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Abstract: Peripheral neuropathic pain (PNP) and complex regional pain syndrome (CRPS) 

can be effectively treated with peripheral nerve stimulation. In this clinical trial report, effec-

tiveness of novel, miniature, wirelessly controlled microstimulator of tibial nerve in PNP and 

CRPS was evaluated. In this pilot study the average preoperative visual analog scale (VAS) score 

in six patients was 7.5, with 1, 3 and 6 months: 2.6 (p=0.03), 1.6 (p=0.03), and 1.3 (p=0.02), 

respectively. The mean average score in the six patients a week preceding the baseline visit was 

7.96, preceding the 1, 3 and 6 month visits: 3.32 (p=0.043), 3.65 (p=0.045), and 2.49 (p=0.002), 

respectively. The average short-form McGill pain score before surgery was 23.8, and after 1, 

3 and 6 months it was 11.0 (p=0.45), 6.3 (p=0.043), and 4.5 (p=0.01), respectively. Applied 

therapy caused a reduction of pain immediately after its application and clinical improvement 

was sustained on a similar level in all patients for six months. No complications of the treatment 

were observed. Intermittent tibial nerve stimulation by using a novel, miniature, wirelessly con-

trolled device can be effective and feasible in PNP and CRPS. It is a safe, minimally invasive, 

and convenient neuromodulative method.

Keywords: tibial nerve stimulation, peripheral nerve stimulation, miniature stimulator, periph-

eral neuropathic pain, complex regional pain syndrome

Background
Peripheral nerve stimulation (PNS) belongs to the least invasive neuromodulative 

procedures approved for the treatment of neuropathic pain. PNS requires surgical 

exposure of the target nerve or percutaneous implantation of a cylindrical electrode in 

the vicinity of the stimulated nerve and can be applied in experienced centers. Stimu-

lation of peripheral nerves produces paresthesia in the area innervated by this nerve 

and  induces analgesic effect in several mechanisms: peripheral, spinal segmental and 

central.1 The most common indications are neuropathic pain related to the dysfunction 

of certain nerve, that is, occipital neuralgia, infra- or supraorbital trigeminal neuro-

pathic pain, inquinal pain after herniorrhaphy, postherpethic neuralgia, and complex 

regional pain syndrome (CRPS).2–9

Peripheral neuropathic pain (PNP) is defined as the presence of painful symptoms 

due to peripheral nerve dysfunction. PNP can be caused by trauma, infection, diabe-

tes, alcohol abuse, cancer chemotherapy, and vitamin deficiency. Diabetes mellitus 

is the most common cause of PNP. Approximately up to 50% patients with diabetes 

develop neuropathy and half of them have pain as a main symptom.10 People usually 

have chronic, painful symptoms in their feet and hands. For its management, varying 
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drug combinations (nonsteroidal anti-inflammatory drugs, 

antidepressants, and antiepileptic drugs), exercise, diet, and 

physiotherapy are available. Current treatments are frequently 

insufficient.

PNP can be treated with the neurostimulation: spinal 

cord stimulation (SCS), dorsal root ganglion stimulation 

(DRGS), or PNS.11–14 SCS is the best documented efficient 

neuromodulative method in painful diabetic peripheral neu-

ropathy (PDPN).12 SCS is more efficient in diabetic periph-

eral neuropathic pain and causalgia than in intercostal and 

postherpetic neuralgia.15 According to the Neuromodulation 

Appropriateness Consensus Committee, SCS seems to be 

an efficacious and feasible treatment for intractable PDPN 

with recommendation to introduce in it the early stage of 

therapeutic management.16 CRPS with the distribution in 

legs is also a classical indication for SCS.16–18

Tibial nerve stimulation is indicated in patients with PNP 

located in foot. The stimulation can also be used in bladder 

disorders. Several reports also proved efficacy of this stimula-

tion in overactive bladder syndrome.19–21

The objective of the study was to evaluate BlueWind 

System safety and performance which serves for tibial nerve 

stimulation in patients with PNP. Based on the experience 

of our center, we wanted to present our comments on the 

usability of this novel neuromodulation system.

Methods
We report a prospective clinical trial study on the effects of 

PNS in PNP of a different origin treated with tibial nerve 

stimulator in Department of Neurosurgery in Bydgoszcz, 

Poland, in years 2014–2015. The study was part of a trial 

conducted in four centers in Europe (two in Poland and two 

in Belgium) and one center in Israel. The trial was sponsored 

by BlueWind Medical Ltd., Israel producer of the Reprieve 

System. The study was registered in ClinicalTrial.gov under 

identifier NCT02209896. The Ethics Committee at Mili-

tary Medical Institute, Warsaw, Poland, approved the study 

protocol on February 28, 2014. The study was conducted 

in accordance with local regulations, good clinical practice 

guidelines, and the Declaration of Helsinki. All patients 

provided a written consent.

Patient selection
The patients were recruited according to the following inclu-

sion criteria: signed informed consent, male or female aged 

18–80 years, diagnosis of chronic neuropathic pain due to 

neuropathy for at least 6 months demonstrated by 3 ratings 

per day across 7 days, patient refractory to conservative 

treatments for at least 6 months, and stable pain medication 

for at least 4 weeks prior to study enrollment. Exclusion 

criteria included the following: previous participation in the 

study within the past 90 days, any active implant (cardiac or 

other), current pregnancy, any clinically significant neuro-

logic disorder, any clinically significant or unstable psychiat-

ric condition or cardiovascular, pulmonary, gastrointestinal, 

hematological, hepatic, renal or endocrine disease, and severe 

peripheral vascular disease causing ischemic ulcers. Table 1 

presents the characteristics of patients enrolled to the study 

in our center.

Study design
The study consisted of the following stages: the first visit–

recruitment; the second visit–compatibility test; the third 

visit–implantation; the fourth visit after 1 month–activation 

of system and parameter setting; and follow-up visits–1, 3, 

and 6 months post activation.

At Visit 1, each patient signed an informed consent form 

(ICF). The patient was also asked to fill-in a daily pain diary 

for a period of seven consecutive days before the second visit.

At Visit 2, post recruitment eligible patients had appoint-

ment and were given compatibility tests with stimulation leads 

(e.g., needle electrodes) inserted temporary into the patient’s 

lower leg in proximity to the tibial nerve and individual stimu-

lation were set for pain relief. Intermittent stimulation with a 

frequency of up to 40 Hz, a pulse width of up to 800 μs, and 

a current up to 18 mA was given for a period of 30 minutes.

Individual stimulation parameters for an effective pain 

relief were set; optimal stimulation parameters were deter-

mined for each patient according to their sensations and 

pain severity. Success of the compatibility test assessed as a 

3-point reduction in visual analog scale (VAS) between the 

baseline pain and the average of the treatment pain plus post 

Table 1 Characteristics of patients N=6

Patient Characteristics

Patient 1 Female, 39 years old, diabetic PNP with diabetes since 2009, 
symmetrical feet pain paresthesias, and burning sensation in 
soles

Patient 2 Female, 62 years old with PNP in soles and toes after 
boreliosis in 2012 

Patient 3 Male, 76 years old, idiopathic PNP: tingling and sharp 
sensation in sole and heel of left leg for 20 years

Patient 4 Male, 78 years old, idiopathic PNP of left leg with tingling in 
heel and sole 

Patient 5 Male, 46 years old, spinal cauda equina injury after trauma 
due to motorbike accident in 1989 with CRPS and after 
failed SCS trial

Patient 6 Male, 55 years old, diabetic PNP lasting 4 years with diabetes 
in both feet with the predominance on the right side 

Abbreviations: CRPS, complex regional pain syndrome; PNP, peripheral neuropathic 
pain; SCS, spinal cord stimulation.
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treatment pain. Only patients who passed the compatibility 

test proceeded to the implantation phase. At Visit 3, the 

implantation of the device was performed in an operating 

theatre under local anesthesia.

At Visit 4, activation of the BlueWind Reprieve System 

was performed in all patients 1 month after the implantation. 

During the activation process, individual stimulation param-

eters were set gradually to minimize patient discomfort until 

optimal settings were achieved. Stimulation parameters are 

presented in Table 2.

Each patient attended the clinic at 1, 3, and 6 months 

after system activation. The patients were asked about their 

symptoms, discomforts that might have been felt, or other 

physiological or technical problems that might have arisen. 

Every adverse event was recorded in the patient’s case report 

form. Tuning of stimulation parameters was performed if 

required. Any change in medications or dosage was recorded.

The primary study endpoints were as follows: pain 

assessment by VAS at 6 months post activation as compared 

to baseline and serious adverse event (SAE) incidence; the 

secondary endpoints were as follows: pain-related medication 

consumption/day, short-form (SF)-McGill pain questionnaire 

and quality of life questionnaire SF-36 health survey and 

safety. Measurements of pain were conducted by using the 

patient diary (recording the VAS three times per day across 

7 days), the SF-McGill pain questionnaire, and the quality 

of life questionnaire SF-36.

Procedure
Implantation was performed under local anesthesia. A 

5  cm long skin incision line was carried out proximal 

to the point located 3 cm over the medial malleolus and 

2 cm posterior to the tibia. After exposing crural fascia, 

the neurovascular tibial bundle was identified. A correct 

implant orientation was essential so that the exposed elec-

trodes faced the tibial nerve in direct contact. The device 

was secured with four sutures to the fascia 1–2 cm deep 

under the skin which was closed with subcutaneous and 

cutaneous sutures (Figure 1).

Device description
The BlueWind Reprieve system is a neurostimulator consist-

ing of implantable component (the implant), external control 

unit, and physician programmer. The implant is a miniature, 

wireless device which serves for PNS. It is implanted next 

to the tibial nerve.

The device is powered wirelessly from a wearable unit that 

also controls stimulation parameters and records diagnostic 

information for the use of treating physician (Figure 2). The 

patient can control the stimulation schedule and the intensity. 

A physician tablet programmer can define stimulation param-

eters and read diagnostic information stored on the device.

Statistical analysis
All statistical analyses were performed using Statistica 

version 10 (StatSoft) and Microsoft Excel 2007. The dis-

tribution of results differed from the normal distribution, 

the correlation analysis of the data was performed, and the 

comparative studies were analyzed statistically using the 

Table 2 Parameters and duration of stimulation

Patient Rate (Hz) Pulse width 
(µs)

Amplitude 
(mA)

Duration time 
(hour/24 hours)

Patient 1 20 800 4.4–4.8 2
Patient 2 10–20 500–800 3.7–4.7 1
Patient 3 20 800 4.7 1
Patient 4 20 100 2.3–3.1 0.5
Patient 5 20 800 8.5 2.5
Patient 6 10–20 800–200 8.5 1

Figure 1 Implant fixed to fascia over the tibial nerve in patient 3.

Figure 2 External control unit on patient’s leg.
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nonparametric analysis of variance Friedman test. To confirm 

the significance of differences between related variables, the 

Dunn multiple comparison test was used. The p-value <0.05 

was considered statistically significant.

Results
In this pilot study, the follow-up was 6 months in six patients, 

the average preoperative VAS score was 7.5, after 1 month 

was 2.6 (p=0.03), after 3 months was 1.6 (p=0.03), and after 6 

months was 1.3 (p=0.02; Figure 3). The mean average score in 

six patients during a week preceding baseline visit was 7.96, 

preceding 1 month visit 3.32 (p=0.043), preceding 3 months 

visit 3.65 (p=0.045), and preceding 6  months visit 2.49 

(p=0.002; Table 3 and Figure 4). Average McGill score before 

surgery was 23.8, after 1 month 11.0 (p=0.45), after 3 months 

6.3 (p=0.043), and after 6 months 4.5 (p=0.01; Figure 5). 

Applied therapy caused reduction of pain immediately after 

its application and therapeutic effect was observed in the first 

and third months till the sixth month on a similar level in all 

patients. No complications of the treatment or with the wound 

healing were observed. In one patient (patient 6), one side 

effect of the stimulation of the tibial nerve was noted. The 

patient complained of swelling of the treated foot during the 

active stimulation although the analgesic effect was sustained.

Discussion
We report results of the multicenter study on the effectiveness 

of miniature tibial nerve stimulator implant based on experi-

ence and results of one center. This is a case series consisting 

of six patients. This is the first report on the feasibility and 

efficacy of this minimally invasive, neuromodulative proce-

dure. After the straightforward device implantation, patients 

do not have trial stimulation. In this procedure, the trial stimu-

lation takes place before the implantation and is replaced by 
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Figure 3  Results in VAS scale in control visits p=0.0023 using ANOVA Friedman test.
Abbreviations: ANOVA, analysis of variance; VAS, visual analog scale.

Table 3 Mean averages of 21 measurements of VAS taken three 
times a day during a week according to patients’ diaries preceding 
control visit before surgery, after 1 month, after 3 months, and 
after 6 months in the treated leg

Patient Before 1 month 3 months 6 months

Mean 7.96 3.32 3.65 2.49
Patient 1 8.19 4.71 2.86 2.25
Patient 2 8.09 3.28 6.6 5.68
Patient 3 6.60 3.00 4.76 2.0
Patient 4 7.35 1.71 3.0 1.28
Patient 5 9.76 0.95 1.62 1.33
Patient 6 7.76 6.28 3.05 1.19

Abbreviation: VAS, visual analog scale.
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Figure 4 Results in mean VAS during the week preceding the controlled visit 
(p=0.0003) in ANOVA Friedman test. 
Note:  Statistical significance observed after 1 month; after 3 months, p=0.03; and 
after 6 months, p=0.02 in Dunn’s multiple comparison.
Abbreviations: ANOVA, analysis of variance; VAS, visual analog scale.
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Figure 5  Results in McGill score (p=0.0023 in ANOVA Friedman test). 
Note: Statistical significance after 3 months and after 6 months.
Abbreviations: ANOVA, analysis of variance; VAS, visual analog scale.
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external stimulation of the tibial nerve by a needle electrode 

lasting 30 minutes during the so-called compatibility test. In 

our center, from seven patients one had to be excluded due to 

failed compatibility test caused by too small pain reduction 

(<3 points on VAS score between baseline and after treatment 

pain). Activation of the implant was carried out 1 month after 

the implantation. Parameters were set to cover the area of pain 

(usually sole of the foot, heel, toes, or cnemis) with paresthesia 

and thus reduce the pain. In our group, satisfying pain relief 

was observed in all treated cases. The origin of pain in these 

patients was located distally to the implantation site. Explana-

tion of the positive response on stimulation can be explained 

by Wall and Melzack theory concerning PNS which says 

that stimulation of C fibers activates cell in dorsal horns and 

reduces pain transmission.22 Several reports proved effective-

ness of PNS in different pain disorders.3,12,23,24 In our series, 

in one patient (patient 5), the origin of neuropathic pain was 

different and source of neuropathic pain was located above 

the implantation site. This patient had CRPS type I caused 

by the cauda equina injury due to fracture of the lumbar 

spine. He had been suffering on excruciating pain located in 

both feet with the predominance of one leg for 7 years due 

to spinal roots injury caused by a motorbike accident. The 

pain filled the criteria of cauda equine syndrome (bladder 

disturbances, numbness, and muscle weakness) and CRPS 

type I (continuing, regional, distal pain with motor deficit and 

asymmetry of temperature).25 He underwent a trial of SCS 

with a negative result 1 year before. The spectacular positive 

effect of tibial nerve stimulation on pain was observed in the 

compatibility test and remained 1 year after implantation. 

The source of pain comes from injured cauda equina on the 

level of L2. This case suggests that this kind of pain can be 

successfully treated with noncontinuous PNS distally to the 

source of pain. Thermographic effect, which reflects improved 

peripheral blood circulation caused by antisympathetic 

activity of tibial nerve stimulation, objectifies a subjective 

improvement expressed by the patient (Figure  6A, B). 

Induced vasodilatation improves perfusion and raises warmth 

in stimulated leg. The mechanism of action of PNS in the 

suppression of sympathetic vasoconstriction may be similar 

to the mechanism of antisympathetic activity of SCS linked 

to the release of vasodilators after stimulation of fibers in 

dorsal root ganglia.26

The Neuromodulation Appropriateness Consensus Com-

mittee recommends SCS for the treatment of CRPS of at 

least 3 months duration or severe, rapidly progressing dis-

ease refractory to conservative treatment after psychological 

evaluation and successful trial.16 Perhaps further studies are 

needed to compare the effectiveness of SCS, DRGS, and PNS 

in CRPS and prove its efficiency in this entity. By contrast, 

SCS can be effective in neuropathic pain located in distal 

parts of lower extremities, especially when a wide range of 

new, multicolumn, paddle-type electrodes is available. Kumar 

et al in their study received ≥50% pain relief in 63% of the 

patients with PDPN after SCS at a 1-year follow-up.15 At 

present, DRGS seems to be a very efficient and minimally 

invasive tool for treatment of pain located in foot with focal 

distribution.14,27

Analyzing parameters and daily duration of stimula-

tion, we noted that only 1–2 hours of active stimulation is 

sufficient and gives analgesic effect lasting 24 hours. The 

effective frequency of stimulation is low from 10 to 20 Hz. 

In a whole, we do not need a large volume of charge and 

high current to achieve satisfactory pain control. Similarly, a 

significant reduction of neuropathic pain can be attained by 

transcutaneous electrical nerve stimulation (TENS) lasting, 

for instance, 20–30 minutes daily (TENS art) or even by 

simply grounding which is associated with charge, electrons 

flow, and changes of electrical potential in the extracellular 

environment.28–30

Intermittent and noncontinuous stimulation with aver-

age 1.4 hour/24 hours applied in the group of our patients 

was sufficient to ensure satisfactory improvement due to the 

sustained effect of neuromodulation.

Diversity of individual stimulator application was vast in 

our group. Patient 3 was stimulating tibial nerve from 10 to 

16 times per day up to 8 hours of stimulation despite he was 

turning on the stimulation without evident pain aggravation. 

However, patient 6 was using the stimulating device once 2 

weeks with session on activation lasting 30 minutes. Three 

patients 1, 5, and 6 noted improvement in the untreated 

legs. Especially, patient 5 who had the most prominent pain 

relief. He did not feel the paresthesia but he had alleviation 

of pain during the compatibility test and the treatment with 

concomitant 50% pain reduction in the second leg.

A B

Figure 6 Thermographic effect of stimulation of the right leg in patient 5 
demonstrated  on the controlled visit after 1 month.
Note: (A) Shows both feet before stimulation and (B) after 30 min of stimulation.
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Reverberi et al presented a series of patients with CRPS 

with PNS systems having small implantable pulse gen-

erator devices (Neuroimpulse, Lightimpulse, and Rubano) 

achieving reduction in pain and allodynia with substantial 

improvement of functioning of joints and extremities in 15 

patients. In their series in three patients, implants had to be 

explanted due to inefficacy.23 The system that was used in 

this study has benefits such as minimal and leadless design, 

a small size, and can be placed subcutaneously using only 

one small skin incision. The implant does not include any 

energy source and therefore does not have the life span limi-

tation. The crucial advantage of this system over standard 

neurostimulators is the lack of the cable–electrode leads, 

extensions, and lack of the large battery, which should be 

implanted under the skin. It ensures better comfort for 

patients. The implant is so small that it is impossible to 

palpate it under the skin and works only when the patient 

wants. What is new in neuromodulation and very important 

for the patients is the freedom of choice whether to stimulate 

or not to stimulate and when and how long. It all depends 

upon the patient.

The limitation of this study is the fact that it is a single-

arm study with the small number of patients, without a control 

group. Further parallel group study with the control group 

or the cross-over study is warranted in order to confirm the 

efficacy of this novel nerve stimulator and provide higher 

level of evidence.

Conclusion
This method is minimally invasive, wireless (the lack of 

the cable and the lack of the large battery which should be 

implanted under the skin). The system fills the criteria of 

neuromodulative procedure, that is, reversible and easily 

adjustable. Wireless control is convenient for physician and 

not bothersome for patient. The method is safe and effective. 

It can be a reliable and beneficial alternative for pharmaco-

logically treated patients with PNP and CRPS.
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