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A comparative study between transcutaneous 
electrical nerve stimulation and pulsed 
electromagnetic field therapy in the management 
of post-herpetic neuralgia of the sciatic nerve
Marwa M. Eid, PhDa,b, Nashwa Sayed Hamed, PhDa,c, Walid Kamal Abdelbasset, PhDd,e,* ,  
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Abstract 
Objectives: To compare the efficacy of pulsed electromagnetic field therapy (PEMFT) versus transcutaneous electrical nerve 
stimulation (TENS) in the treatment of post-herpetic neuralgia of the sciatic nerve.

Methods: A double-blinded randomized clinical study has included 56 patients (18 males and 38 females). Participants were 
randomly and equally assigned into 2 groups. Both groups received conventional physical therapy treatment. Moreover, group 
(A) has an additional TENS, and group (B) had PEMFT. Both modalities were applied once daily, 3 times a week for 20 minutes 
for 8 successive weeks. Visual analog scale (VAS) and carbamazepine intake (CMI) dose have been assessed before and after 
interventions.

Results: There was a significant decrease in VAS and CMI post-treatment in group A and B compared with that pretreatment 
(P > .001). The percent decrease in VAS and CMI in group A were 72.44% and 69.47% respectively and that for group B was 
68.95% and 67.94% respectively. The findings revealed a non-significant difference in VAS and CMI (P > .05) between groups. 
The Means of VAS and CMI were (2.4 ± 0.78, 204.5 ± 16.76 and 2.67 ± 0.9, 210.57 ± 16.5) in group A and group B respectively. 
The mean difference for VAS and CMI was (−0.27 and −6.07) between groups post-treatment respectively.

Conclusion: Both TENS and PEMFT were effective and nearly equivalent in improving the post-herpetic neuralgia of the sciatic 
nerve as measured by in VAS and CMI. Clinical recommendations should be highlighted to instigate the using of TENS and PEMFT 
in the management of post-herpetic neuralgia of the sciatic nerve.

Abbreviations: CMI = carbamazepine intake, HZ = herpes zoster, PEMFT = pulsed electromagnetic field therapy, PHN = post 
herpetic neuralgia, TENS = transcutaneous electrical nerve stimulation, VAS = visual analog scale, VZV = varicella zoster virus.

Keywords: carbamazepine intake, post-herpetic neuralgia of the sciatic nerve, pulsed electromagnetic field therapy, transcutane-
ous electrical nerve stimulation, visual analog scale

1. Introduction

Post-herpetic neuralgia (Shingles) results from the varicella 
zoster virus (VZV) (herpes zoster [HZ]) that outbreaks 1 
or more dorsal root ganglia and the corresponding sensory 
nerves. The incidence of acute HZ is 3.4 cases per 1000 

persons per year, increasing by proceeding in age up to 11 
cases per 1000.[1]

Post herpetic neuralgia (PHN) diagnosis is initially difficult until 
the skin eruptions of vesicles and blisters appear, that is preceded by 
neuropathic pain from second to fourth weeks then the emergence 
of rash at seventh to 8th week after infection.[2] Drug- resistant 
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neuropathic pain is the most common complication of VZV, this 
pain resulting from changes in somatosensory processing of central 
and peripheral nervous system.[3] PHN is the commonest chronic 
post-infectious neuropathic pain resulting from VZV.[4] Pain is 
defined as burning or electric shock-like and may be associated with 
hyperalgesia or allodynia, Periods of randomly occurring day and 
night burning, stabbing, and shooting pains continue for months 
or years after the acute stage. The area concerned is hyper-esthetic 
and non-noxious stimuli may cause painful reaction that may be 
triggered by light touch, clothing rubbing against the skin, noise, 
temperature changes, sweating and emotional upsets.[5,6]

Sciatica is a disorder characterized by sciatic nerve pain that 
travels down a leg. Herniated intervertebral discs are the most 
frequent cause of sciatica. A spinal nerve that is compressed by 
the herniated disc and results in a painful, burning feeling in the 
leg. The prevalence of sciatic pains reported in literature ranges 
widely, from 1.6% of the general population to 43% of a spe-
cific working population. It has been suggested that the varicel-
la-zoster, or chickenpox, virus, may recur in a spinal neuron as a 
result of irritation. In the area where the nerve is distributed, the 
virus’s activation results in a blistering rash. Ten percentage of 
these people may experience post-herpetic neuralgia, a persistent 
pain that coexists with the irritation of the nerve.

[7,8] One-tenth 
of HZ patients suffer from PHN, which is a painful compli-
cation with the highest proportion of 15.56% being found in 
patients aged 75 to 79 years. Sciatica as a disease with chronic 
pain, is related to a preexisting HZ virus infection.[9]https://
bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/
s12891-020-03847-5-ref-CR6]

There are several pharmacological alternatives to alleviate pain 
in PHN however; side effects could have dramatic effects partic-
ularly in long term use and elderly people.[10] Both pulsed electro-
magnetic field (PEMF) therapy[11] and transcutaneous electrical 
nerve (TENS) stimulation are non-pharmacological approaches 
that are used primarily to treat common painful conditions with-
out obvious side effects specially when used correctly.[12]

PEMF is a physical therapy modality used for the treatment 
of many debilitating disorders such as the musculoskeletal[13–15] 
and neurological[16–18] disorders. PEMF has been shown to 
increase the permeability of the cell membrane, increase blood 
circulation, oxygen supply, and increase production of adenos-
ine tri-phosphate. In addition, it promotes the healing cycle by 
increasing the epithelialization of the damaged tissues, strength-
ening fibroblastic, osteoplastic, anti-inflammatory, analgesic 
effects and stimulating bone healing activities.[19]

TENS is a noninvasive, self- administered, non-pharmacolog-
ical modality that has been used to treat several painful con-
ditions. TENS can be used on its own or in conjunction with 
medicine to reduce the dosage. Nerve stimulation is provided by 
applying surface electrodes to the nerve fiber distribution. The 
mechanism for pain relief was believed to be produced through 
central and peripheral mechanisms. It activates the release of 
endogenous opioids, modifies electrical transmission and dilates 
the blood vessels, reducing neuropathic pain,[20–22] another 
method proposed here is the old pain gait theory. where, stim-
ulation of the skin via the dorsal columns leads to activation 
of non-noxious, low threshold afferents (A–b fibers) only but 
not noxious afferents (A–d and C fibers) at the same time. A–b 
afferents activity limits the transmission of information related 
to pain through the spinal cord and brainstem.[19]

Previous studies proved the role of TENS for the treatment of 
PHN,[23–25] although there are numerous studies investigated the 
effect of PEMFS on different painful conditions,[11,13–17] Due to 
the shortage of research to investigate the effect of PEMFS on 
PHN, specifically, according to PubMed database and Google 
scholar search, English language only, the current study is a 
novel randomized controlled trial – to the best knowledge of the 
authors- to investigate the effect of PEMFS on PHN in compar-
ison to the pre-investigated TENS application.

2. Materials and Methods

2.1. Study design

This research was a double blind randomized clinical trial (patient 
& assessor), was conducted from March 2018 to October 2019, 
was clinically registered with ID of NCT 04488835, and was 
ethically approved by the committee of faculty of physical 
Therapy, Cairo University (P.T. REC/012/002/745). Patients 
were recruited from Kasr Al-Aini outpatient dermatology 
department, neurology department and Faculty of physical ther-
apy outpatient clinic. Each participant signed an informed con-
sent form according to the ethical principles of the Declaration 
of Helsinki.

2.2. Participants

Out of 68 patients assessed for eligibility by trained neurolo-
gists, 56 patients with mean age 32.93 ± 5.16 years (18 males 
and 38 females) who had post-herpetic neuralgia of the sciatic 
nerve, participated in the study. Figure  1 shows the flow of 
patients throughout the study. Inclusion criteria for the patients; 
ages ranged from 30 to 50 years, history of HZ more than 
90 days and VAS is ≥ 5 out on a scale from 0 to 10, and all 
patients were on pain medication “Carbamazepine.” Assessment 
of pretreatment amount of carbamazepine intake (CMI) were 
applied to all patients. Exclusion was applied to uncooperative 
behavior (i.e., the patient did not provide a proper response), 
and intellectual disability to complete the self-evaluation scale, 
VAS, patients with seizure disorders, patients with pacemakers, 
Pregnant female, patients with metabolic or endocrinal diseases.

2.3. Intervention

Both groups receive treatment intervention 3 times per week 
for 8 successive weeks. Patients were randomly assigned into 
2 equal groups. Group (A): 28 patients received conventional 
physical therapy treatment in addition to the TENS. Group (B): 
28 patients received plus the pulsed electromagnetic field ther-
apy (PEMFT).

2.4. Instrumentations

TENS unit: Progoo TENS Unit and EMS Muscle Stimulator Pain 
Relief FDA Cleared” Universal Product Code “778957044094.” 
The device contains dual channels, 4 low impedance self-adhe-
sive electrodes and triple A batteries. High frequency conven-
tional TENS was used in this study with frequency 100 Hz, 
pulse duration 200 µs and intensity according to the patient’s 
tolerance, for 20 minutes once daily.[20]

The pulsed electromagnetic unit was Quattro PRO; ASA, Italy 
is a magnetic field therapy with a serial number (00001543). The 
device consisted of a controlled generator mounted on a mov-
able frame for easy movement. Field power of up to 85 Gauss 
in emission. The device is consisted of a motorized bed and sole-
noids, which should be connected to main electrical supply 230 
V at a frequency of 50 or 60 Hz connected to the earth. The 
generated pulsed magnetic field up to 100 Hz, intensity varied 
according to the type of solenoid and region to be applied on, 
for 20 minutes once daily.[21–24]

2.5. Treatment procedures

Treatment was applied once daily, 3 sessions per week for 8 
weeks, for 40 minutes which was the total period of treatment 
for all patients. Both groups (A) and (B) received the same con-
ventional physical therapy treatment protocol in the form of 
Infra-red (Solmed IV) – Meden Inmed Poland) for the gluteal 
and hamstring regions, Patients were instructed that they were 
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expected to feel “comfortable \mild warmth” to avoid harm-
ing of the skin by too much heat. The distance of the skin to 
the source of heat is vertically 60 to 75 cm, while the patient 
in prone lying position, for 15 minutes.[25] Then 5 minutes pas-
sive stretching exercises for the hamstring while the patient in 
supine lying position with sustained time of stretching to about 
6 seconds. Moreover, all patients received the same medical care 
(Carbamazepine tablets, Tegretol CR 200, Novartis, Egypt).[26,27] 
Treatment dose was regulated under consultation of patients 
treating neurologist.

2.6. TENS protocol

TENS was applied for group (A) only. While the patient was in a 
relaxed prone lying position TENS was applied unilaterally over 
the affected side from up to down alongside the sciatic nerve 
pathway in a linear pathway across the back of the leg start-
ing at the level of L5-S1where the first electrode was applied 
(erector-spinae motor point) level paravertebrally (channel 
one), second electrode where applied over upper motor point 
of gluteus maximus (the tender buttock), (channel one). Third 
electrode were applied at the midpoint between ischial tuber-
osity and greater trochanter at level of buttock and posterior 
upper thigh (channel two). Finally, TENS fourth electrode were 
applied superior to popliteal crease (channel two). Surface elec-
trodes were mounted in previous 4 points by adhesive tape to 
prevent its displacement.[28]

2.7. PEMFS protocol

Group (B) received PEMFS. While the patient was relaxed in 
prone lying position, the solenoid was adjusted to be over the 
course of the sciatic nerve starting at the gluteal and thigh area, 
with frequency of 50 Hz and intensity of 20 G for 20 minutes, 
programme number (4) of device was used for the patients, 
which is the weakest programme with a soothing north polarity 
of the magnetic pulses with frequency of 1.6 Hz. Both TENS 

and PEMFT were applied once daily, 3 times per week for an 
8-week period of treatment.[24]

2.8. Outcome measures

Primary outcome of the current study was VAS which measure 
pain intensity. Secondary outcome measure was the estimation 
of the dose that were measured at base line then after 8 weeks 
of treatment.

Pain intensity was measured using VAS at the beginning (first 
record) then after 2 months (second final record). The VAS con-
sists of a line, usually 100 mm long, the ends of which are cat-
egorized as pain extremes (e.g., no pain to severe unbearable 
pain). Patient was asked to mark on the line at the point, which 
better reflects his pain experience between 2 “no pain” to “worst 
pain,” then the operator measured the distance in centimeters 
from the zero “no pain.”[29–31]

Estimation of the CMI has been used to measure improve-
ments in the sciatic nerve’s post-herpetic neuralgia. starting with 
a maximum dose of 1200 mg per day. Patients were instructed to 
decrease the daily dose of Carbamazepine as required according 
to their pain perception. All patients were instructed to record 
the time and number of Carbamazepine daily tablets they took 
during the whole period of the study. All the above parame-
ters (VAS and CMI) were calculated 2 times; the baseline record 
taken before the study started, the final record was taken after 8 
weeks after the research began.[6,32,33]

2.9. Sample size

Calculation of sample size was performed prior to the study 
using G*POWER statistical software (version 3.1.9.2; Franz 
Faul, Universitat Kiel, Germany) and showed that the minimum 
required sample size for this study was 26 subjects per group. 
Calculations were made using α = 0.05, power: 80% and effect 
size = 0.8, the primary outcome measure was the VAS, and allo-
cation ratio N2/N1 = 1.

Received PEMFT + CMT group (n= 28)
♦ Received allocated interven�on (n=28)
♦Did not receive allocated interven�on (n=0)

Lost to follow-up (n=0)

Analysed (n=28)
Excluded from analysis (n=0)

Lost to follow-up (n=0)

Analysed (n=28)
Excluded from analysis (n=0)

Excluded (n=12)
♦ Not mee�ng inclusion criteria (n=4)
♦ Declined to par�cipate (n=8)

Assessed for eligibility (n=68)Enrollment

Randomized (n= 56)

Received TENS+CMT group (n=28)
♦ Received allocated interven�on (n=28)
♦Did not receive allocated interven�on (n=0)

Allocation

Follow up after 8 weeks

Analysis

Figure 1. Flowchart showing the progress of subjects at each stage of the clinical trial.
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2.10. Randomization

Allocation was done using sealed, sequentially numbered 
opaque envelopes. Randomization was generated by the second 
author who was not involved in data collection. The first and 
fourth authors opened the envelopes and proceeded with treat-
ment according to group allocation. At the beginning and at the 
end of the treatment period patients were assessed by the third 
author who was blinded to their allocations.

2.11. Statistical analysis

Descriptive statistics and Unpaired t test were conducted for 
comparison of subject characteristics between both groups. 
Chi-squared test was used for comparison of sex distribution 
between groups. Normal distribution of data was checked 
using the Shapiro–Wilk test. Levene’s test for homogeneity of 
variances was conducted to ensure the homogeneity between 
groups. Unpaired t test was conducted to compare the mean 
values of VAS and CMI between groups. Paired t test was con-
ducted for comparison between pre and post treatment in each 
group. The level of significance for all statistical tests was set at 
P < .05. All statistical analysis was conducted through the sta-
tistical package for social studies (SPSS) version 22 for windows 
(IBM SPSS, Armonk, NY).

3. Results

3.1. Subject characteristics

Table 1 shows the subject characteristics of the group A and B. 
There was no significant difference between groups in the mean 
age, weight, height and BMI (P > .05). Also, there was no sig-
nificant difference in sex distribution between groups (P = .56).

3.2. Effect of treatment on VAS and CMI

There was a significant decrease in VAS and CMI post treat-
ment in the group A and B compared with that pretreatment (P 
˂ .001). The percent of decrease in VAS and CMI in the group 
A were 72.44% and 69.47% respectively and that for group B 
were 68.95% and 67.94% respectively (Table 2). There was no 
significant difference in the VAS and CMI between both groups 
pretreatment (P > .05). Comparison between the groups A and 
B post treatment revealed a non-significant difference in VAS 
and CMI (P > .05) (Table 2).

4. Discussion
The main purpose of the current study was to compare the effect 
of TENS and PEMFS in management of post-herpetic neural-
gia of the sciatic nerve. Findings of the current study showed 
that both treatment techniques were statistically significant in 
improving post-herpetic neuropathic pain in an almost equiv-
alent manner.

Neuropathic pain is 1 of the greatest pain management 
challenges; it is a tremendous cause of health care demand 
and expense to patients and the community. Neuropathic pain 
refers to pain caused by peripheral or central damage to the 
nervous system, that may include pain syndromes such as tri-
geminal neuralgia; severe diabetic neuropathies; post-stroke 
pain; and phantom limb. Post-herpetic neuralgia (PHN) is 
a condition of neuropathic pain which follow an acute HZ 
(shingles) attack. The severity of PHN pain is frequently suf-
ficient to fully disturb the lives of otherwise healthy individ-
uals and is often incompatible with traditional methods of 
treatment.[3,5,6]

An active-controlled study compared a combination of trans-
cutaneous electronic nerve stimulation (TENS) with carbamaze-
pine (up to 1000 mg daily) plus clomipramine (up to 75 mg daily) 
with in 29 participants over 8 weeks. The authors reported that 
drug combination was superior to TENS in terms of pain relief 
in 30% to 50% reduction in pain intensity in patients received 
medication.[34] Carbamazepine is thought to function through 
blocking voltage-sensitive sodium channels, which means less 
of those channels are available to open, making brain cells (less 
likely to fire) less excitable.[35]

Although these therapies can partially relieve pain, undesir-
able side effects and high risks of complications may result in as 
impaired motor and mental function that limit their clinical use. 
Therefore, safe and noninvasive therapies with almost no side 
effects are desperately needed.[36,37]

TENS was used for many types of painful conditions, par-
ticularly neuropathic pain.[12,38] Proper application of TENS 
has been found to relieve multiple neuropathic pain disorders 
such as carpal tunnel syndrome, diabetic neuropathy,[17,20]sci-
atica, radiculopathy and post-herpetic neuralgia (PHN).[39,40] 
One study analyzed the effect of TENS as a preventive mea-
sure to post herpetic neuralgic pain compared to antiviral 
drug administration to the controls. results revealed that in 
acute phase of the disease TENS has no unusual impact that 
is different from the control group. Nonetheless, following 
the acute stage, most patients in the study group did not 
experience PHN.[41] The results of this study showed some 
agreement to the current study; however, the stage of the dis-
ease was different which was acute in the previous study (72 
hours after the appearance of rash) while it was chronic in 
the current study (more than 90 days after HZ affection). 
In a recent systemic review article conducted about different 
treatment options for PHN, TENS application was conducted 

Table 1

Comparison of subject characteristics between group A and B.

 

X̄ ± SD

MD t- value P-value Group A Group B 

Age (yrs) 32.92 ± 5.31 33.1 ± 4.28 −0.18 −0.14 .89
Weight (kg) 75.57 ± 4.18 74.21 ± 3.83 1.36 1.26 .21
Height (cm) 168.46 ± 4.63 167.5 ± 3.42 0.96 0.88 .38
BMI (kg/m²) 26.7 ± 2.13 26.48 ± 1.82 0.22 0.38 .7
Males/females 8/20 10/18  (χ2

 = 
0.32) .56

BMI = body mass index, MD = mean difference, P-value = probability value, SD = standard 
deviation, x̄ = Mean, χ2 = Chi squared value.

Table 2

Mean differences of VAS and CMI pre and post treatment of the 
group A and B.

 

Group A Group B 

MD t- value P-value X̄ ± SD X̄ ± SD

VAS      
Pre treatment 8.71 ± 0.93 8.6 ± 0.78 0.11 0.46 .64
Post treatment 2.4 ± 0.78 2.67 ± 0.9 −0.27 −1.26 .21
MD 6.31 5.93    
% of change 72.44 68.95    
t-value 29.76 24.07    
P-value ˂.001 ˂.001    
CMI (mg)      
Pre treatment 669.82 ± 37.56 656.78 ± 40.64 13.04 1.24 .21
Post treatment 204.5 ± 16.76 210.57 ± 16.5 −6.07 −1.36 .17
MD 465.32 446.21    
% of change 69.47 67.94    
t-value 68.56 51.39    
P-value ˂.001 ˂.001    

CMI = carbamazepine intake, MD = mean difference, P-value = probability value, SD = standard 
deviation, VAS = visual analog scale, X̄ = Mean.
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in 4 different studies; 2 randomized controlled trials (RCT) 
investigated the effect of TENS in combination with med-
ication for treatment of PHN in the facial area. Both stud-
ied used high frequency TENS for 30 minutes per day for a 
period of 4 to 8 weeks.[42]

One study showed that the combination of TENS with oral 
pregabalin reduced VAS scores, persistent pain intensity scores 
short-form McGill Pain Questionnaire total scores, and sleep 
interference, after 4 weeks.[23] The other RCT investigated the 
effect of TENS plus subcutaneous injection of cobalamin alone 
or with lidocaine. The results of this study showed improvement 
in pain intensity mean allodynia, paresthesia scores, and qual-
ity of life.[24] The third randomized controlled trial investigated 
the effect of TENS (Tennant modulator, Biohealth, Germany) 
a self-controlled electronic neuroadaptive regulation device on 
PHN. The results were significant after 1 week of treatment.[25] 
The fourth trial concerned with the prevention of PHN and was 
discussed before.[43] Results of these previous studies supported 
the findings of the current study, which make TENS a prefera-
ble, noninvasive, affordable modality with no side effects more 
than medications and other invasive modalities.[39,42]

There are several mechanisms were recommended to explain 
the analgesic effect of PEMFT on pain. Anti-inflammatory effect 
was 1 of the first suggestion of its analgesic effect. It was sug-
gested that PEMFT could significantly reduce pro-inflammatory 
cytokines in humans. In addition, it has anti-inflammatory activ-
ities in many musculoskeletal and neurological tissues by restor-
ing plasma membrane calcium ATPase activity.[44–47]

Another mechanism explaining the analgesic effect of 
PEMFT was suggested by Putowski et al,[18] who reported that 
the intracellular movement of ions due to electromagnetic field 
causes hyperpolarization of the cell membrane and increase in 
cell metabolism. Thus, improving blood supply to the tissues 
and oxygen partial pressure.[18]Consequently, it accelerates 
bone-healing, improvement of central and peripheral nervous 
system disorders, circulatory disorders, inflammation, and cer-
tain skin conditions. It was suggested also that electromagnetic 
field stimulation could elevate threshold of pain sensitivity 
and activate anticoagulation system. It stimulates production 
of opioid peptides, activates Merkel cells, Mast cells, improve 
vascularization of the sarcoplasmic reticulum, and increase the 
electric activities of different types of tissues. Thus, provide 
analgesic effect and decrease tissue edema.[11]

This study has clinical significance based on its results, both 
TENS and PEMFT were valuable tools and nearly equivalent 
in improving the post-herpetic neuralgia of the sciatic nerve as 
manifested by the highly significant decrease in VAS and CMI. 
On the other hand, this study was limited by the absence of 
follow up due to limited time and funding. Further studies are 
needed to investigate different modes of TENS and PEMFT 
on the treatment of post-herpetic neuralgia, also PHN-specific 
assessment methods (e.g., the Zoster Brief Pain Inventory) could 
be used in addition to VAS and CMI.

5. Conclusion
Current study finding supported that both techniques as meth-
ods to control pain in cases of PHN of the sciatic nerve, were 
effective almost equally in improving VAS score and reduction of 
the dose of CMI post treatment compared to before treatment.
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