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Early intervention of extracorporeal shockwave therapy sustained positive 
long-term effect on rotator cuff healing: A randomized controlled trial with 
3-year follow-up☆,☆☆
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A B S T R A C T

Background: The long-term effects of extracorporeal shockwave therapy (ESWT) on rotator cuff repair are 
unknown.
Objectives: To investigate the functional outcomes and structural changes of ESWT at 3-year follow-up after 
rotator cuff repair.
Methods: A randomized clinical trial was conducted, including patients who underwent rotator cuff repair. The 
patients were assigned to two groups based on whether they underwent radial ESWT 3 months postoperatively. 
The ESWT Group received 5 weeks of rehabilitation and ESWT weekly, whereas the CONTROL Group received 
only rehabilitation. Visual analog scale (VAS) pain score and functional scores were analyzed at 3 months 
(baseline), 6 months, and 3 years follow-up. In addition, MRI and ultrasonography were used to assess tendon 
maturation, integrity, tendon quality, acromiohumeral distance (AHD), and muscle fatty infiltration.
Results: Finally, 32 participants completed all the assessments. At the final follow-up, 2 patients in the ESWT 
Group (16.5 %) versus one patient in the CONTROL Group (6.25 %) had rotator cuff failure (P = 0.176). The 
ESWT treatment showed similar clinical outcomes in VAS-pain score, functional scores, tendon quality, AHD, and 
muscle fatty infiltration versus the CONTROL Group (Ps > 0.05). MRI analysis indicated improved tendon 
healing after ESWT treatment at both 6-month (P = 0.036) and 3-year follow-up (P = 0.028).
Conclusion: Early intervention with radial ESWT sustained long-term effects on the healing of the repaired rotator 
cuff and similar functional outcomes at long-term follow-up compared with standard rehabilitation.

1. Introduction

Arthroscopic repair of the rotator cuff is the most commonly per
formed surgical technique for symptomatic rotator cuff tear. However, 
the outcomes of rotator cuff repair remain debatable. High rate of retear 
is one of the most significant complication that may cause pain and 
disability for various reasons.18 Poor tendon maturation is a significant 
concern in tendon-bone healing.

It was reported that retear occurred most commonly within 3 months 

postoperatively,12 which means that within the first 3 postoperative 
months, well-healed tendons might predict intact cuff repair integrity 
with sufficient mechanical and biological healing after rotator cuff 
repair. Conservative treatments have been attempted to optimize the 
integrity of tendon-bone healing.26 Radial extracorporeal shockwave 
therapy (ESWT) produces low-to medium-density energy that is trans
mitted radially from the tip of the applicator to the target zone20 and is a 
non-invasive treatment for musculoskeletal disorders.28,34,36 Recently, 
the effects of radial ESWT on shoulder disorders have attracted 
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considerable attention. Shao et al. reported that early intervention with 
radial ESWT at 3-month postoperatively reduced early shoulder pain 
compared to rehabilitation alone and may lead to accelerated proximal 
supraspinatus tendon healing at the suture anchor site after rotator cuff 
repair at the 6-month follow-up.26 Although ESWT can promote the 
healing of rotator cuff in the short term, long-term follow-up results 
indicate that this treatment method may cause tendon tears. Han et al. 
reported that preoperative ESWT might be related to posterior rotator 
cuff tears in the presence of calcific tendinitis exists.9 This phenomenon 
reveals significant differences and potential risks in the impact of ESWT 
on patients after rotator cuff repair over different time periods. The 
contradiction between short-term and long-term effects suggests that 
while shockwave therapy may aid recovery initially, its long-term safety 
and efficacy require further research and careful clinical application.

Magnetic resonance imaging (MRI) is a useful tool to evaluate tendon 
structure integrity, fatty degeneration, and atrophy of the rotator cuff 
muscles. The signal intensity (SI) is validated for quantitative analysis 
and the signal noise quotient (SNQ) has been adopted as a measurement 
of graft quality.26,35 It has been widely used in the evaluation of 
post-operative outcomes in patients received rotator cuff repair.24 On 
the other hand, ultrasonography, featured by its portable, non-invasive 
and dynamic characteristics, has been evolvingly used in the follow-up 
evaluation of rotator cuff repair.21 It is reported comparable accuracy 

for identifying rotator cuff tears versus MRI, and it also can evaluate 
fatty degeneration31 and muscles atrophy,2 while both modalities have 
advantages and shortcomings.37

Therefore, this study aimed to investigate the clinical outcomes and 
structural changes of radial ESWT in shoulder rotator cuff healing at 6 
months and 3-year follow-up after rotator cuff repair. We hypothesized 
that postoperative radial ESWT would yield similar outcomes comparing 
with rehabilitation training.

2. Materials and methods

This study was approved by the Institutional Review Board and the 
Health Sciences Institutional Review Board of XXX. This study followed 
the process shown in the flow diagram [Fig. 1].

Between June and August 2020, 43 participants were screened and 
38 were enrolled. After obtaining informed consent, 38 participants 
were enrolled and randomly assigned to the two groups in a 1:1 ratio. 
Participants in both groups underwent a 5-week advanced rehabilitation 
program that started 3 months postoperatively. The ESWT group 
received 5 sessions of shockwave therapy. A follow-up assessment was 
performed at 6 months and 3 years after repair and included clinical 
outcomes, ultrasound findings, and side effects. This study was per
formed at the XXX. All history-taking, rehabilitation, radial ESWT 

Fig. 1. Flow diagram ESWT: extracorporeal shockwave therapy.
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intervention, physical examinations, and ultrasound examinations were 
performed at XXX.

2.1. Inclusion and exclusion criteria

The inclusion criteria were 1) age 40–70 years, 2) unilateral shoulder 
surgery, 3) tear size <5 cm confirmed by arthroscopic inspection, 4) 
presence of pain or limited passive range of motion (ROM) after surgery, 
and 5) ultrasound examination showing tendon integrity at 3 months 
post-operation. The exclusion criteria were 1) pregnancy; 2) biceps 
tendon fixation or tenotomy; 3) subscapular tendon repair; 4) massive 
rotator cuff repair (tear size >5 cm); 5) unstable or uncontrolled angina, 
uncontrolled heart failure, or serious uncontrolled ventricular arrhyth
mias; 6) prior shoulder surgery; 7) cardiac pacemaker implant; and 8) 
malignant tumors.

2.2. Arthroscopic surgery and postoperative rehabilitation

The participants enrolled in this study were diagnosed with a rotator 
cuff tear and underwent arthroscopic rotator cuff repair by two senior 
surgeons with >10 years of experience. Arthroscopic rotator cuff repair 
was performed by following a standard procedure previously 
described.15 The glenohumeral joint and subacromial space were 
debrided, and then acromioplasty was performed when an ante
roinferior acromial beak was observed. The tear size of the rotator cuff 
was measured and documented. If the torn tendons could be grasped to 
the original footprint, rotator cuff repair was performed using the single- 
or double-row technique. After the operation, all participants followed a 
3-month standard postoperative rehabilitation program, including 
shoulder sling for 6 weeks, pain and swelling control, progressive 
passive-to-active ROM exercises, and muscle strengthening.26

2.3. Interventions

2.3.1. Advanced rehabilitation
Both the ESWT and CONTROL groups received a 5-week advanced 

rehabilitation 3-month postoperatively. It was conducted onsite to 
ensure that the participants performed the exercises correctly. Partici
pants were required to attend sessions at least once weekly, each session 
lasting 40–45 min. One therapist followed the participants by clocking 
them online for the entire length of training program to ensure that each 
participant completed at least four home-based workouts weekly. The 
details of this advanced rehabilitation included ROM training, neuro
muscular control, and muscle-strengthening exercises. Advanced reha
bilitation aims to achieve full ROM in all planes, regain muscle strength, 
and return to normal daily activity levels.26

2.3.2. Radial ESWT
For patients who were randomized into the ESWT Group, radial 

ESWT (Swiss Dolor-Clast, EMS) was applied at the end of each session by 
the same physiotherapist, with 12 years of ESWT experience. The 
shockwave probe was directed to the supraspinatus tendon under the 
acromion [Suppl 2]. After the coupling agent was applied, ESWT was 
administered to the anterior and posterior aspects of the shoulder. A 
total of 0.08 mJ/mm2 energy flux density, pressure of 2.5 bars, fre
quency of 6–8 Hz, and a total of 2000 impulses were applied. Five ses
sions of radial ESWT was administered, one session per week.

2.3.3. Evaluations
All participants underwent physical and radiographic examinations 

at baseline (3-month postoperatively), 6-month, and 3 years (the final 
follow-up). Physical examination and functional score collection were 
performed by a different surgeon XX.

The primary outcome was failure rate, assessed by ultrasonography 
showing full-thickness discontinuity of the repaired tendon. The sec
ondary outcomes including the functional scores such as the Visual 

analog scale (VAS) pain score, CMS, ASES, UCLA and FUSS7; active 
shoulder motions, including flexion, abduction, and external rotation22; 
and structural analysis by MRI and ultrasonography.

Ultrasound assessments were performed by a single physician XX 
with 5 years of experience in musculoskeletal ultrasonography with the 
SONIMAGE HS2 (Konica Minolta, Japan) using a 12 MHz frequency 
linear transducer to allow automatic volumetric data acquisition. Par
ticipants were seated with the affected arm positioned on the side of the 
trunk. The supraspinatus and infraspinatus tendons were examined with 
the arm in adduction and internal rotation, the subscapularis tendon was 
evaluated in external rotation, and the LHBT quality was measured on 
the longitudinal axis when the patient’s arm was positioned in supina
tion with the thigh. Tendon integrity was tested along the long and short 
axes. Dynamic maneuvers were also performed to optimize visualization 
and aid in the assessment of integrity. The repair tendon quality was 
evaluated using the Sugaya classification system,29 which was validated 
for sonography based on studies by Barth et al.1 and Collin et al.4

Simultaneously, the acromiohumeral distance (AHD)10 was measured as 
the distance between the point of entry of the tendon at dynamic 
abduction and the humeral head cortex. Furthermore, the quality of the 
LHBT was measured following the classification reported by Seo JB 
et al.,25 and fatty infiltration of the supraspinatus and infraspinatus 
muscles was evaluated and graded, as reported by Wall LB et al.31

[Fig. 2A–D].
MRI was performed with a 3.0T-MRI scanner (MAGNETOM Verio, A 

Tim system, Siemens, Germany). Imaging was performed with the 
participant supine and the arms resting in neutral. The sequences 
included oblique coronal short time inversion recovery (STIR), oblique 
coronal T1-weighted, oblique sagittal T2-weighted, and oblique axial 
proton density-fat saturation (PD-FS) images. The MRI assessment was 
performed by a fellowship-trained musculoskeletal radiologist (blinded 
to group allocation), and all images were imported into imaging soft
ware (Horos, v3.3.6) for data acquisition. The repaired tendon quality 
was measured on oblique coronal short time inversion recovery images 
and a senior musculoskeletal radiologist (blind to group allocation) 
performed the MRI examinations and evaluated tendon integrity based 
on the continuity of the repaired tendon. Then the oblique coronal 
proton density sequence were used. Four regions of interest (ROIs) of 
repaired tendon were selected and the SI were measured. Afterwards, 
signal noise quotient (SNQ) was quantitatively calculated as SI of tendon 
versus SI of background. Higher SNQs indicated higher water content or 
hypervascularity, suggesting poorer quality tendon healing.26

2.4. Statistical analysis

The sample size was calculated using a priori statistical power 
analysis with a difference of 1.4 points in VAS-pain scores as the minimal 
clinically important differences.30 Considering a dropout rate of 20 %, 
with a power of 80 %, and an alpha value of 0.05, a sample size of at 
least 24 was required, with at least 12 individuals in each group. Data 
analyses were performed by SPSS 21.0 software (Inc., Chicago, IL, USA), 
and the data were reported as means ± SDs. The chi-square test was used 
to compare categorical variables. Comparisons between groups were 
made using the Student’s t-test for normally distributed data or the 
Wilcoxon rank sum test for nonparametric data. The significance level 
was set at P < 0.05.

3. Results

Forty-three participants were screened and 38 were enrolled in the 
study. At the final follow-up, 32 participants completed final evalua
tions, and six participants dropped out during intervention period due to 
the COVID-19 pandemic, so that the follow-up rate was 84.2 %. No 
significant differences were found between the ESWT and CONTROL 
groups with regards demographic variables from the baseline assess
ment [Table 1].
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3.1. Clinical outcomes

At 3-year follow-up, two patients had retear in the ESWT Group 
(12.5 %) versus one patient in the CONTROL group (6.25 %, P = 0.176), 
which confirmed the study hypothesis that postoperative radial ESWT 
would not show increased repair failure in the long term. In both the 
ESWT and CONTROL groups, the functional scores including VAS pain, 
CMS, UCLA, ASES, and FUSS were all significantly improved at the final 
follow-up (Ps < 0.01) compared to the results at baseline. At 6-month 
follow-up, VAS pain and ASES showed significant improvement after 
ESWT treatment, but at final follow-up, no significant differences were 
observed between the ESWT and CONTROL groups in functional scores 
(Ps > 0.05). Active ROM, including forward flexion, abduction, and 
internal and external rotation improved significantly in both groups (Ps 
< 0.01), with no between-group differences in ROM at follow-up (Ps >
0.05) [Table 2]. No severe complications were observed in the radial 
ESWT group. Only two patients experienced increased pain and skin 
erythema after the first shockwave treatment. After three days of ice 
application, the symptoms disappeared.

3.2. Ultrasound evaluation

Ultrasound testing was completed in all participants at both baseline 
and the final follow-up. None of the participants reported full-thickness 
tears in either groups at both baseline (P = 1.000) and 6-month follow- 
up (P = 0.176). At the final follow-up, two participants in the ESWT 
Group were found to have type-4 lesions, indicating a full-thickness 
retear of the supraspinatus tendon. One participant was diagnosed 
with type-4 lesion in the control group, while no significant difference 
was detected (P = 0.874). In both groups, AHD had a markable increase 
from baseline to final follow-up (ESWT: P = 0.001, CONTROL: P =
0.002), and no between-group differences were found at 6-month (P =
0.875) or 3-year follow-up (P = 0.885). No LHBT rupture was found in 
either group at each follow-up. However, 6 out of 12 cases of tendinitis 
were remained at the 3-year follow-up in the ESWT group, while 8 out of 
11 cases in the CONTROL group (P = 0.175). Both groups reported fatty 
infiltration in the supraspinatus and infraspinatus muscles at baseline (P 
= 0.885), which did not worsen at the 3-year follow-up (Ps = 1.000). 
Only two participants in the ESWT Group and one in the CONTROL 
Group reported severe supraspinatus fatty infiltration at the final follow- 
up [Table 3].

3.3. MRI evaluation

There were 15 patients in ESWT Group and 16 patients in Control 
Group completed MRI evaluation at 3-year follow-up. Sagittal and cor
onal views of shoulders after rotator cuff repair are shown in Appendix 
Figures. Two patients in ESWT Group and one patient in Control Group 
reported Sugaya Type V lesion at final follow-up, indicating full- 
thickness tear of rotator cuff repair, which was consistent with ultra
sonographic findings. The quantitative analysis showed improved 
tendon quality after 3 years follow-up(Ps = 0.001), and lower SNQ in the 
repaired tendon after ESWT treatment at 6-month (P = 0.036) and 3- 
year follow-up (P = 0.028). The magnitude of fatty degeneration of 

Fig. 2. The ultrasonography assessments of rotator cuff repair. A: In the parasagittal scan, the repaired tendon viewed as indicated by the arrows. The measurement 
of the subacromial space is indicated by asterisks between the point of entry of the tendon under the acromion and the humeral-head cortex. B: The longitudinal 
image of ultrasound showed homogenous of long head biceps tendon as indicated by white arrows. C: The short axis view of supraspinatus muscle is illustrated by the 
dotted line. The ultrasound image showing isoechoic echogenicity of supraspinatus muscle to the overlying trapezius. D. The short axis view showing a grade 
0 infraspinatus muscle as indicated by the white dotted line. The echogenicity was isoechoic to the overlying deltoid muscle.

Table 1 
Demographic information.

ESWT Group 
(n = 16)

CONTROL Group 
(n = 16)

P 
value

Age, y 51.4 ± 8.2 55.7 ± 9.2 0.172
BMI, kg/m2 22.9 ± 1.84 22.7 ± 1.77 0.142
Male: female 3:13 7:9 0.252
Elapse from onset of symptom to 
operation, months

6.4 ± 3.5 5.2 ± 4.2 0.391

SR: DR 10:6 11:5 1.000
Surgery side, left: right 3:13 7:9 0.252
Tear size, cm 2.7 ± 0.7 2.7 ± 0.6 0.793
Follow-up time, months 40.6 ± 4.3 42.8 ± 2.2 0.054
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supraspinatus and infraspinatus did not differ between the ESWT and 
control groups(Ps > 0.05). The quality of LHBT in both groups improved 
after rotator cuff repair based on the MRI evaluation and no ruptured 
was reported [Table 3].

4. Discussion

Our study proved that the intervention of ESWT at 3-month post- 
operation had similar long-term follow-up outcomes with patients 
received only regular rehabilitation training. This results dispute the 
concern that early intervention of ESWT may have detrimental effect on 
the cuff healing after rotator cuff repair. Further, radial ESWT could 
improve tendon quality at 6 months and 3 years follow-up, suggesting 
that early intervention of radial ESWT could have positive long-term 
effect.

There has been an increasing concern that the application of shock 
waves could have a negative effect on rotator cuff tendon quality or may 
be related to tendon tears in cases with calcific deposits.9 This unproven 
concern is possible because the posterior portion of the supraspinatus is 
more vulnerable to injury,11 and after shock wave neovascularization, 
ingrowth is stimulated by repeated microtrauma.32 Increasing evidence 
has shown that the energy flux density of ESWT is an important variable 
in treatment protocol.6 The energy flux densities of over 0.28 mJ/mm2, 
introduced by focused ESWT are associated with tendon swelling and 
infiltration by inflammatory cells.23 In contrast, the energy flux density 
of the radial ESWT used in this study was 0.08 mJ/mm2, which may 
affect the tendon remodeling.36 In our previous research, we found that 
under this energy flux density, repetitive treatment with radial ESWT on 
a weekly basis can reduce postoperative pain and improve accelerated 
proximal supraspinatus tendon healing at the suture anchor site after 
rotator cuff repair at 6 months follow-up,26 and this study proved that 
this effect can be sustained until 3 years.

Intervention at three-month post operation is crucial. Previous 
studies have suggested that retears commonly appear in the early 
postoperative period around 3 months.17 The biological healing of the 
repaired rotator cuff tendon to the humerus was estimated to require a 
minimum of 8–12 weeks,13 and during this period, the collagen type III 
fibers holding the bone-tendon junction together did not appear in 
considerable numbers before 12 weeks.27 The process of collagen III 
switching to collagen I to complete the healing response usually takes 
approximately 6–12 months.16

The assessment of postoperative shoulder integrity using ultraso
nography has become the preferred method because of its convenience 
and ability to produce results similar to MRI.19,31 In the present study, 
AHD, LHBT quality, and fatty infiltration were assessed both in MRI and 
ultrasonography. Previously, AHD was measured using a standard X-ray 
of the shoulder; however, it was affected by both the patient’s position 
and the X-ray beam direction.5 The reliability of ultrasonography 
measuring AHD has been proven in recent studies.3,14,33 Similar to 
previous evidence, the AHDs assessed by MRI and ultrasonography in 
the present study significantly increased after successful rotator cuff 
repair, while in the retear patients, the AHDs were less than 4 mm as 
measured.

Large tear size and tendon retraction suggest chronicity of the rotator 
tear; therefore, severe muscle atrophy and fatty infiltration can be 
observed on both ultrasonography and MRI. In our assessment, three 
cases of severe muscle fatty infiltration were observed (ESWT versus 
CONTROL: 2 versus1), which was consistent with the retear cases. We 
also found minimal deterioration of fatty infiltration of the supra
spinatus from Grade 0 to Grade 1 on ultrasonography while Grade 1 to 
Grade 3, even when the torn tendons were successfully repaired. The 
reversibility of fatty muscle infiltration remains controversial. Success
ful repair does not lead to improvement or reversal of muscle degener
ation, and failed repair results in significantly more progression.8

Although in our previous study, early intervention with radial ESWT 
resulted in accelerated proximal supraspinatus tendon healing at the 

Table 2 
Comparisons of clinical outcomes between the ESWT and the control groups.

ESWT Group (n = 16) CONTROL Group (n = 16) pa

Failure Rate n, (%)
Baseline 0, (0 %) ​ 0, (0 %) ​ 1
3-year 

follow-up
2, (12.5 
%)

​ 1, (6.25 
%)

​ 0.176

VAS-pain mean ±
SD

95 % CI mean ±
SD

95 % CI ​

Baseline 4.2 ± 2.3 3.0–5.4 4.1 ± 2.2 3.0–5.3 0.834
6-month 0.5 ± 0.6 0.2–0.8 1.9 ± 1.1 1.4–2.5 <0.01
3-year 0.5 ± 1.0 0.0–1.0 0.1 ± 0.3 0.1–0.2 0.088
pb < 0.01 < 0.01 ​
CMS
Baseline 54.7 ±

13.0
47.8–61.6 53.9 ±

8.1
49.6–58.2 0.985

6-month 87.4 ±
9.7

82.2–92.5 81.3 ±
6.8

77.7–84.9 0.079

3-year 93.5 ±
7.2

90.1–97.0 93.8 ±
4.2

91.6–96.0 0.894

pb < 0.01 < 0.01 ​
UCLA
Baseline 20.0 ±

6.1
16.7–23.3 21.1 ±

3.7
19.2–23.1 0.395

6-month 31.8 ±
2.8

30.2–33.3 30.9 ±
2.5

30.1–31.7 0.400

3-year 32.6 ±
4.3

30.5–34.6 32.9 ±
2.6

31.7–34.2 0.748

pb < 0.01 < 0.01 ​
ASES
Baseline 47.3 ±

18.0
37.7–56.9 43.9 ±

13.4
36.7–51.0 0.806

6-month 86.2 ±
10.3

80.6–91.7 74.6 ±
7.2

70.8–78.4 0.002

3-year 
follow-up

96.2 ±
3.8

94.3–98.0 95.5 ±
3.0

94.1–96.9 0.542

pb < 0.01 < 0.01 ​
FUSS
Baseline 54.3 ±

16.9
45.2–63.3 54.1 ±

11.9
47.7–60.4 0.850

6-month 87.9 ±
8.3

83.5–92.3 83.7 ±
5.8

80.6–86.8 0.108

3-year 
follow-up

91.6 ±
5.5

89.0–94.3 93.7 ±
3.3

93.8–97.2 0.175

pb < 0.01 < 0.01 ​
Abduction, deg
Baseline 98.9 ±

37.2
79.1–118.7 108.3 ±

22.5
96.3–120.3 0.806

6-month 146.4 ±
26.1

132.5–160.2 154.8 ±
13.6

147.5–162.0 0.940

3-year 
follow-up

140.9 ±
26.6

128.1–153.8 141.4 ±
23.1

130.8–152.0 0.958

pb < 0.01 < 0.01 ​
Forward Flexion, deg
Baseline 89.6 ±

32.6
72.2–106.9 93.6 ±

25.6
80.0–107.3 0.327

6-month 136.6 ±
31.6

119.8–153.5 139.4 ±
23.1

127.1–151.8 0.776

3-year 
follow-up

162.1 ±
16.7

154.0–170.1 156 ±
14.9

149.1–162.9 0.238

pb < 0.01 < 0.01 ​
External rotation, deg
Baseline 30.7 ±

20.3
19.8–41.5 28.6 ±

13.7
21.3–35.9 0.91

6-month 58.8 ±
20.4

48.0–69.7 53.5 ±
15.0

45.5–61.5 0.484

3-year 
follow-up

67.4 ±
15.8

59.7–75.0 63.6 ±
8.0

59.4–67.8 0.368

pb < 0.01 < 0.01 ​

Data are presented as mean ± SD.
ESWT, extracorporeal shock wave therapy; CMS: Constant-Murley Score; ASES: 
American Shoulder and Elbow Surgeons, FUSS: Fudan University shoulder score; 
UCLA, University of California, Los Angeles; VAS, visual analog scale.

a Nonparametric Mann− Whitney U tests: between group.
b Nonparametric Wilcoxon signed-rank test: within-group.
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suture anchor site after arthroscopic rotator cuff repair, the long-term 
benefits of cuff healing and functional improvement remain debatable.

This study has limitations. First, the sample size was small. Although 
this sample size met the minimal requirements for statistical analysis, it 
was still insufficient for subgroup analyses of repair configuration, fatty 
infiltration, tendon retraction, and delamination, which can all affect 
surgical outcomes. Second, only patients with medium-to-large rotator 
cuff tears were included. Thus, the conclusions of this study cannot be 
generalized to individuals with massive or irreparable tears. Third, ul
trasound evaluation is subjective. Objective measurement or tools need 
to be developed in the future studies.

5. Conclusion

Patients received the intervention with radial ESWT at 3-month post- 
operation had similar pain score, functional outcomes and failure rate at 
long-term follow-up compared with advanced rehabilitation.
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Table 3 
Ultrasonography and MRI evaluations of ESWT Group and CONTROL Group.

ESWT Group (n = 16) CONTROL Group (n = 16) p-value

Ultrasonography MRI Ultrasonography MRI Ultrasonography MRI

Repaired Tendon Quality (a) Ultrasonography Type I:II:III:IV MRI Sugaya：I:II:III:IV:V
3 month FU 3:10:3:0 6:8:2:0:0 2:9:5:0 7:6:2:1:0 0.684 0.834
6 month FU 3:10:2:1 6:7:1:1:0 2:7:7:0 6:6:4:0:0 0.724 0.684
3 year FU 8:6:0:2 7:4:2:0:2 8:6:1:1 7:7:1:0:1 0.874 0.919
pa （3 year versus baseline） 0.055 0.262 0.056 0.639 ​ ​
MRI-SNQ
3 month FU / 16.76 ± 2.31 / 15.19 ± 3.94 / 0.175
6 month FU / 12.29 ± 1.99 / 15.8 ± 2.01 / 0.036
3 year FU / 5.73 ± 0.77 / 7.52 ± 1.03 / 0.028
pa （3 year versus baseline） ​ 0.001 ​ 0.001 ​ ​
AHD, mm
3 month FU 5.77 ± 2.31 6.27 ± 0.78 6.12 ± 2.31 5.89 ± 1.01 1.000 0.874
6 month FU 6.83 ± 2.59 7.11 ± 1.23 7.42 ± 3.01 6.21 ± 0.98 1.000 0.885
3 year FU 8.21 ± 3.01 8.15 ± 2.23 9.16 ± 2.89 7.01 ± 1.31 0.329 1.000
pa 0.001 0.028 0.002 0.002 ​ ​
Supraspinatus Fatty Infiltration (b) Ultrasonography Grade 0:1:2 MRI Goutallier: Grade 0:1:2:3:4
3 month FU 05:10:01 10:5:0:0:0 07:08:01 10:5:1:0:0 0.757 0.542
6 month FU 05:10:01 12:3:1:0:0 07:08:01 11:5:0:0:0 0.757 0.175
3 year FU 05:09:02 11:2:0:2:0 07:08:01 11:4:0:1:0 0.696 0.724
pa （3 year versus baseline） 0.824 0.480 1.000 0.320 ​ ​
Infraspinatus Fatty Infiltration Ultrasonography Grade 0:1:2 MRI Goutallier: Grade 0:1:2:3:4
3 month FU 12:02:02 12:3:0:0:0 11:03:02 10:5:1:0:0 0.885 0.368
6 month FU 12:02:02 11:4:0:0:0 12:04:02 11:5:0:0:0 0.885 0.542
3 year FU 12:02:02 11:3:1:0:0 11:03:02 10:5:1:0:0 0.885 0.885
pa （3 year versus baseline） 0.247 0.663 0.202 0.659 ​ ​
LHBT Quality(c) Ultrasonography Grade 0:1:2:3 MRI：Type I:II:III:IV:V
3 month FU 4:9:3:0 6:6:3:0:0 5:8:3:0 1:5:10:0:0 0.919 0.238
6 month FU 4:9:3:0 4:9:2:0:0 5:8:3:0 5:10:1:0:0 0.919 0.542
3 year FU 10:5:1:0 11:3:1:0:0 8:6:2:0 10:5:1:0:0 0.724 0.175
pa （3 year versus baseline） 0.070 0.057 0.555 0.462 ​ ​

Data are presented as n unless otherwise indicated; ESWT, extracorporeal shockwave therapy; AHD, acromiohumeral head distance; LHBT, long head biceps tendon; 
FU, follow-up.
Student’s t-test was used to determine the differences in AHDs, and Fisher’s exact test was used to analyze the differences in categorical variables between the ESWT 
and CONTROL groups.

a Ultrasonographic classification of repaired tendons. Type I: sufficient thickness >2 mm with normal echo structure; Type II: a repaired cuff with sufficient thickness 
(>2 mm) associated with partial hypo-echogenicity or heterogenicity; Type III: a repaired cuff that had insufficient thickness (<2 mm) without discontinuity; Type V: 
the presence of a major discontinuity in which the medial border was not visible under the acromial arch, suggesting a medium or large tear.

b Ultrasound grading scale for rotator cuff muscle fatty degeneration: Grade 0: intramuscular tendons were clearly visible and the muscle had isoechogenicity to the 
overlying muscle; Grade 1: intramuscular tendons were partially visible and the muscle had slightly increased echogenicity compared to the overlying muscle; Grade 2: 
no discernible intramuscular tendons were seen and the muscle’s echogenicity was markedly increased compared to the overlying muscle.

c Ultrasonographic classification of the LHBT. Grade 0: normal findings of the bicep tendon and tendon sheath; grade 1: mild filling of the tendon sheath appearing as 
an anechoic ring around the tendon (<2 mm). Grade 2: An anechoic ring around the tendon was clearly visible and measured 2–3 mm. The structure of the tendon was 
mildly inhomogeneous (<50 %); Grade 3: the tendon sheath appeared as an anechoic structure surrounding the tendon and was severely widened and extended further 
distally than medially. The tendon was at least moderately-to-severely inhomogeneous (≥50 %), thickened, or reduced to a stump.
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Key points

Findings

1.Early intervention of radial ESWT improved rotator cuff healing at 
6 months, and this effect can be sustained to 3 years.
2.ESWT will not cause tendon rupture in the long term.

Implications

Radial ESWT could be used after rotator cuff repair to improve pain 
and tendon healing.

Caution

This study only include patients received rotator cuff repair. For the 
patients with massive irreparable rotator cuff tear, calcific tendinop
athy, rheumatoid arthritis or infection, ESWT may not be effective or 
may have detrimental consequences.

Declaration of competing interest

All authors state no conflict of interest.

Acknowledgements

The authors would like to thank all the physiotherapists for contri
bution in this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.asmart.2024.09.004.

References

1. Barth J, Fotiadis E, Barthelemy R, Genna S, Saffarini M. Ultrasonic evaluation of the 
repair integrity can predict functional outcomes after arthroscopic double-row 
rotator cuff repair. Knee Surg Sports Traumatol Arthrosc. 2015;23(2):376–385.

2. Brasseur JL, Morvan G, Godoc B. [Dynamic ultrasonography]. J Radiol. 2005;86(12 
Pt 2):1904–1910.

3. Cholewinski JJ, Kusz DJ, Wojciechowski P, Cielinski LS, Zoladz MP. Ultrasound 
measurement of rotator cuff thickness and acromio-humeral distance in the 
diagnosis of subacromial impingement syndrome of the shoulder. Knee Surg Sports 
Traumatol Arthrosc. 2008;16(4):408–414.

4. Collin P, Yoshida M, Delarue A, Lucas C, Jossaume T, Lädermann A. Evaluating 
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