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Transcutaneous Electrical Nerve Stimulation (TENS) for Pain Alleviation in Perioperative 

Fracture Patients 

 

Specific Aims: 

Opioid overdoses continue to increase, and the path to addiction often begins with a 

prescription. Half of postoperative patients receive an opioid prescription.1 Multimodal pain 

management, including cognitive, physical, and pharmaceutical strategies, reduces reliance on 

opioids alone. Transcutaneous nerve stimulation (TENS) is one physical strategy; this study 

aims to evaluate the effectiveness of TENS as part of postoperative pain management. 

Specific Aim 1: To pilot the use of TENS among a postoperative lower extremity injury 

population as part of multimodal pain management.  

H0: TENS cannot be delivered safely among this population. 

HA: TENS can be delivered safely among this population.  

Specific Aim 2: To compare utilization of inpatient and outpatient pain medications of 

patients treated with TENS and historical controls.   

H0: Patients treated with TENS will require the same amount of opioids as 

historical controls.  

HA: Patients treated with TENS will require less opioids (lower morphine 

milligram equivalent – MME) than historical controls during hospitalization and 

throughout 3-month follow up.  

Specific Aim 3: To compare patient-reported outcomes of patients treated with TENS 

and historical controls.  

H0 1: Patients treated with TENS will experience equivalent patient-reported 

outcomes as compared to historical controls. 

HA 1: Patients treated with TENS will experience greater improvement in patient-

reported outcomes (PROMIS 29) relative to baseline as compared to historical 

controls. 

H0 2: Patients treated with TENS will report higher pain scores as compared to 

historical controls.  

HA 2: Patients treated with TENS will report equivalent or lower pain scores as 

compared to historical controls.  

Background and Significance:  

Transcutaneous electrical nerve stimulation (TENS) is an affordable and non-invasive 
option for post-operative analgesia. Broadly, TENS devices deliver pulsed electrical impulses 
across skin to modulate pain. They are theorized to work through different mechanisms at 
multiple physiologic levels. Centrally, TENS units activate small-diameter sensory afferents (Aδ 
nerve fibers), which in turn activate descending pain-inhibitory networks. Peripherally, TENS 
activation of both large- and small-diameter sensory afferents blocks nociceptive signals to the 
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brain and is instead perceived as TENS-induced paresthesias. Finally, TENS efficacy may also 
be mediated by µ-opioid, 5HT-1, and 5HT-2 receptors, particularly at low-frequency electrical 
activity.2   

 
There are inconclusive results for the adjunctive use of TENS to modulate pain, largely 

because of a relative paucity of high-quality trials and significant inter-study heterogeneity due 
to non-standardized protocols. Moreover, most studies within the orthopaedic literature have 
been concentrated primarily within the total knee arthroplasty (TKA) literature and may have 
limited generalizability to orthopaedic trauma patients. Some studies have shown a trend 
towards decreased opioid consumption with the adjunctive use of TENS (vs. placebo-TENS or 
standard care)3,4  while other studies have shown no difference in pain scores in the post-
operative period.5-8 To our knowledge, only two recent RCTs have been conducted on non-TKA 
orthopaedic populations, both of which show promise for the use of TENS postoperatively. One 
prospective double-blind randomized trial on arthroscopic rotator cuff repairs found a 25% 
reduction in post-operative opioid consumption when TENS was used adjunctively for pain 
control .9 Another single-blind prospective RCT on Colles’ fractures reported greater 
postoperative pain improvements in patients receiving TENS vs. placebo.10  

 
There is a growing body of evidence to suggest that TENS therapy can reduce post-

operative pain after orthopedic procedures. More high-quality studies are needed to strengthen 
this suggestion and to characterize specific protocols, populations, and orthopedic conditions for 
which it might work best. Transcutaneous electrical nerve stimulation, if shown to be effective, 
stands to serve as an affordable non-opioid, non-invasive option for the safe and effective 
treatment of pain in the orthopaedic trauma patient population.  
 

TENS units are a non-significant risk device and, therefore, do not require an IDE based upon 
FDA guidance.15-17 The sensor pads will be placed at the same time as the surgical fixation of 
the study injury.  It does not present a potential serious risk to the health and welfare of patients.  
 

Research Design and Method:  

Overall Design  

This will be a prospective observational study of patients undergoing operative treatment of 

lower extremity conditions, including fracture fixation, treatment of nonunion, and deformity 

correction. The study will be conducted at a single Level I trauma center. Enrolled patients will 

receive TENS postoperatively during hospitalization; TENS units will also be sent home with 

patients for use throughout recovery. This group will be compared to controls injury-matched 

from a prospectively collected, historical database on mobility who did not receive treatment 

with TENS. 

Inclusion Criteria: 

• Operative treatment of lower extremity conditions, including fracture fixation, treatment of 

nonunion, and deformity correction 

• Injury or deformity of the femur, tibia (plateau, shaft, pilon), or hindfoot and ankle 

• Isolated injury 

• 18 years or older  

• Able to provide consent 
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• Plan for discharge to home 

Exclusion Criteria: 

• under 18 years of age 

• Unable to provide consent (no use of LAR) 

• History of dementia or Alzheimer’s disease 

• Patient residing in a residential care facility prior to admission (i.e, skilled nursing facility, 

nursing home, assisted living facility) 

 

Treatment Groups:  

The prospectively enrolled patients will have TENS pads placed immediately following surgery, 

prior to PACU. The TENS unit will be connected to the pads and turned on in the PACU. Each 

patient will receive instructions for suggested use of the device. They will be allowed to 

individualize the frequency/amplitude of the current to reach a “strong sub-noxious” stimulation, 

as recommended by previous studies.11,12 They will be asked to aim for 4x45 minute sessions 

each day. This protocol was previously published by a separate group demonstrating decreased 

post-operative pain levels with adjunctive TENS use.8 

This institution has an ongoing research study which collects injury characteristics, patient-

reported outcomes, and kinematic/performance data for orthopaedic trauma patients with lower-

extremity injuries. Patients with similar injuries as the prospectively enrolled patients will be 

identified in this database to serve as controls, because TENS units were not previously used at 

this institution for pain management. Our institution also has a database of all opioid 

prescriptions as well as risk factors that can be used to provide these data for the controls.13 

Sample Size: 

The sample size estimate was based on data from the meta-analysis conducted by Tedesco et 

al2. This is a superiority prospective observational study with matched historical controls and the 

primary outcome variable is morphine milligram equivalents (MME) within the first 48 hours 

postoperatively. The assumed mean MME for the TENS group is 6.4 and 9.9 for the control 

group with a pooled standard deviation of 5.5. Using a two-sided independent T-test, .05 level of 

significance and 80% power, 40 patients per group is needed for a total study sample of 80 

patients.  Therefore, we will enroll 50 patients in order to account for loss to follow-up. Historical 

controls will be injury-matched from a prospectively collected, historical database on mobility 

(N=50). 

Outcome Measures:  

Primary Outcomes: The primary outcome will be inpatient and outpatient opioid use, defined as 

morphine milligram equivalents. Morphine milligram equivalent dose (MME) will be calculated to 

standardize across different medications.  Pill counts will be conducted at follow-up visits to 

account for unused opioids, and patients will be provided with opioid disposal kits. Use of non-

opioid pain medications (i.e. NSAIDS, acetaminophen, gabapentin) will be documented. 

Patients will also be asked about their use of nonpharmaceutical modalities at each follow-up 

visit or phone call, including cryotherapy, aromatherapy, and cognitive strategies.  
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Secondary Outcomes: The secondary outcomes will be patient-reported outcomes, measured 

by the PROMIS 2914, which includes physical function, anxiety, depression, fatigue, sleep 

disturbance, ability to participate in social roles and activities, pain interference and pain 

intensity.  In addition, pain scores from the inpatient stay and clinic visits will be abstracted from 

the medical record. PROMIS will be administered during the hospitalization and at follow-up 

visits or via phone calls, emails, or text messages at 2, 6, and 12 weeks. VAS pain scores will 

be abstracted from the medical record during the hospitalization and at each follow-up visit.  

Process Measures and Feasibility: Process measures will be collected to document feasibility of 

implementing TENS postoperatively among this patient population, including: patient 

compliance with TENS after discharge, number of times each day TENS was used, duration of 

each TENS session, and average frequency/amplitude of electrical current for each patient.  

Study Procedures:  

Screening & Enrollment: All patients 18 years or older presenting for initial treatment, nonunion 

or limb length deformity correction of the femur, tibia (plateau, shaft, pilon), or hindfoot/ankle will 

be screened for eligibility. Once eligibility has been confirmed, a research coordinator and/or 

investigator will approach patient for consent prior to surgery. Patients will be given the 

opportunity to review the informed consent document and ask questions about the study. The 

informed consent will comply with the ICH/GCP regulatory guidelines.  

Baseline: Once consent is obtained, baseline data regarding participant characteristics, injury 

characteristics and PROMIS scores will be collected from the participant and entered into the 

electronic data collection system. Data will also be collected from the medical record regarding 

injury characteristics, fracture fixation, pain scores and utilization of pain alleviation modalities 

(pharmaceutical and nonpharmaceutical). 

Follow-up: Participants will complete study visits at 2, 6, and 12 weeks following admission to 

the hospital, which may overlap with regularly scheduled standard of care clinic visits. These 

visits may also be completed via phone calls, text messages, or email.  At these visits, 

participants will be asked to complete PROMIS-29 survey. Data regarding use of any 

pharmaceutical and nonpharmaceutical modalities for pain management will be collected at 

these visits. Additional variables about fracture complications will be collected from the 

electronic medical record.  

Adverse Reporting 

All adverse event will be reported accordance with the local IRB rules. The principal investigator 

must classify the event as Related, Probably Related, Possibly Related or Not Related. 

References:  

1. Clarke H, Soneji N, Ko D, Yun L, Wijeysundera D. Rates and risk factors for prolonged 
opioid use after major surgery: population based cohort study. BMJ. 2014;348:g1251. 

2. Jones I, Johnson MI. Transcutaneous electrical nerve stimulation. Continuing Education 
in Anaesthesia Critical Care & Pain. 2009;9(4):130-135. 

3. Tedesco D, Gori D, Desai KR, et al. Drug-Free Interventions to Reduce Pain or Opioid 
Consumption After Total Knee Arthroplasty: A Systematic Review and Meta-analysis. 
JAMA Surg. 2017;152(10):e172872. 



V2 
12/12/2019 

4. Li J, Song Y. Transcutaneous electrical nerve stimulation for postoperative pain control 
after total knee arthroplasty: A meta-analysis of randomized controlled trials. Medicine 
(Baltimore). 2017;96(37):e8036. 

5. Rakel BA, Zimmerman MB, Geasland K, et al. Transcutaneous electrical nerve 
stimulation for the control of pain during rehabilitation after total knee arthroplasty: A 
randomized, blinded, placebo-controlled trial. Pain. 2014;155(12):2599-2611. 

6. Beckwee D, Bautmans I, Lefeber N, Lievens P, Scheerlinck T, Vaes P. Effect of 
Transcutaneous Electric Nerve Stimulation on Pain after Total Knee Arthroplasty: A 
Blind Randomized Controlled Trial. The journal of knee surgery. 2018;31(2):189-196. 

7. Breit R, Van der Wall H. Transcutaneous electrical nerve stimulation for postoperative 
pain relief after total knee arthroplasty. The Journal of arthroplasty. 2004;19(1):45-48. 

8. Ramanathan D, Saleh A, Klika AK, Higuera CA, Barsoum WK. The Use of 
Transcutaneous Electrical Nerve Stimulation After Total Knee Arthroplasty: A 
Prospective Randomized Controlled Trial. Surgical technology international. 
2017;30:425-434. 

9. Mahure SA, Rokito AS, Kwon YW. Transcutaneous electrical nerve stimulation for 
postoperative pain relief after arthroscopic rotator cuff repair: a prospective double-
blinded randomized trial. J Shoulder Elbow Surg. 2017;26(9):1508-1513. 

10. Lee CH, Lee TY, Her JS, Liao WL, Hsieh CL. Single-Blinded, Randomized Preliminary 
Study Evaluating the Effect of Transcutaneous Electrical Nerve Stimulation on 
Postoperative Pain in Patients with Colles' Fracture. Journal of alternative and 
complementary medicine (New York, NY). 2015;21(12):754-758. 

11. Chou R, Gordon DB, de Leon-Casasola O, et al. Management of Postoperative Pain: A 
Clinical Practice Guideline From the American Pain Society, the American Society of 
Regional Anesthesia and Pain Medicine, and the American Society of Anesthesiologists' 
Committee on Regional Anesthesia, Executive Committee, and Administrative Council. J 
Pain. 2016;17(2):131-157. 

12. Bjordal J, Johnson M, Ljunggreen A. Transcutaneous electrical nerve stimulation (TENS) 
can reduce postoperative analgesic consumption. A meta-analysis with assessment of 
optimal treatment parameters for postoperative pain. Eur J Pain. 2003;7:181-188. 

13. Seymour RB, Leas D, Wally MK, Hsu JR. Prescription reporting with immediate 
medication utilization mapping (PRIMUM): development of an alert to improve narcotic 
prescribing. BMC Med Inform Decis Mak. 2016;16:111. 

14. Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes Measurement 
Information System (PROMIS) developed and tested its first wave of adult self-reported 
health outcome item banks: 2005-2008. J Clin Epidemiol. 2010;63(11):1179-1194. 

15.  Garland D, Holt P, Harrington JT, Caldwell J, Zizic T, Cholewczynski J. A 3-month, 
randomized, double-blind, placebo-controlled study to evaluate the safety and efficacy of 
a highly optimized, capacitively coupled, pulsed electrical stimulator in patients with 
osteoarthritis of the knee. Osteoarthr. Cartil. 2007;15:630–637 

16.  Deyo RA, Walsh NE, Martin DC, Schoenfeld LS, Ramamurthy S. A controlled trial of 
Transcutaneous Electrical Nerve Stimulation (TENS) and exercise for chronic low back 
pain. N Engl J Med. 1990;322:1627–1634 

17.      U. S. Food and Drug Administration/Center for Devices and Radiological Health. (2006). 
Information Sheet Guidance For IRBs, Clinical Investigators, and Sponsors Significant 
Risk and Nonsignificant Risk Medical Device Studies : FDA public health advisory. Silver 
Spring, MD. 

 


