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Abstract
Background  Fear of pain and movement is an important factor in the development of hypervigilance and avoidance 
behaviours.
Objective  We examined the effectiveness of exercise training on improving fear-avoidance beliefs.
Methods  A systematic review (data sources: MEDLINE, CINAHL, SPORTDiscus, EMBASE, CENTRAL) and metaanalysis 
of randomised controlled/clinical trials of exercise training in adults versus relevant nonexercise comparators that quantified 
fear-avoidance was conducted.
Results  After screening 4603 identified records, 17 (2014 participants) and 13 (1152 participants) studies were eligible for 
qualitative and quantitative synthesis, respectively. Pairwise meta-analysis showed exercise training was more effective than 
all non-exercise comparators (standardised mean difference (SMD) [95% CI] − 0.378 [− 0.623, − 0.133], P = 0.002, Grading 
of Recommendations Assessment, Development and Evaluation [GRADE]: very low) for reducing fear-avoidance. Exercise 
training was more effective than true control for reducing fear avoidance (− 0.407 [− 0.750, − 0.065], P = 0.020, GRADE: 
very low), however it was not more effective than other interventions (− 0.243 [− 0.614, 0.128], P = 0.199, GRADE: very 
low). In people with low back pain, exercise training was more effective than non-exercise comparator groups for reducing 
fear-avoidance (− 0.530 [− 0.755, − 0.304], P < 0.001, GRADE: very low). For individuals with neck pain, exercise training 
was not more effective than non-exercise comparator groups for reducing fear-avoidance (0.061 [− 0.360, 0.482], P = 0.777, 
GRADE: very low).
Conclusion  There is very low to low-quality evidence that exercise training is effective for reducing fear-avoidance, includ-
ing in people with low back pain. Exercise training may be more effective than no intervention for reducing fear avoidance, 
but there is very low-quality evidence that non-exercise interventions are as effective as exercise for fear avoidance. Few 
studies with low risk of bias is a limitation.
Trail Registration  PROSPERO Registration Number: CRD42019139678.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4027​9-020-01345​-1) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Pain is a relevant driver in learning processes and informs 
an individual about potential or actual threat of bodily harm 
[1]. Fear of pain and movement may be an important factor 
in the development of hypervigilance and avoidance behav-
iours [2]. The fear-avoidance model provides a framework 

describing the pain experience for those who do and do not 
fear pain [3, 4]. The primary concept of the model describes 
fear of pain as a result of actual or perceived tissue dam-
age, with two different responses to pain: confrontation or 
avoidance [3, 5]. According to the model, individuals who 
catastrophize pain may develop avoidance behaviours to pre-
vent new injury or re-injury occurring (e.g. fear-avoidance 
behaviour) [5]. Kinesiophobia was introduced as a term to 
describe the excessive, irrational and debilitating fear of 
movement caused by feeling susceptible to painful injury or 
re-injury [6], and later defined as the fear of movement or 
(re)injury [7]. The Tampa Scale for Kinesiophobia (TSK) 
[6] and the Fear-Avoidance Beliefs Questionnaire (FABQ) 
[8], are both valid and reliable measures of fear-avoidance 
[7, 9, 10]. High levels of fear-avoidance have been found 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-020-01345-1&domain=pdf
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Key Points 

Fear of pain and movement is an important factor in the 
development of pain syndromes.

We found, via meta-analysis of 13 studies (1152 partici-
pants), that there is very low to low quality evidence that 
exercise training is effective for reducing fear-avoidance.

This information can inform developing treatment pro-
grams for people with pain conditions.

provide insight into whether there is merit for the use of 
exercise to specifically address fear-avoidance beliefs.

2 � Methods

This review was completed in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [19]. The review was registered prospectively 
with PROSPERO (CRD42019139678).

2.1 � Search Strategy

Five online databases (MEDLINE, CINAHL, SPORTDis-
cus, EMBASE and CENTRAL) were electronically used for 
research published from database inception to May 2019. 
The search terms and strategy can be found in Supplemen-
tary Table 1. The search had the following limits: MED-
LINE (All Adult: 19+ years; Randomized Controlled Trial; 
Human), CINAHL (Exclude MEDLINE records; Human, 
Randomized Controlled Trials; Journal Article; All Adult), 
SPORTDiscus (Academic Journal), EMBASE (RCT; Not 
MEDLINE; Adult; Article) and CENTRAL (Trials). To 
locate additional references, we searched for previously 
published systematic reviews identified via the Cochrane 
Database of Systematic Reviews (search terms: kinesiopho-
bia exercise; limits: none) and GoogleScholar (search terms: 
‘systematic review’ kinesiophobia exercise; limits: previous 
10 years). Both language and year of publication were not 
part of the exclusion criteria. All results of the search were 
screened by PJO to exclude duplicates. Additionally, relevant 
articles cited in included studies were entered into full-text 
screening. Independent screening of the titles and abstracts 
of the remaining studies was completed by JD and SH con-
sidering inclusion and exclusion criteria. Any disagreements 
were adjudicated by PJO.

2.2 � Inclusion and Exclusion Criteria

Studies published in a peer-reviewed journal (i.e. grey lit-
erature excluded) with a parallel arm (individual- or clus-
ter-designed) randomised controlled or clinical trial design 
comparing an exercise training intervention to a non-exercise 
training comparator were included. All other inclusion cri-
teria followed the Participants, Interventions, Comparators, 
Outcomes and Study design (PICOS) framework [20]. There 
were no restrictions based on sex, race or disease state. Stud-
ies that included participants under the age of 18 years were 
excluded. Included interventions prescribed exercise training 
alone, without the addition of other treatments (e.g. mas-
sage, cognitive behavioural therapy, pain education). Non-
exercise training comparator groups included true control 
(i.e. no intervention or wait-list control), therapist hands-on 

in up to 56% of patients with chronic musculoskeletal pain 
[11], and is associated with greater disability, greater pain 
intensity and lower quality of life in this population [12]. 
In people who do not have current musculoskeletal pain, 
there is evidence that kinesiophobia is a risk factor for the 
future development of pain [13]. As fear-avoidance beliefs 
are common in patients with chronic musculoskeletal pain, it 
may serve as a therapeutic target in conservative treatments 
to reduce the burden of disease associated with musculo-
skeletal conditions.

Exercise training is an important and effective treatment 
strategy for managing pain and disability for adults with low 
back pain [14, 15], with evidence in low back pain showing 
that participation in exercise-based treatment may encourage 
patients to confront their fear of completing movements or 
other activities of daily living [16]. It is well accepted that 
psychological and social factors mediate pain and impact 
clinical outcomes for patients with chronic musculoskel-
etal pain [17]; however, the effect of an exercise training 
approach alone specifically on fear-avoidance beliefs is not 
currently clear. A recent systematic review that investigated 
the effectiveness of conservative treatments for fear-avoid-
ance beliefs concluded there was limited evidence for exer-
cise training in reducing fear-avoidance beliefs in people 
with chronic low back pain [18]. However, this systematic 
review only examined studies that compared exercise train-
ing to other active treatment interventions, which reduced 
the ability to determine whether exercise itself is effective 
for reducing fear-avoidance beliefs [18].

This systematic review and meta-analysis aimed to exam-
ine whether exercise interventions when used alone were 
effective in reducing fear-avoidance beliefs when compared 
to non-exercise training comparators in adults. Furthermore, 
we performed sub-group analyses to determine if exercise 
training was more effective compared to non-exercise com-
parator groups for: (a) fear-avoidance beliefs/kinesiophobia, 
(b) physical activity and work specific FABQ sub-scales, 
and (c) reducing fear-avoidance beliefs in patients with pain 
conditions (e.g. back pain or neck pain). These findings may 
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control (e.g. manual therapy, chiropractic, passive physi-
otherapy, osteopathic, massage or acupuncture) and thera-
pist hands-off control (e.g. general practitioner management, 
education or psychological interventions). Studies were 
required to include the TSK or FABQ for the measurement 
of fear-avoidance beliefs. When both measures were avail-
able [21], the TSK was prioritised due to the greater preva-
lence of this measure within the included studies, which is 
in agreement with a previous systematic review which had 
a slightly higher number of studies using the TSK included 
compared to the FABQ [18].

2.3 � Data Extraction

Data extraction was completed by two independent assessors 
(JH and SH). Extracted information included relevant pub-
lication information (i.e. author, title, year, journal), study 
design, number of participants, participant characteristics 
(e.g. age and sex), intervention details (e.g. duration, type) 
and outcome measures. Extracted outcome data were pre- 
and post-intervention mean and standard deviation (SD) for 
either the TSK or FABQ. When end of intervention data 
were presented as median (interquartile range) or alternate 
measures of variance, it was converted to mean and SD 
using established formulae [22]. If authors presented the 
follow-up data as mean (SD) change or alternate measures 
of variance, post-intervention SD was imputed using rec-
ommended formulae [22] and established test–retest cor-
relations (i.e. 0.91 for TSK; 0.90 for FABQ) [23]. In order 
to include the FABQ results within the meta-analysis, the 
subscales (physical and work) were normalised to a scale 
from 0 to 100 and then pooled using established formulae 
[22]. In all instances where data required for meta-analysis 
were not available, authors were contacted a minimum of 
three times over a 4-week period to request the information. 
The authors of six studies were contacted [24–29], and three 
provided the requested data [25, 27, 28]. Similarity between 
extracted data from the two independent assessors (JH and 
SH) was evaluated through Covidence (Veritas Health 
Innovation, Melbourne, Australia; https​://www.covid​ence.
org). Any discrepancies were discussed by JH and SH with 
disagreements adjudicated by PJO. This method was piloted 
on ten studies chosen at random prior to commencing data 
extraction.

2.4 � Risk of Bias Assessment and GRADE

The Cochrane Collaboration Risk of Bias Tool was used to 
examine potential selection bias (random sequence genera-
tion and allocation concealment), performance bias (blind-
ing of patients and personnel), detection bias (blinding of 
outcome assessment), attrition bias (incomplete outcome 
data), reporting bias (selective outcome reporting) and other 

bias [22]. This assessment was completed independently by 
JH and SH. Studies were classified as having a low, high or 
unclear (when reporting was not adequate to rate a specific 
domain) risk for each type of bias. In line with our previous 
work [14], participant blinding is not feasible in exercise 
training studies and thus participant blinding was rated as 
having a high risk of bias for all studies. Any disagreements 
for the risk of bias were adjudicated by PJO. In addition, to 
assess the quality of the evidence for the ranking of treat-
ments from meta-analysis, the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) 
approach was used [30].

2.5 � Statistical Analysis

Pairwise random-effects meta-analysis was conducted in 
Stata 15.0 (Stata Corp, College Station TX, USA). As all 
outcomes of interest were continuous, standardised mean 
difference (SMD) was used as the effect estimate. Data were 
pooled when a study investigated multiple groups defined as 
exercise training [22]. When there was more than one non-
exercise intervention in a study, data for these groups were 
also pooled, as per our work prior [14]. The main analysis 
investigated pooled exercise training versus pooled non-
exercise comparators in reducing fear-avoidance beliefs. 
Sub-group analyses were performed to consider: (a) exercise 
training versus true control for reducing fear avoidance, (b) 
exercise training versus non-exercise comparator groups (i.e. 
cognitive behavioural treatment, education, or general prac-
titioner usual care), (c) exercise training versus comparator 
groups for reducing fear-avoidance beliefs in low back pain 
populations, (d) exercise training versus comparator groups 
for reducing fear-avoidance beliefs in neck pain populations 
(e) exercise training versus comparator groups for reducing 
kinesiophobia (TSK), (f) exercise training versus compara-
tor groups for reducing fear avoidance beliefs (physical), 
(g) exercise training versus comparator groups for reducing 
fear avoidance beliefs (work) and (h) exercise training ver-
sus comparator groups for reducing fear-avoidance beliefs 
in chronic low back pain populations. Using the I2 statistic, 
heterogeneity was assessed for all pairwise comparisons and 
publication bias using the P value (significance P < 0.05) of 
Egger’s test and funnel plots.

3 � Results

A summary of the systematic review process is shown in 
Fig. 1. There were 4603 studies (after removal of 207 dupli-
cates) imported for initial title and abstract screening from 
the electronic database search. Two additional studies were 
found through a manual search of included studies refer-
ence lists [27, 31]. Following the completion of the title and 

https://www.covidence.org
https://www.covidence.org
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abstract screening there were 381 studies included in the 
full-text screening. The examination of full-texts resulted in 
17 studies being included for qualitative analysis (Table 1) 
[21, 24–29, 31–40], and of these included studies, 13 were 
deemed eligible for meta-analysis [21, 25, 27, 28, 31–38]. 
Reasons for exclusion from the meta-analysis included TSK 
only being measured at baseline [24, 29], and post-interven-
tion data not available [26, 39]. 

3.1 � Study Characteristics

The details of each included study (n = 17; participants: 
n = 2014) [21, 24–29, 32–40] are shown in Table 1. The 
sample size of each study varied from 20 to 315 participants 

and mean age ranged from 27 to 69 years. The length of 
study (i.e. intervention) ranged from 4 to 24 weeks (one 
study did not specify intervention length [26]). There were 
13 studies that included both males and females [21, 25–27, 
29, 31–34, 37–40], while three studies included only females 
[24, 28, 36], and one study included only males [35]. Of 
the included studies, seven studies investigated chronic low 
back pain populations [21, 25, 29, 31, 33–35], two stud-
ies investigated low back pain lasting between 4 weeks and 
6 months [27, 39], one study investigated failed back surgery 
syndrome [37], one study investigated sub-acute low back 
pain [40], two studies included patients with chronic neck 
pain [32, 38], one study included patients with either neck or 
back pain [26], one study included patients with osteoporosis 

Fig. 1   Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) diagram of the study screening process for examining 
the effectiveness of exercise training for reducing fear avoidance beliefs
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[28], one study included post-menopausal women (no spe-
cific disease state) [24] and one study included participants 
from the general population (no specific disease state) [36]. 
A summary of the risk of bias assessment for each study 
is shown in Supplementary Table 2. When examining the 
studies overall, there was low risk of bias shown for random 
sequence generation (77%), blinding of outcome assessment 
(53%) and other sources of bias (100%), while low risk of 
bias was not common for blinding of patients and personnel 
(0%), allocation concealment (24%), incomplete outcome 
data (41%) and selective outcome reporting (35%; Fig. 2).

3.2 � All Exercise Versus All Non‑exercise Comparator 
Groups

Pairwise meta-analysis demonstrated that exercise training 
(all) was more effective than all comparator groups (SMD 

[95% CI] − 0.378 [− 0.623, − 0.133], P = 0.002, I2 = 70.4%, 
studies: n = 13; Fig. 3) for reducing fear-avoidance/kinesio-
phobia (TSK or FABQ). There was evidence of publica-
tion bias within the comparison (P = 0.011; Supplementary 
Fig. 5). The overall GRADE quality was considered very 
low (Table 2). Meta-analyses for each different scale are 
presented in Supplemental Data A.

3.3 � Exercise Versus True Control for Reducing Fear 
Avoidance

Pairwise meta-analysis showed that exercise training (all) 
was more effective than true control for reducing fear avoid-
ance (only TSK available; SMD [95% CI] − 0.407 [− 0.750, 
− 0.0.65], P = 0.020, I2 = 69.9%, studies: n = 7; Fig. 4). There 
was evidence of publication bias (P = 0.017; Supplementary 

Fig. 2   Percentage of stud-
ies examining the efficacy of 
exercise training for reducing 
fear avoidance beliefs with low, 
unclear and high risk of bias 
for each aspect of the Cochrane 
Risk of Bias Tool. The use of 
exercise training makes it not 
possible to truly blind patients 
to treatment allocation; there-
fore, this was not considered in 
the overall risk of bias assess-
ment of each study

Fig. 3   Forest plot for the meta-analysis investigating the effectiveness of exercise training versus non-exercise comparators for reducing fear-
avoidance behaviour
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Fig. 6). The overall GRADE quality was considered low 
(Table 2).

3.4 � Exercise Versus Other Interventions 
for Reducing Fear Avoidance

Pairwise meta-analysis showed that exercise training (all) 
was not more effective than non-exercise intervention groups 
(e.g. General Practitioner care as usual, psychological inter-
ventions) for reducing fear avoidance (TSK or FABQ; SMD 
[95% CI]: − 0.243 [− 0.614, 0.128], P = 0.199, I2 = 79.2%, 
studies: n = 7; Fig. 4). There was no evidence of publication 
bias (P = 0.296; Supplementary Fig. 7). The overall GRADE 
quality was considered very low (Table 2).

3.5 � Exercise in Low Back Pain

In studies of patients with low back pain, pairwise meta-
analysis revealed that exercise training (all) was more effec-
tive than all comparator groups (SMD [95% CI] − 0.530 
[− 0.755, − 0.304], P < 0.001, I2 = 46.4%, studies: n = 9; 
Fig. 4) for reducing fear-avoidance/kinesiophobia (TSK or 
FABQ). There was evidence of publication bias within the 
comparison (P = 0.005; Supplementary Fig. 8). The overall 
GRADE quality was considered very low (Table 2). Similar 
findings existed for patients with chronic low back pain (see 
Supplemental Data A).

3.6 � Exercise in Neck Pain

In studies of patients with neck pain, pairwise meta-analysis 
revealed that exercise training was not more effective than all 

Table 2   Overview of results from meta-analyses

CON control, INT sole exercise training intervention, SMD standardised mean difference, 95% CI 95% confidence intervals, ROB risk of bias 
(percentage of studies with low)
GRADE certainty ratings: very low-the true effect is likely markedly different from the estimated effect, low-the true effect might be markedly 
different from the estimated effect, moderate-the true effect is likely close to the estimated effect, high-the true effect is likely similar to the esti-
mated effect
*aCertainty rated down one grade based on risk of bias
b Certainty rated down one grade based on indirectness
c Certainty rated down one grade based on inconsistency
d Certainty rated down one grade based on imprecision
e Certainty rated down one grade based on publication bias (using Egger’s P value)
f Assessment of potential publication bias not possible with only two studies available. Visual inspection of the funnel plot was used to assess 
publication bias

Group 1 Group 2 Studies n SMD (95% CI) P value I2 (%) Low ROB (%) Egger’s P GRADE*

Any population
 INT: All CON: All 13 1152 − 0.378 (− 0.623, 

− 0.133)
0.002 70.4 8 0.011 Very lowa,c,e

 INT: All CON: True control 7 555 − 0.407 (− 0.750, 
− 0.065)

0.020 69.9 14 0.017 Very lowa,c,e

 INT: All CON: Non-exercise 
treatment control

7 692 − 0.243 (− 0.614, 
0.128)

0.199 79.2 0 0.235 Very lowa,c,d

 INT: All (TSK) CON: All (TSK) 9 765 − 0.443 (− 0.783, 
− 0.104)

0.011 76.3 11 0.002 Very lowa,c,e

 INT: All (FABQ-
PA)

CON: All (FABQ-
PA)

4 387 − 0.341 (− 0.697, 
0.005)

0.060 55.5 0 0.832 Lowa,c

 INT: All (FABQ-W) CON: All (FABQ-W) 4 387 − 0.191 (− 0.540, 
0.157)

0.281 53.8 0 0.888 Very lowa,c,d

Low back pain
 INT: All CON: All 9 722 − 0.530 (− 0.755, 

− 0.304)
< 0.001 46.4 11 0.005 Very lowa,c,e

Chronic low back pain
 INT: All CON: All 7 451 − 0.670 (− 0.876, 

− 0.465)
< 0.001 0.0 14 0.196 Moderatea

Neck pain
 INT: All CON: All 2 96 0.061 (− 0.360, 0.482) 0.777 0.0 0 –f Lowa,d
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comparator groups (SMD [95% CI] 0.061 [− 0.360, 0.482], 
P = 0.777, I2 = 0.0%, studies: n = 2; Fig. 4) for reducing 
fear-avoidance/kinesiophobia (TSK or FABQ). There was 
evidence of publication bias within the comparison (Assess-
ment of potential publication bias, via Eggers test, was not 
possible with only two studies available; Supplementary 
Fig. 9). The overall GRADE quality was considered low 
(Table 2).

4 � Discussion

This systematic review and meta-analysis found that exercise 
training may be effective for reducing fear-avoidance beliefs 
when compared to non-exercise training comparators. When 
compared to true control (i.e. no intervention or wait-list 
control), exercise training interventions alone were more 
effective in reducing fear-avoidance belief. However, when 
compared to non-exercise treatment comparator groups (i.e. 
cognitive behavioural treatment, education, or general prac-
titioner usual care), exercise training alone was not more 
effective in reducing fear-avoidance beliefs. There were 
limited studies examining the effect of exercise in reducing 
fear-avoidance beliefs in pain-free populations. Notably, the 
evidence was very low quality overall, as assessed by the 
GRADE criteria.

To the best of our knowledge, this is the first systematic 
review and meta-analysis that investigated the effectiveness 
of exercise training interventions alone compared to non-
exercise comparators in adults with and without musculo-
skeletal pain disorders on fear-avoidance beliefs. The results 
of this study provide evidence that exercise training may be 
an effective tool in reducing fear-avoidance behaviour in the 
absence of a biopsychosocial and pain neuroscience educa-
tion approach. Our findings are in line with a previous sys-
tematic review highlighting that exercise alone may reduce 
kinesiophobia (TSK) in adults with chronic low back pain, 
and also reported limited effectiveness for reducing fear 
avoidance beliefs (FABQ) [18]. Our meta-analysis combined 
all available evidence of self-reported outcome measures 
evaluating fear-avoidance beliefs to determine that overall, 
exercise training reduces fear-avoidance beliefs in patients 
with low back pain, and more specifically individuals with 
chronic low back pain. This is important as a large propor-
tion (56%) of those with chronic musculoskeletal pain have 
been shown to have high levels of fear-avoidance beliefs 
[11]. The reduction of fear-avoidance beliefs is likely impor-
tant as there is evidence of associations with pain intensity, 
disability and quality of life for patients with musculoskel-
etal pain disorders [12]. Therefore, this is further (low qual-
ity based on GRADE criteria) evidence that supports the use 
of exercise training for the management of chronic low back 
pain and its associated features (fear-avoidance beliefs) to 

mitigate the considerable burden of disease associated with 
this condition.

Fear-avoidance beliefs is a reported barrier for the par-
ticipation in exercise training by those in pain, specifically 
in those with chronic low back pain [41]. It is believed that 
the brain can acquire long-term pain memory and associ-
ate threat to movements [42]. Therefore, those with chronic 
musculoskeletal pain may develop a protective pain memory 
[43]. This fear of movement may lead to altered motor con-
trol when completing movements deemed dangerous by the 
individual [44]. It is thought that the completion of pain-
ful therapeutic exercises could reduce threat perception of 
those movements [45, 46]. A potential mechanism for the 
effect of painful exercise is that it may alter the self-efficacy 
of an individual for completion of some physical activities 
[47]. This may be the result of a patient improving their 
response-outcome expectation and increasing their tolerance 
of more challenging exercises without prompting previous 
pain-related fear [48]. Another potential mechanism is alter-
ations of brain function; for example one study showed that 
regular exercise reduces anxiety-related amygdala functional 
connectivity in young adults [49]. Due to these speculative 
mechanisms, exercise training may be an effective method 
for reducing fear-avoidance beliefs, yet further high-quality 
trials are warranted to confirm this notion.

A recent systematic review found limited strength of evi-
dence for psychological interventions in decreasing kinesio-
phobia [18]. In the current study, due to the lack of studies 
that included a cognitive behavioural therapy intervention 
as a sole intervention compared to exercise, it was not feasi-
ble to examine the comparison between these interventions. 
Therefore, it is unknown whether exercise training is more 
effective in reducing fear-avoidance when compared to cog-
nitive behavioural therapy. Future studies should examine 
the role of exercise training with and without the addition of 
cognitive behavioural therapy, ideally with a four-arm facto-
rial RCT design, to determine the individual and synergistic 
effects of these treatments on fear avoidance behaviour.

Furthermore, although the effect size favoured exer-
cise, we found very-low quality evidence for no difference 
between exercise and non-exercise interventions for reducing 
kinesiophobia. Seven studies were available for comparing 
exercise to non-exercise interventions and the comparators 
were general practitioner care as usual and psychologi-
cal interventions. It remains open whether exercise per 
se, or any kind of ‘effective’ intervention, such as a well-
designed psychological intervention, are better for reducing 
kinesiophobia.

It was not possible to investigate the effectiveness of exer-
cise training in reducing fear-avoidance beliefs in healthy, 
pain-free, populations due to the lack of studies. Despite 
this, up to 30% of people without low back pain have been 
found to have kinesiophobia, and fear-avoidance behaviour 
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may be a predictor of future LBP development [13, 50]. 
For example, Linton et al. showed that those with greater 
fear-avoidance beliefs were at twice the risk of developing 
back pain and 1.7 times more likely to have lowered physi-
cal function at the follow up [50]. Additionally, a 6-month 
study of 1571 people from the general population found 
that people without current LBP and greater kinesiopho-
bia (TSK-17: ≥ 35 points) were 3.4 times more likely to 
develop low back pain with disability after 6 months [13]. 
Therefore, given that greater fear-avoidance beliefs in the 
general population may be a risk factor for low back pain 
development, it is important for future studies to investigate 
if exercise training interventions can reduce kinesiophobia 
in this population.

A limitation of this study is the use of pooled data for 
all exercise types, which precludes the ability to determine 
which specific type of exercise training may be most effec-
tive in reducing fear-avoidance behaviour. A recent network 
meta-analysis found that active therapies such as Pilates, 
resistance training, aerobic exercise and motor control train-
ing were effective in reducing pain intensity and increasing 
function in those with chronic low back pain, and therefore 
suggests a single type of exercise training may not be better 
than another for treatment [14]. This may be the case for 
reducing fear-avoidance beliefs, but further research should 
investigate this before conclusions may be drawn. When esti-
mating the mean change in TSK value, the calculated value 
was − 3.5 points (pooled SD for TSK for all included stud-
ies 9.27 × − 0.378 SMD). A clinically meaningful change 
in TSK score has previously been found to be 8 points [51]. 
The effect size in people with back pain was larger, but 
still less than the threshold for clinical significance, which 
suggests that exercise training may not result in clinically 
meaningful changes in fear avoidance. Two studies [25, 34] 
showed very large effect sizes, which seemed unusual. We 
double-checked the measures of spread and reported means 
for these papers and the effect size estimates did not change. 
Another important factor not addressed within this review 
is the intensity of training. One of the included studies in 
this systematic review utilised both high- and low-intensity 
lumbar extensor strengthening programs, which resulted in 
2- and 5-point reduction in TSK scores, respectively [35]. 
However, both training intensities in this study did not result 
in a clinically meaningful difference [35]. This may sug-
gest that the intensity of exercise is not an important factor 
in the reduction of fear-avoidance beliefs. Further research 

should aim to investigate whether the intensity of exercise 
is important for an exercise training intervention to reduce 
fear-avoidance beliefs.

5 � Conclusion

The results of this systematic review and meta-analysis pro-
vided low to very low quality evidence that exercise train-
ing alone may be an effective treatment for reducing fear-
avoidance beliefs. For patients with back pain, and more 
specifically chronic low back pain, exercise training may be 
effective for reducing fear-avoidance behaviour. This review 
provides further evidence that exercise training may be a 
suitable conservative treatment for managing features, such 
as fear avoidance beliefs, which are commonly experienced 
in adults with chronic musculoskeletal pain. However, fur-
ther high-quality studies are warranted to extend the obser-
vations found in this review, as they are currently limited by 
the low quality of evidence.
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