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Introduction
Low back pain is a common, debilitating, and costly 
condition. It is the fifth most common reason for 
physician evaluation with an annual prevalence of 15% 
to 20%.1 Beyond the costs of medical management, 
patients with back pain often incur further losses 
in the workplace due to productivity time lost and 
compensation costs.1 Low back pain comprises 4.39% 

of adult patient visits to the emergency department 
and is one of the top ten presenting chief complaints.2 
Due to the high prevalence, it is important for 
physicians to understand potential treatment options 
for low back pain.

The severity of the symptoms associated with acute 
and chronic back pain often drives treatment, which 
includes non-opioid analgesics, opioids, physical 
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Abstract
INTRODUCTION: There are limitations to acute medical management of low back pain in the ED. Transcutaneous 
electrical nerve stimulation (TENS) provides a non-invasive, safe, accessible, and promising therapy. 

OBJECTIVES: To evaluate the role of a TENS unit in managing low back pain in the ED, and to compare the 
average patient length of stay in the ED to conventional treatment. 

METHODS: 71 patients with a chief complaint of low back pain were enrolled in the active arm. Pain scores 
on a 0-10 scale were obtained before and after treatment with the TENS units. The control group included 70 
historical cases with conventional treatment. T-test analysis was used to evaluate for any statistical difference 
in pain reduction. 

RESULTS: The pain scale before and after treatment was statistically significant between control and active 
arms: Before--controls 8.53 ± 1.52 and active arm 7.65 ± 1.81; after-- controls 5.89 ± 2 and active arm (5.01 
± 2.65).  The Delta score related variables were not statistically significant between historical and treatment 
groups. An analysis was conducted for the EXACT matched pairs (n=25). The pain scale before treatment was 
statistically significant between historical arm (8.52 ± 1.45) and active arm (7.56 ± 1.83). The pain scale after 
treatment was NOT statistically significant between historical and active arms. The delta score related variables 
were NOT statistically significant between the two arms. Length of stay was not statistically significant between 
the arms.

CONCLUSION: These results suggest that TENS is a viable treatment modality for lower back pain in the ED. 
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therapy, cold or heat therapy, nerve therapy, epidural 
corticosteroid injections, behavioral therapy, spinal 
cord stimulation, and acupuncture.3 Traditionally, 
routine care is performed by providing nonsteroidal 
anti-inflammatory drugs (NSAIDs), opioids, 
benzodiazepines, and/or muscle relaxants, in addition 
to advising patients to remain active.4 These therapies 
must be individualized due to side effects and to prevent 
drug-drug interactions. NSAIDs have shown efficacy 
as a treatment for low back pain; however, its use is 
limited by concentration and interval of dosing along 
with multiple effects including cardiovascular side 
effects, gastrointestinal bleeding, and NSAID induced 
nephrotoxicity.27 Opioid’s and benzodiazepines can 
be used for short-term analgesia but chronic use is 
complicated by tolerance and dependency.6 Muscle 
relaxants vary by mechanisms of action and side effect 
profiles. The limitations of current treatments, along 
with their associated side effects, call for the need 
for a safer, more accessible, and clinically effective 
treatment for low back pain.

Transcutaneous electrical nerve stimulation (TENS) 
is a non-invasive therapy that has shown promising 
results in the management of low back pain. TENS units 
utilize skin surface electrodes that provide electrical 
stimulation to peripheral nerves, typically at the site 
of injury.4 The electrical current activates muscarinic, 
opioid and serotonin receptors centrally, as well as 
α-2-noradrenergic and opioid receptors peripherally, 
resulting in analgesia.7 It is also believed that TENS 
activates large diameter nocireceptive afferent fibers 
to reduces pain signaling thereby decreased pain 
perception7. Because TENS is non-pharmacological 
and site-specific, it is an ideal method for localized pain 
relief without the concern for medication interaction 
or side effects. These devices are also accessible over-
the-counter from most pharmacies.

Several studies have investigated the potential 
efficacy of TENS as a treatment for low back pain. A 
recent study showed that utilizing TENS for treatment 
of chronic low back pain resulted in a significant 
reduction in the number of oral analgesic, fewer 
per-patient opioid costs, and decreased pharmacy 
use compared to control groups.8 In contrast, some 
studies have shown limited functionality of TENS 
as a treatment for acute and chronic back pain.5,9 
More specifically, those reviews and analyses that 
looked at TENS unit treatment for back pain had 

results ranging from not recommended to effective 
for pain control. However, the studies included in the 
reviews had differing inclusion/exclusion criteria, 
inconsistent dosing of TENs unit, and varying patient 
populations and varying mechanisms of back pain 
(i.e. MSK vs nerve damage such as multiple sclerosis). 
Other factors that can influence measured efficacy 
include stimulation parameters such as intensity, 
frequency, duration of treatment, comorbidities, 
demographics, device sophistication and position of 
stimulation.10,11 Therefore, further research with a 
more homogenous patient sample with consistent 
pain physiology and consistent dosing of the TENS 
unit is needed to understand the viability of this 
technology as a major tool for back pain relief.  

Methods
The non-inferiority study used a convenience sample 
of patients presenting to the emergency department 
(ED) with a chief complaint of lower back pain.  The 
study was conducted at a large urban academic inner 
city hospital ED from July 2018 to October 2019. A 
total of 70 patients were placed into the treatment 
arm and 70 historical case controls were used for the 
control arm. The team calculated that approximately 
61 patients would need to be enrolled in each group 
to observe appropriate effect. The decision was made 
to compare two groups of 70 patients each in order 
to have a power of ~0.85. Inclusion criteria consisted 
of age over 18, English-speaking, and presentation to 
the emergency department with a chief complaint of 
or multiple complaints including back pain. Patients 
with both acute and acute-on-chronic back pain were 
included. Exclusion criteria included current status of 
breastfeeding, pregnancy or chance of being pregnant, 
history of seizures, any type of electrical implant or 
pacemaker, diagnosis of an arrhythmia, abnormal 
skin on the lower back (rash, cancerous lesion, etc.), 
history of cancer, concern for cauda equina, inability 
to provide appropriate informed consent as assessed 
by provider, or if they were admitted to the hospital. 
The historical arm was obtained through an internal 
database of patients who presented to the Emergency 
Department with acute or acute-on-chronic back pain 
during the year of the study’s proposal. Patients fitting 
the study’s inclusion and exclusion criteria were 
identified, and 70 patients were randomly selected 
from the database. The pain scores pre-treatment and 
30 minutes post-treatment were available in the chart. 
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The dependent variables consisted of the patient 
pain scores before and after receiving treatment, and 
length of stay in the ED. This study was approved by 
the Institutional Review Board, and was supported by 
departmental self-funding.  

Prior to treatment, patients rated their current level 
of pain on a scale of 1-10 and the patient was asked to 
point to the exact location of their pain. An over-the-
counter Aleve Direct Therapy TENS unit was placed 
by a research assistant at the spinal level closest to the 
patient’s pain. The device consists of two electrodes 
covered by adhesive gel pads and a separate remote 
used to increase or decrease stimulation intensity. 
The non-adhesive center was placed over the 
patient’s midline spine while the two adhesive pads 
were placed over the paraspinal muscles. Patients 
received 30 minutes of treatment consisting of three 
stages: 5 minutes of high frequency stimulation (pulse 
duration 120 µs, frequency 80-120 Hz), 20 minutes of 
low frequency stimulation (pulse duration 240 µs, 
frequency 5-10 Hz), and 5 minutes of high frequency 
stimulation (pulse duration 120 µs, frequency 80-120 
Hz). After 30 minutes of TENS therapy, the device 
was removed and a post-treatment pain score was 
obtained on a 1-10 scale. If there was incomplete 
pain control as defined as a post-treatment pain level 
≥5 on the 0-10 scale, then standard therapies were 

provided (opiates, NSAIDs, benzodiazepines, muscle 
relaxants). 

An unmatched pairs’ (unmatched for demographics 
and for comorbidities) analysis was performed using 
an independent sample t-test to analyze the data. For 
the matched pair and EXACT matched pair analysis, a 
dependent t-test analysis was performed. The study 
was simplified by using a historical arm with available 
data from the Emergency Department, and matched 
pair analysis was subsequently performed in order to 
decrease the risk of bias. 

Results
A total of 71 patients were enrolled into an active arm of 
the study. 2 of these patients were removed from analysis 
as they required admission into the hospital. 69 patients 
were included in the analysis of the study. 70 patients 
were included in the historical arm. Gender breakdown 
is as follows: Active arm: 28 male, 41 female; Historical 
arm: 37 male, 33 female. Relatively even distribution 
by age in both arms. Racial distribution is as follows: 
Active arm: Black 40, White 8, Hispanic 18, Asian 1, 
other 2, Historical arm: Black 42, White 10, Hispanic 11, 
Asian 2 and other 5. We also collected the duration of 
symptomatology as well as comorbidities of patients in 
both arms. (Table 1)

Comparison of Routine Care Versus Transcutaneous Electrical Nerve Stimulation (TENS) for Treatment 
of Back Pain in the ED

Table1. Patient Demographics and Comorbidities.
Active Arm Historical Arm
69 70

Male 28 (41%) 37 (53%)
Female 41 (59%) 33 (47%)
Age 18-29 14 (20%) 21 (30%)
Age 30-39 17 (25%) 19 (27%)
Age 40-49 14 (20%) 13 (19%)
Age >50 24 (35%) 17 (24%)
Race: Black 40 (58%) 42 (60%)
Race: White 8 (12%) 10 (14%)
Race: Hispanic 18 (26%) 11 (16%)
Race: Asian 1 (1%) 2 (3%)
Race: Other 2 (3%) 5 (7%)
Symptoms present 1-6 days 41 (59%) 35 (50%)
Symptoms present 7-20 days 9 (13%) 11 (16%)
Symptoms present >20 days 19 (28%) 24 (34%)
Comorbidities
Hypertension 15 (22%) 19 (27%)
Diabetes 10 (14%) 8 (11%)
Congestive Heart Failure 1 (1%) 1 (1%)
Arthritis 3 (4%) 3 (4%)
Other comorbidities (<5) 32 (46%) 41 (59%)
Other comorbidities (≥5) 11 (16%) 4 (6%)

Descriptive demographics and comorbidities of patients enrolled into an active and control (historical) arms.



Archives of Emergency Medicine and Intensive Care V4 . I1 . 2021 4

We analyzed active and historical arms for 
pain scale analysis, utilizing a standard 1-10 
score. Initially, sample t-test was utilized for the 
unmatched pair’s analysis. The pain scale before 
treatment was statistically significant between 
historical arm (controls) (8.53 ± 1.52) and active 
arm (7.65 ± 1.81) groups. The pain scale after 

treatment was statistically significant between 
historical arm (5.89 ± 2) and active arm (5.01 ± 
2.65) groups.  The Delta score related variables 
were not statistically significant between 
historical and treatment arm groups. This 
indicates that the historical and treatment arms 
had a similar reduction in pain scores. (Table 2) 

Comparison of Routine Care Versus Transcutaneous Electrical Nerve Stimulation (TENS) for Treatment 
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Table2. Unmatched pairs analysis 

All Data
Variables Control/Pre (n=70) Arm (n=69) T- Test
Pain scale before treatment 8.53 ± 1.52 7.65 ± 1.81 t = 3.09 df= 137 p= 0.002
Pain scale after 30 min of treatment 5.89 ± 2 5.01 ± 2.65 t = 2.2 df= 126.7 p= 0.029
Delta Pain score 2.64 ± 1.64 2.64 ± 2.02 t = -0.01 df= 137 p= 0.995
Delta Percentage Pain score 0.31 ± 0.2 0.37 ± 0.29 t = -1.26 df= 120.36 p= 0.209
Ratio Pain score 0.69 ± 0.2 0.63 ± 0.29 t = 1.26 df= 120.36 p= 0.209
LOS Minutes 208.41 ± 117.72 228.35 ± 166.55 t = -0.82 df= 137 p= 0.416

T test analysis of patients treatment with TENS unit vs historical arms. Furthermore, the length of stay (LOS) in 
the ED had no statistical significance in the two groups. 
We further conducted a propensity match pairing for 
comorbidities, race, age, and gender. (Table 3) This 
analysis was performed in order to remove any bias 
between the two arms of the study. Given the non-

inferiority design of the study, propensity matching 
of pairs allows us to compare patients in both arms 
that have similar features by demographics and 
comorbidities.

Table3. Propensity matches pairing.

Matching Results - Samples included in the Analysis
Matching N % Cumulative %
Comorbidities + Race + Age + Gender (EXACT MATCH) 25 41.7% 41.7%
Race + Age + Gender 20 33.3% 75.0%
Age + Gender 12 20.0% 95.0%
Gender 3 5.0% 100.0%

Determination of matching pairs by different variables

For the ALL matched pairs (n=60) we used 
dependent t-test analysis. The pain scale before 
treatment was statistically significant between 
historical (8.57 ± 1.54) and active arm (7.78 ± 
1.77) groups. The pain scale after treatment was 

statistically significant between historical arm 
(5.78 ± 2) and treatment arm (4.96 ± 2.68) groups. 
However, the Delta score related variables were 
not statistically significant between historical 
and active arm groups. (Table 4)

Table4. Pain scores analysis for matched pairs.

Matched Data
 Control/Pre (n=60) Arm (n=60) T- Test Correlation
Pain scale before treatment 8.57 ± 1.54 7.78 ± 1.77 t = -2.61 df= 59 p= 0.011 r = 0.02 p= 0.874
Pain scale after 30 min of 
treatment 5.78 ± 2 4.96 ± 2.68 t = -2.1 df= 59 p= 0.04 r = 0.18 p= 0.176

Delta Pain score 2.78 ± 1.65 2.83 ± 2.06 t = 0.13 df= 59 p= 0.898 r = 0.1 p= 0.43
Delta Percentage Pain score 0.33 ± 0.2 0.39 ± 0.3 t = 1.4 df= 59 p= 0.168 r = 0.17 p= 0.198
Ratio Pain score 0.67 ± 0.2 0.61 ± 0.3 t = -1.4 df= 59 p= 0.168 r = 0.17 p= 0.198

LOS Minutes 206.1 ± 118.33 235.7 ± 
174.43 t = 1.14 df= 59 p= 0.257 r = 0.1 p= 0.429

T test analysis for matched pairs between treatment (TENS) arm and historical arm.



Archives of Emergency Medicine and Intensive Care V4 . I1 . 2021 5

This indicates that the historical and active arms 
had similar reduction in pain scores. Furthermore, 
for matched pairs, the LOS was not statistically 
significant. 

A separate analysis was conducted for the EXACT 
matched pairs (n=25), using a dependent t-test. 
The pain scale before treatment was statistically 

significant between historical arm (8.52 ± 1.45) and 
active arm (7.56 ± 1.83) groups. The pain scale after 
treatment was not statistically significant between 
historical arm and active arm groups. Furthermore, 
the delta score related variables were not statistically 
significant between historical and active arm groups. 
(Table 5) 

Comparison of Routine Care Versus Transcutaneous Electrical Nerve Stimulation (TENS) for Treatment 
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Table5. Analysis of 25 Exact Matched Pairs.
Exact Matched Data

 Control/
Pre (n=25)

Arm 
(n=25) T- Test Correlation

Pain scale before treatment 8.52 ± 1.45 7.56 ± 1.83 t = -2.17 df= 24 p= 0.04 r = 0.11 p= 
0.614

Pain scale after 30 min of 
treatment 5.6 ± 2.43 4.72 ± 2.81 t = -1.44 df= 24 p= 0.163 r = 0.32 p= 

0.113
Delta Pain score 2.92 ± 1.82 2.84 ± 2.53 t = -0.14 df= 24 p= 0.894 r = 0.11 p= 

0.616
Delta Percentage Pain score 0.36 ± 0.24 0.39 ± 0.33 t = 0.45 df= 24 p= 0.658 r = 0.29 p= 

0.167
Ratio Pain score 0.64 ± 0.24 0.61 ± 0.33 t = -0.45 df= 24 p= 0.658 r = 0.29 p= 

0.167
LOS Minutes 218.48 ± 

116.37
204.96 ± 
80.37 t = -0.53 df= 24 p= 0.602 r = 0.19 p= 

0.354
T test analysis for the 25 exact matched pairs between the treatment (TENS) and historical arms. 
This indicates that the historical and active arms have 
similar drop in pain score. For EXACT matched pairs, 
LOS was also not statistically significant. 

Discussion
According to the National Hospital Ambulatory Medical 
Care Survey from 2017, emergency departments 
(EDs) treat over 3 million people annually with a 
complaint of back pain. 12 Classes of medications 
most frequently used to treat back pain are opioids, 
followed by non-steroidal anti-inflammatory drugs, 
and muscle relaxants.13 National Drug abuse database 
reports drug overdose deaths involving prescription 
opioids rose from 3,442 in 1999 to 17,029 in 2017.14 
Multiple national organizations, including American 
Medical Association (AMA), American Hospital 
Association (AHA), American College of Emergency 
Physicians (ACEP) and other organizations have 
recently implemented Alternatives to Opioid (ALTO) 
programs in many EDs across the country.18 In general, 
ALTO is a multimodal approach to pain management 
aimed at regulating multiple receptors to achieve pain 
control.19 The first ED ALTO program was launched 
in January 2016 at St. Joseph’s Healthcare System in 
New Jersey and provided alternative protocols for 
pain management such as nitrous oxide, trigger point 

injections, and ultrasound guided nerve blocks.19 

Various non-pharmacologic modalities have been 
recommended for the management and treatment 
of low back pain. Physical therapy is one treatment 
option focused on continued exercise geared towards 
flexibility and strength to improve pain and function.21 
While other non-pharmacologic modalities such as 
heat therapy, manipulation, acupuncture have been 
validated as effective therapies in the management of 
back pain, the use of transcutaneous electrical nerve 
stimulation (TENS) has yet to be fully characterized 
and there exists a need for higher quality trials.22-24 
A review of systematic reviews and meta-analyses 
between 2007-2014 showed mixed results on the 
efficacy of TENS for back pain. The use of inconsistent 
treatment protocols, complex etiologies of pain (cancer 
pain, post-op pain, labor pain, multiple sclerosis), 
differences in inclusion/exclusion criteria, and 
variation in patient populations likely contributed to 
differences in efficacy. 

In the outpatient setting, electrical stimulation is one 
of the commonly utilized modalities to help with 
low back pain, primarily for chronic low back pain. 
TENS units are high frequency stimulators. There 
are 2 proposed mechanisms of action: local release
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of neurotransmitters (serotonin to block the pain 
signals), and dorsal column of the spinal cord inhibition 
of c-fiber nociception. Literature also suggests that 
electrical stimulation improves microcirculation 
and blood flow, which promotes healing.25 Because 
these devices are small and portable, patients can 
wear the device for extended periods of time. They 
are also easily accessible and can be purchased over-
the-counter. Improved pain control results in better 
mobility and improved functionality for patients. In a 
recently study by Grover, et. al., the authors found that 
TENS units are a feasible modality to be used in the 
ED for pain management.26 Furthermore, the authors 
focused on the question of efficacy of this modality if 
added to standard therapy.  Our study, which focuses 
on acute low back pain in the emergency department 
setting, demonstrates that TENS units can provide the 
same level of pain reduction as standard therapy. 

Another important aspect of ED operations is 
patient throughput. While our data shows that 
patient throughput did not statistically differ for the 
treatment and historical arms, future research may 
seek to further delineate the possibility of increasing 
patient throughput. We have provided further support 
to implement this device in the ED as part of routine 
pain management, at least for patients who present 
with lower back pain and do not have any red flags 
signs or symptoms.

Limitations
This non-inferior study was a case-control, convenient 
sample conducted in an urban inner city academic 
hospital. Although we did find propensity matched 
pairs for various demographics and comorbidities, 
we did not find all 70 pairs. This study was not a 
randomized controlled trial. This study showed non-
inferiority in acute pain reduction, but ongoing pain 
after removal of the TENS device and after the patient 
left the emergency department was never followed. 
Manufacturer guidelines disclose that the device can 
safely be used multiple times throughout the day 
and recommend a minimum of 30 minutes between 
treatments. Future studies could potentially investigate 
a longer follow-up and repeated treatment. 24 patients 
who had taken at least one pain medication (e.g. 
NSAIDs, opioids, muscle relaxers, benzodiazepines, 
or lidocaine patch) ≥30 minutes prior to enrollment 
in the study were flagged as they may have benefited 
from adjunctive treatment. We also did not study the 

logistical aspect of having TENS units available in 
the ED. For instance, would it be physical therapist 
providing such treatment as part of a consult? Some 
of the questions to explore: how to set up and order 
TENS unit treatment for coding and billing purposes, 
and is there reimbursement for such treatment in EM 
care? Further limitation of this study is that it was 
conducted in one Academic Urban Inner City hospital. 
Generalization of findings would be more applicable 
after having this conducted at different type of facilities 
with different patient populations. 

Conclusions
This non-randomized case-control convenient sample 
study, we have shown that TENS units are an alternative 
and possible adjunctive method for treatment of 
patient with lower back pain presenting to the ED. This 
type of treatment does not increase patient length of 
stay. Not only is this a feasible modality, but it shows 
similar pain reduction as standard of care treatment. 
Further studies would need to be conducted to evaluate 
the logistical aspect of utilizing TENS units in the ED, 
assess long-term pain control, and utilization of TENS 
after patients leave the emergency department.
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Comparison of Routine Care Versus Transcutaneous Electrical Nerve Stimulation (TENS) for Treatment 
of Back Pain in the ED

Article Summary
1. Why is this topic important?

One of the most frequent complaints of patients presenting to the ED is pain. Giving providers modalities to 
use, besides medications to treat pain, especially avoiding utilization of opioids is a very valuable modality. 
2. What does this study attempt to show?

The study shows that transcutaneous electrical nerve stimulation (TENS) is a promising therapy in the ED. 

3. What are the key findings?

TENS therapy is not inferior as a modality for back pain control in the ED, as compared to conventional 
therapy. TENS therapy for back pain does not have negative effect on patient throughput in the ED.  
4. How is patient care impacted?

TENS units could become and additional modality for patient pain management in the ED and could be added 
to ALTO treatment protocols.
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