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Background: In our previous study, a novel low-intensity pulsed ultrasound (LIPUS) therapeutic device 
has been shown to improve erectile function non-invasively in a diabetic-induced erectile dysfunction (ED) 
animal model.
Methods: In order to investigate the efficacy and safety of LIPUS in the clinical treatment of patients 
with ED, a multicenter, randomized, double-blind, sham-treated, controlled clinical study was conducted at 
five medical centers, and 120 patients with mild to moderate ED were enrolled in the study. Patients were 
randomized into a sham-treated control group (40 patients) or a LIPUS-treated group (80 patients). LIPUS 
or sham treatment was applied to both sides of the penis shaft and crus for 5 min in each area, twice a week 
for four weeks. Assessment of efficacy and safety were evaluated using IIEF-5, Sexual Encounter Profile 
(SEP)-questionnaires 2/3, Global Assessment Question (GAQ), Erectile Hardness Score (EHS), Erection 
Quality Scale (EQS) score, and pain assessment [Visual Analogue Scale/Score (VAS)].
Results: Ten patients in LIPUS treatment group and 6 patients in sham treatment control group were 
excluded and the dropout rate is 13.33%. Response to treatment was identified as IIEF-5 score increased 
more than 2/3/4 points of post-treatment (12W) compared to pre-treatment (0W). The response rate in 
treatment group was 54/80 (67.50%), which was significantly higher than control group 8/40 (20.00%) 
at 12 weeks (FAS analysis). The percentage of patients with positive answers to SEP-3 (successful vaginal 
intercourse) were 58.97%, 64.1%, and 73.08% 4, 8, and 12 weeks after treatment which were significantly 
higher than 28.95%, 31.58%, and 28.95% respectively in control group (FAS, P<0.05). The positive 
responsive rates for GAQ in treatment group were about 2 to 3 times of that in control group (P<0.05). No 
treatment-related adverse events (AEs) were found, including local petechia or ecchymosis and hematuria.
Conclusions: Current study indicates that LIPUS can safely and effectively treat patients with mild to 
moderate ED without significant AEs, which is related to the mechanical force of LIPUS and can restore 
the pathological changes of the corpus cavernosum. LIPUS is a promising alternative treatment for ED 
treatment in the near future, while further research is remanded.
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Introduction

Erectile function requires coordinated interaction of 
multiple organ systems include psychological, endocrine, 
vascular, neurologic regulation. Erectile dysfunction (ED) 
is a common disease, which affects more than 50% of 
men between the ages of 40 and 70 years (1). In 2010, a 
report from the European Male Ageing Study (EMAS) has 
illustrated that one third of men (prevalence of 30–64%) 
in their population were dissatisfied with their overall 
erectile function or sexual relationship (2). Studies indicated 
that more than 50% ED showed organic causes due to 
cardiovascular disease, diabetes mellitus, trauma or surgery 
on colon, bladder, prostate, genitourinary, neurologic causes 
(lumbar disc, MS, CVA), Priapism, hormone deficiency  
et al., which could induce corpus cavernosum pathological 
changes include corpus cavernosm smooth muscle apoptosis 
and fibrosis, endothelial dysfunction neuropathy et al.

Currently, the first line ED therapeutic approach is 
phosphodiesterase type 5 inhibitors (PDE5is). And the 
second line choices include intracavernosal injection 
therapy, vacuum devices used for treating mild to moderate 
ED patients once a time symptom treatment, and the 
first line and second line therapies no responder severs 
ED patients need to be treated by penile prostheses 
implantation surgery (3,4). The most obvious limitation 
of all these above-mentioned therapies is symptomatic 
treatment and could not restore the pathological changes in 
erectile tissue significantly.

Although some of alternative therapies for ED have 
been extensively reported recently, including exogenous 
stem cell therapy, gene therapy, and tissue engineering  
et al. in preclinical studies, however, there is still needed 
long-term investigation before real clinical approach due 
to ethic, immunological problem, limited efficacy and 
safety problems (5-9). Very recently, low energy shock wave 
therapy (LESWT), a form of physical therapy in micro-
energy therapy, was shown to significantly improve erectile 
function both in animal studies and clinical settings (9,10).

A micro-energy related therapy for the management 
of ED represents a typical model of convergence science 

of life science, physical sciences, and engineering. 
Another important form of energy medicine in the field 
of translational medicine is low-intensity ultrasound. 
Ultrasound with acoustic frequencies in excess of  
20,000 Hz has traditionally been used in imaging medicine. 
However, since 1927, its biological effects have also been 
extensively explored (11). Low-intensity pulsed ultrasound 
(LIPUS) is a form of pulse ultrasound that is delivered at an 
intensity lower than 3 W/cm2. The energy is delivered in 
a pulsed fashion to reduce the thermal effect of ultrasound 
that might induce local tissue damage. Previous studies 
have demonstrated that LIPUS has beneficial effects for 
connective tissue regeneration, inflammation control, and 
neovascularization (12-16).

The novel device of LIPUS therapy device for ED 
was developed by Beijing Wanbeili Medical Instrument 
Co., Ltd., and cooperated with the Molecular Biology 
Laboratory, Andrology Center of Peking University 
First Hospital, and the Knuppe Molecular Urology 
Laboratory of University of California, San Francisco. 
The novel ultrasound pulse duration - pulse interval 
ratio is 1:4 (200 μs:800 μs) at 1,000 Hz and frequency 
of 1.7 MHz. In our previous study, this LIPUS therapy 
improved the pathological changes in penile erectile 
tissue of streptozotocin (STZ)-induced diabetic rats and 
enhanced erectile function [intracavernous pressure (ICP)], 
increased endothelial and smooth muscle content, increased 
expression of eNOS and nNOS, and decreased collagen 
and fiber changes with down-regulation of TGF-β1/Smad/
CTGF signaling pathway. No treatment-related adverse 
events (AEs) were found in animal studies (9).

In order to investigate the efficacy and safety of LIPUS 
in the clinical treatment of patients with ED, a multicenter, 
randomized, double-blind, sham-treated, controlled clinical 
study was conducted.

Methods

Patients’ recruitment

Patients were recruited in 5 centers (Peking University First 
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Hospital, Beijing, China; Affiliated Hospital of Weifang 
Medical University, Weifang, Shandong, China; Lanzhou 
University Second Hospital, Lanzhou, Gansu, China; 
The First Affiliated Hospital of Zhengzhou University, 
Zhengzhou, Henan, China; Beijing Chaoyang Hospital, 
Beijing, China). The inclusion criteria and exclusion criteria 
were summarized in Table 1. Because there was no previous 
report on LIPUS treatment, the case number was calculated 

based on the hypothesis that the effective rate is 70% in 
treatment group and 40% in control group. The α was set 
as 0.05 (two tail) and the ratio of case number in treatment 
group to control group was 2:1. In order to reach a test 
power of 80%, 93 cases (62 cases in treatment group and 
31 cases in control group) were needed. We hypothesis 
the dropout rate was 20%, and final recruited case number 
was set as 120 (80 in treatment group and 40 in control 

Table 1 Inclusion and exclusion criteria

Criteria Characteristics Description

Inclusion criteria Age 20–70 years

Generally healthy Yes

Sex Male

Meet the diagnosis of ED Yes

History of ED ≥6 months, ≤7 years

Responding to PDE5-i Yes

PDE5-i treatment in 4 weeks before randomization No

IIEF-5 score 8-21

Stable sexual relationship in at least 3 months before treatment Yes

Voluntary to participate, and informed consent signed Yes

Exclusion criteria Patients with ED of hormonal, neurologic or psychologic origin

Patients with history of radical prostatectomy or pelvic operation

Any unstable medical diseases, mental disorders, spinal injury, abnormal 
penile anatomy

Penile and/or cavernous artery occlusion

Penile implant

Cancer rehabilitation In the last year

Clinically significant chronic hematological system diseases

Diagnosed venous leakage

Poor blood pressure control SBP ≥160 mmHg and DBP ≥100 mmHg

Poor blood glucose control Fasting plasma glucose  
(FPG) >7.0 mmol/L (126 mg/dL)

Patients medicating with anti-androgens, oral/injected androgen

History of pelvic radiotherapy

Patients with coagulation disorders and using anti-coagulants E.g., coumadin

Patients participating in any clinical studies on medical devices or drugs In the past 3 months

Other patients not eligible for the study at the discretion of the 
investigators

ED, erectile dysfunction.
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group). The entire procedure was approved by China Food 
and Drug Administration (CFDA, Chinese Clinical Trial 
Registry: ChiCTR1800018954) and Ethics Committee of 
each hospital (Table 2). Informed consent was obtained from 
each recruited patient.

Intervention

Before the first treatment, a four-week wash out period was 
applied to all the patients to exclude any potential affection 
of previously received medication. The treatment lasted 
for 4 weeks, and patients received LIPUS treatment twice a 
week. LIPUS was delivered by an adjustable Low intensity 
pulsed ultrasound therapeutic device (WBL-ED, Wanbeili 
Medical instrument Co., Ltd, Beijing, China) with a pulse 
duration time-to-pulse rest time ratio of 1:4 (200 μs:800 μs) 
at 1,000 Hz and frequency at 1.7 MHz. The I-SATA (spatial 
average, temporal average intensity) energy intensity levels 
applied to the patients of control group and treatment group 
were 0 and 300 mW/cm2 respectively. The sound and vibration 
of the head of the control machine is designed to be similar to 
that of the treatment machine. Ultrasound gel was applied to 
the treatment area to induce intimate contact between penile 
skin and device. The treatment areas include left crus, right 
crus, left corpus cavernosum, and right corpus cavernosum. 
Each session lasted for 20 min in total with 5 min per area. 
Evaluation and follow up were conducted as the Table 3.

Evaluation

The primary index for effectiveness is International 

Index of Erectile Function-5 (IIEF-5). Positive response 
was defined as [IIEF-5 (12W)]-[IIEF-5 (0W)] ≥2 points. 
Secondary indexes for effectiveness evaluation include: 
Sexual Encounter Profile (SEP)-questionnaires 2/3, Global 
Assessment Question (GAQ), and Erectile Hardness Score 
(EHS). For safety evaluation, all the AEs and adverse 
reaction were recorded including: pain [Visual Analogue 
Scale/Score (VAS)], local petechia or ecchymosis, hematuria 
and other AEs. Routine blood test (RBC, WBC, NEUT, 
HGB, PLT) and routine urine test (ERY, LEU, PRO, 
GLU) were also conducted pre-treatment and 1 month post 
treatment to detect potential biochemical changes in body 
fluids.

Statistical analysis

Full analysis set (FAS) includes qualified cases and dropout 
cases. The patient had been evaluated at least once during 
the trial. Intention to treat (ITT) analysis was used for 
data-carry-forward when the value of primary index for 
effectiveness was missing. Per protocol set (PPS) (PP 
analysis) includes only qualified cases (Met the inclusion 
criteria but not the exclusion criteria) with complete case 
report form (CRF). Security data set (SS) includes cases 
that received at least one time of treatment and had security 
records. Part of the cases meeting the exclusion criteria 
might be included to the SS. SS was used to calculate 
incidence of AEs and adverse reaction.

The results were analyzed using SAS (v9.4) software 
and expressed as percent or mean plus or minus standard 
deviation. Continuous variables of multiple groups were 

Table 2 Case number in 5 centers

Centers
PPS FAS SS

T C Total T C Total T C Total

PKFH 13 8 21 16 8 24 16 8 24

WFMH 15 7 22 16 8 24 16 8 24

LZSH 16 7 23 16 8 24 16 8 24

ZZFH 14 6 20 16 8 24 16 8 24

BCYH 11 6 17 16 8 24 16 8 24

Total 69 34 103 80 40 120 80 40 120

T, treatment (same for the following tables); C, control (same for the following tables); PKFH, Peking University First Hospital, Beijing, 
China, ID of ethics approval: 2015057; WFMH, Affiliated Hospital of Weifang Medical University, Weifang, Shandong, China, ID of ethics 
approval: 2017-1-2; LZSH, Lanzhou University Second Hospital, Lanzhou, Gansu, China, ID of ethics approval: AF/SG00800; ZZFH, The 
First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan, China, ID of ethics approval: 2016-39; BCYH, Beijing Chaoyang 
Hospital, Beijing, China, ID of ethics approval: 201610188.
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described and compared using t-test or Wilcoxon test (two 
tailed). The categorical variables were compared between 
groups using Chi-square test or Fisher’s test. Ranked data 
was compared using Cochran Mantel Haenszel (CMH) test. 
Statistical significance was set at P<0.05.

Results

Case description

The total inclusion cases are 120 (treatment 80; control 
40) and the number of dropout cases is 17 (11 in treatment 
group and 6 in control group). All the cases in 5 centers 
were summarized in Table 2. As for the analysis, FAS was 
set as 120 (treatment 80; control 40), PPS was set as 103 
(treatment 69; control 34) and SS was set as 120 (treatment 
80; control 40).

Pre-washout and pre-treatment information

The baseline parameters (age, weight, height, ethnicity, 
marital status, allergy, smoking, medical history and related 
treatment) of both groups showed no significant difference. 
The vital signs (heartbeat, pulse, temperature, blood 

pressure, respiratory rate) were measured at pre-washout 
time point (−4W). IIEF-5 was measured at pre-washout and 
pre-treatment time points (−4W and 0W). No significance 
was detected (P>0.05) between control and treatment 
groups. SEP, GAQ, EHS and Erection Quality Scale 
(EQS) information that were collected at time point 0W 
also showed no significant difference between two groups  
(Tables S1-S6).

LIPUS treatment improves ED based on the post-
treatment IIEF-5 scores

Response rates (increase ≥2 points) were calculated at 4W, 
8W, and 12W post-treatment. In the positive responsive 
category, we further calculate the percentage of patients 
with an increase of IIEF-5 score more than 3 points or 4 
points. In control group, the response rates were 20.59%, 
20.59%, and 17.65% at the 3 time points (PPS); while in 
treatment group, the corresponding response rates were 
76.81%, 75.36%, and 71.01% (PPS). The differences were 
significant (P<0.05, Tables 4 and 5, Figure 1). The average 
increase of IIEF-5 score in both groups (treatment vs. 
control) were 3.03±2.06 vs. 1.12±1.49 (4W), 3.35±2.31 
vs. 0.71±1.51 (8W), and 4.29±3.20 vs. 0.91±1.11 (12W) 

Table 3 Evaluation and Follow up

Time points Procedure Evaluation

−4W Pre-wash out period IIEF-5

0W Pre-treatment IIEF-5

Routine blood test (RBC, WBC, NEUT, HGB, PLT)

Routine urine test (ERY, LEU, PRO, GLU)

1W Treatment Pain (VAS)

2W Treatment Pain (VAS)

3W Treatment Pain (VAS)

4W Treatment Pain (VAS)

Post-treatment IIEF-5

8W 1 m post-treatment Pain (VAS)

IIEF-5

Routine blood test (RBC, WBC, NEUT, HGB, PLT)

Routine urine test (ERY, LEU, PRO, GLU)

12W 2 m post-treatment Pain (VAS)

IIEF-5

VAS, Visual Analogue Scale/Score.
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(P<0.05, Figure 1).

Complementary evaluation indexes regarding to erection 
improvement

In order to evaluate the erectile function improvement 
roundly, we further collect and analysis the data of EHS, 
SEP-questionnaires 2/3, and GAQ-questionnaires 1/2. 
CMH test of EHS score (Ranked data) revealed that 
significant change did happen between control and 
treatment groups 12W after treatment (P=0.012 for FAS 
analysis and PPS analysis, Table 6). As for SEP-2 (successful 
vaginal insertion w/o poor erectile rigidity), there were 
no significant differences between control and treatment 
groups 4, 8, or 12 weeks post treatment. The percentage 
of patients with positive answers to SEP-3 (successful/
satisfactory vaginal intercourse) were 58.97%, 64.1%, and 
73.08% 4, 8, and 12 weeks after treatment which were 

significantly higher than 28.95%, 31.58%, and 28.95% 
respectively in control group (FAS, P<0.05). The positive 
responsive rates for GAQ (“Did the treatment improve your 
erections” for GAQ1 and “Did the treatment improve your 
sexual life” for GAQ2) in treatment group were about 2 to 
3 times of that in control group (P<0.05, Figure 2).

AEs assessment

All the AEs were recorded including urinary tract infection 
(UTI), abscess, local burning feeling, and local pain. The 
number of device related AEs in treatment group was 
9 (happened to 7 patients). No device related AEs were 
recorded in control group. Local pain was most common 
recorded AE during the trial. We did the VAS analysis for 
pain assessment from 1W after treatment to 12 weeks after 
treatment. No significant difference was founded between 
control and treatment groups (Tables 7 and 8).

Table 4 Responsive rate (increase ≥2 points) based on IIEF-5 scores post-treatment (4W, 8W, 12W)

Response
FAS PPS

T C T C

4W

No, n (%) 22 (27.50) 31 (77.50) 16 (23.19) 27 (79.41)

Yes, n (%) 58 (72.50) 9 (22.50) 53 (76.81) 7 (20.59)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

CMH 27.586 30.129

P value <0.001 <0.001

8W

No, n (%) 22 (27.50) 31 (77.50) 17 (24.64) 27 (79.41)

Yes, n (%) 58 (72.50) 9 (22.50) 52 (75.36) 7 (20.59)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

CMH 26.628 26.394

P value <0.001 <0.001

12W

No, n (%) 26 (32.50) 32 (80.00) 20 (28.99) 28 (82.35)

Yes, n (%) 54 (67.50) 8 (20.00) 49 (71.01) 6 (17.65)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

CMH 23.258 24.675

P value <0.001 <0.001

FAS, full analysis set; PPS, per protocol set; CMH, Cochran Mantel Haenszel.
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Discussion

Although some of alternative therapies for ED have been 
extensively reported recently, including the exogenous 
stem cell therapy, gene therapy, and tissue engineering in 
preclinical studies, however, long-term investigation is still 
needed before clinical approach due to ethic, immunological 
problem, limited efficacy, and safety issues (5-9).

Extracorporeal shock wave (ESW) treatment of kidney 
stone disease is a major revolution in energy therapy. In 
2012, the clinical efficacy of low energy shock wave therapy 

(LESW) for ED was introduced. Our previous studies have 
shown that LEWS treatment can restore the pathological 
changes of erectile tissue, and pre-clinical studies have 
shown that LESW treatment can restore erectile function. 
The ultrasound and other energy sources of ultrasound 
have been used for medical purposes more than 70 years, 
including diagnosis and treatment (17). Ultrasound is defined 
as sound waves with frequencies above the human hearing 
threshold and is clinically divided into two main categories, 
imaging ultrasound and therapeutic ultrasound. Preclinical 
and clinical studies have shown that LIPUS stimulates tissue 

Table 5 Increase of IIEF-5 scores post-treatment (4W, 8W, 12W) compared to pre-treatment (0W)

Variable
FAS PPS

T C T C

4W

N (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Mean (Sd) 2.85 (2.09) 1.13 (1.44) 3.03 (2.06) 1.12 (1.49)

Median 3.00 1.00 3.00 1.00

Q1–Q3 1.00–4.00 0.00–1.00 2.00–4.00 0.00–1.00

Min–Max −1.00–10.00 −2.00–6.00 0.00–10.00 −2.00–6.00

Statistics −4.715 Wilcoxon test −4.906 Wilcoxon test

P value <0.001 <0.001

8W

N (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Mean (Sd) 3.23 (2.37) 0.73 (1.52) 3.35 (2.31) 0.71 (1.51)

Median 3.00 0.00 3.00 0.50

Q1–Q3 1.00–5.00 0.00–1.00 2.00–5.00 0.00–1.00

Min–Max −1.00–10.00 −2.00–5.00 −1.00–10.00 −2.00–5.00

Statistics −5.780 Wilcoxon test −5.635 Wilcoxon test

P value <0.001 <0.001

12W

N (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Mean (Sd) 4.08 (3.16) 0.90 (1.19) 4.29 (3.20) 0.91 (1.11)

Median 4.00 1.00 4.00 1.00

Q1–Q3 1.00–6.00 0.00–1.00 1.00–6.00 0.00–1.00

Min–Max −1.00–12.00 −1.00–4.00 −1.00–12.00 −1.00–4.00

Statistics −5.543 Wilcoxon test −5.330 Wilcoxon test

P value <0.001 <0.001

FAS, full analysis set; PPS, per protocol set.
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regeneration by transmitting mechanical energy. These 
effects are biomechanical conduction caused by micro-
turbulence caused by intercellular and intracellular fluids in 
the vicinity of the ultrasonic vibration structure. Recently, 
developments in the science of ultrasound have improved and 
made ultrasound a possible therapy for various diseases.

Our previous studies (9) have shown that that a continued 
wave form of low intensity ultrasound showed significant 
thermal effects that may induce tissue damage-related AEs, 
and ideal frequency and intensity and pulsed form of LIPUS 
may significantly reduce thermal effects to improve erectile 
function with restoring pathological changes in corpus 
cavernosum of diabetic ED rat model (9). The therapeutic 
effects of LIPUS were reported in bone disease, wound 
healing, inflammation, chronic myocardial ischemia et al. 
However, there are no reports on treatment of ED (12-18).

The novel device of LIPUS for ED was developed by 
Wanbeili Medical Instrument Co., Ltd., Beijing, China 
with a pulse duration time-to-pulse rest time ratio of 1:4 
(200 μs:800 μs) at 1,000 Hz and frequency at 1.7 MHz. In 

our previous preclinical study, LIPUS therapy improved 
erectile function and reversed pathologic changes in penile 
tissue of STZ induced diabetic rats which were evidenced 
by enhanced intracavernous pressure (ICP) level, increased 
endothelial and smooth muscle content, increased eNOS 
and nNOS expression and modified collagen and fiber 
changes with downregulation of TGF-β1/Smad/CTGF 
signaling pathway (9). No treatment related AEs were found 
in animal studies. With promising results of Low intensity 
pulsed ultrasound (LIPUS) therapy from our preclinical 
animal studies (9).

The therapeutic biological effectiveness of ultrasonic 
therapy is influenced by its application parameters such as 
intensity, frequency, continuous/pulsed current, and time of 
irradiation. In this clinical trial, the parameters of LIPUS 
treatment (1:4, 1,000 HZ, 300 mW/cm2) were chosen based 
on data from previous animal studies and LESW studies 
(9,18). Patients received treatment once a week for 4 weeks 
and each session lasting a total of 20 minutes, with each 
treatment area lasting 5 minutes.
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Figure 1 LIPUS treatment improves erectile dysfunction based on the Post-Treatment IIEF-5 scores. (A) Responsive rate (increase ≥2, 3 
or 4 points) based on IIEF-5 scores post-treatment (4W, 8W, 12W); (B) mean value of increase in IIEF-5 score post-treatment (4W, 8W, 
12W). Data are expressed as percent or mean ± SD, *, P<0.05 compared to control. LIPUS, low-intensity pulsed ultrasound.
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The underlying mechanisms of LIPUS are still not fully 
understood. Previous studies of LIPUS have focused on 
promoting fracture healing, accelerating soft tissue healing, 
inhibiting inflammatory responses, and controlling pain 
and musculoskeletal function recovery (19). Cruz et al. 
reported that ultrasound treatment of 1 MHz continuous  
(0.4 W/cm2 SATA) or pulse (20% duty cycle, 0.08 W/cm2 

SATA) was found to improve endothelial function in 
humans and has an anti-inflammatory effect (20). According 
to Watson, the overall effect of ultrasound in damaged 
tissue is pro-inflammatory, which leads to tissue repair  
(21-23). In our previous animal study, LIPUS therapy has 
been shown to significantly improve erectile function in 
diabetic rat models, as evidenced by increased ICP levels, 

Table 6 Erectile hardness score (EHS)

Score
FAS PPS

T C T C

4W

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

2, n (%) 5 (6.41) 5 (13.16) 5 (7.25) 5 (14.71)

3, n (%) 70 (89.74) 32 (84.21) 61 (88.41) 28 (82.35)

4, n (%) 3 (3.85) 1 (2.63) 3 (4.35) 1 (2.94)

Sum [missing] 78 [2] 38 [2] 69 [0] 34 [0]

Analysis 1.361 CMH 1.338 CMH 

P value 0.243 0.247

8W

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

2, n (%) 4 (5.13) 4 (10.53) 4 (5.80) 4 (11.76)

3, n (%) 71 (91.03) 33 (86.84) 62 (89.86) 29 (85.29)

4, n (%) 3 (3.85) 1 (2.63) 3 (4.35) 1 (2.94)

Sum [missing] 78 [2] 38 [2] 69 [0] 34 [0]

Analysis 1.083 CMH 1.067 CMH 

P value 0.298 0.302

12W

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

2, n (%) 4 (5.13) 5 (13.16) 4 (5.80) 5 (14.71)

3, n (%) 61 (78.21) 32 (84.21) 52 (75.36) 28 (82.35)

4, n (%) 13 (16.67) 1 (2.63) 13 (18.84) 1 (2.94)

Sum [missing] 78 [2] 38 [2] 69 [0] 34 [0]

Analysis 6.279 CMH 6.283 CMH 

P value 0.012 0.012

FAS, full analysis set; PPS, per protocol set.
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increased endothelial and smooth muscle content, and 
increased eNOS and nNOS expression (9).

In most clinical settings, physical therapies including 
LIPUS and LESW are conducted in a chronic way, in 
which patients receive therapy once or twice a week for 
four to eight weeks (24-27). The treatment protocol is 
corresponding to the tissue rehabilitation speed such as 
nerve regeneration. Although no treatment related AEs were 
recorded in our animal studies and clinical tries, we have no 
long-term safety evaluation of LIPUS treatment by now.

For evidence based clinical study, a multicenter, 
randomized, double-blind, shame controlled clinical trial 
was performed in this study and our results for the first time 

in clinical setting illustrated that LIPUS is beneficial for the 
treatment of mild to moderate ED.

Inclusion criteria in this study we select mild to moderate 
ED patients for Ideal results and due to LIPUS without 
noise like ESWT, we add vibratory sensation in both of 
shame control group and LIPUS treatment group for 
double blind study. In the present clinical trial, we found 
that LIPUS has similar effects with previously reported 
LESW on treating mild to moderate ED patients (18,25,28). 
LIPUS and LESW are both falling into the category of 
mechanical stimulus, however, they have very different 
physical properties. The energy output is more stable for 
LIPUS. LIPUS wave transmits mechanical energy by 

Table 7 Adverse events (AEs)

Variable
T C

P value
Events Patient Percent Events Patients Percent

Total AEs 11 9 11.25% 1 1 2.50% 0.162

Device related AES 9 7 8.75% 0 0 0.00% 0.094

AEs related to dropout 0 0 0.00% 0 0 0.00% –

Figure 2 Complementary evaluation indexes regarding to erection improvement. (A and B) Positive responsive rate for Sexual Encounter 
Profile (SEP)-questionnaires 2/3; (C and D) positive responsive rate for Global Assessment Question (GAQ)-questionnaires 1/2. Data are 
expressed as percent. *, P<0.05 compared to control.
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Table 8 VAS analysis for pain assessment

Pain T C Total Statistics P value

1W

No, n (%) 77 (96.25) 40 (100.00) 117 (97.50) – 0.550

Mild, n (%) 3 (3.75) 0 (0.00) 3 (2.50) Fisher’s

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 80 [0] 40 [0] 120 [0]

2W

No, n (%) 76 (96.20) 39 (100.00) 115 (97.46) – 0.550

Mild, n (%) 3 (3.80) 0 (0.00) 3 (2.54) Fisher’s 

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 79 [1] 39 [1] 118 [2]

3W

No, n (%) 76 (97.44) 38 (100.00) 114 (98.28) – 1.000

Mild, n (%) 2 (2.56) 0 (0.00) 2 (1.72) Fisher’s

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 78 [2] 38 [2] 116 [4]

4W

No, n (%) 77 (100.00) 38 (100.00) 115 (100.00) – –

Mild, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 77 [3] 38 [2] 115 [5]

8W

No, n (%) 78 (100.00) 38 (100.00) 116 (100.00) – –

Mild, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 78 [2] 38 [2] 116 [4]

12W

No, n (%) 78 (100.00) 38 (100.00) 116 (100.00) - -

Mild, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Moderate, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Severe, n (%) 0 (0.00) 0 (0.00) 0 (0.00)

Total [missing] 78 [2] 38 [2] 116 [4]
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perturbing cells around their equilibrium position (29). It 
is believed that a non-traumatic mechanical stimulus might 
triggers cellular deformation and induce extra cellular 
matrix (ECM)-cytoplasm signal transduction (30,31). 
Signals transmit to nucleus finally go through cytoskeleton 
(actin) resulting more subsequent responses by modified 
gene expression including inflammatory molecules such 
as IL-1 and IL-6, and neural growth-related factors such 
as BDNF (32). Fan et al. even found the effect of acoustic 
actuation of integrin-bound microbubbles for mechanical 
phenotyping during differentiation of stem cells (33). In 
their study, functionalized microbubbles targeted to integrin 
are employed for in situ measurement of cell stiffness during 
human embryonic stem cell (hESC) differentiation and 
morphogenesis. Cell stiffness which remains unchanged in 
undifferentiated hESCs, is significantly increased during 
neural differentiation. Ultrasound therefore provides a 
versatile platform for in situ measurement and manipulation 
of cellular mechanical property, cell differentiation and cell 
fate. As for ED treatment, the mechanical signals illustrated 
by LIPUS or LESW transmitted to the local tissue 
cells induce extracellular matrix molecular changes and 
intracellular composition changes. The above-mentioned 
mechanisms alter the cavernously structure/composition 
and local micro environment which might be related 
activation endogenous stem cell to beneficial for local tissue 
regeneration and rehabilitation (15,16).

In general, LIPUS is a novel noninvasive method and 
is suited for use in combination therapy to treat ED, such 
as paired with oral PDE5is. A huge advantage of LIPUS 
compared to LESW is that, LIPUS can be delivered using a 
portable system that can be easily applied in the comfort of 
patients’ homes. Potential LIPUS in the other therapeutic 
application such as stress urinary incontinence could be 
expected in the near future.

Conclusions

These results indicate that LIPUS can effectively treat patients 
with mild to moderate ED without significant AEs, which is 
related to the mechanical force of LIPUS and can restore the 
pathological changes within the corpus cavernosum. LIPUS 
is a promising alternative therapeutic method for ED 
treatment in the near future and the further study is needed.
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Supplementary

Table S1 IIEF-5 table used in this clinical trial

Questions 0 1 2 3 4 5

Q1: How do you rate your 
confidence that you could get and 
keep an erection?

Very low Low Moderate High Very high

Q2: When you had erections with 
sexual stimulation, how often were 
your erections hard enough for 
penetration?

No sexual 
activity

Almost never or 
never

A few times 
(less than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(more than 
half the time)

Almost always 
or always

Q3: During sexual intercourse, how 
often were you able to maintain 
your erection after you had 
penetrated (entered) your partner?

Did not attempt 
intercourse

Almost never or 
never

A few times 
(less than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(more than 
half the time)

Almost always 
or always

Q4: During sexual intercourse, 
how difficult was it to maintain 
your erection to completion of 
intercourse?

Did not attempt 
intercourse

Extremely difficult Very difficult Difficult Slightly 
difficult

Not difficult

Q5: When you attempted sexual 
intercourse, how often was it 
satisfactory for you?

Did not attempt 
intercourse

Almost never or 
never

A few times 
(less than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(more than 
half the time)

Almost always 
or always



Table S2 IIEF-5 analysis at week 0

Rate
FAS PPS

T C T C

Q1

1, n (%) 7 (8.75) 3 (7.50) 7 (10.14) 3 (8.82)

2, n (%) 26 (32.50) 15 (37.50) 21 (30.43) 14 (41.18)

3, n (%) 35 (43.75) 16 (40.00) 31 (44.93) 12 (35.29)

4, n (%) 9 (11.25) 4 (10.00) 7 (10.14) 3 (8.82)

5, n (%) 3 (3.75) 2 (5.00) 3 (4.35) 2 (5.88)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.005 CMH 0.101 CMH

P value 0.944 0.751

Q2

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 1 (1.25) 0 (0.00) 1 (1.45) 0 (0.00)

2, n (%) 29 (36.25) 17 (42.50) 25 (36.23) 13 (38.24)

3, n (%) 30 (37.50) 14 (35.00) 28 (40.58) 12 (35.29)

4, n (%) 14 (17.50) 6 (15.00) 11 (15.94) 6 (17.65)

5, n (%) 6 (7.50) 3 (7.50) 4 (5.80) 3 (8.82)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.118 CMH 0.202 CMH

P value 0.731 0.653

Q3

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 3 (3.75) 1 (2.50) 3 (4.35) 0 (0.00)

2, n (%) 33 (41.25) 15 (37.50) 28 (40.58) 13 (38.24)

3, n (%) 29 (36.25) 17 (42.50) 25 (36.23) 15 (44.12)

4, n (%) 15 (18.75) 7 (17.50) 13 (18.84) 6 (17.65)

5, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.104 CMH 0.350 CMH

P value 0.747 0.554

Q4

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 3 (3.75) 2 (5.00) 3 (4.35) 1 (2.94)

2, n (%) 29 (36.25) 12 (30.00) 23 (33.33) 10 (29.41)

3, n (%) 31 (38.75) 17 (42.50) 27 (39.13) 15 (44.12)

4, n (%) 17 (21.25) 9 (22.50) 16 (23.19) 8 (23.53)

5, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.097 CMH 0.166 CMH

P value 0.755 0.684

Q5

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 14 (17.50) 9 (22.50) 14 (20.29) 5 (14.71)

2, n (%) 30 (37.50) 12 (30.00) 23 (33.33) 11 (32.35)

3, n (%) 32 (40.00) 17 (42.50) 29 (42.03) 16 (47.06)

4, n (%) 4 (5.00) 2 (5.00) 3 (4.35) 2 (5.88)

5, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.024 CMH 0.609 CMH

P value 0.878 0.435

Total

N (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Mean (Sd) 13.43 (3.32) 13.43 (3.36) 13.38 (3.32) 13.71 (3.38)

Median 13.00 13.00 13.00 13.50

Q1–Q3 11.00–16.00 11.00–16.50 11.00–16.00 11.00–17.00

Min–Max 8.00–20.00 8.00–21.00 8.00–20.00 8.00–21.00

Analysis −0.062 Wilcoxon 0.391 Wilcoxon

P value 0.951 0.696

FAS, full analysis set; PPS, per protocol set.



Table S3 SEP analysis at week 0

Content
FAS PPS

T C T C

SEP2

Can, n (%) 72 (90.00) 37 (92.50) 63 (91.30) 32 (94.12)

Can not, n (%) 8 (10.00) 3 (7.50) 6 (8.70) 2 (5.88)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis – Fisher – Fisher

P value 0.750 1.000

SEP3

Can, n (%) 12 (15.00) 6 (15.00) 9 (13.04) 5 (14.71)

Can not, n (%) 68 (85.00) 34 (85.00) 60 (86.96) 29 (85.29)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.000 Chi square – Fisher

P value 1.000 1.000

SEP, Sexual Encounter Profile; FAS, full analysis set; PPS, per protocol set.

Table S4 GAQ analysis at week 0

Content
FAS PPS

T C T C

GAQ1

Yes, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

No, n (%) 80 (100.00) 40 (100.00) 69 (100.00) 34 (100.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis – –

P value – –

GAQ2

Yes, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

No, n (%) 80 (100.00) 40 (100.00) 69 (100.00) 34 (100.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis – –

P value – –

GAQ, Global Assessment Question; FAS, full analysis set; PPS, per protocol set.



Table S5 EHS analysis at week 0

EHS
FAS PPS

T C T C

0, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

2, n (%) 20 (25.00) 8 (20.00) 17 (24.64) 7 (20.59)

3, n (%) 60 (75.00) 32 (80.00) 52 (75.36) 27 (79.41)

4, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.370 CMH 0.207 CMH

P value 0.543 0.649

EHS, Erectile Hardness Score; FAS, full analysis set; PPS, per protocol set.

Table S6 EQS analysis at week 0

Content
FAS PPS

T C T C

Morning erection

No erection, n (%) 6 (7.50) 2 (5.00) 5 (7.25) 2 (5.88)

Erection but, not hard, n (%) 17 (21.25) 12 (30.00) 15 (21.74) 9 (26.47)

Unsatisfactory hardness, n (%) 40 (50.00) 22 (55.00) 34 (49.28) 20 (58.82)

Somewhat satisfactory hardness, n (%) 15 (18.75) 2 (5.00) 13 (18.84) 2 (5.88)

Satisfactory hardness, n (%) 1 (1.25) 2 (5.00) 1 (1.45) 1 (2.94)

Very satisfactory, n (%) 1 (1.25) 0 (0.00) 1 (1.45) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.625 CMH 0.760 CMH

P value 0.429 0.383

Stimulated erection

No erection, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Erection but, not hard, n (%) 3 (3.75) 2 (5.00) 1 (1.45) 2 (5.88)

Unsatisfactory hardness, n (%) 47 (58.75) 25 (62.50) 41 (59.42) 22 (64.71)

Somewhat satisfactory hardness, n (%) 28 (35.00) 12 (30.00) 25 (36.23) 9 (26.47)

Satisfactory hardness, n (%) 2 (2.50) 0 (0.00) 2 (2.90) 0 (0.00)

Very satisfactory, n (%) 0 (0.00) 1 (2.50) 0 (0.00) 1 (2.94)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.094 CMH 0.725 CMH

P value 0.759 0.395

Masturbation

No erection, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Erection but, not hard, n (%) 8 (10.00) 3 (7.50) 7 (10.14) 3 (8.82)

Unsatisfactory hardness, n (%) 48 (60.00) 30 (75.00) 41 (59.42) 25 (73.53)

Somewhat satisfactory hardness, n (%) 21 (26.25) 6 (15.00) 18 (26.09) 5 (14.71)

Satisfactory hardness, n (%) 3 (3.75) 1 (2.50) 3 (4.35) 1 (2.94)

Very satisfactory, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Total (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Analysis 0.816 CMH 0.861 CMH

P value 0.366 0.353

Total

N (missing) 80 (0) 40 (0) 69 (0) 34 (0)

Mean (Sd) 6.49 (1.81) 6.20 (1.74) 6.55 (1.84) 6.15 (1.74)

Median 6.00 6.00 6.00 6.00

Q1–Q3 5.00–8.00 5.00–7.00 5.00–8.00 5.00–7.00

Min–Max 3.00–11.00 3.00–13.00 3.00–11.00 3.00–13.00

Analysis −0.753 Wilcoxon −1.025 Wilcoxon

P value 0.451 0.305

EQS, Erection Quality Scale; FAS, full analysis set; PPS, per protocol set; CMH, Cochran Mantel Haenszel. 


