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BACKGROUND: Biofeedback is increasingly used to treat
clinical conditions in a wide range of settings; however,
evidence supporting its use remains unclear. The purpose
of this evidence map is to illustrate the conditions sup-
ported by controlled trials, those that are not, and those in
need of more research.

METHODS: We searched multiple data sources
(MEDLINE, PsycINFO, CINAHL, Epistemonikos, and
EBM Reviews through September 2018) for good-quality
systematic reviews examining biofeedback for clinical
conditions. We included the highest quality, most recent
review representing each condition and included only
controlled trials from those reviews. We relied on quality
ratings reported in included reviews. Outcomes of interest
were condition-specific, secondary, and global health out-
comes, and harms. For each review, we computed confi-
dence ratings and categorized reported findings as no
effect, unclear, or insufficient; evidence of a potential pos-
itive effect; or evidence of a positive effect. We present our
findings in the form of evidence maps.

RESULTS: We included 16 good-quality systematic re-
views examining biofeedback alone or as an adjunctive
intervention. We found clear, consistent evidence across a
large number of trials that biofeedback can reduce head-
ache pain and can provide benefit as adjunctive therapy to
men experiencing urinary incontinence after a prostatec-
tomy. Consistent evidence across fewer trials suggests bio-
feedback may improve fecal incontinence and stroke recov-
ery. There is insufficient evidence to draw conclusions
about effects for most conditions including bruxism, labor
pain, and Raynaud’s. Biofeedback was not beneficial for
urinary incontinence in women, nor for hypertension man-
agement, but these conclusions are limited by small sam-
ple sizes and methodologic limitations of these studies.
DISCUSSION: Available evidence suggests that biofeedback
is effective for improving urinary incontinence after prosta-
tectomy and headache, and may provide benefit for fecal
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incontinence and balance and stroke recovery. Further con-
trolled trials across a wide range of conditions are indicated.
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INTRODUCTION

Biofeedback emerged as a field of study in the 1960s, and in
the last few decades, it has increasingly been used as a com-
plementary or alternative treatment for a wide range of clinical
conditions and symptom reduction. Biofeedback uses instru-
ments to measure and provide real-time feedback on patients’
physiological responses in order to assist patients in learning
to change those responses.’ The most common types of mea-
surements are muscle activity, heart rate function and variabil-
ity, respiration, blood pressure and flow, brainwaves, skin
temperature, and electrodermal (sweat gland) activity."” ? Re-
ceipt of this feedback increases patients’ awareness of these
physiological processes. Ideally, when this awareness is paired
with interventions to change behavior, thoughts, or emotions,
a beneficial change in the physiological process occurs. The
ultimate goal is for this change to eventually be maintained in
all settings and without the need for equipment.’

The challenge of treating chronic symptomatic conditions, and
the potential harms associated with pharmacotherapies for these
conditions, has prompted increasing interest in effective
nonpharmacologic treatment alternatives such as biofeedback.
One of the challenges in considering the therapeutic role of
treatments like biofeedback that have not been well integrated
into allopathic health care systems is that the evidence base is
scattered across numerous conditions. The Association for Ap-
plied Psychophysiology and Biofeedback (AAPB) provides clin-
ical guidelines for the use of biofeedback for a diverse list of
conditions.” The most recent guidelines® were published in 2016
and considered studies ranging from single-subject case studies to
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randomized controlled trials (RCTs). To date, no review has
examined the use of biofeedback across conditions.

Evidence mapping is a recently developed methodology to
provide a high-level overview of the state of evidence for a given
intervention across a diverse set of conditions. This “lay of the
land” of the evidence can be useful to health systems,
policymakers, researchers, and clinicians who would like to
prioritize the most promising areas and conditions for treatment
and further research. Although standardized definitions and
methodology are still being established, they generally include
a systematic search of a broad field of research and a user-
friendly, often visual, representation of a body of literature.”

This evidence map was conducted to understand and illustrate
current empirical data from controlled trials about the benefits
and harms of biofeedback for different medical conditions. We
will broadly identify the strengths, weaknesses, and gaps in the
evidence base, and highlight areas for future research.

METHODS

We systematically reviewed systematic reviews and meta-
analyses examining biofeedback as a primary or adjunctive
intervention and created maps illustrating the evidence. This
was part of a larger report for the Department of Veterans
Affairs that also summarized the evidence base for guided
imagery and hypnosis for medical conditions.® Our approach
was guided by an analytic framework (Online Appendix
Fig. 1), and our protocol was developed using established
reporting standards.

Data Sources and Searches

To identify relevant systematic reviews/meta-analyses, we
searched MEDLINE, PsycINFO, CINAHL, Epistemonikos,
and EBM Reviews Cochrane Database of Systematic Reviews
from database inception to September 2018 (see Online Ap-
pendix Table 1). In addition, we reviewed the bibliographies of
relevant reviews of reviews, searched the registry PROSPERO
for completed reviews, and queried subject matter experts. For
all methods applicable to evidence maps, we followed the
PRISMA guidelines.’

Study Selection and Assessment of Study
Quality

Using pre-specified inclusion criteria (Online Appendix
Tables 2 and 3), two investigators independently evaluated
the titles, abstracts, and full text of all potentially relevant
systematic reviews for inclusion. All discordant results were
resolved through consensus or consultation with a third re-
viewer. Eligible systematic reviews met all of the following
quality criteria: (1) clearly reported their search strategy and
inclusion criteria; (2) performed a comprehensive search of at
least two electronic databases; and (3) assessed the methods
and potential risk of bias in the included trials using validated

criteria.® We included only systematic reviews that specifically
examined the use of biofeedback for adults with a specific
clinical condition. From the systematic reviews meeting our
eligibility criteria, we identified a single review to represent
each clinical condition (based on recency, size, and overall
quality). From each included systematic review, we included
only controlled trials of adults treated with biofeedback alone or
in combination with other interventions. We relied on the qual-
ity assessments reported in the included systematic reviews.

Data Abstraction

Data from included systematic reviews were abstracted by one
investigator and confirmed by a second. From each systematic
review, we abstracted data related to the biofeedback interven-
tion and any concurrent interventions, clinical condition, num-
ber of studies and subjects included, and relevant findings for
each outcome of interest.

Evidence Maps

We created maps to illustrate the evidence from controlled
trials published in good-quality systematic reviews examining
the use of biofeedback for different medical conditions. For
each condition, we categorized outcomes into the following
categories: (1) diagnosis-related; (2) secondary—specific
symptom outcomes that are not directly related to the condi-
tion (e.g., anxiety in patients with headache); (3) global health
(e.g., quality of life, self-efficacy); and (4) harms. For each
condition and outcome category, we recorded whether the
clinical trials in the review found evidence of no effect, un-
clear, or insufficient evidence, evidence of a potential positive
effect, or evidence of a positive effect. If a review reported
multiple outcomes within the same category (e.g., depression
and anxiety), we classified the outcome as potentially positive
if there was at least one clear finding of benefit (see Online
Appendix Table 4 for a detailed description of our methods).

Guided by methods employed in prior evidence maps,” and
established strength of evidence criteria,” we developed an
estimate of confidence (insufficient, low, moderate, high) for
each outcome category by condition (represented by bubble
size on the map). Confidence estimates were based on the
following: (1) sample size; (2) consistency; (3) directness; and
(4) overall study quality, as reported by the systematic review
(see Online Appendix Table 4 for our scoring criteria and
descriptions). As with previously published evidence maps,
the confidence estimate allows for an additional dimension on
which to broadly assess gaps in evidence, rather than reflecting
an assessment of the strength of evidence.

RESULTS

We reviewed 2533 titles and abstracts, and the full text of 229
systematic reviews. We identified 16 systematic reviews ex-
amining the effectiveness of biofeedback on unique primary/
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diagnosis-related outcomes, secondary outcomes, and global
outcomes (see Online Appendix Fig. 2 for the literature flow
diagram). The number of trials in the systematic reviews
ranged from 1 (knee osteoarthritis)'® to 94 (headache),'! and
the sample size of the trials ranged from 56'° to over 3500
(see Fig. 1). Biofeedback modalities varied both within and by
condition, as did the use of adjunctive interventions (see
Table 1). Across systematic reviews, all 16 examined primary
diagnosis-related outcomes, six also evaluated secondary out-
comes, six assessed global outcomes, and only one reported
harms (see Table 2).

For five conditions (fecal incontinence, urinary inconti-
nence in women,"® dysphagia,'* stroke,'” and Bell’s palsy'©),
systematic reviews specifically examined biofeedback as an
adjunct to another intervention. Five reviews examined the
effectiveness of biofeedback for conditions (sleep bruxism,17
chronic idiopathic constipation,18 knee osteoarthritis,10
balance/gait training,'® and intradialytic hypotension®®)

3500

3000

2500

2000

Participants

1500

1000

500

. \ \f’ﬁ R . .
Kb & o - .\z@ q}“\ @oo -\0@0
F& & & O
07, & g Q X > & &
BN © > ¢ Q &
0‘7 Gb Q)‘ ’b\O Q < \
& e \’boL <<Q5}>
& 2

independent of other interventions. For all other conditions,
systematic reviews included both studies examining biofeed-
back alone and as an adjunct to another intervention
(Table 1).'"- 2124

We found high-confidence evidence that biofeedback is
effective for reducing the frequency, duration, and intensity
of migraine and tension-type headaches. There is also
moderate-confidence evidence of benefit on secondary out-
comes of headaches such as medication intake, muscle ten-
sion, anxiety, and depression. There is limited evidence
supporting the benefit of biofeedback for improving global
self-efficacy in patients with migraine or tension-type
headaches."'

We found high-confidence evidence that biofeedback as an
adjunctive treatment for pelvic floor muscle training (PFMT)
can result in both immediate- and long-term improvements in
urinary incontinence for men after a prostatectomy as com-
pared with PFMT alone. The addition of biofeedback also had

0 —---- ..lIIIIII|

Figure 1 Number of participants by condition.
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Table 1 Type of Biofeedback and Adjunctive Interventions by Condition

Condition

Biofeedback techniques used

Adjunctive therapies

Sleep bruxism'’

Urinary incontinence after
prostatectomy

Chronic idiopathic constipation'®

Fecal incontinence'? "
Urinary incontinence (women)

Hypertension®

Dysphagia'®

Fibromyalgia®

Knee osteoarthritis/gait
retraining
Stroke'?

Headache'!

Balance/gait training'’
Labor pain
Bell’s palsy'®

Raynaud’s
Intradialytic hypotension”

Contingent electrical stimulation
Biofeedback-assisted pelvic floor muscle training

EMG biofeedback, balloon sensory biofeedback,
manometry biofeedback

EMG biofeedback, balloon sensory biofeedback
EMG, vaginal and/or anal squeeze pressure,
ultrasound

Blood pressure biofeedback, indirect biofeedback,
direct biofeedback

sEMG, accelerometry, tongue manometry, video
endoscopy, respiratory plethysmography, external
laryngeal manometry

EMG biofeedback, EEG feedback, LENS,

SMR training

Visual, haptic (not specified)

Weight distribution from a force platform or sensor,
muscle activity from EMG, linear gait parameters
from foot sensors, joint angle from a goniometer
TEMP biofeedback, TEMP + EMG biofeedback,
EMG biofeedback, BVP biofeedback, EEG
biofeedback, GSR biofeedback

Wearable plantar pressure sensors, IMU

EMG, skin conductance biofeedback

EMG, biofeedback rehabilitation

Thermal biofeedback, thermal feedback + EMG
Biofeedback hemodialysis: BVM with dialysate
conductivity control, BVM with plasma
conductivity control

Varied—electrical stimulation

With electrical stimulation
With pelvic floor muscle training

Varied—relaxation, meditation, imagery,
inner quality management
With swallow therapy

Varied—PMR

With usual therapy including therapist
communication

Varied—relaxation

Varied—relaxation, PMR, Lamaze
With mime therapy. Other therapies
varied—facial expression exercises,
lip movement without eye closure
Varied—autogenic training, relaxation

BFB biofeedback, BVM blood volume monitoring, BVP blood volume pulse, EEG electroencephalograph, EMG electromyograph, IMU inertial
measurement units, GSR galvanic skin response, LENS low-intensity neurofeedback system, PMR progressive muscle relaxation, SEMG surface

electromyography, SMR sensorimotor rhythm, TEMP peripheral temperature feedback

a positive effect on quality of life (moderate confidence).?' For
both short- and long-term lower limb activity improvements
after stroke (e.g., standing, walking), there is (moderate-
confidence) evidence that the addition of biofeedback to usual
therapy is more effective than usual therapy alone.*® Finally,
for fecal incontinence, electrical stimulation with biofeedback
is more effective than electrical stimulation alone (moderate
confidence; Fig. 2 and Table 3').12

We identified limited (low-confidence) evidence that
biofeedback hemodialysis can result in lower rates of
mortality and intradialytic hypotension (IDH) in patients
undergoing hemodialysis who are experiencing chronic
fluid overload or symptomatic IDH.?® In patients with
fibromyalgia, electromyograph (EMG), but not electroen-
cephalograph (EEG) biofeedback has the potential to im-
prove short- and long-term pain (but not quality of life or

Table 2 Number of Studies and Participants by Condition and Outcome

No. of studies by outcome (V)

Condition Total no. of studies (V) Diagnosis-related Secondary Global health Harms
Balance/gait training'® 8 (243) 8 (243) 3 (99) 2 (75) -
Bell’s palsy'® 4 (118) 4 (118) - - -
Bruxism, sleep'’ 6 (126) 6 (126) 1 (12) - -
Chronic idiopathic constipation18 17 (931) 17 (931) - - -
Dysphagia'* 5 (141) 5 (141) - - -
Fecal incontinence'? 12 (350) 12 (350) - - -
Fibromyalgia®* 7 (580) 7 (289) 5 (295) 4 (163) 3 (185)
Hypertension® 36 (1660) 36 (1660) - - -
Intradialytic hypotension” 8 (716) 6 (266) 6 (266) 3 (270) -
Knee osteoarthritis/gait training'® 1 (56) 1 (56) - - -
Pain, headache 94 (3500) 62 (1285) Unclear Unclear -
Labor/childbirth** 4 (186) 4 (186) - - -
Raynaud’s*® 10 (531) 10 (531) - - -
Stroke® 18 (429) 18 (429) - - -
Urinary incontinence after prostatectomy21 13 (1108) 13 (1108) - 5 (354) -
Urinary incontinence in women 24 (1583) 5 (520) 24 (1583) 12 (698) -
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Figure 2 Evidence map of biofeedback by condition and outcome category (3D map).

secondary outcomes).>* Finally, wearable plantar pressure
sensors (which measure the distribution of plantar pres-
sure, usually when standing or moving) may provide
better static steady-state balance and health-related
quality-of-life outcomes for patients undergoing balance
or gait training (Fig. 2 and Table 3)."’

It is unclear whether biofeedback is effective for the treat-
ment of Bell’s palsy,'® chronic idiopathic constipation,'®

dysphagia,'* osteoarthritis of the knee,'® labor pain,**
Raynaud’s,*® and sleep bruxism.'”

Limited (low-confidence) evidence suggests that biofeed-
back provides no benefit for urinary incontinence in women
once differences in PEMT programs were controlled for,* nor
was it effective for blood pressure control.*? Findings related
to all other conditions were insufficient, largely due to mixed
findings and/or small sample sizes (Fig. 2 and Table 3).
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Table 3 Summary of Findings

Condition/target
population

N controlled trials (V
combined participants)

Outcomes

Findings

Overall
confidence

Summary of
effect

Urinary incontinence after
prostatectomy
13 (W=1108)"

Urinary incontinence in
women

24 trials (N =1583
[biofeedback])®

Hypertension®
36 (N =1660)°

Intradialytic hypotension®®

8 W=716)¢

Diagnosis-
related

Secondary
Global

Diagnosis-
related

Secondary

Global

Diagnosis-
related

Secondary
Global
Diagnosis-
related

Objective measurement of urinary incontinence improvement: favors
PFMT + biofeedback (immediate-, intermediate-, and long-term)
versus pelvic floor muscle training alone (P =0.023, 0.002, and
0.017, respectively)

Subjective measurement of urinary incontinence improvement: favors
PEMT + biofeedback (intermediate- and long-term) versus pelvic
floor muscle training alone (P =0.034 and 0.005, respectively). There
were no significant immediate effects (P =0.108)

Quality of life: favors PEMT + biofeedback (immediate- and
intermediate-term) versus pelvic floor muscle training alone (P =
0.003 and 0.11, respectively). There was no effect on long-term
urinary incontinence (P =0.080)

Self-reported symptomatic cure or improvement:

PFMT + BF versus PFMT (9 RCTs, N=604): favored PFMT +
biofeedback to PFMT alone (RR =0.75, 95% CI [0.66 to 0.86]).
However, there was significant heterogeneity in PFMT and subgroup
analyses found no difference between groups between biofeedback
and no biofeedback

PFMT versus PFMT + feedback + biofeedback—cure versus no cure
(1 RCT, N=152): no difference (OR =1.59, 95% CI 0.43 to 5.87)
PFMT + BF versus PFMT + feedback (2 RCTs, N=130): no
difference

Number of leakage episodes in 24 h:

PFMT versus PFMT + feedback + biofeedback—cure versus no cure
(1 RCT, N=152): no difference (Z=1.04, P=0.30).

PFMT + BF versus PFMT + feedback (3 RCTs, N =267): no
difference

Pelvic floor muscle function:

PFMT versus PFMT + feedback + biofeedback—repetitions,
endurance, perineometry, modified Oxford Scale, number of fast
contractions (1 RCT, N=152): favored PFMT with feedback and BF
group versus PFMT alone.

PEMT + BF versus PFMT + feedback—% of subjects with increase
on EMG assessment, ultrasound displacement, pressure
perineometry, digital vaginal palpation, endurance (sitting, standing),
amplitude EMG (4 RCTs, N =180): mixed findings

Frequency of micturition:

PFMT versus PFMT + feedback + biofeedback (1 RCT, N=152): no
difference

PFMT + BF versus PFMT + feedback (1 RCT, N =40): no difference
Symptom distress:

PFMT versus PFMT + feedback + biofeedback (1 RCT, N=152): no
difference

PFMT + BF versus PFMT + feedback (2 RCTs, N=150): no
difference

Pad changes in 24 h:

PFMT versus PFMT + feedback + biofeedback (1 RCT, N=152): no
difference

Adherence to treatment:

PFMT versus PFMT + feedback + biofeedback (1 RCT, N=152): no
difference

Patients’ satisfaction with progress or outcome:

PFMT + BF versus PFMT + feedback (1 RCT, N=107): no
difference

General and incontinence specific quality of life:

PFMT + BF versus PFMT (9 RCTs, N =497): no difference

PFMT + BF versus PFMT + feedback (3 RCTs, N=201): no
difference

Blood pressure: no benefit versus pharmacotherapy. Favors sham or
nonspecific behavioral interventions when combined with relaxation
(unclear effect compared with behavioral or sham. confidence level:
insufficient)

All-cause mortality (2 RCTs, N=104): two deaths occurred in
patients undergoing biofeedback HD, when compared with six deaths
among patients undergoing conventional HD. The pooled effect
estimate did not rule out a beneficial or harmful effect of biofeedback
dialysis (RR=0.37, 95% CI [0.07-2.01])

Positive High

Positive Medium

No effect Low

Unsure Insufficient

No effect Low

No effect Low

Potential Low

(continued on next page)
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Table 3. (continued)
Condition/target Outcomes Findings Summary of  Overall
population effect confidence
N controlled trials (N
combined participants)
Intradialytic hypotension (6 RCTs, N=266): favors biofeedback
(RR=0.61, 95% CI [0.44-0.86])
Pre-dialysis systolic blood pressure (7 RCTs, N=203): no difference
(MD =3 mmHg, 95% CI [-2-7])
Post-dialysis systolic blood pressure (3 RCTs, N=77): favors
biofeedback (MD =7 mmHg (95% CI [5-19], x> = 10.52, P=0.005).
However, statistical heterogeneity may have resulted from different
follow-up times and patient characteristics
Secondary Pre- and post-dialysis sodium levels (3 RCTs, N=NR): no difference =~ Unclear Insufficient
Urea clearance (3 RCTs, N=130): no difference
Post-dialysis regional wall motion abnormalities (1 RCT, N=10):
favors biofeedback
Global Quality of life (3 RCTs, N =140): mixed findings Unclear Insufficient
Sleep bruxism'’ Diagnosis- First night’s change in EMG episodes/h (3 RCTs, N=65): no Unclear Insufficient
6 (N=126)° related difference (MD =—5.05, 95% CI [-10.71, 0.62])
Fifth night’s change in EMG episodes/h (3 RCTs, N=39): favors
biofeedback (MD =—7.18, 95% CI [ 12.54, —1.83])
EMG activity per hour (2 RCTs, N=26): favors biofeedback
Secondary SB-related EMG activities (1 RCT, N=12): favors biofeedback Unclear Insufficient
Measurement of SB events—episodes and duration (1 RCT, N=24):
favors biofeedback
Pain (2 RCTs, N=26): no difference
Sleep quality (2 RCTs, N=35): no difference
Global - - -
Dysphagia'* Diagnosis- Swallow function (2 RCTs, N=51): no difference (MD=1.10, 95 CI ~ Unclear Insufficient
S (N=141) related [—1.69-3.89])
Hyoid displacement (3 RCTs, N=90): favors biofeedback
(MD=0.22 cm, 95% CI [0.04-0.40], P=0.02)
Dependency on tube feeding (2 RCTs, N=53): no difference
(OR=3.19, 95% CI [0.16-62.72])
Secondary - - -
Global - - -
Fibromyalgia®® Diagnosis- Pain intensity (7 RCTs, N=289): favors biofeedback (g=0.79, 95%  Potential Low
7 (N =580) related CI [0.22-1.36], P=0.006). Subgroup analyses revealed that only positive
EMG-BFB and not EEG-BFB significantly reduced pain intensity in
comparison with control groups (g=0.86, 95% CI [0.11-1.62])
Long-term pain intensity (2 RCTs, N=286): no difference (g=0.86,
95% CI [-1.25-2.98], P=0.42)
Secondary Sleep problems (2 RCTs, N=87): no difference (g=0.23, 95% CI [~  No effect Low
0.20-0.65], P=0.29)
Depression (4 RCTs, N=181): no difference (g=0.37, 95% CI
[-0.44-1.18], P=0.37)
Long-term depression (3 RCTs, N = 120): no difference (g =0.8, 95%
CI [-0.51-2.11], P=0.23)
Fatigue (4 RCTs, N=163): no difference (g=0.38, 95% CI
[-0.46-1.08], P=0.43)
Global Quality of life (4 RCTs, N =163): no difference (g =0.62, 95% CI [— No effect Low
0.77-2.02], P=0.38)
Long-term quality of life (2 RCTs, N =68): no difference (g=0.252,
95% CI [-2.94-7.98], P=0.37)
Harms Mixed findings. Ranged from “none” to stress, fatigue, headache, Unclear Insufficient
sleep problems associated with EEG and EMG biofeedback
Chronic idiogathic Diagnosis- Symptom management—constipation score, improved, complete Unclear Insufficient
constipation' related spontaneous bowel movements per week: mixed findings
17 (N=931) Secondary - - -
Global - - -
Knee osteoarthritis/gait Diagnosis- Pain: no difference at 3, 6, 9, and 12 months Unclear Insufficient
retraining related Self-reported knee function: favors biofeedback at 3 months
1 (N=56) (MD=38.6, P=0.04), but not at 6 or 12 months
Secondary - - -
Global - - -
Fecal Incontinence'? Diagnosis- Remission rate (6 RCTs): favors biofeedback Positive Medium
12 (N=approx. 350)¢ related
Secondary - - -
Global - - -
Stroke(25) Diagnosis- Lower limb activities (17 RCTs, N=417): Favors biofeedback (SMD  Positive Medium
18 (N =429) related 0.50, 95% CI [0.30-0.70])
Secondary - - -
Global - - -
Balance/gait training'® Diagnosis- Static steady-state balance outcomes: Potential Low
8 (N=243) related Positive

(continued on next page)
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Table 3. (continued)
Condition/target Outcomes Findings Summary of  Overall
population effect confidence
N controlled trials (NV
combined participants)
Mediolateral—eyes open (4 RCTs, N=104): favors biofeedback
(Hedges’” g=0.82), 95% CI (0.43-1.21)
Mediolateral—eyes closed (3 RCTs, N =84): favors biofeedback
(Hedges” g=0.57, 95% CI [0.14-0.99])
Anterior-posterior sway—eyes open: favors biofeedback (Hedges’
g=0.55,95% CI [0.01-1.10])
Anterior-posterior sway—eyes closed: favors biofeedback (Hedges’
g=0.44, 95% CI [0.02-0.86])
Dynamic steady-state balance measures:
Habitual gait speed: no effect (Hedges’ g=—10.19, 95% CI [-0.68 to
0.29])
Secondary Studies which measured muscle strength, range of motion, and Unclear Insufficient
physical activity did not report additional effects of WS training
Global Health-related quality of life: favors biofeedback Potential Low
Positive
Raynaud’s*® Diagnosis- Symptom frequency/intensity: favors biofeedback Unclear Insufficient
10 (N =531) related
Secondary - - -
Global - - -
Labor/childbirth®* Diagnosis- Rates of assisted vaginal birth: no difference Unclear Insufficient
4 (N=186) related Cesarean section: no difference
Augmentation of labor: no difference
Use of pharmacotherapy for pain: no difference
Secondary - - -
Global - - -
Headache'! Diagnosis- Migraine reduction—frequency, duration, intensity: favors Positive High
94 (N =3500+) related biofeedback
Tension-type headache reduction—frequency, duration, intensity:
favors biofeedback
Secondary Medication intake: favors biofeedback Positive Medium
Muscle tension: favors biofeedback
Depression: favors biofeedback
Anxiety: favors biofeedback
Global Self-efficacy: favors biofeedback Positive Low
Bell’s palsy'® Diagnosis- Facial symmetry, synkinesis, lip mobility: favors biofeedback Unclear Insufficient
4 (N=118) related
Secondary - - -
Global - - -

BF biofeedback; CI, confidence interval; EEG, electroencephalograph; EMG, electromyograph, EMG, electromyogram; g, Hedge's g; MD, mean
difference; P, P value; PFMT, pelvic floor muscle training; SMD, standard mean difference

“Biofeedback with pelvic floor muscle training with or without electrical stimulation

bBiofeedback with pelvic floor muscle training (PFMT) with or without feedback

“Biofeedback alone or as an adjunct versus pharmacotherapy, sham, or behavioral interventions

“Biofeedback hemodialysis versus conventional hemodialysis
“Biofeedback with swallow therapy

Only the systematic review examining fibromyalgia report-
ed harms specifically associated with the use of biofeedback.
Findings from included studies were mixed and ranged from
no harm to stress associated with EMG biofeedback, and
fatigue, headache, and sleep problems associated with EEG
biofeedback.”

Contributing to the low confidence levels for
diagnosis-related outcomes were small combined sample
sizes, poor study quality, heterogeneity in adjunctive
interventions, and inconsistencies across studies included
in the systematic reviews. For secondary and global
outcomes, sample sizes were all less than 500 (half of
those reporting secondary outcomes were less than 100),
and study quality was generally poor (see Online Ap-
pendix Table 5).

DISCUSSION

This evidence map included controlled trials from 16 good-
quality systematic reviews examining the effectiveness of
biofeedback alone or as an adjunct for a wide range of clinical
conditions. The purpose of this evidence map is to provide a
high-level overview of a broad research landscape in order to
illustrate the clinical conditions in which biofeedback’s effec-
tiveness is consistently supported by controlled trials, areas in
which it has been shown to be ineffective, and to highlight
potentially promising areas of benefit that may be good targets
for more research.

We found clear, consistent evidence over a large body of
trials that biofeedback can reduce the frequency, intensity, and
duration of pain resulting from migraines and tension-type
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headaches (the largest reduction was in frequency); that it can
also have a positive effect on headache duration and muscle
tension; and that it is associated with reductions in depression,
anxiety, and the need for medication. Although all biofeed-
back modalities included in the included review yielded
medium-to-large effect sizes (EMG biofeedback with and
without relaxation, EEG biofeedback, peripheral temperature
biofeedback, blood volume biofeedback, and galvanic skin
response), EMG biofeedback in addition to relaxation was
the most effective.'’ There is also clear evidence that as an
adjunct to PFMT, biofeedback can provide intermediate- and
long-term benefit to men experiencing urinary incontinence
after a prostatectomy.”’

We found consistent evidence across a smaller body of trial
evidence that biofeedback is effective for attaining fecal in-
continence remission. Two specific groups of patients were
identified among the trials in the included systematic
review—younger women who had recently given birth, and
older adults of both sexes. Although no formal subgroup
analyses were performed, findings in younger women were
largely unclear or null.'* There is also consistent evidence in
smaller trials that biofeedback is effective for short- and long-
term improvements of lower limb activities after stroke.*” In
the included trials, more than two-thirds of participants had
experienced a stroke within the last 6 months. The review
included a range of biofeedback modalities (see Table 1), and
no subgroup analyses were performed. However, they did find
that among studies that compared biofeedback with therapist
feedback, biofeedback was superior, both clinically and statis-
tically. Finally, larger effect sizes were reported for short-term
improvements in walking than in standing, and the authors
suggest that these findings may be confounded by the differ-
ences in the congruency of tools used to measure the outcomes
with practiced activities.”

A smaller body of evidence suggests that the wearable
sensor—based balance and gait training may be beneficial for
some outcomes. Although we included a systematic review
examining lower limb activities in patients after stroke, the
modalities studied, outcomes examined, and patient popula-
tions differed significantly between reviews. In addition to
stroke, this review also included patients with Parkinson’s
disease, peripheral neuropathy (due to diabetes or chemother-
apy), and older adults at risk for falls. Findings suggested a
positive effect on steady-state balance outcomes, but findings
were mixed for outcomes related to dynamic-state balance/gait
training and proactive balance training.'® A large body of
smaller, largely poor-quality trials report that biofeedback
(alone or combined with relaxation) is not a viable alternative
to pharmacologic intervention for hypertension,*” and a meta-
analysis of a similar body of evidence found that despite
significantly higher ratings of patient satisfaction, biofeedback
as an adjunct to PFMT provides no benefit for women
experiencing urinary incontinence once differences in PFMT
programs are considered."® For other conditions, there were
insufficient data to form reliable conclusions.

Few included systematic reviews included subgroup analy-
ses by biofeedback modality or other intervention characteris-
tics. Differences by setting (home versus center) were only
reported in the systematic review examining headache, and
none were found."!

To our knowledge, this evidence map is the first to examine
biofeedback across a range of clinical conditions. One of the
motivations for this evidence map was to identify conditions in
which there is consistent evidence that biofeedback is effec-
tive. For conditions such as headache and urinary incontinence
in which there is consistent data across numerous trials
supporting effectiveness of biofeedback on diagnosis-related,
secondary, and global health outcomes, these maps help un-
derscore the rationale for its use in clinical practice. While the
harms of biofeedback have not been well described in the
literature, it is a nonpharmacologic and relatively noninvasive
treatment; the risks of serious adverse effects are likely low.
Given the low-risk profile of biofeedback relative to other
interventions, this evidence map sought to identify conditions
for which biofeedback is indicated, those for which there may
be promise, and areas in need of future good-quality research.

There are a number of limitations to report, some related to
evidence maps generally, and others specific to this body of
research and this evidence map specifically. As the purpose of
an evidence map is to provide an overview of a body of
literature (and in this case, controlled trials specifically), it
should not be interpreted as prescriptive, but rather as a snap-
shot of the evidence at a single point in time. Our rough
estimates of confidence provide additional information for
interpretation; however, they are not intended to replace for-
mal evaluations of study quality or strength of evidence. We
did not evaluate differences between types of biofeedback, and
future systematic reviews should evaluate the effectiveness of
different modalities among controlled trials. We relied on the
descriptions of biofeedback modalities provided by included
systematic reviews (see Table 1); thus, it is unclear whether
these descriptions are consistent with AAPB-accepted termi-
nology. We sought to include only good-quality systematic
reviews, thus requiring the use of validated criteria assessing
the quality/risk of bias of included studies. We also required
that systematic reviews explicitly report their inclusion/
exclusion criteria and that search strategies of more than one
database were both performed and reported. Many of the
systematic reviews of biofeedback identified in our search
did not meet these currently generally accepted criteria. For
example, none of the systematic reviews we identified exam-
ining biofeedback for anxiety (identified as efficacious by the
AAPB) met our inclusion criteria, nor did we include system-
atic reviews examining some of the other conditions for which
biofeedback has been identified as potentially efficacious
(e.g., alcohol/substance use, asthma, arthritis)27 or certain
biofeedback modalities such as heart rate variability (HRV).
Similarly, AAPB clinical guidelines are based on a series of
white papers.'" 2*73¢ Only the white paper for headache
disorders met our inclusion criteria and was included in this
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evidence map.'" Finally, our inclusion of only reviews focused
specifically on biofeedback for a single condition, and our
focus on conditions rather than symptoms (e.g., stress) may
have resulted in missed studies.

In addition to highlighting conditions for which biofeedback
may be beneficial, it also identifies areas of uncertainty. Al-
though observational studies may already suggest benefit for
certain conditions not identified here, the limited number of
controlled trials results in uncertainty about the true effect of
biofeedback for many conditions for which it is currently rec-
ommended by the AAPB.?” We identified several conditions for
which there is at least a small amount of data suggesting benefit
on one or more outcomes, but in which there is not enough data
to support routine clinical use. These conditions—which we
identified as potentially positive on the map—include
intradialytic hypotension, fibromyalgia, and balance and gait
training, and these might be especially fruitful areas to prioritize
further biofeedback research. Of course, we also identified
numerous areas in which there was insufficient evidence to
draw conclusions and these would all be areas ripe for further
research. There are a number of conditions for which biofeed-
back is listed as efficacious by the AAPB that did not rise to the
same level in our findings or were excluded due to poor
systematic review methodology (i.e., urinary incontinence in
females, anxiety, attention deficit hyperactivity disorder
(ADHD), hypertension, and temporomandibular disorders).?’
Controlled trials and good-quality systematic reviews examin-
ing these conditions are warranted. When applicable, future
research should include head-to-head trials of different biofeed-
back modalities and settings, and when sample sizes allow,
relevant subgroups should be analyzed. Finally, future system-
atic reviews and meta-analyses should include subgroup analy-
ses by modality, setting, and patient characteristics; should
control for heterogeneity among interventions; and aim to uti-
lize commonly accepted AAPB terminology to describe bio-
feedback modalities to reduce confusion and ambiguity.

This map compliments and extends the current literature by
considering only controlled trials. Many of the systematic
reviews we identified included observational studies as well
as trials. As a result, our conclusions may differ from the
included reviews. In addition, we were conservative in our
determination of effect. Biofeedback treatment protocols var-
ied widely across studies; in instances in which subgroup
analyses were performed and suggested no effect once differ-
ences were controlled, we made the determination of no effect.

CONCLUSIONS

There is clear, consistent trial evidence that biofeedback is
effective in improving urinary incontinence after prostatecto-
my and headache; a smaller but consistent body of trial evi-
dence also suggests biofeedback may be effective for fecal
incontinence and stroke recovery. There is insufficient evi-
dence to draw conclusions about effectiveness for many

conditions, and evidence from a large number of smaller,
poorer quality trials that biofeedback may be ineffective in
treating urinary incontinence in women and hypertension.
There are several potentially promising areas of benefit for
which there is no adequate data from systematic reviews to
support routine clinical use, but are good targets for further
research including as follows: balance and gait training, fibro-
myalgia, and intradialytic hypotension.
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