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Abstract
Purpose The aims of the present analysis were to investigate
the short- and long-term efficacy and treatment moderators of
biofeedback as a psychological treatment option for chronic
back pain.
Method A literature search using PubMed, PsycINFO, and
the Cochrane Library identified 21 eligible studies including
23 treatment conditions and 1062 patients.
Results Meta-analytic integration resulted in a significant
small-to-medium effect size for pain intensity reduction
(Hedges’ g = 0.60; 95 % confidence interval (CI) 0.44, 0.76)
that proved to be stable with a significant small-to-large effect
size (Hedges’ g = 0.62; 95 % CI 0.40, 0.84) over an average
follow-up phase of 8 months. Biofeedback also proved to be
effective in reducing depression (Hedges’ g = 0.40; 95 % CI
0.27, 0.52), disability (Hedges’ g = 0.49; 95 % CI 0.34, 0.74),
reduction ofmuscle tension (EMG;Hedges’ g = 0.44; 95%CI
0.22, 0.65), and improving cognitive coping (Hedges’
g = 0.41; 95 % CI 0.26, 0.57). These effects remained com-
paratively stable at follow-up and for controlled studies only.
Moderator analyses revealed longer biofeedback treatments to
be more effective for reducing disability and a greater propor-
tion of biofeedback in the treatment to be more effective for
reducing depression. Publication bias analyses demonstrated
the consistency of these effects.
Conclusion It is concluded that biofeedback treatment can
lead to improvements on various pain-related outcomes in

the short and long terms, both as a standalone and as an ad-
junctive intervention.

Keywords Chronic back pain . Biofeedback . Psychological
treatment .Meta-analysis

Introduction

Chronic pain is one of the major challenging health problems in
Western societies. The (lower) back is the most common site
for chronic pain [1–3], with a lifetime prevalence of 30 to 40%.
First episodes of low back pain have been reported for children
and adolescents. The early onset of back pain has been found to
be a significant predictor for chronic back pain in the adulthood
[4, 5]. Individuals suffering from chronic back pain report sub-
stantial impairments in their daily activities, child care, social
functioning, and work functioning, as well as lower overall
quality of life [1, 6]. In addition to pain and disability, high
muscle tension, low self-efficacy, and depression are common
side effects of chronic back pain. Furthermore, chronic back
pain is associated with high medical expenses, interferences
with employment like work absenteeism, and disability, and
therefore results in high socioeconomic costs [7–9]. Hence, it
appears essential to identify effective and economical treat-
ments for chronic back pain and associated impairments.

Psychological interventions have been shown to be effec-
tive in the treatment of chronic pain by reducing Bpain, dis-
ability, psychological distress, and catastrophic ways of
thinking^ ([10], p.15). Henschke and colleagues [11] demon-
strated in their systematic review that psychological treat-
ments with cognitive behavioral elements are more effective
than physical therapy, medication treatments, or back school
in the short term, but there were no significant differences
among specific psychological treatments (operant, cognitive,
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or respondent). Biofeedback, as a psychological treatment, is a
very popular intervention among therapists and patients due to
its combination of physiological and psychological methods.
It is performed both as a standalone approach and as an addi-
tional element within cognitive behavioral therapy (CBT) or
physical therapy. During biofeedback sessions, patients re-
ceive auditory, visual, or tactile feedback about physiological
processes from their autonomous or central nervous system
such as muscle tension, heart rate, or skin conductance.
Biofeedback can be described as Boperant conditioning of
physiological activity^ ([12], p. 35), by which Bthe patient
learns to self-regulate his or her physiological processes with
the help of feedback information^ ([12], p. 36), and can com-
prise different sites, modalities, and procedures. There are vari-
ous objectives biofeedback can target, e.g., developing more
awareness or control for physiological processes and thus, con-
sciously reducing muscle tension or influencing muscle imbal-
ances. This is especially interesting in light of findings of higher
baseline muscle activation and abnormal EMG responding to
stress in chronic back pain patients [13–15]. But also, increases
in self-efficacy and coping strategies can be aims of biofeedback
treatment. Although, electromyographic (EMG) biofeedback is
the most common used modality in the treatment of chronic
pain, heart rate variability (HRV) or respiratory biofeedback,
e.g., to support relaxation training and posture biofeedback, are
also common. To date, there is no clear evidence of what is the
primarymechanism of action for biofeedback in the treatment of
chronic back pain. The beneficial effects of biofeedback have
been demonstrated in pain conditions including chronic head-
ache, temporomandibular disorders, and fibromyalgia [16–19].

Studies of biofeedback treatment in chronic back pain
patients have shown inconsistent results. In a meta-analysis on
psychological interventions for chronic low back pain (CLBP),
Hoffman and colleagues [20] found that biofeedback was more
effective than cognitive behavioral approaches in reducing
depressive symptoms in CLBP patients. In addition, Flor and
Birbaumer [21] found biofeedback treatment, relative to CBT
and a waitlist control group, to be more effective at reducing
pain severity and producing changes on affective, cognitive, and
behavioral variables over the long term. Magnusson and
colleagues [22] examined the effectiveness of postural biofeed-
back added to a conventional physiotherapy treatment for
CLBP; results indicated an advantage of the enhanced treatment
condition at 6-month follow-up, but these results should be
viewed with caution due to the small sample size (n = 10).
However, in a randomized controlled trial with a highly disabled
sample, Glombiewski and colleagues [14] compared the effec-
tiveness of CBT, CBTenhancedwith biofeedback, and awaitlist
control condition, and observed comparable improvements on
pain-related outcomes in the two treatment groups over both the
short and long terms, while the waitlist control group did not
significantly improve. Two other studies demonstrated little to
no improvement in chronic back pain after biofeedback [23, 24].

It is difficult to draw firm conclusions based on ex-
tant studies due to variability in sample size and char-
acteristics, biofeedback modality (EMG, postural, or re-
spiratory), treatment conditions, and control groups.
Some studies examined biofeedback as a standalone in-
tervention, while others examined biofeedback as an ad-
ditional feature in conventional treatments. Control
groups have included waitlist control groups, CBT, and
physiotherapy, while other studies have not included
control groups.

Thus, the effectiveness of biofeedback in reducing
the symptomatology of back pain patients remains un-
clear. We therefore conducted a meta-analysis of con-
trolled and uncontrolled chronic back pain treatment
studies that included biofeedback, to examine short-
term and long-term effects of biofeedback on pain-
related outcomes. This meta-analysis focuses on studies
which report biofeedback treatments as a standalone in-
tervention as well as part of any treatment with at least
25 % biofeedback intervention of the total treatment
time. Secondly, given the methodological variability in
existing studies, another aim of the present meta-
analysis was to determine the specific efficacy of bio-
feedback compared to various different control groups.
In addition, moderator analyses were conducted to iden-
tify potential moderators of treatment effects.

Methods

Search Procedure

The meta-analysis was conducted in accordance with the
QUORUM guidelines, taking into account the recent updates
to these guidelines (BPRISMA guidelines^ [25]). Studies were
identified by searching PubMed, PsycINFO, and the
Cochrane Library using the search term biofeedback com-
bined with the term back pain. Studies published between
the first available year and April 14, 2014, were included in
the meta-analysis. In addition, reference lists from relevant
studies and review papers identified in the database searches
were manually reviewed. It was determined a priori that only
published studies would be included. These search procedures
identified 412 unique articles, which were then further exam-
ined by two independent reviewers (RS and JAG) for potential
inclusion in the meta-analysis.

Determination of Outcome Variables

The Initiative on Methods, Measurement and Pain
Assessment in Clinical Trials (IMMPACT) [26, 27] recom-
mends the inclusion of a set of core outcome domains (e.g.,
pain, physical functioning, emotional functioning, symptoms,
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and adverse events) and supplemental outcome domains (e.g.,
coping, interpersonal functioning) in clinical trials of pain
treatments. Following these recommendations, we included
average pain intensity as a primary outcome [28] and as a
measure of the core outcome domain Bpain.^ Other outcome
measures included the following: disability, as a measure of
the suggested core outcome domain Bphysical functioning^;
depression or another affective state (if depression was not
assessed), as a measure of the core outcome domain
Bemotional functioning^; self-efficacy or coping (subsequent-
ly referred to as cognitive coping), as a measure of the supple-
mental outcome domain Bcoping^; and reduction of muscle
tension (EMG), as an additional outcome, since pain is often
associated with muscle tenseness.

We also examined biofeedback treatment dose, pro-
portion of treatment time spent on biofeedback, sample
size, and methodological quality of the studies as poten-
tial moderators.

Study Selection

Inclusion criteria for studies were as follows:

1. Study included patients with chronic back pain (in any
region of the back)

2. Study included an adult sample (age 18 or older)
3. Study employed a biofeedback intervention of any kind

for at least 25 % of the total treatment time
4. Study reported measures of at least one of the main out-

come variables (see above) at both pre- and post-
intervention or pre-intervention and follow-up

5. Study provided sufficient data to perform effect size
analyses

If available, follow-up data (from the longest available
follow-up) and data for control groups were included.
Publications in English and German were considered.

Studies meeting the following criteria were excluded:

1. The study was a case study.

Validity Assessment

No additional methodological criteria were applied, and the
meta-analysis included randomized controlled trials (RCTs) as
well as uncontrolled or nonrandomized studies. However, to
allow for comparison of effect sizes for RCTs and less meth-
odologically sound studies and to control for confounding
effects of study quality on effect size [30], we rated the quality
of each study on a validity scale and analyzed this quality
score as a moderator of the study findings. The validity scale
was developed in a previous study by one of the authors (JAG,

[14])1 by adapting Jadad criteria for pharmacological trials
[31] and following PRISMA recommendations [25]. The va-
lidity scale includes aspects of internal, external, and construct
validity and includes 20 dichotomous items, with a maximum
score of 20. For each study, validity was assessed indepen-
dently by two reviewers (JAG and RS) and inter-rater reliabil-
ity was calculated. Disagreements were resolved through
discussion.

Data Extraction

For each study, two of the authors (JAG and RS) indepen-
dently selected psychometrically validated measures of pain
intensity, depression, disability, cognitive coping, and reduc-
tion of muscle tension (EMG); these authors also extracted
numerical data for analysis of changes from pre- to post-
treatment and from pre-treatment to follow-up. Numerical
data from 50 % of the studies was double checked by two of
the authors (JAGandRS) to ensure reliability.Cohen’s kappa
was calculated for categorical items, and intraclass correla-
tions (ICCs) were used for items measured on an interval
scale. Cohen’s kappa was 0.96 (95 % CI 0.95–0.97). All
variables had significant ICCs of 0.97 or higher, with the
exception of dropout rates. Differences were discussed and
clarified.

Quantitative Data Synthesis

All analyses were completed manually or using the software
program Comprehensive Meta-Analysis, version 2 [32].
Intention-to-treat (ITT) data were analyzed when available;
when ITT data were not available, data from study completers
were included. We calculated separate effect sizes for contin-
uous measures of pain intensity, depression, disability, cogni-
tive coping, and reduction of muscle tension (EMG) using
within-group pre-post treatment differences for all studies
and also for the group of controlled studies. Effect sizes were
calculated using Hedges’ g, a variation of Cohen’s d that cor-
rects for biases due to small sample sizes [33], and its 95 %
confidence interval. Within-group effect sizes were calculated
using the following formula:

d ¼ Y 1−Y 2

SDifference

 ! ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 1−rð Þ

p
;

where Y 1 is the pre-treatment sample mean, Y 2 is the post-
treatment sample mean, SDifference is the standard deviation of
the difference, and r is the correlation between pre-treatment

1 The full version of the validity scale is available upon request from one
of the authors (JAG).
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and post-treatment scores. Hedges’ g is computed by multi-
plying d by the correction factor

J dfð Þ ¼ 1−
3

4df −1
;

where df is the degrees of freedom to estimate the within-
group standard deviation.

The effect sizes for controlled studies were computed using
the following formula:

g ¼ ΔBFB−ΔCONTffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
nBFB−1ð ÞSD2

CONT þ nCONT−1ð ÞSD2
BFB

ntotal−2ð Þ

s

� 1−
3

4 nBFB þ nCONTð Þ−9
� �

;

where Δ is the mean pre- to post-treatment change, SD is the
standard deviation of post-treatment scores, n is the sample
size, BFB refers to the treatment condition, and CONT refers
to the control condition.

The magnitude of Hedges’ g can be interpreted using
Cohen’s [34] recommendations of small (0.2), medium (0.5),
and large (0.8).

Although the correlation between pre-and post-treatment
measures is needed in order to calculate the pre-post effect
sizes, insufficient information on this correlation was included
in the studies. We used a conservative estimate of r = 0.7, as
recommended by Rosenthal [35].

Effect sizes for average pain intensity, depression,
disability, cognitive coping, and reduction of muscle
tension (EMG) were pooled across studies to obtain a
summary statistic. It was decided a priori (based on
previous pain research results) that effect sizes for indi-
vidual studies greater than Hedges’ g = 3.0 would be
considered outliers and would be excluded from the
analyses. No studies were determined to be outliers
using this criterion. Effect size estimates were calculated
using a random-effects model rather than a fixed-effects
model because the studies were not functionally identi-
cal [36, 37]. Effect size estimates for follow-up data
were also calculated in the manner described above.

Sensitivity Analysis

Publication bias may impact the results of a meta-analysis, as
studies with nonsignificant results are less likely to be pub-
lished than studies with significant results.

To address this potential for publication bias, we
computed the fail-safe N [35], which indicates the num-
ber of studies that would be required to reduce the

overall effect size to a nonsignificant level. The fail-
safe N was calculated using the following formula:

N ¼
K KZ

2
−2:706

� �
2:706

;

whereK is the number of studies in the meta-analysis and Z
is the mean obtained from the K studies. The effect size can be
considered robust if the number of studies (X) required to
reduce the overall effect size to a nonsignificant level exceeds
5 K + 10 [35]. In addition, we constructed a funnel plot with
the pre-post effect sizes for all outcomes and used the Trim
and Fill method to examine the symmetry of the plot, which
allowed us to determine whether negative or positive trials
were over- or under-represented, accounting for the sample
size. This information can then be used to re-calculate the
effect size estimate.

Moderator Analysis

Four potential moderator variables were tested based on pre-
vious research. Quality of studies (assessed with a validity
score), proportion of treatment time spent on biofeedback (rel-
ative to total treatment time), biofeedback treatment dose (to-
tal number of hours spent in biofeedback interventions), and
sample size were chosen as potential moderators.

Moderating effects were examined using meta-regression
analyses.

Results

Study Selection

The study selection process is shown in Fig. 1. Of the 412
potentially relevant articles identified in initial searches, 21
studies met all selection criteria. As noted above, no studies
were excluded due to unusually high effect sizes (g > 3.0).
These 21 studies included 23 treatment conditions and 1062
patients with back pain (see Tables 1 and 3). As required by
the inclusion criteria, all 21 studies provided data for contin-
uousmeasures of at least one relevant outcome variable at pre-
and post-treatment. Eleven of the studies provided data at
follow-up.

Characteristics of the Study Sample

Studies and Patient Characteristics

Table 1 provides information about the studies and treatment
conditions included in the meta-analysis. Of the 21 studies
included in our analysis, 18 used an EMG-based biofeedback
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training (n = 921), two (n = 71) used respiratory biofeedback,
and one (n = 70) used postural biofeedback. Fourteen studies
placed electrodes on participants’ back muscles (n = 776),
two studies placed electrodes on the front of the torso
(n = 54), one study used a combination of back and front
muscles (n = 52), and four studies did not report the placement
of electrodes or did not use EMG-based biofeedback
(n = 180). In eleven studies, the treatment consisted purely
of biofeedback with no other intervention. The other studies
combined biofeedback with another treatment, such as CBT,
relaxation training, physical therapy, psychoeducation, or a
combination of the above. These other interventions
accounted for 33–75 % of the time study participants spent
undergoing an intervention. The total number of minutes of
biofeedback intervention ranged from 40 to 2856 (M = 603,
SD = 634).

Five treatment conditions were uncontrolled or did not
specify their control group (k = 1). Four control conditions
consisted of CBT or operant-cognitive treatment, three
consisted of physical therapy or waitlist control plus physical
therapy (k = 1), four consisted of waitlist control, one
consisted of relaxation training, two consisted of
psychoeducation with or without placebo (k = 1), one
consisted of a combination of education, physical therapy,
relaxation, and psychological interventions, and one consisted
of a placebo (noncontingent biofeedback). Because patients in
waitlist control conditions (WLC) typically received
treatment-as-usual (TAU), we merged studies employing a
WLC condition with those employing a TAU control condi-
tion for the purpose of moderator analyses.

For 11 of the treatment conditions, follow-up data were
reported, with follow-up periods ranging from 3 to 24 months
(M = 8.18, SD = 6.5). The total number of patients across all
studies was 1062, with 722 patients enrolled in treatment con-
ditions and 340 patients in control conditions. The samples
were predominantly female (65 % of patients). Twenty treat-
ment conditions (n = 716 patients), and 16 control conditions
(n = 163 patients) included sufficient data to compute dropout
rates from pre- to post-treatment. A total of 121 patients
(16.76 %) and 59 patients (17.35 %) dropped out of the treat-
ment and control conditions, respectively, indicating compa-
rable dropout rates for the treatment and control conditions.

Quality of Included Studies

The quality scores for each study are shown in Table 1. Scores
ranged from 2 to 17 points (out of 20;M = 10.48, SD = 4.35).
Two independent ratings of quality criteria were conducted;
interrater reliability was r = 0.98. All 21 studies described their
interventions sufficiently and defined adequate outcome mea-
sures. Eleven studies described dropout rates for each group.
One study did not adequately describe inclusion and exclusion
criteria. Twelve of the 21 studies implemented a manualized
or otherwise standardized intervention.

Pre-Post Effect Sizes and Publication Bias

The pre-post effect sizes (Hedges’ g) for pain intensity reduc-
tion (based on 21 studies with 23 conditions), depression
(based on 11 studies), cognitive coping (based on 9 studies),
disability (based on 14 studies), and reduction of muscle ten-
sion (EMG; based on 10 studies) are displayed in Table 2. All
pre-post effect sizes were significant. According to Cohen’s
interpretation recommendations [34], the effect sizes for pain
intensity reduction and disability were medium with confi-
dence intervals suggesting small to medium effects. The effect
sizes for depression, cognitive coping, and reduction of mus-
cle tension (EMG) were small with confidence intervals sug-
gesting small to medium effects. For the effect sizes for dis-
ability, depression, and cognitive coping, the Trim and Fill
method indicated that the number of missing studies that
would be needed to make the plot symmetrical was n = 0
studies, so all values remained unchanged. For the effect size
for pain intensity, the Trim and Fill method indicated that n = 4
studies to the right of the mean would be needed to make the
plot symmetrical. The adjusted value was Hedges’ g = 0.700
(95 % CI 0.536–0.864). For the effect size for reduction of
muscle tension (EMG), the Trim and Fill method indicated
that n = 1 study to the right of the mean would be needed to
make the plot symmetrical. The adjusted value was Hedges’
g = 0.479 (95 % CI 0.268–0.689). The effect sizes for all
outcomes for single studies are shown in Table 3.

Studies selected for further screening 

(n = 190)

Articles excluded (n = 222) for the 

following reasons: 

Review/ meta-analysis (n = 105)            

Dissertations (unpublished; n = 10) 

No abstract (n = 19) 

Book chapters (n = 70) 

Commentary (n = 1) 

Case studies (n = 15) 

Studies (n = 14) excluded for the 

following reasons:  

Treatments with less than 25% 

biofeedback interventions (n = 5) 

Provided insufficient data (n = 3) 

No relevant outcome variable (n = 6) 

Articles initially identified (n = 412) 

Studies (n = 155) excluded for the 

following reason:                                  

No chronic back pain (n = 86) 

No intervention (n = 55) 

No biofeedback (n = 13) 

No data in German or English 

available (n = 1)Studies selected for more detailed 

evaluation (n = 35) 

Studies included in the meta-analysis 

(n = 21) with 23 conditions;  

Studies included with follow-up 

information (n = 10) with 11 

conditions 

Fig. 1 Study selection process

Int.J. Behav. Med. (2017) 24:25–41 29



T
ab

le
1

C
ha
ra
ct
er
is
tic
s
of

in
cl
ud
ed

st
ud
ie
s

A
ut
ho
rs

Y
ea
r

Ty
pe

of
tr
ea
tm

en
t

D
es
cr
ip
tio

n
of

in
te
rv
en
tio

n
(N
/N
)

Pl
ac
em

en
to

f
E
M
G

el
ec
tr
od
e

To
ta
ln

um
be
r
of

m
in
ut
es

of
bi
of
ee
d-

ba
ck

in
te
rv
en
tio

n

Ty
pe

of
co
in
te
rv
en
tio
n

(%
tim

e
sp
en
ti
n

co
in
te
rv
en
tio
n)

C
on
tr
ol

co
nd
iti
on
s

(N
/N
)

L
on
ge
st

fo
llo

w
-u
p

in
m
on
th
s

M
ea
su
re
s

Q
ua
lit
y

sc
or
e

(x
/2
0)

a

A
da
m
s
et
al
.

[4
5]

19
82

B
F
B

E
M
G
(3
0/
30
)

Fr
on
t

40
–6
80

N
on
e

N
on
e

N
on
e

Pa
in
(A

na
lo
g
S
ca
le
db
)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

2

A
sf
ou
r
et
al
.

[4
6]

19
90

B
F
B

E
M
G
an
d
C
PR

C
(1
5/
15
)

B
ac
k

17
6

C
P
R
C
(7
5
%

es
t.)

C
PR

C
(1
5/
15
)

N
on
e

Pa
in

(L
ev
el
)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

9

D
on
al
ds
on

et
al
.[
38
]

19
94

B
F
B

S
M
U
B
T
/E
M
G

(1
2/
12
)

B
ac
k

35
0

N
on
e

R
el
ax
at
io
n

(1
2/
12
)

E
du
ca
tio

n
(1
2/
12
)

3
Pa
in

(M
P
Q
)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

16

F
lo
r
an
d

B
ir
ba
um

er
[2
1]

19
93

B
F
B

E
M
G
(2
6/
23
)

B
ac
k

48
0

N
on
e

C
B
T (2
6/
22
)

24
Pa
in

(M
PQ

)
D
is
ab
ili
ty

(M
P
I)

E
m
ot
.F

un
ct
.(
M
PI
)

C
og
ni
tiv
e
(S
el
fe
ff
ic
ac
y)

M
us
cl
e
te
ns
io
n

16

G
lo
m
bi
ew

sk
i

et
al
.[
14
]

20
10

B
F
B

E
M
G
an
d
C
B
T

(6
2/
52
)

B
ac
k

54
0

C
B
T
(6
0
%
)

C
B
T (5
4/
43
)

6
Pa
in

(D
ia
ry
)

D
is
ab
ili
ty

(P
D
I)

E
m
ot
.F

un
ct
.(
B
D
I)

C
og
ni
tiv

e
(C
op
in
g)

M
us
cl
e
te
ns
io
n
n.
m
.

16

H
al
lm

an
et
al
.

[4
7]

20
11

B
FB

E
M
G
(1
2/
12
)

Fr
on
t

16
0

P
ac
ed

br
ea
th
in
g

W
L
C (1
2/
11
)

N
on
e

Pa
in

(V
A
S)

D
is
ab
ili
ty

(N
D
I)

E
m
ot
.F
un
ct
.(
H
A
D
S-
D
)

C
og
ni
tiv

e
(S
F-
36

G
H
)

M
us
cl
e
te
ns
io
n
n.
m
.

13

H
ui
s
in

‘t
V
el
d

et
al
.[
48
]

20
10

B
F
B

E
M
G
(8
2/
52
)

B
ac
k

28
56

(e
st
.)

N
on
e

N
on
e

N
on
e

Pa
in

(V
A
S)

D
is
ab
ili
ty

(P
D
I)

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

8

K
ap
itz
a
et
al
.

[4
2]

20
10

B
F
B

R
es
pi
ra
to
ry

B
FB

(2
1/
21
)

Fr
on
t

45
0

N
on
e

N
on
co
nt
in
ge
nt

fe
ed
ba
ck

(2
1/
21
)

3
Pa
in

(V
A
S
)

D
is
ab
ili
ty

(P
D
I)

E
m
ot
.F
un
ct
.(
SC

L
-G
SI
)

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

17

K
ee
fe

et
al
.

[4
9]

19
81

B
F
B

E
M
G
an
d
Ph

ys
.

(1
11
/1
11
)

B
ac
k

N
ot

re
po
rt
ed

P
hy
si
ca
lt
he
ra
py
,

re
la
xa
tio

n,
ed
uc
at
io
n

(6
7
%

es
t.)

N
on
e

N
on
e

Pa
in

(P
ai
n
In
te
ns
ity

)
D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

3

30 Int.J. Behav. Med. (2017) 24:25–41



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

Ty
pe

of
tr
ea
tm

en
t

D
es
cr
ip
tio

n
of

in
te
rv
en
tio

n
(N
/N
)

P
la
ce
m
en
to

f
E
M
G

el
ec
tr
od
e

To
ta
ln

um
be
r
of

m
in
ut
es

of
bi
of
ee
d-

ba
ck

in
te
rv
en
tio

n

Ty
pe

of
co
in
te
rv
en
tio
n

(%
tim

e
sp
en
ti
n

co
in
te
rv
en
tio
n)

C
on
tr
ol

co
nd
iti
on
s

(N
/N
)

L
on
ge
st

fo
llo

w
-u
p

in
m
on
th
s

M
ea
su
re
s

Q
ua
lit
y

sc
or
e

(x
/2
0)

a

K
rö
ne
r-
H
er
w
ig

an
d
B
ec
k

[5
0]

20
00

B
FB

E
M
G
(1
3/
10
)

B
ac
k

72
0

N
on
e

W
C
L
(1
3/
10
)

N
on
e

Pa
in

(D
ia
ry
)

D
is
ab
ili
ty

(N
R
S
)

E
m
ot
.F
un
c.
(N
R
S
0-
10
)

C
og
ni
tiv
e
(S
el
f-
ef
fic
ac
y)

M
us
cl
e
te
ns
io
n

11

K
rö
ne
r-
H
er
w
ig

an
d
B
ec
k
(b
)

[5
0]

20
00

B
FB

E
M
G
(1
3/
10
)

B
ac
k

72
0

N
on
e

W
C
L
(1
3/
10
)

N
on
e

Pa
in

(D
ia
ry
)

D
is
ab
ili
ty

(N
R
S
)

E
m
ot
.F
un
c.
(N
R
S
0-
10
)

C
og
ni
tiv
e
(S
el
f
ef
fic
ac
y)

M
us
cl
e
te
ns
io
n

11

M
ag
nu
ss
on

et
al
.[
22
]

20
08

B
FB

Po
st
ur
al
B
FB

an
d
P
hy
s.

(4
7/
24

es
t.)

B
ac
k

15
0

Ph
ys
.(
33

%
es
t.)

Ph
ys
.

(2
3/
12

es
t.)

6
P
ai
n
(V
A
S
)

D
is
ab
ili
ty

(S
F
-3
6)

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

10

M
cL

au
gh
lin

et
al
.[
51
]

20
11

B
FB

R
es
pi
ra
to
ry

(2
9/
29
)

N
ot

re
po
rt
ed

N
ot

re
po
rt
ed

A
w
ar
en
es
s
tr
ai
ni
ng
.

M
an
ua
lt
he
ra
py

(6
7
%

es
t.)

N
on
e

N
on
e

Pa
in

(N
PR

S)
D
is
ab
ili
ty

(P
S
F
S
)

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

3

N
eb
le
tt
et
al
.

[5
2]

20
10

B
F
B

SE
M
G
A
S
B
FB

(1
04
/7
1)

B
ac
k

N
ot

re
po
rt
ed

Ph
ys
.(
50

%
)

Ph
ys
.(
36
/2
3)

N
on
e

Pa
in

n.
m
.

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

4

N
ew

to
n-
Jo
hn

et
al
.[
53
]

19
95

B
FB

E
M
G
(g
ro
up

of
4)

(1
6/
16
)

B
ac
k

48
0

N
on
e

C
B
T
(1
6/
16
)

6
P
ai
n
(D

ia
ry
)

D
is
ab
ili
ty

(P
D
I)

E
m
ot
.F

un
ct
.(
B
D
I)

C
og
ni
tiv
e
(S
el
fe
ff
ic
ac
y)

M
us
cl
e
te
ns
io
n
n.
m
.

14

N
ou
w
en

an
d

So
lin

ge
r

[5
4]

19
79

B
FB

E
M
G
(1
9/
19
)

B
ac
k

90
0

N
on
e

C
G
w
ith

ou
t

sp
ec
if
.

(7
/7
)

3
P
ai
n
(R
ep
or
t)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

13

N
ou
w
en

[2
3]

19
83

B
FB

E
M
G
(1
0/
10
)

B
ac
k

45
0

N
on
e

W
C
L
(1
0/
10
)

N
on
e

Pa
in

(R
ep
or
t)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

10

D
e
So

us
a

et
al
.[
55
]

20
09

B
FB

E
M
G
an
d
P
hy
s.

an
d
C
og
.

(2
7/
26
)

B
a c
k
an
d
fr
on
t

N
ot

re
po
rt
ed

C
og
ni
tiv

e
re
st
ru
ct
io
n

te
ch
ni
qu
es
.

Ph
ys
ic
al

th
er
ap
y
(6
7
%

es
t.)

W
C
L
an
d

ph
ys
ic
al

tr
ea
tm

en
t

(2
5/
18
)

N
on
e

Pa
in

(V
A
S)

D
is
ab
ili
ty

(R
ol
an
d-

M
or
ri
s
D
Q
)

E
m
ot
.F

un
ct
.(
B
D
I)

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

11

Int.J. Behav. Med. (2017) 24:25–41 31



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
rs

Y
ea
r

Ty
pe

of
tr
ea
tm

en
t

D
es
cr
ip
tio

n
of

in
te
rv
en
tio

n
(N
/N
)

Pl
ac
em

en
to

f
E
M
G

el
ec
tr
od
e

To
ta
ln

um
be
r
of

m
in
ut
es

of
bi
of
ee
d-

ba
ck

in
te
rv
en
tio

n

Ty
pe

of
co
in
te
rv
en
tio
n

(%
tim

e
sp
en
ti
n

co
in
te
rv
en
tio
n)

C
on
tr
ol

co
nd
iti
on
s

(N
/N
)

L
on
ge
st

fo
llo

w
-u
p

in
m
on
th
s

M
ea
su
re
s

Q
ua
lit
y

sc
or
e

(x
/2
0)

a

S
pe
nc
e
et
al
.

(a
)
[5
6]

19
95

B
F
B

E
M
G
(1
2/
11
)

B
ac
k

N
ot

re
po
rt
ed

N
on
e

W
C
L
(1
2/
11
)

6
Pa
in

(I
nd
ex
)

D
is
ab
ili
ty

(W
H
Y
M
P
I

A
ct
iv
ity

le
ve
l)

E
m
ot
.F

un
ct
.(
B
D
I)

C
og
ni
tiv

e
(C
op
in
g)

M
us
cl
e
te
ns
io
n
n.
m
.

13

S
pe
nc
e
et
al
.

[5
6]

19
95

B
F
B

E
M
G
an
d

re
la
xa
tio

n
(1
2/
9)

B
ac
k

N
ot

re
po
rt
ed

R
el
ax
at
io
n

(5
0
%

es
t.)

W
C
L
(1
2/
11
)

6
Pa
in

(I
nd
ex
)

D
is
ab
ili
ty

(W
H
Y
M
P
I

A
ct
iv
ity

le
ve
l)

E
m
ot
.F

un
ct
.(
B
D
I)

C
og
ni
tiv

e
(C
op
in
g)

M
us
cl
e
te
ns
io
n
n.
m
.

13

St
ro
ng

et
al
.

[5
7]

19
89

B
F
B

E
M
G
an
d

re
la
xa
tio

n
(2
0/
19
)

B
ac
k

10
5

R
el
ax
at
io
n

(5
0
%

es
t.)

R
el
ax
at
io
n

(2
0/
18
)

3–
15

Pa
in

(M
PQ

)
D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n
n.
m
.

8

St
uc
ke
y
et
al
.

[2
4]

19
86

B
F
B

E
M
G
(8
/6
)

B
ac
k

36
0

N
on
e

Pl
ac
eb
o
w
ith

ed
uc
at
io
n

(8
/6
)

N
on
e

Pa
in

(V
A
S)

D
is
ab
ili
ty

n.
m
.

E
m
ot
.F

un
ct
.n
.m
.

C
og
ni
tiv

e
n.
m
.

M
us
cl
e
te
ns
io
n

9

V
la
ey
en

et
al
.

[5
8]

19
95

B
F
B

E
M
G
an
d
re
la
x.

(g
ro
up
)
(2
1/
13
)

N
ot

re
po
rt
ed

99
0

A
pp
lie
d
re
la
xa
tio

n
(5
0
%

es
t.)

O
pe
ra
nt
-

co
gn
iti
ve

tr
ea
tm

en
t

(1
8/
14
)

12
Pa
in

(V
A
S)

D
is
ab
ili
ty
(P
ai
n
Im

pa
ct
)

E
m
ot
.F

un
ct
.

(D
ep
re
ss
io
n)

C
og
ni
tiv
e
(S
el
fe
ff
ic
ac
y)

M
us
cl
e
te
ns
io
n
n.
m
.

11

N
/N

nu
m
be
r
of

su
bj
ec
ts
,
w
ho

be
ga
n
an
d
co
m
pl
et
ed

th
e
tr
ea
tm

en
t
(b
eg
an
/c
om

pl
et
ed
),
db

de
ci
be
l,
M
us
cl
e
te
ns
io
n
re
du
ct
io
n
of

m
us
cl
e
te
ns
io
n
(E
M
G
),
C
P
R
C

ed
uc
at
io
n,

ph
ys
ic
al

th
er
ap
y,

re
la
xa
tio

n,
ps
yc
ho
lo
gi
ca
li
nt
er
ve
nt
io
n,
SM

U
B
T
si
ng
le
m
ot
or

un
it
bi
of
ee
db
ac
k
tr
ai
ni
ng
,M

P
Q
M
cG

ill
Pa
in
Q
ue
st
io
nn
ai
re
,C

B
T
co
gn
iti
ve

be
ha
vi
or
al
th
er
ap
y,
M
P
IM

ul
tid

im
en
si
on
al
P
ai
n
In
ve
nt
or
y,
P
D
IP

ai
n
D
is
ab
ili
ty

In
de
x,
B
D
I
B
ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y,
W
LC

w
ai
tli
st
co
nt
ro
l,
VA

S
vi
su
al
an
al
og

sc
al
e,
N
D
I
N
ec
k
D
is
ab
ili
ty

In
de
x,

H
A
D
S-
D
H
os
pi
ta
lA

nx
ie
ty

an
d
D
ep
re
ss
io
n—

D
ep
re
ss
io
n,
SF

-3
6
S
ho
rt
F
or
m

36
It
em

H
ea
lth

S
ur
ve
y,
SC

L-
G
SI

Sy
m
pt
om

C
he
ck

L
is
t—

G
lo
ba
l
Se
ve
ri
ty

In
de
x,

P
hy
s
ph
ys
ic
al
th
er
ap
y,
N
R
S
N
um

er
ic
R
at
in
g
Sc
al
e,
N
P
R
S
N
um

er
ic
Pa
in

R
at
in
g
S
ca
le
,P

SF
S
Pa
tie
nt
-S
pe
ci
fi
c
Fu

nc
tio

na
l
S
ca
le
,

SE
M
G
A
S
B
F
B
S
ur
fa
ce

E
M
G
-a
ss
is
te
d
st
re
tc
hi
ng

bi
of
ee
db
ac
k,

C
G

co
nt
ro
l
gr
ou
p,

C
og
.
co
gn
iti
ve

th
er
ap
y,

R
ol
an
d-
M
or
ri
s
D
Q

R
ol
an
d-
M
or
ri
s
D
is
ab
ili
ty

Q
ue
st
io
nn
ai
re
,
W
H
YM

P
I
W
es
t
H
av
en
-Y
al
e

M
ul
tid

im
en
si
on
al
P
ai
n
In
ve
nt
or
y,
E
st
.e
st
im

at
ed

va
lu
es
,n
.m
.n
ot

m
en
tio

ne
d

a
R
an
ge

[0
–2
0]

w
ith

a
lo
w
er

va
lu
e
in
di
ca
tin

g
po
or
er

qu
al
ity

of
st
ud
y

32 Int.J. Behav. Med. (2017) 24:25–41



The funnel plot for pain intensity is depicted in Fig. 2. The
fail-safe Ns are displayed in Table 2. These analyses suggest
that the effect size estimates for all outcome variables were
unbiased.

Effects at Follow-up

An effect size analysis from pre-intervention to the last
available follow-up time point was conducted to examine
the stability of biofeedback intervention effects (see
Table 2). All follow-up effect sizes were small-to-
medium and significant. For each effect size, except
depression, the Trim and Fill method indicated that the
number of missing studies that would be needed to make
the plot symmetrical was n = 0 studies, so the Hedges’
g values remained unchanged. For the effect size for
depression, the Trim and Fill method indicated that n = 2
studies to the right of the mean would be needed to make
the plot symmetrical. The adjusted value was Hedges’
g = 0.618 (95 % CI 0.301–0.934). The fail-safe Ns are
displayed in Table 2. These analyses suggest that the effect
size estimates for all outcome variables were unbiased.

Controlled Effect Sizes

For studies including control groups, we computed con-
trolled effect sizes that compared the effectiveness of the
intervention condition against the control condition. For
reduction of muscle tension (EMG), the random-effects
analysis of the controlled studies employing any control
group comparison condition yielded a significant, medium
mean effect size. For pain intensity, depression, and
cognitive coping, the random-effects analysis of the

controlled studies yielded small but significant mean
effect sizes (Hedges’ g; see Table 4). The mean effect size
for disability was not significant. Publication bias analy-
ses suggested that the reported results are robust. These
results should be considered preliminary given the small
number of control conditions included in the analysis
(range from k = 17 for the outcome of pain intensity to
k = 6 for the outcome of reduction of muscle tension,
EMG).

For studies including active control groups, the
controlled effect sizes for biofeedback were similar in
magnitude to those mentioned above. However, analyses
of publication bias indicated that these effects were only
robust for reduction of muscle tension (EMG) and pain
intensity.

For studies including a wait list control group (range
from k = 6 studies for pain intensity to k = 1 study for
reduction of muscle tension, EMG), the controlled effect
sizes for biofeedback were medium for depression and
cognitive coping. The mean effect size for pain intensity
was small, with confidence intervals suggesting small-
to-big effect sizes. The mean effect sizes for disability
and reduction of muscle tension (EMG) were not
significant.

Moderator Analyses

To explore possible moderators of biofeedback treatment out-
come, we examined study quality, proportion of treatment
time spent on biofeedback, dose of treatment, and sample size
in moderator analyses using only within-participants data
from the treatment conditions. Results for each outcome mea-
sure are reported below.

Table 2 Effect sizes for all outcome measures pre-post and pre-follow-up

Outcome Type of effect k Hedges’ g 95 % CI z p value I2 Fail-safe N
(1/2tailed)

Pain intensity Pre-post 22 0.601 0.439–0.763 7.29 <0.0001 77 1785/1251

Pain intensity Pre-follow-up 11 0.623 0.404–0.841 5.59 <0.0001 67 360/251

Disability Pre-post 14 0.542 0.339–0.744 5.25 <0.0001 79 608/424

Disability Pre-follow-up 7 0.437 0.220–0.654 3.95 <0.0001 54 84/57

Emot. Funct. Pre-post 11 0.398 0.272–0.524 6.20 <0.0001 27 205/141

Emot. Funct. Pre-follow-up 6 0.486 0.145–0.826 2.80 0.005 78 69/47

Cognitive Pre-post 9 0.414 0.261–0.567 5.32 <0.0001 36 142/97

Cognitive Pre-follow-up 6 0.493 0.242–0.743 3.86 <0.0001 60 83/57

Muscle tension Pre-post 10 0.438 0.221–0.654 3.97 <0.0001 75 239/165

Muscle tension Pre-follow-up 3 0.309 0.032–0.585 2.19 0.029 44 7/4

Emot. Funct. = emotional functioning; Cognitive = cognitive Coping;Muscle tension = reduction ofmuscle tension (EMG); I2 = heterogeneity statistics,
values are percentages
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Table 3 Effect sizes for all outcome measures for single studies

Author, publication year Targeted symptom Pre-post Pre-follow-up

Hedges‘ g 95 % CI p Hedges’ g 95 % CI p

Adams et al., 1982 Pain 1.138 0.686–1.590 <0.0001 – – –
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension 1.140 0.687–1.592 <0.0001 – – –

Asfour et al., 1990 Pain 0.454 0.062–0.845 0.023 – – –
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension – – – – – –

Donaldson et al., 1994 Pain 0.582 0.136–1.027 0.011 0.943 0.441–1.444 <0.0001
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension 0.319 −0.101–0.738 0.136 0.496 0.061–0.932 0.026

Flor and Birbaumer, 1993 Pain 1.440 1.022–1.859 <0.0001 1.365 0.933–1.797 <0.0001
Disability 0.872 0.530–1.214 <0.0001 0.735 0.388–1.082 <0.0001
Emot. Funct. 0.741 0.413–1.069 <0.0001 1.409 0.970–1.848 <0.0001
Cognitive 0.589 0.275–0.903 <0.0001 0.975 0.600–1.351 <0.0001
Muscle tension 0.187 −0.109–0.484 0.216 0.427 0.106–0.747 0.009

Glombiewski et al., 2010 Pain 0.329 0.134–0.525 0.001 0.308 0.080–0.536 0.008
Disability 0.413 0.214–0.611 0.001 0.359 0.130–0.589 0.002
Emot. Funct. 0.336 0.140–0.532 <0.0001 0.240 0.015–0.466 0.037
Cognitive 0.588 0.382–0.795 <0.0001 0.625 0.381–0.868 <0.0001
Muscle tension – – – – – –

Hallman et al., 2011 Pain 0.618 0.167–1.068 0.007 – – –
Disability 0.735 0.268–1.202 0.002 – – –
Emot. Funct. 0.320 −0.100–0.740 0.135 – – –
Cognitive 0.105 −0.304–0.514 0.616 – – –
Muscle tension – – – – – –

Huis in ‘t Veld et al., 2010 Pain 0.473 0.254–0.693 <0.0001 – – –
Disability 0.353 0.139–0.566 0.001 – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension – – – – – –

Kapitza et al., 2010 Pain 0.469 0.132–0.806 0.006 0.674 0.319–1.030 <0.0001
Disability 0.102 −0.218–0.421 0.533 – – –
Emot. Funct. 0.352 0.023–0.681 0.036 – – –
Cognitive – – – – – –
Muscle tension – – – – – –

Keefe et al., 1981 Pain 0.799 0.587–1.012 <0.0001 – – –
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension 0.337 0.147–0.527 <0.0001 – – –

Kröner-Herwig and Beck, 2000 Pain 0.293 −0.157–0.743 0.202 – – –
Disability 0.693 0.195–1.191 0.006 – – –
Emot. Funct. 0.456 −0.010–0.921 0.055 – – –
Cognitive 0.295 −0.155–0.745 0.199 – – –
Muscle tension 0.028 −0.411–0.467 0.901 – – –

Kröner-Herwig and Beck, 2000b Pain 0.718 0.216–1.220 0.005 – – –
Disability 0.661 0.168–1.154 0.009 – – –
Emot. Funct. 0.194 −0.250–0.638 0.392 – – –
Cognitive 0.803 0.286–1.320 0.002 – – –
Muscle tension 0.058 −0.382–0.497 0.797 – – –

Magnusson et al., 2008 Pain 1.092 0.701–1.484 <0.0001 0.917 0.420–1.414 <0.0001
Disability 0.000 −0.306–0.306 1.000 0.577 0.132–1.022 0.011
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension – – – – – –

McLaughlin et al., 2011 Pain 1.831 1.375–2.288 <0.0001 – – –
Disability 1.410 1.017–1.802 <0.0001 – – –
Emot. Funct. – – – – – –
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Pain Intensity

Hedges’ g for pain intensity reduction was moderated by the
quality of studies (B = −0.028, SE = 0.008, p = 0.001), with
studies employing less rigorous methodology (i.e., lower va-
lidity scores) reporting greater effect sizes.

Depression

Hedges’ g for depression was moderated by the proportion of
biofeedback in the intervention (B = 0.004, SE = 0.002,
p = 0.05), with studies employing higher proportions of bio-
feedback reporting greater effect sizes.

Table 3 (continued)

Author, publication year Targeted symptom Pre-post Pre-follow-up

Hedges‘ g 95 % CI p Hedges’ g 95 % CI p

Cognitive – – – – – –
Muscle tension – – – – – –

Neblett et al., 2010 Pain – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Disability – – – – – –
Muscle tension 0.835 0.628–1.043 <0.0001 – – –

Newton-John et al., 1995 Pain 0.718 0.309–1.127 0.001 0.712 0.211–1.213 0.005
Disability 0.756 0.343–1.170 <0.0001 0.020 −0.419–0.459 0.929
Emot. Funct. 0.677 0.274–1.081 0.001 0.451 −0.014–0.916 0.057
Cognitive 0.356 −0.016–0.729 0.061 0.255 −0.192–0.703 0.263
Muscle tension – – – – – –

Nouwen and Solinger, 1979 Pain 0.613 0.246–0.979 0.001 0.382 0.035–0.728 0.031
Emot. Funct. – – – – – –
Cognitive – – – – – –
Disability – – – – – –
Muscle tension 0.578 0.215–0.940 0.002 0.049 −0.285–0.382 0.776

Nouwen, 1983 Pain 0.150 −0.292–0.592 0.506 – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Disability – – – – – –
Muscle tension 0.678 0.182–1.173 0.007 – – –

de Sousa et al., 2009 Pain 0.530 0.202–0.858 0.002 – – –
Disability 0.806 0.451–1.161 <0.0001 – – –
Emot. Funct. 0.206 −0.104–0.515 0.192 – – –
Cognitive – – – – – –
Muscle tension – – – – – –

Spence et al., 1995a Pain 0.277 −0.155–0.709 0.209 0.272 −0.195–0.739 0.254
Disability 0.010 −0.413–0.432 0.964 0.143 −0.317–0.603 0.543
Emot. Funct. 0.174 −0.252–0.600 0.424 0.255 −0.211–0.721 0.283
Cognitive 0.329 −0.107–0.765 0.139 0.393 −0.085–0.871 0.107
Muscle tension – – – – – –

Spence et al., 1995 Pain 0.366 −0.057–0.789 0.090 0.589 0.125–1.052 0.013
Disability 0.098 −0.311–0.507 0.638 0.307 −0.127–0.741 0.166
Emot. Funct. 0.207 −0.206–0.620 0.326 0.278 −0.154–0.710 0.207
Cognitive 0.512 0.074–0.949 0.022 0.517 0.063–0.972 0.026
Muscle tension – – – – – –

Strong et al., 1989 Pain 0.000 −0.421–0.421 1.000 0.840 0.206–1.475 0.009
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension – – – – – –

Stuckey et al., 1986 Pain 0.322 −0.170–0.815 0.200 – – –
Disability – – – – – –
Emot. Funct. – – – – – –
Cognitive – – – – – –
Muscle tension 0.169 −0.312–0.650 0.491 – – –

Vlaeyen et al., 1995 Pain 0.159 −0.194–0.512 0.377 0.132 −0.264–0.528 0.514
Disability 0.862 0.445–1.278 <0.0001 0.931 0.449–1.413 <0.0001
Emot. Funct. 0.743 0.343–1.144 <0.0001 0.338 −0.068–0.745 0.103
Cognitive 0.075 −0.277–0.426 0.677 0.086 −0.309–0.481 0.669
Muscle tension – – – – – –
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Cognitive Coping

Hedges’ g for cognitive coping was moderated by the quality
of studies (B = −0.06, SE = 0.029, p = 0.031), with studies
employing less rigorous methodology reporting greater effect
sizes.

Disability

Hedges’ g for disability was moderated by the quality of stud-
ies (B = −0.029, SE = 0.012, p = 0.016), with studies with
lower validity scores reporting greater effect sizes. The effect
size for disability was moderated by dose of treatment
(B = 0.001, SE = 0.001, p = 0.004), with studies employing
larger dosages (more minutes of biofeedback training)
reporting greater effect sizes.

Reduction of Muscle Tension (EMG)

Hedges’ g for reduction of muscle tension (EMG) was mod-
erated by the quality of studies (B = −0.029, SE = 0.010,
p = 0.003), with studies with lower validity scores reporting
greater effect sizes, and sample size (B = 0.002, SE = 0.001,
p < 0.05), with studies with bigger sample sizes reporting
greater effect sizes.

Sub-Analyses

Further analyses revealed that a pain intensity reduction of at
least 30 % was reached in nine out of 22 studies (40.9 %) for
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Fig. 2 Funnel plot of precision by Hedges’ g for pre-post pain intensity
measures

Table 4 Controlled effect sizes for all outcome measures

k Hedges‘ g 95 % CI z p I2 Fail-safe N
(1/2tailed)

All controlled studiesa

Pain 17 0.380 0.219–0.541 4.630 <0.0001 0 132/88
Disability 12 0.171 −0.006–0.349 1.892 0.059 0 9/3
Emot. Funct. 11 0.390 0.180–0.600 3.636 <0.0001 14 66/44
Cognitive 9 0.380 0.169–0.591 −3.527 <0.0001 0 41/26
Muscle tension 6 0.707 0.442–0.972 5.232 <0.0001 0 52/35

Active control groupsb

Pain 11 0.362 0.171–0.552 3.720 <0.0001 6 56/36
Disability 7 0.133 −0.070–0.336 1.283 0.200 0 0/0
Emot. Funct. 6 0.260 0.042–0.478 2.337 0.019 0 9/5
Cognitive 4 0.269 0.014–0.525 −2.066 0.039 0 3/1
Muscle tension 5 0.694 0.416–0.971 4.896 <0.0001 0 37/25

CBT and educationc

Pain 7 0.439 0.182–0.708 3.198 0.001 23 29/18
Disability 4 0.202 −0.096–0.500 1.327 0.184 20 0/0
Emot. Funct. 4 0.220 −0.036–0.475 1.685 0.092 0 2/0
Cognitive 4 0.269 0.014–0.525 −2.066 0.039 0 3/1
Muscle tension 3 0.495 0.080–0.909 2.341 0.019 0 5/2

Waitlist controld

Pain 6 0.465 0.127–0.804 2.692 0.007 0 11/6
Disability 5 0.297 −0.070–0.663 1.588 0.112 0 0/0
Emot. Funct. 5 0.690 0.242–1.138 3.017 0.003 29 20/13
Cognitive 5 0.619 0.244–0.994 −3.233 0.001 0 16/10
Muscle tension 1 0.839 −0.039–1.718 1.872 0.061 0 –

a Emot. Funct. = emotional functioning; Cognitive = cognitive coping; Muscle tension = reduction of muscle tension (EMG); treatments that included
biofeedback were tested against any control condition
b Treatments that included biofeedback were tested only against active control groups
c Treatments that included biofeedback were tested against CBT or interventions that used psychoeducation
d Treatments that included biofeedback were tested against waitlist control conditions
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treatments including at least 25 % biofeedback compared to two
out of 18 studies (11.1%) for control groups for pre-post data. At
follow-up, the criterion of 30 % plus reduction was reached in
seven out of 11 studies (63.3 %) for treatments with biofeedback
and three out of eight studies (37.5 %) for control groups.

Correlational analyses were conducted to examine associ-
ations between effect sizes for the various outcome measures.
For example, we examined the correlation between pain in-
tensity reduction and reduction of muscle tension (EMG), as
we anticipated a positive correlation, with lower EMG values
associated with less pain. However, no significant correlations
were found.

We also attempted to examine whether type of biofeedback
treatment (EMG back vs. EMG front; EMG vs. respiration) was
related to effect size. We hypothesized that a more specific bio-
feedback treatment (EMG back) would lead to more specific
improvements in pain because it focuses on the region of the
pain, while a different type of biofeedback (EMG front, respira-
tion) would be expected to produce a more generalized relaxa-
tion. Unfortunately, no meaningful results can be reported be-
cause only a few studies used methods other than EMG-based
biofeedback for the back, making the comparisons unbalanced.

Discussion

Summary of the Results

In this paper, we presented the results of a meta-analysis on the
efficacy of biofeedback treatment for chronic back pain. The
studies we analyzed included biofeedback training as at least
25 % of the intervention time and collected data on at least one
of the following outcomes: pain intensity, disability, depression,
cognitive coping, and reduction of muscle tension (EMG). First,
within-participants analyses revealed significant, small-to-
medium effect sizes for all reported outcomes at post-treatment.
These results suggest that including biofeedback as one compo-
nent of psychological or physiotherapeutic treatment seems to be
helpful for chronic back pain patients on the outcomes highlight-
ed by IMMPACT. Of note, analyses of publication bias suggest
that these results can be considered robust. Secondly, findings
were comparable when the subset of controlled studies was ex-
amined, with the exception of the effect size for pain reduction,
which decreased from a medium effect size to a small effect size
when including only controlled studies. Surprisingly, the effect
sizes for all other outcomes remained relatively stable. Thirdly,
the present results suggest that the effects of biofeedback treat-
ment remained stable over long-term follow-up. The results sug-
gest that cognitive behavioral therapy or physical therapy en-
hanced with biofeedback may lead to greater improvement in
well-being compared to standard programs. Similarly, Hoffman
and colleagues [20] demonstrated in their meta-analysis of psy-
chological interventions for CLBP that psychological treatments

were Bsuperior to wait-list control conditions in reducing pain
(p < 0.01, d = 0.48)^, but different to the presented results, they
could not show differences between CBT and self-regulatory
treatments like biofeedback training for any outcome. The results
of the current meta-analysis are in line with those of previous
reviews (e.g., [11, 20]). Furthermore, Donaldson et al. [38] com-
pared the effects of biofeedback training, relaxation training, and
a psychoeducational group about CLBP on pain intensity and
reduction of muscle tension (EMG). Their results showed that
patients who received biofeedback training experienced an im-
provement in pain quality and intensity at follow-up compared to
thosewho received relaxation training; effects of biofeedback did
not significantly differ from effects of psychoeducation. These
results suggest the importance of differentiating between relaxa-
tion and biofeedback training when examining effects of behav-
ioral or respondent treatments. As the present meta-analysis used
only studies that explicitly applied biofeedback training, our re-
sults suggest unique effects of (additional) biofeedback training,
in line with Donaldson and colleagues’ study [38].

Overall, our meta-analysis of the existing literature sug-
gests that biofeedback treatment, alone or in addition to other
interventions, results in improvements in pain intensity, de-
pression, cognitive coping, and reduction of muscle tension
(EMG). Furthermore, moderator analyses indicated that lon-
ger biofeedback treatments were associated with greater re-
ductions in pain-related disability. In addition, a greater pro-
portion of biofeedback in the treatment was associated with
larger effect sizes for reductions in depression.

However, the present results also show that despite high
patient acceptance biofeedback treatment, the existing re-
search is sparse. This is particularly true of methodologically
rigorous studies, e.g., studies with control groups or studies
assessing follow-up data. Despite the robust results, the results
for long-term follow-up effects should be regarded with par-
ticular caution due to the small number of studies. In addition,
due to the small numbers of studies and participants, it is not
clear whether the statistically significant improvements also
represent clinically significant improvements.

Strengths of the Current Study and Comparison
with Previous Reviews

A strength of the present study is that we followed the meth-
odological standards for conducting and reporting meta-
analyses used by the Cochrane Reviews on chronic pain and
recently recommended by QUORUM [10, 11, 25]. In addi-
tion, we adopted the IMMPACT criteria on outcome domains
as encouraged by Morley et al. [39]. Previous reviews have
focused on randomized controlled trials only (e.g., Cochrane
Reviews; [40]); thus, some studies that were included in the
present meta-analysis were omitted from previous reviews. To
address this problem, we conducted moderator analyses, com-
puted controlled effect sizes, and used sensitivity analyses to
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test for publication bias. As a result, we were able to include
these additional studies and also add to the literature by pro-
viding an up-to-date review. Given the sparse research on
biofeedback treatment for chronic back pain, this approach
appears to be important to provide more information about
the efficacy of these interventions. Nevertheless, our results
are comparable with previous findings. Morley and colleagues
[40] also found small-to-medium effect sizes for biofeedback
treatment compared to waitlist control conditions with respect
to pain experience (as intensity, sensation, or unpleasantness),
mood, and cognitive coping. In contrast to the present study,
Morley and colleagues [40] reported on chronic pain in gen-
eral, whereas the present analyses focused on chronic back
pain patients.2 Furthermore, in most previous studies, biofeed-
back was grouped as part of behavioral or respondent therapy
along with interventions such as relaxation training, leading to
difficulties in determining the specificity of the results to bio-
feedback treatment. Hoffman and colleagues [20] found
medium-to-large effect sizes for self-regulatory treatments
such as biofeedback or relaxation training for pain intensity
(d = 0.75) and depression (d = 0.81) compared to a waitlist
control group. Although this study showed self-regulatory
treatments to be effective, the results rely on only three to four
studies, respectively, and it is difficult to determine whether
biofeedback, relaxation training, or another self-regulatory
treatment accounted for the effects. As the current meta-
analysis included only studies with biofeedback elements, a
further strength of the meta-analysis is the higher specificity
compared to previous reviews or meta-analyses.

Limitations

As observed by Hofmann and Smits [41], a limitation of
meta-analyses in general is that the results are highly
influenced by the selection of inclusion criteria, the
quality of the studies included, and the outcome measures
selected, in addition to the authors’ expectations about the
effects. We decided a priori to only include published
studies. To obtain sufficient data, we selected relatively
liberal inclusion criteria, resulting in heterogeneous study
quality and some studies of unsatisfactory quality.
Therefore, we computed the quality of the included
studies using a validity rating scale based on modified
Jadad criteria [31]. Our analyses revealed that study
quality moderated the results for pain intensity, disability,
and reduction of muscle tension (EMG). These findings
underscore the importance of the quality of studies and
suggest that the low quality of some of the included

studies represents a limitation of the present meta-
analysis. Nevertheless, with the exception of disability,
the results for all outcome variables remained significant
when only controlled studies were included in the
analysis.

Even though the outcome measures of this meta-analyses
were followed by the IMMPACT recommendations, not all
relevant outcome variables in the field of chronic back pain
could have been assessed. For the core outcome domain
Bphysical functioning,^ we chose outcome measures for dis-
ability. Besides disability, the construct of pain interference is
an often investigated outcome in the field of chronic pain.
Roughly, it describes the pain-related disruption with daily
activities, but regarding a review by Wilson [29], the concept
of pain interference Bis not used or defined consistently or
exclusively^ (p. 500). Additionally, the measurement of pain
interference includes a broad range of variables like quality of
life with pain, pain-related task interference, pain disability
and depression or functional disability. Maybe it is due to this
assumption that the included studies mostly focused on
reporting disability and only a few included pain interference
as an outcome. Therefore, the reported data only focuses on
disability as impairment of physical, psychosocial, and func-
tional factors, but could also be seen as a kind of pain
interference.

A further limitation of this meta-analysis is the het-
erogeneity of definitions of biofeedback and back pain
in the studies, resulting in various combinations of bio-
feedback treatment and back pain not localized to a
specific region. Thus, we are able to describe the gen-
eral effect of biofeedback on back pain, but cannot
make specific recommendations as to which biofeedback
modality is best for which kind of back pain. We
attempted to address this problem by comparing differ-
ent biofeedback modalities, but results were not inter-
pretable due to a small number of studies overall and
highly unbalanced comparisons. Thus, one important
finding of this meta-analysis is that there are only a
few studies on the effectiveness of biofeedback treat-
ment on chronic back pain, and only four of these stud-
ies [14, 21, 38, 42] were of high methodological qual-
ity. For effect sizes at follow-up after acute treatment,
results should be considered preliminary for most of the
outcomes, as only half of the studies reported follow-up
data. The pool of studies with follow-up data was espe-
cially small for the outcome of reduction of muscle
tension (EMG), with only three studies reporting
follow-up data. To approach the problem of heterogene-
ity, we used the random-effects model for effect
size analyses. There were no outliers, and our sensitivity
analyses showed only small changes in effect sizes
in both directions after adjustment for pre-post effect
sizes.

2 Our rationale for excluding studies on other pain syndromes such as
fibromyalgia or headache was that these disorders show different symp-
tom patterns, e.g., higher muscle tension in CLBP patients compared to
fibromyalgia patients [59], and usually show different treatment effect
sizes [60].
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Clinical and Scientific Implications

Chronic back pain is often associated with depression, low
cognitive coping (e.g., low self-efficacy expectations), high
muscular tension, and disability in daily life (e.g., work absen-
teeism). The current results indicate that biofeedback treat-
ment, whether as standalone treatment or as an additional
feature in a psychological or physical therapy, can lead to
improvements in pain intensity, muscular tension, emotional
state, and cognitive coping among chronic back pain patients
in the short term as well as in the long term. This is notewor-
thy, as previous analyses of long-term treatment effects for
chronic back pain have been unable to demonstrate significant
improvements. Hoffman et al. [20] found long-term treatment
benefits for disability (e.g., return to work) for combined psy-
chological and multidisciplinary treatments compared to an
active control group, but did not find significant long-term
effects on any other outcome variable, e.g., pain intensity.
There are significant concerns about the long-term efficacy
of some medication treatments for chronic back pain; as
Martell et al. ([43], p. 123) observed in their meta-analysis,
Bopioids are commonly prescribed for but may only be effi-
cacious for short-term treatment for chronic back pain
(<16 weeks).^ Given these concerns as well as high preva-
lence rates (up to 56 %) for side effects such as medication
abuse or addiction, longer-term solutions are urgently needed.
Another notable result of the present meta-analysis is that,
consistent with Hofmann and colleagues’ [20] results, depres-
sion was reduced after acute treatment using biofeedback.

Clinicians should consider additional biofeedback
treatment when treating patients with chronic back pain.
Data could show that biofeedback is helpful in reducing
a variety of pain-related symptoms. Thus, the low utili-
zation of biofeedback as an intervention or therapy
seems surprising. This discrepancy may be due to the
fact that biofeedback not only requires expensive tech-
nology but also specific training to achieve satisfying
effects. Biofeedback offers various possibilities for treat-
ment, involving different sites, modalities (e.g., EMG,
skin temperature, perspiration, heart rate), and proce-
dures. Even if one modality is chosen, there is still a
variety of dimensions to choose from, like Bverbal in-
structions, focused attention, relaxation procedures, feed-
back, stress challenges, and motor skill learning^ [38],
p. 35]. Perhaps, this is a too high threshold for practi-
tioners, especially against the background of the lack of
clarity if the use of biofeedback justifies the additional
expenses compared to more common CBT interventions.
Patients and clinicians should keep in mind that the
effects of biofeedback on various symptoms are small
to medium. However, the possibility of long-term im-
provements suggests that it may be worthwhile for pa-
tients and clinicians to consider this treatment approach.

Unlike to literature about biofeedback treatments for
headache which shows consistent findings that self-
efficacy seems to be the main action of mechanism for
biofeedback interventions, the data for chronic back
pain is still unclear. The results for EMG-based mea-
sures for controlled studies show the greatest effect
sizes in this meta-analysis. Therefore, it seems possible
that for chronic back pain, another action of mechanism,
e.g., reduction of muscle tension, is more important than
self-efficacy. Further research should investigate in the
action of mechanisms for biofeedback in chronic back
pain using experimental designs and mediation analyses
in treatment studies.

Scientifically, our study implies that more RCTs are
needed in the field of biofeedback treatment for chronic
back pain. Methodological quality of the studies was
found to be a significant moderator for some outcome
variables, e.g., pain intensity and reduction of muscle
tension (EMG), indicating that better study quality re-
sulted in smaller effects. RCTs are methodologically
better performed and have higher data quality [44];
thus, more RCTs would allow for more confidence in
the effects of biofeedback treatment. Additionally, an
exact description of measures, participant flow, and pro-
cedure (which was missing in some of the included
studies) should be regarded as essential for identifying
important moderators or process variables. For example,
Nestoriuc and Martin [16] found out that home training
increased effects for biofeedback in migraine treatment
up to 20 % compared to in-session biofeedback only.
As the descriptions of the included studies for the cur-
rent meta-analysis were often vague, we could not ex-
amine this variable as a moderator. The same problem
applies to the exact back pain diagnosis. Researchers
should be encouraged to provide detailed and accurate
documentation of their studies on the basis of current
standards. In addition, we recommend that further re-
search on biofeedback treatment in chronic back pain,
measure behavioral variables such as pain behavior or
work absenteeism, to include another outcome dimen-
sion aside from questionnaires or self-ratings.

Conclusions

This is the first meta-analysis on the efficacy of biofeedback
treatment for chronic back pain using the current standard
recommendations to examine the following outcomes: pain
intensity, reduction of muscle tension (EMG), depression,
cognitive coping, and disability. The present results indicated
that except for disability, (additional) biofeedback treatment
led to improvements on all outcome measures in the short and
long terms. Due to the sparse data and methodological flaws
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of some of the included studies, these results should be
regarded with caution, but suggest that biofeedback may be
promising as a standalone or adjunctive intervention for
chronic back pain.
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