT) has been widely used for the treatment of
musculoskeletal disorders such as nonunion of long-bone
fractures, lateral epicondylitis of the elbow, plantar fasciitis,
chronic heel pain, and calcific rotator cuft tendinopathies
[6]. Multiple mechanisms are involved in the therapeutic
effects of ESWT, such as mechanical stimulation, increasing
expression of several growth factors, and regional blood flow
[7-9]. However, there are two different types of shockwaves
in clinic: focused shockwave therapy (F-SWT) and radial
shockwave therapy (R-SWT). As described elsewhere [10],
focused shockwaves are generated inside the applicator and
then focused by a lens and transmitted into the tissue, while
radial shockwaves are generated by accelerating a projectile,
by means of compressed air, through a tube, at the end of
which it hits an applicator that makes contact with the skin.
The difference between the technologies in the physical
mechanism may lead to the different therapeutic effects
between F-SWT and R-SWT. Currently, few studies have
directly compared the effects of F-SWT versus R-SWT on
noncalcific rotator cuff tendinopathies. Therefore, This study
is aimed at comparing the effectiveness of two different types
of shockwaves and determining the superior therapeutic
method for noncalcific rotator cuff tendinopathies.

2. Methods

2.1. Ethical Approval. This prospective randomized con-
trolled trial was approved by the Ethics Committee of
China-Japan Friendship Hospital (No. 2009-2012), and it
was registered at the Chinese Clinical Trial Registry (No.
ChiCTR1900022932). Our study was conducted in accor-
dance with the Declaration of Helsinki. Written informed
consent was obtained from each participant.

2.2. Study Design and Population. From June 2018 to Febru-
ary 2020, subjects who were diagnosed with noncalcific rota-
tor cuff tendinopathies in the outpatient department of our
hospital were asked to participate in the study. Subjects were
regarded eligible if they met the following inclusion criteria:
(1) between 21 and 75 years old; (2) baseline NRS pain score
of 5 or higher; (3) pain in the shoulder and/or exacerbation of
pain with overhead-throwing activity; (4) decreased range of
motion with shoulder flexion, abduction, and internal and
external rotation; (5) these symptoms had to be present for
at least 3 months; and (6) MRI found only intensity changes
in the rotator cuff and absence of full-thickness tears in the
tendon. The diagnosis was primarily based on history and
MRI; however, X-ray was used to exclude calcific rotator cuff
tendinopathies. Patients were excluded if they met any of the
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following criteria: (1) significant atrophy of any of the shoul-
der girdle muscles; (2) failed previous focused or radial
ESWT in the affected shoulder; (3) previous surgery in the
affected shoulder; (4) recent (<6 weeks) corticosteroid injec-
tion, needling, or nerve block in the shoulder region; (5)
recent (<3 months) platelet-rich plasma or stem cell injection
in the affected shoulder; (6) current cancer, or cancer in the
past 5 years; (7) coagulation abnormalities, or current pre-
scription strength anticoagulation medication (prophylactic
daily dose of acetylsalicylic acid is allowed); and (8) presence
of any condition or abnormality that in the opinion of the
investigator would compromise the safety of the patient or
the quality of the data.

Based on previously reported studies [11], we assumed a
standard deviation of 2 points of NRS in the F-SWT group
and 1.5 points in the R-SWT group at 24 weeks. A difference
in the NRS pain score of 1.5 points at 24 weeks was consid-
ered clinically relevant. With a power of 80% and two-sided
alpha of 5%, 21 shoulders per group were needed to detect
a clinically relevant difference.

Subjects were randomly allocated to either F-SWT or R-
SWT groups based on a computer-generated randomized
block design. Block randomization was utilized to balance
the group with a block size of 4 and F-SWT: R-SWT ratio
of 1:1 in each block. The randomization allocation was
sealed in opaque envelopes, and the clinical coordinator did
not know which group the subject would be assigned to until
the envelopes were opened. The assessors and statisticians
were blinded until the completion of the study. It is impossi-
ble to blind the patients and therapist because the machines
can make different sounds.

2.3. Extracorporeal Shockwave Therapy Procedure. The
regions of tendinopathy were identified by MRI, and the cor-
responding surfaces of the regions were marked. The patients
were asked to sit and took some special activities to expose
the lesions: with his hands behind his back (arm bent and
internally rotated), to expose the supraspinatus tendon;
hands in front with the arm externally rotated to expose the
subscapularis tendon; and hands in front with the arm
slightly internally rotated to expose infraspinatus tendon
and teres minor tendon.

Each patient will receive ESWT (F-SWT or R-SWT) once
a week (5-9 days interval between each session), for a total of
4 sessions. Every session consists of 3000 shockwaves, tar-
geted to the marked area. F-SWT will be performed using
the Dornier Aries device which was an electromagnetic
device at level 2-10 (energy flux density EFD =0.01-0.15
mJ/mm?). We started at level 2 within the beginning of 160
shots. Then, we raised one energy level every 160 shots up
to a maximum of level 10. All remaining shocks are at the
maximum energy level. In general, the maximum energy that
people can tolerate is between level 6 and level 10 (level 2
with EFD =0.013 mJ/mm? and frequency = 16 Hz; level 3
with EFD =0.028 mJ/mm” and frequency = 10 Hz; level 4
with EFD = 0.051 mJ/mm? and frequency = 8 Hz; level 5 with
EFD =0.062 mJ/mm” and frequency = 6Hz; level 6 with
EFD =0.084mJ/mm” and frequency = 5Hz; level 7 with
EFD =0.096 mJ/mm* and frequency = 5Hz; level 8 with
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EFD =0.117mJ/mm’ and frequency =4Hz; level 9 with
EFD =0.130mJ/mm” and frequency = 4Hz; level 10 with
EFD =0.150 mJ/mm* and frequency =4Hz). As a result,
the mean energy flux density for the 3000 focused shots
was 0.09 +0.018 (mean + SD) mJ/mm? and the frequency
is 5.11 + 0.46 Hz (mean + SD).

R-SWT will be performed using the ZhuHai Hema device
with an R15 applicator whose diameter was 15 mm at 1-5 bar.
Each session consists of 3000 shots. We started at 1.0 bar
within the beginning of 200 shots. Then, we raised one
energy level every 200 shots up to a maximum of level 5.0
bar. In general, the maximum energy that people can tolerate
is between level 4.0 and 5 bar (level 1.0 bar frequency = 5Hz;
level 2.0 bar frequency = 5Hz; level 3.0 bar frequency = 4 Hz;
level 4.0 bar frequency =3 Hz; level 5.0 bar frequency =3
Hz). The mean pressure was 4.0 +0.35 bar (mean + SD),
and the frequency is 3.2+ 0.0 Hz (mean + SD). Ultrasound
coupling gel was used to minimize the loss of shockwave
energy at the interface between the applicator head and the
skin. Start at a low energy (i.e., F-SWT level 2; R-SWT 1.0
bar) and increase the energy level up to the maximum toler-
able within 500 shockwaves. Then, increase the energy level
slowly, up to a maximum of level 10 (F-SWT device), 5bar
(R-SWT device). No local anesthesia, analgesics, or nonste-
roidal anti-inflammatory drugs were used during the proce-
dure. Because the immediate inflammatory action of ESWT
may be important for efficacy in musculoskeletal pain condi-
tions, NSAID use is strongly discouraged during the 4-week
treatment period. After the intervention, patients in both
groups were required to active their shoulders immediately.
They can do daily activities but avoid lifting heavy objects
until 12 months later. No other therapies were allowed until
they finished the study.

2.4. Posttreatment Follow-Up and Outcome Measures. All
subjects will receive follow-up visits at 4, 12, 24, and 48 weeks
after the final treatment session. The primary endpoint was
the change of the numerical rating scale (NRS) of pain from
baseline to week 24. The 11-point NRS (0=no pain,
10 =maximum pain) has been recommended as a primary
endpoint for chronic pain studies by the Initiative on
Methods, Measurement, and Pain Assessment in Clinical
Trials [12]. Secondary end points were changes of NRS of
pain at all other follow-up points and changes of the mean
Constant and Murley Scale (CMS) score at 4, 12, 24, and 48
weeks. The CMS (score of 0 to 100; lower score indicates
poorer function) is a standardized simple clinical method of
assessing shoulder function. It has been extensively validated
and shows good intra- and interobserver reproducibility [13].
The CMS combines subjective and objective measurements
in one score. Subscales of CMS include pain, activities of
daily living (ADL), range of motion (ROM), and power.
The CMS score increases as shoulder mobility increases and
pain decreases; therefore, the higher the CMS, the greater
the improvement in the quality of life of the patient.

The MRI examinations were performed based on a stan-
dardized protocol for the evaluation of rotator cuff pathol-
ogy. All patients were placed in the supine position with the
arm in external rotation. Proton density, T1-weighted, T2-

weighted, and fat-saturated spin-echo images were obtained
in oblique, coronal, axial, and sagittal imaging planes. This
was achieved by wusing a 16-channel phased-array
sensitivity-encoding (SENSE) body coil on a Philips Ingenia
3.0-T MRI machine (Philips Medical Systems, Best, Nether-
lands). MRI images will be obtained at pretreatment, 24
and 48 weeks after intervention. Images were evaluated by
one experienced musculoskeletal radiologist; any ambiguity
was resolved through discussion with another radiologist,
and two radiologists had to come to a consensus. All the radi-
ologists were blinded to the groups in the process. Rotator
cuff tendinopathies were graded according to the criteria
established by Sein et al. [14, 15]. In the largest plains of ten-
dinopathy, abnormal signal intensities on T2-weighted
images were classified from grades I to IV according to the
extent of the signal changes. Grade I was a normal tendon,
without abnormal signal intensity. In grade II, the abnormal
signal intensity was less than 25% of the tendon thickness; in
grade III, less than 50%; and in grade IV, more than 50%
(Figure 1).

2.5. Statistical Analysis. All data analyses were performed
using SPSS version 20.0 software (SPSS; Chicago, IL, USA).
Continuous variables were presented as means + standard
deviations, and categorical variables were presented as
counts. Comparisons between groups were performed using
the unpaired t-test, Mann-Whitney U-test, chi-square test,
and Fisher’s exact test, as appropriate. Computed p values
were two-sided, and p <0.05 was considered statistically
significant.

3. Results

3.1. Patient Demographics. From June 2018 to February 2019,
60 patients with noncalcific rotator cuff tendinopathies were
assessed for eligibility. Ten patients were excluded according
to exclusion criteria; four patients were reluctant to join in
the trial, leaving 46 patients for the study. After randomiza-
tion, there were 23 patients in each group. All patients fin-
ished the treatment protocol. After the 48-week follow-up
period, each group lost one patient because of changed con-
tact information, so the total of 44 patients entered the result
analysis finally (Figure 2). The baseline characteristics of the
study population are presented in Table 1. Demographic and
baseline characteristics did not differ significantly (all p >
0.05) between the two randomized groups.

3.2. Primary Outcome Measure. At 24 weeks after interven-
tion, the mean NRS pain score decreased from 5.9+ 0.9 to
2.7+1.0 in group A, while from 5.5+0.7 to 4.5+ 1.2 in
group B. Moreover, the difference between the two groups
is statistically significant (p < 0.001; Table 2).

3.3. Secondary Outcome Measure. There were no significant
differences of NRS pain scores between the two groups at 4
weeks and 12 weeks after treatment (all p > 0.05). Another
significant difference of NRS pain scores was seen at 48 weeks
between the F-SWT group and the R-SWT group (1.4+ 1.0
vs. 3.0 £ 0.8, p < 0.001, Table 2).



(a) T2-weighted coronal image of MRI of a woman at pretreatment.

The extent of abnormal signal changes was more than half
of the supraspinatus tendon thickness
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(b) T2-weighted coronal image of MRI in the same patient at 24 weeks

after intervention. The extent of abnormal signal changes was
less than a quarter of the supraspinatus tendon thickness

FiGure 1: MRI findings of supraspinatus tendinopathy.

Table 3 presents the changes of CMS scores of the two
groups over time. These results parallel our presentation of
the NRS results. Significant differences of total CMS scores
between F-SWT and R-SWT were only observed at 24 weeks
(79.6 £ 5.6 vs. 75.0 £ 5.4, p = 0.007) and 48 weeks (83.6 + 6.0
vs. 76.8 £ 6.5, p=0.001). The subscales such as pain, ADL,
and ROM are generally consistent with the total CMS score.
At 24 weeks, significantly higher scores for pain and ADL
were observed in the F-SWT group. At 48 weeks, all subscales
(except power) showed significantly higher scores in the F-
SWT group.

3.4. MRI Findings. Grades of MRI findings in tendinopathy
are presented in Table 4. MRI findings showed grade II or
III in 91% (20/22) of group A while 95% (21/22) of group B
at baseline. At 24 weeks after intervention, 82% (18/22) of
patients in group A and 23% (5/22) of patients in group B
experienced at least one grade of decreasing of MRI findings.
Consequently, there are 4 patients with grade I, 12 patients
with grade II, and 6 patients with grade III in group A, while
2 patients with grade I, 6 patients with grade II, and 14
patients with grade III in group B (p = 0.024). After 48 weeks,
100% (22/22) of patients in group A and 50% (11/22) of
patients in group B decreased more than one grade of MRI
findings in tendon. As a result, 100% (22/22) of patients in
group A are with grade I or II while 82% (18/22) of patients
in group B are with grade II or III (p = 0.032).

3.5. Adverse Events. An adverse event (AE) is defined as an
untoward medical occurrence in a clinical investigation,
and it does not necessarily imply a causal relationship with
the treatment. Adverse effects were assessed by clinical exam-
ination, MRI scan, and patients’ feedback. Patients were
explicitly asked to report any skin reddening, bruising, ecchy-

mosis, small hematoma, welling, paresthesia, hypoesthesia at
the treatment site, myalgia, or rash or itching caused by reac-
tion to ultrasound gel. Patients were also asked to report any
other adverse events. In the F-SWT group, 5 patients
reported moderate pain, 1 patient reported syncope, and 2
patients occurred skin redness. In the R-SWT group, 3
patients reported moderate pain and 1 reported migraine.
No other adverse effects were noted in both groups.

4. Discussion

Recently, surgery of rotator cuff tendinopathy is gradually
being superseded by new options focusing on minimally
invasive [16]. Several studies have proved the beneficial effect
of ESWT for calcific tendinopathy of the rotator cuff [17-19].
However, there is still controversy regarding the use of this
technique in noncalcific tendinopathy. A recent systematic
review of the literature on the effectiveness of ESWT identi-
fied studies that had good treatment results [20]. Based on
these studies, it was concluded that ESWT seems to be a safe
and promising treatment for noncalcific rotator cuff tendino-
pathies. Therefore, the first aim of this present study was not
to answer the question whether ESWT is effective for this
condition, but to compare the effectiveness of two different
ESWTS.

According to our study, both types of ESWT can relieve
the pain immediately after therapy. The beneficial effect
appeared significantly earlier than those in the traditional
conservative therapy such as nonsteroidal anti-inflammatory
drugs and local corticosteroid injections [21]. There are several
theories that can partly explain the immediate pain relief by
ESWT. One is that shockwaves stimulate the nociceptors to
fire high-frequent nerve impulses. Propagation of nerve
impulses is blocked according to the gate-control theory
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Assessed for eligibility

« Receive F-SWT

Finished 4 sessions of FE-SWT: N = 23
Lost to follow-up: n =1

A 4

Analyzed
n =22 (22 shoulders)

(n=60)
Excluded (n = 14)
P! « Not meeting inclusion (n = 10)
v o Declined to participate (n = 4)
Randomized
(n=46)
A\ 4
v A 4
Allocated to group A Allocated to group B
(n=23) Allocation (n=23)

Follow-Up

Analysis

¢ Receive R-PW

Finished 4 sessions of R-SWT: N = 23
Lost to follow-up: n =1

Analyzed
n =22 (22 shoulders)

FIGURE 2: The flow chart of participants through this trail.

TABLE 1: Baseline demographics and clinical characteristics.

Characteristics C(}’l;o:ug 21; C(};o:ug 21)3 v all)ue
Gender (male/female) 10/12 9/13 0.76*
* Age (years) 50.6+ 5.2 53.4+6.7 045"
Affected side (right/left) 18/4 20/2 0.66*
Z‘se‘fl;“st)ion of symptoms 143422  140+24 078"
*CMS score (100 points) 66.7 £6.2 65.8+4.7 057"
*Pain (15 points) 7.7+2.5 82425 055
*ADL (20 points) 142422 135+23 032"
*ROM (40 points) 30.3+3.4 30.1+3.2 086
*Power (25 points) 14.5+4.0 14.0+43 067"
“NRS pain score (10 5.9+0.9 55+0.7 020

points)

*The values are given as mean + standard deviation; 'unpaired ¢-test; *Monte
Carlo or Fisher exact test. CMS: Constant and Murley Scale; ADL: activity of
daily living; ROM: range of motion; NRS: numerical rating scale.

[22]. Therefore, we speculate that the effect of high-frequency
shockwave is better than that of low frequency. However, our
results suggested that the effect of F-SW with roughly 5Hz is
similar to R-SW with roughly 3 Hz in short term, which indi-
cates the difference of frequency in our study is not enough to
make a difference in effect. Shockwaves can also distort parts
of the total cell membrane. The nociceptors cannot build up
a generator potential; thus, pain sensation is avoided [23].
Some researchers believe that shockwaves can change the
chemical environment of the cell membrane by generating free
radicals, which in turn result in pain-inhibiting chemicals near
the cells. Maier et al. [24] proved a decreased concentration of
substance P and prostaglandin E2 in the periosteum covering
the cortical femur surface after high-energy extracorporeal
shockwave application to the distal femur in the rabbit.
However, there are no statistically significant differences
between the two groups until 24 weeks after the intervention.
The results are similar to previous studies exploring the effec-
tiveness of the two types of ESWT on other diseases. The trial
by van der Worp et al. [25] compared the effectiveness of F-
SWT and R-SWT for treating patellar tendinopathies. After
14 weeks of follow-up, the results showed that no significant
differences in effectiveness were observed between the two
groups. Similar results can also be found in the trial of Krol



TaBLE 2: Changes of the NRS pain score from the baseline to 48
weeks after intervention.
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TaBLE 3: Changes of the CMS score and its components from the
baseline to 48 weeks after intervention.

Group A Group B

Group A Group B

. + . s
Measure Time (F-SWT) (R-SWT) p value Measure Time (F-SWT)  (R-SWT) p value
NRS Baseline 59+09 55+0.7 p=0.20 Baseline 66.7+6.2 658+4.7 p>0.05

4-week 4.8+0.8 48109 p=0.73 4-week 70.5+43 703+4.7 p>0.05
12-week 39+1.4 45+1.0 p=0.07 Total CMS score  12-week 73.6+6.0 71.2+52 p>0.05
24-week 2.7+1.0 45+1.2 p<0.001 24-week 79.6x5.6 75.0x54 p=0.007
48-week 14+1.0 30+£0.8 p<0.001 48-week 83.6+6.0 76.8+6.5 p=0.001
NRS: numerical rating scale; F-SWT: focused shockwave therapy; R-SWT: Baseline 7.7+2.5 82+25 p>0.05
radial shockwave therapy. "Unpaired t-test.
4-week  9.1+2.5 9.3+£28 p>0.05
Pain 12-week 10.2+2.4 10.0x2.7 p>0.05

[26]. After 12 wee?ks of follow-up, both focused and radial 24-week 127+25 107428 p=0.015

shockwave therapies can comparably and gradually reduce 136423 116428 0002

pain in subjects with tennis elbow with no significant differ- 48-week oo o8 P70

ences. Notably, there are some defects that may have limited Baseline 14.2+2.2 135+23 p>0.05
the generalizability of their studies. First, the follow-up is too
. ? 4-week 15.0+1.8 14.1£2.5 >0.05

short to find the differences. Second, none of them have any wee P

imaging evidence to support that the lesion has healed or will ~ ADL 12-week  15442.1 144425 p>0.05

not continue to change at the end of the trail. 24-week 17.0+2.0 14.7+2.6 p=0.002
The most important finding of the present study was that 48-week 17.7+19 160+2.4 p=0.016
focused shockwaves appeared to be significantly superior to

radial shockwaves at 24 weeks and 48 weeks. Several studies Baseline 30.3+3.4 30.1+3.2 p>0.05
[27-29] also indicated that the beneficial effect of F-SWT 4-week 31.4+3.0 325+26 p>0.05

would exist un.t1l the 12-month follow-up. Since this is the ROM 2-week 321431 328+24 p>0.05

first study to directly compare the effect of the two types of

ESWT on noncalcific shoulder tendinopathy and followed 24-week 343422 339429 p>005

up to 48 weeks, the reasons why focused shockwave is signif- 48-week 36.0+£3.0 341%29 p=0.035

icantly superior to radial shockwaves at long-time follow-up
: . . . i 145+4.0 14.0+4.3 >0.05

are still uncertain. Indeed, it has been proved that the biolog- Baseline P

ical effects are related to the pressure wave from [30]. BrafiEs 4-week 15.1+3.3 146%3.5 p>0.05

et al. [31] proved that F-SWT was associated with increased Power 12-week 15.9+29 14.8+3.8 p>0.05

neovascularization in rotator cuff tendinopathies. Tei et al. 2dweek 159426 157+33  p>0.05

[32] showed that CD34+ mononuclear cells were able to

48-week 16.3x2.6 151x3.1 p>0.05

incorporate into neoangiogenic foci and participated in liga-
ment tissue repair. Besides, angiogenesis can minimize
extrinsic scarring and improve muscle and tendon-to-bone
healing, thus improving the tendon attachment strength
[33]. These slow processes can partially explain the function
improvement at 24 weeks and 48 weeks not solely because of
pain relief. However, the radial shockwave is a low- to
medium-energy shockwave that transmits radially from the
tip of the applicator to the target zone. The pressure and
energy density decrease during penetrating in the tissue. As a
result, the modes of action and the effects of R-SWT on living
tissue may differ from those of F-SWT. Many authors [34]
reported that histological reaction to the ESWT depended on
the total energy delivered to the tissue (total effectiveness
energy = EFD [mJ/mm?] x mm? x number) (m]). However,
considering the patient’s tolerance to ESWT, R-SWT with
medium EFD (4.0 +0.35 bar) and F-SWT with low EFD
(0.09 + 0.018 mJ/mm?) were used in our study. Using differ-
ent energy levels may cause unequal total energy delivered to
the tissue. According to previous studies [35], R-SW with 4.0
bar may be insufficient since the thickness of tissue in the
shoulder can prevent the applicator from reaching an effective

CMS: Constant and Murley Scale; ADL: activity of daily living; ROM: range
of motion; F-SWT: focused shockwave therapy; R-SWT: radial shockwave
therapy. "Unpaired ¢-test.

depth. These possible reasons can partly explain our results
that low energetic F-SWT seemed more effective than medium
energetic R-SWT. If the same energy was used in the F-SWT
and R-SWT, the superior therapeutic effect of F-SWT may
be more obvious.

In addition, our results also showed that all subscales
(except power) of CMS are generally in line with the total
CMS scores. According to Stiller and Uhl [36], the sub-
scale of power ignores the individual differences caused
by gender and age. Patel et al. [37] suggested to remove
the subscale of the muscle strength and adjust it to a score
of 75 points, known as the adjusted CMS, which was rec-
ognized to avoid a large difference in scores among differ-
ent groups. Therefore, although the subscales of power in
F-SWT were not better than in R-SWT, we still think of
a greater improvement of the condition and quality of life
in the R-SWT group.
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TaBLE 4: Grade of MRI findings of rotator cuff tendon.

. Grade of MRI in group A (n =22) Grade of MRI in group B (n =22) "
Time I 1 I v I 1 I v p value
Baseline 0 4 16 2 0 6 15 1 p=0.394
6 months 4 12 6 0 2 6 14 0 p=0.024
12 months 8 14 0 0 4 13 5 0 p=0.032

MRI: magnetic resonance imaging. © Mann-Whitney U-test.

We also found patients treated by F-SWT showed more
radiological improvement than R-SWT. The reduction of
high signal intensity in T2 paralleled to pain relief and func-
tion improvement. This makes the results more reliable.
Miniaci and Salonen believed that MRI was the golden stan-
dard for the diagnosis of noncalcific shoulder tendinopathies
[38]. Kjellin et al. [39] showed that degenerative changes in
the rotator cuff of the cadaveric shoulder are related to
increased signal intensity at MRI imaging. Seo et al. [40] also
used MRI to document long-term outcomes of extracorpo-
real shockwave therapy on gluteal tendinopathy, and the
results proved it is reliable.

At last, this study provides some suggestions for the use
of ESWT in clinical practice. The introduction of R-SWT
and F-SWT made ESWT more affordable and easier to
administer. However, there is no agreement in the literature
as to which ESWT is more effective for tendinopathies. Based
on our study, we recommend F-SWT to treat noncalcific
rotator cuff tendinopathies. We had better to try this therapy
before more radical options like surgery.

This study is a prospective randomized study with a rigor-
ous design, a clinically feasible intervention, and sufficient
follow-up. However, there are still some limitations as follows.
First, we roughly compared low energetic (0.09 mJ/mm?)
focused ESWT with 5Hz to medium energetic (4.0 bar
approximately correspond to 0.2 mJ/mm?) radial ESWT with
3 Hz. The effect of different energy levels has been considered
and discussed in the study; however, different frequencies may
also lead to the unequal effect. Further studies are needed to
explore the relationship between therapeutic effect and fre-
quency of ESWT. Second, our study is absent of one placebo
group receiving sham shockwave therapy. However, it is diffi-
cult to create a placebo group, as people generally know that
shockwave therapy elicits strong physical sensations and it is
an unethical practice to use sham therapy on patients. Third,
we lack a control group to test the results of other conservative
therapies such as nonsteroidal anti-inflammatory drugs and
local corticosteroid injections. Thus, we cannot learn whether
the two types of shockwaves will provide more benefits than
the other conservative therapies. Last but not the least, we per-
formed the study in a small number of patients, so statistical
analyses could be affected by a low sample size.

5. Conclusion

Low energetic F-SWT appeared to be more effective than
medium energetic R-SWT at long-term follow-up (more
than 24 weeks). Based on the present clinical results, we rec-
ommend F-SWT to treat noncalcific rotator cuff tendinopa-

thies. Our findings need to be confirmed in high-quality
randomized controlled trials.
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