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Background: The incidence of chronic postoperative pain following lumbar spinal surgery 

has increased with the overall increase in the prevalence of lumbar surgery. This study was con-

ducted to evaluate the analgesic effectiveness of pulsed electromagnetic field (PEMF) therapy 

in subjects with persistent pain following lumbar surgery.

Patients and methods: A randomized, double-blind, sham-controlled, multicenter study in 36 

subjects with persistent low-back and/or radiating leg pain after lumbar surgery was conducted. 

Eligible subjects were randomized (1:1:1) to receive one of two doses of therapy (42-μs or 38-μs 

pulse width) or treatment with a sham device. Subjects self-treated twice daily for 60 days. The 

primary end point was change in pain intensity (∆PI) using the Numerical Pain Rating Scale 

between average baseline (Days −5 to −1) and end of treatment (Days 56–60) for lumbar and 

radiating leg pain. Secondary outcome measures included the Oswestry Disability Index, Beck 

Depression Inventory-II, Patient Global Impression of Change, and consumption of analgesics.

Results: Low-back pain scores for the 42-μs group decreased by 40.2% (p = 0.028), compared 

to 18.6% for the 38-μs pulse width group (p = 0.037) and 25.6% for the sham group (p = 0.013 

per protocol population). Average leg pain scores decreased by 45.0% (42 μs, p = 0.009), 17.0% 

(38 μs, p = 0.293), and 24.5% (sham, p = 0.065). The proportion of subjects responding to 

therapy, time to 30% reduction in pain scores, and Patient Global Impression of Change were 

improved with the PEMF 42-μs device over the sham control, although results were associated 

with p-values >0.05.

Conclusion: PEMF therapy (42-μs pulse width) was associated with trends for a reduction 

in pain, compared to sham treatment. Secondary endpoints were consistent with an overall 

beneficial effect of the PEMF 42-μs pulse width device.

Keywords: failed back surgery syndrome, lumbar surgery, neuropathic pain, pulsed electro-

magnetic field therapy, neuromodulation, chronic pain, nociceptive pathways

Introduction
In the USA, it has been estimated that more than 80,000 individuals per year experi-

ence chronic pain and/or complications after back surgery.1 Persistent or recurrent 

back and/or leg pain following back surgery – whether associated with laminectomy, 

discectomy, fusion, or other procedures – is referred to as failed back surgery syn-

drome (FBSS).2–5 Considering patients with FBSS separately from those with similar 

symptoms but who have not undergone surgery is important, because identification 
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of the underlying cause of pain of patients in this subgroup 

has therapeutic implications.4,6 Patients with persistent pain 

following back surgery may present with axial (low-back) 

pain and/or radiating leg pain of varying degrees,2,3,6–8 despite 

having had anatomically satisfactory spinal surgery.4,9,10 

The underlying cause of FBSS varies by patient. It can be 

due to mechanical or neuropathic conditions that develop 

postoperatively, or, in some cases, it can be due to an initial 

misdiagnosis of the origin of pain, which, as a result, was 

not addressed by the surgery.3,5,6,11

Understanding what constitutes effective management 

strategies for FBSS remains challenging due to the complex 

neuropathology of FBSS,12 the heterogeneity of underlying 

causes of FBSS,1,3,4,12 and the need for more clinical data to 

support an evidence-based approach to treatment.13 Several 

types of interventions are used to treat FBSS. Typically, con-

servative (eg, physical therapy, medication) and/or minimally 

invasive (eg, epidural injection, adhesiolysis) interventions 

are used prior to undertaking repeat spinal surgery, which is 

associated with a decrease in success rate for each subsequent 

surgery compared with the first surgery.1,3,14 Some interven-

tions used to treat FBSS can introduce complications. Phar-

maceutical options, for example, are often associated with 

adverse side effects15–18 and have the potential for misuse and 

addiction,17,19 whereas invasive options have been associated 

with complications such as migration (for implanted devices) 

and infection.18

Alternative approaches for the treatment of chronic pain 

associated with FBSS include implanted spinal cord stimula-

tors (SCS),18,20,21 radiofrequency (RF) ablation (denervation 

or rhizotomy),2,3,5 and, more recently, pulsed electromagnetic 

field (PEMF) therapy.22 Each of these approaches involve 

electric currents – either delivered via an electrode (SCS or 

RF ablation) or induced (PEMF) – with the goal of either 

modifying pain signaling (SCS and PEMF) or ablating ner-

vous tissue (RF ablation) via different methods. There are 

no data indicating that PEMF devices can induce electrical 

currents and, possibly, directly modify vital functions. PEMF 

can, however, alter gene and protein expression. PEMF 

therapy involves generating a PEMF with a coil located 

within an applicator pad that is placed adjacent to the area of 

the body to be treated. In the case of the PEMF device used 

in the current trial, a carrier frequency (27.12 MHz) is also 

employed. Biological effects using this approach most likely 

occur via induction of electrical current within the tissue.23,24

Whereas clinical data suggest PEMF therapy is effective 

for the treatment of postoperative pain in soft tissues,23,25 

there have been no randomized, double-blind, controlled 

clinical trials to date on the use of PEMF therapy for FBSS 

pain. Results of a recent open-label pilot study using PEMF 

therapy for FBSS pain found clinically meaningful improve-

ments in a subset of study subjects.22 As a follow-up to this 

study, the current study was designed to examine the effect of 

PEMF therapy in a multicenter, randomized, sham-controlled, 

double-blind study in patients with chronic pain following 

lumbar surgery. The hypothesis was that the 42-μs dose was 

superior to the sham control. The 38-μs dose was exploratory 

to examine whether preliminary laboratory observations with 

this dose would be associated with clinical effects.

Patients and methods
Study design
This was a pilot, multicenter, randomized (1:1:1), double-

blind, sham-controlled, parallel-group study designed to 

evaluate the analgesic effectiveness of PEMF treatment 

in patients with persistent pain following lumbar surgery 

(ClinicalTrials.gov identifier: NCT02416973).51 Treatment 

was administered twice daily over a 60-day period. The study 

was conducted at 13 sites in the USA and was designed to 

enroll 45 patients. Ethics committee approval was obtained 

from the Quorum Independent Review Board for each site 

(Table S1) prior to starting the study, and the study was 

conducted in compliance with the International Standard of 

Good Clinical Practice (ICH E6-GCP) procedures and the 

principles of the Declaration of Helsinki (1964).

Study population
The key inclusion criteria were previous anatomically suc-

cessful lumbar back surgery for low-back pain, persistent 

pain in the low back and/or radiating to leg(s) for greater 

than or equal to 3 months and less than or equal to 36 months 

following the most recent surgery, stable analgesic dosing 

regimen for greater than or equal to 30 days, and an mean 

pain intensity (PI) of greater than or equal to three and less 

than nine on the 11 point Numerical Pain Rating Scale 

(NPRS; Table 1). Potential subjects underwent a Screening 

Visit (Day −14 to Day −10). Written informed consent for 

study participation was obtained from all subjects.

Study procedures
Subjects meeting the inclusion and exclusion criteria 

(Table 1) entered the 10-day run-in phase of the study. 

During the run-in phase, subjects were trained in the use of 

the electronic patient-reported outcome (ePRO) diary, and 

enrolled into the baseline period of the diary. Subjects were 

randomized if they continued to meet inclusion criteria and 

none of the exclusion criteria at the end of the run-in period. 
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Randomization was in a 1:1:1 ratio to therapy with one 

of two active PEMF devices (42-μs or 38-μs pulse width) 

or an identical inactive sham device. The randomization 

numbers were auto-assigned to subjects from the individual 

sites’ randomization list through a secure interactive web 

response system as subjects qualified for inclusion into 

the study. The currently marketed and US Food and Drug 

Administration (FDA) cleared device (Provant® Therapy 

System, Regenesis Biomedical, Scottsdale, AZ, USA) 

utilizes a 42-μs pulse width. Further experimentation was 

carried out using cells in culture at Regenesis Biomedical 

and was based on published literatures.23–25 The second 

active arm was added on the basis of internal laboratory-

based research to explore whether a reduction in pulse 

width would impact efficacy when compared to the 42-μs 

setting. New therapeutic modalities or additional therapeu-

tic regimens other than the study device were not permitted 

during the study.

Subjects were instructed to self-treat for 30 minutes 

twice daily (morning and evening; 8 am ± 2 hours and 8 pm 

± 2 hours) for 60 days when at home. Interim Visits were 

conducted on Days 15, Day 30, and Day 61 to assess safety, 

concomitant medications, weight, high sensitivity C-reactive 

protein (hsCRP), the Oswestry Disability Index (ODI), and 

Beck Depression Inventory II (BDI). Subjects who expe-

rienced increased pain during the study were instructed to 

increase self-administration of their prescribed analgesic(s). 

Likewise, subjects who experienced decreased pain during 

the study were instructed to decrease self-administration of 

their prescribed analgesic(s).

Study devices
The PEMF device used in the study (Provant® Therapy Sys-

tem) uses a solid-state, fixed-power output radiofrequency 

generator and transmitter designed to operate at the Federal 

Communication Commission-authorized medical device 

frequency of 27.12 MHz. Provant is cleared by the FDA 

for use as an adjunctive treatment for postoperative pain 

and edema in superficial soft tissues. The therapy system 

generates a pulsed electromagnetic field using a Class-C RF 

amplifier. Two pulse durations were evaluated in this study: 

42 and 38 μs. Pulses are repeated every 1,000 μs, resulting 

in an output duty cycle of 4.2% and 3.8% and requiring an 

average forward power level of <5 W. The amount of forward 

energy emitted from the treatment applicator is preset at 591 

± 44 V/m at a distance of 5.0 cm from the radiating surface 

of the treatment applicator. The doses with the current device 

were based on the FDA-approved and currently marketed 

device. Further experimentation was undertaken using cells 

in culture at Regenesis Biomedical and was based on pub-

lished literatures.23–25

Sham devices were identical to active devices, except 

that they were deactivated such that no electromagnetic 

field energy was generated or delivered when the device was 

turned on. All other functions were identical to that of the 

active study devices.

ePRO Diary data collection
All subjects in the study were provided with an ePRO Diary 

login (DSG Inc, Malvern, PA, USA) to access the diary from 

any Internet browser for use during the study to allow for 

Table 1 Key inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

•	 age ≥22 years
•	 One or two anatomically successful lumbar back 

surgeries for the treatment of low back pain
•	 Persistent pain in the low back and/or radiating to 

leg(s) for ≥3 months and ≤36 months following the 
most recent surgery

•	 Stable analgesic dosing regimen (including opioid 
and nonopioid medication) for ≥30 days prior to 
the Screening Visit

•	 Mean pain intensity ≥3 and <9 as measured on the 
numeric pain rating scale during the 10-day run-in 
period

•	 Completion of a minimum of 80% of the ePRo 
diary assessments during the 10-day run-in period

•	 History of more than two lumbar spine surgeries
•	 Required additional lumbar surgery or surgery of any type prior to Day 75
•	 Disc fusion at any level in the most recent surgery
•	 Any local injection into the lumbar spine within 30 days prior to the Screening Visit or 

within 6 weeks prior to the Screening Visit with long-acting lidocaine injection products
•	 Use of systemic corticosteroids within 2 months of the Screening Visit
•	 History of an ongoing painful condition that, in the opinion of the investigator, might have 

had a confounding influence on the safety or effectiveness analysis
•	 Implanted pacemaker, defibrillator, neurostimulator, spinal cord stimulator, bone 

stimulator, cochlear implant, or other implanted device with an implanted metal lead(s)
•	 Consumption of an average of >100 mg oral morphine sulfate equivalents per day during 

the 10-day run-in period
•	 SD around the mean of the mean PI scores during the 10-day run-in period was >2.0
•	 BMi >38 kg/m2

•	 Previous treatment with the PEMF therapy

Abbreviations: PI, pain intensity; BMI, body mass index; PEMF, pulsed electromagnetic field; ePRO, electronic patient-reported outcome.
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collection of patient-reported outcomes (average and worst 

PI, analgesic consumption, and Patient Global Impression 

of Change [PGIC]). Subjects were instructed by the site, by 

using a standardized script, to record their PI and analgesic 

consumption each morning at 8 am (±2 hours) during the 

10-day run-in period (Day −10 to Day −1). Furthermore, 

subjects were instructed to record their ePRO data (PI, anal-

gesic consumption, and PGIC) immediately following each 

morning treatment for 60 days (Days 1–60), and continue 

to collect ePRO data for 15 days following completion of 

treatment each morning at 8 am (±2 hours). Subjects were 

prompted to report the daily mean and worst PI for their 

lumbar back pain and/or radiating leg pain separately, anal-

gesic consumption, and PGIC every 7 days. For analgesic 

consumption, subjects were prompted to report their analge-

sic consumption (opioid and nonopioid) prescribed for the 

treatment of the subject’s lumbar back and/or radiating leg 

pain over the preceding 24 hours.

outcome measurements
Pain intensity
The PI was self-reported by subjects using the validated 

11-point NPRS.26,27 For PI analyses, mean PI scores were 

calculated for every 5-day interval of the trial period (ie, a 

total of 16 intervals for per protocol [PP] subjects) for each 

of the four PI score categories reported (ie, worst back PI, 

mean back PI, worst leg PI, mean leg PI). The baseline PI 

was defined as the mean PI for the last 5 days of the 10-day 

run-in period, and end-of-treatment PI was defined as the 

mean PI for the last 5 days of the 60-day treatment period.

Responder analyses
For the prespecified responder analysis, subjects reporting 

a two-point reduction in PI or a 30% decrease in PI from 

baseline were considered responders.29

area under the curve
Post hoc area under the curve (AUC) analyses were conducted 

to assess PI changes over time for all randomized subjects 

without imputation. AUC analyses were undertaken using 

SAS software.28

Change from baseline PI AUC
The analysis was conducted using SAS software by 

integration.

analgesic consumption
Subjects self-reported their consumption of analgesic tab-

lets by recording the number of pills of each medication 

consumed in the preceding 24 hours in the ePRO diary. 

Analgesic medications refer to medications prescribed and 

administered for the treatment of pain and included opioids, 

nonsteroidal anti-inflammatory agents, antidepressants, and 

muscle relaxants. The analysis on analgesic consumption was 

based on the number and percentage change in the number 

of pills taken at each 5-day period compared with the 10-day 

run-in period.

Other patient-reported outcomes
The PGIC is a seven-point validated categorical scale of 

overall change in status.29,30

The ODI (version 2.1a) consists of a self-reported ques-

tionnaire in categorical format that assesses a subject’s level 

of disability for common activities such as walking, sleeping, 

and personal care.31

Symptoms of depression were assessed using the BDI, 

version II.32 A score of 13 or less is considered indicative of 

minimal depression, whereas a score of 29 or greater indicates 

severe depression.

High-sensitivity C-reactive protein
The hsCRP levels were assayed using blood samples obtained 

at the Enrollment and Interim Visits as a biomarker of 

inflammation.33,34

Safety
Safety was monitored through the collection of adverse 

events, including serious adverse events. The Medical Dic-

tionary for Regulatory Activities coding dictionary was used 

to categorize adverse events.

Statistical analyses
Analysis of the primary endpoint (PI) was conducted on the 

intent-to-treat (ITT) population using the last observation 

carried forward (LOCF) imputation method, together with a 

median and quartile imputation. A sensitivity analysis was 

undertaken on the primary endpoint using a PP population. 

The PP population was identified prior to the unblinding of 

the study data and was defined on the basis of subjects that 

completed 60 days of treatment and did not have significant 

protocol deviations. The quartile imputation was a worstcase 

imputation that used the 25th percentile of the treatment 

group to impute values for the active groups and used the 

75th percentile for imputation of values in the sham group. 

There were no imputations carried out on missing data for 

the secondary endpoints. There were no adjustments for 

multiple testing. Adverse events were summarized by number 

and incidence. The sample size of 15 patients per group and 
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45 in total was a sample of convenience for this study. No 

power calculations were conducted.

Statistical tests to evaluate the significance of within-

group (WG) and between-group (BG) differences in PI scores 

were conducted in SAS software. WG and BG differences 

were tested using one-way analysis of variance. Data were 

plotted using Sigma Plot 13.0.

Results
In total, 69 subjects were screened at 13 sites. Of the 69 

screened, 52 subjects entered the 10-day run-in period. Eleven 

subjects were found to be ineligible during the run-in period, 

leaving 41 eligible subjects who were enrolled in the study 

and who received at least one treatment (ITT population). 

Of the 41 subjects in the ITT population, 36 subjects com-

pleted the 60-day treatment protocol (PP population). Of the 

five ITT subjects who withdrew early, three subjects (42-μs 

group) withdrew on Days 9, 32, and 36 due to an adverse 

event, one subject (38-μs group) withdrew on Day 7 due to 

personal reasons, and one subject (sham group) withdrew 

on Day 15 due to lack of efficacy (Figure 1). The study was 

closed to enrollment prior to achieving the planned enroll-

ment (45 subjects) in order to allow for inclusion of study 

results in a planned regulatory submission.

Demographics
Demographics and clinical characteristics at baseline were 

generally similar between study groups (Table 2). There 

was a slightly higher proportion of males in the 42-μs group 

(62%, 8/13) relative to the sham group (36%, 5/14). The 

Enrollment

                  Excluded (n = 28)
   Did not meet inclusion criteria (n = 28)

Assessed for eligibility
(n = 69)

Randomized
(n = 41)

Sham
(n = 14)

Follow-up

Analyzed

Discontinued intervention,
lack of efficacy (n = 1)

Discontinued intervention,
personal reasons unrelated

to the study (n = 1)

Discontinued intervention,
moderate increase in leg pain (n = 2)

herniated disc (n = 1)

Per protocol population (n = 10)
Intent-to-treat population (n = 13)

Per protocol population (n = 13)
Intent-to-treat population (n = 14)

Per protocol population (n = 13)
Intent-to-treat population (n = 14)

Allocation

PEMF, 38-µs puse width
(n = 14)

PEMF, 42-µs puse width
(n = 13)

Figure 1 Study flow chart and patient profile.
Abbreviations: n, number of subjects; PEMF, pulsed electromagnetic field.

Table 2 Subject demographics and baseline characteristics

Sham 38-µs group 42-µs group p-value

Gender, n (%) 0.46
Male 5 (36.0) 7 (50.0) 8 (62.0)
Female 9 (64.0) 7 (50.0) 5 (36.0)

Age (years) 50.6 (12.2) 51.2 (12.3) 56.0 (14.3) 0.59
Height (cm) 170 (12.2) 173 (15.7) 169 (10.7) 0.69
Weight (kg) 85 (19.3) 86.2 (22.5) 87.5 (13.7) 0.94
BMi (kg/m2) 29.3 (5.1) 28.6 (5.8) 30.7 (4.5) 0.56
Time since 
surgery (months)

15.1 (10.4) 12.6 (8.6) 12.7 (7.6) 0.70

PI, lumbar 5.1 (1.0) 5.5 (1.6) 4.9 (1.9) 0.41
PI, radiating leg 4.3 (1.8) 5.4 (1.6) 5.1 (1.8) 0.83
oDi 33.8 (14.7) 39.7 (17.9) 32.4 (9.6) 0.48
BDi (units) 10.1 (6.74) 12.4 (5.57) 9.7 (6.55) 0.80
hsCRP (mg/l) 2.3 (2.1) 2.1 (2.6) 0.56 0.5857

Note: Data are reported for iTT population/and recorded as mean (±SD) unless 
otherwise specified.
Abbreviations: n, number of subjects; PI, pain intensity; ODI, Oswestry Disability 
Index; BDI, Beck Depression Inventory; hsCRP, high-sensitivity C-reactive protein; 
ITT, intent-to-treat; BMI, body mass index.
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mean duration of time from the most recent surgery was 12.7, 

12.6, and 15.1 months for the 42-μs, 38-μs, and sham groups, 

respectively. Baseline data were generally similar for each 

of the study groups. The majority of subjects reported both 

lumbar (40/41) and radiating leg (35/41) pain. Mean BDI 

scores were low at baseline for all study groups. In terms 

of concurrently used interventions during the study, 83% 

of ITT subjects reported participating in regular at-home 

stretching or exercise, and 7% of ITT subjects received in-

office physical therapy.

Compliance
The mean total duration of device usage per subject during 

the study was 57.2 ± 4.4, 49.7 ± 14.5, and 46.7 ± 17 hours, 

respectively, for the 42-μs, 38-μs, and sham groups for the 

PP population, based on the device usage meter data.

Pain intensity
The mean end-of-treatment PI was lower for the 42-μs group 

than for the other study groups, for both lumbar and radiating 

leg pain (Figure 2A and B, Table 3). The primary endpoint 

7

A B

p = 0.013

Baseline vs Days 56–60 pain scores
(lumbar)

Baseline vs Days 56–60 pain scores
(radiating leg)

p = 0.037 p = 0.028

Baseline
Days 56–60

Baseline
Days 56–60
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Sham 38 µs 42 µs

Therapy group

Sham 38 µs 42 µs

Therapy group

Figure 2 Mean pain scores at the end of treatment (Days 56–60) compared with baseline.
Notes: (A) lumbar pain. (B) Radiating leg pain. Statistical analyses were conducted using one-way analysis of variance and show the within-group p-values.
Abbreviation: NPRS, numerical pain rating scale.

Table 3 Primary outcome measure at 60 days

Sham
group
(n = 14)

38-µs
group
(n = 14)

42-µs
group
(n = 10)

Subjects completed study, n 13 13 9
Compliance, hours (±SD) 46.7 (16.96) 49.7 (14.51) 57.2 (4.38)
Lumbar NPRS, mean PI, baseline, Day 0 (SD) 5.1 (0.96) 5.5 (1.79) 4.9 (1.94)
Lumbar NPRS, mean PI, end of treatment, Day 60 (SD) 3.8 (1.58) 4.2 (1.63) 2.9 (1.66)
Lumbar mean PI, absolute mean change −1.3 −1.3 −2
Lumbar % change from baseline in mean PI at Day 60 (SD) −25.6 (24.81) −18.6 (39.47) −40.2 (26.35)
Lumbar mean PI 95% CI (39.1, −12.1) (−40.1, 2.9) (−57.4, −23.0)

(n = 12) (n = 10) (n = 8)
Radiating leg NPRS, mean PI, baseline, Day 0 (SD) 4.3 (1.78) 5.4 (1.6) 5.1 (1.83)
Radiating leg NPRS, mean PI, end of treatment, Day 60 (SD) 3.3 (2.29) 4.3 (1.6) 2.8 (1.60)
Radiating leg mean PI, absolute mean change −1 −1.1 −2.3
Radiating leg % change from baseline in mean PI at Day 60 (SD) −24.5 (33.79) −17.0 (31.15) −45.0 (29.39)
Radiating leg mean PI 95% CI (−44.5, −4.5) (−36.3, 2.3) (−65.4, −24.6)

Abbreviations: PI, pain intensity; NPRS, numerical pain rating scale.
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which was the percentage change from baseline in mean 

PI scores through Day 60 (end-of-treatment) summaries 

were conducted on the ITT populations using the LOCF 

method for imputation of missing data along with a median 

and quartile imputation. The mean lumbar PI for the 42-μs 

group decreased by 1.1 units (−17.9%) compared with 1.4 

units (−24.9%) in the 38-μs group and 1 unit (−21.1%) in 

the sham group. For the mean radiating leg PI, the 42-μs 

group decreased by 1.3 units (−20.2%), compared with 1.1 

units (−21.3) in the 38-μs group and 0.9 units (−26.1%) in 

the sham group. A sensitivity analysis was conducted on 

the PP population and showed a similar trend, with a greater 

decrease in both lumbar and radiating leg PI reported for 

the 42-μs group compared to the 38-μs group or the sham 

group. Mean lumbar PI for the 42-μs group decreased by 

2 units (40.2%, p = 0.028), compared to a decrease of 1.3 

units (18.6%, p = 0.037) and 1.3 units (25.6%, p = 0.013) 

for the 38-μs and sham groups, respectively (Figure 3A and 

B, Table 3). Figure 4A and B shows pain scores normalized 

to baseline values. For mean radiating leg PI, a decrease of 

2.3 units was observed at the end of treatment relative to 

baseline for the 42-μs group (45.0%, p = 0.009), compared 

to a decrease of 1.1 units for the 38-μs group (17.0%, p = 

0.293), and a decrease of 1 unit (24.5%, p = 0.065) for the 

sham group (Figure 3B, Table 3).

The change in PI was further evaluated by a prespecified 

responder analysis as well as by a post hoc AUC analysis 

and time-to-event analysis for PI over the course of the study 

(Table 4). In all cases, results were consistent with those 

obtained for the primary endpoint. For the responder analy-

sis, subjects who experienced a reduction in PI of 2 points or 

30% (mean final PI vs average baseline PI) were considered 

responders. A two-point or 30% reduction in the pain scores 

is considered a clinically meaningful change in PI27,29 and is 

associated with not needing rescue medication and ratings 

of “much” or “some” improvement.29 Based on the latter 

criterion, 55.6% and 53.9% of PP subjects in the 42-μs and 

38-μs groups, respectively, were responders based on change 

in lumbar PI, compared to 30.8% of PP subjects in the sham 

group (Table 4). None of the subjects reported a two-point 

decrease in PI without a 30% decrease in PI. In addition, a 

50% or greater reduction in lumbar PI was observed in 44.4% 

of subjects in the 42-μs group, compared with no subjects in 

the 38-μs group, and 15.4% of subjects in the sham group. A 

reduction in PI of 50% or greater is considered to represent 

substantial improvement, corresponding to a rating of “very 

much improved.”29 Similar trends were observed for the 

responder analyses of mean radiating leg PI (Table 3). The 

median time to 30% response for both lumbar and radiating 

leg PI was shorter in the 42-μs group (21–25 days and 21–25 

days, respectively) compared with the other study groups: 

61–65 and 41–45 days, respectively in the sham group, and 

35–40 and 41–45 days for the 38-μs group (Table 4).

Post hoc pain AUC analyses were conducted in order to 

utilize all data for all randomized subjects without imputa-

tion.28 Analyses were conducted without and with adjustments 
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Figure 3 Mean pain scores over time.
Notes: (A) lumbar pain. (B) Radiating Leg pain. Mean pain scores are for consecutive 5-day intervals throughout the study.
Abbreviations: NPRS, numerical pain rating scale; PEMF, pulsed electromagnetic field.
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Figure 4 Mean pain scores over time normalized to baseline.
Notes: (A) lumbar pain. (B) Radiating Leg pain. For each study group, the mean pain scores were normalized to baseline pain scores, and plotted as a percentage of baseline. 
Average pain scores are for consecutive 5-day intervals throughout the study. For each study group, data are expressed as a percentage of the mean baseline pain score for 
that study group.
Abbreviation: PEMF, pulsed electromagnetic field.
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for baseline differences. The unadjusted AUC for mean 

lumbar PI was numerically (24.5%) less for ITT subjects 

in the 42-μs group (186.5	±	84.2) compared with the sham 

group (246.9	±	74.1; p = 0.694, Table 4). Consistent with the 

primary endpoint, findings were similar for AUC between 

the sham and the 38-μs groups (251.4	±	120.9). For mean 

radiating leg PI, the AUC for ITT subjects in the 42-μs group 

(173.5	±	70.8) was 19.3% less than that for the sham group 

(AUC: 238.1	±	101.1; p = 0.231). The mean radiating leg 

AUC for the 38-μs group was similar to that for the sham 

group (Table 4).

The analysis of AUC adjusted for baseline differences 

for the mean change from baseline PI showed a 130.3% 

decrease in this measure for radiating leg PI in the 42-μs 

group (−69.7), which was larger than the same measure for 

the sham group (−29.4). Furthermore, results for the 38-μs 

group were better than those observed for the sham group 

(−48.2) although no results for any of the groups reached 

statistical significance (Table 4).

The median time to 30% reduction in pain scores was 

numerically shorter for the active 42-μs group: Interval 5 

(Days 21–25) compared to Interval 9 (Days 41–45) for the 

sham group for lumbar pain (p = 0.33, Figure 5A). For radiat-

ing leg pain, in the 42-μs group, the median time to response 

was Interval 5 (Days 21–25), compared to Interval 13 (Days 

61–65) for the sham group (p = 0.32, Figure 5B). The changes 

for the 38-μs group are somewhat between that of the 42-μs 

and the sham groups (data not shown).

Secondary endpoints
To monitor possible effects of the therapy on inflammation, 

levels of the inflammatory marker hsCRP were assessed at 

baseline and at Day 61 following the end of treatment. For 

the 42-μs group, the mean hsCRP level was lower at Day 61 

compared to baseline (Tables 2 and 4), whereas, conversely, 

the mean hsCRP levels for the sham and 38-μs groups were 

higher at Day 61 compared with baseline (Tables 2 and 4) 

although BG differences were associated with p > 0.05. No 

relevant BG differences were observed for ODI and BDI 

(Table 4). On Day 60, 75% of subjects in the 42-μs group 

reported some level of improvement based on data collected 

using the PGIC questionnaire, whereas 58.2% and 44.4% 

of sham and 38-μs group subjects, respectively, reported 

some level of improvement. With regard to analgesic use, 

all groups showed minor decreases in analgesic use. For 

the sham group, the median decrease in pill count at Days 

56–60 was −0.67 ± 1.38, n = 12. For the 38-μs and 42-μs 

pulse groups, the decrease in pill counts was −0.34 ± 0.80, 

n = 13 and 1.06 ± 1.13, n = 9, respectively. Changes in the 

secondary endpoints, although directionally in favor of 

active treatment, may not necessarily be considered clini-

cally significant.

Safety
Adverse events were reported in six subjects (46.2%) in the 

42-μs group, three subjects (21.4%) in the 38-μs group, and 

five subjects (35.7%) in the sham group. None of the events 
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Table 4 Secondary outcome measures at 60 days

Sham group 38-µs group 42-µs group

Responder analysis: percentage of patients with a 30% reduction in NPRS 
(Days 56–60)

(n = 13) (n = 13) (n = 9)

lumbar (% of n)
30% change in mean Pi (%) 30.77 46.15 55.56
30% change in worst Pi (%) 23.08 38.46 55.56

Radiating leg (% of n) (n = 12) (n = 10) (n = 8)
30% change in mean Pi (%) 41.67 40.00 50.00
30% change in worst Pi (%) 41.67 40.00 37.50

Percentage change from baseline in worst Pi (n) (n = 13) (n = 13) (n = 9)
Lumbar NPRS, worst PI, baseline, Day 0 (SD) 6.5 (1.43) 7.0 (1.75) 6.3 (1.46)
Lumbar NPRS, worst PI, end of treatment, Day 60 (SD) 5.4 (1.93) 5.7 (2.39) 4.3 (2.28)
lumbar worst Pi mean change −1.1 −1.3 −2
Lumbar % change from baseline in worst PI at Day 60 (SD) −17.9 (24.22) −19.6 (24.35) −33.8 (31.89)
Lumbar worst PI 95% CI (−31.1, −4.7) (−32.8, −6.4) (−54.6, −13.0)

(n = 12) (n = 10) (n = 8)
Radiating leg NPRS, worst PI, baseline, Day 0 (SD) 5.9 (2.38) 6.5 (1.98) 6.5 (1.64)
Radiating leg NPRS, worst PI, end of treatment, Day 60 (SD) 4.9 (3.00) 5.3 (2.05) 4.4 (1.73)
Radiating leg worst Pi mean change −1 −1.2 −2.1
Radiating leg % change from baseline in worst PI at Day 60 (SD) −19.2 (37.07) −14.6 (36.45) −29.5 (27.57)
Radiating leg worst PI 95% CI (−41.1, 2.7) (−37.2, 8.0) (−48.6, −10.4)

Oswestry Disability Index (n = 13) (n = 13) (n = 10)
Mean baseline (SD) 33.8 (14.73) 39.7 (17.94) 32.4 (9.65)
Mean visit Day 61 (SD) 28.8 (13.85) 33.1 (18.97) 27.0 (13.64)
Percentage difference (95% CI) −14.9 (−24.9, −4.9) −17.7 (−33.5, −1.9) −15.2 (−42.0, 11.6)

Beck Depression Inventory (responders with >5 point decrease) 23.08% 30.77% 10%
hsCRP levels (mg/l) (n = 13) (n = 11) (n = 9)

Baseline (SD) 2.3 (2.11) 2.1 (2.59) 3.2 (2.72)
Day 61 (SD) 4.5 (6.27) 2.8 (2.60) 2.7 (2.32)
Difference (95% CI) 2.2 (−1.3, 5.7) 0.7 (−0.4, 1.8) −0.5 (−1.8, 0.8)

Patient global impression of change (% patients, Day 60)
Minimally worse 0 (0.0) 1 (11.1) 0 (0.0)
no change 5 (45.5) 4 (44.4) 2 (25.0)
Minimally improved 4 (40.0) 2 (22.2) 3 (37.5)
Much improved 1 (9.1) 2 (22.2) 3 (37.5)
Very much improved 1 (9.1) 0 (0.0) 0 (0.0)

Time to 30% decrease in mean PI, days (n = 14) (n = 14) (n = 12)
Lumbar (95% CI) 22.0 (12.00, 41.00) 19.00 (6.00, 32.00) 8.00 (6.00, 32.00)
Radiating leg (95% CI) 10.00 (1.00, 23.00) 16.00 (2.00, 36.00) 6.00 (3.00, 14.00)

Time to 30% decrease in worst PI, days (n = 14) (n = 14) (n = 12)
Lumbar (95% CI) 22.0 (3.00, 55.00) 17.00 (8.00, 25.00) 8.00 (3.00, 21.00)
Radiating leg (95% CI) 20.00 (2.00, 43.00) 32.00 (3.00, 32.00) 9.00 (1.00, 30.00)

Post hoc analysis-pain (AUC) (n = 14) (n = 14) (n = 12)
lumbar mean integrated pain (SD)
(95% CI)

246.9 (74.07)
(208.1, 285.7)

251.4 (120.86)
(188.1, 314.7)

186.5 (84.17)
(138.9, 234.1)

lumbar mean integrated change from baseline (SD)
(95% CI)

−45.1 (54.03)
(−73.4, −16.8)

−50.7 (71.38)
(−88.1, −13.3)

−56.8 (88.80)
(−107.0, −6.6)

Radiating leg mean integrated pain (SD) 
(95% CI)

215.1 (101.05)
(160.2, 270.0)

238.1 (126.62)
(163.3, 312.9)

173.5 (70.77)
(131.7, 215.3)

Radiating leg mean integrated change from baseline (SD) 
(95% CI)

−29.4 (55.67)
(−59.7, 0.9)

−48.2 (86.28)
(−99.2, 2.8)

−69.7 (91.10)
(−123.5, −15.9)

Notes: Data reported as mean ± SD (device usage, end-of-treatment PI and ODI scores, end-of-treatment hsCRP levels, % change in PI), mean with 95% CIs (time to 30% 
decrease in PI, % change in ODI, change in hsCRP), percentage of subjects analyzed (responder analyses, PGIC, BDI), and mean AUC score with percentage change from 
baseline (post hoc AUC).  Summary statistics reported are for the PP population, except for time to 30% decrease in PI and AUC analyses, which are reported for the ITT 
population. For PP population analyses, only subjects reporting data at end of treatment were included in the analysis. Some subjects reported only lumbar or radial pain. 
Data for all of these subjects are included in the summary statistics for lumbar and radiating leg PI scores reported.  For percentage change from baseline for PI, AUC, and 
ODI, improvement is denoted by a negative value. For baseline scores, see Table 4. For all analyses using PI scores, mean PI scores were used. End-of-treatment PI scores 
refers to the average of scores for Days 56–60. End of treatment for ODI and hsCRP refers to the Day 61 Interim Visit. PGIC data are reported for Day 60. BDI data are 
reported for Day 60.
Abbreviations: PI, pain intensity; AUC, area under the curve; ODI, Oswestry Disability Index; PGIC, Patient Global Impression of Change; BDI, Beck Depression Inventory; 
hsCRP, high-sensitivity C-reactive protein; n, number of subjects; PP, per protocol.
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were considered serious. Musculoskeletal disorders were the 

most common adverse event reported, with 5 in the 42-μs 

group (back pain [2], disc protrusion [1], and extremity pain 

[2]), 0 in the 38-μs group, and 1 (back pain) in the sham 

group. All of the other adverse events were reported by no 

more than one subject within a treatment group.

Discussion
Diagnosing FBSS (also called Postoperative Persistent 

Syndrome, ie, POPS)4 and understanding its etiology is 

complex and has led to challenges in treatment.3 Interven-

tional procedures such as epidural injections, ablation, or 

finally surgical revision have met with limited success.35,36 

Conservative treatments such as physical therapy, acupunc-

ture, and behavioral therapies are noninvasive and, therefore, 

are commonly used treatments. However, these treatments 

are typically combined with pharmacological management 

to reduce pain, which can introduce additional unwanted 

consequences. Alternative treatments that rely on direct or 

indirect electrical stimulation of the spinal column have 

shown promise. SCS uses implantation of electrodes to 

delivery direct electrical stimulation to the spinal column. 

Alternatively, PEMF therapy involves application of an 

electromagnetic field to the affected lumbar region. Unlike 

SCS, such an approach obviates the need for electrodes, thus 

is noninvasive, and can be self-administered.

In this article, we describe a pilot, double-blind, random-

ized clinical study that shows encouraging clinical results 

about the efficacy of PEMF therapy for the treatment of 

chronic pain associated with FBSS. This study investigated 

the use of PEMF therapy as an adjunctive intervention for 

postoperative pain in a defined group of subjects who had 

previously undergone back surgery (lower lumbar,  nonfusion) 

and reported chronic back and/or radiating leg pain. The 

strength of the current study is the double-blind, sham-

controlled study design, which is not commonly incorporated 

in clinical interventional studies of FBSS. Whereas the focus 

was on the currently available active treatment (42-μs group), 

a second exploratory active arm was added (38-μs group). 

The primary outcome analysis evaluated the average percent-

age reduction in PI between baseline and end of treatment 

(Days 56–60). By this measure, the 42-μs group reported a 

mean decrease of 40.2% in back PI at the end of treatment 

compared with a decrease of 25.6% in PI for the sham group 

1.0

Time to response–lumberA B Time to response–radiating leg

0.9

0.8

0.7

0.6

0.5

P
er

ce
nt

 o
f p

op
ul

at
io

n

0.4

0.3

0.2

0.1

0.0

0 1 2 3 4 5 6

42 usec/KHz Placebo

7 8 9

First interval with a 30% improvement

10 11 12 13 14 15 16

1.0

0.9

0.8

0.7

0.6

0.5

P
er

ce
nt

 o
f p

op
ul

at
io

n

0.4

0.3

0.2

0.1

0.0

0 1 2 3 4 5 6 7 8 9

First interval with a 30% improvement

10 11 12 13 14 15 16

Figure 5 Time to 30% reduction in pain score is the time to response. Figures show the time to 30% reduction, which was evaluated using Kaplan–Meier statistics.
Notes: (A) Lumbar pain, median time to response-Interval 5 (21–25 days) for 42 µs and Interval 9 (41–45 days) for sham (p = 0.33, log-rank test). (B) Radiating leg pain, 
median time to response-Interval 5 (21–25 days) for 42 µs and Interval 13 (61–65 days) for sham (p = 0.32, log-rank test).
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(Table 3). The mean decrease in leg PI reported for the 42-µs 

group was 45.0% compared with a decrease of 24.5% for 

the sham group. Moreover, results of responder, AUC, and 

time-to-event analyses were consistent with these findings. 

We readily acknowledge that the results of the prespecified 

analyses did not reach nominal statistical significance (ie, 

p < 0.05); however, the sample was not powered for such 

differences. Nevertheless, several endpoints and alternative 

analyses demonstrated a consistent pattern indicative of a 

true treatment effect.

The decreases in pain scores were associated with mod-

est decreases in analgesic use. It may be considered more 

relevant that the improvements in pain scores could not be 

attributed to any increase in self-administration of analgesics. 

Nevertheless, it is recognized that self-reporting of analgesic 

use and documentation of the reasons for such use can be 

challenging in clinical trials.

Even though it is not commonly used in FBSS trials, 

measurement of hsCRP may have some value as a quantita-

tive tool for accessing pain in clinical trials for therapeutic 

treatments. Despite the applicability of hsCRP in lumbar pain 

trials being not well established, the decrease in the hsCRP 

levels in the 42-μs group suggest that this marker could be of 

value in assessing the effectiveness of therapeutic products 

for pain relief.33,34

Surprisingly, a small reduction in the dose of PEMF 

energy appeared to be associated with a diminution of the 

therapeutic effect. The decrease in pulse width to 38-μs 

resulted in a decrease of PEMF dose by 10%. This result 

underscores the need for further evaluation and optimiza-

tion of PEMF therapy for the type of tissue and anatomical 

location being treated.

Another aspect of this study was to establish a placebo effect 

of PEMF therapy and medical devices in general.37–39 A true 

sham device is difficult to implement in the field of neuromodu-

lation because of the nature of the therapy. Routinely, medical 

devices such as transcutaneous electrical nerve stimulation or 

SCS rely on conventional medical management as a control 

value in randomized controlled trials. The placebo effect may 

bring into question the interpretation of pain management 

therapies when a placebo cannot, or is not, used – especially 

in the treatment of chronic pain associated with FBSS. In this 

study, we found that the 42-μs group reported a moderately 

better outcome for PI improvement over placebo, although with 

the limitation that the trial included a small number of subjects 

and the results were not, in general, statistically significant.

As with other types of back pain, both nociceptive and 

neuropathic mechanisms may contribute to chronic pain 

associated with FBSS, depending on the underlying cause 

of an individual’s pain symptoms.4,12 Whether continual 

stimulation of nociceptive pathways due to mechanical 

injury or prolonged peripheral sensory stimulation leading 

to neuropathic pain can cause chronic lumbar pain or FBSS 

is unclear.3,36 It has been suggested that, in some cases, 

FBSS could be the result of abnormal excitability of both 

the afferent or sensory neurons in the peripheral and central 

nervous systems.12

In terms of mechanism of action, one hypothesis is 

that PEMF may induce Eddy currents in biological tissue, 

which could in turn mediate downstream biological effects. 

Interventions involving electrical stimulation may inhibit 

pain in part by direct modulation of the nervous system, 

perhaps by stimulation of inhibitory sensory neurons as 

proposed in gate control theory,40,41 and/or mediate local 

electrochemical changes,24 which may, in turn, have down-

stream effects on gene expression.23,42–46 Recent evidence 

suggests that SCS and PEMF can mediate changes in gene 

expression, including genes implicated in pain pathways 

such as endogenous opioids and eicosanoid enzyme path-

ways.4243,45,46 Decreases in pain via a neuromodulation 

mechanism may explain, at least in part, improvements in 

radiating leg pain in this study and others.47,48 Attempts to 

use neuromodulation in the treatment of FBSS and neu-

ropathy in general would benefit from a better understand-

ing of the mechanism of action of treatment options that 

may mediate such an effect. Based on the results of this 

study, we hypothesize that specific PEMF energetics are 

effective for the treatment of chronic lumbar and radiating 

leg pain associated with FBSS.

This study had several primary limitations. Although this 

study was a double-blinded, randomized sham-controlled 

trial, the sample size was relatively small and changes 

did not show substantial differences between the groups. 

Nevertheless, trends were observed in favor of PEMF at a 

specific dose of 42 μs. Data from this study can be used as 

a basis for the design and sample size of future studies. A 

second limitation of this study was the time of treatment. 

Most studies conducted with medical devices that may affect 

neuromodulation (eg, SCS trials) cover a therapy period of 

6–12 months with at least a 2-year follow-up.20,49,50 The lack 

of an extended follow-up limits the interpretation of whether 

PEMF therapy is actually resolving the cause of the pain or 

masking it. The last limitation relates to the aforementioned 

use of as-needed analgesics, which can confound pain score 

results; however, the as-needed use of pain medications 

reflects “real-life” practice and clinical care.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1220

Sorrell et al

Conclusion
The current study on subjects with persistent pain 

3–36 months after lumbar surgery demonstrated consistent 

trends for a reduction in pain at the end of a 60-day treat-

ment protocol with PEMF therapy compared with sham 

treatment. For subjects responding to the therapy, the time to 

30% reduction in pain scores, PGIC, and the reduction in the 

inflammatory marker hsCRP were consistent with a beneficial 

effect of PEMF over sham control. The potential influence 

of therapy dose was also shown, in that a 10% reduction in 

PEMF energy was associated with a possible diminution of 

therapeutic outcomes. In comparison with sham, this study 

supports the effectiveness of PEMF therapy for producing 

pain relief in patients with persistent pain following lumbar 

surgery. However, it is recognized that changes did not consis-

tently exceed what is considered to be clinically meaningful. 

Although the results are encouraging, the findings should 

not be considered definitive. The data generated can be used 

to design larger trials with statistical power to confirm the 

efficacy of PEMF.
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