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Abstract

Objective. Chronic pain is common in military veterans with traumatic brain injury (TBI) and post-traumatic stress dis-
order (PTSD). Neurofeedback, or electroencephalograph (EEG) biofeedback, has been associated with lower pain
but requires frequent travel to a clinic. The current study examined feasibility and explored effectiveness of neuro-
feedback delivered with a portable EEG headset linked to an application on a mobile device. Design. Open-label, sin-
gle-arm clinical trial. Setting. Home, outside of clinic. Subjects. N¼ 41 veterans with chronic pain, TBI, and PTSD.
Method. Veterans were instructed to perform “mobile neurofeedback” on their own for three months. Clinical re-
search staff conducted two home visits and two phone calls to provide technical assistance and troubleshoot diffi-
culties. Results. N¼ 36 veterans returned for follow-up at three months (88% retention). During this time, subjects
completed a mean of 33.09 neurofeedback sessions (10 minutes each). Analyses revealed that veterans reported
lower pain intensity, pain interference, depression, PTSD symptoms, anger, sleep disturbance, and suicidal ideation
after the three-month intervention compared with baseline. Comparing pain ratings before and after individual neu-
rofeedback sessions, veterans reported reduced pain intensity 67% of the time immediately following mobile neuro-
feedback. There were no serious adverse events reported. Conclusions. This preliminary study found that veterans
with chronic pain, TBI, and PTSD were able to use neurofeedback with mobile devices independently after modest
training and support. While a double-blind randomized controlled trial is needed for confirmation, the results show
promise of a portable, technology-based neuromodulatory approach for pain management with minimal side
effects.
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Introduction

Chronic pain is one of the most common physical prob-

lems in military veterans [1], especially among veterans

who have served in the military since September 11,

2001 [2,3]. Between 44% and >50% of the active duty

and veteran population report chronic pain, compared

with 26–30% of the general US population [3]. Chronic

pain adversely affects veterans’ physical, emotional, and

social well-being [4] and is associated with worse com-

munity integration [5,6]. Traumatic brain injury (TBI)

and post-traumatic stress disorder (PTSD) [7,8] elevate

the incidence of chronic pain [9]. In combination, chronic

pain, TBI, and PTSD form a “polytrauma clinical triad”

[10] that significantly affects veterans’ physical, emo-

tional, and social well-being [1,6] and has been associ-

ated with increased risk of suicidality in post-9/11

veterans [11].

Effectively treating chronic pain in veterans is critical,

but existing treatments pose barriers. Pharmacological

approaches like opioids and other narcotic treatments el-

evate risk of abuse and harmful side effects [3,12].

Nonpharmacological treatments such as Cognitive

Behavioral Therapy can be safe and effective in treating

pain [13], but veterans do not always optimally utilize

this type of treatment [14]. In a nationally representative

sample of post-9/11 military veterans, two-thirds en-

dorsed “It’s up to me to work out my own problems”

[15], consistently treating chronic pain with self-

management tools [16].

There is an urgent need for pain management that is

both effective and viable for veterans with chronic

pain, PTSD, and TBI. “Neurofeedback,” or electroen-

cephalograph (EEG) biofeedback, trains people using

operant conditioning principles [17] to gain more con-

trol over brain activity by balancing sympathetic and

parasympathetic activity in the autonomic nervous sys-

tem to achieve levels of target brain activity for calm-

ness and mental relaxation [18]. Training that rewards

select EEG frequencies increases or decreases of the

amplitudes (power) of those EEG frequencies, resulting

in enduring modifications of brain activity and associ-

ated cognitive, emotional, and behavioral functions

[19]. EEG studies have shown that activity in pain per-

ception pathways is linked to oscillations in alpha (8–

13 Hz) waves [20], specifically suppressed alpha power

and resting state peak alpha frequency [21].

Suppression of alpha rhythm (alpha event–related

desynchronization) can “open the gates” to increased

pain input from the periphery. The stronger the magni-

tude of alpha event–related desynchronization in antic-

ipation of pain, the greater the subjectively rated

experience of pain [22].

Alpha neurofeedback training involves a person learn-

ing to identify and improve alpha synchrony, often in

conjunction with adjunctive techniques, that is, medita-

tion, music, or games. When a person’s alpha synchrony

closes “the gates,” increasing power in that band, the ex-

perience of pain decreases. According to the Association

for Applied Psychophysiology’s clinical efficacy classifi-

cation system [20], neurofeedback is efficacious or prob-

ably efficacious in ameliorating symptoms of pain from

various physical and psychological origins as well as

when pain is comorbid with conditions such as PTSD

[18–20]. Changes in brainwave bandwidth activity, spe-

cifically increases in alpha frequency, have been demon-

strated among individuals with chronic pain who

undergo neurofeedback [23]. Neurofeedback has success-

fully treated pain in complex regional pain syndrome

(CRPS) type 1, fibromyalgia, spinal cord injuries, and tri-

geminal neuralgia [23–26]. Neurofeedback has been as-

sociated with decreased pain and fatigue [23],

improvements in worst pain [25], and decreased pain in-

tensity [23].

Neurofeedback has traditionally required travel to a

clinic multiple times a week. For veterans, this is prob-

lematic given the large proportion who live in rural areas

[16]. With advances in technology, portable, low-cost

EEG headsets and software applications now exist [27]

and potentially can be used to perform neurofeedback at

home [28]. For example, the NeuroSky headset is a por-

table device that reads electroencephalographic (EEG)

brain activity and power spectrum bands (alpha, beta,

theta, delta, and gamma). When researchers simulta-

neously recorded data with a NeuroSky headset and a re-

search grade EEG system, they found that the two

devices yielded comparable data, demonstrating very

good (r¼ 0.70) to excellent (r¼ 0.90) correlations [29].

Subsequent validation studies have found that the

NeuroSky headset shows good test–retest reliability [30]

and is correlated with medical-grade EEG in naturalistic

settings, including amplitudes of EEG oscillations in the

alpha band [31].

The NeuroSky headset safely measures EEG power

spectrums and consists of a headset, a sensor arm, and

an ear clip. The headset’s reference and ground electro-

des are located on the ear clip, and the EEG electrode is

on the sensor arm, which rests on the forehead just

above the eye (FP1 position). It is powered by a single

AAA battery. The FP1 position is a standard position in

the 10–20 neurofeedback process [32], which has

shown connectivity with bilateral medial prefrontal cor-

tex (MPF) [33] that contains both dopamine pathways

and serotonergic axons, important in functions includ-

ing cognition, learning, reward, and emotion

regulation.

There have been only a few studies of neurofeedback

in veterans or trauma populations [34–36] examining

effects on psychiatric symptoms, not chronic pain.

None have involved mobile EEG headset devices. The

current study examined the feasibility of “mobile neuro-

feedback” using a portable EEG headset in veterans

with chronic pain, TBI, and PTSD for pain

management.
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Methods

Participants
After institutional review board (IRB) approval, partici-

pants were recruited primarily through veteran organiza-

tions and medical centers in the southeastern United

States via flyers and social media advertisements.

Specifically, we sent flyers and e-mails to state brain in-

jury associations, military family organizations, universi-

ties and colleges with veteran student listservs, and local

VA and non-VA medical centers serving veterans.

Inclusion criteria were 1) served in the military after 9/

11/01, verified by documentation; 2) chronic pain mea-

sured by reporting moderate to severe pain (>4) on a 0–

10 rating scale in one or more body regions lasting for

three months or more [37]; 3) met criteria for TBI report-

ing that one’s head was hurt/injured in a way that caused

problems and led to at least one of the following: loss of

consciousness or getting “knocked out” immediately af-

ter the injury or upon regaining consciousness, being

dazed or “seeing stars” immediately after the injury or

upon regaining consciousness, being unable to recall the

event, a period greater than one hour after the injury be-

fore the veteran started remembering new things again,

or needing brain surgery after the injury [38]; and 4) met

criteria for Diagnostic and Statistical Manual of Mental

Disorders–5th edition (DSM-5) definition of PTSD on

the Clinician-Administered PTSD Scale for DSM-5

(CAPS-5), reporting a traumatic event and experiencing

intrusion, avoidance, negative alterations in cognitions

and mood, and alterations in arousal and reactivity

symptoms [39]. The CAPS was administered by staff un-

der the direct supervision of a licensed clinical psycholo-

gist. Each rater was trained using CAPS standardized

training (i.e., manual, videotapes, and co-rating training

with a trained rater to a high level of interrater reliability

(Fleiss’ kappa > 0.90) across five CAPS training tapes.

Exclusion criteria included 1) history of epilepsy, seizure

disorder, or any seizure or epileptic episode and 2)

women who reported being pregnant or breastfeeding or

plans to become pregnant or breastfeed within three

months.

Procedure
After an initial telephone screening to determine prelimi-

nary eligibility, 49 individuals completed the informed

consent process during an in-office baseline evaluation.

After an in-depth structured clinical assessment at our re-

search office, N¼ 41 veterans who met the inclusion cri-

teria for chronic pain, TBI, and PTSD were enrolled in

the study (Figure 1). Veterans then completed baseline

data collection and were compensated for participation.

Afterward, participants were trained to implement the

mobile intervention for pain management. In the current

study, the NeuroSky MindWave EEG headset (hereafter

called “MindWave”) linked to a Mobile Neurofeedback

app on an iPod Touch via Bluetooth. MindWave was

determined to be a nonsignificant risk device by the insti-

tutional review board and was determined to have an ap-

proved Investigational Device Exemption (IDE). The

study team complied with abbreviated IDE requirements,

and devices were presented to participants as part of an

investigational study.

The research described above guided the development

of alpha training, in which operant conditioning is

employed to influence alpha production in the FP1 area

[40]. We configured the Mobile Neurofeedback app us-

ing a proprietary algorithm by NeuroSky to identify

brainwave combinations reflecting alpha power indica-

tive of relaxed, meditative mental states. We pro-

grammed the app to provide auditory feedback to users

in the form of a relaxing sound to indicate brainwave

patterns associated with a relaxed brain state.

Evidence-based guidelines for neurofeedback training

range between 20 and 50 sessions [41], and in the current

study, participants were asked to use MindWave with the

Mobile Neurofeedback app to complete 10-minute neu-

rofeedback sessions at least four times per week for three

months. Before each session, participants were prompted

to rate their pain, stress, and anger on a 0–10 scale.

Then, they were instructed to close their eyes and listen

to auditory feedback signaling a more physiologically re-

laxed state, as measured by MindWave. The goal was to

reinforce alpha brain wave activity consistent with pain

reduction. After each session, participants again rated

their pain, anger, and stress, which for app utilization

purposes also helped verify that the participant com-

pleted the neurofeedback session. Participants received a

score from 0–100 indicating the average level of relaxa-

tion achieved during the session, which was recorded and

graphed visually on the app to enable participants to

track progress.

To support intervention use, collect data on interven-

tion utilization and tolerability, and address any poten-

tial questions or technical difficulties, research

coordinators visited participants in their homes one week

and six weeks after baseline and called them by phone at

three and nine weeks after baseline. Once the three-

month intervention ended, veterans completed a follow-

up evaluation at our research office and were again com-

pensated for participation.

Measures
Demographic information including age, sex/gender,

race/ethnicity, and education was collected at baseline.

At both the baseline and three-month follow-up evalua-

tions, average pain intensity for the past week and the

past three months was measured using the 0–10 numeric

rating scale [42]. Pain location was measured with the

Regional Pain Scale [37]. The Patient-Reported

Outcomes Measurement Information System (PROMIS)

[43] pain interference and sleep disturbance subscales

were also used, with item scores on a scale from 1 (“not
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at all”) to 5 (“very much”). Pain interference was

assessed as the sum of eight items (Cronbach’s a ¼ 0.96),

and sleep disturbance as the sum of eight items

(Cronbach’s a ¼ 0.90). The PROMIS scale on anger was

assessed as the sum of five item scores on a scale from 1

(“never”) to 5 (“always”; Cronbach’s a ¼ 0.90).

For mental health symptoms, the 20-item self-report

PTSD Checklist for DSM-5 (PCL-5) [39] was used to mea-

sure PTSD. The PCL items were scored on a five-point

Likert scale asking, “In the past month, how much were

you bothered by. . .” for each PTSD symptom, with

responses ranging from 0 (“not at all”) to 4 (“extremely”).

A total score was calculated by summing the responses

(Cronbach’s a ¼ 0.93). The 10-item Patient Health

Questionnaire (PHQ-9) [44] was used to assess depressive

symptoms in the past two weeks, with items scored on a

scale from 0 (“not all all”) to 3 (“nearly every day”). All

nine items were summed to quantify depression severity

(Cronbach’s a ¼ 0.90). A single PHQ-9 item, “Thoughts

that you would be better off dead, or of hurting yourself in

some way,” was used to measure suicidal ideation.

During the three-month intervention period, partici-

pants were prompted to rate their level of pain, anger,

and stress on a 0–10 scale before and after each mobile

neurofeedback session using a scale in the app interface.

At each home visit and phone call, participants were

asked an open-ended question to describe side effects and

then presented a list of potential side effects. Participants

rated severity (“mild,” “moderate,” “severe,” “life-

threatening”) and association with the intervention (“not

related,” “unlikely related,” “possibly related,”

“probably related,” “definitely related”). We used a stan-

dard procedure for reporting all side effects or adverse

events to the Data Safety Monitoring Board and IRB,

specifically regarding any impact on the participant’s

health, function, or well-being. At three-month follow-

up, participants were asked about the mobile neurofeed-

back intervention: “What do you think helped with the

pain?”

Data Analysis

Descriptive information on demographics, TBI character-

istics, side effects, and clinical status was analyzed. To

examine treatment effects, paired t tests were used, com-

paring baseline scores with three-month follow-up scores

Figure 1. CONSORT diagram of study recruitment flow.
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on the aforementioned measures of pain intensity, pain

interference, depression, PTSD symptoms, anger, sleep

disturbance, and suicidal ideation. A second set of

repeated-measures analyses of covariance was conducted

controlling for whether participants had received phar-

macological or behavioral treatment for psychiatric prob-

lems during the study.

Given eight independent analyses used to examine pri-

mary outcomes, familywise error was controlled using

the false discovery rate method proposed by Benjamini

and Hochberg [45]. This methodology differentiates ran-

dom findings from hypothesis-driven outcomes and is

more powerful than Bonferroni-type adjustments that

control the false positive rate. It entails ranking the P val-

ues for outcome measures from smallest to largest and

then comparing these to the P values achieved by multi-

plying alpha by the rank order, divided by the number of

tests. As such, only the largest P values from a given test

are compared with the original alpha value.

With respect to power analysis, the aim of this pilot

study was to produce an estimate of the intervention’s effect

size for conducting future larger trials. In the present study,

with a sample of 41 participants at baseline, 36 of whom

returned for follow-up, we had 80% power to detect an ef-

fect size equivalent to Cohen’s d equal to 0.47. There was

greater statistical power to examine effects of neurofeed-

back at the individual session level. Using self-reported rat-

ings of pain, stress, and anger reported at the start and end

of each neurofeedback session, we calculated change scores

by subtracting presession scores from postsession scores.

Given multiple sessions per person, multilevel modeling

(MLM) was used to account for shared variance among

observations nested within individuals and to model the

change scores to determine if they differed significantly

from zero [46]. Finally, qualitative data are presented re-

garding veterans’ perceptions of pain reduction in the con-

text of the mobile neurofeedback intervention.

Results

Participant demographics and clinical characteristics are

presented in Table 1. The average CAPS-5 score was

35.1, and veterans reported having sustained an average

of 2.93 head injuries that met the criteria for TBI. Most

veterans reported at least one TBI with loss of conscious-

ness (LOC; N¼ 27, 69.23%) and amnesia lasting

<24 hours (N¼ 30, 76.92%). On the Regional Pain

Scale, 34 (82.93%) participants reported level �4 pain in

the head, and 24 (58.54%) reported lower back pain at

baseline. Of the 36 participants who completed the

three-month follow-up, 11 (30.56%) reported receiving

pharmacological treatment, two (5.56%) reported receiv-

ing psychosocial treatment, and nine (25.00%) reported

receiving both during the course of the study.

Participants completed a mean (SD; range) of 33.09

(30.73; 3–156) neurofeedback sessions. Although not

correlated with the number of neurofeedback sessions,

each outcome showed statistically significant reductions

between baseline and three-month follow-up (Table 2).

Compared with follow-up, veterans reported signifi-

cantly reduced past-week pain intensity, from a mean of

6.41 to 5.39 (t¼ 3.64, P < 0.001). They also reported re-

duced mean scores on measures of past three-month pain

intensity from 6.40 to 5.71 (t¼ 2.82, P ¼ 0.008), pain in-

terference from 27.27 to 23.81 (t¼ 2.41, P ¼ 0.022),

PTSD symptoms from 43.37 to 35.72 (t¼ 2.46, P ¼
0.019), and depression from 13.02 to 9.67 (t¼ 3.96, P <

0.001). Suicidal ideation also was lower at follow-up

(t¼ 2.22, P ¼ 0.033). At follow-up, over half the sample

(56%, 20/36) reported reduced average three-month pain

intensity, and of those, approximately one-third (30%, 6/

20) reported a reduction of at least two points. Veterans

reported significantly reduced means on PROMIS meas-

ures of anger from 16.63 to 14.94 (t¼ 2.54, P ¼ 0.016)

and sleep disturbance from 30.10 to 26.33 (t¼ 2.71, P ¼
0.010). All changes in outcome variables remained signif-

icant after controlling for any concurrent pharmacologi-

cal or behavioral treatment.

Across N¼ 965 10-minute sessions for which before

versus after individual session data were available,

Table 1. Descriptive data in a sample of veterans with chronic
pain, TBI, and PTSD

Mean (SD) No. (%)

Age, y 38.57 (10.04) –

Gender

Female – 6 (14.63)

Male – 35 (85.37)

Race

White – 17 (41.46)

Black – 16 (39.02)

American Indian – 2 (4.88)

Other – 6 (14.63)

Education, y 13.64 (4.43) –

CAPS total score 35.10 (7.58) –

Total number of TBI 2.93 (1.60) –

1 – 9 (21.95)

2 – 13 (31.71)

3 – 4 (9.76)

4 – 2 (4.88)

5 – 13 (31.71)

TBI with most severe LOC

No LOC – 12 (30.77)

<1 min – 8 (20.51)

1–15 min – 13 (33.33)

16–30 min – 3 (7.69)

>30 min – 3 (7.69)

TBI with most severe PTA

Less than 1 h – 14 (35.90)

1–24 h – 16 (41.03)

>24 h–7 d – 6 (15.38)

>7 d � 3 (7.69)

Years since last TBI 13.11 (9.86)

Regional Pain Scale �4 (head) – 34 (82.95)

Regional Pain Scale �4 (lower back) – 24 (58.54)

CAPS ¼ Clinician-Administered PTSD Scale for DSM-5; LOC ¼ loss of

consciousness; PTA ¼ post-traumatic amnesia; TBI ¼ traumatic brain injury.
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veterans reported reduced pain 67.05% (647/965) of the

time, reduced stress 85.39% (824/965) of the time, and

reduced anger 38.34% (370/965) of the time. Of note,

41.45% (400/965) of all sessions resulted in a reduction

of pain by two points or more. Table 3 shows multilevel

modeling analysis of session-specific change scores that

revealed that, for pain, stress, and anger, interindividual

differences accounted for most of the variance in change

scores: 57.9%, 50.1%, and 61.0%, respectively.

Analyses showed that the intercept for the anger model

was not significant, suggesting that neurofeedback did

not result in immediate decreased anger for the sample as

a whole. The intercepts for the pain and stress change

score models were significant, reflecting large decreases

in those variables associated with neurofeedback for pain

(Cohen’s d¼ 1.07) and for stress (Cohen’s d¼ 2.56).

For the three-month intervention, veterans completed a

mean (SD; range) of 3.46 (0.85; 1–4) home visits and/or

phone calls with study staff; those not achieving all four

were due in large part to difficulty with scheduling.

Number of staff contacts was correlated with changes in

three-month pain intensity (r ¼ –0.34, P ¼ 0.04), pain in-

terference (r ¼ –0.36, P ¼ 0.03), and depressive symptoms

(r ¼ –0.37, P ¼ 0.03) but not with changes in one-week

pain intensity, anger, sleep problems, PTSD symptoms, or

suicidal ideation (P > 0.05). Table 4 reports veterans’ per-

ceptions about the mobile neurofeedback intervention. Of

side effects that were probably or definitely related to mo-

bile neurofeedback, headset discomfort and drowsiness

were most common. With respect to opinions about mobile

neurofeedback, veterans reported that 1) it was effective

helping them to achieve a more relaxed state; 2) focusing

on their pain helped them manage their symptoms; 3) it

was favorable compared with pain management by nar-

cotics or other medications; and 4) they appreciated the

mindful or meditative state facilitated by the intervention.

Discussion

Overall, this preliminary study showed that veterans

with chronic pain, PTSD, and TBI were able to use

neurofeedback at home using mobile devices. In total,

88% of veterans returned for the three-month follow-up

and averaged approximately three days a week of engag-

ing in mobile neurofeedback. At three-month follow-up,

veterans reported lower pain intensity, pain interference,

depressive symptoms, PTSD symptoms, sleep distur-

bance, anger, and suicidal ideation. The intervention was

well tolerated, and there were no significant adverse

events reported. Across nearly 1,000 sessions, veterans

reported reduced pain 67% of the time immediately fol-

lowing 10 minutes of mobile neurofeedback. These find-

ings are consistent with other research showing that

neurofeedback alleviates psychiatric symptoms in veter-

ans or trauma populations [26–28].

Use of neurofeedback technology at home is consistent

with veterans’ preference for self-management of symp-

toms [15]. Overall, the results suggested few problems

with implementation or practice. The most common is-

sue voiced by participants, discomfort from the headset,

has already been addressed by Neurosky, as newer EEG

headsets are more comfortable and adjustable. Veterans

paradoxically perceived drowsiness, the other common

side effect, as a benefit to help them get to sleep. Isolated

and minor irritability was outweighed by reports of re-

duced stress the vast majority of the time (>85%) follow-

ing neurofeedback sessions.

Findings of associations with reduced depression,

PTSD, anger, sleep problems, and suicidal ideation sup-

port the potential of mobile neurofeedback for pain man-

agement. Ultimately, health care professionals may be

able to include mobile neurofeedback as an adjunct treat-

ment for chronic pain. However, research is still needed:

What was the underlying mechanism leading to these

benefits? Did neurofeedback lead to increased alpha

power [20–22]? Was engaging in mindfulness alone, or

relaxing for 10 minutes, the catalyst for improved out-

comes? Could therapeutic alliance have contributed to

results? Were findings the result of a placebo effect?

Although the study yielded encouraging results, these

questions point to the need for further experiments to

Table 2. Change in treatment outcome variables from baseline to follow-up

Baseline Follow-up
Outcome Min–Max (N ¼ 41) (N ¼ 36) Paired t Test Cohen’s d ANCOVA t Test Cohen’s d

Pain intensity (past wk) 0–10 6.41 (1.24) 5.39 (1.70) t ¼ 3.64, P < 0.001 0.61 t ¼ 3.85, P < 0.001 0.64

Pain intensity (past 3 mo) 0–10 6.40 (1.11) 5.71 (1.60) t ¼ 2.82, P ¼ 0.008 0.47 t ¼ 2.82, P ¼ 0.008 0.47

Pain interference (PROMIS) 8–40 27.37 (6.02) 23.81 (8.57) t ¼ 2.41, P ¼ 0.022 0.40 t ¼ 2.72, P ¼ 0.010 0.45

PCL-5 0–80 43.37 (13.64) 35.72 (16.51) t ¼ 2.46, P ¼ 0.019 0.41 t ¼ 3.19, P ¼ 0.003 0.53

PHQ-9 0–27 13.02 (5.67) 9.67 (5.42) t ¼ 3.96, P < 0.001 0.66 t ¼ 4.06, P < 0.001 0.68

Suicidal ideation 0–3 0.27 (0.55) 0.11 (0.32) t ¼ 2.22, P ¼ 0.033 0.37 t ¼ 2.22, P ¼ 0.033 0.37

Anger (PROMIS) 5–25 16.63 (4.13) 14.94 (4.73) t ¼ 2.54, P ¼ 0.016 0.42 t ¼ 2.33, P ¼ 0.026 0.39

Sleep (PROMIS) 8–40 30.10 (8.51) 26.33 (8.48) t ¼ 2.71, P ¼ 0.010 0.45 t ¼ 2.82, P ¼ 0.008 0.47

ANCOVA t test and corresponding Cohen’s d reflect the effect of the intervention after controlling for whether participants received any pharmacological or

behavioral treatment during the intervention period. All P values were significant after using the false discovery rate method to control for family-wise error.

ANCOVA ¼ analysis of covariance; PCL-5 ¼ PTSD Checklist for DSM-5; PHQ-9 ¼ Patient Health Questionnaire-9; PROMIS ¼ Patient-Reported Outcomes

Measurement Information System.
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examine if neurofeedback significantly contributed to the

improvements seen in this study. In particular, a larger

double-blind, randomized control trial is necessary to

investigate potential mechanisms (e.g., less stress, greater

pain tolerance, taking a time-out, placebo) underlying

the current findings of reduced pain intensity.

Given that this study involved only an open-label, sin-

gle-arm clinical trial, a randomized clinical trial would be

critical to determine the efficacy of mobile neurofeedback

for chronic pain. Further, it is critical for future research

to examine how many sessions of neurofeedback are op-

timal for what level of pain intensity; for example, lack

of a correlation between number of sessions and out-

comes may be due to limited statistical power from a

small study sample, but it also could be the case that dif-

ferent quantities of neurofeedback may be therapeutic

for different pain intensities or different individuals.

Although all of the primary outcomes were statistically

significant, more research is needed to examine the clini-

cal significance of the magnitude of these changes given

that most of the changes were relatively small compared

with the scales range. We found a wide range of app us-

age; future research should examine facilitators and bar-

riers to utilization. Finally, the current study primarily

measured symptoms, whereas measures of functionality

and quality of life would enhance research on mobile

neurofeedback.

The current study was limited by self-report measures,

and future studies need to look at neurophysiological

measures such as EEG brainwave activity [22]. Because

our sample of women mirrored the proportion in the

post-9/11 veteran population [15], future research would

need to oversample women veterans to have the statisti-

cal power necessary to examine sex as a biological vari-

able. Finally, we are unaware of any other study to use

neurofeedback at home for pain management and thus

relied on the number of sessions typical in traditional

neurofeedback [40]. It is unknown what an “optimal”

dose should be for mobile neurofeedback or whether the

dose should vary according to level of pain. Our primary

aim was to determine if neurofeedback for pain manage-

ment could be implemented independently; given that

that appears to be the case, future research should inves-

tigate optimal intervention dosage.

To our knowledge, this study is the first to test the fea-

sibility of mobile neurofeedback in veterans with chronic

Table 3. Before vs after neurofeedback session changes in pain, anger, and stress

Raw Scores Multilevel Modeling of Change

Presession Postsession
Intercept Presession Level

Variable Mean (SD) Min–Max Mean (SD) Min–Max Coeff (SE) Coeff (SE)

Pain 4.85 (2.16) 0–10 3.23 (2.17) 0–10 –1.41*** (0.25) –0.57*** (0.02)

Stress 5.02 (2.37) 0–10 1.79 (1.94) 0–10 –3.22*** (0.24) –0.81*** (0.03)

Anger 2.94 (2.42) 0–10 2.93 (2.22) 0–10 0.15 (0.29) –0.77*** (0.03)

Change scores were derived by subtracting presession scores from postsession scores and from N¼ 965 sessions. Following 10-minute neurofeedback sessions,

67.05% (647/965) of the time veterans reported reduced pain, 85.39% (824/965) of the time veterans reported reduced stress, and 38.34% (370/965) of the time

veterans reported reduced anger.

***P < 0.001.

Table 4. Veteran perceptions of mobile neurofeedback
intervention

Reported

Side Effect*
No. out of N¼41

Did Not Report

Side Effect
No. out of N¼41

Headset discomfort 14 27

Drowsiness following

neurofeedback

13 28

Irritability 6 35

Headache 3 38

Dizziness 1 40

Vibrating/buzzing 1 40

Muscle twitching 1 40

Responses to the question “What do you think helped with the pain?”
• “Acknowledging pain, allow body to feel it for limited time and not

fight it. This seems to help, enables me to not think about it for rest

of day, if I allow for that time to just experience and acknowledge

it.”
• “When I use this, I feel more relaxed, that’s been very helpful. In a

more relaxed state, I’m not experiencing as much pain.”
• “When I used neurofeedback frequently, just knowing I could use

something for pain that didn’t leave me feeling stoned or high like

the oxy[contin].”
• “Getting my mind off pain itself. I put my mind in another place, feel

less stressed, so not focusing on pain as much.”
• “I believe that the regular meditation [using mobile neurofeedback]

has helped. Since my pain has been down, I’ve been able to exercise

more and go to the gym. My shoulder and knees have almost no pain

now.”
• “Ability to break from patterns getting stuck in my head. By having

mindful purpose-based thing to do.”
• “This neurofeedback is most helpful for pain and stress. Less so for

anger. Once used when I had a migraine, pain level went down by 3,

works better than Tylenol or oxy[contin]. Also used for knee pain,

had noticeable change in pain after an hour.”
• “Allow for specific time to pay attention to pain, then can put it

aside.”

*All side effects listed were assessed to be probably or definitely related to

neurofeedback. Severity levels for each were set at mild, moderate, severe, or

life-threatening. None were severe or life-threatening. One instance of a mod-

erate side effect of irritability occurred when a participant practiced four

times in a row; this side effect ceased once the participant no longer did this.

The remaining side effects were in the mild range.
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pain, PTSD, and TBI. This pilot study shows promise of

a portable, technology-based neuromodulatory approach

to pain management that uses neurofeedback and over-

comes treatment barriers by permitting veterans to man-

age pain in a self-directed manner outside a clinic

[16,47]. More work is needed to better understand if and

how mobile neurofeedback led to improved outcomes in

this at-risk group of military veterans. Chronic pain is a

prevalent problem among veterans and the general popu-

lation. The current study takes a step toward exploring a

low-risk, innovative approach to pain management.
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