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Title: Biofeedback

Description/Background

Biofeedback is a technique intended to teach patients the self-regulation of certain unconscious
or involuntary physiologic processes. The technique involves the feedback of a variety of types
of information not usually available to the patient, followed by a concerted effort on the part of
the patient to use this feedback to help alter the physiologic process in a specific way.

Biofeedback has been proposed as a treatment for a variety of diseases and disorders
including, but not limited to, anxiety, headaches, hypertension, movement disorders,
incontinence, pain, asthma, Raynaud disease, and insomnia. The type of feedback used in an
intervention (e.g., visual, auditory) depends on the nature of the disease or disorder being
treated.

Regulatory Status

A large number of biofeedback devices have been cleared through the U.S. Food and Drug
Administration’s 510(k) process.

Medical Policy Statement

Biofeedback have been established. It may be considered a useful therapeutic option for
patients meeting selection criteria.



Inclusionary and Exclusionary Guidelines

Inclusions:

e The treatment of stress and/or urge urinary incontinence in cognitively intact adults who
have failed a documented trial of pelvic muscle exercise (PME) training. A failed trial of
PME training is defined as no clinically significant improvement in urinary incontinence
after completing four weeks of an ordered plan of pelvic muscle exercises to increase
periurethral muscle strength.

e For children with daytime urinary dysfunction when the child meets the following criteria:
o Ages four years or older
o Neurologic, anatomic, infectious or functional causes have been ruled out
o Able to comprehend and follow verbal instructions

e Biofeedback for fecal incontinence or constipation is indicated for those who are motivated,
and mentally capable. Patients must have some degree of rectal sensation and be able to
contract the external anal sphincter.

e Biofeedback for migraine and tension-type headache when used as part of the overall
treatment plan.

Exclusions:

e Cluster headaches

e Chronic pain

e Hypertension

e Stroke

e All other conditions not noted in the inclusionary guidelines

CPT/HCPCS Level II Codes (Note: The inclusion of a code in this list is not a guarantee of
coverage. Please refer to the medical policy statement to determine the status of a given procedure.)

Established codes:
90901 90912 90913

Other codes (investigational, not medically necessary, etc.):
N/A

Rationale

Urinary Incontinence
Several methodologic difficulties arise in assessing biofeedback.! For example, most
interventions that include biofeedback are multimodal and include relaxation and behavioral
instruction, which may have effects separate from those that may occur due to biofeedback.
While some studies have reported a beneficial effect of multimodality treatment, without
appropriate control conditions, it is impossible to isolate the specific contribution of biofeedback
to the overall treatment effect. For example, relaxation, attention, or suggestion may account
for successful results that have been attributed to biofeedback. These are nonspecific
therapeutic factors, some of which can be considered placebo effects. To demonstrate efficacy
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of biofeedback for treating incontinence, studies are needed to isolate the effect of biofeedback
and demonstrate an improvement in health outcomes compared with other interventions (e.g.,
relaxation or behavioral therapy alone). In addition, although research has shown that
feedback on physiologic processes has enhanced patients' ability to control these processes,
evidence is needed on the relationship between a patient's ability to exert control over the
targeted physiologic process and any health benefits of the intervention. The latter finding
underscores the importance of seeking controlled studies showing whether the use of
biofeedback improves disease-related health outcomes, as opposed to physiologic,
intermediate outcomes.

WOMEN WITH URINARY INCONTINENCE

Clinical Context and Therapy Purpose

The purpose of biofeedback with pelvic floor muscle training (PFMT) in women who have
urinary incontinence is to provide a treatment option that is an alternative to or an improvement
in existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is women with urinary incontinence.

Urinary incontinence is a common condition defined as involuntary leakage of urine. Women
are twice as likely to be affected as men, and prevalence increases with age. The severity of
incontinence affects the quality of life and treatment decisions. The types of urinary
incontinence women may experience include stress, urge, overflow, and functional.
Nonsurgical treatment options may include pharmacologic treatment, pelvic muscle exercises,
bladder training exercises, electrical stimulation, and neuromodulation.

Interventions
The therapy being considered is biofeedback with PFMT.

Comparators
The following therapy is currently being used to make decisions about urinary incontinence:
PFMT without biofeedback.

Outcomes

The general outcomes of interest are symptom improvement (e.g., incontinence episodes)
and functional improvement (generally 1 to 4 treatments per week, for 8 to 12 weeks).?
Outcome measures for women with urinary incontinence are listed in Table 1.

Table 1. Outcomes Measures for Women with Urinary Incontinence



Measure

Outcome
Evaluated

Description

Follow-up
Timing

Scale
Pelvic Floor

Oxford Grading

Muscle Function

Functional
improvement

Used by physiotherapists to assess muscle
strength as graded 0 to 5.
0 = no movement
1 = flicker of movement
2 = through full range actively with gravity
counterbalanced
3 = through full range actively against gravity
4 = through full range actively against some
resistance
5 = through full range actively against strong
resistance

Baseline and
at end of
therapy (8-
12 weeks)

PERFECT
Scheme

Functional
improvement

A way of measuring pelvic muscle function
and strength. PERFECT stands for®

Power (Modified Oxford Scale)

Endurance (how long contraction is held, up to 10
s)

Repetitions (up to 10 repetitions of a 10-s

hold)

Fast (number of 1-s contractions in a row, up to
10)

Every contraction

Timed (reminder to time every contraction)

Baseline and
at end of
therapy (8-
12 weeks)

Urogenital

(UDI-6)

Distress Inventory

Lower
urinary tract
symptoms

6-item questionnaire assessing:?5

Urination frequency

Urine leakage related to urgency

Urine leakage related to physical activity
Small amounts of urine leakage
Difficulty with bladder emptying

Lower abdomen or genitalia discomfort
Scored on a 0-100 point scale.

NR

s: second(s)

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,

with a preference for RCTs;

¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies.
e To assess longer-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought.
e Studies with duplicative or overlapping populations were excluded.

REVIEW OF EVIDENCE

Systematic Reviews




Zhu et al (2022) performed a meta-analysis of 17 RCTs in postpartum women with lower
urinary tract symptoms.® Fifteen studies (N=1965) compared PFMT plus biofeedback and
electrical stimulation with PEFMT alone. The analysis reported a significantly greater likelihood
of achieving a therapeutic effect with combined PFMT plus biofeedback and electrical
stimulation versus PFMT alone (risk ratio, 1.20; 95% confidence interval [Cl], 1.15 to 1.24;
12=0%). Pelvic floor muscle strength was also significantly higher with combination therapy
(p<.0001), but there was high heterogeneity among studies for this outcome (12=66%).
Limitations of this analysis include that 6 studies had a high risk of bias, no studies were
blinded, there was evidence of publication bias, most studies were conducted in China, and
the study's definition of therapeutic effect was not clearly stated.

Wu et al (2021) conducted a meta-analysis (N=21 studies; 13 RCTs, 8 nonrandomized) of
PFMT with electromyographic biofeedback versus PFMT alone in women with stress
incontinence or pelvic floor dysfunction.® Most studies were conducted in China and none were
from the U.S. In an analysis of studies that reported cure and improvement, there was a
significant benefit of PFMT with electromyographic biofeedback compared to PFMT alone in
patients with both urinary incontinence (odds ratio, 4.82; 95% CI, 2.21 to 10.51; 12=85.3%;
n=11 studies) and pelvic floor dysfunction (odds ratio, 2.81; 95% ClI, 2.04 to 3.86; 12=13.1%;
n=6 studies). Analyses of quality of life and quality of sexual life results were limited by
substantial heterogeneity (>80%). Limitations of this analysis include an unclear, moderate, or
high risk of bias in all studies and use of Kegel exercises only in some studies rather than a
complete PFMT program.

In their systematic review, Mateus-Vasconcelos et al (2018) assessed various physiotherapy
methods to strengthen the pelvic floor muscles for women with stress urinary incontinence.’
Their review included a mix of RCTs, quasi-experimental trials, and systematic reviews—a
total of six studies. Only one study (an uncontrolled RCT) included biofeedback a comparator.
That study (Pinheiro et al, [2012]) compared the effectiveness of PFMT with biofeedback
(group n=6) to PFMT with palpation (group n=5). The exercises for the biofeedback group
consisted of achieving the same number of rapid and slow contractions of the same duration
as that achieved during the PERFECT scheme (eight series).® The palpation group
strengthened the pelvic floor muscles while a physiotherapist performed palpations on the
central perineal tendon and vagina (four sessions). At the end of treatment, there was no
statistical difference in improvement between the biofeedback group and the palpation group in
power, endurance, or rapidity of contractions. This RCT was limited in its small sample size
and lack of control group and masking of assessors.

Moroni et al (2016) published a systematic review of 37 randomized controlled trials (RCTs) on
conservative treatment of stress urinary incontinence in women.® Five trials (N=250) were
identified that compared pelvic floor muscle training (PFMT) plus biofeedback with biofeedback
alone; the studies included a total of 250 women. A pooled analysis of 4 studies found
significantly more urine loss as measured by a posttreatment pad test with PFMT alone than
with PFMT plus biofeedback (mean difference [MD], 0.90; 95% confidence interval [CI], 0.71 to
1.10). Reviewers noted that the difference between groups was likely not clinically significant
because there was only about a 1-gram difference. Moreover, the finding was largely due to
the effect of 1 study. Results on other outcomes (e.g., QOL, number of incontinence episodes)
could not be pooled due to imprecision of the estimates.

In an Agency for Healthcare Research and Quality comparative effectiveness review,
Shamliyan et al (2012) identified 6 RCTs (N=542) comparing PFMT plus biofeedback with
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PFMT alone.’® A meta-analysis of these studies did not find a statistically significant difference
between interventions in continence rates. When findings were pooled, the relative risk (RR)
was 1.27 (95% ClI, 0.88 to 1.85). The absolute risk difference was 0.08 (95% CI, -0.03 to 0.19).

In a Cochrane systematic review, Herderschee et al (2011) assessed RCTs on feedback or
biofeedback in conjunction with PFMT for treating urinary incontinence in women."" Feedback
was defined as verbal feedback by a clinician, whereas biofeedback involved use of an
instrument or device. After examining 36 full-text articles, 24 trials met reviewers’ eligibility
criteria, and 17 contributed data to the analysis of at least 1 primary outcome measure. Sixteen
of the 24 trials compared PFMT plus biofeedback with PFMT alone; 9 of them included the
same PFMT programs in both groups. The primary outcomes of the review were QOL and
improvement or cure. Nine trials used one of several validated quality-of-life instruments;
however, only 4 of these reported data in a form amenable to meta-analysis. Thus, quality-of-
life results were not pooled. Data were pooled for the other primary outcome (improvement or
cure), but there were a sufficient number of studies only for the comparison between PFMT
with and without biofeedback. In a pooled analysis of 7 studies, there was a significant
reduction in the proportion of women reporting “no improvement or cure” when biofeedback
was added to muscle exercise (RR=0.75; 95% CI, 0.66 to 0.86). Reviewers noted there may
have been other differences between groups, such as more frequent contact with a health care
professional or a greater number of treatment sessions, which might partially explain the
difference between the improvement or cure rates in women who did or did not receive
biofeedback. Moreover, when only the outcome “no cure” was examined, there was no
significant difference between groups that did and did not receive biofeedback (5 studies;
RR=0.92; 95% CI, 0.81 to 1.05). Among secondary outcomes, a pooled analysis of 7 trials did
not find a significant difference in leakage episodes in a 24-hour period after treatment (MD = -
0.01; 95% CI, -0.21 to 0.01). For the outcomes frequency and nocturia, data could not be
combined but reviewers reported that the pattern was one of no difference between groups.

Randomized Controlled Trials

Selected larger RCTs that compared PFMT with and without biofeedback are summarized in
this section. Hagen et al (2020) conducted a multicenter RCT in 600 women with stress or
mixed urinary incontinence.'? Participants were randomized to 16 weeks of PFMT with
electromyographic biofeedback or PFMT alone. Both groups received supervised PFMT during
clinic appointments and a home PFMT regimen. The mean number of appointments attended
was about 4 in both groups. Urinary incontinence symptoms (self-reported at month 24 via the
International Consultation on Incontinence Questionnaire on Urinary Incontinence Short Form
[ICIQ-UI-SF]) were similar in both groups (mean difference, -0.09; 95% CI, -0.92 to 0.75;
p=.84). The ICIQ-UI-SF scores were also similar between groups at earlier times (6 and 12
months). At 24 months, the proportion of patients who achieved the study's definition of cure,
improvement, and symptoms that were very much better or much better was similar between
groups. Pelvic floor muscle strength and endurance was assessed at 6 months, with similar
findings in both groups. A limitation of this study is the short duration of the intervention
compared to the length of follow-up.

Williams et al (2006) published a study that included 238 women who had failed a primary
behavioral therapy (e.g., advice on fluid intake, bladder reeducation, weight loss) for 3
months.'® They were randomized to intensive PFMT (n=79), PFMT using vaginal cones
(n=80), or continued behavioral therapy (n=79) for 3 months. Patients in all 3 groups were
seen in the clinic every other week for 8 weeks and at 12 weeks. At 12 weeks, all 3 groups had
moderate reductions in incontinence episodes and some improvement in voiding frequency;
there were no statistically significant differences in outcomes among the 3 groups. For
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example, mean reduction in incontinence episodes over 24 hours was -1.03 in the PFMT
group, -0.28 in the vaginal cone group, and -0.59 in the control group (p=.2).

Burgio et al (2002) reported on findings of an RCT with 222 women who had the urge or mixed
incontinence.? Interventions in this 3-armed trial were as follows: (1) 74 patients who received
behavioral training along with digital palpation instruction (no biofeedback) and 4 office visits in
8 weeks; (2) 73 patients who received biofeedback-assisted behavioral training and 4 office
visits in 8 weeks; and (3) 75 patients who were given a self-help book with no office visits
(control condition). Behavioral training in the two intervention groups included teaching pelvic
floor exercises as well as skills and strategies for reducing incontinence. Patients in all groups
kept bladder diaries through the eight-week treatment period. In an intention-to-treat analysis,
the mean reduction in incontinence episodes was 69.4% in the behavioral training plus verbal
feedback group, 63.1% in the behavioral training plus biofeedback group, and 58.6% in the
control group. The 3 groups did not differ significantly from one another (p=.23). In addition,
QOL outcomes were similar in the three groups.

Other RCTs comparing the efficacy of PFMT alone with PFMT with biofeedback have been
published.'*'> They tended not to find statistically significant differences in outcomes between
interventions; however, sample sizes were small (i.e., <25 per group) and thus the studies may
have been underpowered.

Section Summary: Women with Urinary Incontinence

Numerous RCTs have evaluated biofeedback as a treatment of urinary incontinence in
women. Trial reporting methodologies varied, and many did not isolate the potential
contribution of biofeedback. A comparative effectiveness review did not find a statistically
significant difference in continence rates when patients received PFMT with or without
biofeedback. Other systematic reviews evaluating biofeedback and/or verbal feedback as part
of treatment for urinary incontinence found improvement in some outcomes (e.g., improvement
or cure, urine volume) but not others (e.g., cure, leakage episodes).

Men with Prostatectomy-related Urinary Incontinence

Clinical Context and Therapy Purpose

The purpose of biofeedback with PFMT in men who have post-prostatectomy urinary
incontinence is to provide a treatment option that is an alternative to or an improvement on
existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is men with post-prostatectomy urinary incontinence.

Interventions
The therapy being considered is biofeedback with PFMT.

Comparators
The following therapy is currently being used to make decisions about urinary incontinence:
PFMT without biofeedback.

Outcomes



The general outcomes of interest are symptom reduction and functional outcomes
(approximately eight weeks).®

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies.
e To assess longer-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought.
e Studies with duplicative or overlapping populations were excluded.

Systematic Reviews

Hsu et al (2016) published a systematic review of PFMT with biofeedback in men who had a
radical prostatectomy.'” Thirteen trials met reviewers’ inclusion criteria. However, on
inspection, not all trials included a biofeedback intervention, and other trials did not compare
PFMT alone to PFMT plus biofeedback. Thus, conclusions about the added efficacy of
biofeedback cannot be determined from the results of this meta-analysis.

A Cochrane review by Johnson et al (2023) assessed conservative treatments for post-
prostatectomy urinary incontinence.' Reviewers included a comparison of PFMT (with or
without biofeedback) and sham or no treatment. The authors did not evaluate the potential
incremental value of biofeedback (i.e., by comparing PFMT with biofeedback and PFMT
without biofeedback).

Previously, MacDonald et al (2007) conducted a systematic review of PFMT to improve urinary
incontinence after radical prostatectomy.'® Reviewers identified 3 studies (281 men) that
compared biofeedback and PFMT with muscle training alone (written/verbal instructions
provided). Study findings were not pooled; none of the individual trials included in the review
found a statistically significant difference in outcomes between groups.

Randomized Controlled Trials

Goode et al (2011) reported on a RCT evaluating biofeedback and PFMT in 208 men with
urinary incontinence persisting at least 1 year after radical prostatectomy.'® Men with pre-
prostatectomy incontinence were excluded. Participants were randomized to 1 of 3 groups: 8
weeks of behavioral therapy (PFMT and bladder control exercises; n=70), behavioral therapy
plus biofeedback and electric stimulation (n=70), and a delayed-treatment control group
(n=68). The biofeedback and electric stimulation intervention, called “behavior-plus,” consisted
of in-office electric stimulation with biofeedback using an anal probe and daily home pelvic
floor electrical stimulation. After 8 weeks, patients in the 2 active treatment groups were given
instructions for a maintenance program of pelvic floor exercises and fluid control and were
assessed at 6 and 12 months. The primary efficacy outcome was reduction in the number of
incontinent episodes at eight weeks, as measured by a seven-day bladder diary. A total of 176
(85%) of 208 randomized men completed the 8 weeks of treatment. In an intention-to-treat
analysis of the primary outcome, the mean reduction in incontinent episodes was 55% (28 t013
episodes/week) in the behavioral therapy group, 51% (26 to12 episodes/week) in the behavior-
plus group, and 24% (25 to 20 episodes/week) in the control group. The overall difference
between groups was statistically significant (p=.001), but the behavior plus intervention did not
result in a significantly better outcome than behavioral therapy alone. Findings were similar on
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other outcomes. For example, at the end of 8 weeks, there was a significantly higher rate of
complete continence in the active treatment groups (11/70 [16%] in the behavior group, 12/70
[17%] in the behavior-plus group) than the control group (4/68 [6%]), but the group receiving
biofeedback and electrical stimulation did not have a significantly higher continence rate than
the group receiving behavioral therapy alone.

Section Summary: Post-Prostatectomy Urinary Incontinence

An RCT and systematic reviews have evaluated the efficacy of biofeedback with PFMT for
treatment of prostatectomy-related urinary incontinence compared with PFMT without
biofeedback. Results of these data mixed and have not consistently reported significantly
improved outcomes with biofeedback added to the intervention. The timing and delivery of the
intervention were not well-defined. Systematic reviews have not pooled study findings.

Planned Radical Prostatectomy

Clinical Context and Therapy Purpose
The purpose of biofeedback with PFMT in men who are scheduled for radical prostatectomy is
to provide a treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is men scheduled for radical prostatectomy.

Interventions
The therapy being considered is biofeedback with PFMT.

Comparators
The following therapy is currently being used to make decisions about urinary incontinence:
PFMT without biofeedback.

Outcomes
The general outcomes of interest are symptom prevention and functional outcomes (starting
two to four weeks before the procedure and continuing after; follow-up three to twelve

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies.
e To assess longer-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought.
e Studies with duplicative or overlapping populations were excluded.



Review of Evidence

Randomized Controlled Trials

Several trials have evaluated the use of pre- or perioperative biofeedback for patients
undergoing radical prostatectomy for prevention of postoperative urinary incontinence.

Oh et al (2020) randomized 84 patients undergoing robot-assisted laparoscopic radical
prostatectomy to receive biofeedback with an extracorporeal perineometer plus PFMT or
PFMT alone. ?° Although the average urine loss volume was lower in the biofeedback plus
PFMT group compared to PFMT alone at month 1 after catheter removal (p=0.028), there was
no difference between groups at months 2 or 3 after catheter removal. At study end (month 3),
the percentage of continent patients was not significantly different between the biofeedback
plus PFMT group (67.5%) and PFMT alone (61.9%).

Tienforti et al (2012) reported on a RCT comparing biofeedback (sessions before and after
surgery) in combination pelvic floor muscle exercises with a control intervention PFMT alone in
patients undergoing radical prostatectomy.?' The trial enrolled 34 patients, 32 of whom (16 in
each group) were available for the final 6-month analysis. By 6 months, 10 (62.5%) of 16
patients in the treatment group and 1 (6.3%) of 16 patients in the control group were continent
(p=.002). The mean number of incontinence episodes per week was also significantly lower in
the intervention group (2.7) than in the control group (13.1) at 6 months (p=.005).

A trial by Wille et al (2003) randomized 139 men prior to radical prostatectomy to 1 of 3
groups.?? Group 1 received verbal and written instructions about PFMT from a physical
therapist. Group 2 received PFMT instruction and instruction on using an electrical stimulation
device. Group 3 received the previous two intervention components and training on using
biofeedback with the electrical stimulation device. Patients had regular contact with a health
care provider for the first five weeks after surgery. In the immediate postsurgical period, 20.5%
in group 1, 22.9% in group 2, and 20.7% in group 3 were continent (p=.815). After 6 and 12
months, continence rates remained similar among the groups. Twelve-month continence rates
were 88% in group 1, 81% in group 2, and 88.6% in group 3 (p=.524).

Bales et al (2000) randomized 100 men scheduled to undergo radical prostatectomy to PFMT
plus biofeedback intervention (n=50) or to a control group (n=50) that received written and brief
verbal instructions performing PFMT. 22 The intervention consisted of a single session with a
trained nurse two to four weeks before surgery. Three men dropped out of the PFMT plus
intervention group. At 6 months after surgery, there was no difference between groups;
incidence of urinary incontinence was 94% (44/47) in the PFMT plus biofeedback group and
96% (948/40) in the control group.

Tables 2 and 3 more fully summarize key trial characteristics and results of these trials.

Table 2. Summary of Key Randomized Controlled Trial Characteristics

Study; Trial |Countries| Sites Dates Participants Interventions

Active Comparator
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https://www.evidencepositioningsystem.com/_w_c37830d0a8f34f713c03c727b2b2983146da5f2a3bd5a749/bcbsa_html/BCBSA/html/_blank

Oh et al South 1 2015- |84 patients undergoing|Biofeedback (using PFMT after catheter
(2020)2% Korea 2017  |robot-assisted extracorporeal device [removal (n=42)
laparoscopic radical |[[Anykegel]) and PFMT
prostatectomy after catheter removal
(n=42)
Tienforti et al Italy 1 2009- |38 patients who Biofeedback (using Verbal and written
(2012)2L 2010 |underwent standard |anal probe instructions on PFMT to
open retropubic radical([PelveenCare]) after |be performed at home
prostatectomy for catheter removal and |(n=16)
prostate cancer PFMT (n=16)
Comparator 1: Verbal
and written instructions
Wille et al Germany 1 1999- |139 patients who Biofeedback (using abOLnl ;I)ostolperattjivelz
(2003)22 2001 underwe.nt radical anal probe) plus_ PEMT with intensive
retropubic PI_:MT a_nd electrical physiotherapy (n=47)
prostatectomy stimulation (n=46) Comparator 2: PFMT
and electrical
stimulation (n=46)
Bales et al uU.S. 1 NR 100 patients Biofeedback and Verbal and written
(2000)23: undergoing radical instructions on PFMT |instructions on PFMT
retropubic (n=50) (n=50)
prostatectomy

NR: not reported; PFMT: Pelvic floor muscle training

Table 3. Summary of Key Randomized Controlled Trial Results

Study (Year) Final N [Continence Average 24-hour urine loss
Oh et al (2020)2- Loss of 0 g of urine on a 24-h pad test
Biofeedback + 40 27/40 (67.5%) (3 months) 71.0 £48.0 g (month 1), 59.7 £ 83.4 g
PEMT (month 2), 38.8 + 141.2 g (month 3)
PFMT alone 42 26/42 (61.9%) (3 months) 120.8 + 132.7 g (month 1), 53.1 £ 96.6 g
(month 2), 19.5 £ 57.2 (month 3)
P value .649 .028 (month 1), 0.744 (month 2), 0.415
(month 3)
Tienforti et al ICIQ-Ul score of 0
(2012)2.
Biofeedback + 16 6/16 (month 1), 8/16 (month 2), 10/16 (month NR
PEMT 3)
PEMT 16 0/16 (month 1), 1/16 (month 2), 1/16 (month NR
3)
P value 0.02 (month 1), 0.01 (month 2), 0.002 (month NR
3)
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Wille et al (2003)22 IAssessed by IAssessed by 20-minute
questionnaire pad test?
Biofeedback + 46 20.7% (immediate  |33% (immediate NR
PFMT postsurgical period), |postsurgical), 90.5%
+ electrical 88.6% (12 months) |(12
stimulation months)
PFMT+ electrical 46 22.9% (immediate  |36.4% (immediate NR
stimulation postsurgical period), |postsurgical), 82% (12
81% months)
(12 months)
PFMT 47 20.5% (immediate  |29% (immediate NR
postsurgical period), |postsurgical), 76.7%
88% (12
(12 months) months)
P value .815 (immediate .822 (immediate NR
postsurgical), 0.524 |postsurgical), 0.236
(12 (12
months) months)
Bales et al (2000)2- Use of 1 or less pad per day
Biofeedback + 47 44/47 (94%) (6 months) NR
PFMT
PEMT 50 48/50 (96%) (6 months) NR
P value .596 NR

aThe 20-minute pad test assesses continence by performing various activities with a bladder volume of 75% while
wearing a pad to collect urine. ICIQ-Ul: International Consultation on Incontinence Questionnaire on Urinary
Incontinence; NR: not reported; PFMT: pelvic floor muscle training.

Tables 4 and 5 display notable limitations in the trials. Major limitations include a limited
number of outcomes assessed by trials (e.g., not including safety data), an inability to blind
patients and/or the outcome assessment due to the nature of the intervention, unclear
methods of allocation concealment, and missing power calculations. Although most studies did
not include safety endpoints, biofeedback is generally considered a safe treatment.®

Table 4. Study Relevance Limitations

Study; Trial

Population® |Intervention® Comparator®

Outcomes?

Follow-up®

Oh et al (2020)2

1. Key health
outcomes not
addressed; 3.
Incomplete

reporting of harms
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https://www.evidencepositioningsystem.com/_w_c37830d0a8f34f713c03c727b2b2983146da5f2a3bd5a749/bcbsa_html/BCBSA/html/_blank

Tienforti et al (2012)2% 3. Delivery not
similar intensity as
intervention
Wille et al (2003)22 1. Key health
outcomes not
addressed; 3.
Incomplete
reporting of harms;
Bales et al (2000)2- 3. Delivery not 1. Key health
similar intensity as |outcomes not
intervention addressed; 3.
Incomplete
reporting of harms;

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps
assessment.

a Population key: 1. Intended use population unclear; 2. Study population is unclear; 3. Study population not
representative of intended use; 4, Enrolled populations do not reflect relevant diversity; 5. Other.

b Intervention key: 1. Not clearly defined; 2. Version used unclear; 3. Delivery not similar intensity as comparator;
4. Not the intervention of interest (e.g., proposed as an adjunct but not tested as such); 5: Other.

¢ Comparator key: 1. Not clearly defined; 2. Not standard or optimal; 3. Delivery not similar intensity as
intervention; 4. Not delivered effectively; 5. Other.

d Outcomes key: 1. Key health outcomes not addressed; 2. Physiologic measures, not validated surrogates; 3.
Incomplete reporting of harms; 4. Not establish and validated measurements; 5. Clinically significant difference
not prespecified; 6. Clinically significant difference not supported; 7. Other.

e Follow-Up key: 1. Not sufficient duration for benefit; 2. Not sufficient duration for harms; 3. Other.

Table 5. Study Design and Conduct Limitations

Study; Trial Allocation?® Blinding® Selective Data Power® Statisticalf
Reporting® |Completeness®
Oh et al 1. Not blinded to
(2020)2% treatment
assignment; 2.
Not blinded
outcome
assessment
Tienforti et al 1. Not blinded to
(2012)2. treatment
assignment
Wille et al 3. Allocation 1. Not blinded to 1. Power
(2003)22 concealment treatment calculations not
unclear assignment; 2. reported
Not blinded
outcome
assessment
Bales et al 3. Allocation 1. Not blinded to 1. Power
(2000)23. concealment treatment calculations not
unclear assignment reported

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.
a Allocation key: 1. Participants not randomly allocated; 2. Allocation not concealed; 3. Allocation concealment unclear; 4.
Inadequate control for selection bias; 5. Other.

b Blinding key: 1. Participants or study staff not blinded; 2. Outcome assessors not blinded; 3. Outcome assessed by treating
physician; 4. Other.

¢ Selective Reporting key: 1. Not registered; 2. Evidence of selective reporting; 3. Evidence of selective publication; 4. Other.

13



d Data Completeness key: 1. High loss to follow-up or missing data; 2. Inadequate handling of missing data; 3. High number of
crossovers; 4. Inadequate handling of crossovers; 5. Inappropriate exclusions; 6. Not intent to treat analysis (per protocol for
noninferiority trials); 7. Other.

e Power key: 1. Power calculations not reported; 2. Power not calculated for primary outcome; 3. Power not based on clinically
important difference; 4. Other.

f Statistical key: 1. Analysis is not appropriate for outcome type: (a) continuous; (b) binary; (c) time to event; 2. Analysis is not
appropriate for multiple observations per patient; 3. Confidence intervals and/or p values not reported; 4. Comparative
treatment effects not calculated; 5. Other.

Section Summary: Men Scheduled for Radical Prostatectomy

RCTs have evaluated the efficacy of biofeedback with PFMT for prevention of prostatectomy-
related urinary incontinence compared with PFMT without biofeedback. These trials generally
reported poor outcomes with biofeedback added to the intervention. The timing and delivery of
the intervention were not well-defined.

Summary of Evidence: Urinary Incontinence

For individuals who have urinary incontinence (women) who receive biofeedback with pelvic
floor muscle training (PFMT), the evidence includes randomized controlled trials (RCTs) and
systematic reviews. Relevant outcomes are symptoms, functional outcomes, and quality of life.
A comparative effectiveness review did not find a statistically significant difference in
continence rates when patients received PFMT with or without biofeedback. Other systematic
reviews evaluating biofeedback and/or verbal feedback as part of treatment for urinary
incontinence found improvement in some outcomes, but not others.

For individuals who have post-prostatectomy urinary incontinence or who are scheduled for
radical prostatectomy who receive biofeedback with PFMT, the evidence includes RCTs and
systematic reviews. Relevant outcomes are symptoms, functional outcomes, and quality of life.
Results of these data were mixed, and did not consistently report significantly improved
outcomes when biofeedback was added to the intervention. The timing and delivery of the
intervention were not well-defined. Additional well-designed trials are needed that demonstrate
the superiority of biofeedback with PFMT over PFMT alone.

For individuals who will undergo radical prostatectomy, the evidence includes RCTs that have
evaluated the efficacy of biofeedback with PFMT compared with PFMT without biofeedback for
prevention of prostatectomy-related urinary incontinence. These trials generally reported poor
outcomes with biofeedback added to the intervention. The timing and delivery of the
intervention were not well-defined.

There is lack of data evaluating biofeedback for individuals who are unable to undergo PFMT
or who fail treatment with PFMT. Studies on biofeedback demonstrate improvement in
symptoms of urinary incontinence and results are fairly comparable to those achieved with
PFMT, therefore the addition of biofeedback to the therapeutic regime may be useful for in
patients who fail other treatments.

Daytime Urinary Dysfunction in Children

A synthesis of the evidence on management of bladder dysfunction in children (UpToDate
2024) states, “biofeedback is reserved for children with bladder and sphincter dyssynergia that
is contributing to persistent daytime incontinence despite an adequate trial of conservative
therapy and/or pharmacotherapy.” The publication notes that data on effective treatment of
bladder dysfunction in children is limited due to flaws in study design. However, “several
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observational studies in children report that biofeedback therapy appears to reduce symptoms
associated with bladder dysfunction and decrease postvoid residual volumes.”

Fecal Incontinence
The purpose of biofeedback in individuals who have fecal incontinence is to provide a
treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant populations of interest are individuals with fecal incontinence.

Interventions

The therapy being considered is biofeedback. Biofeedback teaches individuals self-regulation
of certain physiologic processes not normally considered to be under voluntary control.
Biofeedback attempts to improve rectal sensory perception, strength, coordination, or some
combination of these three components.

Biofeedback training for fecal incontinence focuses on improving the ability to voluntarily
contract the external anal sphincter and puborectalis muscles in response to rectal filling and
to decrease the delay in response to a sensation of distension.

Comparators

The comparators of interest are medical management and sphincteroplasty. Medical
management consists of bulking agents and anti-diarrheal agents. If anti-diarrheal agents are
ineffective, bile acid binders may be recommended. Sphincteroplasty, which is recommended
when conservative therapies have failed, involves the surgical reconstruction of a sphincter
muscle.

Outcomes

The relevant clinical outcome for biofeedback as a treatment for incontinence should be an
overall change in an individual’'s symptoms. Reduction in episodes of fecal incontinence and
increase in voluntary bowel movements are the primary clinical outcomes, and these are
typically reported as the percentage of individuals cured or improved. Achieving normal
defecation dynamics (e.g., anal pressure, squeeze pressure, sensory threshold, rectal
inhibitory reflex, defecation dynamics) does not correspond with symptom relief (i.e., clinical
outcomes). Anorectal physiology measurements are a poor proxy for changes in clinical
symptoms. Individual symptoms are usually assessed through a diary, questionnaire, or
interview (completed by the affected individual and, in the case of children, parents).

Biofeedback training may take several weeks. Follow-up occurs after training and should
continue for several months.

Study Selection Criteria

Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs;
e In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies;
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e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought;
e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
Adults

Systematic Reviews

Several systematic reviews of RCTs on biofeedback treatment for fecal incontinence in adults
have been published. A systematic review by Vonthein et al (2013) identified 13 RCTs on
biofeedback, electrical stimulation, or their combination for the treatment of fecal incontinence.?
Ten trials compared biofeedback with an alternative treatment; some of the biofeedback
interventions involved other components such as sensory training and pelvic floor exercises. A
meta-analysis of studies comparing biofeedback with a control intervention significantly
favored biofeedback (relative risk, 2.12; 95% confidence interval [Cl], 1.42 to 3.16). Reviewers
did not isolate the effect of biofeedback in multicomponent interventions that included pelvic
floor exercise or other treatments.

A Cochrane review by Norton et al (2012) identified 21 RCTs evaluating biofeedback and/or
sphincter exercises for treating fecal incontinence in adults.® Most studies used multifaceted
interventions (e.g., biofeedback, education, sphincter exercise). Additionally, a wide variety of
control interventions were used. Three trials compared biofeedback plus sphincter exercises
with sphincter exercises alone, and a single trial compared biofeedback plus four type of
exercise with biofeedback plus another type of exercise. Reviewers did not pool study findings
due to heterogeneity among trials.

Enck et al (2009) identified 11 RCTs evaluating the efficacy of biofeedback therapy for fecal
incontinence in adult populations.* Two RCTs were excluded, one because of the small
sample size and the other because it did not include an appropriate control group. The
remaining nine studies comprised five comparisons of different biofeedback modalities and six
comparisons of electromyographic (EMG) biofeedback versus other types of therapy, mainly
pelvic floor exercises. (Two studies had multiple treatment groups and were included in both
categories.) The total number of patients included in the 9 studies was 540; sample sizes of
individual studies ranged from 18 to 171 patients. A meta-analysis of 5 studies did not find a
significant difference in the efficacy of different types of biofeedback (pooled odds ratio [OR],
1.23; 95% confidence interval [CI], 0.74 to 2.20; p=.38). Similarly, a meta-analysis of studies
comparing biofeedback with other therapies did not find a significant difference in efficacy
(pooled OR=1.19; 95% ClI, 0.69 to 2.05). The outcome measure used in the analysis was not
specified and appeared to vary from study to study.

Randomized Controlled Trials

An RCT published subsequent to the systematic reviews randomized 300 women with fecal
incontinence to biofeedback or patient education, plus loperamide or placebo. ® The primary
outcome of the study was change from baseline in St. Mark's Fecal Incontinence severity scale
score. A -5 point change in score was determined a priori as clinically meaningful. After 24
weeks follow up, there was no statistical or clinical difference in fecal incontinence score
between the biofeedback and education groups (mean difference -0.7, 95% confidence interval
-2.6 to 1.2; p=.47) or between the biofeedback plus loperamide versus biofeedback plus
placebo groups (mean difference -1.9, 95% confidence interval -4.1to 0.3; p=.09). In patient-
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reported bowel diaries, the combination of biofeedback plus loperamide was associated with
less stool leakage (p=.04) and more continent days per week (p=.03) relative to biofeedback
plus placebo.

Heymen et al (2009), included in the Vonthein systematic review, randomly assigned 168
individuals with fecal incontinence to 3 months of biweekly pelvic floor exercise training alone
(n=85) or exercise training with manometric biofeedback (n=83).6 Twenty-two patients in the
exercise-only group and 38 in the biofeedback group improved during a 4-week run-in period
and did not participate further, leaving 63 in the exercise group and 45 in the biofeedback
group. The primary efficacy outcome was decrease in scores on the Fecal Incontinence
Severity Instrument, a validated 4-item scale, from the end of run-in to three months. The
analysis included all patients who completed at least one treatment (15 patients dropped out).
The study reported a greater reduction in Fecal Incontinence Severity Instrument scores in the
biofeedback group than in the exercise-only group (p=.01; exact scores were not reported).
Complete continence (no staining) was reported by 13 (21%) of 63 patients in the exercise-
only group and 20 (44%) of 45 in the biofeedback group; this difference was statistically
significant (p=.008). A study limitation was that only 108 (64 %) of 168 randomized patients
received the intervention and, therefore, baseline imbalances in the treatment groups might
have affected study outcomes. A stronger design would be to randomize patients after, not
before, a run-in period.

Children

Systematic Reviews

An updated Cochrane review by Brazzelli et al (2011) assessed behavioral and cognitive
interventions for children with fecal incontinence.” Of 21 included studies, 9 compared
conventional treatment alone (i.e., laxatives, toilet training, dietary advice) with conventional
treatment plus biofeedback. Eight trials included children with functional fecal incontinence and
the ninth included children with fecal incontinence due to myelomeningocele (n=12). Four trials
included children who had fecal incontinence due to constipation, and three others included
children who had fecal incontinence due to constipation and pelvic floor dyssynergia. When
data from the 9 studies were combined, 133 (51%) of 260 children in the conventional
treatment plus biofeedback group were not cured or improved at follow-up compared with 121
(48%) of 250 children in the conventional treatment-only group. In a meta-analysis, this
difference was not statistically significant (OR=1.08; 95% ClI, 0.63 to 1.84). The analysis
combined 6- and 12-month follow-up data; 12-month data were used when available.
Reviewers concluded that findings from RCTs did not support the claim that biofeedback
training provides additional benefit to conventional treatment in the management of fecal
incontinence associated with constipation. They also stated that, due to a lack of sufficient
trials, they could not evaluate the effects of biofeedback in children with organic fecal
incontinence.

Section Summary: Fecal Incontinence

The available evidence on biofeedback for fecal incontinence in adults and children includes
RCTs and systematic reviews of those RCTs. Although the studies are characterized by
heterogeneity of the interventions, comparators, and follow-up durations used, some studies
demonstrated biofeedback was effective in improving symptoms of fecal incontinence. It may
be a useful therapeutic option for patients who fail to respond to other treatments.

Constipation, Other Than Dyssynergic Type Constipation
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Clinical Context and Therapy Purpose

The purpose of biofeedback in individuals who have constipation other than dyssynergia-type
constipation to provide a treatment option that is an alternative to or an improvement on
existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest are individuals with constipation other than dyssynergia-
type constipation.

Interventions

The therapy being considered is biofeedback. Biofeedback teaches patients self-regulation of
certain physiologic processes not normally considered to be under voluntary control.
Biofeedback attempts to improve rectal sensory perception, strength, coordination, or some
combination of these 3 components.

Biofeedback aims to teach patients how to tighten and relax their external anal sphincter to
facilitate bowel movements.

Comparators
The comparator of interest is medical management, which may consist of fiber
supplementation, laxatives, or osmotic agents.

Outcomes

The relevant clinical outcome for biofeedback as a treatment for constipation other than
dyssynergia-type constipation is an overall change in patient symptoms. The main clinical
outcome is an increase in voluntary bowel movements. Achieving normal defecation dynamics
(eg, anal pressure, squeeze pressure, sensory threshold, rectal inhibitory reflex, defecation
dynamics) does not correspond with symptom relief (ie, clinical outcomes). Anorectal
physiology measurements are a poor proxy for changes in clinical symptoms. Patient
symptoms are usually assessed through a diary, questionnaire, or interview (completed by the
patient and, in the case of children, parents).

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies;
e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought;
e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
Adults
Systematic Reviews
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Several systematic reviews of RCTs have been published on idiopathic constipation. A
Cochrane review by Woodward et al (2014) identified 17 trials (N=931 patients) addressing the
efficacy of biofeedback for treating adults with idiopathic constipation.? Seven trials compared
biofeedback with conventional nonsurgical treatment, six compared alternative approaches
with biofeedback, two compared biofeedback with a surgical intervention, one compared
biofeedback with electrical stimulation, and one used a sham control. Sample sizes ranged
from 21 to 109 patients (mean, 48 patients per trial). Sixteen RCTs were judged to be at high
risk of bias due to blinding of patients and outcome assessment. Blinding in the remaining
study was unclear. Trials all used different biofeedback protocols and 11 used EMG
biofeedback. Length of follow-up varied; four trials followed patients to the end of the
intervention and seven trials followed patients for one year. In most trials, a symptom scoring
system was used as an outcome, with scores varying by symptoms included. Due to
heterogeneity among trials, meta-analyses were not conducted. Reviewers concluded that
there was insufficient evidence to draw conclusions about the efficacy of any particular
biofeedback protocol used to treat chronic constipation in adults.

The Enck et al (2009) review, discussed in the Fecal Incontinence section, also reviewed the
literature on biofeedback for constipation and conducted several meta-analyses.* Eight RCTs
conducted in adults were identified. Four compared two types of biofeedback; meta-analysis of
these four studies did not find a significant benefit for one technique over another (pooled
OR=1.44; 95% CI, 0.69 to 3.09; p=.32). The other four studies compared biofeedback with
another treatment. Comparison treatments (one study each) were botulinum toxin, laxatives,
diazepam, and best supportive care (diet, exercise, laxatives). Two studies also included a
third arm, in which treatment was a sham or placebo intervention. Three of the 4 studies
included patients with dyssynergia-type constipation, and the fourth included patients with
anismus. Meta-analysis of the four studies comparing one treatment with another (using the
active intervention arm as the comparator in the three-arm trials) found a significantly greater
benefit of biofeedback in improving constipation symptoms (pooled OR=3.23; 95% ClI, 1.88 to
5.58; p<.001). Results of this systematic review were limited by heterogeneity in patient
populations, comparator treatments, and outcome measures.

Children

Systematic Reviews

Gordon et al (2024) conducted a systematic review of treatments for intractable functional
constipation in children.® Ten RCTs were included, 6 of which had a high concern for bias.
Only one study evaluated biofeedback, and that study was considered a low certainty of
evidence due to concern for bias and a small sample size. Symptom resolution was improved
with biofeedback compared to no intervention (risk ratio, 2.50; 95% CI, 1.08 to 5.79) but the
conclusion of efficacy was uncertain.

A systematic review conducted by Wegh et al. (2021) assessed the effectiveness of
nonpharmacological interventions for functional constipation in children.'® Studies included in
the review were RCTs that enrolled children aged 0 to 18 years with functional constipation as
defined by Rome Il or IV criteria and reported defecation outcomes and/or QOL outcomes.
The review included 3 RCTs comparing biofeedback alone with biofeedback in conjunction
with laxative use. The trials were all assessed as having a high risk of bias. Meta-analysis
found no difference between groups in study-defined treatment success (risk difference, 0.23;
95% Cl, -0.08 to 0.54) and heterogeneity was high (1°>=86%). Other clinical outcomes and
harms of treatment were not reported
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Randomized Controlled Trials

An RCT conducted by Van Ginkel et al (2001) et al selected 212 Dutch children at least 5
years old with constipation who met at least 2 of the following 4 criteria: (1) stool frequency
fewer than 3 times per week; (2) 2 or more soiling and/or encopresis episodes per week; (3)
periodic passage of very large amounts of stool every 7 to 30 days; or (4) a palpable
abdominal or rectal fecal mass."" Participants were randomly assigned to 6 weeks of standard
treatment (i.e., education, laxatives [n=111] or standard treatment plus 2 sessions of anorectal
manometry (n=91). During the manometry sessions, children were asked to squeeze the
sphincter as tightly as possible five times. Squeeze pressure data were digitally converted;
data could be viewed on a computer by the child and parent. Data were discussed after the
sessions, and instructions were given on how to perform defecation exercises at home. Ten
(5%) of 212 randomly assigned patients did not receive treatment; the remainder completed
the intervention. Treatment success was defined as achieving three or more bowel movements
per week and fewer than one soiling and/or encopresis episodes per two weeks while not
receiving laxatives. At 6 weeks, 4 (4%) of 111 in the standard treatment group and 6

(7%) of 91 in the biofeedback group were considered to have successful treatment; this
difference was not statistically significant. There was also no statistically significant difference
between groups at any other follow-up point. At the final follow-up, 36 (43%) of 83 patients in
the standard treatment group and 23 (35%) of 65 in the biofeedback group were considered
treatment successes. Data on 30% of randomized patients were missing at final follow-up. This
trial did not control for nonspecific effects of biofeedback.

Section Summary: Constipation, Other Than Dyssynergic-Type Constipation

For adults with constipation other than dyssynergic-type, the evidence for biofeedback consists
of multiple randomized trials, which have been summarized in several systematic reviews.
Although evidence is limited by the heterogeneity of patient populations, comparator groups,
and outcome measures, some studies demonstrated improvement in constipation symptoms
with biofeedback therapy.

Dyssynergic-Type Constipation

Clinical Context and Therapy Purpose

The purpose of biofeedback in individuals who have dyssynergic-type constipation to provide a
treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest are individuals with dyssynergia-type constipation.

Interventions
The therapy being considered is biofeedback. Biofeedback teaches patients self-regulation of
certain physiologic processes not normally considered to be under voluntary control.

Biofeedback attempts to improve rectal sensory perception, strength, coordination, or some
combination of these 3 components.

Biofeedback aims to teach patients how to tighten and relax their external anal sphincter to
facilitate bowel movements.
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Comparators
The comparator of interest is medical management, which may consist of fiber
supplementation, laxatives, or osmotic agents.

Outcomes

The relevant clinical outcome for biofeedback as a treatment for dyssynergia-type constipation
is an overall change in patient symptoms. Increase in voluntary bowel movements is the
primary clinical outcome. Achieving normal defecation dynamics (eg, anal pressure, squeeze
pressure, sensory threshold, rectal inhibitory reflex, defecation dynamics) does not
correspond with symptom relief (ie, clinical outcomes). Anorectal physiology measurements
are a poor proxy for changes in clinical symptoms. Patient symptoms are usually assessed
through a diary, questionnaire, or interview (completed by the patient and, in the case of
children, parents).

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies;
e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought;
e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
Systematic Reviews

Pun et al (2024) conducted a systematic review and meta-analysis of 10 RCTs that assessed
physiotherapy interventions on fecal incontinence following colorectal surgery.'? Biofeedback
was more effective than usual care in measures of rectal muscle strength (all p<.05), and
biofeedback combined with pelvic floor muscle training was more effective than pelvic floor
training alone (all p<.05). The effect of biofeedback on constipation symptoms was not
reported. These results are limited by a high risk of bias and heterogeneity of the included
trials.

A systematic review of 11 RCTs (N=725) compared biofeedback with various interventions for
dyssynergic constipation in adults. '3 Both the Heyman and Rao trials, discussed below, were
included in the review. Biofeedback was compared with a variety of interventions, including
oral medications, botox injection and sham biofeedback. Pooled evidence from 6 of the trials
(including Heyman and Rao) found a significant benefit of biofeedback versus no biofeedback
in global clinical improvement (odds ratio 3.63, 95% confidence interval 1.10 to 11.93) but
heterogeneity was high (12=87%). Resolution of dyssynergia favored biofeedback based on
pooled evidence from 4 trials, but the risk estimate was very imprecise (odds ratio 9.43, 95%
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confidence interval 0.80 to 111.20; 12=93%). Due to variance in reporting, the review did not
report pooled estimates for other outcomes.

Randomized Controlled Trials

Heyman et al (2007) assessed adults who met Rome |l diagnostic criteria for pelvic floor
dyssynergia, had at least 2 symptoms of functional constipation for at least 12 weeks in the
past year, and had manometry or EMG findings consistent with chronic constipation (e.g.,
evidence of inadequate propulsive forces and incomplete evacuation).’ Patients participated
in a four-week run-in period comprising education on diet and exercise and provision of fiber
and stool softeners. Those who still met eligibility criteria at the end of the run-in period (84/117
[72%]) were randomly assigned to EMG biofeedback (n=30), diazepam 5 mg

(n=30), or placebo medication (n=24). All participants were trained to perform pelvic floor
exercises and received 6 biweekly visits over 3 months, each lasting approximately 50
minutes. Patients and investigators were blinded to which patients received active versus
placebo medication but not to whether they received biofeedback. In an intention-to-treat (ITT)
analysis after the 3-month intervention, the proportion of patients reporting adequate relief of
constipation symptoms was 70% in the biofeedback group, 23% in the diazepam group, and
38% in the placebo group; biofeedback had a significantly greater benefit when compared with
diazepam (p<.001) or placebo (p<.017). A strength of this study design was its attempt to
control for nonspecific effects of biofeedback (e.g., increased contact with a health care
provider, lifestyle modification advice), by including a run-in period and similar follow-up visits
for all groups. Moreover, randomization did not occur until after the run-in period, so treatment
groups were more likely to be similar at the start of the treatment phase.

Rao et al (2007) included patients who met Rome diagnostic criteria for functional constipation,
had dyssynergia-type constipation, and, when expelling a simulated stool, had either
prolonged difficulty (at least one minute) or prolonged delay (at least 20% marker retention in
colonic transfer).'® All participants had failed the routine management of constipation. Seventy-
seven patients were randomly assigned to receive 3 months of one of 3 therapies: education
and dietary advice (n=24), standard therapy and biofeedback therapy (n=28), or standard
therapy and sham feedback (n=24). Patients receiving active biofeedback received up to six
biweekly one-hour sessions: training was performed using a rectal manometry probe and
software for displaying biofeedback data. In the sham treatment group, patients also used a
rectal manometry probe but did not receive visual and verbal feedback. Patients were not
blinded to treatment group, but the manometry reader was unaware of treatment assignment.
In ITT analysis, after the 3-month intervention, patients in the biofeedback group reported a
significantly greater increase in complete spontaneous bowel movements than the sham
feedback group (p<.05) and the standard treatment group (p<.062). Additionally, a greater
proportion of patients in the biofeedback group reported improved global bowel satisfaction
compared with the sham feedback group (p=.04), but the difference from the standard
treatment group was not statistically significant. For primary physiologic parameters, ITT
analysis found that the dyssynergia pattern was corrected in 79% of those in the biofeedback
group, 4% in the sham group, and 8% in the standard treatment group. This difference was
statistically significant in favor of the biofeedback group compared with the other groups
(p<.001 for both analyses). Moreover, balloon expulsion time during simulated defecation
decreased significantly more in the biofeedback group than in the sham (p=.003) or standard
treatment (p=.03) groups (exact times not reported for ITT analysis).

In a follow-up publication, Rao et al reported on 1-year findings for 13 (62%) of 21 patients in
the biofeedback group and 13 (57%) of 23 in the standard treatment group.'® Patients in the
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sham group were not included in this follow-up. The extension study included visits at three-
month intervals, with additional advice provided as needed. Seven (54%) of the 13
biofeedback patients and all 13 patients in the standard treatment group completed 1-year
follow-up. Mean change in complete spontaneous bowel movements (the primary outcome)
favored the biofeedback group (increase, 2.9) compared with the standard treatment group
(decrease, 0.2). The follow-up study suggested longer term effectiveness of biofeedback for
this patient population. Although small numbers of patients who completed one-year follow-up
limits conclusions that can be drawn.

Section Summary: Dyssynergic-Type Constipation
For patients with dyssynergic constipation treated with biofeedback, several RCTs and a
systematic review have reported improvements in constipation symptoms.

Summary of Evidence: Fecal Incontinence and Constipation

There is evidence in randomized controlled trials (RCTs) and systematic reviews
demonstrating biofeedback techniques are safe and effective in the treatment of fecal
incontinence, especially for patients who do not respond to conservative treatment.

Evidence for dyssynergia-type constipation treated with biofeedback includes RCTs and
systematic reviews. The relevant outcomes are symptoms, functional outcomes, and quality of
life (QOL). Several well-conducted RCTs focusing on patients with dyssynergia-type
constipation have reported benefits in a subgroup of patients meeting well-defined criteria.

Evidence for constipation other than dyssynergia-type treated with biofeedback includes RCTs
and systematic reviews. Relevant outcomes are symptoms, functional outcomes, and QOL. A
systematic review of RCTs found a benefit of biofeedback as a treatment for constipation in
adults.

Published guidelines and recommendations support biofeedback therapy for the treatment of
constipation.

Headache
Migraine and Tension-Type Headache
Clinical Context and Therapy Purpose
The purpose of biofeedback for individuals who have migraines or tension-type headaches is
to provide a treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is individuals with migraines or tension-type headaches.

Interventions
The therapy being considered is biofeedback.

Comparators

The following therapy is currently being used to treat migraines or tension-type headaches:
standard therapy without biofeedback.
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Outcomes

The general outcomes of interest are reductions on instances and intensity of migraines or
tension-type headaches and reductions in medication usage. The intent of biofeedback use is
for the prevention of migraine or tension-type headache. The American Headache Society?
identified the following treatment goals of preventive biobehavioral therapy (including
biofeedback):

Reduced frequency and severity of headache;

Reduced headache-related disability;

Reduced reliance on poorly tolerated or unwanted pharmacotherapies;
Enhanced personal control of migraine;

Reduced headache-related distress and psychological symptoms.

Follow-up over the course of 10 to 20 sessions would be of interest to monitor for outcomes.

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies
e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought
e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
Adults

Systematic Reviews

Nestoriuc et al (2007, 2008) published systematic reviews on biofeedback for migraines and
tension-type headaches.3* Meta-analysis for the treatment of migraine included 55 studies
(randomized, pre-post, uncontrolled) with 39 controlled trials, reporting a pooled medium effect
size of 0.58 (95% confidence interval [Cl], 0.52 to 0.65) for treatment of migraine.? Effect sizes
were computed using Hedges’ g, which quantifies between-group treatment outcome
differences (mean difference between groups divided by the pooled standard deviation). For
the treatment of tension-type headaches, 53 studies met criteria for analysis; they included
controlled studies with standardized treatment outcomes, follow-up of at least 3 months, and at
least 4 patients per treatment group.* Meta-analysis showed a medium-to-large effect size of
0.73 (95% confidence interval 0.61 to 0.84) that appeared to be stable over 15 months of
follow-up. Biofeedback was reported to be more effective than headache monitoring, placebo,
and relaxation therapies. Biofeedback in combination with relaxation was more effective than
biofeedback alone, and biofeedback alone was more effective than relaxation alone,
suggesting different elements for the two therapies. Although these meta-analyses were
limited by the inclusion of studies of poor methodologic quality, reviewers did not find evidence
of an influence of study quality or publication bias in their findings.
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Verhagen et al (2009) conducted a systematic review of behavioral treatments for chronic
tension-type headaches in adults.® Eleven studies, including two studies with low risk of bias,
compared biofeedback with waiting-list conditions. Results were found to be inconsistent due
to low power, leading reviewers to conclude that larger and more methodologically robust
studies should be performed.

Martino Cinnera et al (2023) conducted a systematic review and meta-analysis of
electromyographic biofeedback for headache. A total of 29 RCTs were included in the
systematic review, and 4 RCTs were included in the meta-analysis.® The headache types
represented in the included studies were tension headache (69%), migraine (30%), and mixed
types (1%). Risk of bias was generally low in the included studies, but about 60% of studies
had concerns about potential deviations from the intended intervention. There was also high
heterogeneity regarding patient demographics. The meta-analysis found no difference in
headache frequency (p=.66), intensity (p=.99), or duration (p=.54) between electromyographic
biofeedback and controls.

Children and Adolescents

Systematic Reviews

Stubberud et al (2016) reported on a meta-analysis of biofeedback as prophylaxis for pediatric
migraine.” They identified 5 RCTs (total n=137 children and adolescents) that met inclusion
criteria. Mean age among the 5 included RCTs ranged from 10 to 13 years. Meta-analysis
found that biofeedback reduced migraine frequency (MD in attacks per week, -1.97 ;95% CI , -
2.72 to0 -1.21; p<.001), attack duration (MD , -3.94; 95% CI , -5.57 to -2.31; p<.001), and
headache intensity (MD , -1.77 out of 5; 95% CI , -2.42 to -1.11; p<.001) compared with wait-
list controls. However, the identified studies had incomplete reporting and uncertain risk of
bias, limiting confidence in the estimates.

Section Summary: Migraine and Tension-Type Headache

The evidence on biofeedback for the treatment of migraines and tension-type headaches
includes meta-analyses of numerous RCTs. Systematic reviews have found significant effects
of biofeedback on headache frequency and intensity in both children and adults. Biofeedback
in combination with relaxation is more effective than relaxation alone, suggesting that these act
independently.

Cluster Headache

Clinical Context and Therapy Purpose

The purpose of biofeedback for patients who have cluster headache is to provide a treatment
option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is individuals who suffer from cluster headache.

Interventions
The therapy being considered is biofeedback.

Comparators
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The following therapy is currently being used to treat cluster headache: standard therapy
without biofeedback.

Outcomes

The general outcomes of interest are reductions on instances and intensity of cluster
headache and reduction in medication usage. The American Headache Society? identified
the following treatment goals of preventive biobehavioral therapy (including biofeedback):

Reduced frequency and severity of headache;

Reduced headache-related disability;

Reduced reliance on poorly tolerated or unwanted pharmacotherapies;
Enhanced personal control of migraine;

Reduced headache-related distress and psychological symptoms.

Follow-up over the course of 10 to 20 sessions would be of interest to monitor for outcomes.

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs
¢ In the absence of such trials, comparative observational studies were sought, with a
preference for prospective studies
e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought
e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
Only small case series and case reports were identified in the treatment of cluster headache
with biofeedback. No controlled trials were found.

Summary of Evidence

For individuals who have migraines or tension-type headaches who receive biofeedback, the
evidence includes RCTs and systematic reviews of these trials. The relevant outcomes are
symptoms, functional outcomes, and quality of life. The literature, which includes meta-
analyses of a large number of controlled and uncontrolled studies, has suggested that this
treatment can reduce the frequency and/or severity of migraines and tension-type headaches.
Biofeedback, along with other psychologic and behavioral techniques (e.g., relaxation training)
may be particularly useful for children, pregnant women, and other adults who are unable to
take certain medications. The evidence is sufficient to determine that the technology results in
a meaningful improvement in the net health outcome.

For individuals who have cluster headaches who receive biofeedback, the evidence includes
small case series and case reports. The relevant outcomes are symptoms, functional
outcomes, and QOL. No controlled trials were identified on biofeedback for cluster headache.
The evidence is insufficient to determine the effects of the technology on health outcomes.

Chronic Pain

Clinical Context and Therapy Purpose
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The purpose of electromyography (EMG) biofeedback in individuals who have chronic pain is
to provide a treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations

The relevant population of interest is individuals with chronic pain, including low back, knee,
neck and shoulder, orofacial, and abdominal pain as well as fibromyalgia, osteoarthritis,
systemic lupus erythematosus, and vulvar vestibulitis.

Interventions
The therapy being considered is EMG biofeedback.

Comparators

The following therapies are currently being used to treat chronic pain: pharmacologic and
nonpharmacologic therapy. For chronic pain management, a multimodal, multidisciplinary
approach that is individualized to the patient is recommended. ' A multimodal approach to pain
management consists of using treatments (e.g., nonpharmacologic and pharmacologic) from
one or more clinical disciplines incorporated into an overall treatment plan. This allows for
different avenues to address the pain condition, often enabling a synergistic approach that
impacts various aspects of pain, including functionality. The efficacy of such a coordinated,
integrated approach has been documented to reduce pain severity, improve mood and overall
quality of life, and increase function.

Outcomes
The general outcomes of interest are reductions in symptoms and medication usage and
improvements in functional outcomes.

The Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT)
recommends that chronic pain trials should consider assessing outcomes representing 6 core
domains: pain, physical functioning, emotional functioning, participant ratings of improvement
and satisfaction with treatment, symptoms and adverse events, and participant disposition.?
Table 1 summarizes provisional benchmarks for interpreting changes in chronic pain clinical
trial outcome measures per IMMPACT.3

Table 1. Benchmarks for Interpreting Changes in Chronic Pain Outcome Measures

Outcome Domain and Measure Type of Improvement Change
. : Minimally important 10 to 20% decrease
g ?é)n1lgtre13frl12/ric rating scale Moderately 230% decrease
9 important >50% decrease
Substantial
Physical functioning - . S .
Multidimensional Pain Inventory Interference Clinically important 20.6 pointdecrease
Scale . ; :
Minimally important 1 point decrease
Brief Pain Inventory Interference Scale yime P
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Emotional functioning Clinically important 25 point decrease
Beck Depression Clinically important 210 to 15 point decrease
Inventory Profile of Mood Clinically important 22 to 12 point change
States Total Mood
Disturbance Specific
Subscales

. Minimally important Minimally
Global Rating of Improvement .
Patient Global Impression of Moderately improved Much
Change |mportanF improved '

Substantial Very much improved

Study Selection Criteria
Methodologically credible studies were selected using the following principles:

e Toassess efficacy outcomes, comparative controlled prospective trials were sought,
with a preference for RCTs.

e Inthe absence of such trials, comparative observational studies were sought, with a
preference for prospective studies.

e To assess long-term outcomes and adverse events, single-arm studies that capture
longer periods of follow-up and/or larger populations were sought.

e Studies with duplicative or overlapping populations were excluded.

Review of Evidence
General Chronic Pain

Systematic Reviews

Several meta-analyses have reviewed RCTs assessing psychological therapies for a variety of
non-headache chronic pain conditions. A Cochrane review by Williams et al (2020) focused on
chronic pain in adults. * Two RCTs were identified that compared behavioral therapy with an
active control designed to change behavior (e.g., exercise or instruction). Three RCTs had
sufficient follow-up to be included in a comparison of behavioral therapy and usual treatment.
Reviewers found no evidence that behavioral therapy had any effect on pain compared to
active control or usual treatment. Additionally, there was no evidence of a difference between
behavioral therapy and active control or usual treatment in terms of disability at the end of
treatment.

A Cochrane review by Fisher et al (2018) focused on children and adolescents with chronic
and recurrent pain. ° Although psychological therapies were found to improve pain, only 1
study evaluated biofeedback in nonheadache pain. Biofeedback did not improve abdominal
pain more than cognitive-behavioral therapy (CBT) in this trial ¢; see the section on Abdominal
Pain). Palermo et al (2010) published a meta-analysis of studies on psychological therapies for
the management of chronic pain in children and adolescents.” These authors did not identify
any additional RCTs on biofeedback for managing nonheadache pain.
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Low Back Pain

Systematic Reviews

A Cochrane review by Henschke et al (2010) assessed behavioral treatments for chronic low
back pain and conducted a meta-analysis of 3 small randomized trials that compared EMG
biofeedback with a waiting-list control group-® In the pooled analysis, there were a total of 34
patients in the intervention group and 30 patients in the control group. The standardized mean
difference (SMD) in short-term pain was -0.80 (95% confidence interval [CI], -1.32 to -0.28);
this difference was statistically significant favoring the biofeedback group. Reviewers did not
conduct meta-analyses of trials comparing biofeedback with sham biofeedback and therefore
were unable to control for any nonspecific effects of treatment.

Randomized Controlled Trials

Yelden et al (2024) compared biofeedback to physiotherapist feedback in an RCT in 40
patients with chronic nonspecific low back pain.® All patients received 12 sessions of the
designated therapy (3 sessions weekly for 4 weeks) and a core stabilization activity program.
The primary outcome, disability as measured by the Revised Oswestry Disability Index scale
was not significantly different between groups at the end of treatment. Secondary measures of
visual analogue scale pain scores, muscle activity, and quality of life were also not different
between groups.

At least one RCT has compared biofeedback with a sham intervention for the treatment of low
back pain. Kapitza et al (2010) compared the efficacy of respiratory biofeedback with sham
biofeedback in 42 patients with low back pain.'® Both groups showed a reduction in pain levels
on a 10-point visual analog scale (VAS) at the end of the intervention period and at 3-month
follow-up. Between-group differences were not statistically significant. For example, 3 months
after the intervention, mean change in pain with activity decreased by 1.12 points in the
intervention group and 0.96 points in the sham control group (p>.05); mean change in pain at
rest decreased by 0.79 points in the intervention group and 0.49points in the control group
(p>.05).

Lazaridou et al (2023) conducted a prospective, single-center RCT to assess the impact of
surface EMG biofeedback versus continued care (no intervention) on chronic lower back pain
in adults.! Sixty-six patients were randomized 2:1 to receive EMG biofeedback or no
additional intervention for 8 weeks and included in analysis. Compared to usual care, patients
receiving EMG biofeedback reported lower pain intensity on the Brief Pain Inventory (BPI)
questionnaire after 8 weeks (mean difference [MD], 0.9; 95% ClI, -1.07 to -0.32; p<.01).
Compared to baseline scores, individuals in the EMG biofeedback group demonstrated
statistically significant reductions in pain interference (MD, 1.3; 95% CI, 0.42 to 2.1; p<.01),
disability (MD, 4.32; 95% ClI, 1.2 to 7.3; p<.01), and significant increases in low back pain
thresholds (MD, 0.5; 95% CI, -0.87 to -0.05; p<.01). Significant changes were also observed in
muscle tension for the lower back muscles in the EMG biofeedback group (p<.001).

Several trials with active comparison groups have not found that biofeedback is superior to
alternative treatments. Tan et al (2015) evaluated 3 self-hypnosis interventions and included
EMG biofeedback as a control intervention.'? This RCT enrolled 100 patients with chronic low
back pain. After the 8-week intervention, reported reductions in pain intensity were significantly
higher in the combined hypnosis groups compared with the biofeedback group (p=.042).
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A trial published by Glombiewski et al (2010) assessed whether the addition of EMG
biofeedback to CBT improved outcomes in 128 patients with low back pain.'® Patients were
randomized to one of three groups: CBT, CBT plus biofeedback, or waiting-list control. Both
treatments improved outcomes including pain intensity compared with the waiting-list control
(moderate effect size of 0.66 for pain intensity in the CBT plus biofeedback group). However,
the addition of biofeedback did not improve outcomes over CBT alone.

Chronic Knee Pain

Systematic Reviews

Ananias et al (2024) conducted a systematic review and meta-analysis of 8 RCTs that
compared the efficacy of biofeedback and standard rehabilitation in patients undergoing
anterior cruciate ligament reconstruction surgery.'™ Four of the RCTs were included in the
meta-analysis. Two RCTs showed a significant effect of biofeedback on quadriceps strength, 2
studies reported a significant difference in pain scores, 2 studies found a significant difference
in knee extension deficit, and one study reported a significant difference in balance. The
heterogeneity of outcomes assessed limits the interpretation of these results in this subset of
studies.

Karaborklu Argut et al (2022) conducted a systematic review of 8 RCTs of patients who had
undergone orthopedic knee surgery.' Therapeutic EMG biofeedback during rehabilitation was
more effective for improving muscle strength and activation compared to home exercise,
standard rehabilitation, or electrical stimulation. There were no clear trends in the effect of
EMG biofeedback on pain or knee range of motion.

Collins et al (2012) published a systematic review and meta-analysis of RCTs on nonsurgical
interventions for anterior knee pain.'® In a pooled analysis of data from 2 trials, there was no
significant benefit of adding EMG biofeedback to an exercise-only intervention at 8 to 12
weeks (standard mean difference [SMD], -0.22; 95% CI, -0.65 to 0.20).

Chronic Neck and Shoulder Pain

Systematic Reviews

Campo et al (2021) published a systematic review and meta-analysis that evaluated the
effectiveness of biofeedback for improving pain, disability, and work ability in adults with neck
pain.’ The review included 15 RCTs with 8 studies utilizing EMG biofeedback and 7 studies
pressure biofeedback (Table 2). There was no restriction on the control intervention (eg, no
treatment, placebo, active treatment) or co-intervention, provided the independent effects of
biofeedback could be elucidated. An overview of the characteristics and results is presented in
Tables 3 and 4. Results suggest that biofeedback has a moderate effect on reducing short-
term disability and a small effect on reducing intermediate-term disability with no effect on pain
or work ability in the short- and intermediate-term. Of note, there were a variety of control
interventions across included studies (eg, exercise, electroacupuncture, electrotherapy,
education) with few studies directly comparing biofeedback to no treatment or placebo.

Kamonseki et al (2021) completed a systematic review and meta-analysis of 5 RCTs that
examined the effects of EMG biofeedback for shoulder pain and function.'® Study
characteristics and results are presented in Tables 3 and 4. Overall, the evidence did not
support the use of EMG biofeedback for reducing shoulder pain and improving shoulder
function.
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Table 2. Comparison of Studies Included in Systematic Reviews and Meta-Analyses

Study Campo et al (2021)"5 Kamonseki et al (2021)¢

Juul-Kristensen et al (2019)
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Kamonseki et al (2021) To Dec 5 Adults with shoulder pain 272 (15-72) |RCT (all EMG) 4 weeks to 6
2020 months (follow-up
period)
EMG: electromyography; RCT: randomized controlled trial.
Table 4. Systematic Review and Meta-Analysis Results
Study Pain Pain Disability Disability Work ability Work ability
(short-term: 4 to | (intermediate-term: | (short-term: 4 (intermediate- (short-term: (intermediate-
6 weeks) 8 to 12 weeks) to 6 weeks) term: 8 to 12 4 to 6 weeks)| term: 8 to 12
weeks) weeks)

Campo et al (2021)

Total N 602 (11 RCTs) 383 (6 RCTs) 627 (9 RCTs) [458 (5 RCTs) 190 (3 RCTs) |190 (3 RCTs)
Between- -0.26 (-0.77 to -0.15 (-0.34 t0 0.05) |-0.42 (-0.59to }-0.30 (-0.53 to -0.01 (-0.26  |-0.03 (-0.26 to
group 0.24) -0.26) -0.06) to 0.28) 0.31)
difference in

SMC (95% Cl)

Certainty of Moderate Low Moderate Moderate Low Low
Evidence?

Kamonseki et al (2021)'6:

Shoulder pain Shoulder function

intensity

Total N 250 (5 RCTs) 175 (3 RCTs)

SMD (95% Cl) }-0.21 (-0.67 to -0.11 (-0.41 to 0.19)
0.34)

p value (I?) .36 (65%) 48 (0%)

Quality of Very low Very low

Evidence?

Cl: confidence interval; RCT: randomized controlled trial; SMC: standardized mean change; SMD: standardized mean
difference.

aHigh certainty: we are very confident that the true effect lies close to that of the estimate of the effect; moderate certainty: we
are moderately confident in the effect estimate.; low certainty: our confidence in the effect estimate is limited; very low
certainty: we have very little confidence in the effect estimate.

Randomized Controlled Trial

de Oliveira et al (2022) conducted an RCT in 24 patients with subacromial pain syndrome who
received exercise or exercise plus EMG biofeedback for 8 weeks.3¢ The primary outcomes
were pain and shoulder function. At 8 weeks, pain was better in the exercise-only group (mean
numeric pain rating, 0.5 vs 2 with exercise plus biofeedback; p=.01); however, this outcome
was not different between groups at other time points. The only other significant finding was
forward rotation of the scapula, which was better in the biofeedback group at 12 weeks
(p=.006). All other outcomes were similar between groups.

Ribeiro and Silva (2019) published a RCT assessing whether visual feedback improves range
of motion in patients with chronic idiopathic neck pain.3” Forty-two patients from a single
Portuguese clinic were included in the study and randomly assigned to either the visual
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feedback group (n=21) or the control group (n=21). There was no effect of time and
intervention on pain intensity (p=.729) , but there was a significant interaction between time
and intervention in neck flexion (p<.001). The study was limited by its small sample size, short
duration of intervention, and by the researcher assessing patients not being blinded.

Orofacial Pain

Systematic Reviews

A Cochrane review by Aggarwal et al (2011) identified 17 trials evaluating nonpharmacologic
psychological interventions for adults with chronic orofacial pain (e.g., temporomandibular joint
[TMJ] disorder).®® For studies reporting on short-term pain relief (<3 months), a significantly
greater reduction in pain was found for interventions that combined CBT and biofeedback
compared with usual care (2 studies; SMD=0.46; 95% ClI, 0.02 to 0.90). However, when the
authors reviewed results from studies reporting on long-term pain relief (>6 months), no
significant benefit was found with a combined intervention of CBT/biofeedback and there were
no studies that compared CBT alone versus CBT plus biofeedback. For studies reporting on
biofeedback-only interventions, a pooled analysis of 2 studies on short-term pain relief did not
find a significant benefit compared with usual care (SMD = -0.41; 95% ClI, -1.06 to 0.25). There
was only one study reporting long-term pain relief after a biofeedback-only intervention, so a
pooled analysis could not be done. The authors concluded that there is weak evidence to
support psychosocial interventions for managing chronic orofacial pain and the most promising
evidence is for CBT, with or without biofeedback. They noted that the trials comprising the
review were few in number and had a high-risk of bias.

The conclusions drawn from this Cochrane review are similar to previous systematic reviews
on the treatment of temporomandibular joint disorder .3°4° These older reviews also concluded
that there is weak evidence that psychosocial/physical therapy interventions (including
biofeedback) are beneficial for treating TMJ disorder and that of the few studies available, they
tended to be of poor methodologic quality.

Abdominal Pain

Systematic Reviews

In a systematic review of therapies for recurrent abdominal pain in children by Weydert et al
(2003), the behavioral interventions of CBT and biofeedback had a general positive effect on
nonspecific recurrent abdominal pain and were deemed safe.*! The specific effects of
biofeedback were not isolated in this systematic review and therefore cannot be assessed.

Randomized Controlled Trials

In a study by Humphreys and Gevirtz (2000), 64 children and teenagers diagnosed with
recurrent abdominal pain were randomized to groups treated with increased dietary fiber; fiber
and biofeedback; fiber, biofeedback, and CBT; or fiber, biofeedback, CBT, and parental
support.6 The similar nature of the three multicomponent treatment groups was associated with
greater pain reduction than the fiber-only group. This trial did not address placebo effects.

Fibromyalgia
Systematic Reviews

Glombiewski et al (2013) published a systemic review and meta-analysis of RCTs reporting
data on the efficacy of EMG and electroencephalography (EEG) biofeedback (i.e.,
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neurofeedback) for treating patients with fiboromyalgia.*?> Reviewers identified seven RCTs that
compared EEG biofeedback with a control method in patients with fibromyalgia. Studies in
which biofeedback was evaluated only as part of multicomponent interventions were excluded.
Three studies used EEG biofeedback and 4 used EMG biofeedback (total n=321 patients). A
sham intervention was used as a control condition in four studies, two using EEG biofeedback
and two using EMG biofeedback. In a pooled analysis of the studies using EMG biofeedback,
a significant reduction in pain intensity was found compared with a different intervention (effect
size, Hedges g=0.86; 95% CI, 0.11 to 0.62). A pooled analysis of studies on EEG biofeedback
did not find a significant benefit in pain reduction compared with control methods. Pooled
analyses of studies of EMG and EEG biofeedback did not find a significant benefit of either
intervention on other outcomes such as sleep problems, depression, and health related QOL.
None of the studies reviewed were of high quality, with the risk of bias assessed as unclear or
high for all included studies. In addition, all studies reported short-term outcomes, resulting in a
lack of evidence on whether longer-term outcomes improved with these interventions.

Randomized Controlled Trials

In a small, double-blind RCT from Asia, Babu et al (2007) compared actual and sham
biofeedback for effects on pain, fitness, function, and tender points in 30 patients with
fiboromyalgia.*® Pain reduction, as assessed on a VAS, did not differ significantly between
groups. The trialists calculated that a sample size of 15 patients could detect a difference of 5
cm (on a 10-cm scale) on a VAS, suggesting that the trial lacked adequate power.

A larger unblinded RCT by van Santen et al (2002) evaluated 143 women with fibromyalgia
and compared EMG biofeedback with fitness training and with usual care.** The primary
outcome was pain measured on a VAS. Compared with usual care, the investigators reported
no clear improvements in objective or subjective patient outcomes with biofeedback (or fitness
training).

Another RCT on EMG biofeedback for fibromyalgia is that by Buckelew et al (1998), which
enrolled 119 patients; however, the trial did not follow a double-blind design.*® Patients were
randomized to one of four treatment groups: (1) biofeedback/relaxation training, (2) exercise
training, (3) combination treatment, and (4) an educational/attention control program. While the
combination treatment group had better tender point index scores than other treatment groups,
this trial did not address placebo effects or the impact of adding biofeedback to relaxation
therapy.

Osteoarthritis

Systematic Reviews

A systematic review by Macfarlane et al (2012) evaluated practitioner-based complementary
and alternative medicine treatments (defined as any treatment not taken orally or applied
topically) for osteoarthritis and identified 2 trials on biofeedback.*® One was an RCT by Yilmaz
et al (2010) that assessed whether the addition of EMG biofeedback to strengthening
exercises improved outcomes in 40 patients with knee osteoarthritis.*” After a three-week
treatment period, no significant differences between the two treatment methods relative to pain
or QOL were found. The other RCT, published in 2007, compared electrical stimulation with
biofeedback-assisted exercise in 50 women with knee osteoarthritis.*® After four weeks of
treatment, there were no statistically significant differences between groups in pain and
functioning scores.
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Systemic Lupus Erythematosus

Randomized Controlled Trials

In an RCT by Greco et al (2004), of 92 patients with systemic lupus erythematosus (SLE),
those treated with 6 sessions of biofeedback-assisted CBT for stress reduction had statistically
significant greater improvements in pain posttreatment than a symptom-monitoring support
group (p=.044) and a group receiving usual care (p=.028).4° However, these improvements in
pain were not sustained at nine-month follow-up.

Vulvar Vestibulitis

Randomized Controlled Trials

A randomized study by Bergeron et al (2001) of 78 patients with dyspareunia resulting from
vulvar vestibulitis compared treatment with EM biofeedback, surgery, or CBT.% Patients who
underwent surgery had significantly better pain scores than patients who received biofeedback
or CBT. No placebo treatment was used.

Summary of Evidence: Chronic Pain

For individuals who have chronic pain (including low back, knee, neck and shoulder, orofacial,
and abdominal pain as well as fibromyalgia, osteoarthritis, systemic lupus erythematosus, and
vulvar vestibulitis) who receive biofeedback, the evidence includes multiple randomized
controlled trials (RCTs) for different pain syndromes. Relevant outcomes are symptoms,
functional outcomes, quality of life, and medication use. The results of these RCTs, some of
which are sham-controlled, do not consistently report benefit for biofeedback. Some RCTs
have reported improved outcomes with biofeedback, but these improvements are often of
uncertain clinical significance or are not durable. Many other RCTs have found that
biofeedback did not provide a significantly greater benefit in outcomes when it was used either
instead of or in addition to other conservative interventions such as exercise. Overall, the
available RCTs were limited by small sample sizes and high dropout rates. This evidence base
does not permit conclusions about the specific effects of biofeedback beyond the nonspecific
effects of sham interventions, nor does it permit conclusions about the contribution of
biofeedback beyond that of other conservative treatments for pain. The evidence is insufficient
to determine that the technology results in an improvement in the net health outcomes.

Miscellaneous Indications
Biofeedback has been proposed as a treatment for a variety of diseases and disorders
including anxiety, headaches, hypertension, movement disorders, incontinence, pain, asthma,
Raynaud disease, and insomnia. The type of feedback used in an intervention (e.g., visual,
auditory) depends on the nature of the disease or disorder being treated. This evidence review
focuses on the use of biofeedback for the treatment of hypertension, anxiety, asthma,
movement disorders (e.g., motor function after stroke, injury, or lower-limb surgery), and other
applications (e.g., conditions not addressed in other evidence reviews on biofeedback).

Anxiety Disorders

Review of Evidence
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Systematic Reviews

Goessl et al (2017) published a meta-analysis on the effect of heart rate variability (HRV)
biofeedback (HRVB) training on patients with stress and anxiety.! Heart rate variability is a
measure of cardiac vagal tone. Low HRYV is associated with certain psychological states such
as anxiety. The literature search identified 24 studies (N=484 patients), published between
1976 and 2015, for inclusion. Sample sizes ranged from 5 to 106 patients (median, 14
patients). The Cochrane risk of bias tool was used to assess study quality. Many studies had
high or unclear risk of bias due to the following factors: inadequate randomization descriptions,
improper randomization, undescribed allocation concealment, and missing data that was either
not described or mishandled. Only 13 studies included a comparison group (6 waitlist,
3standard of care, 2 sham, 1 daily thought record, 1 progressive muscle relaxation). The
average within-group effect size among the 24 studies, measured by Hedges’ g, was 0.81,
indicating a large effect on anxiety. The average between-group effect size among the 13
studies with comparators, also measured by Hedges’ g, was 0.83, indicating that HRV had a
larger effect on anxiety than the comparators.

The Canadian Agency for Drugs and Technology in Health (2017) published an update to their
rapid response report on biofeedback for treating mood and anxiety disorders.? This
systematic review of the literature did not identify any health technology assessments,
systematic reviews, meta-analyses, RCTs, or nonrandomized studies evaluating biofeedback
for the treatment of generalized anxiety disorder.

Randomized Controlled Trials

Ma et al (2023) conducted an RCT of the effect of integrated cognitive-behavioral therapy and
biofeedback in patients with panic disorder.3® Patients were randomized to the intervention
group (n=15) or treatment as usual (n=15). Pharmacotherapy had to remain stable during the
6-week study. The primary endpoint was the improvement in Panic Disorder Severity Scale
(PDSS) at 6 weeks. At baseline, PDSS scores were moderate severity. At 6 weeks, PDSS
scores were not significantly different from baseline. The authors did not describe their sample
size calculation so the possibility of type 2 error cannot be excluded.

Chen et al (2017) published an RCT comparing diaphragmatic breathing relaxation with routine
respiration activities in the treatment of 46 patients with anxiety.® Diaphragmatic breathing
relaxation is a technique that uses diaphragm muscle contractions to force air downward into
the body, increasing diaphragm length and breathing efficiency. Outcomes were anxiety level,
measured by the Beck Anxiety Inventory, and 4 physiological measures (skin conductivity,
peripheral blood flow, heart rate, breathing rate). All patients participated in an individualized 8-
week course in breathing relaxation, but only 30 completed it. Fifteen were randomized to
diaphragmatic breathing relaxation training and 15 to routine breathing relaxation training.
Researchers and patients were blinded to randomization, with only the trainer being aware of
group allocation. After 8 weeks, the diaphragmatic breathing relaxation group experienced
statistically significant decreases in Beck Anxiety Inventory scores compared with baseline,
while the control group did not. The diaphragmatic breathing relaxation group also
experienced significant improvements in all 4 physiological measurements, while the control
group did not.

Section Summary: Anxiety Disorders
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For individuals with anxiety disorders who receive biofeedback, the evidence includes 2
systematic reviews and RCTs published after the review. A systematic review on HRVB and
an RCT on diaphragmatic breathing relaxation reported the positive effects of these
treatments on anxiety. However, the trials in the systematic review had small sample sizes
(median, 14 participants) and study quality was generally poor. Additional limitations included
improper randomization, allocation concealment, and inadequate descriptions of randomization
or missing data. The other RCT did not find a significant effect of biofeedback, possibly due to
lack of power.

Asthma
Review of Evidence

Systematic Reviews

Yorke et al (2015) published a systematic review evaluating nonpharmacologic interventions
for the treatment of adults with asthma.* The literature search, conducted through May 2014,
identified 23 studies for inclusion. The nonpharmacologic interventions were organized into
groups: relaxation-based therapies (n=9 studies); cognitive- behavioral therapies (n=5
studies); biofeedback techniques (n=3 studies); and mindfulness (n=1 study). Five studies
incorporated multicomponent interventions. The 3 biofeedback RCTs used different
techniques: exhaled carbon dioxide capnography (pooled n=12)% HRV using a physiograph
(pooled n=94 patients)?; and respiratory sinus arrhythmia by electrocardiographic feedback
and muscle tension by electromyography (EMG; pooled n=17 patients).” Common

outcomes in the 3 trials included peak expiratory flow and respiratory impedance. Two of the
trials reported on medication use. While differences were detected in exhaled carbon dioxide,
HRV, and muscle tension, no changes in forced expiratory volume in 1 second were found and
medication use decreased in only one trial. Reviewers concluded that larger sample sizes
were needed to demonstrate effects and differences between treatment groups did not
translate into meaningful clinical benefits.

Randomized Controlled Trials

Taghizadeh et al (2019) hypothesized that HRVB could decrease vulnerability to stress-
induced pulmonary impairment in patients with asthma.8 Twenty-two healthy women and 22
women with asthma participated in the study. Eleven participants from each group were
randomly allocated to either HRVB or a control group. Using spirometry, all participants’ lung
function was tested at baseline and after performing the Stroop color-word task. Before the 10-
minute Stroop test, each group underwent 20 minutes of either HRVB (treatment group) or
maintained a state of relaxed alertness while listening to classical music (control group), after
which the groups had similar stress levels as self-reported on a visual analog scale. After the
test, all participants again rated their stress levels. All 4 groups were statistically significantly
stressed (p<.001). Although the healthy group who underwent HRVB reported significantly less
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stress than the healthy control group (p=.034), the participants with asthma did not experience
this effect. In fact, larger stress-induced HRV changes suggested an exaggerated response in
asthmatic participants compared to the healthy ones. However, spirometry parameters, which
were monitored throughout the experimental procedures, showed that HRVB had a protective
effect on the participants with asthma as well as enhanced the level of forced expiratory
volume percent (p=.002) and forced vital capacity percent (p<.001) compared to baseline.

The authors concluded that HRVB is a promising protective approach to aid lung function

and reduce asthma exacerbation caused by stress. Some limitations of the study include using
only the Stroop test to induce stress, measuring stress on a subjective visual analog scale, and
including only female participants.

Lehrer et al (2018) examined the efficacy and safety of HRVB on asthma to determine if the
treatment could substitute for the controller or rescue medication and whether HRVB controls
airway inflammation.® In the 2-center trial, 68 paid steroid-naive volunteers with mild-to-
moderate asthma received 3 months of HRVB or a comparison condition consisting

of electroencephalography alpha biofeedback with relaxing music and relaxed paced
breathing. Both treatment conditions showed similar significant improvements on the
methacholine challenge test, asthma symptoms, and asthma QOL, and the administration of
albuterol after biofeedback sessions produced a large improvement in pulmonary function test
results. Trial data suggest that HRVB should not be considered as an alternative to asthma
controller medications.

Section Summary: Asthma

For individuals with asthma who receive biofeedback, the evidence includes a systematic
review of 3 RCTs and 2 RCTs published after the review. Each RCT used a different
biofeedback technique, which provided individuals with information on carbon dioxide, heart
rate, and respiratory sinus arrhythmia. While the trials reported improvements in each
parameter for which the patients received biofeedback, the improvements did not impact
clinical outcomes such as medication use and forced expiratory volume. However, the results
of 1 RCT suggested that biofeedback has promise as a protective approach in aiding lung
function and reducing stress-induced asthma exacerbation.

Bell Palsy
Review of Evidence

Systematic Reviews

Cardoso et al (2008) published a systematic review on the effects of facial exercises on
symptoms of Bell palsy.'® Studies including patients with unilateral idiopathic facial palsy
treated with facial exercises associated with mirror and/or EMG biofeedback were selected.
Four studies (N=132 patients) met the eligibility criteria. The studies described mime therapy
versus control (n=50 patients), mirror biofeedback exercise versus control (n=27 patients),
“small” mirror movements versus conventional neuromuscular retraining (n=10 patients), and
EMG biofeedback plus mirror training versus mirror training alone. The treatment length varied
from 1 to 12 months. Reviewers concluded that, given the paucity of RCTs, the current
evidence does not support the use of biofeedback to treat this population.

Section Summary: Bell Palsy

For individuals with Bell palsy who receive biofeedback, the evidence includes a systematic
review of 4 RCTs. The RCTs evaluated the efficacy of adding a mirror and/or EMG
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biofeedback to facial exercises. The sample sizes were small, and there was heterogeneity
across techniques used and length of treatments.

Depression

Review of Evidence

Systematic Reviews
The Canadian Agency for Drugs and Technology in Health (2014) report on biofeedback for
mood and anxiety disorders ' included a systematic review of the literature on biofeedback for

depression. Other than 2 dissertations using HRVB, no health technology assessments,

systematic reviews, meta-analyses, RCTs, or nonrandomized studies evaluating biofeedback
for the treatment of depression were identified. An update was published in 2017 (previously
discussed in the Anxiety section).? An additional dissertation using HRVB was included, but no
other relevant studies for the treatment of depression were identified.

Randomized Controlled Trials

Since the publication of this systematic review, 2 small RCTs have been published; the
characteristics, results, and limitations of these trials are summarized in Tables 1 through 4.
Maynart et al (2021) compared respiratory and heart rate biofeedback plus usual care to usual
care alone in 36 patients with moderate to severe depression or dysthymia.'? After
6 weeks (6 sessions of biofeedback training), the biofeedback plus usual care group had less
severe depression as measured by the Beck Depression Inventory (BDI) than the usual care
alone group. An additional preliminary open-label RCT by Park and Jung (2020) compared
respiratory sinus arrhythmia biofeedback plus usual care to usual care alone in 30 Korean
patients with major depressive disorder.'3 After 4 weeks (6 sessions of biofeedback), the
biofeedback plus usual care group had greater improvements in Hamilton Depression Rating
Scale (HAM-D) scores compared to the group receiving usual care alone. Improvements in
other clinical measures, including the BDI, were not significantly different between groups.

Table 1. Summary of Key Randomized Controlled Trial Characteristics

of 16 or greater

biofeedback (6
sessions) plus usual
care (n=16)

Study Countries | Sites | Dates Participants Interventions
Active Treatment Comparator

Maynart et al Brazil 3 NR Adults aged 18 years or older with Respiratory rate and [Usual care alone
(2021)12 major depressive disorder or dysthymia [blood volume (n=18)

treated with antidepressants and BDI  [pulse/heart rate

score of 20 to 63 biofeedback plus

usual care (n=18)

Park and Jung South 1 2015- [Adults aged 20 to 60 years with major  [Respiratory sinus Usual care alone
(2020)18: Korea 2018 |depressive disorder and HAM-D score |arrhythmia (n=14)

BDI: Beck Depression Inventory; HAM-D: Hamilton Depression Rating Scale; NR: not reported.

Table 2. Summary of Key RCT Results

Study

HAM-D

BDI
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Maynart et al (2021)12

% in each BDI severity category at 6

weeks

Biofeedback plus usual care NR Minimum: 16.7%
Light: 19.4%
Moderate: 13.9%
Severe: 0%

Usual care alone NR Minimum: 2.8%
Light: 13.9%
Moderate: 30.6%
Severe: 2.8%

p value NR .046

Park and Jung (2020)!3: Mean HAM-D score at week 4 Mean BDI score at week 4

Biofeedback plus usual care 8.92 24.33

Usual care alone 14.55 25.45

p value .0229 .7657

BDI: Beck Depression Inventory; HAM-D: Hamilton Depression Rating Scale; NR: not reported.

Table 3. Study Relevance Limitations

intervention was
administered to the
control group

Study Population? Intervention® Comparator® Outcomes? Duration of Follow-
up*

Maynart et al 3. No sham 1. Primary outcomes

(2021)'2 biofeedback were assessed at the

end of 6 weeks; no
information available
on long- term impact
of biofeedback

Park and Jung
(2020)"3

3. No sham
biofeedback
intervention was
administered to the
control group

1. Primary outcomes
were assessed at the
end of 4 weeks; no
information available
on long- term impact
of biofeedback

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.
@ Population key: 1. Intended use population unclear; 2. Clinical context is unclear; 3. Study population is unclear; 4. Study

population not representative of intended use.
b Intervention key: 1. Not clearly defined; 2. Version used unclear; 3. Delivery not similar intensity as comparator; 4.Not the

intervention of interest.

¢Comparator key: 1. Not clearly defined; 2. Not standard or optimal; 3. Delivery not similar intensity as intervention; 4. Not

delivered effectively.

4 Outcomes key: 1. Key health outcomes not addressed; 2. Physiologic measures, not validated surrogates; 3. No CONSORT
reporting of harms; 4. Not establish and validated measurements; 5. Clinical significant difference not prespecified; 6. Clinical
significant difference not supported.

¢ Follow-Up key: 1. Not sufficient duration for benefit; 2. Not sufficient duration for harms.

Table 4. Study Design and Conduct Limitations
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Study Allocation? Blinding® Selective Data Completeness® |Power® Statisticalf

Reporting®
Maynart et al 1,2. Open 1. Power
(2021)'2 label design calculations not
detailed
Park and Jung 1,2. Open
(2020)% label design

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.
a Allocation key: 1. Participants not randomly allocated; 2. Allocation not concealed; 3. Allocation concealment unclear; 4.
Inadequate control for selection bias.

b Blinding key: 1. Not blinded to treatment assignment; 2. Not blinded outcome assessment; 3. Outcome assessed by treating
physician.

¢ Selective Reporting key: 1. Not registered; 2. Evidence of selective reporting; 3. Evidence of selective publication.

dData Completeness key: 1. High loss to follow-up or missing data; 2. Inadequate handling of missing data; 3. High number of
crossovers; 4. Inadequate handling of crossovers; 5. Inappropriate exclusions; 6. Not intent to treat analysis (per protocol for
noninferiority trials).

¢ Power key: 1. Power calculations not reported; 2. Power not calculated for primary outcome; 3. Power not based on clinically
important difference.

f Statistical key: 1. Analysis is not appropriate for outcome type: (a) continuous; (b) binary; (c) time to event; 2. Analysis is not
appropriate for multiple observations per patient; 3. Confidence intervals and/or p values not reported; 4. Comparative
treatment effects not calculated.

Section Summary: Depression

For individuals with depression who receive biofeedback, the evidence includes a systematic
review and 2 small RCTs published after the systematic review. The review and its update
only identified 3 dissertations assessing the use of biofeedback for depression. One RCT
found that respiratory and heart rate biofeedback plus usual care reduced BDI scores
compared to usual care alone, while the other found that respiratory sinus arrhythmia
biofeedback plus usual care was associated with greater improvements in HAM-D scores
compared to usual care alone; however, these trials were limited by open-label designs, short
follow-up periods, and small sample sizes.

Hypertension
Review of Evidence

Systematic Reviews

Jenkins et al (2024) published a systematic review and meta-analysis of biofeedback in
patients with hypertension.3® Twenty studies (N=988 patients) met the inclusion criteria, which
represented 6 methods of providing biofeedback. The number of sessions ranged from 4 to 48
and follow-up ranged from 2 weeks to 12 months. There was a significant effect on both
systolic (mean, -4.52 mm Hg) and diastolic blood pressure (mean, -5.19 mm Hg) with
biofeedback (p=.02 and p=.0004, respectively). Limitations of this analysis include
heterogeneity in the included studies.

A systematic review of studies on biofeedback for hypertension was published by Greenhalgh
et al (2009)."* Reviewers searched for RCTs that included adults with essential hypertension
(defined as at least 140/90 mm Hg) and that compared biofeedback interventions, alone or in
combination, with other therapies, to medication, sham biofeedback, no treatment, or another
behavioral intervention. Thirty-six trials (N=1660 patients) met inclusion criteria. Trials
generally were small; only 4 included more than 100 patients. All were single-center, and most
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were conducted in the U.S. Trials used a variety of biofeedback techniques including thermal
biofeedback, galvanized skin response, pulse wave velocity, and HRV; some used more than
1 modality. Twenty studies evaluated biofeedback alone, 15 evaluated biofeedback combined
with another intervention, and 1 had multiple arms and evaluated both types of interventions;
only 4 trials included a sham biofeedback comparison group. Reviewers stated that they did
not pool study findings due to differences in interventions and outcomes and the generally
poor quality of the studies.

Reviewers reported that trials comparing biofeedback alone with no treatment or another
behavioral intervention did not provide convincing evidence of the superiority of biofeedback.
Only 1 of 5 trials that compared a biofeedback combination intervention (most commonly
combined with relaxation) with a different behavioral treatment found the biofeedback
intervention to be superior. Approximately half of the trials comparing a biofeedback
combination with no treatment found a significant benefit to the biofeedback combination, but
the specific effects of biofeedback could not be determined from this analysis. Only 1 trial
compared a biofeedback combination intervention with sham biofeedback, and it did not find a
significant difference in the efficacy of the 2 interventions. Four studies on biofeedback alone
and another 4 on a combined biofeedback intervention reported data beyond 6 months; most
of them found no significant differences in efficacy between the biofeedback and control
groups.

Randomized Controlled Trials

Wang et al (2016) published an RCT evaluating the effect of direct blood pressure biofeedback
in patients with prehypertension or stage | hypertension.'® A trained nurse instructed patients
in blood pressure self-regulation by using slow diaphragmatic breathing and passive attitude.
During the 8-week training (1 session per week), patients in the treatment group received real-
time blood pressure feedback signals (n=29) and the control group received pseudo- feedback
signals (n=28). Outcomes were systolic and diastolic blood pressure, measured at baseline
and 1 and 8 weeks after training. Both groups significantly decreased blood pressure following
training. The decreases were equal in magnitude, suggesting that blood pressure self-
regulation training could effectively lower blood pressure, regardless of the type of feedback
signal.

Mengden et al (2023) published a randomized cohort study evaluating the effect of device-
guided slow breathing with biofeedback of pulse wave velocity in patients with hypertension.'®
Patients (N=44) were trained to perform unattended device-guided slow breathing exercises
for 10 minutes daily over 5 days. At the time of initial screening, median office-measured blood
pressure was 137/83 mmHg. After the first 10 minute daily exercise, a significant increase
(p<.05) in pulse wave velocity of 5 ms on average was observed. Additionally, between the
initial baseline collection of blood pressure and self-assessment before beginning the
breathing assessment, there was a significant decrease of 6 mmHg (p<.001) in systolic blood
pressure, possibly accounting for white coat effect. Another significant 5 mmHg (p<.001)
decrease in systolic blood pressure occurred post-assessment. Similar changes were seen
daily after each biofeedback session. However, there were no significant changes between
day 1 values and day 5 values.

Section Summary: Hypertension

For individuals with hypertension who receive biofeedback, the evidence includes 2 systematic
reviews and 2 RCTs published after the review. One systematic review identified 36 RCTs,
though sample sizes were small and overall study quality poor. Various biofeedback
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techniques were used: thermal, galvanized skin response, pulse wave velocity, and HRV.
Results across trials did not consistently show a benefit of biofeedback. Conclusions were
limited due to the shortage of studies isolating the effect of biofeedback, the generally poor
quality of trials, and heterogeneity across interventions used. The other systematic review was
smaller (20 RCTs) but found a significant effect of biofeedback on both systolic and diastolic
blood pressure. The Mengden 2023 RCT demonstrated an acute change in blood pressure
after a 10-min biofeedback session, but no longer term effects were demonstrated over the
course of a week.

Motor Dysfunction After Stroke
Review of Evidence

Systematic Reviews

Stanton et al (2017) updated a systematic review and meta-analysis published in 2011, which
evaluated the effect of biofeedback on lower-limb activities in patients who have had a
stroke.'”18 Only high-quality RCTs or quasi-RCTs with Physiotherapy Evidence Database
scores greater than 4 were included. Training activities were walking (9 trials), standing (8
trials), and standing up (1 trial). Biofeedback techniques included weight distribution from a
force platform or sensor (11 trials), muscle activity from EMG (3 trials), linear gait parameters
(3 trials), and joint angle from a goniometer (1 trial). Visual feedback was used in 7 trials,
auditory in 7 trials, and a combination of visual and auditory in 4 trials. The pooled
standardized mean difference of the short-term effect of biofeedback from 17 trials (n=417)
was significant (0.50; 95% confidence interval [Cl], 0.3 to 0.7). Long-term effects could not be
calculated because only 4 trials provided that information.

A systematic review by Zijlstra et al (2010) focused on studies evaluating biofeedback-based
training to improve mobility and balance in adults older than 60 years of age.'® Although the
review was not limited to studies on motor function after stroke, more than half included older
adults poststroke. For review inclusion, studies had to include a control group of patients who
did not receive biofeedback and to assess at least 1 objective outcome measure. Twelve
(57%) of the 21 studies included individuals poststroke, 3 included older adults who had lower-
limb surgery, and 6 included frail older adults without a specific medical condition. Individual
studies were small, ranging from 5 to 30 patients. The added benefit of using biofeedback
could be evaluated in 13 (62%) of 21 studies. Nine of the 13 studies found a significantly
greater benefit with interventions that used biofeedback than with control interventions.
However, the outcomes assessed were generally not clinical outcomes but laboratory-based
measures related to executing a task (eg, moving from sitting to standing) in a laboratory
setting and platform-based measures of postural sway. Only 3 studies reported long-term
outcomes, and none of them reported a significant effect of biofeedback.

Table 5 summarizes the characteristics of selected systematic reviews.

Table 5. Characteristics of the Systematic Reviews
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Study Dates Trials Participants N (Range) Design Duration

Stanton et al To 2015 18 Lower-limb motor function loss poststroke | 429 (12-50) RCTs NR
(201717,

Zijlstra et al 1993-2012 21 Patients >60 years receiving biofeedback NR (5-30) 17 RCTs, 4 NR
(2010)® to improve motor function other

NR: not reported; RCT: randomized controlled trial

Randomized Controlled Trials

Several RCTs have been published since the systematic reviews discussed above; these
studies are described here. The RCTs that reported outcomes in at least 40 patients are
highlighted in Tables 6 through 9.

Ambrosini et al (2020) published an RCT on the effect of visual biofeedback on gait and
walking ability in patients who had a first-time stroke.?° Patients were randomized to receive 20
minutes of visual biofeedback training and 70 minutes of usual rehabilitation care (n=34) or 90
minutes of usual rehabilitation care (n=34). Characteristics, results, and limitations of this trial
are summarized in the tables below. Groups experienced similar improvements in gait speed,
6- minute walking test, Functional Independence Measure scores, and Berg Balance Test
scores, with no significant differences between groups observed. Outcomes were reported at
the end of 6 weeks of treatment; although follow-up was attempted at 6 months, over half of
the patients were unavailable for follow-up assessments, so longer term effects of

biofeedback training could not be assessed.

Ghanbari Ghoshchi et al (2020) published an RCT on the effects of technological rehabilitation
(using audio or visual biofeedback) on activities of daily living and return to work among 48
patients who had a stroke. 2! All patients attended 3 rehabilitation sessions per day on 3 days
per week for 1 month; each session was 40 minutes in length. Patients randomized to the
technological rehabilitation group had 400 minutes of audio or visual biofeedback training
included in their rehabilitation sessions. Ability to perform activities of daily living was
measured using the modified Barthel Index. Trial characteristics, results, and limitations are
summarized in the tables below. No significant between- group differences were observed 6
months after therapy was completed. Return to work may have been influenced by other
factors, including patient age, economic status, and previous occupation.

Kim (2017) published an RCT on the effect of EMG on upper-extremity function in patients who
had a stroke.?? Patients were randomized to traditional rehabilitation therapy (n=15) or
traditional rehabilitation therapy plus EMG biofeedback training (n=15). The upper-limb
function was measured by the Fugl-Meyer Assessment and the Manual Function Test, and
activities of daily living were measured using the Functional Independence Measure
instrument. Both Fugl-Meyer Assessment and the Manual Function Test scores improved
significantly more in patients receiving EMG biofeedback. However, there was no significant
difference in Functional Independence Measure score improvement between groups.
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Yang (2016) published an RCT on the effect of biofeedback weight-bearing training on the
ability to sit-stand-sit and on stability among patients who have had a stroke.?? Patients were
randomized to biofeedback weight-bearing training (n=15) or functional weight-bearing training
(n=15). Outcomes were time to sit-stand-sit and stability (measured by BioRescue, which
detects an area of the center of pressure). Comparison statistics were calculated for pre- and
post-training results, and between treatment groups. The biofeedback group significantly
improved on both outcomes compared with the control group.

Ghomashchi (2016) published an RCT that evaluated the effect of visual biofeedback on
postural balance disorders in patients who had a stroke.?* Patients received conventional
physical therapy and balance training exercises. During balance training,16 patients were
randomized to visual biofeedback and 15 patients to no visual information. Outcomes were
the center of pressure and approximate entropy. Both groups experienced improvements in
postural control, with no significant differences between rehabilitation methods.

Table 6. Summary of Key Randomized Controlled Trial Characteristics

biofeedback via
SonicHand or Riablo
devices as part of
their rehab sessions,
in addition to
conventional
exercises (n=23)

Study Countries [Sites [Dates Participants Interventions
Active Treatment [Comparator
IAmbrosini et al Italy 1 2015- Adults aged 18 to 90 years in an 20 minutes of visual [90 minutes of
(2020)2° 2018 inpatient rehabilitation facility with first |biofeedback training [usual care per
stroke <6 months prior to recruitment (voluntary cycling session; 30
and hemiparesis; had to have lower augmented by sessions (n=34)
limb range of motion that allowed functional electrical
pedaling and reduced spasticity of leg  |stimulation or
muscles (Modified Ashworth scale <2) |platform-based
balance training)
plus 70 minutes of
usual care per
session; 30 sessions
(n=34)
Ghanbari Ghoshchi |ltaly 3 NR Adults aged 18 to 66 years in Technological Conventional
et al (2020)*"' neurorehabilitation hospitals with stroke [rehabilitation; rehabilitation;
>6 months prior to the study who were |patients received patients
working at the time of their stroke 400 minutes total of [performed
audio or visual conventional

rehabilitation
exercises only for
the same total
amount of time
(n=25)

NR: not reported.

Table 7. Summary of Key Randomized Controlled Trial Results
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Study Gait speed 6-minute Functional Berg Balance | Modified Barthel | Return to Fall
walking test Independence Test Index work events
Measure
Ambrosini etal | Change from Change from Change from Change from
(2020)2 baseline to baseline to baseline to baseline to
posttreatment | posttreatment | posttreatment in | posttreatment
the motor
subscale
Biofeedback 27.7 cm/s 110.2m 35 21 NR NR NR
Usual care 21.3 cm/s 76.1m 31 18 NR NR NR
p value .305 120 451 211 NR NR NR
Ghanbari At 6- At 6-
Ghoshchi et al month month
(2020)2% follow-up | follow-up
Technological NR NR NR NR Postrehab: 88 11 5(21.7%)
rehabilitation with 6-month follow-up: | (47.8%)
biofeedback 100
Conventional NR NR NR NR Postrehab: 80 9 (36.0%) | 4 (16.0%)
rehabilitation 6-month follow-up:
95
p value NR NR NR NR Postrehab:.391 6- 406 .611
month follow-
up:.450
NR: not reported.
Table 8. Study Relevance Limitations
Study Population? Intervention® Comparator® Outcomes? Duration of Follow-

up*

Ambrosini et al
(2020)%

1. Primary

outcomes were
assessed at the end

of 6 weeks of
treatment; 6-month

follow-up was
attempted, but 53%

of patients were not
available for
assessment

Ghanbari Ghoshchi
et al (2020)*'

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps

assessment.

@ Population key: 1. Intended use population unclear; 2. Clinical context is unclear; 3. Study population is unclear; 4. Study
population not representative of intended use.
b Intervention key: 1. Not clearly defined; 2. Version used unclear; 3. Delivery not similar intensity as comparator; 4.Not the
intervention of interest.
¢Comparator key: 1. Not clearly defined; 2. Not standard or optimal; 3. Delivery not similar intensity as intervention; 4. Not

delivered effectively.
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9 Outcomes key: 1. Key health outcomes not addressed; 2. Physiologic measures, not validated surrogates; 3. No CONSORT
reporting of harms; 4. Not establish and validated measurements; 5. Clinical significant difference not prespecified; 6. Clinical
significant difference not supported.

¢ Follow-Up key: 1. Not sufficient duration for benefit; 2. Not sufficient duration for harms.

Table 9. Study Design and Conduct Limitations

Study Allocation? Blinding® Selective Data Completeness® |Power® Statisticalf
Reporting®
IAmbrosini et al 1. Single- 1. High drop-out rate
(2020)2: blind design (24% at posttreatment
(patients not time point, 53% at 6-
blinded) month follow-up)
Ghanbari Ghoshchi 1. Single- 1. Power
et al (2020)2: blind design calculations not
(patients not reported
blinded)

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps
assessment.

a Allocation key: 1. Participants not randomly allocated; 2. Allocation not concealed; 3. Allocation concealment unclear; 4.
Inadequate control for selection bias.

b Blinding key: 1. Not blinded to treatment assignment; 2. Not blinded outcome assessment; 3. Outcome assessed by treating
physician.

¢ Selective Reporting key: 1. Not registered; 2. Evidence of selective reporting; 3. Evidence of selective publication.

dData Completeness key: 1. High loss to follow-up or missing data; 2. Inadequate handling of missing data; 3. High number of
crossovers; 4. Inadequate handling of crossovers; 5. Inappropriate exclusions; 6. Not intent to treat analysis (per protocol for
noninferiority trials).

¢ Power key: 1. Power calculations not reported; 2. Power not calculated for primary outcome; 3. Power not based on clinically
important difference.

f Statistical key: 1. Analysis is not appropriate for outcome type: (a) continuous; (b) binary; (c) time to event; 2. Analysis is not
appropriate for multiple observations per patient; 3. Confidence intervals and/or p values not reported; 4. Comparative
treatment effects not calculated.

Section Summary: Motor Dysfunction After Stroke

For individuals with motor dysfunction after stroke who receive biofeedback, the evidence
includes systematic reviews and RCTs published after the systematic reviews. One
systematic review identified 18 high-quality trials using the following biofeedback techniques:
weight distribution on a platform sensor, muscle activity from EMG, linear gait parameters,
and joint angle from a goniometer. Feedback was visual, auditory, or both. Outcome measures
primarily assessed motor activity in research settings, rather than clinical outcomes such as
rates of falls or the ability to perform activities of daily living. Pooled effects showed
improvements in motor function in the short term. The evidence is limited due to the variability
in type, duration, and intensity of the interventions and lack of long-term outcomes. The largest
available studies published since the systematic reviews found no differences between
biofeedback-assisted rehabilitation and conventional rehabilitation in impact on gait speed,
balance, activities of daily living, fall rate, and return to work.
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Motor Dysfunction After Lower-Limb Injury or Surgery
Review of Evidence

Systematic Reviews

A systematic review by Silkman and McKeon (2010) evaluated the effectiveness of EMG
biofeedback for improving muscle function during knee rehabilitation after injury.?> Four RCTs
that compared knee rehabilitation exercise programs with and without biofeedback were
identified. Sample sizes in individual studies ranged from 26 to 60 patients. Two of the four
studies found a statistically significantly greater benefit in the programs that included
biofeedback, while the others did not. The positive studies assessed intermediate outcomes
(e.g., contraction values of the quadriceps muscles). None of the studies were designed to
assess functional outcomes.

A systematic review and meta-analysis by Xie et al (2021) included 6 RCTs (N=222)
comparing postsurgical knee rehabilitation programs with and without EMG biofeedback.?®
Sample sizes of individual trials ranged from 16 to 66 patients. In a meta-analysis of data from
5 RCTs (n=146), range of motion was improved with biofeedback (standardized mean
difference, -0.48; 95% ClI, -0.82 to -0.14; p=.006; 12=37%). However, 4 of the 5 individual trials
in the range of motion analysis found no significant benefit with EMG biofeedback compared to
conventional rehabilitation methods; only the smallest trial (N=16), measuring passive range
of motion 6 weeks after anterior cruciate ligament reconstruction, found a significant
improvement with EMG biofeedback. The studies were heterogenous in terms of the
intervention intensity, the comparators used, and the type of knee surgery, as well as the
specific range of motion endpoint used (passive vs. active range of motion). The range of
motion findings of the meta-analysis may have been driven by the strong positive findings in a
single trial, and may not be generalizable to other settings. Biofeedback was not associated
with greater improvements in pain or physical function. Trials were generally limited by small
sample sizes and short follow-up periods.

Section Summary: Motor Dysfunction After Lower-Limb Injury or Surgery

For individuals with motor dysfunction after lower-limb injury or surgery who receive
biofeedback, the evidence includes 2 systematic reviews. One systematic review identified 4
RCTs evaluating the use of EMG biofeedback in patients undergoing postinjury knee
rehabilitation. Sample sizes were small, with half of the trials reporting significant benefits of
biofeedback and the other half reporting no difference between study groups. The other
systematic review identified 6 RCTs evaluating the use of EMG biofeedback in patients
undergoing postsurgical knee rehabilitation. Biofeedback was associated with better range of
motion outcomes in a meta-analysis of data from 5 RCTs, but was not associated with a
significant benefit in pain or physical functioning. Larger and longer-term trials are still needed
that demonstrate benefits on quality of life and functional outcomes.

Multiple Sclerosis

Review of Evidence

Randomized Controlled Trials

An RCT by MacKay et al (2015) evaluated the addition of biofeedback to standard care in 40

patients with relapsing-remitting multiple sclerosis patients.?” The standard of care
psychosocial intervention consisted of relaxation, mindfulness, social support, and education.
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All patients attended one-hour training and assessment sessions at weekly intervals. During
the first session, all patients had training in mindfulness breathing exercises and progressive
muscle relaxation techniques. Patients randomized to the biofeedback arm received additional
instruction on the use of biofeedback equipment for self-regulation. Following the three weekly
sessions, patients were instructed to practice the exercises at home, with or without the use of
biofeedback equipment. Outcomes included breathing rate and anxiety, depression, fatigue,
and muscle tension measures. At the end of treatment, there were no statistically significant
differences between groups in any outcomes. For example, the differences between the
intervention group and the control group in breathing rate were 3.06 breaths per minute (95%
Cl, -0.17 to 6.28 breaths per minute; p=.06) and the difference in muscle tension was -13.91
MV (95% ClI, -30.06 to 2.25 uV; p=.09). Both groups received similar amounts of provider
contact, so nonspecific intervention effects were not an issue.

A crossover study by van der Logt et al (2016) evaluated the effect of vibrotactile biofeedback
of trunk sway on balance control in patients with multiple sclerosis.?® Ten patients performed a
series of stance and gait tasks while trunk sway was measured using a SwayStar device
attached to the waist. Patients underwent the series of tasks with and without an add-on to the
SwayStar device which provided patients with direction-specific vibrotactile feedback during
the tasks. When patients performed the tasks with vibrotactile biofeedback, there was a
general reduction in trunk sway, though not all the reductions were significantly different
compared with trunk sway when performing the tasks without vibrotactile biofeedback.

Section Summary: Multiple Sclerosis

For individuals with MS who receive biofeedback, the evidence includes 2 RCTs. One trial
used vibrotactile biofeedback and the other provided patients with breathing rate and muscle
tension biofeedback. The sample sizes were small, with no statistically significant differences
between the biofeedback groups and control groups.

Orthostatic Hypotension in Patients with Spinal Cord Injury
Review of Evidence

Systematic Reviews

Gillis et al (2008) conducted a systematic review to identify and describe the body of literature
pertaining to nonpharmacologic management of orthostatic hypotension during the early
rehabilitation of persons with spinal cord injury.?® Participants with any level or degree of
completeness of spinal cord injury and any time elapsed since their injuries were included.
Interventions must have measured at least systolic blood pressure and have induced
orthostatic stress in a controlled manner and have attempted to control orthostatic hypotension
during an orthostatic challenge. Thirteen studies (total n=138 patients) were included in the
review. Four distinct nonpharmacologic interventions for orthostatic hypotension were
identified, and only two studies evaluated biofeedback. The 2 studies with 3 patients using
biofeedback techniques reported an average of 39% increase in systolic blood pressure. The
authors concluded that “...The clinical usefulness of compression/pressure, upper body
exercise and biofeedback for treating orthostatic hypotension has not been proven.”

Section Summary: Orthostatic Hypotension in Patients with Spinal Cord Injury

For individuals with orthostatic hypotension due to spinal cord injury who receive biofeedback,
the evidence includes a systematic review, which included a case series and a case report.
The case series and case report collectively provided information on 3 patients given visual
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and auditory feedback. Patients were able to raise their systolic blood pressure by an average
of 39%.

Pain Management During Labor
Review of Evidence

Systematic Reviews

In a Cochrane review, Barragan Loayza et al (2011) evaluated RCTs on biofeedback for
managing pain during labor.>® Reviewers identified 4 RCTs published between 1982 and 2000
(N=186 women). The studies were highly variable in terms of intervention modalities and
outcomes measured, and thus findings were not pooled. In addition, the Cochrane review
authors judged the trials to be at high risk of bias (e.g., unclear description of blinding and
randomization methods). Overall, the authors found little difference in reported outcomes (e.qg.,
rates of Cesarean section, pharmacologic pain relief in women receiving biofeedback
compared with control interventions). Due to the small number of studies and small overall
sample size, the evidence is insufficient to draw conclusions about the effectiveness of
biofeedback in labor pain control.

Section Summary: Pain Management during Labor

For individuals who need pain management during labor who receive biofeedback, the
evidence includes a systematic review of 4 RCTs. A Cochrane review graded the 4 trials as
having a high risk of bias due to unclear descriptions of blinding and randomization methods.
Due to the heterogeneity in biofeedback methods and outcomes measured, pooled analyses
could not be performed.

Posttraumatic Stress Disorder
Review of Evidence

Systematic Reviews

The 2014 Canadian Agency for Drugs and Technology in Health report on biofeedback for
mood and anxiety disorders, previously discussed, included a systematic review of the
literature on biofeedback for posttraumatic stress disorder (PTSD).!"" One systematic review
was identified; this study was published by Wahbeh et al (2014) and addressed a variety of
complementary and alternative medicine approaches to treating PTSD.3! Four of 33 studies
that met selection criteria of the Wahbeh et al (2014) review addressed biofeedback. Among
the biofeedback studies were one RCT, one nonrandomized trial, and two case series. The
controlled trials either had mixed results or did not find a significant benefit of biofeedback.
Reviewers gave the biofeedback evidence a grade C for unclear or conflicting scientific
evidence. An update of the Canadian Agency for Drugs and Technology in Health report was
published in 2017 (previously mentioned).? Investigators identified 2 RCTs using biofeedback
in patients with PTSD: 1 by Wahbeh et al (2016) compared 4 treatment modalities, including
mindfulness meditation, slow breathing using a biofeedback device, mindful awareness of
breadth with the intent to do slow breathing, and sitting quietly in combat veterans with PTSD

50



(N=102); the other RCT by Polak et al (2015) compared biofeedback plus trauma-focused
cognitive behavioral therapy (CBT) to CBT alone in patients with PTSD (N=8). The smaller
study by Polak et al demonstrated that PTSD symptoms decreased over time for both
biofeedback plus CBT and CBT alone, but PTSD symptoms decreased faster with biofeedback
plus CBT compared to CBT alone (p=.051). The larger RCT by Wahbeh et al showed that
there were no between group differences for biofeedback and various other mindfulness
related treatment modalities in individuals with PTSD. These results were limited by the small
sample size in Polak et al, lack of adverse event reporting, and the small number of studies
which did not allow for pooling of results.

Kenemore et al (2024) conducted a systematic review and meta-analysis of HRVB in military
veterans with PTSD.*° Five studies were included (N=95 patients), all of which reported
improvements in PTSD symptoms. All trials were uncontrolled. Effect sizes ranged from -1.614
to -0.414. The mean effect size for biofeedback on PTSD symptoms was -0.557 (95% CI, -
0.818 to -0.296; p<.001), indicating a moderate effect.

Section Summary: Posttraumatic Stress Disorder

For individuals with PTSD who receive biofeedback, the evidence includes a systematic review
and its update and a second systematic review. The 2014 systematic review included an RCT,
a nonrandomized study, and 2 case series. The studies had small sample sizes and
inconsistent results. The reviewers rated the evidence a grade C for conflicting scientific
evidence. The 2017 systematic review update included 2 new RCTs, one of which
demonstrated a faster decrease of PTSD symptoms with biofeedback and CBT compared to
CBT alone. However, the small sample size was a limitation. The other RCT found no
differences between biofeedback and other treatment modalities.

Prevention of Preterm Birth
Review of Evidence

Randomized Controlled Trials

Siepmann et al (2014) published data on 48 women who had experienced threatened preterm
labor between the 24th and 32nd gestational week.32 Twenty-four patients received 6
biofeedback sessions over 2 weeks, and the other 24 patients were in a usual care group.
Preterm delivery occurred in 3 patients (13%) in the biofeedback group and 8 patients (33%) in
the control group; the difference between groups was not statistically significant (p>.05). Other
gestational outcome data, such as the gestational duration and birthweight, also did not differ
significantly between groups.

Section Summary: Prevention of Preterm Birth

For individuals who are susceptible to preterm birth who receive biofeedback, the evidence
includes an RCT. In the RCT, women in the treatment group received heart rate variability
biofeedback. Patients receiving the treatment experienced a decrease in perceived chronic
stress, but there was no significant difference in the number of preterm births, gestational
duration, or birth weight.

Raynaud Disease

Review of Evidence
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Systematic Reviews

A systematic review by Malenfant et al (2009) assessed the use of complementary and
alternative medicine to treat Raynaud disease.3? Reviewers identified five trials using
biofeedback techniques, and they reported a variety of outcomes. A pooled analysis of findings
from 4 trials (total N=110) on the change in frequency of attacks favored the sham control
group over the biofeedback group (weighted mean difference, -1.21; 95% CI, -1.68 to -0.73;
p<.000). Several trials had more than two arms; in the preceding analysis, only the arms
comparing active and sham biofeedback were included.

Randomized Controlled Trials

The trial given the highest quality rating by the authors of the systematic review and with the
largest sample size was the Raynaud’s Treatment Study, published in 2000.34 This
randomized trial compared sustained-release nifedipine with thermal biofeedback in 313
patients with primary Raynaud disease. In addition to these two treatment groups, there were
two control treatments: pill placebo and EMG biofeedback. EMG biofeedback was chosen as a
control because it did not address the physiologic mechanism of Raynaud disease. The mean
attack rate at 1 year, the primary study outcome, was 0.16 in the thermal biofeedback group,
0.23 in the EMG biofeedback group, 0.07 in the nifedipine group, and 0.21 in the placebo
group. Nifedipine significantly reduced Raynaud attacks compared with placebo (p<.002), but
thermal feedback did not differ significantly from EMG biofeedback (p=.37). There was not a
significant difference in attack rates in the nifedipine and thermal biofeedback [groups for the
primary outcome (p=.08).

Section Summary: Raynaud Disease

For individuals with Raynaud disease who receive biofeedback, the evidence includes a
systematic review. The systematic review identified 5 RCTs using biofeedback techniques.
Pooled analysis was performed on 4 of these trials. The reduction in the frequency of attacks
was significantly lower in the sham control group.

Sleep Bruxism
Review of Evidence

Systematic Reviews

Wang et al (2014) published a systematic review of randomized and non-RCTs on biofeedback
treatment for sleep bruxism.3> Seventeen articles were reviewed and seven studies with
(N=240 participants) met the inclusion criteria. Studies were generally small; only two included
more than 50 participants. Four studies used audio biofeedback, two used contingent electric
stimulation, and one used visual biofeedback. Treatment durations ranged from one night to
six weeks. In four studies, treatment duration was two weeks. Three studies at moderate risk
of bias, and the other four were considered at high risk of bias. The primary outcome of the
analysis was the number of sleep bruxism episodes per hour detected by EMG recording. Only
two studies (n=27 patients) reported this outcome and had data suitable for meta-analysis. A
pooled analysis did not find a statistically significant difference between the biofeedback and
control groups (mean difference, -4.47; 95% CI, -12.33 to 3.38). Findings were not pooled for
any other outcomes.

Jokubauskas et al (2018) updated the systematic review by Wang et al (2014) (above) on the

management of sleep bruxism with biofeedback.3¢ Five databases were searched for literature
published after the original 2012 search. Six relevant publications were included (N=86 adults),
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and of these studies, four were RCTs and two were uncontrolled before-after studies. For the
quantitative synthesis, 3 studies were used, 2 or which were included from the original Wang
et al (2014) review. Contingent electrical stimulation, audio feedback, and a maxillary
biofeedback splint were among the biofeedback techniques investigated, and all studies
measured sleep bruxism with EMG with the exception of one, which used a mini wireless
biofeedback device that analyzed bite force. The primary outcome of the analysis was the
number of sleep bruxism episodes per hour detected by EMG recording. Secondary outcomes
of sleep quality and pain-related outcomes were also investigated, and one study reported on
patient-perceived symptom change. Overall, the quality of these studies was assessed as low
to moderate due to imprecision and inconsistency between studies, and the risk of bias was
graded as high to moderate. Despite the limitations of the studies, the use of biofeedback to
treat sleep bruxism has shown some effectiveness and is relatively safe and noninvasive.

Randomized Controlled Trials
One RCT by Bergmann et al (2020) has been published since the systematic reviews
discussed above.3” This trial(N=41) examined the use of a full-occlusion biofeedback splint for
sleep bruxism and pain associated with temporomandibular disorder. The biofeedback splint
was compared to an adjusted occlusal splint. The key characteristics and results of the trial are
summarized in Tables 10 and 11. Limitations in study relevance, conduct, and design are
summarized in Tables 12 and 13. Although a statistically significant difference in total duration
of bruxism events per hour was observed at 1 month, this difference was no longer significant
at 3 months, and no significant difference was seen in the number of bursts per hour. Patients
in the biofeedback splint group had a greater decrease in general pain perception at 3 months.

Table 10. Summary of Key Randomized Controlled Trial Characteristics

(n=20)

Study Countries| Sites| Dates Participants Interventions
Active Treatment Comparator
Germany | 1 ) . .
Bergmann et 2016- Adults with pain due to TMD and sleep Full-occlusion Adjusted
37 2018 ) biofeedback splint occlusal
al (2020)" bruxism

splint (n=21)

TMD: temporomandibular disorder.

Table 11. Summa

/ of Key Randomized Controlled Trial Results

Study

Total duration of bruxism events

per hour

Number of bruxism
bursts per hour

Pain symptoms

Bergmann etal

37,
(2020)

Mean change from baseline in seconds

of bruxism per hour

Mean change from baseline
in number of bursts per hour

Percent change in general pain
perception from baseline at 3
months

Full-occlusion
biofeedback splint

At 1 month: -5.1 seconds
At 3 months: -5.2 seconds

At 1 month:-2.4
At 3 months: 2.2

-50%

Adjusted occlusal splint

At 1 month: 40.1 seconds
At 3 months: 11.5seconds

At 1 month:4.5
At 3 months: 1.8

7%

p-value

At 1 month:0.014
At 3 months: 0.060

At 1 month: 0.281
At 3 months: 0.730

0.017
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Table 12. Study Relevance Limitations

Duration

of Follow-

e
up

Study . a . b c d
Population Intervention Comparator Outcomes

5. Clinically

significant
Bergmann et al difference in

37 number/duration of
(2020) bruxism events not

defined

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.

@ Population key: 1. Intended use population unclear; 2. Clinical context is unclear; 3. Study population is unclear; 4. Study population not
representative of intended use.

b
Intervention key: 1. Not clearly defined; 2. Version used unclear; 3. Delivery not similar intensity as comparator; 4.Not the intervention of interest.

¢ Comparator key: 1. Not clearly defined; 2. Not standard or optimal; 3. Delivery not similar intensity as intervention; 4. Not delivered effectively.

d
Outcomes key: 1. Key health outcomes not addressed; 2. Physiologic measures, not validated surrogates; 3. No CONSORT reporting of harms; 4.
Not establish and validated measurements; 5. Clinical significant difference not prespecified; 6. Clinical significant difference not supported.

€ Follow-Up key: 1. Not sufficient duration for benefit; 2. Not sufficient duration for harms.

Table 13. Study Design and Conduct Limitations

stud b Selective Data .
el Allocation” Blinding Reportingc Completenessd Power Statistical
Bergmanr;t 1. 2. Patients, ;,afﬁv?(r)aul pﬁggntsm 1. Powgr
al (2020) therapists, group calculations
and analysts corrupt data due to not
were not te_chnlcal pr_oblems reported.
blinded with the splints and
were classified as
lost to follow-up for
that reason

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.

a Allocation key: 1. Participants not randomly allocated; 2. Allocation not concealed; 3. Allocation concealment unclear; 4. Inadequate control for
selection bias.

b
Blinding key: 1. Not blinded to treatment assignment; 2. Not blinded outcome assessment; 3. Outcome assessed by treating physician.
¢ Selective Reporting key: 1. Not registered; 2. Evidence of selective reporting; 3. Evidence of selective publication.

d
Data Completeness key: 1. High loss to follow-up or missing data; 2. Inadequate handling of missing data; 3. High number of crossovers; 4.
Inadequate handling of crossovers; 5. Inappropriate exclusions; 6. Not intent to treat analysis (per protocol for noninferiority trials).

¢ Power key: 1. Power calculations not reported; 2. Power not calculated for primary outcome; 3. Power not based on clinically important difference.

f
Statistical key: 1. Analysis is not appropriate for outcome type: (a) continuous; (b) binary; (c) time to event; 2. Analysis is not appropriate for multiple
observations per patient; 3. Confidence intervals and/or p values not reported; 4. Comparative treatment effects not calculated.

Section Summary: Sleep Bruxism

For individuals with sleep bruxism who receive biofeedback, the evidence includes 2
systematic reviews and an RCT published after the review. One systematic review identified 7
randomized and nonrandomized studies using biofeedback techniques, and the most recent
systematic review identified 6 additional studies. Studies were generally small, used different
techniques, measured different outcomes, and were assessed as having either moderate or
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high risk of bias. Two studies reported the number of bruxism episodes per hour and a pooled
analysis of these studies showed no significant differences between biofeedback groups and
control groups. An RCT published after the reviews tested a full-occlusion biofeedback splint in
41 patients with sleep bruxism and temporomandibular disorder. The trial found that,
compared to an adjusted occlusal splint, the biofeedback splint allowed for greater reductions
in pain after 3 months of treatment. However, no significant differences in sleep bruxism
episodes were observed.

Tinnitus
Review of Evidence

Randomized Controlled Trials

An RCT by Weise et al (2008) investigated the efficacy of a biofeedback-based cognitive-
behavioral treatment for tinnitus in Germany.* Tinnitus patients (N=130) were randomly
assigned to an intervention or a waiting-list control group. Treatment consisted of 12 sessions
of a biofeedback-based behavioral intervention for over 3 months. The primary outcome
measures were global tinnitus annoyance and a daily rating of tinnitus disturbance measured
by a Tinnitus Questionnaire (TQ) and a daily diary using visual analog scale scores. Patients in
the waiting-list group participated in the treatment after the intervention group had completed
the treatment. Results showed improvements in tinnitus annoyance, diary ratings of loudness,
feelings of controllability, changes in coping cognitions, and changes in depressive symptoms
in the control group. The TQ total score had a potential range of 0 to 84. The preassessment
mean in the TQ total score was 54.7, and the post-assessment mean was 32.5.

Section Summary: Tinnitus

For individuals with tinnitus who receive biofeedback, the evidence includes a single RCT.
Treatment consisted of a biofeedback-based behavioral intervention over a 3-month period.
The treatment group experienced improvements in tinnitus annoyance, loudness ratings,
controllability, coping cognitions, and depressive symptoms. Additional studies are needed to
confirm the results of this single trial.

Summary of Evidence: Miscellaneous Indications

For individuals with anxiety disorders who receive biofeedback, the evidence includes two
systematic reviews and two randomized controlled trials (RCTs) published after the review.
Relevant outcomes are symptoms, functional outcomes, and quality of life (QOL). A
systematic review on heart rate variability (HRV) biofeedback (HRVB) and an RCT on
diaphragmatic breathing relaxation reported the positive effects of these treatments on anxiety.
However, the trials in the systematic review had small sample sizes (median, 14 participants)
and study quality was generally poor. Additional limitations included improper randomization,
allocation concealment, and inadequate descriptions of randomization or missing data. The
other RCT did not find a significant effect of biofeedback, possibly due to lack of power. The
evidence is insufficient to determine that the technology results in an improvement in the net
health outcome.
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For individuals with asthma who receive biofeedback, the evidence includes a systematic
review of 3 RCTs and 2 RCTs published after the review. Relevant outcomes are symptoms,
functional outcomes, and QOL. Each RCT used a different biofeedback technique, which
provided patients with information on carbon dioxide, heart rate, and respiratory sinus
arrhythmia. While the trials reported improvements in each parameter for which the patients
received biofeedback, the improvements did not impact clinical outcomes such as medication
use and forced expiratory volume. However, the results of one RCT suggested that
biofeedback has promise as a protective approach to aiding lung function and reducing stress-
induced asthma exacerbation. The evidence is insufficient to determine that the technology
results in an improvement in the net health outcome.

For individuals with Bell palsy who receive biofeedback, the evidence includes a systematic
review of 4 RCTs. Relevant outcomes are symptoms, functional outcomes, and QOL. The
RCTs evaluated the efficacy of adding a mirror and/or electromyography (EMG) biofeedback to
facial exercises. The sample sizes were small, and there was heterogeneity across techniques
used and length of treatments. The evidence is insufficient to determine that the technology
results in an improvement in the net health outcome.

For individuals with depression who receive biofeedback, the evidence includes a systematic
review and its 2017 update and 2 small RCTs published after the systematic review. Relevant
outcomes are symptoms, functional outcomes, and QOL. The review and its update only
identified 3 dissertations assessing the use of biofeedback for depression. One RCT found that
respiratory and heart rate biofeedback plus usual care reduced Beck Depression Inventory
scores compared to usual care alone, while the other found that respiratory sinus arrhythmia
biofeedback plus usual care was associated with greater improvements in Hamilton
Depression Rating Scale scores compared to usual care alone; however, these trials were
limited by open-label designs, short follow-up periods, and small sample sizes. The evidence is
insufficient to determine that the technology results in an improvement in the net health
outcome.

For individuals with hypertension who receive biofeedback, the evidence includes 2 systematic
reviews and 2 RCTs published after the review. Relevant outcomes are symptoms, functional
outcomes, and QOL. The systematic review identified 36 RCTs, though sample sizes were
small and overall study quality was poor. Various biofeedback techniques were used: thermal,
galvanized skin response, pulse wave velocity, and heart rate variability. Results across trials
did not consistently show a benefit of biofeedback. Conclusions were limited due to the
shortage of studies isolating the effect of biofeedback, the generally poor quality of trials, and
heterogeneity across interventions used. The other systematic review was smaller (20 RCTs)
but did find a significant effect of biofeedback on both systolic and diastolic blood pressure.
The Mengden 2023 RCT demonstrated an acute change in blood pressure after a 10-min
biofeedback session, but no longer term effects were demonstrated over the course of a week.
The evidence is insufficient to determine that the technology results in an improvement in the
net health outcome.
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For individuals with motor dysfunction after stroke who receive biofeedback, the evidence
includes systematic reviews and RCTs published after the systematic reviews. Relevant
outcomes are symptoms, functional outcomes, and QOL. One systematic review identified 18
high-quality trials using the following biofeedback techniques: weight distribution on a platform
sensor, muscle activity from electromyography, linear gait parameters, and joint angle from a
goniometer. Feedback was visual, auditory, or both. Outcome measures primarily assessed
motor activity in research settings, rather than clinical outcomes such as rates of falls or the
ability to perform activities of daily living. Pooled effects showed improvements in motor
function in the short term. The evidence is limited due to the variability in type, duration, and
intensity of the interventions and lack of long-term outcomes. The largest available studies
published since the systematic reviews found no differences between biofeedback-assisted
rehabilitation and conventional rehabilitation in terms of their impact on gait speed, balance,
activities of daily living, fall rate, and return to work. The evidence is insufficient to determine
that the technology results in an improvement in the net health outcome.

For individuals with motor dysfunction after lower-limb injury or surgery who receive
biofeedback, the evidence includes two systematic reviews. Relevant outcomes are
symptoms, functional outcomes, and QOL. One systematic review identified 4 RCTs
evaluating the use of EMG biofeedback in patients undergoing postinjury knee rehabilitation.
Sample sizes were small, with half of the trials reporting significant benefits of biofeedback
and the other half reporting no difference between study groups. The other systematic review
identified 6 RCTs evaluating the use of EMG biofeedback in patients undergoing postsurgical
knee rehabilitation. Biofeedback was associated with better range of motion outcomes in a
meta- analysis of data from 5 RCTs, but was not associated with a significant benefit in terms
of pain or physical functioning The evidence is insufficient to determine that the technology
results in an improvement in the net health outcome.

For individuals with multiple sclerosis who receive biofeedback, the evidence includes 2 RCTs.
Relevant outcomes are symptoms, functional outcomes, and QOL. One trial used vibrotactile
biofeedback and the other provided patients with breathing rate and muscle tension
biofeedback. The sample sizes were small, with no statistically significant differences between
the biofeedback groups and control groups. The evidence is insufficient to determine that the
technology results in an improvement in the net health outcome.

For individuals with orthostatic hypotension due to spinal cord injury who receive biofeedback,
the evidence includes a systematic review, which included a case series and a case report.
Relevant outcomes are symptoms, functional outcomes, and QOL. The case series and case
report collectively provided information on 3 patients given visual and auditory feedback.
Patients were able to raise their systolic blood pressure by an average of 39%. The evidence
is insufficient to determine that the technology results in an improvement in the net health
outcome.

For individuals who need pain management during labor who receive biofeedback, the
evidence includes a systematic review of 4 RCTs. Relevant outcomes are symptoms,
functional outcomes, and QOL. A Cochrane review graded the 4trials as having a high risk of
bias due to unclear descriptions of blinding and randomization methods. Due to the
heterogeneity in biofeedback methods and outcomes measured, pooled analyses could not be
performed. The evidence is insufficient to determine that the technology results in an
improvement in the net health outcome.
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For individuals with posttraumatic stress disorder (PTSD) who receive biofeedback, the
evidence includes a 2014 systematic review and its 2017 update, and a 2024 systematic
review. Relevant outcomes are symptoms, functional outcomes, and QOL. The systematic
review included an RCT, a nonrandomized study, and 2 case series. The studies had small
sample sizes and inconsistent results. The reviewers rated the evidence a grade C for
conflicting scientific evidence. The 2017 systematic review update included 2 new RCTs, 1 of
which demonstrated a faster decrease of PTSD symptoms with biofeedback and cognitive
behavioral therapy (CBT) compared to CBT alone. However, the small sample size was a
limitation. The other RCT found no differences between biofeedback and other treatment
modalities. The 2024 systematic review found a moderate effect of biofeedback but none of
the included studies had a control group. The evidence is insufficient to determine that the
technology results in an improvement in the net health outcome.

For individuals who are susceptible to preterm birth who receive biofeedback, the evidence
includes an RCT. Relevant outcomes are symptoms, functional outcomes, and QOL. In the
RCT, women in the treatment group received heart rate variability biofeedback. Patients
receiving the treatment experienced a decrease in perceived chronic stress, but there was no
significant difference in the number of preterm births, gestational duration, or birth weight. The
evidence is insufficient to determine that the technology results in an improvement in the net
health outcome.

For individuals with Raynaud disease who receive biofeedback, the evidence includes a
systematic review. Relevant outcomes are symptoms, functional outcomes, and QOL. The
systematic review identified 5 RCTs using biofeedback techniques. Pooled analysis was
performed on 4 of these trials. The reduction in the frequency of attacks was significantly lower
in the sham control group. The evidence is insufficient to determine that the technology results
in an improvement in the net health outcome.

For individuals with sleep bruxism who receive biofeedback, the evidence includes 2
systematic reviews and an RCT published after the review. Relevant outcomes are symptoms,
functional outcomes, and QOL. One systematic review identified 7 randomized and
nonrandomized studies using biofeedback techniques, and the most recent systematic review
identified 6 additional studies. Studies were generally small, used different techniques,
measured different outcomes, and were assessed as having either moderate or high risk of
bias. Two studies reported the number of bruxism episodes per hour and a pooled analysis of
these studies showed no significant differences between biofeedback groups and control
groups. An RCT published after the reviews tested a full-occlusion biofeedback splint in 41
patients with sleep bruxism and temporomandibular disorder. The trial found that, compared to
an adjusted occlusal splint, the biofeedback splint allowed for greater reductions in pain after 3
months of treatment. However, no significant differences in sleep bruxism episodes were
observed. The evidence is insufficient to determine that the technology results in an
improvement in the net health outcome.

For individuals with tinnitus who receive biofeedback, the evidence includes a single RCT.
Relevant outcomes are symptoms, functional outcomes, and QOL. Treatment consisted of a
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biofeedback-based behavioral intervention over a 3-month period. The treatment group
experienced improvements in tinnitus annoyance, loudness ratings, controllability, coping
cognitions, and depressive symptoms. Additional studies are needed to confirm the results of
this single trial. The evidence is insufficient to determine that the technology results in an
improvement in the net health outcome.

SUPPLEMENTAL INFORMATION

CLINICAL INPUT FROM PHYSICIAN SPECIALTY SOCIETIES AND ACADEMIC MEDICAL
CENTERS

Urinary Incontinence

In response to requests, Blue Cross Blue Shield Association received input from 4 physician
specialty societies and 2 academic medical centers while this policy was under review in 2009.
Clinical input varied. Several reviewers commented on the lack of data (e.g., those who cannot
do pelvic exercises) as well as the inability to separate in the available literature the
contribution of biofeedback to overall outcomes in many studies.

Headache

In response to requests, Blue Cross Blue Shield Association received input through 3
physician specialty societies and 3 academic medical centers (4 inputs) while this policy was
under review in 2009. Additional comments were received in 2020. Input considered
biofeedback to be a reliable and appropriate nonpharmacologic option for the treatment of
headaches.

PRACTICE GUIDELINES AND POSITION STATEMENTS
Urinary Incontinence

American College of Obstetricians and Gynecologists and the American
Urogynecologic Society

The American College of Obstetricians and Gynecologists and the American Urogynecologic
Society issued a practice bulletin (issued 2015; reaffirmed 2022) on urinary incontinence in
women.! The practice bulletin states, "Pelvic muscle exercises may be used alone or
augmented with bladder training, biofeedback, or electrical stimulation”.

American Urological Association et al

In their guidelines on treatment of stress urinary incontinence in women, the American
Urological Association and Society of Urodynamics, Female Pelvic Medicine & Urogenital
Reconstruction (2017) recommended offering several treatment options including pelvic floor
muscle training with biofeedback: “Pelvic floor muscle training and incontinence pessaries are
appropriate for patients interested in pursuing therapy that is less invasive than surgical
intervention. Pelvic floor physical therapy can be augmented with biofeedback in the
appropriate patient. The patient must be willing and able to commit to regularly

and consistently performing pelvic floor training for this to be successful.”? A 2023 update to
these guidelines which focused on surgical treatment of stress urinary incontinence include a
recommendation for pelvic floor exercises with or without biofeedback as a nonsurgical
option.3
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The 2024 American Urological Association/Society of Urodynamics, Female Pelvic Medicine &
Urogenital Reconstruction guideline on overactive bladder includes biofeedback as an
example of non-invasive therapies.* Although they make no specific recommendations for
biofeedback, they state, "Clinicians may offer select non-invasive therapies to all patients with
OAB." However, they caution, "While safety profiles are excellent across modalities, with few
adverse effects and a high risk-benefit ratio, all non-invasive therapies do not have equivalent
efficacy and the evidence base is highly variable. Most non-invasive therapies require long-
term patient compliance to maintain a durable effect and patients should be counselled as
such before embarking on a course of a potentially lifelong therapy."

The American Urological Association/Society of Urodynamics, Female Pelvic Medicine &
Urogenital Reconstruction Guideline (2019; amended 2024) on treating incontinence after
prostate treatment states that the randomized controlled trial that were assessed differed on
the regimen of pelvic floor muscle training, with some studies including biofeedback or
electrical stimulation.® Guideline Statement 16 recommends pelvic floor muscle exercises or
pelvic floor muscle training, but biofeedback is not mentioned as part of the treatment.

American College of Physicians

The American College of Physicians (2014) published clinical practice guidelines on
nonsurgical management of urinary incontinence in women.® The guidelines were based on
literature published through December 2013. The College concluded that low-quality evidence
showed pelvic floor muscle training (PFMT) with biofeedback using a vaginal
electromyography probe increased continence compared to no active treatment and that high-
quality evidence showed this combination of treatments improved urinary incontinence
symptoms compared to no active treatment. The guidelines did not compare PFMT alone and
PFMT plus biofeedback.

National Institute for Health and Care Excellence

The National Institute for Health and Care Excellence (2019) updated its 2006 guidance on the
management of urinary incontinence in women.” Recommendations on biofeedback included:
“do not use perineometry or pelvic floor electromyography as biofeedback as a routine part of
pelvic floor muscle training” and “electrical stimulation and/or biofeedback should be
considered in women who cannot actively contract pelvic floor muscles in order to aid
motivation and adherence to therapy”.

Canadian Urological Association

In 2012, the Canadian Urological Association issued guidelines on treatment of adult urinary
incontinence.® The guidelines made the following conclusions on the use of biofeedback for
postprostatectomy incontinence and stress incontinence, respectively:
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“Preoperative biofeedback-assisted behavioural training can shorten the time to regain
continence postoperatively and reduce the prevalence of severe incontinence 6 months after
the procedure (level of evidence 2, grade B).... Postoperative ... biofeedback does not appear
to improve continence outcomes compared with PFMT (level of evidence 2, grade B).

“The benefit of biofeedback is unknown (grade B).”
Fecal Incontinence or Constipation

American Neurogastroenterology and Motility Society & European Society of
Neurogastroenterology and Mobility
In 2015, the American Neurogastroenterology and Motility Society and the European Society
of Neurogastroenterology and Mobility jointly published a consensus guideline on biofeedback
therapy for anorectal disorders." The guideline included the following recommendations:
e “Biofeedback is recommended for the short-term and long-term treatment of
constipation with dyssynergic defecation.”
e “Biofeedback therapy is recommended for the short-term and long-term treatment of
fecal incontinence”
o “Biofeedback therapy is not recommended for the routine treatment of children with
functional constipation, with or without overflow fecal incontinence.”

American Society of Colon and Rectal Surgeons

In 2015, the American Society of Colon and Rectal Surgeons (ASCRS) updated its guideline
on treatment of fecal incontinence.? Those guidelines were updated in 2023.3 Biofeedback is
no longer considered first line, but may still be considered for patients with fecal incontinence
(conditional recommendation, low quality of evidence).

In 2024, ASCRS published a guideline on the evaluation and management of chronic
constipation.* The guideline state that biofeedback therapy is a first-line treatment for
symptomatic pelvic floor dyssynergia (strong recommendation, moderate quality of evidence).

American Gastroenterological Association

In 2013, the American Gastroenterological Association updated its position statement on
constipation. The statement included the following on biofeedback: “Pelvic floor retraining by
biofeedback therapy rather than laxatives is recommended for defecatory disorders (Strong
Recommendation, High-Quality Evidence).”

In 2017, the AGA published an expert review on surgical interventions and device-aided
therapy for the treatment of fecal incontinence and defecation disorders.® The Association
stated that surgical options may be considered in patients with fecal incontinence and
defecation disorders, but only after conservative therapy has failed. Examples of conservative
therapies include dietary modification, fiber supplements, bowel training programs, pelvic floor
exercises, medications, or biofeedback.

National Institute for Clinical Excellence
In 2017, NICE updated its guidance on constipation in children and young people.” The
guidance indicated that biofeedback should not be used for ongoing treatment.

In 2007, the NICE issued guidance on fecal incontinence in adults; the guidance stated the
following on biofeedback: “The evidence we found did not show biofeedback to be more
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effective than standard care, exercises alone, or other conservative therapies. The limited
number of studies and the small number of participants in each group of the studies make it
difficult to come to any definitive conclusion about its effectiveness.”®

American College of Gastroenterology

In 2021, the American College of Gastroenterology (ACG) published a guideline on the
management of benign anorectal disorders.® The guideline notes: "We recommend that
instrumented anorectal biofeedback therapy should be used to manage symptoms in DD
[defecation disorder] (strong recommendation; minimal risk of harm; quality of evidence:
moderate)." Furthermore, the guideline notes the following key concepts related to biofeedback
in the setting of DD:

e "Biofeedback should involve 4—6 sessions with well-trained therapists aimed at
normalizing rectoanal coordination, ensuring good rectal pressure on strain, sensory
retraining, and balloon expulsion retraining.

e Baseline ARM [anorectal manometry] and balloon expulsion is useful to predict the
outcome and guide biofeedback therapy

e Defecography (MR [magnetic resonance] or barium) may be indicated in patients with
DD who fail conservative therapy and biofeedback."

Headache
American Headache Society
In 2021, the American Headache Society released a consensus statement on integration of
new migraine treatments into clinical practice, including biobehavioral therapies (cognitive
behavioral therapy, biofeedback, and relaxation).! According to the consensus statement,
"biobehavioral therapies have Grade A evidence supporting their use as preventive treatments
in patients with migraine." The statement notes that biobehavioral therapies are particularly
suited for the following individuals:

o Prefer nonpharmacologic interventions

e Have inadequate response, poor tolerance, or medical contraindications to specific
pharmacologic treatments

Are pregnant, lactating, or planning to become pregnant

Have a history of acute medication overuse or medication-overuse headache
Exhibit significant stress or deficient stress-coping skills

Have high migraine-related disability, and/or low health-related quality of life, and/or
comorbidities.

Association for Applied Psychophysiology and Biofeedback

In 2013, the Association for Applied Psychophysiology and Biofeedback issued standards for
performing biofeedback.? The standards state that biofeedback for the treatment of migraine
and tension headache has been validated as being safe and effective for these particular
conditions and that biofeedback is not used alone as a diagnostic tool or treatment; rather, it is
an adjunctive tool to be used in combination with other standard interventions.
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Chronic Pain

American College of Occupational and Environmental Medicine

In 2020, the American College of Occupational and Environmental Medicine updated their
guideline on noninvasive and minimally invasive management of low back disorders. ' The role
of biofeedback is not addressed in this updated guideline.

American Society of Anesthesiologists & American Society of Regional Anesthesia and
Pain Medicine

In 2010, practice guidelines by the American Society of Anesthesiologists and the American
Society of Regional Anesthesia and Pain Medicine suggested that “cognitive behavioral
therapy, biofeedback, or relaxation training: These interventions may be used as part of a
multimodal strategy for patients with low back pain, as well as for other chronic pain
conditions.” 2

U.S. Department of Veterans Affairs and U.S. Department of Defense

In 2022, the U.S. Department of Veterans Affairs and U.S. Department of Defense updated
their guideline on the diagnosis and treatment of low back pain.2 The guideline recommends
several nonpharmacologic therapies for chronic low back pain (eg, CBT and/or mindfulness-
based stress reduction, progressive relaxation, exercise including yoga, pilates, and tai chi)
but does not address the role of biofeedback.

North American Spine Society

In 2020, the North American Spine Society published a guideline for the diagnosis and
treatment of low back pain.* Although nonpharmacologic therapies are addressed in this
guideline, the specific role of biofeedback for low back pain is not addressed.

Miscellaneous Indications

American Psychiatric Association

The American Psychiatric Association (APA) guidelines on the treatment of major depressive
disorder (MDD) have not been updated since 2010, and the APA guidelines on acute stress
disorder and posttraumatic stress disorder have not been updated since 2004. These
guidelines are classified as "legacy guidelines" by the organization, meaning that they can no
longer be assumed to be current. The APA (2010) guidelines on the treatment of patients with
MDD did not list biofeedback as a potential treatment.’

In 2004, the APA guidelines on the treatment of patients with acute stress disorder and
posttraumatic stress disorder mentioned that biofeedback may be used to augment relaxation
techniques.? The guidelines suggested that biofeedback could provide patients with
instantaneous feedback on physiological measures such as blood flow and muscle contraction,
which enables patients to exert some degree of control over those measures to relieve tension
and anxiety.

American Psychological Association
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As of September 2024, the American Psychological Association has made no
recommendations regarding the use of biofeedback for depression, anxiety, or PTSD.

American Academy of Neurology

As of September 2024, the American Academy of Neurology has made no recommendations
regarding the use of biofeedback for multiple sclerosis, Bell palsy, or orthostatic hypotension
due to spinal cord injury.

American College of Cardiology

In 2017, the American College of Cardiology et al guidelines on hypertension in adults states
that "behavioral therapies, including....biofeedback, lack strong evidence for their long-term
BP-lowering effect."?

American Heart Association and American Stroke Association

In 2016, the American Heart Association and the American Stroke Association guidelines on
adult stroke rehabilitation and recovery state that the usefulness of biofeedback during gait
training in patients after stroke is uncertain.*

American College of Obstetricians and Gynecologists

As of September 2024, the American College of Obstetricians and Gynecologists has made no
recommendations on the use of biofeedback for pain management during labor or to prevent
preterm birth.

Global Initiative for Asthma
As of September 2024, the Global Initiative for Asthma guidelines make no recommendations
regarding the use of biofeedback for asthma.®

U.S. Department of Veterans Affairs/Department of Defense

As of September 2024, clinical practice guidelines from the U.S. Department of Veterans
Affairs and the Department of Defense do not make recommendations on the use of
biofeedback for PTSD, hypertension, or asthma.® The 2022 guidelines for the management of
MDD state that 'for patients with MDD, there is insufficient evidence to recommend for or
against the addition of biofeedback." 7 Similarly, the 2024 guidelines for the management of
stroke state that there is insufficient evidence to recommend for or against biofeedback to
improve motor function in patients with stroke.?

Government Regulations
National:

NCD - BIOFEEDBACK Therapy (30.1), this is a longstanding national coverage
determination. The effective date of this version has not been posted.

Indications and Limitations of Coverage
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Biofeedback therapy is covered under Medicare only when it is reasonable and necessary for
the individual patient for muscle re-education of specific, muscle groups or for treating
pathological muscle abnormalities of spasticity, incapacitating muscle spasm or weakness, and
more conventional treatments (heat, cold, massage, exercise, and support) have not been
successful. This therapy is not covered for the treatment of ordinary muscle tension states or
for psychosomatic conditions.

NCD for Biofeedback Therapy for the Treatment of Urinary Incontinence (30.1.1),
7/1/2001

Indications and Limitations of Coverage
This policy applies to biofeedback therapy rendered by a practitioner in an office or other
facility setting.

Biofeedback is covered for the treatment of stress and/or urge incontinence in cognitively intact
patients who have failed a documented trial of pelvic muscle exercise (PME) training.
Biofeedback is not a treatment, per se, but a tool to help patients learn how to perform PME.
Biofeedback assisted PME incorporates the use of an electronic or mechanical device to relay
visual and/or auditory evidence of pelvic floor muscle tone, in order to improve awareness of
pelvic floor musculature and to assist patients in the performance of PME.

A failed trial of PME training is defined as no clinically significant improvement in urinary
incontinence after completing 4 weeks of an ordered plan of pelvic muscle exercises to
increase periurethral muscle strength.

Contractors may decide whether or not to cover biofeedback as an initial treatment modality.
Home use of biofeedback therapy is not covered.

Local:
Wisconsin Physicians Service Insurance Corporation
Local Coverage Determination, Biofeedback (L31070) - Retired

Indications and Limitations of Coverage and/or Medical Necessity

Biofeedback training is a type of behavioral technique by which information about a normally
unconscious physiologic process is presented to the patient and is demonstrated by a signal
to educate the patient for an optimal muscle response. Retraining typically includes a process
by which the patient is evaluated in the office setting and taught how to utilize the affected
muscle group therapeutically. The muscle group involved is monitored with a device where
the patient can observe, through visual or auditory means, the muscle group movements.
Where there is abnormal or absent muscle movements, the patient can be reinforced with
observed changes with optimal muscle movements. The patient will then practice the learned
techniques. The patient will continue to practice at home (or other non-office setting) the
optimal muscle movements utilizing the training guide.

A. Biofeedback training is typically performed in situations where a patient has had other
therapies that have been unsuccessful or contraindicated. Other therapies include, but are
not limited to,

1. Pharmacological treatments,

2. Physical therapy treatment, and

3. Exercise training.
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4. Occupational Therapy.
5. Speech Therapy

B. Biofeedback training has been proven successful when all of the following criteria exist:

1. The patient is motivated to actively participate in the treatment plan, including being
responsive to the care plan requirements (e.g., practice and follow-through at home);

2. The patient must be capable of participating in the treatment plan (physically as well as
intellectually);

3. The patient's condition is appropriately treated with biofeedback (e.g., pathology does not
exist preventing success of the training).

C. Medicare coverage will be allowed for medically necessary biofeedback training when
performed with the continuous presence of a physician or by a qualified non-physician
practitioner. Continuous presence requires one-on-one face-to-face involvement with the
patient and practitioner during training.

D. There should be a plan of care certified by the Medicare attending/ordering
physician/provider, which contain the goals of therapy, the exercise prescription, and
measurable objectives.

E. Biofeedback Training (CPT code 90901) is considered medically necessary when other
treatments have failed or are contraindicated and it is performed for one of the indications
listed in this LCD.

F. Biofeedback training anorectal, including EMG and/or manometry (CPT code 90912,
90913) is covered for anal muscle abnormalities of spasticity, incapacitating muscle spasm,
dyssynergic, and/or muscle weakness.

a. Anal spasms (ICD-9 code 564.6)

b. Detrusor sphincter dyssynergia (596.55)

c. Fecal incontinence (ICD-9 code 787.60-787.63)
d. Slow Transit Constipation (ICD-9 564.01)

e. Outlet Dysfunction Constipation (ICD-9 564.02)

G. Biofeedback for pelvic floor retraining for urinary incontinence (90912, 90913) is covered if
performed with the aid of EMG and/or electrical stimulation techniques when other treatments
have not been effective or contraindicated, for the following conditions:

a. Intrinsic urethral sphincter deficiency (ICD-9 code 599.82)
b. Stress incontinence, female (ICD-9 codes 625.6)

c. Urinary incontinence, unspecified (ICD-9 codes 788.30)
d. Urge Incontinence (ICD-9 code 788.31)

e. Stress incontinence, male (ICD-9 code 788.32)

f. Mixed incontinence (ICD-9 code 788.33)

H. Muscle Spasms (728.85) is covered only when the medical record contains documentation
that indicates the site and that the spasms are incapacitating.

(The above Medicare information is current as of the review date for this policy. However, the coverage issues
and policies maintained by the Centers for Medicare & Medicare Services [CMS, formerly HCFA] are updated
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and/or revised periodically. Therefore, the most current CMS information may not be contained in this
document. For the most current information, the reader should contact an official Medicare source.)

Related Policies

¢ Neurofeedback

e Psychophysiological Therapy (Biofeedback) for the Treatment of TMJ Disorders (Retired)
e Psychophysiological Therapy for Treatment of Nocturnal Enuresis (Retired)

References

Urinary Incontinence

1. Blue Cross and Blue Shield Association Technology Evaluation Center (TEC).
Biofeedback. TEC Assessments. 1995;Volume 10:Tab 25.

2. Burgio KL, Goode PS, Locher JL, et al. Behavioral training with and without biofeedback in
the treatment of urge incontinence in older women: a randomized controlled trial. JAMA.
Nov 13, 2002;288(18):2293-2299. PMID 12425706

3. Muscle strength. Physiopedia. Accessed September July 15, 2021. https://www.physio-
pedia.com/Muscle_Strength

4. Pelvic muscle function and strength. Physiopedia. Accessed September 23, 2020.
https://www.physio-pedia.com/Pelvic_Floor_Muscle Function_and_ Strength

5. Zhu D, Xia Z, Yang Z. Effectiveness of physiotherapy for lower urinary tract symptoms in
postpartum women: systematic review and meta-analysis. Int Urogynecol J. Mar 2022;
33(3): 507-521. PMID 34302516

6. Wu X, Zheng X, Yi X, et al. Electromyographic Biofeedback for Stress Urinary Incontinence
or Pelvic Floor Dysfunction in Women: A Systematic Review and Meta-Analysis. Adv Ther.
Aug 2021; 38(8): 4163-4177. PMID 34176082

7. Mateus-Vasconcelos ECL, Ribeiro AM, Anténio Fl, Brito LGO, Ferreira CHJ. Physiotherapy
methods to facilitate pelvic floor muscle contraction: A systematic review. Physiother
Theory Pract. 2018 Jun;34(6):420-432. doi: 10.1080/09593985.2017.1419520. Epub 2017
Dec 26. Review. PubMed PMID: 29278967

8. Laycock J, Jerwood D. Pelvic floor muscle assessment: the PERFECT scheme.
Physiotherapy. 2001;87(12):631-642. Accessed July 15, 2021.
https://www.sciencedirect.com/science/article/abs/pii/S003194060561108X

9. Moroni RM, Magnani PS, Haddad JM, et al. Conservative treatment of stress urinary
incontinence: a systematic review with meta-analysis of randomized controlled trials. Rev
Bras Ginecol Obstet. Feb 2016;38(2):97-111. PMID 26883864

10.Shamliyan T, Wyman J, Kane RL, et al. Nonsurgical Treatments for Urinary Incontinence in
Adult Women: Diagnosis and Comparative Effectiveness. Comparative Effectiveness
Review No. 36 (AHRQ Pub. No. 11(12)-EHC074-1). Rockville (MD): Agency for Healthcare
Research and Quality; 2012.

11.Herderschee R, Hay-Smith EJ, Herbison GP, et al. Feedback or biofeedback to augment
pelvic floor muscle training for urinary incontinence in women. Cochrane Database Syst
Rev. 2011(7):CD009252. PMID 21735442

12.Hagen S, Elders A, Stratton S, et al. Effectiveness of pelvic floor muscle training with and
without electromyographic biofeedback for urinary incontinence in women: multicentre
randomised controlled trial. BMJ. Oct 14 2020; 371: m3719. PMID 33055247

67


https://www.physio-pedia.com/Muscle_Strength
https://www.physio-pedia.com/Muscle_Strength
https://www.sciencedirect.com/science/article/abs/pii/S003194060561108X

13.Williams KS, Assassa RP, Gillies CL, et al. A randomized controlled trial of the
effectiveness of pelvic floor therapies for urodynamic stress and mixed incontinence. BJU
Int. Nov 2006;98(5):1043-1050. PMID 17034605

14.Hirakawa T, Suzuki S, Kato K, et al. Randomized controlled trial of pelvic floor muscle
training with or without biofeedback for urinary incontinence. Int Urogynecol J. Aug
2013;24(8):1347-1354. PMID 23306768

15.Pereira VS, de Melo MV, Correia GN, et al. Vaginal cone for postmenopausal women with
stress urinary incontinence: randomized, controlled trial. Climacteric. Feb 2012;15(1):45-51.
PMID 22066898

16.Goode PS, Burgio KL, Johnson TM, 2nd, et al. Behavioral therapy with or without
biofeedback and pelvic floor electrical stimulation for persistent postprostatectomy
incontinence: a randomized controlled trial. JAMA. Jan 12, 2011;305(2):151-159. PMID
21224456

17.Hsu LF, Liao YM, Lai FC, et al. Beneficial effects of biofeedback-assisted pelvic floor
muscle training in patients with urinary incontinence after radical prostatectomy: A
systematic review and metanalysis. Int J Nurs Stud. Aug 2016;60:99-111. PMID 27297372

18.Johnson EE, Mamoulakis C, Stoniute A, et al. Conservative interventions for managing
urinary incontinence after prostate surgery. Cochrane Database Syst Rev. Apr 18 2023;
4(4): CD014799. PMID 37070660

19.MacDonald R, Fink HA, Huckabay C, et al. Pelvic floor muscle training to improve urinary
incontinence after radical prostatectomy: a systematic review of effectiveness. BJU Int. Jul
2007;100(1):76-81. PMID 17433028

20.0h JJ, Kim JK, Lee H, et al. Effect of personalized extracorporeal biofeedback device for
pelvic floor muscle training on urinary incontinence after robot-assisted radical
prostatectomy: A randomized controlled trial. Neurourol Urodyn. Feb 2020; 39(2): 674-681.
PMID 31793032

21.Tienforti D, Sacco E, Marangi F, et al. Efficacy of an assisted low-intensity programme of
perioperative pelvic floor muscle training in improving the recovery of continence after
radical prostatectomy: a randomized controlled trial. BJU Int. Oct 2012;110(7):1004-1010.
PMID 22332815

22.Wille S, Sobottka A, Heidenreich A, et al. Pelvic floor exercises, electrical stimulation and
biofeedback after radical prostatectomy: results of a prospective randomized trial. J Urol.
Aug 2003;170(2 Pt 1):490-493. PMID 12853806

23.Bales GT, Gerber GS, Minor TX, et al. Effect of preoperative biofeedback/pelvic floor
training on continence in men undergoing radical prostatectomy. Urology. Oct 1,
2000;56(4):627-630. PMID 11018619

24 Nepple KG, Cooper CS. Management of bladder dysfunction in children. In UpToDate,
Baskin LS, Matoo TK(Eds). UpToDate, Waltham, MA. (Accessed 12/26/24).

Fecal Incontinence and Constipation

1. Food and Drug Administration. Biofeedback device. 21 CFR § 882.5050 (1998).

2. Vonthein R, Heimerl T, Schwandner T, et al. Electrical stimulation and biofeedback for the
treatment of fecal incontinence: a systematic review. Int J Colorectal Dis. Nov
2013;28(11):1567-1577. PMID 23900652

3. Norton C, Cody JD. Biofeedback and/or sphincter exercises for the treatment of faecal
incontinence in adults. Cochrane Database Syst Rev. Jul 11 2012;7(7):CD002111. PMID
22786479

4. Enck P, Van der Voort IR, Klosterhalfen S. Biofeedback therapy in fecal incontinence and
constipation. Neurogastroenterol Motil. Nov 2009;21(11):1133-1141. PMID 19566591

68



5. Jelovsek JE, Markland AD, Whitehead WE, et al. Controlling faecal incontinence in women
by performing anal exercises with biofeedback or loperamide: a randomised clinical trial.
Lancet Gastroenterol Hepatol. Sep 2019;4(9): 698-710. PMID 31320277

6. Heymen S, Scarlett Y, Jones K, et al. Randomized controlled trial shows biofeedback to be
superior to pelvic floor exercises for fecal incontinence. Dis Colon Rectum. Oct
2009;52(10):1730-1737. PMID 19966605

7. Brazzelli M, Griffiths PV, Cody JD, et al. Behavioural and cognitive interventions with or
without other treatments for the management of faecal incontinence in children. Cochrane
Database Syst Rev. Dec 07 2011; (12): CD002240. PMID 22161370

8. Woodward S, Norton C, Chiarelli P. Biofeedback for treatment of chronic idiopathic
constipation in adults. Cochrane Database Syst Rev. 2014;3:CD008486. PMID 24668156

9. Gordon M, Grafton-Clarke C, Rajindrajith S, et al. Treatments for intractable constipation in
childhood. Cochrane Database Syst Rev. Jun 19 2024; 6(6): CD014580. PMID 38895907

10.Wegh CAM, Baaleman DF, Tabbers MM, et al. Nonpharmacologic Treatment for Children
with Functional Constipation: A Systematic Review and Meta-analysis. J Pediatr. Sep 16
2021. PMID 34536492

11.van Ginkel R, Buller HA, Boeckxstaens GE, et al. The effect of anorectal manometry on the
outcome of treatment in severe childhood constipation: a randomized, controlled trial.
Pediatrics. Jul 2001;108(1):E9. PMID 11433088.

12.Pun MY, Leung PH, Chan TC, et al. The effectiveness of physiotherapy interventions on
fecal incontinence and quality of life following colorectal surgery: a systematic review and
meta-analysis of randomized controlled trials. Support Care Cancer. Jan 13 2024; 32(2):
103. PMID 38217744

13.Moore D, Young CJ. A systematic review and meta-analysis of biofeedback therapy for
dyssynergic defaecation in adults. Tech Coloproctol. Sep 2020; 24(9): 909-918. PMID
32372153

14.Heymen S, Scarlett Y, Jones K, et al. Randomized, controlled trial shows biofeedback to be
superior to alternative treatments for patients with pelvic floor dyssynergia-type
constipation. Dis Colon Rectum. Apr 2007;50(4):428-441. PMID 17294322

15.Rao SS, Seaton K, Miller M, et al. Randomized controlled trial of biofeedback, sham
feedback, and standard therapy for dyssynergic defecation. Clin Gastroenterol Hepatol.
Mar 2007;5(3):331-338. PMID 17368232

16.Rao SS, Valestin J, Brown CK, et al. Long-term efficacy of biofeedback therapy for
dyssynergic defecation: randomized controlled trial. Am J Gastroenterol. Apr
2010;105(4):890-896. PMID 20179692

Headache

1. Baraness L, Baker AM. Acute Headache. [Updated 2020 May 14]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2020 Jan-.

2. Ailani J, Burch RC, Robbins MS. The American Headache Society Consensus Statement:
Update on integrating new migraine treatments into clinical practice. Headache. Jul 2021;
61(7): 1021-1039. PMID 34160823

3. Nestoriuc Y, Martin A. Efficacy of biofeedback for migraine: a meta-analysis. Pain. Mar
2007;128(1-2):111-127. PMID 17084028

4. Nestoriuc Y, Rief W, Martin A. Meta-analysis of biofeedback for tension-type headache:
efficacy, specificity, and treatment moderators. J Consult Clin Psychol. Jun 2008;76(3):379-
396. PMID 18540732

69



5. Verhagen AP, Damen L, Berger MY, et al. Behavioral treatments of chronic tension-type
headache in adults: are they beneficial? CNS Neurosci Ther. Summer 2009;15(2):183-205.
PMID 19499626

6. Martino Cinnera A, Morone G, Bisirri A, et al. Headaches treatment with EMG biofeedback:
a focused systematic review and meta-analysis. Eur J Phys Rehabil Med. Dec 2023; 59(6):
697-705. PMID 37823248

7. Stubberud A, Varkey E, McCrory DC, et al. Biofeedback as prophylaxis for pediatric
migraine: a meta- analysis. Pediatrics. Aug 2016;138(2). PMID 27462067

Chronic Pain

1. U.S. Department of Health and Human Services. Pain management best practices. May
2019. https://www.hhs.gov/sites/default/files/pain-mgmt-best-practices-draft-final-report-
05062019.pdf. Accessed October 2, 2021.

2. Dworkin RH, Turk DC, Farrar JT, et al. Core outcome measures for chronic pain clinical
trials: IMMPACT recommendations. Pain. Jan 2005; 113(1-2): 9-19. PMID 15621359

3. Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical importance of treatment
outcomes in chronic pain clinical trials: IMMPACT recommendations. J Pain. Feb 2008;
9(2): 105-21. PMID 18055266

4. Williams ACC, Fisher E, Hearn L, et al. Psychological therapies for the management of
chronic pain (excluding headache) in adults. Cochrane Database Syst Rev. Aug 12 2020;
8: CD007407. PMID 32794606

5. Fisher E, Law E, Dudeney J, et al. Psychological therapies for the management of chronic
and recurrent pain in children and adolescents. Cochrane Database Syst Rev. Sep 29
2018; 9: CD003968. PMID 30270423

6. Humphreys PA, Gevirtz RN. Treatment of recurrent abdominal pain: components analysis
of four treatment protocols. J Pediatr Gastroenterol Nutr. Jul 2000; 31(1): 47-51. PMID
10896070

7. Palermo TM, Eccleston C, Lewandowski AS, et al. Randomized controlled trials of
psychological therapies for management of chronic pain in children and adolescents: an
updated meta-analytic review. Pain. Mar 2010;148(3):387-397. PMID 19910118

8. Henschke N, Ostelo RW, van Tulder MW, et al. Behavioural treatment for chronic low-back
pain. Cochrane Database Syst Rev. 2010(7):CD002014. PMID 20614428

9. Yeldan I, Canan GD, Akinci B. Biofeedback Sensor vs. Physiotherapist Feedback During
Core Stabilization Training in Patients with Chronic Nonspecific Low Back Pain. Appl
Psychophysiol Biofeedback. Mar 2024; 49(1): 103-113. PMID 37878122

10.Kapitza KP, Passie T, Bernateck M, et al. First non-contingent respiratory biofeedback
placebo versus contingent biofeedback in patients with chronic low back pain: a
randomized, controlled, double-blind trial. Appl Psychophysiol Biofeedback. Sep
2010;35(3):207-217. PMID 20237953

11.Lazaridou A, Paschali M, Vilsmark ES, et al. Biofeedback EMG alternative therapy for
chronic low back pain (the BEAT-pain study). Digit Health. 2023; 9: 20552076231154386.
PMID 36776410

12.Tan G, Rintala DH, Jensen MP, et al. A randomized controlled trial of hypnosis compared
with biofeedback for adults with chronic low back pain. Eur J Pain. Feb 2015;19(2):271-
280. PMID 24934738.

13.Glombiewski JA, Hartwich-Tersek J, Rief W. Two psychological interventions are effective
in severely disabled, chronic back pain patients: a randomised controlled trial. Int J Behav
Med. Jun 2010;17(2):97-107. PMID 19967572.

70



14.Ananias J, Vidal C, Ortiz-Mufioz L, et al. Use of electromyographic biofeedback in
rehabilitation following anterior cruciate ligament reconstruction: a systematic review and
meta-analysis. Physiotherapy. Jun 2024; 123: 19-29. PMID 38244487

15.Karaborklu Argut S, Celik D, Yasaci Z. Effectiveness of therapeutic electromyographic
biofeedback after orthopedic knee surgeries: a systematic review. Disabil Rehabil. Jul
2022; 44(14): 3364-3372. PMID 33417500

16.Collins NJ, Bisset LM, Crossley KM, et al. Efficacy of nonsurgical interventions for anterior
knee pain: systematic review and meta-analysis of randomized trials. Sports Med. Jan 1
2012;42(1):31-49. PMID 22149696

17.Campo M, Zadro JR, Pappas E, et al. The effectiveness of biofeedback for improving pain,
disability and work ability in adults with neck pain: A systematic review and meta-analysis.
Musculoskelet Sci Pract. Apr 2021; 52: 102317. PMID 33461043

18.Kamonseki DH, Calixtre LB, Barreto RPG, et al. Effects of electromyographic biofeedback
interventions for shoulder pain and function: Systematic review and meta-analysis. Clin
Rehabil. Jul 2021; 35(7): 952-963. PMID 33517777

19.Juul-Kristensen B, Larsen CM, Eshoj H, et al. Positive effects of neuromuscular shoulder
exercises with or without EMG-biofeedback, on pain and function in participants with
subacromial pain syndrome - A randomised controlled trial. J Electromyogr Kinesiol. Oct
2019; 48: 161-168. PMID 31394380

20.Kosterink SM, Huis in 't Veld RM, Cagnie B, et al. The clinical effectiveness of a
myofeedback-based teletreatment service in patients with non-specific neck and shoulder
pain: a randomized controlled trial. J Telemed Telecare. 2010; 16(6): 316-21. PMID
20798425

21.Ma C, Szeto GP, Yan T, et al. Comparing biofeedback with active exercise and passive
treatment for the management of work-related neck and shoulder pain: a randomized
controlled trial. Arch Phys Med Rehabil. Jun 2011;92(6):849-858. PMID 21621660

22.Middaugh S, Thomas KJ, Smith AR, et al. EMG Biofeedback and Exercise for Treatment of
Cervical and Shoulder Pain in Individuals with a Spinal Cord Injury: A Pilot Study. Top
Spinal Cord Inj Rehabil. 2013; 19(4): 311-23. PMID 24244096

23.Sandsjo L, Larsman P, Huis in 't Veld RM, et al. Clinical evaluation of a myofeedback-
based teletreatment service applied in the workplace: a randomized controlled trial. J
Telemed Telecare. 2010; 16(6): 329-35. PMID 20798427

24.Arami J, Rezasoltani A, Khalkhali Z, et al. The effect of two exercise therapy programs
(proprioceptive and endurance training) to treat patients with chronic non-specific neck
pain. JBUMS. 2012;14(1):77-84.

25.Bissett A, Mitchell KR, Major G. The cervico-brachial pain syndrome: muscle activity and
pain relief. Behav Change. 1985;2(2):129-132.

26.Bobos P, Billis E, Papanikolaou DT, et al. Does Deep Cervical Flexor Muscle Training
Affect Pain Pressure Thresholds of Myofascial Trigger Points in Patients with Chronic Neck
Pain? A Prospective Randomized Controlled Trial. Rehabil Res Pract. 2016; 2016:
6480826. PMID 27990302

27.Dellve L, Ahlstrom L, Jonsson A, et al. Myofeedback training and intensive muscular
strength training to decrease pain and improve work ability among female workers on long-
term sick leave with neck pain: a randomized controlled trial. Int Arch Occup Environ
Health. Mar 2011; 84(3): 335-46. PMID 20803028

28.Ehrenborg C, Archenholtz B. Is surface EMG biofeedback an effective training method for
persons with neck and shoulder complaints after whiplash-associated disorders concerning
activities of daily living and pain -- a randomized controlled trial. Clin Rehabil. Aug 2010;
24(8): 715-26. PMID 20562165

71



29.Eslamian F, Jahanjoo F, Dolatkhah N, et al. Relative Effectiveness of Electroacupuncture
and Biofeedback in the Treatment of Neck and Upper Back Myofascial Pain: A
Randomized Clinical Trial. Arch Phys Med Rehabil. May 2020; 101(5): 770-780. PMID
31954696

30.1gbal ZA, Rajan R, Khan SA, et al. Effect of deep cervical flexor muscles training using
pressure biofeedback on pain and disability of school teachers with neck pain. J Phys Ther
Sci. Jun 2013; 25(6): 657-61. PMID 24259822

31.Jull G, Trott P, Potter H, et al. A randomized controlled trial of exercise and manipulative
therapy for cervicogenic headache. Spine (Phila Pa 1976). Sep 01 2002; 27(17): 1835-43;
discussion 1843. PMID 12221344

32.Jull G, Falla D, Treleaven J, et al. Retraining cervical joint position sense: the effect of two
exercise regimes. J Orthop Res. Mar 2007; 25(3): 404-12. PMID 17143898

33.Nezamuddin M, Answer S, Khan SA, et al. Efficacy of pressure-biofeedback guided deep
cervical flexor training on neck pain and muscle performance in visual display terminal
operators. J Musculoskelet Res. 2013;16(3):1350011

34.Voerman GE, Sandsjo L, Vollenbroek-Hutten MM, et al. Effects of ambulant myofeedback
training and ergonomic counselling in female computer workers with work-related neck-
shoulder complaints: a randomized controlled trial. J Occup Rehabil. Mar 2007; 17(1): 137-
52. PMID 17260162

35.Wani S, Raka N, Jethwa J, et al. Comparative efficacy of cervical retraction exercises
(McKenzie) with and without using pressure biofeedback in cervical spondylosis. Int J Ther
Rehabil. 2013;20(10):501-508

36.de Oliveira AKA, da Costa KSA, de Lucena GL, et al. Comparing exercises with and
without electromyographic biofeedback in subacromial pain syndrome: A randomized
controlled trial. Clin Biomech (Bristol, Avon). Mar 2022; 93: 105596. PMID 35183878

37.Ribeiro D, Silva AG. A single session of visual feedback improves range of motion in
patients with chronic idiopathic neck pain: A randomized and controlled study.
Musculoskeletal Care, 2018 Nov 1;17(1). PMID 30378756.

38.Aggarwal VR, Lovell K, Peters S, et al. Psychosocial interventions for the management of
chronic orofacial pain. Cochrane Database Syst Rev. 2011(11):CD008456. PMID
22071849

39.McNeely ML, Armijo Olivo S, Magee DJ. A systematic review of the effectiveness of
physical therapy interventions for temporomandibular disorders. Phys Ther. May
2006;86(5):710-725. PMID 16649894

40.Medlicott MS, Harris SR. A systematic review of the effectiveness of exercise, manual
therapy, electrotherapy, relaxation training, and biofeedback in the management of
temporomandibular disorder. Phys Ther. Jul 2006;86(7):955-973. PMID 16813476

41.Weydert JA, Ball TM, Davis MF. Systematic review of treatments for recurrent abdominal
pain. Pediatrics. Jan 2003;111(1):e1-11. PMID 12509588

42.Glombiewski JA, Bernardy K, Hauser W. Efficacy of EMG- and EEG-Biofeedback in
Fibromyalgia Syndrome: A Meta-Analysis and a Systematic Review of Randomized
Controlled Trials. Evid Based Complement Alternat Med. 2013;2013:962741. PMID
24082911

43.Babu AS, Mathew E, Danda D, et al. Management of patients with fibromyalgia using
biofeedback: a randomized control trial. Indian J Med Sci. Aug 2007;61(8):455-461. PMID
17679735

44.van Santen M, Bolwijn P, Verstappen F, et al. A randomized clinical trial comparing fitness
and biofeedback training versus basic treatment in patients with fiboromyalgia. J
Rheumatol. Mar 2002; 29(3): 575-81. PMID 11908576

72



45.Buckelew SP, Conway R, Parker J, et al. Biofeedback/relaxation training and exercise
interventions for fibromyalgia: a prospective trial. Arthritis Care Res. Jun 1998; 11(3): 196-
209. PMID 9782811

46.Macfarlane GJ, Paudyal P, Doherty M, et al. A systematic review of evidence for the
effectiveness of practitioner-based complementary and alternative therapies in the
management of rheumatic diseases: osteoarthritis. Rheumatology (Oxford). Dec
2012;51(12):2224-2233. PMID 22923762

47.Yilmaz OO, Senocak O, Sahin E, et al. Efficacy of EMG-biofeedback in knee osteoarthritis.
Rheumatol Int. Aug 20 2010;30:887-892. PMID 19693508

48.Durmus D, Alayli G, Canturk F. Effects of quadriceps electrical stimulation program on
clinical parameters in the patients with knee osteoarthritis. Clin Rheumatol. May
2007;26(5):674-678. PMID 16897119

49.Greco CM, Rudy TE, Manzi S. Effects of a stress-reduction program on psychological
function, pain, and physical function of systemic lupus erythematosus patients: a
randomized controlled trial. Arthritis Rheum. Aug 15 2004;51(4):625-634. PMID 15334437

50.Bergeron S, Binik YM, Khalife S, et al. A randomized comparison of group cognitive--
behavioral therapy, surface electromyographic biofeedback, and vestibulectomy in the
treatment of dyspareunia resulting from vulvar vestibulitis. Pain. Apr 2001;91(3):297-306.
PMID 11275387

51.Qaseem A, Wilt TJ, McLean RM, et al. Noninvasive treatments for acute, subacute,
and chronic low back pain: a clinical practice guideline from the American College of
Physicians. Ann Intern Med. Apr 04 2017;166(7):514-530. PMID 28192789

52.Hegmann KT, Travis R, Andersson GBJ, et al. Non-Invasive and Minimally Invasive
Management of Low Back Disorders. J Occup Environ Med. Mar 2020; 62(3): e111-
e138. PMID 31977923

Miscellaneous Indications

1. Goessl VC, Curtiss JE, Hofmann SG. The effect of heart rate variability biofeedback
training on stress and anxiety: a meta-analysis. Psychol Med. May 08 2017:1-9. PMID
28478782

2. Neurofeedback and Biofeedback for Mood and Anxiety Disorders: A Review of the Clinical
Evidence and Guidelines - An Update. Ottawa ON: 2017 Canadian Agency for Drugs and
Technologies in Health; 2017.

3. Chen YF, Huang XY, Chien CH, et al. The Effectiveness of Diaphragmatic Breathing
Relaxation Training for Reducing Anxiety. Perspect Psychiatr Care. Aug 23 2016. PMID
27553981

4. Yorke J, Fleming S, Shuldham C, et al. Nonpharmacological interventions aimed at
modifying health and behavioural outcomes for adults with asthma: a critical review. Clin
Exp Allergy. Dec 2015;45(12):1750-1764. PMID 25675860

5. Meuret AE, Ritz T, Wilhelm FH, et al. Targeting pCO(2) in asthma: pilot evaluation of a
capnometry-assisted breathing training. Appl Psychophysiol Biofeedback. Jun
2007;32(2):99-109. PMID 17564826

6. Lehrer PM, Vaschillo E, Vaschillo B, et al. Biofeedback treatment for asthma. Chest. Aug
2004;126(2):352-361. PMID 15302717

7. Lehrer P, Carr RE, Smetankine A, et al. Respiratory sinus arrhythmia versus neck/trapezius
EMG and incentive inspirometry biofeedback for asthma: a pilot study. Appl Psychophysiol
Biofeedback. Jun 1997;22(2):95-109. PMID 9341966

8. Taghizadeh N, Eslaminejad A, Raoufy MR. Protective effect of heart rate variability
biofeedback on stress-induced lung function impairment in asthma. Respir Physiol
Neurobiol, 2019 Jan 30;262:49-56. PMID 30695733.

73



9. Lehrer PM, Irvin CG, Lu SE, et al. Heart rate variability biofeedback does not substitute for
asthma steroid controller medication. Appl Psychophysiol Biofeedback. Mar 2018;43(1):57-
73. PMID 29124506

10.Cardoso JR, Teixeira EC, Moreira MD, et al. Effects of exercises on Bell's palsy: systematic
review of randomized controlled trials. Otol Neurotol. Jun 2008;29(4):557-560. PMID
18520590

11.Neurofeedback and Biofeedback for Mood and Anxiety Disorders: A Review of the Clinical
Evidence and Guidelines - An Update. Ottawa, ON: Canadian Agency for Drugs and
Technologies in Health; 2014.

12.Maynart WHDC, Albuquerque MCDS, Santos RCS, et al. The use of biofeedback
intervention in the improvement of depression levels: a randomised trial. Acta
Neuropsychiatr. Jun 2021; 33(3): 126-133.PMID 33427129

13.Park SM, Jung HY. Respiratory sinus arrhythmia biofeedback alters heart rate variability
and default mode network connectivity in major depressive disorder: A preliminary study.
Int J Psychophysiol. Dec2020; 158: 225-237. PMID 33148502

14.Greenhalgh J, Dickson R, Dundar Y. The effects of biofeedback for the treatment of
essential hypertension: a systematic review. Health Technol Assess. Oct 2009;13(46):1-
104. PMID 19822104

15.Wang MY, Chang NC, Hsieh MH, et al. Effect of feedback signal on blood pressure self-
regulation capability in individuals with prehypertension or stage | hypertension: a
randomized controlled study. J Cardiovasc Nurs. Mar-Apr 2016;31(2):166-172. PMID
25774838

16.Mengden T, Bachler M, Sehnert W, et al. Device-guided slow breathing with direct
biofeedback of pulse wave velocity - acute effects on pulse arrival time and self-measured
blood pressure. Blood Press Monit. Feb 01 2023; 28(1): 52-58. PMID 36606480

17.Stanton R, Ada L, Dean CM, et al. Biofeedback improves performance in lower limb
activities more than usual therapy in people following stroke: a systematic review. J
Physiother. Jan 2017;63(1):11-16. PMID 27989731

18.Stanton R, Ada L, Dean CM, et al. Biofeedback improves activities of the lower limb after
stroke: a systematic review. J Physiother. 2011;57(3):145-155. PMID 21843829

19.Zijlstra A, Mancini M, Chiari L, et al. Biofeedback for training balance and mobility tasks in
older populations: a systematic review. J Neuroeng Rehabil. 2010;7:58. PMID 21143921

20.Ambrosini E, Peri E, Nava C, et al. A multimodal training with visual biofeedback in
subacute stroke survivors: a randomized controlled trial. Eur J Phys Rehabil Med. Feb
2020; 56(1): 24-33. PMID 31556542

21.Ghanbari Ghoshchi S, De Angelis S, Morone G, et al. Return to Work and Quality of Life
after Stroke in Italy: A Study on the Efficacy of Technologically Assisted
Neurorehabilitation. Int J Environ Res Public Health. Jul 20 2020;17(14). PMID 32698430

22.Kim JH. The effects of training using EMG biofeedback on stroke patients upper extremity
functions. J Phys Ther Sci. Jun 2017;29(6):1085-1088. PMID 28626331

23.Yang DJ. Influence of biofeedback weight bearing training in sit to stand to sit and the limits
of stability on stroke patients. J Phys Ther Sci. Nov 2016;28(11):3011-3014. PMID
27942111

24. Ghomashchi H. Investigating the effects of visual biofeedback therapy on recovery of
postural balance in stroke patients using a complexity measure. Top Stroke Rehabil. Jun
2016;23(3):178-183. PMID 27077976

25.Silkman C, McKeon J. The effectiveness of electromyographic biofeedback
supplementation during knee rehabilitation after injury. J Sport Rehabil. Aug
2010;19(3):343-351. PMID 20811082

74



26.Mackay AM, Buckingham R, Schwartz RS, et al. The Effect of Biofeedback as a
Psychological Intervention in Multiple Sclerosis: A Randomized Controlled Study. Int J MS
Care. May-Jun 2015;17(3):101-108. PMID 26052255.

27.van der Logt RP, Findling O, Rust H, et al. The effect of vibrotactile biofeedback of trunk
sway on balance control in multiple sclerosis. Mult Scler Relat Disord. Jul 2016;8:58-63.
PMID 27456875

28.Gillis DJ, Wouda M, Hjeltnes N. Non-pharmacological management of orthostatic
hypotension after spinal cord injury: a critical review of the literature. Spinal Cord. Oct
2008;46(10):652-659. PMID 18542098

29.Barragan Loayza IM, Sola |, Juando Prats C. Biofeedback for pain management during
labour. Cochrane Database Syst Rev. 2011(6):CD006168. PMID 21678353

30.Wahbeh H, Senders A, Neuendorf R, et al. Complementary and Alternative Medicine for
Posttraumatic Stress Disorder Symptoms: A Systematic Review. J Evid Based
Complementary Altern Med. Mar 27 2014;19(3):161- 175. PMID 24676593

31.Siepmann M, Hennig UD, Siepmann T, et al. The effects of heart rate variability
biofeedback in patients with preterm labour. Appl Psychophysiol Biofeedback. Mar
2014;39(1):27-35. PMID 24271650

32.Malenfant D, Catton M, Pope JE. The efficacy of complementary and alternative medicine
in the treatment of Raynaud's phenomenon: a literature review and meta-analysis.
Rheumatology (Oxford). Jul 2009;48(7):791-795. PMID 19433434

33.Comparison of sustained-release nifedipine and temperature biofeedback for treatment of
primary Raynaud phenomenon. Results from a randomized clinical trial with 1-year follow-
up. Arch Intern Med. Apr 24 2000;160(8):1101-1108. PMID 10789602

34.Wang LF, Long H, Deng M, et al. Biofeedback treatment for sleep bruxism: a systematic
review. Sleep Breath. Jun 12 2013. PMID 23756884

35.Jokubauskas L, Baltrusaityte A. Efficacy of biofeedback therapy on sleep bruxism: A
systematic review and meta-analysis. J Oral Rehabil. Jun 2018;45(6):485-495. PMID
29577362

36.Bergmann A, Edelhoff D, Schubert O, et al. Effect of treatment with a full-occlusion
biofeedback splint on sleep bruxism and TMD pain: a randomized controlled clinical trial.
Clin Oral Investig. Nov 2020; 24(11): 4005-4018.PMID 32430774

37.Weise C, Heinecke K, Rief W. Biofeedback-based behavioral treatment for chronic tinnitus:
results of a randomized controlled trial. J Consult Clin Psychol. Dec 2008;76(6):1046-1057.
PMID 19045972

38.Ma CH, Chang HY, Lee HC, et al. The psychological and physiological effects of integrated
cognitive-behavioral and biofeedback therapy on panic disorder: A randomized controlled
trial. J Formos Med Assoc. Dec 2023; 122(12): 1305-1312. PMID 37453901

39.Jenkins S, Cross A, Osman H, et al. Effectiveness of biofeedback on blood pressure in
patients with hypertension: systematic review and meta-analysis. J Hum Hypertens. Oct
2024; 38(10): 719-727. PMID 39138350

40.Kenemore J, Benham G, Charak R, et al. Heart Rate Variability Biofeedback as a
Treatment for Military PTSD: A Meta-Analysis. Mil Med. Aug 30 2024; 189(9-10): e1903-
€1909. PMID 38287778

Practice Guidelines and Position Statements
Urinary Incontinence

1. ACOG Practice Bulletin No. 155: Urinary Incontinence in Women. Obstet Gynecol. Nov
2015; 126(5): e66-e81. PMID 26488524

75



. Kobashi KC, Albo ME, Dmochowski RR, et al. Surgical Treatment of Female Stress Urinary

Incontinence: AUA/SUFU Guideline. J Urol. Oct 2017; 198(4): 875-883. PMID 28625508
Kobashi KC, Vasavada S, Bloschichak A, et al. Updates to Surgical Treatment of Female
Stress Urinary Incontinence (SUI): AUA/SUFU Guideline (2023). J Urol. Jun 2023; 209(6):
1091-1098. PMID 37096580

Cameron AP, Chung DE, Dielubanza EJ, et al. The AUA/SUFU Guideline on the Diagnosis
and Treatment of Idiopathic Overactive Bladder. J Urol. Jul 2024; 212(1): 11-20. PMID
38651651

Sandhu JS, Breyer BB, Comiter C, et al. Incontinence after Prostate Treatment: AUA/SUFU
Guideline 2019 (Amended 2024). https://www.auanet.org/quidelines/incontinence-after-
prostate-treatment. Accessed December, 2024.

Qaseem A, Dallas P, Forciea MA, et al. Nonsurgical management of urinary incontinence in
women: a clinical practice guideline from the American College of Physicians. Ann Intern
Med. Sep 16 2014;161(6):429-440. PMID 25222388

National Institute for Health and Clinical Excellence (NICE). Urinary incontinence in women:
management [CG171]. 2019; https://www.nice.org.uk/guidance/ng123.

Canadian Urological Association. Guidelines for adult urinary incontinence collaborative
consensus document. 2012; http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3478335/.
Accessed December, 2024.

Fecal Incontinence and Constipation

1.

Rao SS, Benninga MA, Bharucha AE, et al. ANMS-ESNM position paper and consensus
guidelines on biofeedback therapy for anorectal disorders. Neurogastroenterol Motil. May
2015; 27(5): 594-609. PMID 25828100

. Paquette IM, Varma MG, Kaiser AM, et al. The American Society of Colon and Rectal

Surgeons' Clinical Practice Guideline for the Treatment of Fecal Incontinence. Dis Colon
Rectum. Jul 2015; 58(7): 623-36. PMID 26200676

Bordeianou LG, Thorsen AJ, Keller DS, et al. The American Society of Colon and Rectal
Surgeons clinical practice guidelines for the management of fecal incontinence. Dis Colon
Rectum. May 2023; 66(5): 647-661. https://journals-lww-
com.proxy.cc.uic.edu/dcrjournal/fulltext/2023/05000/the_american_society _of colon_and_r
ectal_surgeons.6.aspx.

Alavi K, Thorsen AJ, Fang SH, et al. The American Society of Colon and Rectal Surgeons
Clinical Practice Guidelines for the Evaluation and Management of Chronic Constipation.
Dis Colon Rectum. Oct 01 2024; 67(10): 1244-1257. PMID 39250791

Bharucha AE, Dorn SD, Lembo A, et al. American Gastroenterological Association medical
position statement on constipation. Gastroenterology. Jan 2013; 144(1): 211-7. PMID
23261064

Bharucha AE, Rao SSC, Shin AS. Surgical Interventions and the Use of Device-Aided
Therapy for the Treatment of Fecal Incontinence and Defecatory Disorders. Clin
Gastroenterol Hepatol. Dec 2017; 15(12): 1844-1854. PMID 28838787

National Institute for Health and Care Excellence (NICE). Constipation in children and
young people: diagnosis and management [CG99]. 2017;
http://www.nice.org.uk/guidance/CG99.

National Institute for Health and Care Excellence (NICE). Faecal incontinence in adults:
management [CG49]. 2007; https://www.nice.org.uk/guidance/cg49.

Wald A, Bharucha AE, Limketkai B, et al. ACG Clinical Guidelines: Management of Benign
Anorectal Disorders. Am J Gastroenterol. Oct 01 2021; 116(10): 1987-2008. PMID
34618700

76


https://www.auanet.org/guidelines/incontinence-after-prostate-treatment
https://www.auanet.org/guidelines/incontinence-after-prostate-treatment
http://www.nice.org.uk/guidance/CG99
http://www.nice.org.uk/guidance/CG99
http://www.nice.org.uk/guidance/cg49
http://www.nice.org.uk/guidance/cg49

Headache

1.

Ailani J, Burch RC, Robbins MS. The American Headache Society Consensus Statement:
Update on integrating new migraine treatments into clinical practice. Headache. Jul 2021;
61(7): 1021-1039. PMID 34160823

Association for Applied Psychophysiology and Biofeedback. Standards for Performing
Biofeedback. 2013; http://www.aapb.org/i4a/pages/index.cfm?pageid=3678#lI.

Chronic Pain

1.

Hegmann KT, Travis R, Andersson GBJ, et al. Non-Invasive and Minimally Invasive
Management of Low Back Disorders. J Occup Environ Med. Mar 2020; 62(3): e111-e138.
PMID 31977923

Benzon HT, Connis RT, De Leon-Casasola OA, et al. Practice guidelines for chronic pain
management: an updated report by the American Society of Anesthesiologists Task Force
on Chronic Pain Management and the American Society of Regional Anesthesia and Pain
Medicine. Anesthesiology. Apr 2010; 112(4): 810-33. PMID 20124882

Pangarkar SS, Kang DG, Sandbrink F, et al. VA/DoD Clinical Practice Guideline: Diagnosis
and Treatment of Low Back Pain. J Gen Intern Med. Nov 2019; 34(11): 2620-2629. PMID
31529375

. Kreiner DS, Matz P, Bono CM, et al. Guideline summary review: an evidence-based clinical

guideline for the diagnosis and treatment of low back pain. Spine J. Jul 2020; 20(7): 998-
1024. PMID 32333996

Miscellaneous Indications

1.

Gelenberg A. Practice Guideline for the Treatment of Patients with Major Depressive
Disorder. 2010;
https://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf.
Accessed December 27, 2024.

American Psychiatric Association, Work Group on ASD and PTSD, Ursano RJ, et al.
Practice Guideline for the Treatment of Patients with Acute Stress Disorder and
Posttraumatic Stress Disorder. 2004;
http://psychiatryonline.org/pb/assets/raw/sitewide/practice guidelines/quidelines/acutestres
sdisorderptsd.pdf. Accessed December 27, 2024.

Whelton PK, Carey RM, Aronow WS, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults:
Executive Summary: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. Circulation. Oct 23 2018; 138(17):
e426-e483. PMID 30354655

Winstein CJ, Stein J, Arena R, et al. Guidelines for Adult Stroke Rehabilitation and
Recovery: A Guideline for Healthcare Professionals From the American Heart
Association/American Stroke Association. Stroke. Jun 2016; 47(6): €98-e169. PMID
27145936

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention.
2024; https://ginasthma.org/2024-gina-main-report/. Accessed December 27, 2024.

U.S. Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines. Updated
September 24, 2023; https://www.healthquality.va.gov/. Accessed December 27, 2024.
U.S. Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines for the
management of major depressive disorder.
2022;https://lwww.healthquality.va.gov/guidelines/MH/mdd/VADoDMDDCPGFinal508.pdf.
Accessed December 27, 2024.

77


http://www.aapb.org/i4a/pages/index.cfm?pageid=3678&II
http://www.aapb.org/i4a/pages/index.cfm?pageid=3678&II
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/acutestressdisorderptsd.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/acutestressdisorderptsd.pdf
http://www.healthquality.va.gov/

8. U.S. Department of Veterans Affairs. VA/DoD Clinical Practice Guidelines for the

management of stroke rehabilitation. 2024;
https://www.healthquality.va.gov/quidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-
CPG-Full-CPG final 508.pdf. Accessed December 27, 2024.

Government Regulations

1.

National Coverage Determination (NCD) for Biofeedback Therapy (30.1).
https://www.cms.gov/medicare-coverage-database/details/ncd-
details.aspx?NCDId=41&ncdver=1&bc=AgAAgAAAAAAAAAY%3d%3d&.

Centers for Medicare and Medicaid Services. National coverage decision for biofeedback
therapy for the treatment of urinary incontinence (Publication No. 100-3, Section 30.1.1).
2001; https://www.cms.gov/medicare-coverage-database/details/ncd-
details.aspx?NCDId=42&ncdver=1&bc=AgAAgAAAAAAAAAY%3d%3d&.

Wisconsin Physicians Service (WPS), “Biofeedback,” WPS Local Medical Review Policy,
L31070, contractor determination number PHY-066, original effective date 4/15/11, original
determination ending date 5/1/12. Retired.

The articles reviewed in this research include those obtained in an Internet based literature search
for relevant medical references through December 27, 2024, the date the research was completed.

78


https://www.healthquality.va.gov/guidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-CPG-Full-CPG_final_508.pdf
https://www.healthquality.va.gov/guidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-CPG-Full-CPG_final_508.pdf
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=41&ncdver=1&bc=AgAAgAAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=41&ncdver=1&bc=AgAAgAAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=42&ncdver=1&bc=AgAAgAAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=42&ncdver=1&bc=AgAAgAAAAAAAAA%3d%3d&

Joint BCBSM/BCN Medical Policy History

Policy BCBSM BCN Comments
Effective Date | Signature Date | Signature Date

9/30/04 9/30/04 10/14/04 Joint policy established

2/28/05 2/28/05 2/28/05 Routine maintenance; added chronic
constipation to covered conditions

7/1/06 5/2/06 3/10/06 Routine maintenance

11/1/07 8/21/07 10/22/07 Routine maintenance

1/1/09 10/13/08 10/13/08 Maintenance; pediatric indications
added to policy

3/1/10 12/8/09 12/8/09 Routine maintenance; policy title
changed from Biofeedback for
Urinary and Fecal Incontinence to
Biofeedback.

3/1/12 12/13/11 12/21/11 Routine maintenance

3/1/15 12/12/14 12/29/14 Routine maintenance

7/1/16 4/19/16 4/19/16 Routine maintenance

7/11/17 4/18/17 4/18/17 Routine maintenance
Migraine and tension-type headache
added as covered indications.

1/1/18 10/19/17 10/19/17 Routine maintenance
Revised rationale

1/1/19 10/16/18 10/16/18 Routine maintenance

1/1/20 10/15/19 Routine maintenance

1/1/21 10/20/20 Routine maintenance; Urinary Incont:
Ref 12 added.

5/1/21 2/16/21 Routine maintenance; Fecal Incont
or Constipation: Ref 5, 7 added,
Headache: Ref 7 added, Chronic
Pain: Ref 29, 30, 31, MISC
Indications: Ref 16, 17, 32, 38, 39
added.

5/1/22 2/17/22 Routine maintenance

5/1/23 2/21/23 Routine maintenance

Vendor Review: NA (Ky)
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5/1/24 2/20/24 Routine maintenance
Vendor Review: NA (Ky)

5/1/25 2/18/25 Routine maintenance
Vendor Review: NA (Ky)

Next Review Date: 1st Qtr, 2026
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BLUE CARE NETWORK BENEFIT COVERAGE
PoLicY: BIOFEEDBACK

Coverage Determination:

Commercial HMO Covered; criteria applies.
(includes Self-Funded
groups unless otherwise

specified)

BCNA (Medicare See Government Regulations section.

Advantage)

BCNG65 (Medicare Coinsurance covered if primary Medicare covers the

Complementary) service. Exception: If BCN65 member has an “exact-fill”
option, BCN may cover the service even if Medicare
does not.

. Administrative Guidelines:

« The member's contract must be active at the time the service is rendered.

« Coverage is based on each member’s certificate and is not guaranteed. Please
consult the individual member’s certificate for details. Additional information regarding
coverage or benefits may also be obtained through customer or provider inquiry
services at BCN.

« The service must be authorized by the member's PCP except for Self-Referral Option
(SRO) members seeking Tier 2 coverage.

« Services must be performed by a BCN-contracted provider, if available, except for
Self-Referral Option (SRO) members seeking Tier 2 coverage.

« Payment is based on BCN payment rules, individual certificate and certificate riders.

« Appropriate copayments will apply. Refer to certificate and applicable riders for
detailed information.

e« CPT - HCPCS codes are used for descriptive purposes only and are not a guarantee
of coverage.
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	American Headache Society
	In 2021, the American Headache Society released a consensus statement on integration of new migraine treatments into clinical practice, including biobehavioral therapies (cognitive behavioral therapy, biofeedback, and relaxation).1 According to the co...




