
© 2018 DiBenedetto et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research  2018:11 2929–2941

Journal of Pain Research Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2929

O R i g i n a l  R e s e a R c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/JPR.S188795

10 khz spinal cord stimulation: a retrospective 
analysis of real-world data from a community-
based, interdisciplinary pain facility

David J DiBenedetto1,2  
Kelly M Wawrzyniak1,2  
Michael e schatman1,3  
Ronald J Kulich2,4  
Matthew Finkelman5

1Boston Paincare, Waltham, Ma, Usa; 
2Department of Diagnostic sciences, 
Tufts school of Dental Medicine, 
Boston, Ma, Usa; 3Department 
of Public health and community 
Medicine, Tufts school of Medicine, 
Boston, Ma, Usa; 4Department of 
anesthesia critical care and Pain 
Medicine, harvard Medical school/
Massachusetts general hospital, 
Boston, Ma, Usa; 5Division of 
Biostatistics and experimental Design, 
Tufts school of Dental Medicine, 
Boston, Ma, Usa

Objective: To evaluate clinical outcomes and health care utilization at 12 months post spinal 

cord stimulator (SCS) implantation compared with baseline and a matched sample of patients 

receiving conventional medical management (CMM) for the treatment of low back and lower 

extremity pain.

Patients: A retrospective study of patients with at least 24 months of active treatment at an 

interdisciplinary community pain center between December 1, 2014 and December 31, 2017. 

Thirty-two patients receiving implantation of a high-frequency (10 kHz) SCS and 64 patients 

receiving CMM were identified through propensity matching at a ratio of 2:1.

Methods: Data were extracted from medical records, including pain severity, prescribed opioid 

dose in morphine milligram equivalents, patient perception of disability, and volume of inter-

ventional pain procedures and total office visits to the pain center.

Results: Reductions in opioid dose were significantly greater for the SCS group than the CMM 

group. The 26.2 mg morphine equivalent dose reduction represents a 28% reduction from 

baseline, with 71.4% of those prescribed opioids in the SCS group reducing their dose at 12 

months post-implant. Among those with SCS, there were significant within-group reductions 

in numerical pain score for low back and lower extremity pain, reducing by 46.2% and 50.9% 

from baseline, respectively. Change in functional pain score was not significant for either SCS 

group or CMM. Both groups had significant within-group reduction in disability. Reduction 

of interventional procedure volume was significant for both groups with a greater reduction 

observed in the SCS group. Office visit volume reduction was significant for the CMM group, 

but this was not a significant difference from the SCS group.

Conclusions: Results support the efficacy of 10 kHz SCS for analgesia, reduction of opioid 

utilization, reduction of interventional pain procedures, and patient perception of disability.

Keywords: high-frequency (10 kHz) spinal cord stimulation, analgesia, opioids, disability, 

economic variables.

Introduction
Recent advancements in the field of neuromodulation have yielded significant 

improvements in treatment outcomes and have expanded the application of spinal 

cord stimulation (SCS) treatment to a wider range of chronic pain patients. Primary 

among these advancements has been the development of high-frequency SCS. Clini-

cal investigation of 10 kHz SCS was first reported in an abstract in 2010,1 in which 

the authors reported not only significant reductions of radicular lower extremity 

pain, but of axial back pain and self-reported disability scores as well. In 2013, van 
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Buyten et al2 published similar findings, and noted fewer 

self-reported awakenings from sleep and a reduction in 

those using opioid analgesics.

Al-Kaisy et al3 were the first to report on the sustained 

effectiveness of 10 kHz SCS in 2014, examining outcomes 

from a cohort of patients with chronic low back pain 24 

months after undergoing implantation at two large treatment 

centers in Europe. In addition to findings of decreased low 

back pain at 6 and 24 months post-implantation, the authors 

reported sustained decreases in perceived disability and 

opioid dose. In 2015, the results of the US non-inferiority 

study required for US Food and Drug Administration 

(FDA) approval of 10 kHz SCS, and the first to compare 

two SCS technologies in a pivotal study, were published.4 

This multicenter, randomized, controlled trial demonstrated 

superiority in terms of opioid dose reduction and relief 

of low back and lower extremity pain at 3 and 12 months 

post-implantation when compared with a commonly used 

low-frequency stimulator. The 10 kHz SCS treatment was 

also associated with greater improvements in quality of life 

measures examining function, pain interference, patient 

satisfaction and sleep.5 A follow-up study6 published in 2016 

by these authors examined 24 months of data and reported 

results similar to those from the original study in terms 

of improved pain ratings, self-reported disability scores, 

and patient satisfaction from 10 kHz SCS compared with 

traditional low-frequency SCS.

Although the results of these investigations are promising, 

substantiation in a real-world setting, outside the confines of 

a clinical study protocol, is needed. As with any large-scale 

health care investigation, generalizability remains a barrier 

in the absence of investigations that are conducted within 

the standards of practice in which patients are routinely 

managed. Moreover, despite the well-documented positive 

impact of interdisciplinary care on chronic pain treatment 

outcomes,7,8 the role of integrated care is rarely addressed 

in SCS investigations.

Finally, given the US health care system’s shift in focus 

from fee for service or capitated payment models to value-

based care, the assessment of both efficacy and cost with 

regard to emerging health care treatments and technologies 

is critical.9,10 Encouragingly, the initial investigation of the 

cost-effectiveness of 10 kHz SCS published in 201411 dem-

onstrated a favorable incremental cost-effectiveness ratio 

when compared with conventional medical management 

(CMM). However, this study was conducted in Europe, and 

therefore, these results may not generalize to settings without 

socialized medical systems.

This investigation presents retrospective treatment 

outcome data from a population of chronic low back 

pain patients evaluated and treated in a community-based 

interdisciplinary care setting in which treatment outcome 

expectations, functional goal setting, and targeted opioid 

reduction are addressed throughout treatment. The primary 

aim of this study was to evaluate the impact of 10 kHz SCS 

in addition to CMM on analgesia and perceived disability at 

12 months post-implant compared with a matched sample of 

patients receiving CMM only. Secondary study aims were 

to examine changes in health care utilization, including 

the use of opioid medications, in patients receiving 10 kHz 

SCS in addition to CMM compared with those receiving 

CMM only.

Methods
A retrospective records review was performed using data 

from patients with chronic low back pain with or without 

radicular lower extremity pain, treated at one community-

based, interdisciplinary pain management center between 

December 1, 2014 and December 31, 2017. The Tufts 

University Health Sciences Institutional Review Board 

reviewed the protocol and determined that this study was 

not research involving human subjects as defined by Depart-

ment of Health and Human Services and FDA regulations. 

Thirty-two subjects underwent implantation of a 10 kHz 

SCS unit (Senza™ system, Nevro Corp., Redwood City, CA, 

USA) during this study period, had been active patients of 

the pain center for at least 12 months prior to and after the 

date of implant, and had not had an explant of the 10 kHz 

SCS during the study period. These subjects were referred 

to as the SCS + CMM group. A matched cohort of 274 

patients met the criteria of having a diagnosis of chronic 

low back pain with or without radicular lower extremity 

pain, engaged in treatments for at least 24 months during 

this same study period, and did not have an implanted SCS 

during this time period. These subjects were referred to as 

the CMM group. To ensure an adequately matched sample, 

a propensity-matching technique was used with a ratio of 

2:1 to identify a CMM group of 64 subjects to be included 

in data analysis, further described in the Statistical Analyses 

section.

Prior to 10 kHz SCS implant, patients were evaluated 

by an interventional anesthesiologist to determine medical 

appropriateness, and then evaluated by a pain psychologist. 

Self-report screening measures were completed as part of the 

evaluation process. Since this was a retrospective investiga-

tion, selection of measures was developed over time and not 
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all measures were administered to all subjects at their 10 

kHz SCS evaluations. The collateral treating clinicians (eg, 

outpatient psychiatrist and referring surgeon) were consulted 

when this was indicated to aid in the evaluation. Patients who 

were determined to likely benefit from 10 kHz SCS were 

recommended to proceed to trial for 7–10 days. Collabora-

tive meetings were scheduled with the patient, treating pain 

physician, nurse practitioner, and psychologist to establish 

specific functional goals, opioid reduction targets, and deter-

mine any barriers to adherence or success. At the end of the 

trial, the pain physician assessed pain relief and functional 

improvement to determine if the patients met criteria of at 

least 50% reduction in pain and marked improvement in func-

tion. All patients who proceeded to permanent implantation 

were asked to follow-up at least every 6 months post-implant 

with the pain physician to monitor progress with the 10 kHz 

SCS device, administer the screening measures to monitor 

psychosocial and functional domains, ensure compliant 

use of 10 kHz SCS, assess self-reported pain, and review 

functional goals.

Data collection
Sociodemographic data included marital status, employment 

status, tobacco use, gender, and age at the earliest time point 

in the study period for each subject.

Opioid dose
Daily opioid dose in morphine milligram equivalent (MME) 

was extracted at three time points for all subjects (Figure 1). 

For those with SCS + CMM, 12 months pre-implant, date of 

implant, and 12 months post-implant were used. For those 

receiving CMM, the start, 12- and 24-month time points dur-

FPS, MME

Visit volume,
interventional

procedure
volume

FPS, MME

FPS, MME,
RMDQ-m

FPS, NRS, MME,
RMDQ-m

WHODAS 2.0

FPS, MME,
RMDQ-m

FPS, NRS, MME,
RMDQ-m

WHODAS 2.0

Visit volume,
interventional

procedure
volume

Visit volume,
interventional

procedure
volume

Visit volume,
interventional

procedure
volume

CMM GroupSCS Group
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Figure 1 Time points of data extraction from medical record during study period.
Abbreviations: cMM, conventional medical management; FPs, Functional Pain scale; MMe, morphine milligram equivalent; nRs, numeric rating scale; RMDQ-m, Roland–
Morris Disability Questionnaire-modified; SCS, spinal cord stimulator; WHODAS, WHO Disability Assessment Schedule.
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ing the study period were used. MME was calculated using 

the conversions developed and published by the Washington 

State Agency Medical Directors’ Group.12 MME at 12 months 

pre-implant/start of study period was used for propensity 

matching and a dose of 0 MME represents someone who 

was not prescribed a daily opioid dose in the pain center’s 

opioid prescribing program, a structured program to closely 

monitor safety and effectiveness of chronic opioid therapy. 

For those subjects who did participate in the center’s opioid 

prescribing program, change in opioid dose was calculated 

by subtracting MME at 12 months post-implant from time of 

implants for the SCS + CMM group and subtracting MME 

at month 24 from month 12 for the CMM group.

Visit volume
Office visit volume and interventional procedure volume 

were calculated by counting the total number of visits and 

procedures, respectively, over the time period of 12 months 

pre-implant to the time of implant and again from the time 

of implant to 12 months post-implant for the SCS + CMM 

group, and for those with CMM using totals of start date to 

month 12, and month 12 to month 24 (Figure 1). Office visits 

included all evaluations and follow-ups across providers at 

the pain center (eg, medical follow-up visits, appointments 

for minor office procedures, such as trigger point or bursa 

injections, behavioral medicine visits, and physical therapy) 

excluding routine medication management follow-up visits 

and visits related to the 10 kHz SCS device (eg, evaluation, 

follow-up, and programming follow-ups). Interventional 

procedures included epidural steroid injections, facet joint 

injections, radiofrequency ablations, and major joint injec-

tions and excluded 10 kHz SCS trial visits.

self-report measures
Pain severity was measured using two different scales. A 

Functional Pain Scale (FPS) is administered at each office 

visit for all patients at the pain center. This scale is anchored 

at 0 representing “no pain” and 10 representing “worst 

imaginable pain.” Each number on this 11-point scale has a 

functional description; for example, a 3 on the scale is “Pain 

that is starting to affect your ability to perform the current 

activity,” and a 7 on the scale is “You cannot use or move the 

painful area. You have difficulty talking and concentrating on 

anything but the pain.” While initially validated only among 

the elderly,13 a recent study14 reported adequate reliability 

and validity of a modified version in a sample of patients 

with chronic pain. FPS data were extracted at three time 

points for all subjects and the initial point value was used for 

propensity matching (Figure 1). For those with SCS + CMM, 

12 months pre-implant, date of implant, and 12 months 

post-implant were used. For subjects in the CMM group, the 

start, 12-month, and 24-month time points during the study 

period were used. Change in FPS severity was calculated 

by subtracting FPS rating at 12 months post-implant from 

time of implants for the SCS + CMM group and subtracting 

FPS rating at month 24 from month 12 for the CMM group.

The second pain severity measure used with only 10 kHz 

SCS implant patients was a numeric rating scale (NRS) to 

assess low back pain and lower extremity pain at the time 

of 10 kHz SCS implant and at 12 months post-implant. 

The NRS requires patients to report their current level of 

pain on an 11-point Likert scale, with 0 representing “no 

pain” and 10 representing “worst pain possible”. Although 

widely used for many years in pain medicine, a 2007 review 

noted that it was not developed or validated as a measure of 

pain.15 Test–retest reliability has been found only to be fair, 

although responsiveness in treated patients with chronic pain 

was determined to be “adequate”.16 A more recent study of 

low back and radiating lower extremity patients17 failed to 

demonstrate its construct validity. However, it remains the 

standard measure in pain outcomes studies, including those 

evaluating SCS. Change in NRS rating was calculated by 

subtracting NRS rating at 12 months post-implant from those 

at the time of implants for the SCS + CMM group.

The pain catastrophizing scale18 was administered at the 

time of 10 kHz SCS evaluation. Each of the 13 items is a 

statement exemplary of a catastrophizing thought, and the 

patients are asked to rate the degree to which the item was 

true for them using a 5-point Likert scale anchored at 0 rep-

resenting “not at all” and 4 representing “all the time”. Total 

scores range from 0 indicating no pain catastrophization to 

52 indicating the most severe pain catastrophization possible, 

with a score of ≥30 indicating a clinically relevant level of 

catastrophizing.19 The factor structure, reliability, and validity 

of the measure have been empirically established in the pain 

patient population,20 and the assessment tool has already been 

used in a study of high-frequency SCS.21

The Patient Health Questionnaire (PHQ)-922 is a 9-item 

measure of depression severity that was administered at the 

time of 10 kHz SCS evaluation, the validity and reliability 

of which were established and confirmed through numerous 

studies. It has been widely used in investigations of chronic 

pain patients,23 including those examining chronic pain 

patients receiving opioid therapy24 and SCS.25 Each item is 

rated for its frequency over the past 2 weeks, using a Likert 

scale anchored at 0 representing “not at all” and 3 represent-
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ing “nearly every day”, with total scores ranging from 0 

indicating no depression to 27 indicating severe depression 

with suicidal ideation.

The PHQ-15 is a 15-item measure developed to measure 

somatization26 and was administered at the time of 10 kHz 

SCS evaluation. Its validity and reliability have been estab-

lished,27 although it has not previously been used in a study 

of SCS. Each item is a physical symptom (eg, dizziness and 

chest pain) and is rated on the extent to which the symptom 

has bothered the individual over the past 4 weeks: not both-

ered, bothered a little, and bothered a lot. Total scores range 

from 0 to 30, with a total score of ≥15 indicating high somatic 

symptom severity.

The Generalized Anxiety Disorder-728 is a measure of 

anxiety severity that was administered at the time of 10 kHz 

SCS evaluation. The validity and reliability have been estab-

lished in the general population29 as well as in the population  

of patients with chronic pain30 and has been recommended as 

a prescreening measure for selection of patients for SCS.31 

Each item is rated for its frequency over the past 2 weeks, 

using a Likert scale anchored at 0 representing “not at all” 

and 3 representing “nearly every day”, with total scores 

ranging from 0 indicating no anxiety to 21, and scores of 

≥10 indicating the likely presence of an anxiety disorder.

The WHO Disability Assessment Schedule 2.0 (WHO-

DAS 2.0) is a 36-item measure used to assess disability 

and was administered at the time of 10 kHz SCS evaluation 

and at follow-up post 10 kHz SCS implant. Each item uses 

a 5-point Likert scale to rate the degree of difficulty over 

the past 30 days in various tasks ranging from “none” to 

“extreme or cannot do”. It has demonstrated high concurrent 

validity with comparable instruments designed to measure 

disability in day-to-day functioning across activity domains.32 

Internal consistency and reliability of the measure have been 

established as good.33 The simple scoring method was used 

wherein the summary score is an average weighted score of 

each of the six domains, reported as one number ranging 

from 1.00 to 5.00.

The Roland–Morris Disability Questionnaire (RMDQ)34 

is a 24-item self-report measure of disability due to back pain 

and was modified (RMDQ-m) to describe pain in general (eg, 

“I walk more slowly than usual because of my back” was 

modified to “I walk more slowly than usual because of my 

pain”). Modifications to the items have been described in the 

literature and supported by the authors of the RMDQ.35 Items 

were either endorsed if true on the current day or left blank if 

not true on the current day. Scores range from 0 to 24, with 

0 representing no disability from pain and 24 representing 

maximum disability from pain. Subjects in the SCS + CMM 

group may have completed this measure at SCS evaluation 

and post-implant follow-up visits and/or as part of routine 

care if enrolled in the opioid prescribing program. Subjects 

in the CMM group who were also enrolled in the opioid 

prescribing program were administered the RMDQ-m as 

part of routine care, and scores were obtained from month 

12 and month 24 for both groups.

statistical analyses
A propensity score-matching approach was undertaken 

using nearest-neighbor matching without replacement. 

Age, gender, initial pain severity, combined office visit and 

interventional procedure volume over the initial 12 months, 

and initial opioid dose category (initial dose =0 MME, ini-

tial dose between 0 and 90 MME, or initial dose ≥90 MME) 

were included in the logistic regression model. Visit volume 

was clinically important to use in the matching model for 

two main reasons: 1) patients who are in the clinic monthly 

vs once per year receive a different level of engagement in 

education and exposure to the clinic’s philosophy to prioritize 

functional outcomes and 2) the patients who are candidates 

for SCS are clinically different from those coming infre-

quently for visits, such as those doing well receiving one 

spine procedure each year. The ratio of subjects in the CMM 

group to subjects in the SCS + CMM group was 2:1. The 

R package “MatchIt” was used to select matched samples. 

Following the propensity score-matching procedure, the 

CMM and SCS + CMM groups were compared with respect 

to each of the above potential confounders. The groups were 

compared in terms of age using the independent-samples 

t-test. Due to non-normality of data, they were compared in 

terms of initial pain severity and combined office visit and 

interventional procedure volume over the initial 12 months 

using the Mann–Whitney U test. Comparisons between the 

groups in terms of gender and initial opioid dose category 

were conducted via the chi-squared test.

Descriptive statistics (counts and percentages for categor-

ical variables; means, medians, SDs, and IQRs for discrete/

continuous variables) were computed. Comparison of the 

CMM and SCS + CMM groups in terms of tobacco status 

was performed using the chi-squared test. The two groups 

were compared in terms of marital status and employment 

status via Fisher’s exact test (which was used in lieu of the 

chi-squared test due to sparse expected cell counts for these 

particular analyses). Due to non-normality, between-group 

comparisons of change in pain score, RMDQ-m score, 

MME, visit volume, and procedure volume were performed 
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using the Mann–Whitney U test. Within-group comparisons 

were performed using the Wilcoxon signed-rank test. The 

significance level was set at 0.05. SPSS Version 24 was used 

in the analysis.

Results
Propensity-matching technique identified 64 subjects in the 

CMM group who were best matched to the 32 subjects in 

the SCS + CMM group on five variables: gender, age, pain 

severity at month 0, MME at month 0, and overall visit and 

procedure volume over the initial 12 months. Additionally, 

the CMM group did not significantly differ from the SCS + 

CMM group in terms of tobacco use, employment status, 

or marital status (Table 1). Of those in the SCS + CMM 

group who had completed self-report measures as part of 

their psychological evaluations for SCS, their median and 

mean scores were below thresholds used to indicate major 

depression, generalized anxiety disorder, somatic symptom 

severity, and pain catastrophizing (Table 2).

Pain severity
The SCS + CMM group reported a reduction in FPS of 

approximately one point (M=−0.9, SD=1.9) from baseline 

to 12 months follow-up; however, this did not quite reach 

Table 1 Demographic and clinical data for all subjects by scs + cMM and cMM groups

SCS + CMM group n=32 CMM group n=64 Difference 
between 
groups P-value

n % Median (IQR)a Mean 
(SD)

n % Median (IQR) Mean 
(SD)

age (years) 55.5 (47.5–61.5) 56.0 (10.0) 54.0 (45.0–67.0) 55.2 (14.7) 0.74
initial pain severity 5.5 (4.0–7.0) 5.41 (1.64) 6.0 (4.0–7.0) 5.36 (1.95) 0.99
initial 12 months all 
visit and interventional 
procedure volume

16.5 (10.0–21.5) 17.2 (10.4) 16.5 (10.0–22.5) 16.6 (9.2) 0.98

gender 0.88
Male 14 43.7 27 42.2
Female 18 56.3 37 57.8

initial opioid dose 0.67
0 MMeb 14 43.7 29 45.3
>0 and <90 MMe 10 31.3 15 23.4

≥90 MMe 8 25.0 20 31.3
Marital status 0.70

Married 23 71.9 40 62.5
Divorced 6 18.7 10 15.6
single 3 9.4 9 14.1
Widowed 0 0 3 4.7

employment status 0.34
employed 18 56.3 24 37.5
Retired 1 3.1 4 6.2
Disabled 7 21.9 10 15.6
not working 6 18.7 20 31.3

Tobacco status 0.45
Using 4 12.5 10 15.6
not using 26 81.3 40 62.5

Note: Data and analyses do not include unknown status as follows: two unknown marital status in cMM group, six unknown employment status in cMM group, 14 unknown 
tobacco use status in cMM group, two unknown tobacco use status in scs + cMM group. aiQR. bMMe. 
Abbreviations: cMM, conventional medical management; MMe, morphine milligram equivalent; scs, spinal cord stimulator.

Table 2 self-report measures at the time of spinal cord stimulator evaluation

 Construct n Median (IQR)a Mean (SD)

Pain catastrophizing scale catastrophizing 18 13 (6–25) 16.4 (12.4)
Patient health Questionnaire-9 item Depression 20 6.5 (2–8) 6.4 (5.2)
generalized anxiety Disorder-7 item anxiety 19 3 (0.5–7.5) 4.8 (5.3)
Patient health Questionnaire-15 item somatic overfocus 19 10 (5.5–13) 9.5 (3.6)

Note: aiQR.
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statistical significance (P=0.06). The CMM group reported 

no change in FPS (M=0.0, SD=2.3, P=0.97), and these 

changes in FPS were not significantly different between 

groups (P=0.07). Subjects in the SCS + CMM group also 

reported a significant reduction in low back pain sever-

ity of 42.6% as measured by the NRS (M=−3.1, SD=2.6, 

n=30, P<0.001) and a signif icant reduction in lower 

extremity pain of 50.9% on the NRS (M=−2.9, SD=2.2, 

n=16, P=0.01). Mean and median pain severity data are 

presented in Table 3.

Disability
Of those completing the RMDQ-m on at least 2 time points 

during the study period, both the SCS+CMM group (n=21) 

and CMM group (n=38) reported a significant reduction 

in RMDQ-m  scores (M=−3.1, SD=5.5, P=0.02; M=−1.5, 

SD=4.0, P=0.01, respectively). There was not a statisti-

cally significant difference between groups in the change 

of RMDQ-m scores (P=0.13). Some subjects in the SCS 

+ CMM group additionally completed the WHODAS 2.0 

measure of disability at the time of evaluation for SCS and 

at 12 months post-implant (n=19). The total score was low 

at evaluation (M=1.97, SD=0.42), indicating mild disability 

across domains and did not significantly change (M=−0.05, 

SD=0.57, P=0.57). Mean and median disability data are 

presented in Table 4.

Opioid dose
Among those prescribed daily opioid medications during the 

study period, those in the SCS + CMM group (n=21) had a 

dose of 92.2 MME at the time of implant (SD=51.3) and 

a significant reduction in dose at 12 months post-implant 

(M=−26.2, SD=32.8, P=0.001). The CMM group (n=38) 

had a starting dose of 89.1 MME (SD=52.7) and no sig-

nificant change in dose (M=−5.8, SD=34.2, P=0.11). There 

was a statistically significant difference between groups in 

the change of MME (P=0.01), indicating more reduction 

in opioid doses among the SCS + CMM group. Mean and 

median opioid data are presented in Table 5. Five subjects in 

the SCS + CMM group had dose reductions of at least 60%, 

including one who tapered completely off, while only one 

subject in the CMM group had a dose reduction of at least 

60%. Information on number of subjects with and without 

dose changes is presented in Table 6.

Table 3 Pain severity data for all subjects by group and Pain scale

 Mean (SD) Median (IQR)a Within-group 
change

 Baseline 12-month follow-up Baseline 12-month follow-up P-value

low back nRsb

scs + cMM group (n=30)
6.7 (1.6) 3.6 (2.1) 6.75 (5.0–8.0) 4.0 (2.0–5.0) <0.001*

lower extremity nRs scs + 
cMM group (n=16)

5.7 (1.7) 2.8 (2.0) 5.75 (4.75–7.0) 3.25 (1.0–5.0) 0.01*

FPsc

scs + cMM group (n=32)
5.3 (2.0) 4.4 (1.9) 5.0 (4.0–7.0) 5.0 (3.0–5.0) 0.06

FPs
cMM group (n=64)

4.7 (1.9) 4.7 (1.7) 4.5 (3.0–6.0) 5.0 (3.0–6.0) 0.97

Note: aiQR. bnumerical Rating scale. cFunctional Pain Scale. *Indicates significance at the 0.05 level.
Abbreviations: cMM, conventional medical management; FPs, Functional Pain scale; nRs, numeric rating scale; scs, spinal cord stimulator.

Table 4 Disability data for all subjects by group and measure

 Mean (SD) Median (IQR)a Within-group 
change

 Baseline 12-month 
follow-up

Baseline 12-month 
follow-up

P-value

WhODas 2.0b

scs + cMM group (n=19)
1.97 (0.42) 1.92 (0.64) 1.94 (1.64–2.18) 1.66 (1.53–2.17) 0.57

RMDQ-mc

scs + cMM group (n=21)
13.9 (4.5) 10.8 (4.8) 15.0 (11.0–18.0) 12.0 (7.0–14.0) 0.02*

RMDQ-m
cMM group (n=38)

11.7 (5.7) 10.2 (5.3) 12.5 (7.0–16.0) 9.5 (7.0–14.0) 0.01*

Note: aiQR. bWhODas 2.0. cRMDQ-m. *Indicates significance at the 0.05 level.
Abbreviations: CMM, conventional medical management; RMDQ-m, Roland-Morris Disability Questionnaire-modified; SCS, spinal cord stimulator; WHODAS, WHO 
Disability assessment schedule.
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Health care utilization: office visits and 
procedures
The SCS + CMM group had a reduction in office visit vol-

ume, but this change was not statistically significant (M=−0.9, 

SD=5.6, P=0.46). The CMM group had a statistically sig-

nificant reduction in office visit volume (M=−1.3, SD=4.3, 

P=0.02). There was no statistically significant difference 

between groups in the change of visit volume (P=0.62) and 

the significant finding for the CMM group but not the SCS 

+ CMM group may be related to the difference in sample 

size of each group.

Both the SCS + CMM and CMM groups had similar 

interventional procedure volume over the initial 12 months 

of the study period (M=2.5, SD=2.1 and M=2.6, SD=2.5, 

respectively) and experienced significant reductions in inter-

ventional procedure volume (M=−1.8, SD=1.9, P<0.001; 

M=−0.8, SD=2.5, P=0.01, respectively) during the following 

12 months. The SCS + CMM group reduced the number of 

interventional procedures by 72.0% while the CMM group 

reduced by 34.6%, and this difference between groups was 

significant (P=0.03) with those in the SCS + CMM group 

undergoing less than half the number of interventional pro-

cedures than the CMM group in the latter 12 months of the 

study period. Mean and median office visit and interventional 

procedure data are presented in Table 7.

Discussion
This retrospective, matched sample, cohort study demon-

strates that 10 kHz SCS treatment is associated with improve-

ments in low back and lower extremity pain and perceived 

disability. As hypothesized, the use of 10 kHz SCS resulted 

in significant reductions in opioid dosage. Analysis of opioid 

dose change also revealed statistically significant dose reduc-

tions among those receiving 10 kHz SCS in addition to CMM 

compared with those undergoing CMM only. Importantly, 

the study results suggest the potential for decreased health 

care utilization and costs given the marked reductions in both 

medication dosage and interventional procedure volume with 

10 kHz SCS treatment.

Our finding of significant opioid dose reduction 1-year 

post 10 kHz SCS implantation is consistent with the extant 

literature.2–4 Most of the patients in this group (71.4%) 

underwent a dose reduction, including one who tapered off 

completely from 120 MME. Only one patient in this group 

increased 4 MME after SCS implant, compared with 12 

(31.6%) of the CMM group who were titrated up over the 

study period, one with an increase of 135 MME. The 28% 

mean reduction in MME observed among subjects receiving 

10 kHz SCS treatment in the current investigation was sub-

stantially greater than that reported in the previous US study 

of high-frequency SCS.4 One explanation for the differing 

results may relate to the screening process used during the 

evaluation for SCS treatment. All candidates must undergo 

a comprehensive behavioral health assessment focused on 

identifying meaningful treatment outcome goals that include 

medication reduction. As such, it is possible that our assess-

ment process may serve to select patients more willing to 

engage in opioid reduction after permanent implantation. 

Table 5 Opioid dosea data for all subjects by group

 Mean (SD) Median (IQR)b Within-group 
change

 Baseline 12-month 
follow-up

Baseline 12-month 
follow-up

P-value

scs + cMM group (n=21) 92.2 (51.3) 66.0 (47.1) 90.0 (50.0–119.0) 60.0 (30.0–90.0) 0.001c

cMM group (n=38) 89.1 (52.7) 83.3 (48.5) 90.0 (53.0–120.0) 89.5 (46.0–106.0) 0.11

Note: aDose is in MMe. bIQR. *Indicates significance at the 0.05 level.
Abbreviations: cMM, conventional medical management; MMe, morphine milligram equivalent; scs, spinal cord stimulator.

Table 6 Opioid dose change data by group

 SCS + CMM group (n=21) CMM group (n=38)

 n % Dose change in 
MME range

n % Dose change in 
MME range

Dose increase 1 4.8 4 12 31.6 1 to 135
no dose change 5 23.8 0 8 21.1 0
Dose decrease 15 71.4 –8 to –120 18 47.4 –3 to –102

Abbreviations: cMM, conventional medical management; MMe, morphine milligram equivalent; scs, spinal cord stimulator.
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Establishing the goal of opioid reduction during the assess-

ment process may also serve to set expectations for post-

implant dose reduction among the treatment team, thereby 

increasing the efforts devoted to medication reduction. 

Additionally, the use of the interdisciplinary care model to 

help establish treatment outcome expectations and provide 

education and support to patients undergoing targeted opioid 

reductions may serve to increase the likelihood of achieving 

more significant reductions.36,37

Conversely, the reduction in opioid dose observed in our 

study was lower than those reported in European studies2,3 

and may reflect differing cultural and prescribing attitudes 

toward the use of opioid medications. Data indicate that the 

use of prescription opioids has historically been substantially 

higher in the US than in Europe.38 Hauser et al39,40 have 

suggested that the lack of a prescription opioid crisis in 

Germany, for example, may be largely due to more stringent 

guidelines regarding the continuation and discontinuation of 

opioid trials in chronic pain patients. Hauser et al39 also cited 

increased access to evidence-based non-pharmacological 

treatments due to the emphasis placed on integrated pain 

treatment as a factor in limiting opioid prescribing. Fischer 

et al41 have also postulated that dynamics, including direct-

to-consumer drug marketing, a predominantly fee for service 

reimbursement model, and a lack of sufficient specialty pain 

services relative to the number afflicted with chronic pain 

may have contributed to viewing the use of prescription 

drugs in the US as “the most desirable, feasible or incentiv-

ized intervention for care providers, yet also one expected 

mainly from many patients as a satisfactory form of medical 

care” (p. 179).

Our results also demonstrated a statistically significant 

difference in opioid reduction in the SCS+ CMM group 

compared with those undergoing CMM only, a finding of 

particular importance given the increased emphasis on 

reducing opioid prescribing in the US as reflected in current 

Centers for Disease Control and Prevention guidelines.42 An 

interdisciplinary approach to pain management can facilitate 

efforts at opioid reduction as reported in a recent Veterans 

Health Administration study43 and may help to explain the 

reduced opioid dosing observed in the SCS+ CMM group. 

However, the absence of similar dose reductions in the CMM 

group suggests a beneficial effect of 10 kHz SCS treatment 

beyond that derived from the model of care.

Similar to previous study findings,1–4 subjects using 

10 kHz SCS in addition to CMM reported a significant 

decrease in disability measured by the RMDQ-m. Interest-

ingly, a significant decrease in RMDQ-m scores was also 

observed in the CMM group. The use of an interdisciplinary 

approach to chronic pain treatment has been associated with 

improved treatment outcomes in published literature37,38 and 

may account for the reduction in self-reported physical dis-

ability in both study groups. Despite significant reductions 

in RMDQ-m scores, the SCS + CMM group that completed 

the WHODAS 2.0 did not report significant change. This may 

have been due to a difference in the theoretical frameworks 

upon which each measure was constructed. The RMDQ-m 

is predicated on a biomedical approach in which disability is 

viewed as a result of pathophysiologic changes and physical 

impairments. In contrast, the WHODAS 2.0 was developed 

by the WHO and encompasses six domains reflecting the 

biopsychosocial conceptualization of disability embodied 

in the International Classification of Functioning, Disability, 

and Health: Cognition (understanding and communicating), 

Mobility (moving and getting around), Self-care (hygiene, 

dressing, eating, and staying alone), Getting along (interact-

ing with other people), Life activities (domestic responsibili-

ties, leisure, work, and school), and Participation (joining 

in community activities).34 Thus, effective but localized 

treatment for low back and lower extremity pain may result 

in more significant decreases in self-reported disability 

when assessed by measures focused on physical functioning, 

such as with the RMDQ-m rather than the multidimensional 

WHODAS 2.0.

Table 7 Office visit volume and procedure volume data for all subjects by group

 Mean (SD) Median (IQR)a Within-group 
change

 Baseline 12-month follow-up Baseline 12-month follow-up P-value

Office visit volume SCS + cMM group (n=32) 4.5 (5.4) 3.5 (4.3) 2.5 (2.0–5.0) 2.0 (0.0–6.0) 0.46

Office visit volume CMM group (n=64) 4.9 (4.3) 3.6 (3.9) 4.0 (2.0–8.0) 3.0 (1.0–4.5) 0.02*

Procedure volume scs + cMM group (n=32) 2.5 (2.1) 0.7 (1.1) 2.0 (1.0–4.0) 0.0 (0.0–1.5) <0.001*

Procedure volume cMM group (n=64) 2.6 (2.5) 1.7 (1.6) 2.0 (0.0–4.5) 2.0 (0.0–3.0) 0.01*

Note: aiQR. *Indicates significance at the 0.05 level.
Abbreviations: cMM, conventional medical management; scs, spinal cord stimulator.
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Pain relief has been considered by many to be the pri-

mary objective of pain management, and concerns have 

been raised that this approach has directly contributed to 

the opioid crisis facing the US.44,45 Furthermore, despite 

escalating costs associated with chronic pain treatment 

from 1996 to 2013,46 there is no evidence that treatment 

outcomes have improved. In response to these concerns, 

the need to prioritize functional improvement over reduc-

tion in pain has been advocated15,16 and has prompted the 

development of newer assessment tools, such as the FPS. 

The FPS is a global (as opposed to site-specific) instrument 

that incorporates both objective and subjective components 

of pain experience,13 thus making it a more complex tool 

than a traditional pain visual analog scale or NRS. The 

objective functional anchors include descriptions across 

seven domains of functioning (sitting, standing, walking, 

lifting, carrying, pushing, and pulling, as well as generally 

using both upper and lower extremities). These scores are 

not based on pain severity per se, but rather on the perceived 

level of disability that results from patients’ pain. Despite the 

significant reductions observed in opioid dosing and self-

reported disability, the reduction in reported pain severity 

as measured by the FPS among 10 kHz SCS patients did 

not reach statistical significance (P=0.06). Examination of 

prospective data from a larger study sample and the record-

ing of more frequent real-time assessments, such as use of a 

daily pain diary, may be needed to demonstrate improvement 

in pain severity linked to functional impairment. Addition-

ally, the global nature of this instrument may also account 

for the lack of significant change on the FPS. For example, 

a patient who is suffering from headache on the day of an 

assessment would likely report a higher pain level than he 

or she would report if asked specifically about low back or 

lower extremity pain. In contrast, pain NRS data collected 

from subjects receiving 10 kHz SCS implant demonstrated 

statistically significant reductions in low back and lower 

extremity pain with 10 kHz SCS treatment at 12 months 

post-implant. Low back pain severity was reduced 42.6% 

from baseline and lower extremity pain reduced 50.9% from 

baseline ratings. Our findings on change in pain NRS data 

are comparable with those identified in previous studies of 

10 kHz SCS..2–4,6

It is well documented that chronic low back pain is costly 

to treat,47 with recent data suggesting that expenditures may 

be even greater for those patients treated with opioids.48 

Accordingly, chronic low back pain has been noted as a 

source of frustration for third-party payers.49 Despite a 

recent review’s conclusions that SCS results in “cost sav-

ings and efficient use of health care resources relative to 

current standards of care”,50 insurers may remain hesitant 

to cover SCS implantation given the considerable initial 

costs associated with SCS treatment. As such, additional 

community-based data may serve to reassure third-party 

payers with regard to the value of this pain management 

modality. The current study’s health care utilization finding 

of a significant reduction in post-implantation interventional 

procedures supports the potential for long-term cost reduc-

tion with the use of 10 kHz SCS treatment. Furthermore, 

the reduction in opioid dosing observed with 10 kHz SCS 

also represents the potential for further cost savings, the 

financial burden of which has not gone unnoticed by health 

care agencies.51 While a full cost analysis was beyond the 

scope of this study, future studies will help to further clarify 

the costs and benefits associated with 10 kHz SCS treatment 

compared with CMM by examining additional variables, 

including SCS surgical revisions, explantation of the SCS 

device, and side effects associated with medications or 

interventional procedures.

Limitations are inherent in any retrospective cohort 

study. First, such designs are associated with the risk that 

patients who receive a specific treatment may differ from 

untreated patients both in terms of measured and unmea-

sured baseline characteristics.52 Propensity matching was 

used to address this concern; however, the possibility of 

between-group differences remains. Second, subjective 

patient-reported measures of disability used in this study 

are susceptible to response biases caused by issues, such as 

social desirability, secondary gain, and inaccurate memory, 

and may result in either the over- or underestimation of 

an individual’s true level of physical functioning. Future 

prospective studies of SCS outcomes in clinical settings 

should consider the use of objective measures of disability 

and function, such as functional capacity evaluations and 

digital monitoring devices. Third, sample size in this study 

was relatively small due to the convenience sample of 

patients with 10 kHz SCS implant at a single pain manage-

ment center, and therefore, our study may not have been 

sufficiently powered to detect within- and between- group 

differences. While smaller than prior multi-site investiga-

tions of 10 kHz SCS, our sample size was within the range 

of other studies (n=20–153) with Level I and II evidence 

evaluating SCS in patients with failed back surgery syn-

drome.50 Fourth, follow-up data were collected for only 12 

months post-SCS implant; however, longer follow-up data 

are needed to more thoroughly evaluate the clinical and 

economic impacts of this treatment. Finally, the integrated, 
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biopsychosocial model of care used in this investigation 

focused on structured goal setting that underscored the 

importance of improved function and medication reduc-

tions. While we attempted to control this effect by utilizing 

a matched sample of subjects receiving CMM only within 

the same pain management center, it is possible that the 

model of care had an impact on our results.

Strengths of this study include the use of real-world 

retrospective data that reflect the clinical practice of a 

community-based interdisciplinary treatment team. The 

retrospective nature of the study reflects clinical decisions 

made in usual daily medical care, in the absence of spe-

cific research objectives at the time of decision-making. A 

prospective study of SCS + CMM compared with CMM 

could not have been blinded and therefore, the clinicians 

might have been biased in their treatment decisions in order 

to produce more favorable outcomes for the SCS + CMM 

group. As already discussed, the SCS + CMM group of 

patients was pre-screened for certain clinical comorbidi-

ties as well as clinical strengths (eg, acceptance of pain), 

but this was not as rigorous as is typical in a clinical trial, 

thereby providing data on a more typical chronic pain 

sample with medical, psychological, and socioeconomic 

complexities.

Conclusions and future directions
These findings underscore the potential role for integrating 

10 kHz SCS treatment in an interdisciplinary, community-

based pain management center. Importantly, our patients 

with 10 kHz SCS implant in addition to CMM demonstrated 

a significant reduction in opioid use, a finding consistent 

with the current direction of controlled substance risk 

mitigation. As with earlier prospective clinical trials, our 

results demonstrate that 10 kHz SCS is associated with 

an improvement in low back and lower extremity pain and 

self-reported disability.

This investigation also offers a proof-of-concept for a 

model in which the delivery of cost-effective pain care is 

possible when 10 kHz SCS treatment is integrated into the 

patient’s overall interdisciplinary treatment plan. Neuro-

modulation should be considered as component to the overall 

interdisciplinary plan of care rather than as a stand-alone 

treatment. Future research focused on examining the possible 

differences in 10 kHz SCS outcomes when used within and 

without the framework of interdisciplinary, goal-focused 

care could address the generalizability of our results and 

provide important guidance on optimizing the value of 10 

kHz SCS treatment.
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