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Abstract
Purpose Low back pain (LBP) individuals with high levels of fear of pain might display changes in motor behavior, which 
leads to disability. This study aimed to systematically review the influence of pain-related threat beliefs or disability on trunk 
kinematic or postural control in LBP.
Method Eight electronic databases were searched from January 1990 to July 1, 2020. Meta-analysis using random-effect 
model was performed for 18 studies on the association between pain-related threat beliefs or disability and lumbar range of 
motion. Pearson r correlations were used as the effect size.
Result Negative correlations were observed between lumbar range of motion (ROM) and pain-related threat beliefs 
(r = − 0.31, p < 0.01, 95% CI: − 0.39, − 0.24) and disability (r =  − 0.24, p < 0.01, 95% CI: − 0.40, − 0.21). Nonsignificant 
correlations were reported between pain-related threat beliefs and center of pressure parameters during static standing in 75% 
of the studies. In 33% of the studies, moderate negative correlations between disability and postural control were observed.
Conclusion Motor behaviors are influenced by several factors, and therefore, the relatively weak associations observed 
between reduced lumbar ROM with higher pain-related threat beliefs and perceived disability, and postural control with 
disability are to be expected. This could aid clinicians in the assessment and planning rehabilitation interventions.
Level of Evidence I Diagnostic: individual cross-sectional studies with the consistently applied reference standard and 
blinding.

Keywords Fear of pain · Catastrophizing · Motor behavior · Disability · Low back pain

Introduction

Low back pain (LBP) is a common health problem with a 
high socio-economic burden [1]. Most LBP cases resolve 
within 8–12 weeks; however, in 15% of patients, it lasts 
for more than three months and specifies as chronic [2], 
accounting for major parts of disability and costs [3].

The cognitive-behavioral “fear-avoidance” model 
describes the role of pain-related threat beliefs in the devel-
opment and maintenance of pain [4]. Individuals who per-
ceive their pain as a sign of a severe threat to their body are 
likely to avoid painful activities and scan the body for sensa-
tions that may predict changes in pain [5]. Such protective 
behaviors are usually beneficial in the acute stage to mini-
mize stress to the damaged tissues and enhance recovery 
[6]. However, these protective behaviors may paradoxically 
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hinder functional recovery and eventually leads to disability 
development in the long term [7–9].

There is some evidence that individuals with LBP who 
display protective behaviors ultimately limit some move-
ments or adjust their motor behavior [10–12]. Alteration in 
motor behavior could be evaluated by assessing kinematic 
measures of specific spinal segment or by evaluating the 
whole-body postural sway [13]. According to the fear-avoid-
ance model, it is expected that LBP individuals with high 
pain-related threat beliefs show protective motor behavior 
by limiting lumbar spine ROM, velocity and acceleration of 
movement and reduced postural sway. Furthermore, altered 
spinal movements and postural control may also lead to 
higher perceived disability [14, 15]. However, evidence sug-
gestive of such an association between motor behavior with 
pain-related threat beliefs and disability is inconsistent and 
not well reviewed [16–20]. We aim to perform a systematic 
review and meta-analysis investigating both the association 
between pain-related threat beliefs and disability with trunk 
kinematic and postural control among LBP patients.

Methods

We conducted this systematic review according to the guide-
lines of preferred reporting items for systematic reviews and 
meta-analysis (PRISMA) [21]. The protocol was registered 
at the International Prospective Register of Systematic 
Reviews (PROSPERO: CRD42019132625).

Data sources and search strategy

The search for publications was restricted to observational 
studies, according to the research question. Although rand-
omized control trials provide the strongest evidence regard-
ing an intervention, observational designs have long been 
used in the evaluation of the association between exposures 
and outcomes that might cause disease or injury [22]. The 
retrieved publications should have investigated the effect 
of pain-related threat beliefs or disability on the postural 
control or kinematics of trunk movement in subjects with 
acute or chronic primary LBP [23]. PubMed, Web of Sci-
ence, Scopus, Cochrane Library, Google Scholar web search, 
Pedro, ProQuest and Embase electronic databases were 
searched from January 1990 to October 2019 and search 
was updated until July 1, 2020. The search strategy was 
designed using the medical subject heading (MeSH) terms, 
consisted of three groups of search terms including: (1) LBP, 
(2) pain-related threat beliefs/disability, (3) postural control/
kinematic. A search syntax was created by the combination 
of MESH terms and keywords using OR and AND opera-
tors (Supplementary Appendix 1). A snowball search of the 
reference lists of the included studies was also conducted. 

The first author (SS) conducted the database search. Search 
results were exported to EndNote citation management soft-
ware, and duplicates were removed. Two reviewers (SS and 
SSA) independently screened the exported studies by title 
and abstract to determine their relevance. The same review-
ers assessed potentially relevant full-text articles against the 
eligibility criteria. Where the reviewers were uncertain or 
could not agree on the eligibility of individual studies, dis-
crepancies were resolved by a third reviewer (RS).

Eligibility criteria

Studies were included if (1) recruited adults (≥ 18 years of 
age) with acute and chronic primary LBP [23], (2) assessed 
pain-related threat beliefs or disability through standard-
ized instruments, (3) the kinematics of movement was 
measured in the thoracic or lumbar region (e.g., range of 
motion (ROM), velocity and acceleration) or postural sway 
(center of pressure parameters (COP)) measured with a valid 
instrument, (4) accepted through peer-review. Studies were 
excluded if (1) recruited participants had any sign of specific 
LBP and previous spinal surgery (2) were review or case-
studies, (3) association between pain-related threat beliefs or 
disability, with spinal kinematics or COP parameters were 
not adequately reported, (4) experimentally induced LBP.

Outcome measures

The pain-related threat beliefs measures included pain cata-
strophizing, fear avoidance, fear of pain, fear of re injury and 
pain-related anxiety. The spinal motion comprises kinemat-
ics variables such as range, velocity and acceleration of the 
motion in any part of the thoracic and lumbar spine. The 
postural control variables were related to COP displacement.

Data extraction

Two reviewers (SS and SSA) independently extracted the 
following data from the selected studies: study details, 
participant’s information, duration and intensity of pain, 
pain-related threat beliefs or disability questionnaires and 
outcome, COP parameters, thoracic and lumbar spinal kin-
ematics measurements, task description and correlation as 
a measure of effect size. Disagreements between reviewers 
were resolved by the third reviewer (RS).

Risk of bias assessment

The quality of included studies was assessed by two inde-
pendent reviewers (SSA and RS), using the modified Downs 
and Black checklist to include criteria that were relevant 
to assess potential bias of the included studies [24]. The 
Downs and Black checklist was used with high intra-rater 
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reliability (r = 0.88) and inter-rater reliability (r = 0.75) [25]. 
The qualitative rating was based on the percentage scores. 
The studies that achieved a score > 66.8% were scored as 
high quality, 33.4–66.7% medium quality, and < 33.3% as 
low quality [24].

Data synthesis

For running the meta-analysis, the Pearson correlation coef-
ficient (r) with 95% confidence intervals was used as the 
measure of the effect size of the linear association. Where 
studies reported Spearman, regression β coefficients and 
unstandardized regression value they were transformed to 
Pearson correlations using formulas [26]. If only mean and 
SD were available, then Cohen d was calculated and trans-
formed into r.

In the present meta-analysis, the random-effects models 
were used as the true effect size could differ among studies 
due to divergent population characteristics in each study. The 
assumption of homogeneity of true effect sizes was assessed 
by the Cochran Q test. The degree of inconsistency across 
studies was assessed with I2, which is calculated based on 
the percentage of total variation across studies. I2 ranges 
between 0 (no inconsistency) and 100% (high heterogeneity), 
with values of 25, 50 and 75% suggesting low, moderate and 
high heterogeneity [27]. In the case of high heterogeneity, 
sensitivity analysis was performed to determine the effect of 
each study on the pooled effect size. Egger’s test was meas-
ured to statistically estimate the publication bias. Despite the 
existing debate over what constitutes a small, moderate and 
large effect, we adopted the criterion that correlation coef-
ficients of 0.10 to < 0.30, 0.30 to < 0.50, and > 0.50 represent 
weak, moderate and strong associations, respectively [28].

Pooling and analyzing the combined effects were per-
formed if at least four studies met the inclusion criteria and 
determined to have a similar methodology (same outcome 
measures and same testing condition). Subgroup analysis 
was performed based on the quality of the study, direction 
of motion, and the stage of LBP acute/subacute. In the case 
of high methodological heterogeneity between studies, the 
outcome measures were interpreted in a narrative synthesis.

Results

The study selection process is presented in the PRISMA 
flow diagram in Fig. 1. We retrieved 6636 articles, which 
after removing 1631 duplicates, 5005 titles and abstracts 
were scanned for relevance. Full texts of 135 potentially 
relevant articles were evaluated. Finally, 26 articles were 
included in this review, and of them, 18 studies related to 
pain-related threat beliefs or disability and kinematics of 
spinal movement were included in the meta-analysis.

Assessment of risk of bias

The quality of the included studies varied from low (2 stud-
ies: 7.40%), to medium (13 studies: 48.14%), and high (11 
studies: 44.44%) (see Table 1). Figure 2 demonstrates the 
risk of bias for all 26 included studies. High risk of bias was 
identified for assessor blindness and sample selection. More 
than about 50% of the sample came from studies without the 
assessor blindness and controlling for confounding factors. 
In addition, inadequate sample size justification (power cal-
culation) was observed in the studies.

Study characteristics

We synthesized findings into two separate meta-analyses and 
three narrative reviews based on the included studies (Fig. 3) 
(Tables 2, 3, 4). Eight studies on the effects of pain-related 
threat beliefs and lumbar ROM were included in the first 
meta-analysis [29–36]. Seven studies examined participants 
with primary chronic LBP [29–34, 36], and three studies 
investigated participants with acute/subacute LBP [29, 30, 
35]. All studies included a spinal flexion task. The second 
meta-analysis included 15 studies on the association between 
lumbar spine ROM and disability [14, 30, 32, 34, 36–46]. 
The ROM assessments were in various movement directions 
(flexion: 15, extension: 6, lateral flexion: 6 and rotation: 4 
studies). The narrative systematic review included seven 
studies on the association between pain-related threat beliefs 
on postural sway (COP parameters) [14, 18, 47–51], and five 
studies assessed the association between postural sway and 
disability [14, 15, 47, 48, 51]. All studies assessed static pos-
tural control, and two of them evaluated dynamic postural 
control additionally [14, 49]. The most used outcome meas-
ures were COP mean velocity, COP range of displacement in 
the anterior–posterior and medial and lateral direction, and 
COP sway area for static conditions and limits of stability 
velocity and excursion for dynamic testing conditions. Test-
ing conditions varied based on sensory input manipulations 
such as omitting vision (eyes open or closed) and disturb-
ing proprioception inputs using foam, unstable surface and 
ankle vibration.

Meta‑analysis findings

Pain‑related threat beliefs and lumbar ROM

The overall results in the meta-analysis revealed a moder-
ate negative correlation between pain-related threat beliefs 
and flexion ROM r = − 0.31, p < 0.01, 95% CI [− 0.39, 
− 0.24] with low heterogeneity across studies (I2 = 3%). 
Subgroup analysis based on the stage of LBP revealed 
moderate correlation r = − 0.41, 95% CI [− 0.55, − 0.24], 
(I2 = 19%) between pain-related threat beliefs and flexion 
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ROM in back pain < 3 months, and low associations for 
those with back > 3 months' r = -0.26, 95% CI [− 0.36, 
− 0.15], (I2 = 0%) (Fig. 4). Subgroup analysis based on 
the quality of the studies did not affect the results. The 

sensitivity analysis suggested that the combined r was sta-
ble after each study was excluded one by one from the 
current meta-analysis. Egger’s regression test p = 0.86, 95% 
CI [− 1.44, 1.73] revealed no evidence of publication bias.

Fig. 1  Flow diagram of study selection process. ROM: range of motion
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Disability and ROM

The overall results of fifteen studies assessing the effects of 
disability on lumbar ROM [30, 32–43, 45, 46] showed an 
inverse relationship with disability r = − 0.24, p < 0.01, 95% 
CI [− 0.40, − 0.21] with moderate heterogeneity p < 0.01, 
(I2 = 61%). Subgroup analyses based on motion direction 
substantially reduced heterogeneity only for lateral flexion. 
The association between lumbar flexion ROM and disability 
was r = − 0.26, 95% CI [− 0.38, − 0.14], (I2 = 66%), extension 

r = − 0.18, 95% CI [− 0.37, − 0.02], (I2 = %75.8), lateral flex-
ion r = − 0.32, 95% CI [− 0.39, − 0.24], (I2 = 0%) and rotation 
r = − 0.10 95% CI [− 0.40, 0.21], (I2 = 80%) (Fig. 5). Subgroup 
analysis based on the quality of the studies did not change 
the result. Furthermore, a sensitivity analysis, by removing 
each study from the meta-analysis one by one, revealed no 
difference in the magnitude and direction of the pooled effect 
size. This indicates that the observed results are statistically 
robust. Egger’s regression test p = 0.317, 95% CI [− 5.24, 1.57] 
revealed no evidence of publication bias.

Table 1  Quality assessment of the included studies

Y: Yes, N: No, 1: Is the study population adequately described? 2: Are the main outcomes to be measured and the related calculations (if appli-
cable) clearly described? 3: Is the measurement equipment adequately described? 4: Have actual probability values been reported except where 
the probability value is < 0.001 and including confidence intervals? 5: Are the distributions of principal confounders in each group of subjects 
to be compared clearly described? 6: Are the characteristics of the patients included in the study clearly described? 7: Is the measurement pro-
cedure clearly described? 8: Were the main outcome measures used accurate method (standardizing instructions, reliable and valid tool)? 9: Are 
assessors blind to the group allocation? 10: Are the statistical tests used to assess the main outcomes appropriate? 11: Were there any attempts 
made to reduce bias related to exposure misclassification? 12: Is there adequate adjustment for confounding in the analyses from which the main 
findings were drawn or study design? 13: Are the subjects asked to participate in the study representative of the entire population from which 
they were recruited? 14: Is power description represented for sample size justification?

Study Reporting Measurement bias Confounding Selection bias Power

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality Percent score

Waddell et al. [37] Y Y Y Y N Y Y Y N Y N N N N Medium 57.14
Rainville et al. [38] Y N N N N Y N N N Y N N N N Low 21.428
Kang et al. [39] N Y Y N N N Y N N Y N N N N Low 28.571
Nattrass et al. [40] Y Y Y N N N Y Y N Y Y N N N Medium 50
Poitras et al. [46] N Y Y N Y N Y Y Y Y Y N Y N Medium 57.142
Parks et al. [41] Y Y Y N N N Y N N Y N N N N High 71.428
Thomas et al. [29] Y Y Y N Y N Y Y N Y Y Y N N Medium 64.28
Thomas et al. [31] Y Y Y N Y Y Y Y N Y Y Y Y N High 71.42
Thomas et al. [30] Y Y Y Y N N Y Y N Y Y Y N N High 78.571
Brech et al. [15] Y Y Y Y N Y N Y N Y N N N N Medium 50
Maribo et al. [47] Y Y Y N N N Y Y Y Y N N Y N Medium 57.142
Champagne et al. [48] Y Y Y N @ Y Y Y N Y N Y N N Medium 50
Atya et al. [42] Y Y Y N Y Y Y Y N Y N Y Y Y Medium 57.142
Davis et al. [14] Y Y Y Y N Y Y N N Y Y Y N Y Medium 64.285
Sung et al. [44] Y Y Y N Y Y Y Y N Y N N N N High 78.571
Mazaheri et al. [18] Y Y Y N Y Y Y Y N N N N N N High 71.428
Sung et al. [49] Y Y Y Y Y Y Y Y Y Y N N Y Y Medium 57.142
Jette et al. [32] Y Y Y N N Y Y N N Y N N Y Y Medium 50
Marich et al. [45] Y Y Y N Y Y Y Y N Y Y Y N Y High 85.714
Shanbehzadeh et al. [50] Y Y Y Y Y Y Y Y N Y Y Y N N Medium 57.142
Pranata et al. [43] Y Y Y Y Y Y Y Y N Y Y N N N High 78.571
La Touche et al. [36] Y N Y Y Y Y Y N N Y N N N Y High 78.571
Ozcan Kahraman et al. [51] Y Y Y Y Y Y Y Y N Y N N N Y High 71.428
Nordstoga et al. [35] N Y Y Y Y Y Y Y Y Y N Y N Y Medium 57.142
Matheve et al. [33] Y Y Y N Y Y Y Y N Y Y Y N N High 71.428
La Touche et al. [34] Y Y Y Y N Y Y Y N Y Y Y N N High 78.571
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Narrative synthesis findings

Pain‑related threat beliefs, velocity and acceleration, 
and disability

Three studies assessed the correlation between pain-related 
threat beliefs and lumbar movement velocity [31, 32, 35], 
with two studies reporting a significant negative, weak and 
moderate association between peak lumbar velocity in flex-
ion direction and FABQ [31, 35]. Three studies assessed the 
correlation between lumbar movement velocity and disabil-
ity [35, 43, 46], in which no relationship was reported. Two 
studies assessed the association between lumbar movement 
acceleration and pain-related threat beliefs and disability, 
and both reported a moderate negative correlation [31, 32].

Pain‑related threat beliefs, postural control, and disability

As the testing conditions and outcome measures varied sub-
stantially across postural sway studies, doing meta-analysis 
was not feasible. Nonsignificant correlations were reported 
between pain-related threat beliefs and COP parameters 
during standing in 75% (6/8) of the studies. Two studies 
reported a moderate but significant negative correlation, 
which assessed postural control with performing a cogni-
tive task [50] and dynamic postural control [51]. Overall, 
50% (3/6) of the studies reported correlations between dis-
ability and postural sway in one of the testing conditions [14, 
15, 47]. Two studies (33%) reported 4 moderate negative 
associations [14, 15], and one study (17%) found a poor 
positive correlation [47]. These associations were evident for 

Fig. 2  Risk of bias assessment

Fig. 3  The diagram of the narrative/systematic review, meta-analysis 
and their corresponding associations were covered in this study. Link 
a shows the first meta-analysis performed on the association of pain-

related threat beliefs and trunk kinematic (range of motion). Link B 
is the second meta-analysis performed in this study which covers the 
effect of trunk kinematics on disability
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static standing on a firm surface with or without vision for 
COP mean velocity [15, 47] and limits of stability movement 
velocity for dynamic postural control [14].

Discussion

Pain‑related threat beliefs and lumbar ROM

This meta-analysis revealed overall significant moderate 
negative correlations between pain-related threat beliefs and 
lumbar flexion ROM. Nevertheless, subgroup analysis based 
on LBP duration revealed a moderate negative association 
in the acute/subacute and weak association in the chronic 
stage. It is plausible that LBP individuals with higher lev-
els of pain-related threat beliefs and associated pain-related 
fear and anxiety restrict their flexion ROM to prevent pain. 
This avoidance behavior could be more obvious in the acute/
subacute LBP phase. At this stage of the normal recovery, 
avoidance behaviors are likely to protect the tissues from 
further injury [52]. The transition from acute to chronic 
stage involves the learning of which body postures or move-
ments are associated with pain and hence are consequently 
avoided [53, 54]. The studies in this review only used flexion 
tasks for the assessment of movement, which might not be 
predictive of pain in all CLBP patients necessarily, there-
fore not trigger avoidance behavior. Although associative 
learning starts at the acute onset of the pain problem, the 
prediction of pain might not always be accurate in this stage 
[55]. Therefore, pain-related behaviors commonly in the 
early stages might be generalized to all directions of move-
ment in an attempt to protect the body from re injury and 

allow healing. In addition, most studies have measured pain-
related beliefs (such as fear of movement) by general and 
non-task-specific questionnaires [33]. To some extent, such 
discrepancy could explain the lower association between 
pain-related threat beliefs and lumbar ROM at the chronic 
stage.

Lumbar ROM and disability

The overall result of the meta-analysis on the association 
between lumbar ROM and disability revealed a weak and 
negative correlation with reduced lumbar ROM related to 
more disability. Most of the included studies evaluated maxi-
mum ROM an individual with LBP could achieve, which 
could explain this modest correlation. However, the active 
ROM required for performing daily activities is consider-
ably less than a full range of motion [56], and disability is 
defined as any restriction or lack of ability to perform daily 
activities within the range considered normal for a human 
[57]. Hence, the inability to complete the full active ROM 
might not considerably impact daily activities in individuals 
with LBP, explaining the relatively mild association between 
trunk ROM and score of disabilities.

Subgroup analysis based on movement direction conclu-
sively demonstrated a higher association between the lateral 
flexion ROM and disability. In line with our finding, another 
meta-analysis reported reduced lateral flexion ROM as a pre-
dictor of LBP development compared to other directions 
[58]. The full active ROM of flexion/extension is larger than 
lateral flexion in a healthy population; however, perform-
ing daily activities involves a greater proportion of lateral 
flexion ROM [56, 59]. Thus, limited lateral trunk movement 

Fig. 4  Forest plot of the cor-
relations between pain-related 
threat beliefs and flexion 
ROM in subgroups of LBP 
subjects. The effect size for 
LBP > 3 months was r = − 0.26, 
95% CI [ − 0.36, − 0.15], 
(I2 = 0%) in for those with 
LBP < 3 months' r = − 0.41, 95% 
CI [ − 0.55, − 0.24], (I2 = 19%). 
LSE: low self-efficacy, HSE: 
high self-efficacy
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might influence daily activities to a greater extent than sagit-
tal plane motions. Hence, we suggest the potential impor-
tance of lateral trunk movement in patients’ assessment and 
treatment, most likely predictive of the patient’s disability.

Based on the predefined cutoff scores established for the 
instruments, the included individuals in most studies were 
not well distributed from all levels (low to high) of pain-
related threat beliefs and perceived disability. Hence, the 
restriction of individuals variation in regard to these factors 
could explain lower variations in kinematics and possibly 
influence the correlation coefficients [60].

Pain‑related threat beliefs and postural sway

The high methodological heterogeneity of the studies on the 
association of pain-related threat beliefs, postural control, 
and disability did not allow us to perform a meta-analysis. 
The COP measures of postural control revealed poor or no 
associations with pain-related threat beliefs. Only two of the 
studies found moderate negative correlations: one was con-
ducted under dynamic standing [51], and another assessed 
postural sway while performing a secondary cognitive task 
(dual-task) [50].

Several concerns are related to the findings of the studies 
performed under static standing. First, the standard instruc-
tion to stand as still as possible used in most studies might 
induce conscious monitoring of the body sway. These labo-
ratory instructions may influence the neuromuscular control 
of the upright stance and consequently minimize spontane-
ous postural sway [61–63]. The steadiness requirement of 
these instructions might have reduced the between-subjects' 
variability, as every individual behaves the same irrespec-
tive of the level of pain-related threat beliefs [64]. Under 
dynamic situations or when performing a secondary cogni-
tive task, postural sway's conscious control would become 
difficult. Therefore, the type of postural task performed 
might also affect the association between pain-related threat 
beliefs and postural sway.

Disability and postural sway

The results revealed a significant and negative correlation 
between disability and postural control in 33% of the studies, 
which found reduced postural sway in more disabled indi-
viduals with LBP [14, 15] during open eyes condition. The 
data available are insufficient to determine whether some 
form of correlation between LBP disability and the mag-
nitude of postural sway exists. In addition, several diverse 
testing conditions with and without sensory manipulations 
were used by the studies, which makes it difficult to com-
pare the findings between studies. Only COP sway velocity 
showed association with disability, highlighted as the most 
reliable postural sway outcome measure [65, 66]. This is 

noteworthy that the reported level of LBP perceived disabil-
ity was mostly low, which might not be a true representative 
of the LBP population. Therefore, it could not be concluded 
whether greater perceived disability might influence static 
and dynamic posture maintenance.

The interpretation of the magnitude of effect sizes was 
based on Cohen’s criteria, whereas clinical and practical 
use of this benchmark has been criticized in applied psy-
chology. Several researchers have suggested a revision of 
Cohen’s standards, considering greater than 0.20 and greater 
than 0.30 as medium and large [67–69]. Bosco et al. recom-
mended varying benchmarks across bivariate relationships 
in psychology and yielded substantially lower associations 
for relations involving behaviors than others [67]. Motor 
behaviors are influenced by several factors such as motiva-
tion, attention, environmental and cultural context [70, 71]. 
Hence, it is unlikely in a correlational behavioral study that 
one factor alone can explain a substantial amount of the vari-
ance in the outcome with a high effect size. For this reason, 
the relatively weak associations observed between reduced 
lumbar ROM with higher pain-related threat beliefs and per-
ceived disability, and postural control with disability are to 
be expected. Clinicians should take into account evaluating 
pain-related threat beliefs and disability in LBP individu-
als with limited ROM and poor postural control, therefore, 
designing interventions according to the self-perpetuating 
vicious cycle of pain-related threat beliefs, avoidance behav-
ior and disability [9]. Nevertheless, from the findings of the 
present systematic review this question remains, whether 
clinicians should target pain-related threat beliefs to increase 
ROM (cognitive behavior therapies), or to gradually increase 
ROM by exposing individuals to the tasks being avoided 
(graded exposure intervention) to eventually decrease the 
perceived disability.

Limitation and future directions

The current meta-analyses and narrative reviews also have 
their limitations. First, the cross-sectional and correlational 
nature of the included studies provides a limited basis to 
infer causality. Second, most of the studies did not present a 
pre-study sample size calculation, thus inducing a possible 
increased risk of estimation bias due to lack of statistical 
power. Too small sample sizes may also reduce the repre-
sentativeness of samples (e.g., in terms of sociodemographic 
and severity of the disease), which could increase the risk of 
bias and likely affect the strength of the associations under 
study. Third, the inclusion of individuals with lower levels 
of pain-related threat beliefs and disability could lead to mis-
classification and reduces the generalizability of the overall 
correlation. This could reflect the challenges for including 
participants with higher levels of pain-related threat beliefs 
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and perceived disability. Hence, future studies are required 
that include LBP individuals with ranges of patients with 
low to high levels of pain-related threat beliefs and dis-
ability. Finally, kinematic parameters were mainly limited 
to flexion movement types or non-functional single plane 
movements, and also postural control studies were limited 
to static conditions. Therefore, since not all individuals are 
likely fearful of flexion movement, and disability is better 
to be evaluated during functional task, it is recommended 
to use functional task for kinematic and postural control 
measures that resemble daily functions, and also using task-
specific measurement is recommended in future scientific 
studies.

Conclusion

This study showed moderate negative correlations between 
pain-related threat beliefs and lumbar flexion ROM and 
weak negative association between lumbar ROM and dis-
ability in LBP individuals. Most of the studies reported no 
association between pain-related threat beliefs and postural 
control (COP parameters). However, one-third of studies 
reported a significant negative relationship between postural 
control and disability.
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