
e273 

 

Journal of Population Therapeutics 
& Clinical Pharmacology 

 

 
RESEARCH ARTICLE 

DOI: 10.47750/jptcp.2023.30.03.029 

 

Effect of Epidural Pulsed Radiofrequency with Neuro-Stimulation in 
Management of Thoracic Spinal Cord Injury 
Ali Aziz Ali Alhaffo1*, Mortada Jubara2, Ghassan Faris Idan3 
1M.B.Ch.B, C.A.B.A&IC Senior specialist in anesthesia & interventional pain management AL-Mosul 
general Hospital, Mosul, Iraq. 
2Assistant Prof. Chairman of Arabic Council of Regional Anesthesia and Interventional Pain 
Management, Medical City Complex Nursing Home Hospital, Bagdad, Iraq. 
3M.B.Ch.B, DA, FACMSA&IC Senior specialist in anesthesia & interventional pain management,  
Medical City Complex Nursing Home Hospital, Bagdad, Iraq.  
 

*Corresponding author: Ali Aziz Ali Alhaffo, M.B.Ch.B, C.A.B.A&IC Senior specialist in anesthesia 
& interventional pain management AL-Mosul general Hospital, Mosul, Iraq, Email: 
dralhafo@gmail.com 
 

Submitted: 14 November 2022; Accepted: 18 December 2022; Published: 27 January 2023 

 

ABSTRACT 

Background: Patients with spinal cord injury suffering from functional disability and reduced quality 

of life, in addition to conventional managements, many spinal cord researches try to develop effective 

repair treatment which can restore sensory and motor function to near-normal values, one of these new 

strategies is the neuromodulation   

Objective: we aim to show the effect of spinal cord stimulation with epidural radiofrequency on 

improvement of trunk stability, mobility, standing, postural control, and assisted walking which will 

increase performance in activities of daily living (ADLs) .  

Patients and Methods: we randomized 37 of chronic thoracic (T4_T10) spinal cord injuries of ASIA 

Impairment scale grade A(completes SCI) who are under conventional rehabilitation treatment  to 

receive epidural pulsed radiofrequency and spinal cord stimulation and follow the improvement of 

sensory , motor function, trunk stability, assisted walk, and performance in activities of daily livings 

(ADLs) using ASIA impairment scale, modified functional reaching test, functional ambulation 

category scale and Barthel index respectively.  

Results: there were improvements of sense-motor function, trunk stability, assisted walk, performance 

function and quality of life after one year of treatment.   

Conclusion: epidural pulsed radiofrequency and spinal neuro-stimulation combined with the 

conventional rehabilitation treatment showed significant advantage in improvement of neural activity, 

performance independency and quality of life. 

 
Keywords: spinal cord injury, epidural pulsed radiofrequency, ASIA Impairment scale, modified 
functional reaching test, functional ambulatory category scale, Barthel index 
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INTRODUCTION 

Spinal cord injury is a devastating neurological 

disorder that is associated with life-long 

neurological condition with motor, sensory, and 

autonomic deficits (1). Up to 90% of SCI cases 

are caused by trauma including vehicle crashes, 

sports injuries, falls or violence (2).The overall 

global incidence of traumatic spinal cord injury 

is 10.5 cases per 100,000 person, resulting in an 

estimated 768,473 new cases annually worldwide 

, traumatic SCI is one of the major source of 

morbidity and mortality throughout the world (3). 

Spinal cord injury (SCI) is a traumatic life-

changing event that has a significant impact on 

the affected individual as well as the health 

system. This includes hospitalizations, frequent 

visits for rehabilitation and medical care and 

assistance with activities of daily living over a 

lifetime (4). In the USA, total cost for a 

hypothetical individual injured at age 25 was 

estimated to be between $1 and $3.5 million, 

$0.85 to $2.1 million if the individual is injured 

at 50 years of age depending on severity of injury 

(5).  

Traumatic spinal cord injury can drastically 

disrupt  mobility and change the way individuals 

interact with their surroundings, prompting 

adaptation to maximize the independence  

performance of activities of daily livings (ADLs). 

While in a seated position, impairment of trunk 

and leg muscles activation leads to an inability to 

maintain the position of the spine, pelvis, and hip 

when challenged against gravity. Thus 

individuals with SCI have a significantly 

diminished ability to reach forward, or laterally, 

from a seated position, as well as a reduced 

capability to perform movements that are depend 

upon motor control of the trunk and postural 

muscles(6). In addition to this SCI patient 

complain from many medical conditions like 

pain, spasticity, sexual dysfunction and fertility, 

pressure ulcer, thromboembolic disease, and 

renal problems. 

The conventional management of SCI were 

created more than half of century ago by the 

pioneering work of Dr Donald Munro in the 

United State and by Sir Ludwig Guttmann in the 

United Kingdom which consist of specialized 

medical care and comprehensive rehabilitation 

focusing on securing good health and maximum 

function in mobility and self-care compatible 

with the neurological condition (7), but in 

contrast to the advance in the care of SCI, 

decades of intense efforts by basic research 

scientists have achieved little clinically to reverse 

the neurological lose associated with SCI by 

protection or regenerated of axon within the 

injured spinal cord (8).  

The creative use of microelectronic technological 

development in medicine may result in quicker 

development of new effective compensatory 

treatment to improve function after spinal cord 

injury than the search for a ‘cure’ through basic 

regeneration research involving varying types of 

stem cells because achieving a ‘biological cure’ 

for SCI will still require understanding of vast 

and yet to be discovered scientific knowledge and 

overcoming enormous scientific obstacles (7). 

One of these effective compensatory treatments 

is the neuromodulation by epidural pulsed 

radiofrequency and spinal stimulation. 

 

Pathophysiology of Traumatic Spinal Cord 

Injury (9)  

The initial mechanical trauma to the spinal cord 

initiates a secondary injury cascade that is 

characterized in the acute phase (that is, 0–48 

hours after injury) by edema, hemorrhage, 

ischemia, inflammatory cell infiltration, the 

release of cytotoxic products and cell death. This 

secondary injury leads to necrosis and/or 

apoptosis of neurons and glial cells, such as 

oligodendrocytes, which can lead to 

demyelination and the loss of neural circuits.  

In the subacute phase (2–4 days after injury), 

further ischemia occurs owing to ongoing edema, 

vessel thrombosis and vasospasm. Persistent 

inflammatory cell infiltration causes further cell 

death, and cystic micro cavities form, as cells and 

the extracellular architecture of the cord are 

damaged. In addition, astrocytes proliferate and 

deposit extracellular matrix molecules into the 

perilesional area.  

In the intermediate and chronic phases (2 weeks 

to 6 months), axons continue to degenerate and 

the astroglial scar matures to become a potent 

inhibitor of regeneration. Cystic cavities coalesce 

to further restrict axonal regrowth and cell 

migration (9). 
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Neuromodulation for Spinal Cord Injury  

Applying electrical stimulation to modulate the 

function of the spinal cord began almost 60 years 

ago when spinal cord stimulation was first 

attempted for use in chronic pain in 1967(10). 

Cook (1976) noted incidentally that epidural 

spinal cord stimulation (eSCS) treated 

participants had improvement in motor function 

(11). Numerous animal studies demonstrated 

activation of central pattern generator (CPG) 

within the spinal cord for purpose of eliciting 

forced walking after spinal cord transection 

prompted investigation of the use eSCS for this 

purpose in     humans (12). In 2011, Harkema et 

al., Reported the surprising finding that while 

eSCS may modulate CPG circuits, it also seemed 

to restore some supraspinal over lower extremity 

movement. This work demonstrates that eSCS 

could restore standing, stepping, and volitional 

movement in a subject three years out from a 

motor complete SCI (13).  Post-mortem analysis 

of spinal cord in chronic SCI revealed a small but 

significant percentage of corticospinal tracts 

remaining intact despite motor and often sensory 

complete clinical grades (14). Later on many 

researcher all over the world report same results 

like Wagner et al., 2018 , Gill et al., 2018 , Grahn 

et al., 2017 , Angeli et al., 2018 and in Iraq Jubara 

2021.   

 

Mechanism of Action of SCS  

The eSCS-mediated restoration of voluntary 

movement in patient with a clinically “complete” 

SCI is thought to be due to neuroplasticity 

changes within a surviving group of neurons, 

signify that complete SCI May not to be as 

common as thought(15). The exact mechanism of 

restoring functional recovery not fully 

understood, it is widely accepted that eSCS 

primarily activates afferent neurons in the dorsal 

roots (16). Proprioceptive afferents are essential 

in eSCS-induced recovery and their absence or 

inhibition in animal studies suppresses functional 

recovery. The sustained effect of eSCS points to 

the monosynaptic pathway between the 

stimulated proprioceptive neurons and the 

corresponding agonist motor neurons. With 

repeated stimulation of this circuit, Hebbian 

plasticity is thought to strengthen synaptic 

connection and increase recruitment of motor 

neurons, which in turn augment the ability of 

surviving corticospinal neurons to facilitate 

volitional movement (17). While this proposed 

mechanism facilitates movement by forming 

orthodromic action potentials (APs) in the 

proprioceptive fibers that propagate toward the 

motor neuron, it must be noted that eSCS produce 

bidirectional APs. The antidromic APs travel 

toward the distal sensory organ and may collide 

with and subsequently interfere with endogenous 

proprioceptive signals, a phenomenon known as 

antidromic collision (16). The recruitment and 

plasticity of propriospinal neurons are also 

thought to play critical role in regeneration. 

Propriospinal neurons reside entirely within the 

spinal cord and project to one or more ipsilateral 

and/or contralateral locations, often transcending 

multiple spinal segments, they work in concert to 

facilitate rhythmic motor movement and are an 

essential component of locomotor central pattern 

generators (CPGs) (18).  

 

PATIENTS AND METHODS 
This was a randomized clinical trial, conducted at 

AL-Arabi private Hospital from April 2021 to 

April 2022. Included 37 patients 25 male and 12 

female (percent 67.6/32.4),  age 16-54 years old 

(mean 31.81SD 11.150) with chronic (more than 

6 months since injury), traumatic thoracic spinal 

cord injury (T4-T10). All the participant are 

ASIA impairment scale classification (A) and 

Ambulation category score (zero) who are under 

conventional medical and rehabilitation 

management of SCI. Sensory score, motor score 

of lower limb, modified reaching test, and 

Barthel index were collected before stimulation 

therapy. Clinical characteristics in table1  
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TABLE 1.  Clinical characteristics of the patients 

Exclusion criteria: 

 

 

Coagulopathy  

Medical problems like high blood pressure 200 

mmHg or above  

Psychiatric problems  

Unhealed pressure ulcer  

Patient asked to hold any drug used for spasticity 

or drugs affect coagulation before suitable period  

 

Procedures 

A written consent obtained for each patient. 

Patient history, clinical examination, and MRI 

reviewed before intervention. Under full a septic 

condition,  in the operating room with monitoring 

of vital signs ( pulse rate, SPO2, and blood 

pressure), a cannula inserted , Midazolam 

0.05mg/kg, prophylaxis antibiotic given after 

tested,  patient in prone position the sacral hiatus 

identified by ultrasound (or fluoroscope in 

difficult case ), under local anesthesia infiltration 

by 3-5 ml 2% lidocaine Cosman introducer 

needle 18 gauge passed through sacral hiatus to 

reach epidural space Figure 1 then Cosman 

catheter  66 cm length, blunt end 2mm diameter 

introduced through the needle to passed to 

anterior epidural space fluoroscopic guided to 

reach the targeted level Figure2,  Hydro 

dissection and adhesolysis of fibrosis by normal 

saline maximum 30 ml. the stimulation started 

from affected level down to the sacral segments 

by the following steps :  

From the affect segment and blow, for each level, 

4 min. pulsed radio-frequency at temperature 39 

C°, 45 voltage, 200 mAm, then 20 short burst of 

sensory stimulation according to response to 

maximum of 3 voltage and 5-10 min. motor 

stimulation with 5 Hz and 3 voltage. The 

stimulation time is 60 minute. We concentrate on 

the affected level and weak levels below 

specially T9, T12, L3, L5, and S1.  After 

intervention patient stay at hospital 2 Hours then 

discharge after checking vital signs.  

Patient followed up for any complication, 

advised to continue the usual rehabilitation 

management and reexamined every 2 months for 

sensory, motor, trunk stability and ambulation 

progress,  if there was  improvement stimulation 

done every 2-3 months . 

 

 

 

 

 

 

 

 

FIGURE 1: epidural needle through sacral hiatus 
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Clinical characteristics NO. mean SD Min. Max. 

Sensory score before stimulation /normal 112 37 63.68 12.48 44 86 

Motor score of lower limb before stimulation /normal 

25 
37 0.11 0.65 0 4 

Modified functional reach central before stimulation 

/normal ≥ 25cm 
37 6.83 2.81 4.0 12.4 

Modified functional reach left before stimulation  

/normal ≥ 25cm 
37 5.82 2.63 3.0 11.5 

Modified functional reach right before stimulation  

/normal ≥ 25cm 
37 5.66 2.65 3.0 11.0 

Barhtel index before stimulation /normal 100 

 
37 16.76 2.93 15 25 
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FIGURE 2: epidural catheter 

 

Statistical analysis 

All data of 37 patients recorded in computerized 

database with statistical analysis utility. SPSS 

version 22 used for analysis, suitable statistical 

procedures and tests were used accordingly at 

level of significance ≤ 0.05.  

 

RESULTS  
37 patients enrolled in this study  25 male and 12 

female (percent 67.6/32.4),  age 16-54 years old 

(mean 31.81 SD±11.15). All patients are of ASIA 

impairment scale classification A (complete 

spinal cord injury), duration of injury 6 months 

and more. Thoracic spinal cord injury level 

between T4-T10, all patients is on conventional 

medical care and rehabilitation management. The 

clinical characteristics mentioned in table 1. We 

use these criteria to compare before and after one 

year of epidural radiofrequency stimulation and 

results were as follow: 

ASIA impairment scale  

 

TABLE 2: ASIA scale before and after stimulation 

 

Compares between the impairment scale before and after stimulation using Wilcoxon Signed Ranks 

test show significant improvement   (Z = -5.35, P. value < 0.001)   

 

 

 
FIGURE 3: ASIA Scale changes after stimulation 
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Classification  A B C D E 

Before stimulation  37 0 0 0 0 

After stimulation 3(8.1%) 25(67.6%) 7(18.9%) 2(5.4%) 0 
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Sensory scoring using ASIA impairment scale  

The sensory grading from C2 to S5 on both sides 

of the body as 0= Absent, 1= Altered (either 

decreased sensation /impaired or 

hypersensitivity), 2= Normal taken for each level 

including light touch and pin prick,  normal score 

is 112(19).  

The mean score of the 37 patients before 

stimulation was 63.68±12.48 and became 80.97 

±10.78 after one year of treatment, using paired 

T-test to compare between sensory score before 

and after show significant improvement (P. value 

< 0.001).  

Motor scoring of the lower limb (normal 25) 

Consist of five levels: 

L2 = Hip Flexors  

L3 = Knee Extensors 

L4 = Ankle Dorsiflexors  

L5 = Long Toe Extensors  

S1 = Ankle Plantarflexors     

Muscle function grading  

0 = Total paralysis  

1 = Palpable or visible contraction  

2 = Active movement, full range of motion 

(ROM) with gravity eliminated 

3 = Active movement, full ROM against gravity 

4 = Active movement, full ROM against gravity 

and moderate resistance in a muscle specific 

position 

5 = (Normal) active movement, full ROM against 

gravity and full resistance in a functional muscle 

position expected from an otherwise unimpaired 

person (19). 

The mean scoring of all the 37 patients before 

was 0.11±0.65 , and after one year of treatment 

became 4.22±4.82, comparing the two by Paired 

T-test show significant improvement (P. value < 

0.001).  

Modified Functional Reaching Test  

It is a reliable tool for assessing sitting balance 

function in individuals with spinal cord injury. 

We use it to assess trunk stability, the test done 

in sitting position, it consists of three conditions 

over three trials  

Sitting near the wall and leaning forward 

Sitting with the back to the wall and leaning right 

Sitting with the back to the wall leaning left (20). 

The distance recorded in centimeters, normal 

value is ≥ 25cm.The results of the test before and 

after one year of treatment show significant 

improvement in trunk stability as in table 3 

                                

TABLE 3: Modified Functional Reaching Test before and after 

Test Before After P. value 

Central reach 6.83±2.81 24.55±2.86 < 0.001 

Right reach 5.66±2.65 22.53±2.92 < 0.001 

Left reach 5.82±2.63 22.55±2.84 < 0.001 

 

Paired T-test used in comparison  

The interpretation of Modified Reaching Test 

(21) 

≥ 25 cm normal or low risk of fall 

15 – 25 cm risk of fall is 2X greater than normal 

< 15 cm risk of fall is 4X greater than normal  

Unwilling to reach risk of falling is 8X greater 

than normal. 

Comparison between results of modified 

reaching test interpretation show significant 

improvement in trunk stability of the all patients 

after stimulation as in table 4 and figure 4, which 

in turn lead to improvement in performance 

dependence. 

 

TABLE 4: Modified Reaching Test Interpretation before & after Stimulation 

Test interpretation Normal or low risk Fall 2X grater Fall 4X grater 

C. reach inter. before 0(0%) 0(0%) 37(100%) 

R. reach inter. before 0(0%) 0(0%) 37(100%) 

L. reach inter. before 0(0%) 0(0%) 37(100%) 

C. reach  inter. after 19(51.4%) 18(48.6%) 0(0%) 

R. reach inter. after 15(40.5%) 22(59.5%) 0(0%) 

L. reach inter. after 16(43.2%) 21(56.8%) 0(0%) 
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FIGURE  4  :change in the trunk stability before and after stimulation 

 

Functional Ambulation Category 

Is 6 points functional walking test that evaluates 

ambulation ability, determining how much 

human support the patient requires when 

walking, regardless of whether or not they use a 

personal assistive device (22). 

Scoring and Score Interpretation (23) 

Score 0: Nonfunctional ambulatory  

Score 1: Ambulator requires continuous manual 

contact support body weight as well as to 

maintain balance or to assist. 

Score 2: Ambulator who requires intermittent or 

continuous light touch to assist balance or 

coordination. 

Score 3: Ambulator, dependent on supervision, 

patient ambulates on level surface need standby 

person for safety or verbal cueing. 

Score4: Ambulator, independent level surface 

only. 

Sore 5: Ambulator, independent who can walk 

everywhere including stairs. 

All the 37 patient before stimulation were 

nonfunctional ambulatories (score0), but after 

one year of treatment scoring changes as table 5 
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TABLE 5: change in scoring according Functional Ambulatory Category(FAC) before & after 

stimulation 

 Score 0 Score 1 Score 2 Score 3 Score 4 Score 5 

FAC 

before 
37(100%) 0 0 0 0 0 

FAC 

after 
6(16.2%) 1(2.7%) 12(32.4%) 13(35.1%) 5(13.5%) 0 

 

Wilcoxon Ranks Test used Z = -4.94, P. value 

was <0.001  

Comparison of the scorings of patient, before and 

after, stimulation showed significant 

improvement of patient’s ability of walking. 

 

Barthel Scale / Index (BI) 

Is an ordinal scale used measure performance in 

activities of daily livings (ADLs), it is measure 

the degree of assistance required by an individual 

on 10 items of mobility and self-care (24), normal 

score is 100.  

The mean Barthel index score of the37 patient 

was 16.76±2.93 and became 65.21±10.56 after 

one year of treatment comparison between the 

two means using Paired T-test showed 

significant( P. value < 0.001) improvement of the 

patients activities of daily livings and 

performance dependence .  

Proposed guidelines for interpreting Barthel 

scores are that (25): 

Score 0 – 20     total dependency  

Score 21 –  60  severe dependency   

Score 61 – 90   moderate dependency  

Score 91 – 99   slight dependency  

So distribution of patients score according these 

guidelines before and after stimulation will 

clarify the improvement of dependency  

 

Barthel 

Interpretation 

Total 

dependency 

Severe  

dependency 

Moderate 

dependency 

Slight 

dependency 

before 35(94.6%) 2(5.4%) 0 0 

after 0 19(51.4%) 18(48.6%) 0 

 

 

 
FIGURE 5: comparison of Barthel index interpretation before and after stimulation 
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DISCUSSION 
Spinal cord injury (SCI) is devastating, 

debilitating, and life-altering neurological 

damage that is correlated with severe physical, 

mental, social, and vocational impacts on the 

individual, family members, and healthcare 

systems (26). In addition to the conventional 

management, many treatments have been 

developed trying to restore sensory and motor 

function of spinal cord one of these promising 

treatments is the epidural stimulation (27). Fifty 

years after the introduction of SCS, several 

technological changes have occurred, with the 

most relevant taking place over the past few 

years. As hardware and software continue to 

improve, the effectiveness of the treatment will 

increase and the range of complications decrease 

(28).  

In this clinical trial cosman catheter used for 

epidural stimulation which originally designed to 

use in treatment of back pain this idea came to 

one of the authors ( Dr. Jubara) after he notice in 

previous study (Ghassan Faris Idan et al., 2022) 

improvement of sensory and motor function of 

patients complain from failed back surgery who 

treated by this method. 

The trial used as adjuvant to the conventional 

rehabilitation of (37) patients complain from 

complete spinal cord injury. The session of 

stimulation done every 2 months and patients 

followed up for one year to assess their 

improvement according ASIA grade, sensory, 

motor, trunk stability, ambulation and 

performance in activity of daily living.  

The conversion of 37 patients all ASIA grade A 

was 25(67.6%) patient convert to B, 7(18.9%) 

converted to C, and 2(5.4%) converted to D, this 

consider significant change compare to recovery 

occurs in patients without stimulation (29). The 

increase in mean sensory score after one year was 

17.29 and in motor score of lower limb was only 

4.11; both consider positive compare to natural 

recovery (30). 

 The sensory recovery of the thoracic levels, 

which happened gradually in caudal direction, 

indicate also the improvement in motor function 

of nerves come from thoracic levels which supply 

muscles responsible of trunk stability (31) 

leading to increase stability of trunk. The 

Modified Reaching Test used to examine 

stability clarifies this very good improvement 

especially when compare to studies use exercise 

only to increase stability (31). Triolo, Ronald J et 

al. reach to similar results using a surgically 

implanted multichannel pulse generator and 

intramuscular stimulating electrodes to activate 

lumbar erector spinae, quadratus lumborum, and 

gluteus maximus muscles bilaterally (33). 

Concerning walking all the 37 patient was unable 

to walk before stimulation but after one year 

many patients start assisted walking using the 

walkers, crutches, or long lower limb brace, 

depend on Functional Ambulation Category 

scoring and score interpretation (23), results were 

good as 6 patients remain un walkers score 0, 1 

score 1, 12 score 2, 13 score 3, 5 score 4, and no 

patient reach to totally normal score 5, compare 

to studies used implanted spinal cord injury like  

Smith, Andrew C et al. in a study on 11 patients 

diagnosed as complete spinal injury reached to 

similar results(34). The improvement of trunk 

stability and assisted walking lead to increase in 

dependence performance in activity of daily 

livings, we used Barthel index score to compare 

the functional outcome before and after 

stimulation the mean score was 16.76±2.93 and 

became 65.21±10.56 after one year this transfer 

the 37 patients from total dependency to 19 

patients of severe dependency and 18 patients 

moderate dependency which is better compare 

Gupta, A et al.,  Who follow the functional 

outcome of such patients after 2 years of 

rehabilitation only (35).  

The epidural pulsed radiofrequency with spinal 

stimulation is economically accepted in many 

studies (36, 37), minimal invasive procedure if 

compared to implant type which need surgery 

and have more expected complication (38). 

Luckily no serious adverse effect reported in this 

trial study. The studies of using this method in 

spinal cord stimulation are unavailable; this study 

may be the first, so longer duration of follow up 

needed for assessment. 

 

Clinical impressions 

Most of patients who had pain or spasticity report 

significant reduction in pain and acceptable 

improvement in spasticity and few male patients 

had variable degrees of improvement in sexual 

function.  
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CONCLUSIONS 
The epidural pulsed radiofrequency with neuro-

stimulation is effective treatment to partially 

restore sensory and motor function of patients 

with spinal cord injury and this lead to improve 

trunk stability, assisted walking, performance 

dependence of activities of daily livings and 

improve quality of life. It can be used as trial to 

choose the right patients for surgical implanted 

type of stimulation. We suggest conducting 

further studies with large sample size and longer 

duration for more evaluation.  

 

Authors’ contribution 

Dr. M. Jubara suggested the idea of using this 

method and performed the intervention. 

Dr. G.F.Idan  Monitoring of the patient. 

Dr. A. Alhaffo analyzed the data and wrote the 

manuscript. All authors read and approved the 

final manuscript. 

 

Ethical Clearance 

Ethical clearance and approval of the study are 

ascertained by the authors. The Institutional 

Review of Arabic board Committee approved 

this study. All ethical issues and data collection 

were in accordance with the World Medical 

Association Declaration of Helsinki 2013 for 

ethical issues of researches involving humans, 

informed consent obtained from all patients. Data 

and privacy of patients were kept confidentially. 

 

Conflict of interest 

Authors declared none. 

 

Funding 

None, self-funded by the authors 

 

REFERENCES  
1. Dietz V, Fouad K. Restoration of sensorimotor 

functions after spinal cord injury. Brain. 2014; 

137(Pt 3):654-667. doi:10.1093/brain/awt262. 

2. Choi EH, Gattas S, Brown NJ, et al. Epidural 

electrical stimulation for spinal cord 

injury. Neural Regen Res. 2021; 16(12):2367-

2375. doi:10.4103/1673-5374.313017. 

3. Kumar R, Lim J, Mekary RA, et al. Traumatic 

Spinal Injury: Global Epidemiology and 

Worldwide Volume. World Neurosurg.2018; 

113:e345-e363. 

4. Chan BC, Cadarette SM, Wodchis WP, Krahn 

MD, Mittmann N. The lifetime cost of spinal cord 

injury in Ontario, Canada: A population-based 

study from the perspective of the public health 

care payer. J Spinal Cord Med. 2019; 42(2):184-

193. doi:10.1080/10790268.2018.1486622  

5. Cao Y, Chen Y, DeVivo MJ... Lifetime direct 

costs after spinal cord injury. Topics in Spinal 

Cord Injury and Rehabilitation 2011; 16:10-6. 

6. Chen CL, Yeung KT, Bih LI, Wang CH, Chen 

MI, Chien JC. The relationship between sitting 

stability and functional performance in patients 

with paraplegia. Arch Phys Med Rehabil. 2003; 

84(9):1276-1281. doi: 10.1016/s0003-

9993(03)002.00-4. 

7. Ragnarsson KT. Functional electrical stimulation 

after spinal cord injury: current use, therapeutic 

effects and future directions. Spinal Cord. 2008; 

46(4):255-274. doi:10.1038/sj.sc.3102091.  

8. Kakulas BA. Neuropathology: the foundation for 

new treatments in spinal cord injury. Spinal Cord. 

2004; 42(10):549-563. 

doi:10.1038/sj.sc.3101670.  

9. Ahuja CS, Wilson JR, Nori S, et al. Traumatic 

spinal cord injury. Nat Rev Dis Primers. 2017; 

3:17018. Published 2017 Apr 27. 

doi:10.1038/nrdp.2017.18. 

10. Shealy CN, Mortimer JT, Reswick JB. Electrical 

inhibition of pain by stimulation of the dorsal 

columns: preliminary clinical report. Anesth 

Analg. 1967; 46(4):489-491. 

11. Cook AW. Electrical stimulation in multiple 

sclerosis. Hosp Pract. 1976;11(4):51-58. 

doi:10.1080/21548331.1976.11706516. 

12. Van de Crommert HW, Mulder T, Duysens J. 

Neural control of locomotion: sensory control of 

the central pattern generator and its relation to 

treadmill training. Gait Posture. 1998; 7(3):251-

263. doi: 10.1016/s0966-6362(98)00010-1. 

13. Harkema S, Gerasimenko Y, Hodes J, et al. Effect 

of epidural stimulation of the lumbosacral spinal 

cord on voluntary movement, standing, and 

assisted stepping after motor complete 

paraplegia: a case study. Lancet. 2011; 

377(9781):1938-1947. doi: 10.1016/S0140-

6736(11)60547-3. 

14. Kakulas A. The applied neurobiology of human 

spinal cord injury: a review. Paraplegia. 1988; 

26(6):371-379. doi:10.1038/sc.1988.57. 

15. Peña Pino I, Hoover C, Venkatesh S, et al. Long-

Term Spinal Cord Stimulation After Chronic 

Complete Spinal Cord Injury Enables Volitional 

Movement in the Absence of Stimulation. Front 

Syst Neurosci. 2020; 14:35. Published 2020 Jun 

30. doi:10.3389/fnsys.2020.00035. 

16. Formento E, Minassian K, Wagner F, et al. 

Electrical spinal cord stimulation must preserve 

proprioception to enable locomotion in humans 

with spinal cord injury. Nat Neurosci. 2018; 

21(12):1728

-1741. doi: 10.1038/s41593-018-0262-6. 

 

 

J Popul Ther Clin Pharmacol Vol 30(3):e273–e283; 27 January 2023. 
    This article is distributed under the terms of the Creative Commons Attribution-Non 

                                                Commercial 4.0 International License. ©2022 Mohan R, et al. 



e283 

Effect of Epidural Pulsed Radiofrequency with Neuro-Stimulation in Management of Thoracic Spinal Cord Injury 

 

 

17. Eisdorfer JT, Smit RD, Keefe KM, Lemay MA, 

Smith GM, Spence AJ. Epidural Electrical 

Stimulation: A Review of Plasticity Mechanisms 

That Are Hypothesized to Underlie Enhanced 

Recovery From Spinal Cord Injury With 

Stimulation. Front Mol Neurosci. 2020; 13:163. 

Published 2020 Sep 2. 

doi:10.3389/fnmol.2020.00163.   

18. Flynn JR, Graham BA, Galea MP, Callister RJ. 

The role of propriospinal interneurons in recovery 

from spinal cord injury. Neuropharmacology. 

2011; 60(5):809-822. 

doi:10.1016/j.neuropharm.2011.01.016.  

19. Kirshblum SC, Burns SP, Biering-Sorensen F, et 

al. International standards for neurological 

classification of spinal cord injury (revised 2011). 

J Spinal Cord Med. 2011; 34(6):535-546. doi: 

10.1179/204577211X13207446293695. 

20. Lynch SM, Leahy P, Barker SP. Reliability of 

measurements obtained with a modified 

functional reach test in subjects with spinal cord 

injury. Phys Ther. 1998;78(2):128-133. 

doi:10.1093/ptj/78.2.128. 

21. Duncan PW, Weiner DK, Chandler J, Studenski 

S. Functional reach: a new clinical measure of 

balance. J Gerontol. 1990; 45(6):M192-M197. 

doi:10.1093/geronj/45.6.m192 

22. Wade DT. Measurement in neurological 

rehabilitation. Curr Opin Neurol Neurosurg. 

1992; 5(5):682-686. 

23. Mehrholz J, Wagner K, Rutte K, Meissner D, 

Pohl M. Predictive validity and responsiveness of 

the functional ambulation category in hemiparetic 

patients after stroke. ArchPhys Med Rehabil. 

2007; 88(10):1314-1319. 

doi:10.1016/j.apmr.2007.06.764  

24. Mahoney Fi, Barthel Dw. Functional Evaluation: 

The Barthel Index. Md State Med J. 1965;14:61-

65. 

25. Shah S, Vanclay F, Cooper B. Improving the 

sensitivity of the Barthel Index for stroke 

rehabilitation. J Clin Epidemiol. 1989; 42(8):703-

709. doi: 10.1016/0895-4356(89)90065-6. 

26. Hossain MS, Harvey LA, Islam MS, et al. A 

community-based intervention to prevent serious 

complications and death 2 years after discharge in 

people with spinal cord injury in Bangladesh 

(CIVIC): a randomised trial. Spinal Cord. 2021; 

59(6):649-658. doi:10.1038/s41393-020-00546-9 

27. James ND, McMahon SB, Field-Fote EC, 

Bradbury EJ. Neuromodulation in the restoration 

of function after spinal cord injury. Lancet 

Neurol. 2018; 17(10):905-917. doi: 

10.1016/S1474-4422(18)30287-4. 

28. Tapias Pérez JH. Spinal cord stimulation: beyond 

pain management. Neurologia (Engl Ed). 2022; 

37(7):586-595. 

doi:10.1016/j.nrleng.2019.05.007. 

29. Zariffa J, Kramer JL, Fawcett JW, et al. 

Characterization of neurological recovery 

following traumatic sensorimotor complete 

thoracic spinal cord injury. Spinal Cord. 2011; 

49(3):463-471. doi:10.1038/sc.2010.140. 

30. Aimetti AA, Kirshblum S, Curt A, Mobley J, 

Grossman RG, Guest JD. Natural history of 

neurological improvement following complete 

(AIS A) thoracic spinal cord injury across three 

registries to guide acute clinical trial design and 

interpretation. Spinal Cord. 2019; 57(9):753-762. 

doi: 10.1038/s41393-019-0299-8. 

31. Butcher SJ, Craven BR, Chilibeck PD, Spink KS, 

Grona SL, Sprigings EJ. The effect of trunk 

stability training on vertical takeoff velocity. J 

Orthop Sports Phys Ther. 2007; 37(5):223-231. 

doi:10.2519/jospt.2007.2331. 

32. Sliwinski MM, Akselrad G, Alla V, Buan V, 

Kaemmerlen E. Community exercise programing 

and its potential influence on quality of life and 

functional reach for individuals with spinal cord 

injury. J Spinal Cord Med. 2020; 43(3):358-363. 

doi:10.1080/10790268.2018.1543104. 

33. Triolo RJ, Boggs L, Miller ME, Nemunaitis G, 

Nagy J, Bailey SN. Implanted electrical 

stimulation of the trunk for seated postural 

stability and function after cervical spinal cord 

injury: a single case study. Arch Phys Med 

Rehabil. 2009; 90(2):340-347. 

doi:10.1016/j.apmr.2008.07.029. 

34. Smith AC, Angeli CA, Ugiliweneza B, et al. 

Spinal cord imaging markers and recovery of 

standing with epidural stimulation in individuals 

with clinically motor complete spinal cord injury. 

Exp Brain Res. 2022; 240(1):279-288. doi: 

10.1007/s00221-021-06272-9. 

35. Gupta A, Taly AB, Srivastava A, Vishal S, Murali 

T. Traumatic vs non-traumatic spinal cord 

lesions: comparison of neurological and 

functional outcome after in-patient rehabilitation. 

Spinal Cord. 2008; 46(7):482-487. 

doi:10.1038/sj.sc.3102168. 

36. Leveque JC, Villavicencio AT, Bulsara KR, 

Rubin L, Gorecki JP. Spinal cord stimulation for 

failed back surgery syndrome. Neuromodulation. 

2001; 4(1):1-9. doi:10.1046/j.1525-

1403.2001.00001. 

37. Frey ME, Manchikanti L, Benyamin RM, Schultz 

DM, Smith HS, Cohen SP. Spinal cord 

stimulation for patients with failed back surgery 

syndrome: a systematic review. Pain Physician. 

2009; 12(2):379-397. 

38. Shamji MF, Westwick HJ, Heary RF. 

Complications related to the use of spinal cord 

stimulation for managing persistent postoperative 

neuropathic pain after lumbar spinal surgery. 

Neurosurg Focus. 2015; 39(4):E15. 

doi:10.3171/2015.7.FOCUS15260. 

 

 

 

J Popul Ther Clin Pharmacol Vol 30(3):e273–e283; 27 January 2023. 
    This article is distributed under the terms of the Creative Commons Attribution-Non 

                                                Commercial 4.0 International License. ©2022 Mohan R, et al. 

 


