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Objective: Focused ESWT (F-ESWT) may be effective in relieving hemiplegic shoulder pain (HSP) in stroke patients. This study aimed to 
investigate the effects of F-ESWT on hemiplegic shoulder pain (HSP) and to assess potential adverse effects in stroke patients.
Design: A double-blind, randomized crossover pilot study was conducted with six stroke patients (median age 59.5) experiencing 
HSP (NRS ≥4). Participants received two conditions—real F-ESWT and sham F-ESWT—3 days/week for 2 weeks, separated by a 10- 
day washout period. Sham F-ESWT was administered by tilting the probe. Pain and function were assessed using the NRS and 
Shoulder Pain and Disability Index before and after interventions.
Results: No adverse effects occurred. Sonography revealed calcifications and tendinosis. Significant time × condition interactions 
were noted for NRS and disability scores (p < 0.001). NRS scores significantly reduced after real F-ESWT (p < 0.05), with no change 
in the sham condition. Pain improvements were observed before and after real F-ESWT sessions (p < 0.05).
Conclusion: These results suggest that the application of F-ESWT in patients with stroke could alleviate HSP. However, further 
studies are required to confirm this benefit.
Keywords: hemiplegic shoulder pain, focused extracorporeal shock wave therapy, stroke, rehabilitation

Introduction
Hemiplegic shoulder pain (HSP) is a common and debilitating complication after unilateral brain injury, including stroke, 
with a prevalence of 34 to 84%, significantly affecting the rehabilitation process and overall quality of life.1,2 Usually, 
stroke-related HSP persists, affecting both the psychological and physiological status of patients, which, in turn, delays 
the rehabilitation process and reduces their ability to perform activities of daily living. Despite extensive research, no 
standalone factor has been identified as the definitive cause of HSP. Instead, a multitude of contributing factors and 
etiologies are known to play roles in its pathology. These conditions include rotator cuff pathology, complex regional 
pain syndrome, shoulder subluxation, and adhesive capsulitis.3 Current treatments, such as range of motion (ROM) 
exercises for the shoulder joint and transcutaneous electrical nerve stimulation, have shown limited success in providing 
clear pain relief. Furthermore, significant complications may arise from injection therapies, steroids, or nonsteroidal anti- 
inflammatory drugs, particularly in patients with underlying medical conditions.4 Therefore, there is growing interest in 
noninvasive alternatives that can effectively address HSP with fewer side effects and low risks.5–7

Peripheral musculoskeletal factors and central pain mechanisms such as maladaptive neuroplastic changes, central 
sensitization, and altered sensory processing are increasingly recognized as important contributors to persistent HSP in 
stroke survivors.8,9 One promising intervention is extracorporeal shock wave therapy (ESWT), which involves the use of 
shock waves to stimulate tissue repair and regeneration, reduce pain, and facilitate functional recovery.10–13 Based on the 
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method of operation, ESWT can be divided into focused and radial ESWT (F-ESWT and R-ESWT, respectively), which 
differ in their shockwave propagation and energy characteristics. R-ESWT, which is generated using pneumatic devices, 
creates low-energy linear pressure waves that penetrate approximately 3 cm into the skin and cover a broader treatment 
area. By contrast, F-ESWT uses electromagnetic, electrohydraulic, or piezoelectric sources to produce high-pressure pulses 
(10–100 MPa), concentrating acoustic energy at a penetration depth of up to 12 cm.14 Among the various F-ESWT 
generation methods, the piezoelectric type offers distinct advantages, including precise focal targeting, consistent energy 
delivery, and the ability to stimulate deep tissue structures with minimal discomfort.15,16 To our knowledge, its application 
in stroke-related HSP has not been previously investigated, representing a novel approach in this clinical context. 
Additionally, F-ESWT typically involves a relatively short treatment duration and minimal recovery time, enhancing its 
appeal as a noninvasive therapeutic option.17 Recently, F-ESWT has been demonstrated to be superior to R-ESWT in terms 
of long-term pain relief in treating non-calcific rotator cuff tendinopathy, which is the most frequent lesion in HSP.18 

Furthermore, a randomized, sham-controlled clinical trial of patients with lateral epicondylitis reported that F-ESWT was 
more effective than R-ESWT in terms of pain and functional measurements of the painful lateral elbow.19

Despite previous research findings on the effects of F-ESWT on pain relief in musculoskeletal pathologies,20–23 its 
application in persistent HSP is not widely known. Several studies have explored the use of ESWT in stroke-related HSP, 
reporting potential benefits in pain reduction and functional improvement;4,6 however, evidence specific to focused, 
piezoelectric F-ESWT remains limited. Considering the difficulty in managing HSP, noninvasive treatments, such as 
piezoelectric F-ESWT, which have shown potential for pain alleviation, require further investigation in stroke populations. 
Among various emerging interventions, F-ESWT has gained attention as a noninvasive modality with growing therapeutic 
potential. Evaluating its clinical efficacy in the management of persistent HSP may offer valuable insights and contribute to 
the development of safer and more effective rehabilitation strategies for stroke survivors. Despite various treatment options, 
the management of HSP remains challenging due to limited efficacy and potential side effects, especially among patients 
with comorbidities, highlighting the need for safer and more effective interventions. To address these challenges within the 
constraints of a pilot trial, a randomized crossover design was adopted, enabling each participant to serve as their own 
control and thereby reducing interindividual variability and improving statistical efficiency. Therefore, the present study 
aims to investigate the effects of F-ESWT on HSP alleviation and ROM improvement of the hemiplegic shoulder joints, as 
well as to assess potential adverse effects of the technique, in patients with stroke.

Methods
Participants
The inclusion criteria for this study were confirmed unilateral stroke on neuroimaging, more than 1 month after the onset of the 
brain injury, HSP with a numerical rating scale (NRS) score greater than four out of 10, age over 20 years, and a Mini-Mental 
State Examination score of 15 or higher (indicating sufficient cognitive function to accurately report pain on the NRS). These 
criteria were selected based on prior literature identifying similar thresholds for stroke-related shoulder pain studies24,25 and to 
ensure participants could reliably report subjective pain levels. Participants were excluded if they had traumatic HSP, a high risk 
of bleeding due to severe coagulopathy, were pregnant, or had a pacemaker/defibrillator in the shockwave field. Additionally, 
individuals with a full-thickness tear of the rotator cuff, confirmed by ultrasonography before study enrollment, were excluded. 
Written informed consent was obtained from all participants before the experiments, in accordance with the Declaration of 
Helsinki. The study protocol was approved by the Institutional Review Board of the CHA Bundang Medical Center (Approval 
No. 2019–12-029) and registered at ClinicalTrials.gov (NCT04320108). Participant recruitment began on May 29, 2020, after 
obtaining ethical approval from the Institutional Review Board.

Study Design
This study was designed as a pilot exploratory study using a randomized crossover format to preliminarily assess the feasibility 
and potential F-ESWT on hemiplegic shoulder pain. All participants underwent six sessions of intervention as part of a sham- 
controlled, patient- and evaluator-blinded, crossover study design. Before the intervention, each participant was asked the 
standard screening questions recommended in the F-ESWT guidelines to exclude contraindications or precautions. According to 
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the guidelines of the International Society for Medical Shockwave Treatment (ISMST),26 patients were excluded from high- 
energy F-ESWT if any of the following conditions were identified within the shockwave field: presence of brain tissue or central 
nervous system structures, vertebral bodies, skull bones, ribs, lung tissue, malignant tumors (not the tumor disease itself, but the 
tumor being located in the treatment field), significant coagulation disorders, a fetus (in cases of pregnancy), or implanted cardiac 
devices such as pacemakers or defibrillators. All contraindications were assessed through clinical evaluation and imaging prior to 
initiating treatment. This precaution ensured the safety and appropriateness of the therapy for all study participants. In the 
experimental paradigm, all participants underwent two conditions of ESWT intervention—3 days per week, for a total of six 
sessions within 2 weeks for each condition, separated by a 10-days washout period: 1) Condition 1: real ESWT on the hemiplegic 
shoulder, and 2) Condition 2: sham ESWT on the hemiplegic shoulder. After the washout period, patients who were initially 
allocated to Condition 1 underwent the procedures for Condition 2 and vice versa. The order of the conditions was randomly 
assigned to the participants. An independent research assistant randomly assigned participants to the study groups using 
a computer-based 1:1 randomization scheme with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The intervention 
allocation was disclosed only to the physiatrist (H.SSS) who conducted the F-ESWT on the patients. Measurements of HSP 
severity using the NRS and Shoulder Pain and Disability Index (SPADI), as well as ROM of the shoulder joint, were conducted 
before (T0) and after (T1) the six sessions of intervention by another physiatrist (B.H). Immediately after the six F-ESWT 
sessions (V1–V6), the severity of subjective shoulder pain was assessed using the NRS by a third physiatrist (C.S).

Adverse events were monitored by a designated clinical researcher (C.S) from study enrollment to completion, 
including after each intervention. Information regarding medication use was collected through a questionnaire adminis
tered to patients. The data were recorded by the researcher (C.S), who was responsible for documenting all relevant 
patient information throughout the study. The study design is illustrated in Figure 1.

Focused ESWT
F-ESWT was administered using the SALUS ESWT-EXPERT® device (REMED Co., Seoul, Korea). The F-ESWT 
device was equipped with a piezoelectric shock wave generator designed to operate by applying high-voltage electricity 
to induce vibrations in the piezoelectric element. These vibrations were then aligned to concentrate the generated energy 
at a single focal point. This focused shock wave energy was directed towards treatment target sites within the body, 
enabling precise energy delivery.27 A gel pad was affixed to the surface of the transducer, serving as the coupling 
medium to ensure optimal contact between the transducer and cushion membrane. The treatment sites were the lesser and 
greater tubercles of the humerus, where the subscapularis and supraspinatus of the shoulder rotator cuff are attached. In 
the real condition (Condition 1), participants received stimulation at a tolerable intensity level, with 3000 pulses 
delivered per session. The energy level was set at approximately 0.3 mJ/mm2. For sham stimulation (Condition 2), the 
probe was positioned at a perpendicular angle such that it did not stimulate the target site.28 While the device was 
activated and produced sound and slight vibrations similar to the actual treatment, no therapeutic energy was delivered to 
the affected area. This method mimicked the sensation of real treatment without providing any actual therapeutic effects, 

Figure 1 Study design. 
Abbreviations: T0, before 6 sessions of intervention; T1, after completing six sessions of intervention; NRS, numerical rating scale; SPADI, shoulder pain and disability 
index; PROM, passive range of motion; F-ESWT, focused extracorporeal shock wave therapy.
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thereby ensuring proper blinding of the participants. Each intervention session lasted between 10 and 15 min. Special 
attention was given to patients aged over 60 to ensure they met safety criteria for F-ESWT, based on ISMST guidelines.

Measurement of Hemiplegic Shoulder Pain and Passive Range of Motion in Hemiplegic 
Shoulder Joint
The primary outcome of the present study was measured using the NRS before (T0) and after the six sessions of intervention 
(T1). Furthermore, the NRS score for HSP was measured immediately after each intervention session (V1 to V6). The NRS 
is a pain severity measurement tool commonly used to assess pain intensity at a specific moment in time, using a 0–10 scale, 
with zero meaning “no pain” and 10 meaning “the worst pain imaginable”.29 This 11-point NRS has been recommended as 
a primary endpoint for pain studies by initiative groups focusing on pain assessment in clinical trials.30

The secondary outcome measure, SPADI, was assessed at two time points: before the intervention (T0) and after six sessions 
of the intervention (T1). The SPADI was developed to measure pain and disability associated with shoulder pathologies.31 It is 
a self-administered index consisting of 13 items divided into two domains: pain and disability. Each item is scored on a NRS from 
zero to 10, where zero represents “no pain” or “no difficulty”, and 10 represents “the worst pain imaginable” or “so difficult that 
assistance is required”. The pain subscale score was calculated by summing the scores of its five items, dividing by 50 (the 
maximum possible score for the pain subscale), and multiplying by 100 to convert it into a percentage. Similarly, the disability 
subscale score was calculated by summing the scores of its eight items, dividing by 80 (the maximum possible score for the 
disability subscale), and multiplying by 100 to yield a percentage. The total SPADI score is the sum of both subscales and ranges 
from zero to 130, with higher scores indicating greater pain and disability. To calculate the total percentage for the SPADI score, 
the total score was divided by 130 and then multiplied by 100, yielding a final percentage score on a scale of zero to 100. In the 
SPADI measurement, the minimal clinically important difference (MCID), used as a measure of responsiveness to an outcome 
tool, was suggested to be eight,32 which was calculated based on the percentage of the total score. The SPADI takes 5–10 min to 
complete and is the only reliable and valid region-specific measure for the shoulder.

To measure changes in the movement of the hemiplegic shoulder joint, the PROM of the hemiplegic shoulder joint was 
measured for flexion, extension, abduction, adduction, and internal and external rotation using a goniometer, according to 
standard techniques, at T0 and T1.33 The use of NRS and SPADI has been validated in multiple clinical trials for shoulder 
pathologies,34 and both tools are recommended in pain and functional outcome assessments for shoulder-related rehabilitation.

Statistical Analysis
To determine the statistical significance of the data, SPSS version 25 was used. Six pairs of data points at each time point, 
including visits, were analyzed for the measured values. First, the Wilcoxon signed-rank test was used to compare baseline 
measurements in both the real and sham conditions. Second, to assess the change in pain scores during the 10-days washout 
period in a group of three patients who received real ESWT followed by sham ESWT, the difference between the pain score 
immediately after real ESWT (T1 of real F-ESWT) and that before sham ESWT (T0 of sham F-ESWT) was analyzed using 
the Wilcoxon signed-rank test. Third, repeated-measures analysis of variance (RM-ANOVA) was conducted to confirm the 
time×condition interactions in the measurement variables. Fourth, the Wilcoxon signed-rank test was used to evaluate 
significant changes in the measurement variables before (T0) and after (T1) the six sessions of F-ESWT within each 
condition. Fifth, the effect of the measurement day on each condition of the NRS, measured from T0 to immediately after 
each intervention (V1–V6), was calculated using the Friedman test. Sixth, differences in NRS scores between T0 and V1 
were compared using the Wilcoxon signed-rank test. Finally, significant differences in the NRS by condition were obtained 
using the Mann–Whitney U-test at T0 and each intervention, as well as differences in the percentage of the total SPADI 
score in each condition. For all analyses, the level of significance was set at p = 0.05.

Results
Study Completion and Basic Characteristics of Participants
All procedures ensured that the participants and assessors were blinded to the condition order administered until the final 
visit of the sixth participant. No adverse events related to the application of F-ESWT were reported. A total of six 
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participants (five men and one woman, median age 59.5 years [range: 54.5–67.8], and median days since stroke onset 98 
days [range: 61.0–535.8]) completed the study procedures. The results of the shoulder sonogram obtained from medical 
record reviews are presented in Table 1. Before the intervention, there were no significant differences in the measurement 
variables between the conditions (Wilcoxon signed-rank test, p > 0.05).

Changes in the Primary Outcome
RM-ANOVA revealed a significant time × condition interaction in the NRS for HSP before (T0) and after (T1) the six 
interventions (F = 25.789, p < 0.001). According to the analysis of the time variables for each condition, significant 
changes in the NRS scores between T0 and T1 were observed only in the real F-ESWT condition (Wilcoxon signed-rank 
test, real F-ESWT, p = 0.027; sham F-ESWT, p = 0.327) (Figure 2A).

Regarding changes in the NRS measured at T0 and immediately after each intervention, there was a significant time × 
condition interaction (F = 5.651, p = 0.001). Analyzing the changes in NRS measured at T0 and immediately after each 
intervention for each condition revealed significant effects of the time factor only in the real F-ESWT condition 
(Friedman test, real F-ESWT, χ2 = 20.255, p = 0.002; sham F-ESWT, χ2 = 7.750, p = 0.257). This result suggests that 
pain levels over time were significantly reduced when F-ESWT was applied. The comparison of NRS scores between T0 
and immediately after the first intervention in the real F-ESWT condition showed a tendency toward reduction without 
reaching statistical significance (Wilcoxon signed-rank test, first intervention, p > 0.05). In the comparison of NRS scores 
immediately after each intervention by condition, the F-ESWT group demonstrated significant pain relief after the 
intervention. Specifically, there were statistical differences between the real and sham F-ESWT groups at V5 and V6 
(Mann–Whitney U-test, p < 0.05). The results of the NRS measurements from T0 to V6 are shown in Figure 2B.

The individual NRS changes for patients in Condition 1 (real F-ESWT followed by sham F-ESWT) and Condition 2 
(sham F-ESWT followed by real F-ESWT) are summarized in Tables 2 and 3, respectively. Among the three participants 
in Condition 1, two exhibited an increase in NRS scores following the 10-day washout period.

Changes in Secondary Outcomes
In the SPADI measurements, all subscales and the total percentages showed a significant time × condition interaction (RM- 
ANOVA, p < 0.05). Significant changes over time were observed in all SPADI subscales and the total percentages within the 
real F-ESWT condition (Wilcoxon signed-rank test, p < 0.05). However, in the sham condition, no significant changes over 
time were observed in any SPADI subscale or total SPADI scores (Wilcoxon signed-rank test, p > 0.05) (Figure 3).

The individual differences in SPADI scores between T0 and T1 are shown in Table 4. In the real F-ESWT condition, five 
participants demonstrated a change in the total SPADI score percentile that exceeded the MCID threshold of eight points. By 
contrast, only one participant in the sham condition showed a change exceeding the MCID threshold. Furthermore, there were 
statistically significant differences in the percentages for all SPADI subscales and the total score between the real and sham 
F-ESWT conditions (Mann–Whitney U-test, p < 0.05). Conversely, measurements of PROM revealed no statistically significant 
time × condition interaction for any movements of the hemiplegic shoulder joint (RM-ANOVA, p > 0.05). Additionally, the 
changes in PROM values between T0 and T1 were not statistically significant in either the real or sham F-ESWT conditions 
(Wilcoxon signed-rank test, p > 0.05).

Discussion
In this crossover pilot study, we explored the potential effects of F-ESWT with piezoelectric waves on pain relief in the 
hemiplegic shoulder joints of patients with stroke. Our preliminary findings were significant time × condition interactions 
in the NRS and SPADI scores between T0 and T1, revealing the effects of real F-ESWT on HSP. Furthermore, 
a significant time × condition interaction was observed in the changes in NRS scores measured at T0 and after each 
intervention. Additionally, significant reductions in NRS scores were observed only in the real F-ESWT group, whereas 
the sham condition showed no statistically significant improvement, according to the results of the Friedman test. Based 
on the T0 and T1 results, a significant reduction in HSP was observed only in the real F-ESWT condition. Notably, five 
participants in the real F-ESWT group exceeded the MCID in SPADI scores, with statistical analysis confirming 
significant differences compared with the sham group. However, there were no significant changes in PROM measures, 
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Table 1 Basic Characteristics of Study Participants

Subject 
No.

Age Sex Dx. Onset 
Duration 

(Days)

Affected 
Side

MMSE Findings of Sonography NRS of Hemiplegic 
Shoulder at Screening

01 61 M Rt. corpus callosum infarction 718 Lt. 29 1. Calcification in the subscapularis and 

supraspinatus tendon 
2. Tendinosis in the infraspinatus tendon

7

02 58 M Rt. lateral medulla infarction, Lt. Parietal 

lobe infarction

74 Rt. 26 No evidence of structural abnormalities 6

03 55 M Lt. thalamus ICH 475 Rt. 19 No evidence of structural abnormalities 6

04 53 M Rt. MCA territory thromboembloic 

infarction

122 Lt. 22 1. Fatty atrophy of deltoid, infraspinatus 

and teres minor muscles 
2. Tendinosis of supraspinatus tendon 

3. Tendinosis of subscapularis tendon 

with partial thickness 
4. Tendinosis of infraspinatus tendon 

5. Adhesive capsulitis 

6. Subacromial-subdeltoid bursal effusion

8

05 76 F Lt. parietal and temporal ICH c Lt SDH, 

Lt. frontoparietal ICH

46 Rt. 15 1. Calcific deposits in the supraspinatus 

tendon 

2. Calcific deposits in the subscapularis 
tendon 

3. Osteoarthritis in the acromioclavicular 

joint

7

06 65 M Rt thalamus ICH c IVH 66 Lt. 25 No evidence of structural abnormalities 7

59.5 

(54.5–67.8)

M:F 

= 5:1

98(61.0–535.8) Rt.:Lt. = 

3:3

23.5 

(19.8–25.8)

7(6.0–7.3)

Note: Values are expressed as the median (interquartile range). 
Abbreviations: M, male; F, female; Rt., right; Lt., left; MMSE, mini-mental state examination; NRS, numerical rating scale.
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and neither group showed notable changes in hemiplegic shoulder joint movements. These results provide compelling 
evidence that F-ESWT is effective in alleviating shoulder pain and improving shoulder function in this population, as 
demonstrated by the significant improvements in both NRS and SPADI scores.

Since the successful treatment of kidney stones with extracorporeal shock waves in 1980,35 ESWT has gradually 
expanded from lithotripsy to chronic pain treatment. Regarding the analgesic mechanism of ESWT, Chen et al36 speculated 
that this effect involves the promotion of neurotransmitter release, such as β-endorphins, which contribute to relieving pain. 
ESWT is generally classified into R-ESWT and F-ESWT, with studies reporting that differences in their mechanisms of 
action result in varying effects on pain alleviation. R-ESWT is effective for surface muscle and broad pain relief, making it 
suitable for superficial tissue tension or widespread muscle stiffness; however, it may be limited in addressing deep-seated 
instability.37 Conversely, F-ESWT is known to reach deeper tissues more effectively than R-ESWT, potentially providing 
better outcomes for deep joint issues, shoulder subluxation, or capsulitis by promoting tissue recovery and reducing 
inflammation in specific targeted areas.38 Because of its mechanism of action, other clinical trials have revealed that 

Figure 2 Box and whisker plots indicating changes of numerical rating scale. The central line within each box represents the median, while the upper and lower edges of the 
box denote the 75th and 25th percentiles, respectively, representing the interquartile range (IQR). Circles (o) indicate individual values of subjects, and crosses (x) represent 
average value of each graph. (A) NRS values before (T0) and after (T1) six sessions of intervention in real and sham F-ESWT conditions, (B) Changes of NRS measured 
immediately after every intervention in real and sham F-ESWT conditions. Black asterisks indicate statistical significance between T0 and T1 in figure (A) (Wilcoxon signed- 
rank test, p < 0.05). In figure (B), black asterisks indicate statistical significance between conditions (Mann–Whitney U-test, p < 0.05). 
Abbreviations: NRS, numerical rating scale; F-ESWT, focused extracorporeal shock wave therapy; T0, before six sessions of intervention; T1, after six sessions of 
intervention; V1, immediately after the first intervention; V2, immediately after the second intervention; V3, immediately after the third intervention; V4, immediately after 
the fourth intervention; V5, immediately after the fifth intervention; V6, immediately after the sixth intervention.

Table 2 Individual Value of NRS After Real 
F-ESWT and Before Sham F-ESWT in Three 
Participants Who Received Real F-ESWT 
Followed by Sham F-ESWT

Subject Real F-ESWT Sham F-ESWT

T0 T1 T0 T1

01 7 4 7 7

02 6 5 5 4

03 6 4 5 5

Abbreviations: NRS, numerical rating scale; F-ESWT, 
focused extracorporeal shock wave therapy.
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F-ESWT yields superior long-term pain reduction and functional improvement over R-ESWT in treating non-calcific 
rotator cuff tendinopathy.18 A previous meta-analysis demonstrated the effectiveness of F-ESWT for pain relief, functional 
restoration, and deposit resorption in calcifying shoulder conditions.39 Recently, clinical trials have been conducted to 
evaluate the effects of piezoelectric F-ESWT on calcific tendinitis of the rotator cuff, given its advantages of precise focal 
control, minimal pain and discomfort, uniform energy distribution, and low risk of side effects.40

To the best of our knowledge, this is the first clinical randomized crossover pilot study to suggest the effects of 
F-ESWT with piezoelectric waves on stroke-induced HSP. Our NRS and SPADI results indicate that F-ESWT using 
piezoelectric waves is effective in addressing stroke-induced HSP. Furthermore, the SPADI results suggest that the 
application of F-ESWT to hemiplegic shoulders is effective not only for pain relief but also for functional improvement. 
These findings suggest that the F-ESWT intervention method used in this study, which enables the delivery of piezo
electric waves to deep tissues, is beneficial for alleviating HSP, a condition often primarily caused by calcification and 
tendinopathies following stroke. In the shoulder sonography findings described in Table 1, the majority of patients 
participating in our study presented with calcific deposits and tendinosis in the rotator cuff muscles, which are well- 
established indications for F-ESWT based on previous studies showing its effectiveness. Additionally, the use of 
piezoelectric wave-based F-ESWT enabled more precise targeting and effectively stimulated deeper tissue areas to 
alleviate HSP in our study population. However, among the participants assigned to Condition 1 (real F-ESWT followed 
by sham F-ESWT), two exhibited a tendency for NRS and SPADI scores to increase at T0 of sham F-ESWT compared to 
T1 of real F-ESWT. This result suggests that these participants had a relatively long stroke onset duration of over 1 year, 
indicating that their stroke-induced HSP had become chronic. These findings indicate that the number of intervention 

Table 3 Individual Value of NRS After Real 
F-ESWT and Before Sham F-ESWT in Three 
Participants Who Received Sham F-ESWT 
Followed by Real F-ESWT

Subject Sham F-ESWT Real F-ESWT

T0 T1 T0 T1

04 8 8 8 5

05 8 7 7 5
06 7 7 7 3

Abbreviations: NRS, numerical rating scale; F-ESWT, 
focused extracorporeal shock wave therapy.

Figure 3 Box and whisker plots representing changes of SPADI before and after intervention. The central line within each box represents the median, while the upper and 
lower edges of the box denote the 75th and 25th percentiles, respectively, representing the interquartile range (IQR). Circles (o) indicate individual values of subjects, and 
crosses (x) represent average value of each graph. (A) Changes in pain percentile scores of SPADI before (T0) and after (T1) six sessions of intervention in real and sham 
F-ESWT conditions (B) Changes in disability percentile scores of SPADI before (T0) and after (T1) six sessions of intervention in real and sham F-ESWT conditions (C) 
Changes in total percentile scores of SPADI before (T0) and after (T1) sox sessions of intervention in real and sham F-ESWT conditions. In all figures, black asterisks indicate 
statistical significance between before (T0) and after (T1) six sessions of intervention in each condition (Wilcoxon signed rank test, p < 0.05).
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sessions in this study may have been insufficient to sustain chronic HSP relief. Furthermore, the absence of significant 
changes in PROM measurements across both conditions demonstrates that the primary benefit of F-ESWT lies in pain 
alleviation and functional improvement rather than joint mobility. This may be because of the mechanisms of action of 
F-ESWT, which likely include soft tissue healing41 and pain modulation induced by the long-lasting degeneration of free 
nerve endings42 rather than structural changes in joint movement.

Considering the collective findings from previous and present studies examining the effects of F-ESWT on shoulder 
pain relief, it can be inferred that F-ESWT is a promising therapeutic option for patients with various shoulder conditions. 
While our findings are encouraging, it is important to interpret them cautiously due to the limitations inherent in pilot 
research. First, the small sample size limits the generalizability of the results, and further large-scale studies are required to 
validate the efficacy of F-ESWT in hemiplegic shoulder pain. Second, although participants were required to be over 20 
years of age and present with moderate to severe shoulder pain (NRS ≥4), no upper age limit or minimum SPADI score was 
set as part of the inclusion criteria. This may have introduced variability in the functional status of participants. Third, while 
traumatic shoulder injuries and full-thickness rotator cuff tear confirmed by ultrasonography were excluded at the time of 
subject recruitment and thus not part of the study cohort, other common shoulder pathologies such as calcific tendinitis, 
adhesive capsulitis, and tendinosis were included in enrollment criteria. These conditions, which are frequent findings in 
stroke patients with shoulder pain, were included to better reflect the practical clinical needs associated with managing this 
complication. Fourth, clinical assessment of active shoulder joint movements was not sufficiently conducted, which may 
have limited the understanding of functional improvement beyond pain relief. Fifth, no active follow-up measures were 
taken during the 10-day washout period, which restricts interpretation of potential carryover effects between interventions. 
Lastly, because the study focused on short-term outcomes without long-term follow-up or active control conditions, the 
sustained efficacy and safety profile of repeated F-ESWT treatments remain unclear. Future studies should address these 
limitations by incorporating stricter inclusion and exclusion criteria, structured follow-up protocols, imaging-based 
diagnostics, and extended longitudinal designs to better evaluate the clinical utility of F-ESWT.

Conclusion
This pilot study offers preliminary evidence suggesting that piezoelectric F-ESWT may be a promising non-invasive intervention 
for managing hemiplegic shoulder pain in stroke patients. Improvements in both pain and functional outcomes, as reflected in the 
NRS and SPADI scores, support the potential utility of this approach. Further large-scale, longitudinal studies are required to 
establish the clinical efficacy, safety, and optimal application parameters of F-ESWT in this patient population.

Institutional Review Board Statement
This study was conducted in accordance with the guidelines of the Declaration of Helsinki and was reviewed and 
approved by Institutional Review Board of the Bundang CHA Medical Center.

Table 4 Individual Value of Differences in Shoulder Pain and Disability Index

Subject Percentile of Pain Index Percentile of Disability Index Percentile of Total Score

Real 
F-ESWT

Sham 
F-ESWT

P-value Real 
F-ESWT

Sham 
F-ESWT

P-value Real 
F-ESWT

Sham 
F-ESWT

P-value

01 −22.0 0.0 0.026* −11.2 10.0 0.041* −15.4 6.2 0.041*
02 −30.0 −20.0 −12.5 −16.3 −19.2 −17.7

03 −16.0 0.0 −9.0 0.0 −11.1 0.0

04 −12.0 4.0 −16.3 0.1 −14.6 1.5
05 −20.0 −6.0 −17.4 −8.8 −18.5 −7.6

06 −6.0 0.0 −6.3 0.0 −6.1 0.0

Notes: There was significant difference of total score in shoulder pain and disability index between conditions (Mann–Whitney U-test, *p < 0.05). Bold and italic text 
indicates statistically significant p-values. 
Abbreviation: F-ESWT, focused extracorporeal shock wave therapy.
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