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Abstract
Chronic low back pain (CLBP) in older adults may be disabling and therapeutically challenging,
largely because of the inefficacy and/or morbidity associated with traditional pain treatment. We
conducted a randomized controlled trial in 200 men and women ≥ age 65 with CLBP to evaluate the
efficacy of percutaneous electrical nerve stimulation (PENS) with and without general conditioning
and aerobic exercise (GCAE), for reducing pain and improving physical function. Participants were
randomized to receive 1) PENS, 2) control-PENS (brief electrical stimulation to control for treatment
expectancy), 3) PENS + GCAE, or 4) control-PENS + GCAE, twice a week for 6 weeks. All four
groups experienced significantly reduced pain (range −2.3 to −4.1 on the McGill Pain Questionnaire
short form), improved self-reported disability (range −2.1 to −3.0 on Roland scale) and improved
gait velocity (0.04–0.07 m/sec), sustained at 6 months. The GCAE groups experienced significantly
fewer fear avoidance beliefs immediately post-intervention and at 6 months than non-GCAE groups.
There were no significant side effects. Since brief electrical stimulation (i.e., control-PENS)
facilitated comparably reduced pain and improved function at 6 months as compared with PENS,
the exact dose of electrical stimulation required for analgesia cannot be determined. GCAE was more
effective than PENS alone in reducing fear avoidance beliefs, but not in reducing pain or improving
physical function.
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INTRODUCTION
Chronic low back pain (CLBP) is one of the most common, disabling, diagnostically complex,
and therapeutically challenging of all chronic pain disorders in older adults. Approximately
42% of older adults report having had an episode of low back pain during the past year, and
an estimated 20% of these individuals have CLBP(65). Those who develop chronic pain incur
the greatest suffering and expenditure of health care resources (11,66). Costs and morbidity
are compounded by currently accepted, although often misleading diagnostic strategies and
ineffective treatment.

The standard of care for the majority of older adults with CLBP begins with oral analgesics
and exercise. Patients who do not respond or experience limiting morbidity may have few safe
therapeutic alternatives. Because of this dilemma, complementary and alternative modalities
(CAM) have been increasingly sought by chronic pain sufferers with greater than 15 million
Americans having tried acupuncture (4). Because of the relative paucity of high quality clinical
trials of acupuncture and related modalities, these forms of CAM remain outside of mainstream
medical practice. Controlled clinical trials of traditional Chinese acupuncture for the treatment
of CLBP have met with conflicting results (9,12). These studies have had a number of
methodological constraints such as not excluding participants experiencing an acute flare of
pain or those who have previously received acupuncture, and not tracking treatments sought
during the follow-up period. Because of these constraints, the degree to which their findings
can be generalized to clinical practice is unknown. Clinical practice guidelines recently
published by the American Pain Society and American College of Physicians indicate fair
evidence in support of recommending acupuncture for the treatment of CLBP (13).

Patients with CLBP become deconditioned because of chronic pain-associated inactivity (16,
36–38), thus analgesia is typically combined with reconditioning when rehabilitating patients
with chronic pain (27). The therapeutic benefits of exercise for older adults with CLBP have
not been examined in the context of a randomized controlled clinical trial. Studies performed
in younger individuals with CLBP indicate that exercise is moderately effective for reducing
pain and for improving function (13,25).

Percutaneous electrical nerve stimulation (PENS) is a contemporary form of
electroacupuncture guided by principles of neuroanatomy and neurophysiology that has been
shown to have immediate efficacy for reducing pain younger patients with low back pain
(30). We have published a preliminary trial demonstrating the short term efficacy (3 months)
of PENS for reducing pain and improving self-reported disability in community dwelling older
adults with CLBP (67). Therapeutic exercise had no additional benefit for reducing pain or
improving function in this initial study. The results presented below serve to extend these
findings. Specifically, the objective of this study was to examine the impact of PENS with and
without general conditioning and aerobic exercise for reducing pain and improving function
in older adults with CLBP.

METHODS
Design Overview

The study was approved by the University of Pittsburgh’s Institutional Review Board.
Participant flow is shown in Figure 1. Participants were first telephone-screened using a
structured questionnaire (n=635). Those who met the inclusion and exclusion criteria in Table
1 (n=288) were invited for an on-site history, physical examination and EKG performed by
one of the investigators (DW).
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Setting and Participants
All evaluations and interventions were performed in an outpatient research facility attached to
the Older Adult Pain Management Program at the University of Pittsburgh. Participants were
community dwelling older adults with CLBP. All participants signed informed consent prior
to participating in any of the on site procedures.

Sample Size Justification
We based our planned sample size on information from prior studies (28–30,47,67), and having
adequate statistical power for testing the hypotheses of interest with the main outcomes pain
intensity (McGill Pain Questionnaire) and pain-related disability (Roland disability) scale.
Fifty randomized participants per treatment group were estimated to provide statistical power
in the range of: 82–99% for detecting statistical significance of an effect size in the 0.46–0.82
range corresponding to a reduction in pain intensity due to PENS and/or GCAE immediately
after intervention; and 82–94% for detecting statistical significance of an effect size in the
0.37–0.45 range corresponding to a reduction in pain-related disability due to PENS and/or
GCAE immediately after intervention.

Randomization and Interventions
Participants were randomized to one of four groups using a stratified blocked randomization
scheme and statistical software for random deviate generation. The randomization groups were:
1) PENS, 2) control-PENS, 3) PENS + general conditioning and aerobic exercise (GCAE),
and 4) control-PENS + GCAE. Randomization strata were based on age group (65–74 and 75
+) and gender (7,8,49). A fixed block size of 20 was used to ensure equal numbers of
participants were randomized to the four treatment groups. One of the study investigators
(TER) created and monitored the implementation of the randomization scheme. He
communicated the randomization assignments only to the treating clinicians (i.e., acupuncturist
and physical therapist). The research associate who collected the outcomes data was masked
to group assignment. All interventions were administered twice a week for six weeks.

PENS Procedure—All PENS and control-PENS was administered by an acupuncturist
(RMG) masked to whether participants were randomized to receive GCAE. All participants
were instructed not to discuss their group assignment with the acupuncturist during PENS/
control-PENS sessions or with project staff collecting outcomes data who were also masked
to group assignment. Both PENS and control-PENS was administered according to the
technique of Craig and colleagues (30), using 32 gauge 40 mm needles placed just below the
skin into subcutaneous fascia, approximately 15 mm in depth (i.e., a depth adequate to attain
needle stability). Ten needles were used for each session, placed bilaterally at dermatomal,
myotomal, scleratomal, and sympathetic levels corresponding to T12, L3, L5, and S2, and the
motor point for the piriformis muscle. A crossed in and out montage was used in the event that
participants’ pain was unilateral.

Electrical stimulation was applied for 30 minutes, using a specific pattern (alternating positive
and negative leads) using the Pantheon Research PENS electrostimulator. The frequency used
was determined by response to the previous treatment session, as outlined in the algorithm
depicted in Figure A (see PAIN on line) (31). The amplitude was set in order to create a
perceived stimulus of moderate intensity and was adjusted by the acupuncturist throughout the
session to maintain constant stimulus perceptibility. Participants also had two needles placed
at the T-12 level and transient high frequency electrical stimulation provided as per the control-
PENS procedure, described below.

Control-PENS Procedure—Ten 32-gauge 40 mm acupuncture needles were applied in
identical locations and depth as in the PENS condition to maximize credibility. In addition,
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two needles were placed bilaterally at the T-12 dermatome. As with PENS, all sessions lasted
30 minutes. The acupuncturist delivered electrical stimulation only at the T-12 dermatome
using the same Pantheon Research PENS electrostimulator unit used for PENS. A frequency
of 100 Hz was used for all 12 treatment sessions, as it has been demonstrated that individuals
quickly accommodate to higher frequencies (35). Five minutes following the initiation of
electrical stimulation, the electrostimulator unit was turned off to avoid the delivery of
potentially therapeutic microcurrent.

GCAE Procedures—The GCAE program was enacted on site, under the supervision of a
physical therapist (SS) and at home. Exercises included both general conditioning (strength
and flexibility) and aerobic components and was modeled after a fitness program developed
for the treatment of younger individuals with CLBP (28,29). All on site sessions lasted 60
minutes. Prior to initiating the GCAE program, the physical therapist conducted a baseline
evaluation to confirm participant safety and to determine the appropriate starting intensity and
volume for the general conditioning and aerobic portions of the program.

The on site aerobic exercises were performed on a treadmill or stationary bicycle, depending
on the participants’ preference, with duration modified by participant tolerance (maximum 30
minutes). The general conditioning regimen and criteria for progression are summarized in
Table A (presented as supplementary data in PAIN on line). Participants were instructed to
perform each exercise for 2 minutes followed by a 1 minute rest period.

The home exercise program (HEP) consisted of flexibility exercises and a graded walking
program performed three times a week for six weeks. The flexibility exercises included 12
muscle stretches targeting lower extremity and low back musculature. Each exercise was
performed for 3 repetitions, 3 times a day; in the morning, afternoon, and evening. Participants
were also instructed to walk for 30 minutes a day (beyond the amount of walking performed
in the context of routine daily activities) or to tolerance. Participants recorded exercises
performed in a diary that included frequency, duration and perceived difficulty, which the
treating physical therapist used to recommend exercise progression.

Outcomes and Follow-up
All primary and secondary outcome measures were collected at baseline, within one week of
completing the 6 week intervention, and 6 months later.

Primary Outcome Measures—were pain intensity measured with the short form of the
McGill Pain Questionnaire (50) and pain thermometer (53), and self-reported disability with
the Roland and Morris questionnaire (53), instruments that have been validated in community
dwelling older adults with CLBP (64,67).

Secondary Outcome Measures—were chosen to capture the multidimensional
experience of chronic pain and included:

1. Self-reported physical function measured with the pain subscale of the Functional
Status Index (43) and the Physical Activity Scale for the Elderly (63).

2. Performance-based physical function measured with gait speed over 25 feet (5,32,
34,44); timed repetitive chair rise (i.e., 5 consecutive times) (59); and timed stair
climbing (18,26).

3. Psychosocial function was measured with the Geriatric Depression Scale (30 item
(70)); the Chronic Pain Self-Efficacy Scale (1); the Catastrophizing Scale of the
Cognitive Strategies Questionnaire (54); and the Fear-Avoidance Beliefs
Questionnaire (FABQ-scale 2) (60).
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4. Self-rated health was measured using standard methodology (3,39,40,51,56)(52).

5. Sleep was assessed using the Pittsburgh Sleep Quality Index (10).

6. Health-Related Quality of Life, assessed at baseline and 6-months follow-up, was
measured with the Medical Outcomes Study 36 Item Short Form Health Survey (SF
36) (62).

Demographic factors (age, gender, ethnicity, marital and educational status), medication dose
and frequency, medical comorbidity measured with the cumulative illness rating scale (48) and
body mass index were also assessed at baseline.

Treatment credibility was evaluated at sessions 2 and 8 (6,45). Independent global rating of
improvement on a 5-point scale also was made by each of the treating clinicians, and the
participant's own rating of his or her improvement (55).

Statistical Analysis
SAS® version 9 (SAS Institute, Inc., Cary, North Carolina) was used for all statistical analysis.
Participant characteristics and baseline measurements of all outcomes were compared across
the four treatment groups using one-way analysis of variance, Kruskal-Wallis, chi-square and
Fisher’s exact tests, as appropriate, depending on the nature and distribution of the variable.
Participant characteristics and baseline measurements of all outcomes were also compared
between those who stayed in study and those who discontinued using independent samples t-,
Wilcoxon rank sum, chi-square and Fisher’s exact tests, as appropriate, to determine whether
dropouts were systematically different from those with complete data. To characterize within-
group change over time, we summarized baseline to post-intervention and 6-month change
with descriptive statistics and paired-sample t-tests. For the main analysis comparing treatment
arms, a mixed linear model was fit using the SAS® MIXED procedure with change from
baseline of each outcome as the response variable; randomized treatment group (PENS/Sham/
PENS+PT/ Sham+PT), time (post-intervention/6-month follow-up) and their interaction as
main fixed effects of interest; baseline value of the outcome as a fixed-effect covariate; and a
participant random effect to account for multiple measurements over time from the same
participants. Appropriate post hoc means contrasts were made for pairwise comparisons
between various treatment groups of interest, both immediately after intervention and after 6
months. Within-group effect sizes were computed as the ratio between mean change and
baseline standard deviation, and between-group effect sizes as that between adjusted between-
group difference and baseline standard deviation (46). Effect sizes were interpreted as 0.20 for
small, 0.50–0.60 for moderate, and 0.80 for large (14,15). Kruskal-Wallis and Wilcoxon rank
sum tests were used to make between-group comparisons in ordinal global rating of change.
The analysis was repeated with last-value-carried-forward and multiple imputation approaches
to assess sensitivity of the results to the mechanism that generated missing data. Treatment
credibility ratings were compared between groups using Kruskal-Wallis tests, and associations
between treatment credibility ratings and changes in primary outcomes were explored using
Spearman rank correlation coefficients.

RESULTS
Participant characteristics are shown in Table 2. There were no significant differences between
groups. The overall dropout rate was 8% (Figure 1). Baseline participant characteristics were
similar between dropouts and study completers except for greater prevalence of opioid use
among dropouts. Results did not meaningfully change when missing data was accounted for
using last-value-carried-forward or multiple imputation approaches (data not shown [dns]).
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Treatment group × time interaction was not statistically significant for all outcomes except
chair rise time (p=0.0330). Tables 3A and 3B summarize the post-intervention and 6 months
between group comparisons. At post-intervention, significant differences were only seen
between the PENS+GCAE group and the PENS group, and between the control PENS+GCAE
group and the control PENS groups. CGAE improved fear avoidance beliefs with or without
PENS at post-intervention, with persistence of this difference observed at 6 months for the
PENS+GCAE versus PENS comparison only.

Baseline to post-intervention (after 6 weeks) and 6-month follow-up changes in the primary
and secondary outcomes are summarized in Table 4. Changes in the primary outcome measures
are shown in Figure 2. At post-intervention, all four groups experienced significant reduction
in present pain intensity (short form McGill Pain Questionnaire), average and strongest pain
during the prior week measured with the pain thermometer, self-reported disability on the
Roland scale, and significant improvement in physical performance measured with gait
velocity. Chair rise time decreased significantly in all but the control PENS group. Chronic
pain self-efficacy improved in all except the PENS only group. Fear avoidance beliefs
decreased most significantly in the participants who received GCAE (i.e., the PENS + GCAE
and the control PENS + GCAE groups). There was no significant change in sleep quality,
depressive symptoms, catastrophizing (except in the PENS only group), SF-36 composite
mental and physical (except Control PENS+CGAE group) scores, or stair climb time (except
Control PENS+CGAE group). At 6 months, reduction in pain intensity and self-reported
disability persisted in all groups. Improved gait speed and chair rise time persisted in all but
the PENS only group where the improvement was still marginally significant. Improved self-
efficacy was still significant in the PENS + GCAE group and decreased fear avoidance beliefs
remained significant in the PENS + GCAE and the control PENS + GCAE groups.

There were no significant between-group differences in perceived treatment credibility at
Session 2 and at Session 8. There were (marginally) significant correlations (r) between some
treatment credibility ratings at Session 2 and improvements in primary outcomes only in the
PENS group (r=0.25–0.45; p<0.09). At Session 8, these associations were stronger and present
in all four groups (PENS r=0.27–0.53, p<0.08; PENS+GCAE r=0.29–0.39, p<0.07; control
PENS r=0.27–0.44, p<0.08; control PENS+GCAE r=0.27–0.48, p<0.09). There were no
differences in self-rated global improvement, or health care utilization during the follow-up
period between the four participant groups (dns). Adherence with GCAE was also comparable
groups (dns). There were no significant intervention-associated adverse effects. One
participant dropped out because of increased back pain.

DISCUSSION
This is the first randomized controlled clinical trial to examine the sustained efficacy of PENS
and/or therapeutic exercise for reducing pain and improving function in older adults with
CLBP. Results indicate six weeks of twice weekly PENS, whether delivered using electrical
stimulation for 30 minutes or 5 minutes, affords sustained pain reduction for 6 months and is
associated with no significant side effects. General conditioning and aerobic exercise (GCAE)
did not significantly enhance pain reduction or functional improvement above and beyond that
associated with PENS or the control-PENS procedure, but GCAE did afford significantly
greater reduction in fear avoidance beliefs that was sustained at 6 months.

The magnitude of pain reduction and functional improvement observed is comparable to that
of other multidisciplinary treatment trials for CLBP in patients of heterogeneous ages (27).
The clear advantage of PENS is the lack of significant side effects. Traditional oral analgesics
(e.g., non-steroidal anti-inflammatory drugs [NSAIDs], opioids) are often associated with
serious side effects including renal impairment, cerebrovascular accidents, heart failure and
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gastrointestinal bleeding with NSAIDS (71) and delirium, falls and hip fractures with opioids
(23,24,57). None of these are associated with PENS. In our experience, minor bruising and
pain flares occur in less than 5% of patients and significant side effects are absent.

The comparable reduction in pain in participants who received PENS as well as those who
received the control-PENS procedure should be highlighted. These findings are in distinct
contrast to our previously published study in which the control-PENS condition employed
placement of acupuncture needles without any electrical stimulation (67). In this previous trial,
control-PENS participants (who also received a flexibility and physical reconditioning exercise
program combined with education) experienced no improvement in pain or physical function,
either immediately following completion of the intervention, or 3 months later and, as with the
current study, participants who received PENS experienced significant improvement that was
sustained at 3 months. The reason for these differences can only be speculated upon. It has
recently been demonstrated that pain processing within the brain is at least in part modulated
by expectancy (i.e., placebo disguised as viable pain treatment (19,61) and that many of the
brain areas that are activated by placebo analgesia overlap with those involved in acupuncture
analgesia (19). Because treatment expectancy was comparable among the four randomized
groups, one cannot exclude the possibility that treatment expectancy accounted for the change
in outcomes observed. The modest association between treatment credibility and pain reduction
within groups supports this possibility. Additionally, the brief electrical stimulation delivered
as part of the control-PENS procedure in the current but not the previous study, may have had
analgesic effects. The fact that pain reduction and improved function were sustained for months
makes it unlikely that the placebo response alone was responsible for the changes observed,
but additional studies are warranted.

It is noteworthy that there was no significant difference in the primary outcomes (i.e., pain,
function) in participants who received GCAE as compared with those who did not. Our
previous trial also demonstrated that an intervention that was less vigorous with regard to
exercise intensity and not progressed in a systematic fashion was associated with no measurable
benefits (67). It may be useful to consider these findings in the context of recently published
data suggesting that neuropsychological performance (NP) is impaired in older adults with
CLBP and that NP may mediate the relationship between pain and physical function (68).
Perhaps CLBP rehabilitation programs should include interventions that focus on the
neuropsychological effects of chronic pain (2,20–22,41,58) and the impact of such
interventions on physical function tested.

Differences between our study and randomized controlled trials of traditional Chinese
acupuncture (TCA) for the treatment of CLBP should be highlighted. Two large trials of TCA
have had conflicting results (9,12). A recently published randomized controlled trial in
participants of mean age 59 and mean pain duration 15 years demonstrated no significant
difference between acupuncture and sham acupuncture for reducing pain or improving function
(9). Improvement in both groups was sustained at 52 weeks, but as compared with our study,
no information was provided about treatments sought during the follow-up period (e.g.,
ongoing acupuncture). In addition, approximately one-third of participants at baseline had prior
exposure to acupuncture which was presumably positive, making it difficult to determine the
influence of treatment expectations on outcomes. Finally, whether participants experiencing
an acute flare of pain were excluded (i.e., those in whom pain would be expected to resolve
spontaneously) is unknown. The other trial randomized participants to receive TCA,
therapeutic massage, or self-care education and found no benefits of TCA (12).

It should be noted that the participants in our study were independent, but relatively frail as
evidenced by their baseline gait speed that was near the lowest quartile reported for community
dwelling older adults (33). The lack of improvement in response to GCAE, therefore, may have
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been related to inadequate intensity of the intervention. While GCAE did not significantly
improve pain or function, it did reduce fear avoidance beliefs immediately following the
intervention period and at 6 months. In younger patients with chronic pain, fear avoidance
beliefs have been found to significantly impact function (17). The reduction in fear avoidance
beliefs in our participants was not, however, associated with improved function. Whether this
finding is related to the neuropsychological factors noted above, inadequate intensity of the
GCAE intervention, or other unidentified factors cannot be determined from our data. Future
studies should explore interventions that are consistent with the GCAE principles (e.g., graded
program, criteria for progression, etc.) but include activities that are more specific to everyday
functional activities in order to better link reduction in fear avoidance to physical function.

Another study limitation is that participants were relatively frail, thus the ability of our results
to be generalized to more robust older adults cannot be determined. We also cannot determine
the extent to which our study findings can be applied to older adults with lumbar spinal stenosis
(LSS), a condition that occurs commonly in older adults, but is challenging to diagnose
accurately. Imaging evidence of moderate to severe central canal stenosis is common in older
adults and has no predictive validity for the presence of pain (42). Preliminary evidence also
suggests that 50% of older adults with CLBP and neurogenic claudication have other pain
comorbidities that could explain their pain [e.g., hip arthritis, myofascial dysfunction,
fibromyalgia] (69). Leg pain was our only proxy measure of LSS, and it was not significantly
different across the four treatment groups at baseline. A final limitation of our study is that we
have considered a large number of secondary outcomes in addition to the preplanned main
outcomes. Significant differences in secondary outcomes should be interpreted with the
understanding that results may be somewhat liberal.

In conclusion, lumbar PENS administered twice a week for 6 weeks to community dwelling
older adults with CLBP is safe and well-tolerated. It reduces pain and improves self-reported
pain-associated disability, and these benefits are sustained after 6 months. Minimal electrical
stimulation (i.e., 5 minutes as compared with 30 minutes) has similar benefits. General
conditioning and aerobic exercise does not further reduce pain or improve function. Given its
safety and efficacy, costs associated with lumbar PENS should be reimbursed by third party
payers. The efficacy of particular therapeutic exercise protocols should be demonstrated in
older adults with CLBP before they are prescribed routinely.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Participant flow diagram. PENS = percutaneous electrical nerve stimulation; GCAE = general
conditioning and aerobic exercise
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Figure 2.
Pain intensity (upper graph, McGill Pain Questionnaire short form) and self-rated disability
(lower graph, Roland scale) at baseline, post-intervention, and 6 months.
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Table 1

Inclusion and Exclusion Criteria

Inclusion Criteria

• age ≥ 65

• English speaking

• low back pain “every day or almost every day” ≥ moderate intensity ≥ 3 months

Exclusion Criteria

• red flags (fever, significant unintentional weight loss, sudden recent change in the character or intensity of pain, or trauma that preceded
the onset of pain)

• prominent radicular pain

• back surgery

• known spinal pathology other than degenerative disease (e.g., ankylosing spondylitis, other seronegative spondyloarthropathies)

• pain outside of the lower back more severe than the low back pain

• conditions that could make PENS unsafe, i.e., pacemaker, anticoagulation

• absolute contraindications to exercise (i.e., uncontrolled arrhythmia, third degree heart block, recent EKG changes, unstable angina, acute
MI or CHF

• medical instability, i.e., class III or IV CHF, oxygen dependence, recurrent falls, uncontrolled hypertension, or inability to stand
independently

• severe uncorrected visual or hearing impairment

• acute illness or pain

• neurological or psychiatric disorder that could interfere with pain reporting (e.g., uncontrolled thought disorder, Alzheimer’s disease, prior
stroke, substance abuse).
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Table 3

Table 3A: Post-Intervention between-group comparisons adjusted for baseline value of the outcome: pairwise difference ± standard error
(p-value) for continuous outcomes; (p-value) only for categorical outcomes [effect size]

PENS vs Control-PENS PENS+GCAE vs
Control PENS

+GCAE

PENS+CGAE vs PENS Control PENS
+CGAE vs

Control PENS

Post-Intervention:

Primary Outcomes: Pain and Function

  MPQ Total 0.5±1.4[.07] −0.6±1.5[.08] −1.4±1.4[.19] −0.3±1.4[.04]

(0.7111) (0.6841) (0.3230) (0.8339)

  Roland questionnaire 0.1±0.9[.03] 0.2±0.9[.04] −0.2±0.9[.04] −0.2±0.9[.05]

(0.8938) (0.8501) (0.8302) (0.7830)

Secondary Outcomes: Pain

  Average pain past week* −0.0±0.2[.02] −0.0±0.2[.01] −0.0±0.2[.00] −0.0±0.2[.01]

(0.8808) (0.9333) (0.9970) (0.9471)

  Strongest pain past week* 0.1±0.2[.16] −0.0±0.2[.01] −0.0±0.2[.05] 0.1±0.2[.13]

(0.5157) (0.9808) (0.8681) (0.6173)

Secondary Outcomes: Psychological

  GDS total score 0.5±0.6[.11] −0.2±0.6[.04] −0.7±0.6[.16] −0.0±0.6[.01]

(0.3757) (0.7565) (0.2058) (0.9357)

  CSQ catastrophizing score −0.1±0.2[.11] 0.2±0.2[.18] 0.2±0.2[.14] −0.1±0.2[.14]

(0.4802) (0.2491) (0.3478) (0.3530)

  FAB physical activities −0.1±0.3[.07] 0.2±0.3[.09] −0.6±0.3[.37] −0.9±0.3[.54]

(0.6944) (0.6088) (0.0426) (0.0039)

  Chronic pain self-efficacy −2.4±3.0[.14] −1.7±3.1[.10] 2.8±3.1[.16] 2.1±3.1[.12]

(0.4253) (0.5881) (0.3664) (0.5043)

  SF-36 composite mental health 0.5±2.3[.03] −1.5±2.4[.11] −0.7±2.3[.05] 1.3±2.3[.09]

(0.8406) (0.5268) (0.7641) (0.5885)

Secondary Outcomes: Physical
Function

  Usual pace gait speed −0.01±0.01[.10] −0.01±0.02[10] 0.01±0.01[.10] 0.02±0.01[.20]

(0.5952) (0.4237) (0.4486) (0.2916)

  Chair rise time −0.3±0.3[.10] 0.2±0.3[.09] −0.3±0.3[.10] −0.8±0.3[.29]

(0.3402) (0.4259) (0.3471) (0.0076)

  Stair climb time −0.3±1.1[.03] 0.3±1.2[.03] 0.6±1.2[.05] −0.0±1.2[.00]

(0.7938) (0.7931) (0.6079) (0.9923)

Secondary Outcomes: Other

  Pittsburgh sleep score 0.0±0.5[.02] 0.5±0.5[.18] 0.0±0.5[.01] −0.5±0.5[.15]

(0.9156) (0.2592) (0.9455) (0.3304)

SF-36 composite physical health −5.3±4.4[.19] −0.7±4.5[.02] 2.5±4.5[.09] −2.1±4.5[.08]

(0.2258) (0.8822) (0.5740) (0.6323)

Global change in condition -----§ -----§ -----§ -----§
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Table 3A: Post-Intervention between-group comparisons adjusted for baseline value of the outcome: pairwise difference ± standard error
(p-value) for continuous outcomes; (p-value) only for categorical outcomes [effect size]

PENS vs Control-PENS PENS+GCAE vs
Control PENS

+GCAE

PENS+CGAE vs PENS Control PENS
+CGAE vs

Control PENS

(0.9633) (0.3253) (0.9936) (0.3009)

Table 3B: 6 month between-group comparisons adjusted for baseline value of the outcome: pairwise difference ± standard error (p-value)
for continuous outcomes; (p-value) only for categorical outcomes

PENS vs Control-PENS PENS+GCAE vs
Control PENS

+GCAE

PENS+GCAE vs PENS Control PENS
+CGAE vs

Control PENS

After 6 Months:

Primary Outcomes: Pain and Function

  MPQ Total 1.0±1.5[.14] −0.2±1.5[.02] −0.5±1.5[.07] 0.6±1.5[.09]

(0.4847) (0.9171) (0.7129) (0.6672)

  Roland questionnaire 1.1±0.9[.23] 0.4±0.9[.09] −0.4±0.9[.08] 0.3±0.9[.05]

(0.2437) (0.6545) (0.6704) (0.7870)

Secondary Outcomes: Pain

  Average pain past week* 0.2±0.2[.30] −0.1±0.2[.07] −0.2±0.2[.25] 0.1±0.2[.12]

(0.1458) (0.7435) (0.2248) (0.5747)

  Strongest pain past week* 0.4±0.2[.43] −0.0±0.2[.02] −0.5±0.2[.52] −0.1±0.2[.07]

(0.0913) (0.9354) (0.0435) (0.7992)

Secondary Outcomes: Psychological

  GDS total score 0.9±0.6[.20] −0.2±0.6[.04] −0.8±0.6[.17] 0.3±0.6[.08]

(0.1228) (0.7346) (0.1946) (0.5650)

  CSQ catastrophizing score 0.0±0.2[.01] 0.2±0.2[.22] −0.0±0.2[.03] −0.2±0.2[.23]

(0.9434) (0.1732) (0.8670) (0.1420)

  FAB physical activities 0.6±0.3[.37] 0.2±0.3[.12] −0.7±0.3[.42] −0.3±0.3[.16]

(0.0477) (0.5244) (0.0279) (0.3850)

  Chronic pain self-efficacy −3.7±3.1[.21] 2.2±3.2[.13] 5.1±3.2[.29] −0.8±3.2[.05]

(0.2393) (0.4961) (0.1087) (0.8047)

  SF-36 composite mental health −4.2±2.4[.31] −0.4±2.4[.03] 3.0±2.4[.22] −0.8±2.4[.06]

(0.0782) (0.8626) (0.2159) (0.7352)

Secondary Outcomes: Physical
Function

  Usual pace gait speed −0.01±0.01[.10] 0.00±0.02[.00] 0.01±0.02[.10] 0.00±0.02[.00]

(0.5238) (0.9903) (0.4544) (0.9189)

  Chair rise time 0.5±0.3[.18] 0.1±0.3[.03] −0.3±0.3[.13] 0.1±0.3[.02]

(0.1044) (0.7642) (0.2429) (0.8800)

  Stair climb time 1.6±1.2[.14] 1.4±1.2[.12] −0.8±1.2[.07] −0.6±1.2[.05]

(0.1713) (0.2427) (0.5021) (0.6137)

Secondary Outcomes: Other

  Pittsburgh sleep score 0.2±0.5[.08] 0.5±0.5[.16] 0.3±0.5[.08] −0.0±0.5[.00]
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Table 3B: 6 month between-group comparisons adjusted for baseline value of the outcome: pairwise difference ± standard error (p-value)
for continuous outcomes; (p-value) only for categorical outcomes

PENS vs Control-PENS PENS+GCAE vs
Control PENS

+GCAE

PENS+GCAE vs PENS Control PENS
+CGAE vs

Control PENS

(0.6225) (0.3074) (0.5922) (0.9875)

  SF-36 composite physical health −9.5±4.5[.34] −1.5±4.6[.05] 7.8±4.6[.28] −0.2±4.6[.01]

(0.0366) (0.7449) (0.0891) (0.9640)

Global change in condition -----§ -----§ -----§ -----§>

(0.5052) (0.7934) (0.1037) (0.1697)

*
Assessed with pain thermometer

§
Pairwise difference is not applicable for categorical variable global change in condition. Only pairwise comparison p-value obtained using Wilcoxon

rank sum test is presented.

BMI = body mass index
MPQ = McGill Pain Questionnaire (short form)
GDS = Geriatric Depression Screen
CSQ = Coping Strategies Questionnaire
FAB = fear avoidance beliefs
SF-36 = Medical Outcomes Study 36 Item Short Form Health Survey

*
Assessed with pain thermometer

§
Pairwise difference is not applicable for categorical variable global change in condition. Only pairwise comparison p-value obtained using Wilcoxon

rank sum test is presented

BMI = body mass index
MPQ = McGill Pain Questionnaire (short form)
GDS = Geriatric Depression Screen
CSQ = Coping Strategies Questionnaire
FAB = fear avoidance beliefs
SF-36 = Medical Outcomes Study 36 Item Short Form Health Survey
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Table 4

Baseline to post-intervention and 6-month change in outcomes: mean ± standard deviation or N(%) (p-value)

PENS Only PENS+CGAE Sham Only Sham+CGAE

Baseline to Post-Intervention Change in:

Primary Outcomes: Pain and Function

  MPQ Total −2.9±9.2[.40] −4.1±8.2[.56] −2.3±6.3[.31] −3.1±7.9[.42]

(0.0344) (0.0017) (0.0145) (0.0123)

  Roland questionnaire −2.6±4.5[.56] −2.6±4.6[.56] −2.7±3.8[.59] −3.0±4.7[.65]

(0.0002) (0.0005) (<.0001) (0.0001)

Secondary Outcomes: Pain

  Average pain past week* −0.7±1.1[.89] −0.7±0.9[.86] −0.6±0.7[.72] −0.6±1.2[.77]

(<.0001) (<.0001) (<.0001) (0.0012)

  Strongest pain past week* −0.7±1.3[.75] −0.7±1.4[.74] −0.6±1.1[.72] −0.5±1.1[.57]

(0.0008) (0.0023) (0.0002) (0.0054)

Secondary Outcomes: Psychological

  GDS total score 0.3±3.2[.06] −0.4±2.6[.08] −0.2±2.8[.05] −0.3±3.2[.07]

(0.5901) (0.3709) (0.6034) (0.5155)

  CSQ catastrophizing score −0.3±0.9[.27] 0.0±0.9[.04] 0.1±1.0[.05] −0.1±0.8[.13]

(0.0266) (0.7518) (0.7269) (0.2430)

  FAB physical activities −0.1±1.3[.08] −0.6±1.4[.41] 0.2±1.8[.11] −1.0±1.8[.64]

(0.5382) (0.0032) (0.5174) (0.0005)

  Chronic pain self-efficacy 3.2±16.7[.19] 5.7±13.4[.33] 4.9±16.1[.28] 7.9±15.5[.45]

(0.1902) (0.0070) (0.0425) (0.0016)

  SF-36 composite mental health 1.5±12.0[.11] −0.3±11.4[.02] −0.1±10.8[.01] 2.8±13.7[.20]

(0.3863) (0.8421) (0.9436) (0.1847)

Secondary Outcomes: Physical Function

  Usual pace gait speed 0.05±0.07[.50] 0.07±0.07[.70] 0.06±0.08[.60] 0.08±0.08[.80]

(<.0001) (<.0001) (<.0001) (<.0001)

  Chair rise time −0.9±2.4[.31] −0.7±1.1[.25] −0.4±1.3[.24] −1.5±3.7[.55]

(0.0232) (0.0001) (0.1424) (0.0122)

  Stair climb time −1.3±6.2[.11] −0.9±4.9[.08] −1.3±5.9[.12] −2.2±6.0[.19]

(0.1533) (0.2541) (0.1199) (0.0252)

Secondary Outcomes: Other

  Pittsburgh sleep score −0.2±2.0[.06] 0.02±2.3[.01] 0.0±2.7[.00] −0.7±2.3[.22]

(0.5070) (0.9486) (1.0000) (0.0445)

  SF-36 composite physical health −1.1±20.7[.04] 3.9±25.8[.14] 5.9±23.8[.21] 6.9±22.7[.25]

(0.7257) (0.3103) (0.0909) (0.0489)

Global change in condition

  Deterioration 1 (2.1) 1 (2.2) 0 (0.0) 0 (0.0)

  No improvement 12 (25.5) 8 (17.8) 8 (17.7) 6 (13.6)

  Minor improvement 7 (14.9) 10 (22.2) 13 (27.1) 9 (20.5)
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PENS Only PENS+CGAE Sham Only Sham+CGAE

  Moderate improvement 13 (27.7) 15 (33.3) 16 (33.3) 15 (34.1)

  Major improvement 14 (29.8) 11 (24.4) 11 (22.9) 14 (31.8)

Baseline to 6-month Change in:

Primary Outcomes: Pain and Function

  MPQ Total −3.4±7.4[.47] −3.8±8.9[.51] −3.3±7.4[.45] −3.1±7.1[.41]

(0.0041) (0.0075) (0.0044) (0.0093)

  Roland questionnaire −2.1±4.2[.44] −2.1±4.3[.45] −3.0±4.7[.64] −2.8±5.3[.60]

(0.0025) (0.0027) (0.0001) (0.0022)

Secondary Outcomes: Pain

  Average pain past week* −0.5±1.1[.57] −0.6±1.1[.73] −0.6±0.8 −0.5±1.1

(0.0094) (0.0004) (<.0001)[.70] (0.0040) [.64]

  Strongest pain past week* −0.4±1.4[.48] −0.8±1.4[.95] −0.6±1.1[.68] −0.6±1.2[.68]

(0.0511) (0.0002) (0.0006) (0.0029)

Secondary Outcomes: Psychological

  GDS total score 0.5±3.0[.12] −0.1±2.2[.02] −0.4±2.7[.09] −0.1±3.0[.01]

(0.2431) (0.7861) (0.3317) (0.9155)

  CSQ catastrophizing score −0.1±1.0[.13] 0.0±0.8[.01] 0.1±0.8[.07] −0.1±0.8[.13]

(0.3926) (0.9277) (0.5553) (0.2723)

  FAB physical activities 0.1±1.6[.05] −0.6±1.5[.35] −0.4±1.7[.27] −0.9±1.5[.56]

(0.7615) (0.0157) (0.0931) (0.0007)

  Chronic pain self-efficacy 1.4±15.2[.08] 5.7±17.6[.33] 4.0±16.1[.23] 4.1±16.7[.24]

(0.5556) (0.0388) (0.1019) (0.1271)

  SF-36 composite mental health −1.8±15.5[.13] −0.2±13.7[.01] 1.2±11.3[.09] 1.5±13.9[.11]

(0.4378) (0.9417) (0.4895) (0.5117)

Secondary Outcomes: Physical Function

  Usual pace gait speed 0.04±0.07[.40] 0.06±0.07[.60] 0.05±0.09[.50] 0.05±0.08[.50]

(0.0008) (<.0001) (0.0016) (0.0002)

  Chair rise time −0.7±2.5[.27] −0.8±1.2[.28] −1.4±2.7[.53] −1.3±4.0[.49]

(0.0660) (0.0001) (0.0017) (0.0512)

  Stair climb time 0.8±7.5[.07] −0.4±5.4[.03] −1.1±6.7[.10] −2.1±6.5[.19]

(0.4855) (0.6448) (0.2910) (0.0551)

Secondary Outcomes: Other

  Pittsburgh sleep score −0.4±2.7[.13] 0.1±2.7[.03] −0.4±2.6[.12] −0.6±2.9[.18]

(0.3169) (0.8271) (0.3327) (0.2333)

  SF-36 composite physical health −5.9±21.0[.21] 4.4±25.3[.16] 5.1±24.7[.18] 8.5±27.4[.30]

(0.0744) (0.2582) (0.1760) (0.0572)

Global change in condition

  Deterioration 5 (11.6) 2 (4.6) 1 (2.2) 2 (5.0)

  No improvement 15 (34.9) 10 (22.7) 18 (40.0) 7 (17.5)
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PENS Only PENS+CGAE Sham Only Sham+CGAE

  Minor improvement 6 (14.0) 8 (18.2) 6 (13.3) 11 (27.5)

  Moderate improvement 10 (23.3) 15 (34.1) 13 (28.9) 9 (22.5)

  Major improvement 7 (16.3) 9 (20.5) 7 (15.6) 11 (27.5)

*
Assessed with pain thermometer

BMI = body mass index
MPQ = McGill Pain Questionnaire (short form)
GDS = Geriatric Depression Screen
CSQ = Coping Strategies Questionnaire
FAB = fear avoidance beliefs
SF-36 = Medical Outcomes Study 36 Item Short Form Health Survey
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