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Abstract

Background

Kinesiophobia is a psychological element that may contribute to persistent pain and
functional decline in older women with chronic low back pain. Clarifying its role could
inform more effective rehabilitation strategies.

Objectives

To examine associations between kinesiophobia, pain intensity, and physical perfor-
mance in older women with chronic low back pain.

Methods

A cross-sectional study was conducted in 2024 with 119 women aged 2 60 years
reporting nonspecific low back pain. Kinesiophobia was assessed using the Tampa
Scale for Kinesiophobia (TSK-17), and pain with the Visual Analog Scale (VAS). The
Timed Up and Go test and the 30-second sit-to-stand test were performed to eval-
uate balance and lower limb strength, respectively (physical performance). Correla-
tion, regression, and mediation analyses were used to explore relationships among
variables.

Results

Higher pain intensity was strongly associated with higher kinesiophobia (=0.74,
p=0.001), while lower limb strength showed a negative association (3=-0.17,
p=0.005). No significant relationship emerged between kinesiophobia and balance
(p>0.05). Regression indicated that pain was the strongest predictor of kinesiopho-
bia. Mediation analyses suggested that kinesiophobia fully explained the relationship
between pain and reduced lower limb strength, while strength itself partially mediated
the link between pain and kinesiophobia, highlighting both direct and indirect effects.
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Conclusions

In older women with chronic low back pain, kinesiophobia is positively related to

pain severity and negatively related to lower limb strength, but not balance. Findings
suggest fear of movement may mediate the impact of pain on physical performance,
underscoring the importance of addressing psychological as well as physical factors
in rehabilitation. Given the cross-sectional design, causal inferences should be drawn
cautiously.

Introduction

Kinesiophobia, defined as excessive, irrational fear of physical movement due to
perceived risks of pain or re-injury [1], represents a major barrier to functional inde-
pendence, particularly in older populations [2]. This fear typically develops following
prolonged pain experiences, such as chronic low back pain, and manifests through
movement avoidance and reduced physical activity [3-5]. Such behavioral patterns
can profoundly compromise quality of life, limit participation in daily activities, and
threaten functional autonomy in older individuals [6,7].

Low back pain affects up to 75% of older adults [8] and is frequently associated
with decreased mobility, restricted social participation, and psychological sequelae,
including anxiety, depression, and kinesiophobia [9—12]. Among individuals with
persistent low back pain, kinesiophobia can intensify functional limitations and further
reduce physical engagement by reinforcing avoidance behaviors [13,14]. Evidence
indicates that kinesiophobia prevalence and severity may differ by sex, with women
experiencing higher levels of fear-avoidance beliefs and associated disability com-
pared to men [15,16]. A study reported that 80% of older women exhibited high
kinesiophobia levels, which correlated with impaired physical function [3]. Despite this
evidence, most existing research has examined heterogeneous populations or inves-
tigated psychological and physical factors separately, leaving the complex interplay
between these domains inadequately understood, particularly among older women
with chronic low back pain.

The relationship between kinesiophobia and physical function appears bidirec-
tional and multifaceted. Research demonstrates that psychological factors such
as kinesiophobia, pain catastrophizing, and anxiety can directly impair physical
performance through avoidance behaviors and indirectly through decondition-
ing [17-19]. Conversely, poor physical performance, characterized by reduced
balance, lower limb strength, and functional mobility, may reinforce fear beliefs,
creating a self-perpetuating cycle of decline [20,21]. Physical performance is
recognized as a key indicator of healthy aging [22], yet in individuals with per-
sistent pain, performance is notably compromised [23]. Recent evidence sug-
gests that interventions combining aerobic exercise with core stabilization can
significantly improve physical performance and reduce fall risk in older adults
with chronic nonspecific low back pain [24], highlighting the modifiable nature of
these outcomes.
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Performance-based assessments such as the Timed Up and Go (TUG) and 30-Second Sit-to-Stand (30s-STS) tests
offer practical advantages for evaluating functional capacity in older adults [25,26]. These measures are simple, objective,
require minimal equipment, and can be feasibly implemented across diverse clinical and care settings, including outpa-
tient clinics, nursing homes, and home-based care [27,28]. Importantly, these tools capture functional dimensions, includ-
ing balance, mobility, and lower limb strength, that are directly related to independence in activities of daily living [29-32].
However, the relative contribution of specific physical performance components (such as balance versus lower extremity
strength) to kinesiophobia severity remains unclear [33]. Understanding which performance domains most strongly influ-
ence fear of movement could inform more targeted and efficient rehabilitation strategies.

Despite growing recognition of the biopsychosocial nature of chronic pain [34,35], research specifically examining the
interconnections between pain intensity, multiple dimensions of physical performance, and kinesiophobia within older
women with chronic low back pain remains limited. Previous studies have typically focused on younger or mixed-age
populations [36,37], examined kinesiophobia in isolation from physical performance [38], or investigated pain and function
without considering psychological mediators [39]. This represents a significant gap, as older women constitute a partic-
ularly vulnerable population: they experience higher rates of chronic low back pain, greater functional decline, and more
severe psychosocial consequences compared to their male counterparts [15,40,41]. Furthermore, age-related physiolog-
ical changes, including sarcopenia, reduced balance capacity, and altered pain processing, may uniquely influence the
pain-kinesiophobia-function relationship in this demographic [42,43].

This study addresses these gaps by examining older women with chronic low back pain and exploring how pain inten-
sity, physical performance domains, and demographic factors collectively relate to kinesiophobia within a comprehensive
analytical framework. By utilizing accessible functional assessments applicable across diverse care settings and employ-
ing advanced statistical methods, this research demonstrates how modifiable physical factors may influence psychological
outcomes. The findings have the potential to inform clinical practice by identifying which functional domains should be pri-
oritized in rehabilitation programs to reduce fear-avoidant behaviors and improve outcomes in this vulnerable population.

Specifically, the study was designed to investigate the associations between pain intensity, physical performance, and
kinesiophobia in older women with chronic low back pain, guided by the following hypotheses: (a) greater pain intensity
would be associated with higher kinesiophobia levels, (b) poorer physical performance across multiple domains (balance,
mobility, lower limb strength) would be associated with higher kinesiophobia levels, and (c) physical performance would
partially mediate the relationship between pain intensity and kinesiophobia, such that higher pain would be associated
with poorer performance, which in turn would be associated with greater kinesiophobia. By clarifying these interrela-
tionships, the study aims to provide evidence for developing multidimensional rehabilitation strategies that concurrently
address physical and psychological determinants of functional decline in older women with chronic low back pain.

Materials and methods
Study design

This cross-sectional study adhered to the STROBE guidelines for reporting observational research. Data were gathered
from 119 older women at the Sports Rehabilitation Laboratory of Bu-Ali-Sina University between October and November
2024. The study complied with the Declaration of Helsinki and received approval from the Research Ethics Commit-

tee of Bu-Ali Sina University (IR.BASU.REC.1403.011). All participants provided written informed consent prior to their
involvement.

Participants

This study involved 119 older women with chronic nonspecific low back pain, recruited by referrals from physiotherapy
clinics in Hamedan, based on predefined eligibility criteria. Each participant was clinically evaluated by a board-certified
specialist in physical medicine and rehabilitation with expertise in musculoskeletal disorders. Chronic low back pain was
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diagnosed through a comprehensive clinical assessment, including detailed patient history and physical examination.
Specific causes of low back pain, such as vertebral fractures, lumbar spinal stenosis, and disc herniation, were excluded
based on clinical findings and, when necessary, review of recent imaging reports (such as X-ray, MRI). Inclusion criteria
were: age over 60 years, low back pain lasting more than three months within the past year, at least two episodes of pain
lasting two or more consecutive days, independence in daily activities, and no medical restrictions for physical activity.
Exclusion criteria included diagnosed neurological disorders affecting mobility (for example, Parkinson’s disease, multiple
sclerosis), vestibular disorders (for example, labyrinthitis, Meniere’s disease), cognitive impairment interfering with test
participation, history of pelvic or spinal surgery, congenital spinal conditions (for example, scoliosis), falls within the past
year, and any identifiable structural pathology. The specialist verifying eligibility was blinded to the study hypotheses and
outcome measures to minimize bias. The same examiner conducted all evaluations.

Measures

Demographic data, including age, height, weight, and BMI, were recorded. No participants were excluded based on their
overweight or obesity status.

Dependent variable: Kinesiophobia. The Tampa Scale for Kinesiophobia-17 (TSK-17) is a widely recognized and
validated tool designed to evaluate fear of movement (kinesiophobia) in people with chronic low back pain. [44]. The scale
comprises 17 items scored on a four-point Likert scale (from “strongly disagree” to “strongly agree”), assessing the degree to
which individuals fear physical activity due to worries about potential injury or worsening pain. [45,46]. The questionnaire is
designed to identify maladaptive beliefs and avoidance behaviors that may contribute to the persistence or chronicity of pain.
Each item is rated on a 4-point scale, yielding a cumulative score between 17 and 68. Lower total scores reflect the absence or
minimal presence of kinesiophobia, whereas higher scores represent more severe levels of kinesiophobic behavior [47]. A score
above 37 indicates significant kinesiophobia [48]. In the present study, the validated Persian adaptation of the questionnaire
was utilized. This version exhibited excellent internal consistency, as reflected by a Cronbach’s alpha coefficient of 0.94 [49].

Independent variables. This study included three independent variables: 1) low back pain intensity, 2) dynamic
balance, and 3) lower limb strength. Balance and strength were considered measures of physical performance.

Low back pain. In this study, the intensity of low back pain was evaluated using the Visual Analog Scale (VAS), a
validated tool consisting of a 10-centimeter horizontal line anchored by descriptors at each end: “no pain” (0) and “the
most severe pain imaginable” (10). The participant indicates pain intensity by marking the line at the point that best
represents her pain. This scale is highly sensitive to changes in pain and can be administered quickly without requiring
complex equipment [50]. Previous studies have reported high reliability for this tool (test-retest correlation coefficient
is usually higher than 0.80), and its validity has been confirmed by strong correlations with other tools, such as the
Numerical Rating Scale (NRS) and the McGill Pain Questionnaire [51].

Physical performance measures.

Timed Up and Go

The Timed Up and Go (TUG) test was used to assess dynamic balance. Performance on this test may be influenced by
factors beyond balance, such as pain intensity and kinesiophobia, which should be considered when interpreting asso-
ciations with psychological outcomes. However, it may not detect subtle postural control deficits [52—-54]. In this study,
participants were instructed to stand up from a seated position in a standard armchair, walk a distance of 3 meters, turn
around, return to the chair, and sit down again. Completion time was measured using a stopwatch [25]. Completion time
exceeding 12 seconds among older adults indicates impaired balance and increased fall risk [55]. The TUG test has
demonstrated high validity among older adults [25].

30s-Sit-To-Stand

The 30s-STS test was employed to evaluate functional lower limb strength, especially the quadriceps and gluteal muscles
[28]. While this test reflects functional strength in daily activities, it does not isolate pure muscular strength and may be
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influenced by other factors such as pain intensity, kinesiophobia, and overall physical conditioning. These potential con-
founders were considered in the multivariable and mediation analyses, and the observed associations were interpreted
with caution. Participants were seated in the center of an armless chair, ensuring their feet were flat on the floor and their
arms were crossed over their chest. Within 30 seconds, participants completed as many full sit-to-stand repetitions as
possible without using hand support. The total number of successful repetitions was considered a performance indicator,
with higher number indicating better lower limb strength and functional ability [28].

Procedures

After the volunteers attended the Sports Rehabilitation Laboratory of Bu-Ali Sina University, they received detailed infor-
mation about the study’s procedures, objectives, and potential risks. All participants signed the written informed consent
form. All assessments were performed in the controlled laboratory environment.

Initially, the demographic information of each participant was recorded. Then, participants completed the validated
Persian version of the TSK-17 Questionnaire. Pain intensity was measured using the VAS. Participants then did two
performance tests, the TUG and 30s-STS, in randomized order during the same session. To prevent the risk of injury, a
5-minute rest period was provided between each test. All assessments were performed by an experienced and trained
therapist.

Statistical analysis

The sample size was determined using GPower software (version 3.1.9.2) for a multiple linear regression model with five
predictors. Using the medium effect size of ?=0.15 (the default medium effect size in GPower for multiple regression),

a significance level of 0.05, and 95% statistical power, a sample size of 119 participants was established. This sample
size exceeds the minimum thresholds recommended by Green (1991), who suggests N=50+8m (where m is the number
of predictors) for testing the overall model fit (50 +8 x5=90) and N = 104 +m for testing individual regression coefficients
(104 +5=109), ensuring sufficient statistical power for reliable results [56].

Data analysis was conducted using SPSS software Version 26. The normality of residuals was assessed using the
Shapiro-Wilk test and visual inspection of Q-Q plots and histograms. To examine the associations between variables,
Spearman’s correlation test was applied. Multiple linear regression was employed to investigate the predictive effects of
independent variables (pain intensity and physical performance) on the dependent variable (kinesiophobia). A p-value
below 0.05 was deemed statistically significant.

To examine the direct and indirect relationships among pain intensity, physical performance, and kinesiophobia, medi-
ation and moderation analyses were conducted using the PROCESS macro (Model 4 and Model 14). Bootstrapping with
5000 bias-corrected resamples was used to estimate the confidence intervals for indirect effects. Additionally, moderated
mediation models were tested to explore conditional indirect effects based on demographic variables (age, BMI).

Results

Out of 132 eligible older adults, 119 participants with chronic, nonspecific low back pain were included in the final sample
(Fig 1).

Demographic and clinical characteristics

Table 1 presents the demographic and clinical characteristics of the participants.

Bivariate association

Given the non-normal distribution of data, Spearman’s rank correlation was applied (Table 2). According to standard inter-
pretation guidelines [57], correlations above 0.70 were considered strong, 0.40 to 0.69 moderate, and below 0.40 weak.
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Fig 1. STROBE flow diagram for observational studies.

https://doi.org/10.1371/journal.pone.0337553.9001

Table 1. Demographic and clinical characteristics of participants.

Variable Sample (n=119)
Mean (SD)
Age (year) 67.42 (2.63)
Height (m) 1.62 (0.07)
Weight (kg) 72.71 (10.06)
BMI (kg/m2) 27.50 (3.81)
Pain intensity (VAS) 6.32 (1.56)
Balance (TUG (s)) 10.13 (1.65)
Strength (30s-STS (repetitions)) 7.18 (1.47)
Kinesiophobia (TSK-17) 51.90 (5.94)

BMI, Body Mass Index; VAS, Visual Analogue Scale; TUG, Timed Up and Go; 30s-STS, 30s Sit-To-Stand;
TSK-17, Tampa Scale for Kinesiophobia-17 items.

https://doi.org/10.1371/journal.pone.0337553.t001

The findings indicated a strong positive correlation between pain intensity and kinesiophobia (r=0.86, p<0.005),
demonstrating that higher pain intensity was associated with increased kinesiophobia, as illustrated in Fig 2.

The findings revealed a moderate negative correlation between lower limb strength and kinesiophobia (r=-0.61,
p<0.005), suggesting that participants with higher lower limb strength exhibited reduced kinesiophobia, as illustrated in
Fig 3.

Furthermore, a moderate negative correlation was found between lower limb strength and pain intensity (r=-0.56,
p<0.005), indicating that better lower limb strength is associated with reduced pain (Table 2). However, no significant
correlations were found between balance and kinesiophobia (p>0.05; Table 2).

Multivariable linear regression analysis

To investigate the contribution of pain intensity, physical performance, and demographic factors to kinesiophobia, a multi-
variable linear regression analysis was performed. The model included pain intensity (VAS), lower limb strength (30-STS),
balance (TUG), age, and BMI as independent variables. All model assumptions were met: residuals were normally distrib-
uted, no influential outliers were detected, and multicolinearity was ruled out (all VIF values<2).

The regression model significantly predicted kinesiophobia scores (F (5, 113) = 60.01, p<0.001), accounting for 72.6%
of the variance (R?2=0.726). Among the predictors, pain intensity showed a strong and positive association with kinesi-
ophobia (=0.74, p<0.001), indicating that higher pain levels were linked to greater fear of movement (Table 3). Lower
limb strength was negatively and significantly associated with kinesiophobia (3=-0.17, p=0.005), suggesting that reduced
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Table 2. Spearman’s correlation analysis between kinesiophobia, pain intensity, and physical performance (n=119).

Variables r p-value Strength of association
Pain intensity (VAS) — Kinesiophobia (TSK-17) 0.865 <0.001* Strong positive

Strength (30s-STS) — Kinesiophobia (TSK-17) -0.609 <0.001* Moderate negative
Strength (30s-STS) — Pain intensity (VAS) -0.558 <0.001* Moderate negative
Balance (TUG) — Kinesiophobia (TSK-17) 0.030 0.745 Negligible (ns)

Balance (TUG) — Pain intensity (VAS) -0.034 0.713 Negligible (ns)

* Correlation is significant at the 0.05 level.
ns, not significant.

VAS, Visual Analogue Scale; TSK-17, Tampa Scale for Kinesiophobia-17 items; 30s-STS, 30s Sit-To-Stand; TUG, Timed Up
and Go.

https://doi.org/10.1371/journal.pone.0337553.t002

R? Linear = 0.702
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Fig 2. Shows a clear upward trend, confirming that higher pain intensity is associated with higher kinesiophobia.

https://doi.org/10.137 1/journal.pone.0337553.9002

lower limb strength may contribute to higher fear of movement (Table 3). In contrast, balance performance (TUG) did not
appear as a significant predictor (p=0.212; Table 3). Age and BMI were included to control for potential demographic con-
founders; however, they were not significantly associated with kinesiophobia (p>0.05; Table 3).

Mediation analysis

Two mediation models were tested to examine the indirect effects of pain on physical performance through kinesiophobia
and lower limb strength (Table 4).

In the first model, kinesiophobia (fear of movement) was entered as a mediator between pain and STS (lower limb
strength). The indirect effect was statistically significant (3=-0.30, BootClI [-0.56, —0.08]), while the direct effect was
non-significant (3=-0.22, p=.08). This suggests that pain may influence lower limb strength through impact on fear of
movement (Fig 4a).

In the second model, STS (lower limb strength) was tested as a mediator between pain and kinesiophobia. Both the
direct (3=2.82, p<.001) and indirect effects (3=0.35, BootCI [0.07, 0.74]) were statistically significant, indicating partial
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Fig 3. Shows a strong downward trend, suggesting that greater lower-limb strength is linked to lower kinesiophobia.

https://doi.org/10.1371/journal.pone.0337553.9003

Table 3. Association of pain, physical performance, and demographic factors with kinesiophobia in multivariable linear regression analysis
(n=119).

Predictor B SEB Beta t p VIF
(Constant) 32.76 8.96 - 3.65 0.001* -

Age (year) 0.07 0.11 0.03 0.60 0.556 1.04
BMI (kg/m2) -0.02 0.07 -0.02 -0.31 0.756 1.03
Pain intensity (VAS) 2.82 0.22 0.74 12.51 0.001* 1.46
Balance (TUG (s)) 0.22 0.17 0.06 1.25 0.212 1

Strength (30s-STS (repetitions)) -0.68 0.24 -0.17 -2.85 0.005* 1.46

VAS, Visual Analogue Scale; TUG, Timed Up and Go; 30s-STS, 30s Sit-To-Stand.
https://doi.org/10.1371/journal.pone.0337553.t003

Table 4. Mediation models testing indirect effects.

Model | Path Effect of predictor | Effect of mediator | Direct effect of predic- | Indirect BootCl | Total effect | Media-
on mediator (a) on outcome (b) tor on outcome (c') Effect (axb) | 95% (¢’ + (axb)) |tion type
1 Pain— Kinesiopho- | 3.18 -0.09 -0.22 -0.30 [-0.56, |-0.52 Full
bia — Sit-to-Stand -0.08]
2 Pain — Sit-to- -0.52 -0.66 2.82 +0.35 [0.07, 3.17 Partial
Stand — Kinesio- 0.74]
phobia

https://doi.org/10.1371/journal.pone.0337553.t004

mediation. These findings suggest that pain affects kinesiophobia both directly and indirectly through lower limb perfor-
mance (Fig 4b).

Bootstrapping with 5000 bias-corrected resamples was used to estimate 95% confidence intervals (Cl) for the indirect
effects. Additional analyses were conducted to test moderation and moderated mediation effects (such as age, BMI), but
none reached statistical significance. No missing data were present in the variables included in the mediation and moder-
ation analyses.

PLOS One | https://doi.org/10.1371/journal.pone.0337553 February 27, 2026 8/15



https://doi.org/10.1371/journal.pone.0337553.g003
https://doi.org/10.1371/journal.pone.0337553.t003
https://doi.org/10.1371/journal.pone.0337553.t004

Kinesiophobia © Sit-to-Stand

¢'=-022 ™\ N =282
Pain ) \ Sit-to-Stand ) Pain ) Kinesiophobia

Fig 4. Indirect effects of pain on physical performance via kinesiophobia and lower limb strength. (a) Path diagram of Mediation model 1 (b)
Path diagram of Mediation model 2.

https://doi.org/10.1371/journal.pone.0337553.g004

Discussion

The aim of this study was to investigate the associations between pain intensity, physical performance, and kinesiophobia
in older women with chronic nonspecific low back pain. Our findings demonstrated that pain intensity was the strongest
predictor of kinesiophobia, and lower limb strength (as measured by 30s-STS) was inversely related to kinesiophobia. In
contrast, balance (as measured by TUG) was not significantly associated with kinesiophobia. Moreover, mediation anal-
yses revealed that kinesiophobia fully mediated the relationship between pain and lower limb strength, while lower limb
strength partially mediated the relationship between pain and kinesiophobia. These findings emphasize both direct and
indirect pathways through which pain contributes to performance limitations in this population.

The strong association between pain intensity and kinesiophobia aligns with the fear-avoidance model, which posits
that pain triggers maladaptive beliefs and catastrophic thoughts, leading to avoidance behaviors, reduced activity, and
progressive deconditioning [13,58,59]. This finding is consistent with previous research demonstrating that individuals with
chronic low back pain (CLBP) frequently associate physical movement with pain exacerbation, creating a self-reinforcing
cycle of fear and disability [4,5]. The magnitude of this association underscores its substantial influence on fear-related
cognitions. Neurobiological evidence provides additional support for this relationship. Pain and fear share common neural
substrates, including the amygdala, anterior cingulate cortex, and prefrontal regions, which are involved in threat pro-
cessing and emotional regulation [60—62]. Functional neuroimaging studies have shown that individuals with high kinesi-
ophobia exhibit heightened activation in these regions when anticipating movement, suggesting that fear of pain may be
neurologically reinforced through repeated pain experiences [63,64]. In older adults, age-related changes in central pain
processing, including altered descending inhibition and increased central sensitization, may further amplify the pain-fear
relationship [65]. It is important to consider potential bidirectional influences. While our cross-sectional design does not
permit causal inference, longitudinal research suggests that kinesiophobia can also amplify pain perception through atten-
tional bias and hypervigilance to bodily sensations [66,67]. This reciprocal relationship may be particularly pronounced
in older women, who demonstrate higher pain sensitivity and greater emotional reactivity to pain compared to men and
younger populations [68,69].

Lower limb strength demonstrated a significant but modest inverse relationship with kinesiophobia. While statistically
significant, this effect size is considerably smaller than that of pain intensity, suggesting that functional strength plays a
secondary role in determining fear of movement. The moderate effect size may reflect several underlying mechanisms.
First, the 30s-STS test, although functional and clinically practical, does not isolate pure muscular strength and may be
influenced by pain tolerance, motivation, and movement strategy [70,71]. Individuals with high kinesiophobia may perform

PLOS One | https:/doi.org/10.1371/journal.pone.0337553  February 27, 2026 9/15



https://doi.org/10.1371/journal.pone.0337553.g004

PLO\Sﬁ\\.- One

the test cautiously, limiting repetitions not due to actual strength deficits but due to fear-driven protective behaviors [72].
Second, our sample may have exhibited sufficient functional strength for basic mobility tasks, resulting in a restricted
range that attenuated correlations with kinesiophobia [73]. Previous research supports the link between kinesiophobia
and impaired muscle function in CLBP populations [4,5,33]. Severeijns et al. (2005) found that fear-avoidance beliefs
predicted greater functional disability independent of pain intensity, highlighting the role of psychological factors in perfor-
mance decrements [17]. The findings of Alshehri et al. (2024) also showed that kinesiophobia directly and indirectly affects
proprioception and balance through pain intensity, functional mobility, and mental health status [74]. Our mediation anal-
ysis extends this work by demonstrating that pain may reduce functional strength primarily through its influence on fear
of movement. Specifically, higher pain intensity was associated with greater kinesiophobia, which in turn predicted lower
strength, suggesting that interventions targeting kinesiophobia may interrupt this pathway and preserve physical function
[36,75].

Unexpectedly, no significant relationship was found between balance (TUG performance) and kinesiophobia. This
contrasts with studies reporting that fear of movement influences proprioception and postural control in musculoskeletal
pain populations [76]. Several methodological and population-specific factors may explain this null finding. The TUG test,
while widely used in this population, may lack the sensitivity required to detect subtle postural control deficits in relatively
high-functioning older adults [77,78]. Our participants demonstrated preserved mobility (mean TUG=10 s), almost near
to clinical cutoff for fall risk (>12 seconds) [55]. This suggests our sample maintained adequate dynamic balance for basic
mobility tasks, resulting in restricted variance that may have obscured associations with kinesiophobia. Studies employing
more sensitive balance assessments, including static single-leg stance, tandem balance, instrumented posturography,
and force plate analysis, have successfully identified balance-kinesiophobia relationships even in functionally preserved
populations [79]. Furthermore, the TUG primarily assesses dynamic mobility rather than isolated postural stability [80]. It
incorporates multiple functional components (sit-to-stand transition, gait, turning, spatial orientation) that may dilute spe-
cific balance deficits [81]. In contrast, static balance measures and tests requiring greater postural challenge (for example,
standing on foam, eyes closed conditions) may better capture fear-related postural adaptations [82].

Our findings align with some previous research. Karos et al. (2017) reported no significant correlation between kine-
siophobia and basic balance measures in community-dwelling older adults with musculoskeletal pain, suggesting that
the pain-fear-balance relationship may be task-specific or population-dependent [83]. Conversely, studies demonstrating
balance-kinesiophobia associations often involved populations with more severe impairments or employed different assess-
ment methods. Alshehri et al. (2024) found that kinesiophobia indirectly affected balance through its impact on propriocep-
tion and mental health in post-surgical hip replacement patients, a population with more pronounced postural challenges
than our community-dwelling sample [74]. Ishak et al. (2017) reported that kinesiophobia predicted diminished mobility in
broader CLBP cohorts but used self-reported balance confidence rather than objective performance measures [84].

It is also possible that older women with CLBP develop compensatory movement strategies that maintain balance
performance despite elevated kinesiophobia [85,86]. Research indicates that individuals with chronic pain often adopt
cautious movement patterns characterized by slower gait, wider base of support, and reduced center of mass displace-
ment, strategies that preserve stability but compromise movement efficiency [87,88]. Such compensations might maintain
TUG performance within normal ranges while kinesiophobia remains elevated, obscuring the expected relationship.

Our mediation analyses revealed bidirectional pathways that provide novel insights into the mechanisms linking pain,
kinesiophobia, and physical performance. In the primary mediation model, kinesiophobia fully mediated the relationship
between pain intensity and lower limb strength. This suggests that pain’s impact on functional strength operates almost
entirely through fear of movement rather than through direct biomechanical or physiological impairments.

In the reverse mediation model, lower limb strength partially mediated the pain-kinesiophobia relationship. This indi-
cates that pain increases kinesiophobia both directly (through threat appraisal and fear conditioning) and indirectly
(through pain-induced strength deficits that reinforce perceptions of vulnerability).
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The bidirectionality observed in our analyses suggests a self-perpetuating cycle: pain increases kinesiophobia, which
promotes avoidance and reduces strength, and reduced strength further reinforces kinesiophobia by confirming fears of
physical vulnerability. This vicious cycle aligns with the fear-avoidance model and highlights multiple potential intervention
points [14,20,89]. Breaking this cycle may require simultaneous targeting of pain, fear-related cognitions, and physical
performance deficits rather than addressing each component in isolation.

The findings of this study highlight pain intensity as the primary predictor of kinesiophobia in older women with low
back pain, yet they also suggest that enhancing lower limb strength may offer additional benefits in reducing fear of
movement. Therefore, effective interventions should adopt a comprehensive approach that prioritizes pain management
while incorporating progressive strengthening exercises, pain education, and psychological strategies aimed at reducing
kinesiophobia. Given its mediating role, addressing kinesiophobia as a core component of rehabilitation may improve both
psychological resilience and physical performance in this population.

Strengths and limitations

Akey strength of this study lies in the use of standardized, simple, and clinically applicable measures (VAS, TUG, 30s-STS, and
TSK-17), which can be performed in different clinical and community settings. Another strength is the inclusion of mediation mod-
els, which provide novel insights into the mechanisms linking pain, physical performance, and kinesiophobia in older women.
Several limitations should be acknowledged. First, the cross-sectional design of this study limits causal inference; longi-
tudinal research is needed to establish temporal relationships and confirm directional pathways between variables. Second,
potential selection bias may have occurred due to the recruitment of participants from a single geographic region and through
physiotherapy clinics, which may limit the representativeness of the sample. Third, although the study focused on physical
factors, it did not control for other psychological variables such as depression, anxiety, or pain catastrophizing, which may
confound the observed associations. Fourth, reliance on self-reported measures (TSK-17, VAS) may introduce recall and
reporting biases. Fifth, while the TUG test is widely used, it may lack the sensitivity to detect subtle postural control deficits in
this cohort. Similarly, the 30s-STS test, although practical and functional, does not isolate pure muscular strength and may
be influenced by pain and psychological factors. Future studies are encouraged to incorporate more precise strength assess-
ments (e.g., isokinetic dynamometry), control for psychological variables, physical activity level, and adopt longitudinal designs
with more diverse populations to enhance external validity and deepen understanding of biopsychosocial interactions.

Conclusions

In summary, pain intensity and lower limb strength were significantly associated with kinesiophobia in older women with
chronic low back pain, whereas balance showed no significant relationship. Mediation analyses further revealed that fear
of movement plays a central role in explaining how pain impacts physical performance. These findings underscore the
importance of incorporating psychological components, such as fear reduction strategies, into rehabilitation programs
alongside traditional physical strengthening approaches. Clinicians should adopt a comprehensive, multidimensional
framework that targets both physical and psychological contributors to disability in this population.

Patient consent for publication: Consent obtained directly from patient(s).

Provenance and peer review: Not commissioned; externally peer reviewed.

Patient and public involvement: Patients and/or the public were not involved in the design, conduct, reporting, or dis-
semination plans of this research.

Author contributions
Conceptualization: Farzaneh Saki, Farzaneh Ramezani.

Data curation: Farzaneh Saki, Farzaneh Ramezani.
Formal analysis: Farzaneh Ramezani, Raziyeh Taheri.

PLOS One | https:/doi.org/10.1371/journal.pone.0337553  February 27, 2026 11/15




PLO\Sﬁ\\.- One

Funding acquisition: Farzaneh Saki.
Investigation: Farzaneh Saki, Farzaneh Ramezani.
Methodology: Farzaneh Saki, Farzaneh Ramezani.
Project administration: Farzaneh Saki.
Resources: Farzaneh Saki, Farzaneh Ramezani.
Software: Farzaneh Ramezani.

Supervision: Farzaneh Saki.

Validation: Farzaneh Saki.

Visualization: Farzaneh Saki.

Writing — original draft: Farzaneh Ramezani.
Writing — review & editing: Farzaneh Saki, Farzaneh Ramezani, Raziyeh Taheri.

References

1. Vlaeyen JW, Kole-Snijders AM, Rotteveel AM, Ruesink R, Heuts PH. The role of fear of movement/(re)injury in pain disability. J Occup Rehabil.
1995;5(4):235-52. https://doi.org/10.1007/BF02109988 PMID: 24234727

2. Uchida K, Murata S, Kawaharada R, Tsuboi Y, Isa T, Okumura M, et al. Association between kinesiophobia and life space among community-
dwelling older people with chronic musculoskeletal pain. Pain Med. 2020;21(12):3360-5. https://doi.org/10.1093/pm/pnaa216 PMID: 32935125

3. Silva NS da, Abreu SSE de, Suassuna PD. Kinesiophobia and associated factors in elderly females with chronic musculoskeletal pain: pilot study.

Revista Dor. 2016;17. https://doi.org/10.5935/1806-0013.20160068

4. Kumar P, Ferreira Ade S, Nogueira LAC, Arulsingh W, Patil MrS. Influence of Kinesiophobia on muscle endurance in patients with chronic low back

pain- A case-control study. F1000Res. 2024;13:1016. https://doi.org/10.12688/f1000research.152751.1

5. John JN, Ugwu EC, Okezue OC, Ekechukwu END, Mgbeojedo UG, John DO, et al. Kinesiophobia and associated factors among patients with
chronic non-specific low back pain. Disabil Rehabil. 2023;45(16):2651-9. https://doi.org/10.1080/09638288.2022.2103747 PMID: 35906781

6. Stubbs B, Binnekade T, Eggermont L, Sepehry AA, Patchay S, Schofield P. Pain and the risk for falls in community-dwelling older adults: system-
atic review and meta-analysis. Arch Phys Med Rehabil. 2014;95(1):175-187.e9. https://doi.org/10.1016/j.apmr.2013.08.241 PMID: 24036161

7. Larsson C, Ekvall Hansson E, Sundquist K, Jakobsson U. Impact of pain characteristics and fear-avoidance beliefs on physical activity levels

among older adults with chronic pain: a population-based, longitudinal study. BMC Geriatr. 2016;16:50. https://doi.org/10.1186/s12877-016-0224-3

PMID: 26912216

8. de Souza IMB, Sakaguchi TF, Yuan SLK, Matsutani LA, do Espirito-Santo A de S, Pereira CA de B, et al. Prevalence of low back pain in the elderly

population: a systematic review. Clinics (Sao Paulo). 2019;74:e789. https://doi.org/10.6061/clinics/2019/e789 PMID: 31664424

9. Ge L, Pereira MJ, Yap CW, Heng BH. Chronic low back pain and its impact on physical function, mental health, and health-related quality of life: a

cross-sectional study in Singapore. Sci Rep. 2022;12(1):20040. https://doi.org/10.1038/s41598-022-24703-7 PMID: 36414674

10. Shanbehzadeh S, ShahAli S, Ebrahimi Takamjani |, Vlaeyen JWS, Salehi R, Jafari H. Association of pain-related threat beliefs and disability with
postural control and trunk motion in individuals with low back pain: a systematic review and meta-analysis. Eur Spine J. 2022;31(7):1802-20.
https://doi.org/10.1007/s00586-022-07261-4 PMID: 35583666

11. Ostir GV, Carlson JE, Black SA, Rudkin L, Goodwin JS, Markides KS. Disability in older adults. 1: Prevalence, causes, and consequences. Behav

Med. 1999;24(4):147-56. https://doi.org/10.1080/08964289.1999.11879271 PMID: 10023493

12. Fullwood D, Booker S, Fallon E, Means S, Asto-Flores E, Stickley ZL, et al. A descriptive study of physical function and performance in older black

men with low back pain. Geriatr Nurs. 2023;53:78-84. https://doi.org/10.1016/j.gerinurse.2023.06.021 PMID: 37454422

13. Varallo G, Scarpina F, Giusti EM, Cattivelli R, Guerrini Usubini A, Capodaglio P, et al. Does Kinesiophobia Mediate the Relationship between
Pain Intensity and Disability in Individuals with Chronic Low-Back Pain and Obesity?. Brain Sci. 2021;11(6):684. https://doi.org/10.3390/brain-
sci11060684 PMID: 34067433

14. Vlaeyen JWS, Linton SJ. Fear-avoidance model of chronic musculoskeletal pain: 12 years on. Pain. 2012;153(6):1144—7. https://doi.org/10.1016/].

pain.2011.12.009 PMID: 22321917

15. Usta N, Altug F, Unal A. The Relationship Between Kinesiophobia, Physical Activity and Disability Level and Pain Management in Patients with
Chronic Low Back Pain in Genders. Mehmet Akif Ersoy University Journal of Health Sciences Institute. 2024;12(3):1-9.

16. Ruau D, Liu LY, Clark JD, Angst MS, Butte AJ. Sex differences in reported pain across 11,000 patients captured in electronic medical records. J
Pain. 2012;13(3):228-34. https://doi.org/10.1016/j.jpain.2011.11.002 PMID: 22245360

PLOS One | https://doi.org/10.1371/journal.pone.0337553 February 27, 2026 12715



https://doi.org/10.1007/BF02109988
http://www.ncbi.nlm.nih.gov/pubmed/24234727
https://doi.org/10.1093/pm/pnaa216
http://www.ncbi.nlm.nih.gov/pubmed/32935125
https://doi.org/10.5935/1806-0013.20160068
https://doi.org/10.12688/f1000research.152751.1
https://doi.org/10.1080/09638288.2022.2103747
http://www.ncbi.nlm.nih.gov/pubmed/35906781
https://doi.org/10.1016/j.apmr.2013.08.241
http://www.ncbi.nlm.nih.gov/pubmed/24036161
https://doi.org/10.1186/s12877-016-0224-3
http://www.ncbi.nlm.nih.gov/pubmed/26912216
https://doi.org/10.6061/clinics/2019/e789
http://www.ncbi.nlm.nih.gov/pubmed/31664424
https://doi.org/10.1038/s41598-022-24703-7
http://www.ncbi.nlm.nih.gov/pubmed/36414674
https://doi.org/10.1007/s00586-022-07261-4
http://www.ncbi.nlm.nih.gov/pubmed/35583666
https://doi.org/10.1080/08964289.1999.11879271
http://www.ncbi.nlm.nih.gov/pubmed/10023493
https://doi.org/10.1016/j.gerinurse.2023.06.021
http://www.ncbi.nlm.nih.gov/pubmed/37454422
https://doi.org/10.3390/brainsci11060684
https://doi.org/10.3390/brainsci11060684
http://www.ncbi.nlm.nih.gov/pubmed/34067433
https://doi.org/10.1016/j.pain.2011.12.009
https://doi.org/10.1016/j.pain.2011.12.009
http://www.ncbi.nlm.nih.gov/pubmed/22321917
https://doi.org/10.1016/j.jpain.2011.11.002
http://www.ncbi.nlm.nih.gov/pubmed/22245360

PLO\Sﬁ\\.- One

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Severeijns R, Vlaeyen JWS, van den Hout MA, Picavet HSJ. Pain catastrophizing and consequences of musculoskeletal pain: a prospective study
in the Dutch community. J Pain. 2005;6(2):125-32. https://doi.org/10.1016/j.jpain.2004.11.006 PMID: 15694879

Leeuw M, Goossens MEJB, Linton SJ, Crombez G, Boersma K, Vlaeyen JWS. The fear-avoidance model of musculoskeletal pain: current state of
scientific evidence. J Behav Med. 2007;30(1):77-94. https://doi.org/10.1007/s10865-006-9085-0 PMID: 17180640

Khodadadi Z, ShahAli S, Hejazi A, Shanbehzadeh S. Association of fear of falling with performance-based physical function and low back pain in
older adults: a cross-sectional study in Iran. BMJ Open. 2024;14(8):e086970. https://doi.org/10.1136/bmjopen-2024-086970 PMID: 39107012

Pfingsten M, Leibing E, Harter W, Kréner-Herwig B, Hempel D, Kronshage U, et al. Fear-avoidance behavior and anticipation of pain in patients
with chronic low back pain: a randomized controlled study. Pain Med. 2001;2(4):259-66. https://doi.org/10.1046/j.1526-4637.2001.01044.x PMID:
15102230

Waddell G, Newton M, Henderson |, Somerville D, Main CJ. A Fear-Avoidance Beliefs Questionnaire (FABQ) and the role of fear-avoidance beliefs
in chronic low back pain and disability. Pain. 1993;52(2):157—68. https://doi.org/10.1016/0304-3959(93)90127-B PMID: 8455963

Manini TM, Pahor M. Physical activity and maintaining physical function in older adults. Br J Sports Med. 2009;43(1):28-31. https://doi.org/10.1136/
bjsm.2008.053736 PMID: 18927164

Patel KV, Guralnik JM, Dansie EJ, Turk DC. Prevalence and impact of pain among older adults in the United States: findings from the 2011
National Health and Aging Trends Study. Pain. 2013;154(12):2649-57. https://doi.org/10.1016/j.pain.2013.07.029 PMID: 24287107

Kuzu S, Canli M, Valamur i, Oziidogru A, Alkan H, Hartavi A. Effects of aerobic exercise in addition to core stabilization exercises on func-
tional capacity, physical performance and fall risk in geriatric individuals with chronic non-specific low back pain. BMC Sports Sci Med Rehabil.
2025;17(1):218. https://doi.org/10.1186/s13102-025-01271-7 PMID: 40734175

Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x PMID: 1991946

Peters DM, Fritz SL, Krotish DE. Assessing the reliability and validity of a shorter walk test compared with the 10-Meter Walk Test for measure-
ments of gait speed in healthy, older adults. J Geriatr Phys Ther. 2013;36(1):24-30. https://doi.org/10.1519/JPT.0b013e318248e20d PMID:
22415358

Beauchet O, Fantino B, Allali G, Muir SW, Montero-Odasso M, Annweiler C. Timed UP AND GO TEST AND RISK OF FALLS IN OLDER ADULTS:
A SYSTEmatic review. J Nutr Health Aging. 2011;15(10):933-8. https://doi.org/10.1007/s12603-011-0062-0 PMID: 22159785

Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res Q Exerc Sport.
1999;70(2):113-9. https://doi.org/10.1080/02701367.1999.10608028 PMID: 10380242

Brucki SMD. Timed Up and Go test: a simple test gives important information in elderly. SciELO Brasil. 2015;:185-6.

Eekhof JA, De Bock GH, Schaapveld K, Springer MP. Short report: functional mobility assessment at home. Timed up and go test using three
different chairs. Can Fam Physician. 2001;47:1205-7. PMID: 11421048

Yee XS, Ng YS, Allen JC, Latib A, Tay EL, Abu Bakar HM, et al. Performance on sit-to-stand tests in relation to measures of functional fithess and
sarcopenia diagnosis in community-dwelling older adults. Eur Rev Aging Phys Act. 2021;18(1):1. https://doi.org/10.1186/s11556-020-00255-5
PMID: 33419399

Millor N, Lecumberri P, Gomez M, Martinez-Ramirez A, Izquierdo M. An evaluation of the 30-s chair stand test in older adults: frailty detection
based on kinematic parameters from a single inertial unit. J Neuroeng Rehabil. 2013;10:86. https://doi.org/10.1186/1743-0003-10-86 PMID:
24059755

Sions JM, Coyle PC, Velasco TO, Elliott JM, Hicks GE. Multifidi muscle characteristics and physical function among older adults with and without
chronic low back pain. Arch Phys Med Rehabil. 2017;98(1):51-7. https://doi.org/10.1016/j.apmr.2016.07.027 PMID: 27590444

Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The biopsychosocial approach to chronic pain: scientific advances and future directions.
Psychol Bull. 2007;133(4):581-624. https://doi.org/10.1037/0033-2909.133.4.581 PMID: 17592957

Turk DC, Monarch ES. Biopsychosocial perspective on chronic pain. Psychological approaches to pain management: A practitioner’s handbook.
1996.

George SZ, Stryker SE. Fear-avoidance beliefs and clinical outcomes for patients seeking outpatient physical therapy for musculoskeletal pain
conditions. J Orthop Sports Phys Ther. 2011;41(4):249-59. https://doi.org/10.2519/jospt.2011.3488 PMID: 21335927

Lundberg M, Larsson M, Ostlund H, Styf J. Kinesiophobia among patients with musculoskeletal pain in primary healthcare. J Rehabil Med.
2006;38(1):37—43. https://doi.org/10.1080/16501970510041253 PMID: 16548085

Picavet HSJ, Vlaeyen JWS, Schouten JSAG. Pain catastrophizing and kinesiophobia: predictors of chronic low back pain. Am J Epidemiol.
2002;156(11):1028-34. https://doi.org/10.1093/aje/kwf136 PMID: 12446259

Weiner DK, Sakamoto S, Perera S, Breuer P. Chronic low back pain in older adults: prevalence, reliability, and validity of physical examination
findings. J Am Geriatr Soc. 2006;54(1):11-20. https://doi.org/10.1111/j.1532-5415.2005.00534.x PMID: 16420193

Leveille SG, Zhang Y, McMullen W, Kelly-Hayes M, Felson DT. Sex differences in musculoskeletal pain in older adults. Pain. 2005;116(3):332-8.
https://doi.org/10.1016/j.pain.2005.05.002 PMID: 15982814

Cecchi F, Debolini P, Lova RM, Macchi C, Bandinelli S, Bartali B, et al. Epidemiology of back pain in a representative cohort of Italian persons 65
years of age and older: the INCHIANTI study. Spine (Phila Pa 1976). 2006;31(10):1149-55. https://doi.org/10.1097/01.brs.0000216606.24142.e1
PMID: 16648752

PLOS One | https:/doi.org/10.1371/journal.pone.0337553  February 27, 2026 13/15



https://doi.org/10.1016/j.jpain.2004.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15694879
https://doi.org/10.1007/s10865-006-9085-0
http://www.ncbi.nlm.nih.gov/pubmed/17180640
https://doi.org/10.1136/bmjopen-2024-086970
http://www.ncbi.nlm.nih.gov/pubmed/39107012
https://doi.org/10.1046/j.1526-4637.2001.01044.x
http://www.ncbi.nlm.nih.gov/pubmed/15102230
https://doi.org/10.1016/0304-3959(93)90127-B
http://www.ncbi.nlm.nih.gov/pubmed/8455963
https://doi.org/10.1136/bjsm.2008.053736
https://doi.org/10.1136/bjsm.2008.053736
http://www.ncbi.nlm.nih.gov/pubmed/18927164
https://doi.org/10.1016/j.pain.2013.07.029
http://www.ncbi.nlm.nih.gov/pubmed/24287107
https://doi.org/10.1186/s13102-025-01271-7
http://www.ncbi.nlm.nih.gov/pubmed/40734175
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://www.ncbi.nlm.nih.gov/pubmed/1991946
https://doi.org/10.1519/JPT.0b013e318248e20d
http://www.ncbi.nlm.nih.gov/pubmed/22415358
https://doi.org/10.1007/s12603-011-0062-0
http://www.ncbi.nlm.nih.gov/pubmed/22159785
https://doi.org/10.1080/02701367.1999.10608028
http://www.ncbi.nlm.nih.gov/pubmed/10380242
http://www.ncbi.nlm.nih.gov/pubmed/11421048
https://doi.org/10.1186/s11556-020-00255-5
http://www.ncbi.nlm.nih.gov/pubmed/33419399
https://doi.org/10.1186/1743-0003-10-86
http://www.ncbi.nlm.nih.gov/pubmed/24059755
https://doi.org/10.1016/j.apmr.2016.07.027
http://www.ncbi.nlm.nih.gov/pubmed/27590444
https://doi.org/10.1037/0033-2909.133.4.581
http://www.ncbi.nlm.nih.gov/pubmed/17592957
https://doi.org/10.2519/jospt.2011.3488
http://www.ncbi.nlm.nih.gov/pubmed/21335927
https://doi.org/10.1080/16501970510041253
http://www.ncbi.nlm.nih.gov/pubmed/16548085
https://doi.org/10.1093/aje/kwf136
http://www.ncbi.nlm.nih.gov/pubmed/12446259
https://doi.org/10.1111/j.1532-5415.2005.00534.x
http://www.ncbi.nlm.nih.gov/pubmed/16420193
https://doi.org/10.1016/j.pain.2005.05.002
http://www.ncbi.nlm.nih.gov/pubmed/15982814
https://doi.org/10.1097/01.brs.0000216606.24142.e1
http://www.ncbi.nlm.nih.gov/pubmed/16648752

PLO\Sﬁ\\.- One

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.
53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Cruz-Almeida Y, Fillingim RB. Can quantitative sensory testing move us closer to mechanism-based pain management?. Pain Med. 2014;15(1):61—
72. https://doi.org/10.1111/pme.12230 PMID: 24010588

Lautenbacher S. Experimental approaches in the study of pain in the elderly. Pain Med. 2012;13 Suppl 2:S44-50. https://doi.org/10.1111/.1526-
4637.2012.01326.x PMID: 22497747

Hudes K. The Tampa Scale of Kinesiophobia and neck pain, disability and range of motion: a narrative review of the literature. J Can Chiropr
Assoc. 2011;55(3):222-32. PMID: 21886284

Miller RP, Kori SH, Todd DD. The tampa scale: a measure of kinisophobia. The Clinical Journal of Pain. 1991;7(1):51.

Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. Fear of movement/(re)injury in chronic low back pain and its relation to behavioral
performance. Pain. 1995;62(3):363—72. https://doi.org/10.1016/0304-3959(94)00279-N PMID: 8657437

Pool JJM, Hiralal S, Ostelo RWJG, van der Veer K, Vlaeyen JWS, Bouter LM, et al. The applicability of the tampa scale of kinesiophobia for
patients with sub-acute neck pain: a qualitative study. Qual Quant. 2008;43(5):773-80. https://doi.org/10.1007/s11135-008-9203-x

Liu H, Huang L, Yang Z, Li H, Wang Z, Peng L. Fear of Movement/(Re)Injury: An update to descriptive review of the related measures. Front Psy-
chol. 2021;12:696762. https://doi.org/10.3389/fpsyq.2021.696762 PMID: 34305755

Abedi M, Okhovatian F, Heydarpour Meymeh M, Daryabor A, Akbarzadeh Baghban A. Reliability and validity of the tampa scale of kinesiophobia
questionnaire in individuals with non-specific low back pain. Middle East J Rehabil Health Stud. 2021;8(4). https://doi.org/10.5812/mejrh.115185

Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain
(NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-
36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken). 2011;63
Suppl 11:5240-52. https://doi.org/10.1002/acr.20543 PMID: 22588748

Alghadir AH, Anwer S, Igbal A, Igbal ZA. Test-retest reliability, validity, and minimum detectable change of visual analog, numerical rating, and ver-
bal rating scales for measurement of osteoarthritic knee pain. J Pain Res. 2018;11:851-6. https://doi.org/10.2147/JPR.S158847 PMID: 29731662

Mathias S, Nayak US, Isaacs B. Balance in elderly patients: the “get-up and go” test. Arch Phys Med Rehabil. 1986;67(6):387—9. PMID: 3487300
Stevens JA. The STEADI tool kit: a fall prevention resource for health care providers. IHS Prim Care Provid. 2013;39(9):162—-6. PMID: 26766893

Huang WN, et al. Association between fear of falling and seven performance-based physical function measures in older adults: a cross-sectional
study. Healthcare. 2022.

Bischoff HA, Stahelin HB, Monsch AU, lversen MD, Weyh A, von Dechend M, et al. Identifying a cut-off point for normal mobility: a comparison of
the timed “up and go” test in community-dwelling and institutionalised elderly women. Age Ageing. 2003;32(3):315-20. https://doi.org/10.1093/age-
ing/32.3.315 PMID: 12720619

Green SB. How many subjects does it take to do a regression analysis. Multivariate Behav Res. 1991;26(3):499-510. https://doi.org/10.1207/
$15327906mbr2603_7 PMID: 26776715

Schober P, Boer C, Schwarte LA. Correlation Coefficients: Appropriate Use and Interpretation. Anesth Analg. 2018;126(5):1763-8. https://doi.
org/10.1213/ANE.0000000000002864 PMID: 29481436

Medrado LN, Oliveira-Junior SA de, Martinez PF. The mediating role of kinesiophobia in pain intensity, physical function, and physical activity level
in inflammatory arthritis. Int J Rehabil Res. 2024;47(4):252-9. https://doi.org/10.1097/MRR.0000000000000650 PMID: 39652667

Varallo G, Suso-Ribera C, Ghiggia A, Veneruso M, Cattivelli R, Guerrini Usubini A, et al. Catastrophizing, Kinesiophobia, and acceptance as media-
tors of the relationship between perceived pain severity, self-reported and performance-based physical function in women with fibromyalgia and
obesity. J Pain Res. 2022;15:3017-29. https://doi.org/10.2147/JPR.S370718 PMID: 36186755

ALMohiza MA, Reddy RS, Asiri F, Alshahrani A, Tedla JS, Dixit S, et al. The Mediation Effect of Pain on the Relationship between Kinesio-

phobia and Lumbar Joint Position Sense in Chronic Low Back Pain Individuals: A Cross-Sectional Study. Int J Environ Res Public Health.
2023;20(6):5193. https://doi.org/10.3390/ijerph20065193 PMID: 36982105

Asiri F, Reddy RS, Alshahrani MS, Tedla JS, Dixit S, Alshahrani A, et al. Mediation effect of pain on the relationship between kinesiophobia and
postural control: comparison and correlations in individuals with fiboromyalgia syndrome and asymptomatic individuals-a cross-sectional study. Life
(Basel). 2023;13(1):175. https://doi.org/10.3390/1ife13010175 PMID: 36676124

Simons LE, Sieberg CB, Carpino E, Logan D, Berde C. The Fear of Pain Questionnaire (FOPQ): assessment of pain-related fear among children
and adolescents with chronic pain. J Pain. 2011;12(6):677-86. https://doi.org/10.1016/j.jpain.2010.12.008 PMID: 21354866

Meier ML, Stampfli P, Vrana A, Humphreys BK, Seifritz E, Hotz-Boendermaker S. Neural correlates of fear of movement in patients with chronic
low back pain vs. pain-free individuals. Front Hum Neurosci. 2016;10:386. https://doi.org/10.3389/fnhum.2016.00386 PMID: 27507941

Barke A, et al. Neural correlates differ in high and low fear-avoidant chronic low back pain patients when imagining back-straining movements. The
Journal of Pain. 2016;17(8):930—43.

Malfliet A, Coppieters I, Van Wilgen P, Kregel J, De Pauw R, Dolphens M, et al. Brain changes associated with cognitive and emotional factors in
chronic pain: A systematic review. Eur J Pain. 2017;21(5):769-86. https://doi.org/10.1002/ejp.1003 PMID: 28146315

Crombez G, Van Ryckeghem DML, Eccleston C, Van Damme S. Attentional bias to pain-related information: a meta-analysis. Pain.
2013;154(4):497-510. https://doi.org/10.1016/j.pain.2012.11.013 PMID: 23333054

Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences in chronic musculoskeletal pain: a state of the art. Pain. 2000;85(3):317-32.
https://doi.org/10.1016/S0304-3959(99)00242-0 PMID: 10781906

PLOS One | https://doi.org/10.1371/journal.pone.0337553 February 27, 2026 14715



https://doi.org/10.1111/pme.12230
http://www.ncbi.nlm.nih.gov/pubmed/24010588
https://doi.org/10.1111/j.1526-4637.2012.01326.x
https://doi.org/10.1111/j.1526-4637.2012.01326.x
http://www.ncbi.nlm.nih.gov/pubmed/22497747
http://www.ncbi.nlm.nih.gov/pubmed/21886284
https://doi.org/10.1016/0304-3959(94)00279-N
http://www.ncbi.nlm.nih.gov/pubmed/8657437
https://doi.org/10.1007/s11135-008-9203-x
https://doi.org/10.3389/fpsyg.2021.696762
http://www.ncbi.nlm.nih.gov/pubmed/34305755
https://doi.org/10.5812/mejrh.115185
https://doi.org/10.1002/acr.20543
http://www.ncbi.nlm.nih.gov/pubmed/22588748
https://doi.org/10.2147/JPR.S158847
http://www.ncbi.nlm.nih.gov/pubmed/29731662
http://www.ncbi.nlm.nih.gov/pubmed/3487300
http://www.ncbi.nlm.nih.gov/pubmed/26766893
https://doi.org/10.1093/ageing/32.3.315
https://doi.org/10.1093/ageing/32.3.315
http://www.ncbi.nlm.nih.gov/pubmed/12720619
https://doi.org/10.1207/s15327906mbr2603_7
https://doi.org/10.1207/s15327906mbr2603_7
http://www.ncbi.nlm.nih.gov/pubmed/26776715
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
http://www.ncbi.nlm.nih.gov/pubmed/29481436
https://doi.org/10.1097/MRR.0000000000000650
http://www.ncbi.nlm.nih.gov/pubmed/39652667
https://doi.org/10.2147/JPR.S370718
http://www.ncbi.nlm.nih.gov/pubmed/36186755
https://doi.org/10.3390/ijerph20065193
http://www.ncbi.nlm.nih.gov/pubmed/36982105
https://doi.org/10.3390/life13010175
http://www.ncbi.nlm.nih.gov/pubmed/36676124
https://doi.org/10.1016/j.jpain.2010.12.008
http://www.ncbi.nlm.nih.gov/pubmed/21354866
https://doi.org/10.3389/fnhum.2016.00386
http://www.ncbi.nlm.nih.gov/pubmed/27507941
https://doi.org/10.1002/ejp.1003
http://www.ncbi.nlm.nih.gov/pubmed/28146315
https://doi.org/10.1016/j.pain.2012.11.013
http://www.ncbi.nlm.nih.gov/pubmed/23333054
https://doi.org/10.1016/S0304-3959(99)00242-0
http://www.ncbi.nlm.nih.gov/pubmed/10781906

PLO\S\% One

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical and experimental findings. Br J Anaesth. 2013;111(1):52-8. https://doi.
org/10.1093/bja/aet127 PMID: 23794645

Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis G, Choiniere M. A systematic literature review of 10 years of research on sex/gender
and pain perception - part 2: do biopsychosocial factors alter pain sensitivity differently in women and men?. Pain. 2012;153(3):619-35. https://doi.
org/10.1016/j.pain.2011.11.026 PMID: 22236999

Bohannon RW. Reference values for the five-repetition sit-to-stand test: a descriptive meta-analysis of data from elders. Percept Mot Skills.
2006;103(1):215-22. https://doi.org/10.2466/pms.103.1.215-222 PMID: 17037663

Klukowska AM, Dol MG, Vandertop WP, Schroder ML, Staartjes VE. Estimating the minimum clinically important difference (MCID) of the five-
repetition sit-to-stand test in patients with lumbar disc herniation. Eur Spine J. 2025;34(3):1107-14. https://doi.org/10.1007/s00586-024-08582-2
PMID: 39680122

Thomas JS, France CR. Pain-related fear is associated with avoidance of spinal motion during recovery from low back pain. Spine (Phila Pa 1976).
2007;32(16):E460-6. https://doi.org/10.1097/BRS.0b013e3180bc1f7b PMID: 17632385

Steultjens MP, Dekker J, van Baar ME, Oostendorp RA, Bijlsma JW. Range of joint motion and disability in patients with osteoarthritis of the knee
or hip. Rheumatology (Oxford). 2000;39(9):955-61. https://doi.org/10.1093/rheumatology/39.9.955 PMID: 10986299

Alshehri SHS, Reddy RS, Alshahrani MS, Alnakhli HH, Gautam AP, ALMohiza MA, et al. Unraveling the impact of kinesiophobia on proprioception

and balance: Mediation by pain, mobility, and psychological wellbeing in post-total hip replacement recovery. PLoS One. 2024;19(12):e0314627.
https://doi.org/10.1371/journal.pone.0314627 PMID: 39636869

Smeets RJEM, Vlaeyen JWS, Kester ADM, Knottnerus JA. Reduction of pain catastrophizing mediates the outcome of both physical and
cognitive-behavioral treatment in chronic low back pain. J Pain. 2006;7(4):261-71. https://doi.org/10.1016/j.jpain.2005.10.011 PMID: 16618470

Madeleine P, Vangsgaard S, Hviid Andersen J, Ge H-Y, Arendt-Nielsen L. Computer work and self-reported variables on anthropometrics, computer
usage, work ability, productivity, pain, and physical activity. BMC Musculoskelet Disord. 2013;14:226. https://doi.org/10.1186/1471-2474-14-226
PMID: 23915209

Schoene D, et al. A systematic review on the influence of fear of falling on quality of life in older people: is there a role for falls?. Clinical interven-
tions in aging. 2019;:701-19.

Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls in community-dwelling older adults using the Timed Up & Go Test.
Phys Ther. 2000;80(9):896—903. https://doi.org/10.1093/ptj/80.9.896 PMID: 10960937

Maki BE, Mcllroy WE. Postural control in the older adult. Clin Geriatr Med. 1996;12(4):635-58. https://doi.org/10.1016/s0749-0690(18)30193-9
PMID: 8890108

Herman T, Giladi N, Hausdorff JM. Properties of the “timed up and go” test: more than meets the eye. Gerontology. 2011;57(3):203—10. https://doi.
org/10.1159/000314963 PMID: 20484884

Wall JC, Bell C, Campbell S, Davis J. The timed get-up-and-go test revisited: measurement of the component tasks. J Rehabil Res Dev.
2000;37(1):109-13. PMID: 10847578

Anson E, Jeka J. Perspectives on aging vestibular function. Front Neurol. 2016;6:269. https://doi.org/10.3389/fneur.2015.00269 PMID: 26779116

Karos K, Meulders A, Gatzounis R, Seelen HAM, Geers RPG, Vlaeyen JWS. Fear of pain changes movement: Motor behaviour following the
acquisition of pain-related fear. Eur J Pain. 2017;21(8):1432—42. https://doi.org/10.1002/ejp.1044 PMID: 28444803

Ishak NA, Zahari Z, Justine M. Kinesiophobia, pain, muscle functions, and functional performances among older persons with low back pain. Pain
Res Treat. 2017;2017:3489617. https://doi.org/10.1155/2017/3489617 PMID: 28634547

Maki BE. Gait changes in older adults: predictors of falls or indicators of fear. J Am Geriatr Soc. 1997;45(3):313-20. https://doi.
org/10.1111/j.1532-5415.1997.tb00946.x PMID: 9063277

Chamberlin ME, Fulwider BD, Sanders SL, Medeiros JM. Does fear of falling influence spatial and temporal gait parameters in elderly persons
beyond changes associated with normal aging? J Gerontol A Biol Sci Med Sci. 2005;60(9):1163—7. https://doi.org/10.1093/gerona/60.9.1163 PMID:
16183957

van Dieén JH, Flor H, Hodges PW. Low-back pain patients learn to adapt motor behavior with adverse secondary consequences. Exerc Sport Sci
Rev. 2017;45(4):223-9. https://doi.org/10.1249/JES.0000000000000121 PMID: 28704216

Hodges PW, Tucker K. Moving differently in pain: a new theory to explain the adaptation to pain. Pain. 2011;152(3 Suppl):S90-8. https://doi.
org/10.1016/j.pain.2010.10.020 PMID: 21087823

George SZ, Stryker SE. Fear-avoidance beliefs and clinical outcomes for patients seeking outpatient physical therapy for musculoskeletal pain
conditions. J Orthop Sports Phys Ther. 2011;41(4):249-59. https://doi.org/10.2519/jospt.2011.3488 PMID: 21335927

PLOS One | https:/doi.org/10.1371/journal.pone.0337553  February 27, 2026 15/15



https://doi.org/10.1093/bja/aet127
https://doi.org/10.1093/bja/aet127
http://www.ncbi.nlm.nih.gov/pubmed/23794645
https://doi.org/10.1016/j.pain.2011.11.026
https://doi.org/10.1016/j.pain.2011.11.026
http://www.ncbi.nlm.nih.gov/pubmed/22236999
https://doi.org/10.2466/pms.103.1.215-222
http://www.ncbi.nlm.nih.gov/pubmed/17037663
https://doi.org/10.1007/s00586-024-08582-2
http://www.ncbi.nlm.nih.gov/pubmed/39680122
https://doi.org/10.1097/BRS.0b013e3180bc1f7b
http://www.ncbi.nlm.nih.gov/pubmed/17632385
https://doi.org/10.1093/rheumatology/39.9.955
http://www.ncbi.nlm.nih.gov/pubmed/10986299
https://doi.org/10.1371/journal.pone.0314627
http://www.ncbi.nlm.nih.gov/pubmed/39636869
https://doi.org/10.1016/j.jpain.2005.10.011
http://www.ncbi.nlm.nih.gov/pubmed/16618470
https://doi.org/10.1186/1471-2474-14-226
http://www.ncbi.nlm.nih.gov/pubmed/23915209
https://doi.org/10.1093/ptj/80.9.896
http://www.ncbi.nlm.nih.gov/pubmed/10960937
https://doi.org/10.1016/s0749-0690(18)30193-9
http://www.ncbi.nlm.nih.gov/pubmed/8890108
https://doi.org/10.1159/000314963
https://doi.org/10.1159/000314963
http://www.ncbi.nlm.nih.gov/pubmed/20484884
http://www.ncbi.nlm.nih.gov/pubmed/10847578
https://doi.org/10.3389/fneur.2015.00269
http://www.ncbi.nlm.nih.gov/pubmed/26779116
https://doi.org/10.1002/ejp.1044
http://www.ncbi.nlm.nih.gov/pubmed/28444803
https://doi.org/10.1155/2017/3489617
http://www.ncbi.nlm.nih.gov/pubmed/28634547
https://doi.org/10.1111/j.1532-5415.1997.tb00946.x
https://doi.org/10.1111/j.1532-5415.1997.tb00946.x
http://www.ncbi.nlm.nih.gov/pubmed/9063277
https://doi.org/10.1093/gerona/60.9.1163
http://www.ncbi.nlm.nih.gov/pubmed/16183957
https://doi.org/10.1249/JES.0000000000000121
http://www.ncbi.nlm.nih.gov/pubmed/28704216
https://doi.org/10.1016/j.pain.2010.10.020
https://doi.org/10.1016/j.pain.2010.10.020
http://www.ncbi.nlm.nih.gov/pubmed/21087823
https://doi.org/10.2519/jospt.2011.3488
http://www.ncbi.nlm.nih.gov/pubmed/21335927

