
Background: Chronic low back and lower limb pain occurs in 13% of Americans, and is the 
leading cause of disability. Patients with this condition have a reduced quality of life, have mental 
health disorders, and cognitive disfunction. While back pain alone is difficult to manage, back 
pain with associated leg pain results in further reduced outcomes. Spinal cord stimulation (SCS) 
is a minimally invasive therapy that has been used for a variety of chronic pain disorders when 
conservative management strategies have failed. The therapy is appealing because of its ability to 
provide long-term relief at a reduced cost and it has low rates of serious adverse events.

Objective: The objective of this retrospective study was to examine the safety and efficacy of the 
Freedom® SCS System for treating patients who have chronic bilateral back and leg pain.

Study Design: This retrospective study included 32 patients who received a permanent Freedom® 
SCS System to treat their chronic bilateral back and leg pain due to nerve compression due to 
complex regional pain syndrome (CRPS) Type I and/or II. A retrospective chart review was conducted 
to assess baseline and follow-up Verbal Rating Scale (VRS) pain scores as well as  complications. 

Setting: This study was conducted at a single center in the United States.

Methods: The data were retrospectively collected from patients’ medical records. Pain was 
assessed using the 11-point VRS scores; these scores were collected at baseline, post-trial, 6 months 
post-implantation, and 12 months post-implantation. Adverse events were reported descriptively 
and classified as serious or nonserious and either related or nonrelated to the implantation.

Results: The post-trial VRS scores for the 32 patients  were reduced by 73% (P < 0.001). At 6 
months post-implantation, the VRS scores were reduced by 71% (P < 0.001) for 30 patients and at 
12 months by 74% (P < 0.001) for 19 patients. No adverse events were reported.

Limitations: Our study’s retrospective design limited us to the data available in the patients’ 
charts.

Conclusion: The Freedom SCS System is an effective and safe therapy for treating patients with 
chronic back and leg pain that is resistant to conservative therapy due to nerve compression and 
CRPS Type I and/or II. These types of patients often report aggravation of symptoms with surgery. 
Minimal invasive surgery should decrease the chance of extra symptoms.
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IIn the United States, chronic low back pain is prevalent 
in 13% of adults; it is by far the leading cause of 
disability (1). People with chronic low back pain 

experience a reduced quality of life and a reduced ability 
to independently engage in activities of daily living (2). 
These patients are also at greater risk for depression 
and anxiety. Furthermore, they may experience reduced 
cognitive function (3). The economic consequence of 
low back pain in the United States has been estimated 
to be as high as $624.8 billion (4). The main contributing 
factors to this cost include the loss of work productivity 
and health care resource usage.

Current nonpharmacological treatment options 
include exercise, physical therapy, massage therapy, 
acupuncture, heat application, spinal manipulation, 
and yoga (5). Pharmacological options include non-
steroidal anti-inflammatory drugs, acetaminophen, 
skeletal muscle relaxants, selective norepinephrine 
reuptake inhibitors, benzodiazepines, and gabapenti-
noids (5,6). Opioids have been prescribed as a manage-
ment strategy, but should be avoided as dependence 
or misuse has been reported in 24% of cases (7). When 
conservative management strategies are insufficient, 
radiofrequency ablation and surgery (e.g., spinal fu-
sion) are additional treatment options (8,9).

Spinal cord stimulation (SCS) is a minimally inva-
sive intervention that has been used for a variety of 
chronic pain disorders when conservative management 
has failed (10-14). SCS is appealing because it provides 
long-term pain relief, often at a fraction of the cost of 
other interventions (15). Additionally, low rates of seri-
ous adverse events have been reported, with lead mi-
gration being the most common. These adverse events 
can often be resolved with system reprogramming or 
revision surgery (16). The exact mechanism for how 
SCS induces analgesia remains unclear, but has been 
hypothesized to be based partly on Melzack and Wall’s 
gate control theory (17,18). 

While chronic low back pain alone is difficult to 
manage, back pain with associated leg pain can result 
in further poor outcomes and increased management 
difficulty (19). Thus, it is important to explore poten-
tial therapies. We present a retrospective analysis of 
patients with chronic bilateral back and leg pain who 
were treated with SCS using high-frequency electro-
magnetic coupled (HF-EMC) technology. 

Methods

This retrospective study received an exemption for 
review from the Institutional Review Board, WCG. 

Patient Selection
This retrospective series included 32 patients who 

received a permanent Freedom® SCS System (Curonix 
LLC) to treat refractory chronic bilateral back due to 
nerve compression and leg pain due to complex re-
gional pain syndrome (CRPS) Type I and/or II. Patients 
considered for this treatment had failed alternative 
options such as  rhizotomies, and sacroiliac joint, epi-
dural, and facet injections. After a successful SCS trial, 
determined as at least a 50% reduction in pain, pa-
tients were implanted with a permanent Freedom SCS 
System. A retrospective chart review was conducted to 
assess baseline and follow-up parameters.

All patients were required to be at least 18 years 
old and have a permanent Freedom SCS System. Pa-
tients with any additional implanted neurostimulation 
devices in addition to the Freedom SCS System were 
excluded.

Device Description
The Freedom SCS system (Curonix, LLC, Pompano 

Beach, FL) includes an implanted electrode array with 
eight contacts, a separate implanted receiver, as well as 
an external transmitter assembly and wearable accesso-
ry (Fig. 1). The external transmitter uses high-frequency 
electromagnetic coupling (HF-EMC) technology to 
wirelessly transfer data and stimulation energy to the 
two-component implant that the physician connects 
during the procedure. The physician is also required 
to create a separate, distinct pocket to permanently 
anchor the device. 

Permanent Implant Surgical Technique
Written, informed consent was obtained from all 

patients. Patients were taken to the operating room 
and positioned prone on the table. The implant site 
was prepped and covered with sterile drapes. The 
needle entry point and pathway were planned using 
palpation. The skin and deeper tissues were anesthe-
tized using a local anesthetic. The initial introducer 
path was also infiltrated with a local anesthetic. The 
first incision was made with a number 11 scalpel 
blade. A 13G Tuohy needle was passed through the 
incision and advanced percutaneously into the epi-
dural space while injecting small amounts of local 
anesthetic. An 8-contact electrode array was inserted 
through the cannula and advanced in the epidural 
space covering T7–T9. Using the same technique, a 
second electrode array was placed covering T9–T11 
(Fig. 2).
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A receiver pocket was created using blunt dissec-
tion through a second incision. The steering stylets 
were removed from the previously implanted electrode 
arrays, and separate receivers were connected to the 
electrode arrays. The electrode arrays and receivers 
were fixed at the primary implant site using a per-
cutaneous anchor injected through the fascia.  The 
electrode arrays and receivers were tunneled beneath 
the skin from the first incision to the second incision 
receiver pocket. Knots were tied to connect the sepa-
rate receivers and electrode arrays permanently. The 
receivers were coiled into small diameter coils and 2 
nonabsorbable sutures were used to permanently form 
the receiver coils. The receiver coil edges were tucked 
underneath the coils to avoid protruding edges. Using 
a nonabsorbable suture, the receiver coils were sutured 
to the fascia in 2 locations, ensuring they were flat in 
the pocket. The receiver pocket was closed with deep 
and superficial absorbable sutures.

Programming Protocol
Systems were programmed subthreshold with a 

frequency of 1,499 Hz at variable intensities (mA) be-
tween T9 and T10. The transmitter assembly was worn 
in a wearable on the lower back (Fig. 1).

Demographics
Data were collected for 32 patients. All patients 

had been diagnosed with chronic bilateral back pain 
due to nerve compression and leg pain due to CRPS.
Mean pain scores at baseline were recorded at 7.5 ± 1.8 
with the Verbal Rating Scale (VRS). The mean age was 
69 ± 15.9 years; 19 patients (59%) were men, and 13 
(41%) were women. 

Data Analysis
Our primary analysis utilized the VRS to assess the 

responder rate. The secondary analysis included pain 
reductions with the VRS, which is an 11-point scale that 
ranges from 0 (no pain) to 10 (extreme pain). Patients 
reported the VRS at pre- and post-trial. A long-term 
follow-up was collected to assess the current percent-
age of  pain relief.

Adverse events were reported descriptively and 
classified as serious or nonserious and either related or 
nonrelated to the implantation.

The data were collected from medical records us-
ing case report forms and entered into an Excel version 
16.87 (Microsoft Corporation) spreadsheet. Statistical 
analysis was performed using descriptive statistics and 

paired t tests to compare pre- and post-procedure pain 
scores. A P value of  ≤ 0.05 was considered significant. 

Results

Primary Outcome Responder Rate
At the end of the trial period, all 32 (100%) pa-

tients reported more than 50% pain relief, with mean 
pain scores reducing from 7.5 ± 1.8 to 2.0 ± 0.6 (73%; P 
< 0.001) (Fig. 3).

Fig 1. Freedom SCS System.

Fig 2. X-ray of  device positioning in the epidural space.
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Long Term Follow-up
Thirty patients had a permanent implant for at 

least 6 months, with the remaining 2 still being fol-
lowed. The average VRS score decreased to 2.1 ± 
1.2 (71%; P < 0.001). Nineteen patients reached the 
12-month follow-up post-permanent implant and re-
ported a mean VRS of 1.9 ± 1.3 (74%; P < 0.001). Study 
patients also report an improved quality of life and 
reduced pain. No complications due to the procedure 
or device were reported.

Discussion

While there have not been any studies that spe-
cifically examined chronic back pain due to nerve 
compression and leg pain caused by CRPS, our results 
of significant pain improvements align with what has 
been previously reported in the use of SCS for treating 
lumbar radiculopathy or CRPS. Mehta, et al (20) used 
SCS to treat 20 patients with lumbar radiculopathy. 
They reported a 63.1% improvement in pain scores 
at one month, 40.9% improvement at 3 months, and 
48.9% improvement at 12 months. Atallah, et al (21) 
also treated lumbar radiculopathy in a case report 
where the patient experienced 100% pain relief. Ris-
son, et al (22) treated 33 patients with CRPS, reporting 
a 70% reduction in pain postoperatively. In another 
study examining the use of SCS for CRPS, Kumar, et al 
(23) treated 25 patients and reported a 42.9% pain im-
provement at 3 months. At their long-term follow-up, 
an average of 88 months, the average pain improve-
ment was 33.3% (23). 

The externally powered SCS system used in our 
study has also been reported to be beneficial in pre-
vious studies. Bolash, et al (24) successfully treated 

38 patients with HF-EMC SCS for failed back surgery 
syndrome (24). Ahmadi, et al (25) reported pain reduc-
tions in their patients with either CRPS Type 2 (n = 1), 
painful diabetic polyneuropathy (n = 1), or brachialgia 
(n = 1) (25). In 9 patients treated for failed back sur-
gery syndrome, 7 experienced an improvement in pain 
(25). 

The externally powered design is beneficial due 
to its minimal invasiveness. This avoids complications 
and risks associated with surgical implantation of an 
implantable battery especially since patients with CRPS 
have often been reported to have aggravated post-
surgery symptoms. Minimally invasive surgery should 
decrease these extra symptoms (26). 

Furthermore, this means that no pulse generator 
replacement procedures are needed and the risk of 
revision surgery may be reduced. With pulse genera-
tors, the average lifespan before replacement surgery 
required is between 8 and 9 years (27). For patients 
with pulse generators, the rate of revision surgery has 
been reported to be 21.5% (28). In addition to the 
externally powered design, the Freedom SCS’s high 
frequency (1499 Hz) output may also be advantageous. 
Previous studies have found some evidence supporting 
that the high frequency waveform results in enhanced 
outcomes and reduced adverse events (29,30).

Limitations and Future Directions
Various limitations associated with our study must 

be recognized, such as its retrospective nature contrib-
uting to potential bias and the limited results data. Still, 
our study provides good data for future trials/research 
related to SCS with an externally powered system for 
treating back and knee pain. 

Conclusion

SCS using the Curonix Freedom SCS System is an 
effective and safe therapy for treating patients with 
chronic back pain and leg pain due to nerve compres-
sion and CRPS that is resistant to conservative therapy. 

Acknowledgment
We would like to acknowledge and thank the 

Curonix Clinical team for their participation support 
in writing, data analysis and technical editing of the 
manuscript.

Fig 3. Verbal Rating Scale pain scores.



www.painphysicianjournal.com 	 E47

Externally Powered SCS for Chronic Back and Leg Pain

References

1.	 Stevans JM, Delitto A, Khoja SS, et al. 
Risk factors associated with transition 
from acute to chronic low back pain in 
US patients seeking primary care. JAMA 
Netw Open 2021; 4:e2037371

2.	 Dueñas M, Salazar A, de Sola H, Failde I. 
Limitations in activities of daily living in 
people with chronic pain: Identification 
of groups using clusters analysis. Pain 
Pract 2020; 20:179-187. 

3.	 Abd-Elsayed A, Gyorfi M. Chronic low 
back pain and cognitive function. Pain 
Pract 2023; 23:463-464. 

4.	 Gore M, Sadosky A, Stacey BR, Tai KS, 
Leslie D. The burden of chronic low back 
pain: Clinical comorbidities, treatment 
patterns, and health care costs in usual 
care settings. Spine (Phila Pa 1976) 2012; 
37:E668-E677.

5.	 Fiala KJ, Kim RB, Martens JM, Abd-
Elsayed A. Lumbar level peripheral 
nerve stimulation for low back pain. 
Ochsner J 2022; 22:265-272.

6.	 D’Souza RS, Jin MY, Abd-Elsayed A. 
Peripheral nerve stimulation for low 
back pain: A systematic review. Curr Pain 
Headache Rep 2023; 27:117-128. 

7.	 Martell BA, O’Connor PG, Kerns RD, et 
al. Systematic review: Opioid treatment 
for chronic back pain: Prevalence, 
efficacy, and association with addiction. 
Ann Intern Med 2007; 146:116-127. 

8.	 Janapala RN, Manchikanti L, Sanapati 
MR, et al. Efficacy of radiofrequency 
neurotomy in chronic low back pain: A 
systematic review and meta-Analysis. J 
Pain Res 2021; 14:2859-2891. 

9.	 Zhao L, Manchikanti L, Kaye AD, Abd-
Elsayed A. Treatment of discogenic low 
back pain: Current treatment strategies 
and future options—A literature review. 
Curr Pain Headache Rep 2019; 23:86. 

10.	 D’Souza RS, Her YF, Jin MY, Morsi 
M, Abd-Elsayed A. Neuromodulation 
therapy for chemotherapy-induced 
peripheral neuropathy: A systematic 
review. Biomedicines 2022;10:1909. 

11.	 Finnern MT, D’Souza RS, Jin MY, 
Abd-Elsayed AA. Cervical spinal cord 
stimulation for the treatment of 
headache disorders: A systematic review. 
Neuromodulation 2023; 26:1309-1318.

12.	 D’Souza RS, Langford B, Dombovy-
Johnson M, Abd-Elsayed A. 
Neuromodulation interventions for 
the treatment of painful diabetic 
neuropathy: A systematic review. Curr 
Pain Headache Rep 2022; 26:365-377. 

13.	 Karri J, Joshi M, Polson G, et al. Spinal 
cord stimulation for chronic pain 
syndromes: A review of considerations 
in practice management. Pain Physician 
2020; 23:599-616.

14.	 D’Souza RS, ElSaban M, Martinez 
Alvarez GA, Jin MY, Kubrova E, Hassett 
LC. Treatment of pain in length-
dependent peripheral neuropathy with 
the use of spinal cord stimulation: 
A systematic review. Pain Med 2023; 
24:S24-S32. 

15.	 Kumar K, Abbas M, Rizvi S. The use 
of spinal cord stimulation in pain 
management. Pain Manag 2012; 
2:125-134. 

16.	 Bendersky D, Yampolsky C. Is spinal 
cord stimulation safe? A review of its 
complications. World Neurosurg 2014; 
82:1359-1368. 

17.	 Melzack R. Gate control theory: On the 
evolution of pain concepts. Pain Forum 
1996; 5:128-138. 

18.	 Jensen MP, Brownstone RM. 
Mechanisms of spinal cord stimulation 
for the treatment of pain: Still in the 
dark after 50 years. Eur J Pain 2019; 
23:652-659. 

19.	 Konstantinou K, Hider SL, Jordan JL, 
Lewis M, Dunn KM, Hay EM. The 
impact of low back-related leg pain on 
outcomes as compared with low back 
pain alone: A systematic review of the 
literature. Clin J Pain 2013; 29:644-654. 

20.	 Mehta V, Poply K, Ahmad A, et al. 
Effectiveness of high dose spinal cord 
stimulation for non-surgical intractable 
lumbar radiculopathy - HIDENS study. 
Pain Pract 2022; 22:233-247. 

21.	 Atallah J, Armah FA, Wong D, Weis PA, 
Fahy BG. Use of spinal cord stimulator 
for treatment of lumbar radiculopathy 
in a patient with severe kyphoscoliosis. 
Pain Physician 2008; 11:555-559.

22.	 Risson EG, Serpa AP, Berger JJ, Koerbel 
RFH, Koerbel A. Spinal cord stimulation 

in the treatment of complex regional 
pain syndrome type 1: Is trial truly 
required? Clin Neurol Neurosurg 2018; 
171:156-162.

23.	 Kumar K, Rizvi S, Bnurs SB. Spinal cord 
stimulation is effective in management 
of complex regional pain syndrome 
I: Fact or fiction. Neurosurgery 2011; 
69:566-578. 

24.	 Bolash R, Creamer M, Rauck R, et al. 
Wireless high-frequency spinal cord 
stimulation (10 kHz) compared with 
multiwaveform low-frequency spinal 
cord stimulation in the management 
of chronic pain in failed back surgery 
syndrome subjects: Preliminary 
results of a multicenter, prospective 
randomized controlled study. Pain Med 
2019; 20:1971-1979. 

25.	 Ahmadi R, Hajiabadi MM, Unterberg 
A, Geist C, Campos B. Wireless spinal 
cord stimulation technology for the 
treatment of neuropathic pain: A single-
center experience. Neuromodulation 
2021; 24:591-595.

26.	 Abd-Elsayed A. Wireless peripheral 
nerve stimulation for treatment of 
peripheral neuralgias. Neuromodulation 
2020; 23:827-830.

27.	 Deer TR, Pope JE, Falowski SM, 
et al. Clinical longevity of 106,462 
rechargeable and primary cell spinal 
cord stimulators: Real world study in the 
Medicare population. Neuromodulation 
2023; 26:131-138. 

28.	 Mehta SH, Hoelscher CM, Sharan 
AD, Thalheimer S, Wu C. Implantable 
pulse generator site may be associated 
with spinal cord stimulation revision 
surgeries. Neuromodulation 2021; 
24:1336-1340. 

29.	 Chitneni A, Jain E, Sahni S, 
Mavrocordatos P, Abd-Elsayed A. 
Spinal cord stimulation waveforms for 
the treatment of chronic pain. Curr 
Pain Headache Rep 2024; 28:595-605. 
Published online April 12, 2024. 

30.	 Gupta M, Abd-Elsayed A, Knezevic NN. 
Improving care of chronic pain patients 
with spinal cord stimulator therapy 
amidst the opioid epidemic. Neurol Sci 
2020; 41:2703-2710. 




