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Abstract

Chronic neck pain (CNP) incidence in the general population is high and contributes to a
significant health problem. Kinesiophobia (fear of pain to movement or re-injury) com-
bined with emotions and physical variables may play a vital role in assessing and manag-
ing individuals with CNP. The study’s objectives are 1) to evaluate the relationship
between kinesiophobia, neck pain intensity, proprioception, and functional performance;
2) to determine if kinesiophobia predicts pain intensity, proprioception, and functional per-
formance among CNP individuals. Sixty-four participants with CNP (mean age 54.31
9.41) were recruited for this cross-sectional study. The following outcome measures were
evaluated: Kinesiophobia using the Tampa Scale of Kinesiophobia (TSK), neck pain
intensity using the visual analog scale (VAS), cervical proprioceptive joint position errors
(in flexion, extension, and rotation directions) using cervical range of motion (CROM)
device and handgrip strength as a measure of functional performance using the Base-
line® hydraulic hand dynamometer. Kinesiophobia showed a strong positive correlation
with neck pain intensity (r = 0.81, p<0.001), a mild to a moderate positive correlation with
proprioception joint position errors (JPE) in extension, rotation left and right directions
(p<0.05), but no correlation in flexion direction (p = 0.127). Also, there was a moderate
negative correlation with handgrip strength (r =-0.65, p<0.001). Regression analysis
proved that kinesiophobia was a significant predictor of pain intensity, proprioception, and
functional performance (p<0.05). This study infers that kinesiophobia in individuals with
CNP predicts pain, proprioception, and functional performance. Kinesiophobia assess-
ment should be considered in regular clinical practice to understand the barriers that can
influence rehabilitation outcomes in CNP individuals.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021

1/12


https://orcid.org/0000-0003-2015-4974
https://orcid.org/0000-0001-6638-0585
https://orcid.org/0000-0002-0022-1175
https://orcid.org/0000-0003-2290-8207
https://doi.org/10.1371/journal.pone.0254262
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254262&domain=pdf&date_stamp=2021-07-08
https://doi.org/10.1371/journal.pone.0254262
https://doi.org/10.1371/journal.pone.0254262
https://doi.org/10.1371/journal.pone.0254262
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Kinesiophobia and chronic neck pain

Funding: The King Khalid University, Abha,
Kingdom of Saudi Arabia (Grant number: RGP.1/
98/42) funded this study. Funding was received by
the first author, Dr. Faisal Asiri.

Competing interests: No authors have competing
interests.

Introduction

In the general population, chronic neck pain (CNP) is one of the debilitating conditions that
can impair the ability to perform regular everyday activities, decrease productivity, and
adversely affect life quality [1]. In developed countries, approximately two-thirds of people
experience neck pain [1]. At a given point in time, about 14% to 16% of the adult population
globally experience neck pain [2], and the mean lifetime prevalence is 48.5% [2].

Chronic pain is categorized as pain that lasts more than three months [3]. However, there
are distinct pathological mechanisms that contribute to the development of chronic musculo-
skeletal pain. It is critical to understand neuroplasticity (a neuron’s capacity to completely alter
its structure, function, or biochemical profile in response to repeated afferent sensory inputs) to
know how acute pain transforms as chronic pain [4]. Local inflammation of the injured tissue
increases peripheral sensory neurons’ sensitivity (nociceptors), resulting in repetitive abnormal
afferent input to the central nervous system [5]. Researchers also discovered that people with
chronic pain have less volume in their prefrontal cortex—the part of the brain that controls
thoughts, personality expression, and social behavior [6]. Chronic pain has been shown to
induce escape and avoidance behaviors and is strongly associated with kinesiophobia [6, 7].

Kinesiophobia is a concept that describes a condition in which a patient has an unwar-
ranted and deteriorating fear of physical movement and actions that results from a feeling of
vulnerability to painful injury or re-injury [7]. An exaggerated negative cognitive and affective
response to an anticipated or actual pain is expressed as pain catastrophizing [8]. It is charac-
terized by an increase in the possible negative aspects of pain, an inability to disengage from
stressful thinking, and a sense of helplessness in dealing with pain. In the acute pain stage,
these habits may be adaptive [8]. However, in long-lasting pain, the issue paradoxically wors-
ens, aggravating impairment and pain perception thresholds as patients enter a vicious cycle
that perpetuates chronic pain and functional disability [9, 10].

CNP is multifactorial, and the factors that contribute to maintain and increase pain inten-
sity are hard to define [11, 12]. A closed-loop, proprioceptive, vestibular, and visual systems’
interplay role works to maintain static and dynamic balance during functional tasks [11, 13].
Kinesiophobia and catastrophic behaviors can induce neck pain recurrence or cause changes
in the somatosensory system [14]. The cervical afferent input to the higher centers may be
changed by these changes, thereby impairing the cervical proprioception, which warrants
assessment in detail [11]. Previous studies have shown that CNP individuals may be difficult
or incapable of performing functional tasks [15, 16]. Also, kinesiophobia can further hinder
their overall functional performance, which can affect their quality of life [17, 18]. Due to the
avoidance of physical exercise, kinesiophobia may contribute to a deterioration of functional
ability, leading to decreased mobility and chronic pain [18]. However, there is no conclusive
evidence, how kinesiophobia impacts functional performance among individuals with CNP.

It is vital to develop effective recovery strategies in these neck pain patients by evaluating psy-
chological factors before and after rehabilitation and recognizing which psychological impair-
ments contribute significantly to neck rehabilitation [19]. There is no explored research, to our
knowledge, in neck pain patients that correlated pain, proprioception and functional perfor-
mance with kinesiophobia. The objectives of this study are 1) to evaluate the relationship
between kinesiophobia, neck pain intensity, proprioception, and functional performance; 2) to
determine whether kinesiophobia predicts pain intensity, proprioception, and functional perfor-
mance among CNP individuals. We hypothesize that kinesiophobia is significantly associated
with pain, proprioception, and functional performance. This study’s results may provide a funda-
mental understanding of the interactions between kinesiophobia, pain, proprioception, func-
tional performance, and clinical management characteristics of kinesiophobia in CNP patients.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021 2/12


https://doi.org/10.1371/journal.pone.0254262

PLOS ONE

Kinesiophobia and chronic neck pain

Material and methods
Design and settings

This cross-sectional study was conducted in the Department of Medical Rehabilitation, King
Khalid University. The study followed the 1975 Declaration of Helsinki guidelines, as amended
in 1983. King Khalid University ethics committee board (ECM#2019-61) approved this study.
All the individuals read the patient information sheet, which included a concise summary of
the research objectives and a detailed description of the research process and signed written
consent before the study’s commencement. The individual pictured in Fig 1 has provided writ-
ten informed consent to publish their image alongside the manuscript.

Subjects

Sixty-four participants (38 males and 26 females) included in this study were over 18 years
(age range: 28-64 years) and were referred to the physical therapy department by an orthope-
dist or general physician. Neck pain was defined as discomfort felt dorsally between the occi-
put’s (inferior margin) and T1. If they met the following inclusion criteria, CNP individuals
were recruited: 1) neck pain for more than three months; 2) Chronic neck pain elicited by
neck postures, neck movements, or palpation of the cervical musculature; 3) neck pain inten-
sity of 30 to 70 mm measured on a visual analog scale (VAS); and 4) neck disability score, 15
or more measured on neck disability index (NDI). Exclusion criteria included: 1) signs of
radiculopathy that were tested and confirmed by a positive Upper Limb Tissue Stress Test and
Spurling Test [20]; 2) history of neurological disease or whiplash injury; 3) cervical myelopa-
thy; 4) tumors; 5) cervical spine infection, and 6) insufficiency of the vertebrobasilar artery.

Sample size calculation

We used G*power 3.1 software (Universities, Dusseldorf, Germany) [21] to compute the study
sample. As this study’s primary outcome, the Tempa scale of kinesiophobia (TSK) score (mean
and standard deviation) was used to estimate the study sample [9]. The calculated sample size
was 64, using a power of 0.80, an alpha of 0.05, and a beta of 0.2.

Outcome measures

Anthropometric data. Following the standard protocol, anthropometric characteristics
were measured, including height (m), weight (kg), and BMI (kg/m2) (Table 1).

Kinesiophobia assessment

The Tampa Scale of Kinesiophobia (TSK) assessed the fear of movement or re-injury [22].
There was an appropriate degree of internal consistency in this questionnaire’s original ver-
sions (Cronbach’s alpha of 0.8), proof of prejudice, and parallel criterion-related and incre-
mental validity [22]. The total TSK score ranges from 17 to 68, where 17 indicates no
kinesiophobia, 68 shows moderate kinesiophobia, and + 37 indicates that kinesiophobia is
present [22].

Pain assessment. The current neck pain intensity was assessed using the visual analog
scale (VAS) scores. The scale is 100 mm long and is anchored by the words "no pain" and
"worst pain imaginable "on the left and right sides [23]. Individuals were requested to draw a
vertical mark that better reflects the pain level across the horizontal line; 0-30 mm indicates
mild, 30-70 mm indicates moderate, and > 70 mm indicates severe pain intensity. VAS is a
widely used evaluation method and has good reliability and validity [24].
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Fig 1. Cervical proprioception assessment using a cervical range of motion device.

https://doi.org/10.1371/journal.pone.0254262.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021 4/12


https://doi.org/10.1371/journal.pone.0254262.g001
https://doi.org/10.1371/journal.pone.0254262

PLOS ONE

Kinesiophobia and chronic neck pain

Table 1. Participant demographics, self-report measures, and study data (n = 64).

Variables
Age (years)
Gender (Male: Female)
BMI (kg/m2)
VAS (mm)
NDI
TSK total score
Handgrip strength (kg)
JPE

« Flexion

« Extension

« Rotation Left

« Rotation Right

Mean * SD (range)
5431 +9.41 (28-64)
38:26

25.60 + 2.34 (21.4-26.1)
56.2 +0.98 (2.2-7.9)
19.65 = 3.67

49.73 + 11.82 (21-65)
21.06 + 8.10 (5-38)

1.49 (2-8)

1.14 (4-9)

1.391 (3-8)

5.16 + 1.336 (3-8)

BMI = body mass index; VAS = visual analog scale; NDI = Neck Disability Index; TSK = Tampa scale of

kinesiophobia; JPE = joint position error.

https://doi.org/10.1371/journal.pone.0254262.t001

Proprioception testing. The Cervical Range of Motion (CROM) device (Performance
Attainment Associates, Minnesota) was used to assess cervical spine range of motion (ROM)
and proprioception. The CROM unit has three inclinometers and a magnetic yoke or harness
(Fig 1). The individual in this manuscript has given written informed consent to publish these
case details. The principles for joint position errors (JPE) measurements have been adopted by
Alahmari et al. [25]. The JPE is estimated according to the participant’s capacity to consciously
reposition his or her head to a target location previously shown by the examiner. Each individ-
ual was guided to the testing lab and got familiarized with the testing procedures. The individ-
uals were asked to sit in the chair and put on the CROM device as if it were a pair of glasses,
which was then secured around the head using the Velcro band (Fig 1). The individual in this
manuscript has given written informed consent to publish these case details. A magnetic yoke
was positioned directly over the participant’s shoulders and pointed north. The examiner used
a webbing strap to minimize the patients’ shoulder and trunk motions during the examination.
The examiner asked the individual to maintain the head in the neutral position (starting point)
and standardized the CROM device to the starting position.

To start with JPE testing, the participants were asked to close their eyes throughout the test-
ing procedure. The examiner slowly guided the participant’s head to the target position, which
was previously determined and is 50% of their maximum ROM [13]. The participant’s head
was then held in the target position for three seconds, allowing the individuals to memorize
the target position. Successively, the examiner brought the participant’s head back to a starting
position. The participant was then asked to reposition their heads to the target position con-
sciously (absolute error). The examiner measured the relocation accuracy in degrees once they
reached the reference position. The JPE testing was performed in four directions, i.e., flexion,
extension, left rotation, and right rotation. A simple chit method was used to randomize the
order of JPE testing in four directions [26]. Three attempts were performed in each movement
direction, and an average of three attempts was used for analysis.

Functional performance. Handgrip strength as a measure of functional performance was
measured using the Baseline® hydraulic hand dynamometer. It is a valid, clinically easy, use-
ful test to measure grip strength [27] and identify any functional performance changes in indi-
viduals with CNP. This test is performed with the participant sitting in the chair with the
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shoulder adducted and neutrally rotated, elbow flexed to 90 degrees, forearm and wrist main-
tained in the neutral position (neither flexed nor extended), and gripping the handheld dyna-
mometer (Fig 2) [28]. The individual in this manuscript has given written informed consent to
publish these case details. The dynamometer was set to the second or third handle position to
ensure consistency, claimed to be more suitable by the participant [29]. For most participants,
the second position was used, which was considered the optimal level for grip evaluation and
was adopted for routine testing by the American Society of Hand Therapists [29]. The individ-
uals squeezed the handheld dynamometer’s handle as hard as possible, as explained by the
investigator. The measurements were performed on the dominant side, three trials were con-
ducted, and an average of three trials was used for analysis. The handgrip strength was
recorded in kilograms. Between each attempt, a one-minute rest period was allowed to mini-
mize fatigue effects. No verbal encouragement was to the participants during the handgrip
strength measurements. The hydraulic hand dynamometer was calibrated regularly through-
out the study duration.

Statistical analysis

Descriptive demographic statistics, correlation, and regression analysis were performed using
the IBM SPSS statistical software version 20 (IBM Corporation, USA). The significance of the
study critical values was set at p < 0.05. Using the Shapiro-Wilks test, the normality of the
study variables was analyzed. Pearson’s correlation coefficient was used to assess the relation-
ship between kinesiophobia and pain, proprioception, and functional performance, and corre-
lations were interpreted as follows: < 0.3 = mild, 0.31-6.9 = moderate, and >0.7 = strong.
Furthermore, multivariate linear regression analysis was performed to determine whether
kinesiophobia predicts pain, proprioception, and functional performance.

Results

Table 1 summarizes the demographic characteristics (age, BMI), pain intensity, proprioception
JPE’s and physical performance (handgrip strength) values of the study population. Sixty-four
CNP individuals participated in the study. The TSK score of this study’s participants was
49.73.

The correlations between kinesiophobia and neck pain intensity, proprioception, and func-
tional performance are summarized in Table 2 and Fig 3. To our expectation, kinesiophobia
showed a strong positive correlation with neck pain intensity (r = 0.81, p<0.001), a mild to

Fig 2. Handgrip strength evaluation using a handheld dynamometer.
https://doi.org/10.1371/journal.pone.0254262.g002
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Table 2. Relationship between kinesiophobia, pain intensity, functional performance, and proprioception

(n=64).
Correlated Variables Kinesiophobia
r p value

Pain intensity (VAS) 0.81 <0.001
JPE

« Flexion 0.19 0.127

« Extension 0.48 <0.001

« Rotation Left 0.28 0.025

« Rotation Right 0.31 0.011
Handgrip strength (kg) -0.65 <0.001

VAS = visual analog scale; JPE = joint position error. The correlation was tested using Pearson’s correlation

coefficient analysis.

https://doi.org/10.1371/journal.pone.0254262.t1002

moderate positive correlation with proprioception JPE errors in extension, rotation left and
right directions (p<0.05), but no correlation in flexion direction (p = 0.127). Also, there was a
moderate negative correlation with handgrip strength (r = -0.65, p<0.001).

Table 3 shows multivariate linear regression analysis findings between kinesiophobia, neck
pain intensity, proprioception JPE and functional performance. Kinesiophobia was a signifi-
cant predictor of neck pain intensity (r* = 0.53, p<0.001), proprioception (extension: r* = 0.12,
p<0.002; rotation right: r* = 0.09, p<0.008) and functional performance (r* = 0.41, p<0.001)
in individuals with CNP.

Discussion

This study intended to establish the relationship between kinesiophobia, neck pain intensity,
functional performance, and proprioception in CNP individuals. This study adds a crucial
dimension to the findings of research on CNP individuals. The kinesiophobia showed a signifi-
cant positive correlation with pain intensity and proprioceptive JPE’s and a significant negative
correlation with handgrip strength. This study also showed that kinesiophobia significantly
predicted neck pain intensity, cervical proprioception, and functional performance in individ-
uals with CNP.

To the best of our knowledge, research assessing the association of kinesiophobia with pain
intensity, cervical proprioception, and functional performance in populations with CNP is
limited in the scientific literature. A previous study by Gunay et al. [30] showed no correlation
between kinesiophobia and pain intensity in 87 non-specific CNP individuals. However, our
study demonstrated a significant correlation between kinesiophobia and pain intensity. Com-
pared to Gunay et al.’s study, our study participants had increased mean pain intensity (56.2
on VAS) and TSK score (59.73), which might have influenced these results. This study partici-
pants’ mean age was higher (54 years), and elderly individuals with CNP may show less resil-
ience towards pain intensity and kinesiophobia [9]. Thus, this might explain the significant
correlation between kinesiophobia and pain intensity in the study. The literature on kinesio-
phobia in other populations with chronic pain is more robust. Like this study’s results, Coma-
chio et al. [31], using kinesiophobia in chronic back pain individuals, found a strong
association between TSK scores and pain severity, disability, and quality of life [31]. Vaegter
etal. [32], in an explorative analysis, showed a higher degree of kinesiophobia with increased
pain intensity, and vice versa, in chronic musculoskeletal pain individuals [32].
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Fig 3. The relationship between kinesiophobia, pain intensity, functional performance, and proprioception JPEs in
flexion, extension, left and right rotation. (n = 64). VAS = Visual analog scale; TSK = Tempa scale of kinesiophobia;
JPE = Joint position error.

https://doi.org/10.1371/journal.pone.0254262.9003

This study showed a mild to moderate association between TSK scores and JPE’s in exten-
sion and rotation directions, fitting with our hypothesis, indicating that proprioceptive behav-
ior is associated with fear of movement. The most direct inference on this finding may be that
the cervical muscles’ proprioceptive functioning, considered the most significant afferent
source of the neck, performing independently of its structure, and force-generating capabilities
are influenced by fear of movement [11, 33]. There is a vicious cycle of maladaptive thoughts,
leading to immobility with an increased perception of pain, leading to muscle atrophy and
fibrosis, thus translating to functional disability [14]. During movements, kinesiophobia can
also influence the altered activation patterns of neck muscles that may modify afferent input,
leading to impaired proprioception [34]. In individuals with chronic low back pain, Pakzad
et al. reported that pain catastrophizing was correlated with altered motor control and activa-
tion patterns [35]. Similar relationships may exist in CNP individuals.

Kinesiophobia induced by pain stimulation ultimately leads to fear avoidance behavior that
can impact functional performance, including upper limb functions [9]. This study found a
significant association between kinesiophobia and handgrip strength among individuals with
CNP. A previous study [9] revealed that the crucial predictors of upper extremity function and
disability significantly correlated with handgrip strength and kinesiophobia [9]. Bartlett et al.
[36] showed a significant correlation between TSK scores, catastrophizing, disability, and
comorbidity of musculoskeletal complaints in their investigation on individuals with neck and
shoulder disorders [36]. The positive correlation in this study may be due to fear of movement.
Long-term inhibition of upper extremity muscles may lead to disuse atrophy and translate to
decreased handgrip strength [34].

Limitations

This study design was cross-sectional; therefore, causal relationships proving the presence of a
temporal sequence between the exposure factor and the subsequent development of the disease
cannot be identified. Cross-sectional research could, however, be performed as the first phase
of a cohort study. This study limits the generalizability of our results, as this study included
patients with moderate neck pain and disability. In this study, only absolute errors were
recorded; constant and variable errors were not measured. The constant error and variable
errors would have given more meaningful information regarding the direction and magnitude

Table 3. Multivariate linear regression of TSK and explanatory variables (n = 64).

Variable Adjusted R square B SE p value
Pain intensity 0.53 0.73 0.01 <0.001
JPE

« Flexion 0.02 0.18 0.21

« Extension 0.12 0.37 0.15

« Rotation Left 0.04 0.23 0.20

« Rotation Right 0.09 0.33 1.18 0.008
Handgrip strength (kg) 0.41 -0.65 0.08 <0.001

JPE = joint position error; B = Standardized Coefficients Beta, SE = standard error.

https://doi.org/10.1371/journal.pone.0254262.t1003
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of errors in proprioception tests. Furthermore, confounding variables such as age, gender,
nature of the job, marital status, formal education, smoking, sleeping hours, and leisure time
(sport and hobby) that may have affected these findings were not considered by the authors.
As a result, future studies should look at these confounding variables and see how they affect
the outcome.

Conclusion

In conclusion, this study demonstrated that kinesiophobia significantly correlated with pain
intensity, proprioception, and functional performance in CNP individuals. Also, kinesiopho-
bia predicted pain, proprioception, and functional performance. Therefore, these correlations
should be performed in clinical settings to understand and manage CNP individuals and fur-
ther validate the current findings.

Supporting information
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(DOCX)

S2 Data.
(XLSX)

S1 File.
(PDF)

Acknowledgments

We thank the deanship of scientific, King Khalid University research for their support in pre-
senting this research.

Author Contributions

Conceptualization: Faisal Asiri, Ravi Shankar Reddy.

Data curation: Jaya Shanker Tedla, Devika Rani Sangadala.

Formal analysis: Ravi Shankar Reddy, Mohammad A. ALMohiza, Mastour Saeed Alshahrani.
Funding acquisition: Faisal Asiri.

Investigation: Faisal Asiri, Ravi Shankar Reddy, Shashikumar Channmgere Govindappa,
Devika Rani Sangadala.

Methodology: Faisal Asiri, Ravi Shankar Reddy, Mohammad A. ALMohiza, Mastour Saeed
Alshahrani.

Project administration: Faisal Asiri, Ravi Shankar Reddy.

Resources: Mohammad A. ALMohiza, Mastour Saeed Alshahrani, Shashikumar Channmgere
Govindappa, Devika Rani Sangadala.

Supervision: Ravi Shankar Reddy, Jaya Shanker Tedla.
Writing - original draft: Ravi Shankar Reddy, Shashikumar Channmgere Govindappa.

Writing - review & editing: Faisal Asiri, Ravi Shankar Reddy, Jaya Shanker Tedla, Moham-
mad A. ALMohiza, Mastour Saeed Alshahrani, Shashikumar Channmgere Govindappa,
Devika Rani Sangadala.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254262.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254262.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254262.s003
https://doi.org/10.1371/journal.pone.0254262

PLOS ONE

Kinesiophobia and chronic neck pain

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Carvalho RCd, Maglioni CB, Machado GB, Aratjo JEd, Silva JRTd, Silva MLd. Prevalence and charac-
teristics of chronic pain in Brazil: a national internet-based survey study. BrJP. 2018; 1(4):331-8.

Genebra CVDS, Maciel NM, Bento TPF, Simeao SFAP, De Vitta A. Prevalence and factors associated
with neck pain: a population-based study. Brazilian journal of physical therapy. 2017; 21(4):274-80.
https://doi.org/10.1016/j.bjpt.2017.05.005 PMID: 28602744

Hague M, Shenker N. How to investigate: Chronic pain. Best Practice & Research Clinical Rheumatol-
ogy. 2014; 28(6):860-74. https://doi.org/10.1016/j.berh.2015.04.005 PMID: 26096090

Brumagne S, Diers M, Danneels L, Moseley GL, Hodges PW. Neuroplasticity of sensorimotor control in
low back pain. journal of orthopaedic & sports physical therapy. 2019; 49(6):402—14. https://doi.org/10.
2519/jospt.2019.8489 PMID: 31151373

Yam MF, Loh YC, Tan CS, Khadijah Adam S, Abdul Manan N, Basir R. General pathways of pain sen-
sation and the major neurotransmitters involved in pain regulation. International journal of molecular sci-
ences. 2018; 19(8):2164. https://doi.org/10.3390/ijms 19082164 PMID: 30042373

Kluetsch RC, Schmahl C, Niedtfeld I, Densmore M, Calhoun VD, Daniels J, et al. Alterations in default
mode network connectivity during pain processing in borderline personality disorder. Archives of gen-
eral psychiatry. 2012; 69(10):993-1002. https://doi.org/10.1001/archgenpsychiatry.2012.476 PMID:
22637967

Luque-Suarez A, Martinez-Calderon J, Falla D. Role of kinesiophobia on pain, disability and quality of
life in people suffering from chronic musculoskeletal pain: a systematic review. British journal of sports
medicine. 2019; 53(9):554-9. https://doi.org/10.1136/bjsports-2017-098673 PMID: 29666064

Miller MB, Roumanis MJ, Kakinami L, Dover GC. Chronic pain patients’ kinesiophobia and catastrophiz-
ing are associated with activity intensity at different times of the day. Journal of pain research. 2020;
13:273. https://doi.org/10.2147/JPR.S230039 PMID: 32099451

Ishak NA, Zahari Z, Justine M. Kinesiophobia, pain, muscle functions, and functional performances
among older persons with low back pain. Pain research and treatment. 2017; 2017.

Neelapala YR, Reddy YRS, Danait R. Effect of mulligan’s posterolateral glide on shoulder rotator
strength, scapular upward rotation in shoulder pain subjects—a randomized controlled trial. Journal of
Musculoskeletal Research. 2016; 19(03):1650014.

Reddy RS, Tedla JS, Dixit S, Abohashrh M. Cervical proprioception and its relationship with neck pain
intensity in subjects with cervical spondylosis. BMC musculoskeletal disorders. 2019; 20(1):1-7. https://
doi.org/10.1186/s12891-018-2378-y PMID: 30611236

Alahmari KA, Reddy RS, Silvian P, Ahmad I, Nagaraj V, Mahtab M. Influence of chronic neck pain on
cervical joint position error (JPE): comparison between young and elderly subjects. Journal of back and
musculoskeletal rehabilitation. 2017; 30(6):1265—71. https://doi.org/10.3233/BMR-169630 PMID:
28800305

Alahmari KA, Reddy RS, Silvian PS, Ahmad |, Kakaraparthi VN, Alam MM. Association of age on cervi-
cal joint position error. Journal of advanced research. 2017; 8(3):201-7. https://doi.org/10.1016/}.jare.
2017.01.001 PMID: 28203459

Reddy RS, Meziat-Filho N, Ferreira AS, Tedla JS, Kandakurti PK, Kakaraparthi VN. Comparison of
neck extensor muscle endurance and cervical proprioception between asymptomatic individuals and
patients with chronic neck pain. Journal of Bodywork and Movement Therapies. 2020. https://doi.org/
10.1016/j.jomt.2020.12.040 PMID: 33992242

Lehman GJ. The role and value of symptom-maodification approaches in musculoskeletal practice. jour-
nal of orthopaedic & sports physical therapy. 2018; 48(6):430-5. https://doi.org/10.2519/jospt.2018.
0608 PMID: 29852837

Alahmari KA, Reddy RS, Silvian P, Ahmad |, Kakarparthi VN, Rengaramanujam K. Intra and inter-rater
reliability for deep neck flexor and neck extensor muscle endurance tests in subjects with and without sub-
clinical neck pain. Physikalische Medizin, Rehabilitationsmedizin, Kurortmedizin. 2019; 58(06):310-6.

Reddy RS, Meziat-Filho N, Ferreira AS, Tedla JS, Kandakurti PK, Kakaraparthi VN. Comparison of
neck extensor muscle endurance and cervical proprioception between asymptomatic individuals and
patients with chronic neck pain. Journal of Bodywork and Movement Therapies. 2021; 26:180-6.
https://doi.org/10.1016/j.jomt.2020.12.040 PMID: 33992242

De Vroey H, Claeys K, Shariatmadar K, Weygers |, Vereecke E, Van Damme G, et al. High Levels of
Kinesiophobia at Discharge from the Hospital May Negatively Affect the Short-Term Functional Out-
come of Patients Who Have Undergone Knee Replacement Surgery. Journal of clinical medicine. 2020;
9(8):738. https://doi.org/10.3390/jcm9030738 PMID: 32182895

Kandakurti PK, Reddy RS, Kakarparthy VN, Rengaramanujam K, Tedla JS, Dixit S, et al. Comparison
and Association of Neck Extensor Muscles’ Endurance and Postural Function in Subjects with and

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021 11/12


https://doi.org/10.1016/j.bjpt.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28602744
https://doi.org/10.1016/j.berh.2015.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26096090
https://doi.org/10.2519/jospt.2019.8489
https://doi.org/10.2519/jospt.2019.8489
http://www.ncbi.nlm.nih.gov/pubmed/31151373
https://doi.org/10.3390/ijms19082164
http://www.ncbi.nlm.nih.gov/pubmed/30042373
https://doi.org/10.1001/archgenpsychiatry.2012.476
http://www.ncbi.nlm.nih.gov/pubmed/22637967
https://doi.org/10.1136/bjsports-2017-098673
http://www.ncbi.nlm.nih.gov/pubmed/29666064
https://doi.org/10.2147/JPR.S230039
http://www.ncbi.nlm.nih.gov/pubmed/32099451
https://doi.org/10.1186/s12891-018-2378-y
https://doi.org/10.1186/s12891-018-2378-y
http://www.ncbi.nlm.nih.gov/pubmed/30611236
https://doi.org/10.3233/BMR-169630
http://www.ncbi.nlm.nih.gov/pubmed/28800305
https://doi.org/10.1016/j.jare.2017.01.001
https://doi.org/10.1016/j.jare.2017.01.001
http://www.ncbi.nlm.nih.gov/pubmed/28203459
https://doi.org/10.1016/j.jbmt.2020.12.040
https://doi.org/10.1016/j.jbmt.2020.12.040
http://www.ncbi.nlm.nih.gov/pubmed/33992242
https://doi.org/10.2519/jospt.2018.0608
https://doi.org/10.2519/jospt.2018.0608
http://www.ncbi.nlm.nih.gov/pubmed/29852837
https://doi.org/10.1016/j.jbmt.2020.12.040
http://www.ncbi.nlm.nih.gov/pubmed/33992242
https://doi.org/10.3390/jcm9030738
http://www.ncbi.nlm.nih.gov/pubmed/32182895
https://doi.org/10.1371/journal.pone.0254262

PLOS ONE

Kinesiophobia and chronic neck pain

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

without Chronic Neck Pain—A Cross-Sectional Study. Physikalische Medizin, Rehabilitationsmedizin,
Kurortmedizin. 2021.

Thoomes EJ, van Geest S, van der Windt DA, Falla D, Verhagen AP, Koes BW, et al. Value of physical
tests in diagnosing cervical radiculopathy: a systematic review. The Spine Journal. 2018; 18(1):179-89.
https://doi.org/10.1016/j.spinee.2017.08.241 PMID: 28838857

Clayson PE, Carbine KA, Baldwin SA, Larson MJ. Methodological reporting behavior, sample sizes,
and statistical power in studies of event-related potentials: Barriers to reproducibility and replicability.
Psychophysiology. 2019; 56(11):e13437. https://doi.org/10.1111/psyp.13437 PMID: 31322285

Rosenbloom BN, Pagé MG, Isaac L, Campbell F, Stinson JN, Cribbie R, et al. Fear of movement in chil-
dren and adolescents undergoing major surgery: A psychometric evaluation of the Tampa Scale for
Kinesiophobia. European Journal of Pain. 2020; 24(10):1999-2014. https://doi.org/10.1002/ejp.1643
PMID: 32761986

Sung Y-T, Wu J-S. The Visual Analogue Scale for Rating, Ranking and Paired-Comparison (VAS-
RRP): a new technique for psychological measurement. Behavior research methods. 2018; 50
(4):1694—-715. https://doi.org/10.3758/s13428-018-1041-8 PMID: 29667082

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

Alahmari K, Reddy RS, Silvian P, Ahmad I, Nagaraj V, Mahtab M. Intra-and inter-rater reliability of neu-
tral head position and target head position tests in patients with and without neck pain. Brazilian journal
of physical therapy. 2017; 21(4):259-67. https://doi.org/10.1016/j.bjpt.2017.05.003 PMID: 28558952

Reddy RSY, Maiya AG, Rao SK, Alahmari KA, Tedla JS, Kandakurti PK, et al. Effectiveness of Kinaes-
thetic Exercise program on Position Sense, Pain, and Disability in Chronic Neck Pain Patients with Cer-
vical Spondylosis—A Randomized Comparative Trial. Physikalische Medizin, Rehabilitationsmedizin,
Kurortmedizin. 2020; 23.

Hoyer EH, Young DL, Klein LM, Kreif J, Shumock K, Hiser S, et al. Toward a common language for
measuring patient mobility in the hospital: reliability and construct validity of interprofessional mobility
measures. Physical therapy. 2018; 98(2):133—42. https://doi.org/10.1093/ptj/pzx110 PMID: 29106679

Bohannon RW. Grip strength: an indispensable biomarker for older adults. Clinical interventions in
aging. 2019; 14:1681. https://doi.org/10.2147/CIA.S194543 PMID: 31631989

Bobos P, Nazari G, Lu Z, MacDermid JC. Measurement properties of the hand grip strength assess-
ment: a systematic review with meta-analysis. Archives of physical medicine and rehabilitation. 2020;
101(8):553-65. https://doi.org/10.1016/j.apmr.2019.10.183 PMID: 31730754

Gunay Ucurum S. The relationship between pain severity, kinesiophobia, and quality of life in patients
with non-specific chronic neck pain. Journal of back and musculoskeletal rehabilitation. 2019; 32
(5):677-83. https://doi.org/10.3233/BMR-171095 PMID: 30856099

Comachio J, Magalhdes MO, Marques AP. A cross-sectional study of associations between kinesio-
phobia, pain, disability, and quality of life in patients with chronic low back pain. Advances in Rheumatol-
ogy. 2018;58.

Veegter HB, Madsen AB, Handberg G, Graven-Nielsen T. Kinesiophobia is associated with pain inten-
sity but not pain sensitivity before and after exercise: an explorative analysis. Physiotherapy. 2018; 104
(2):187-93. https://doi.org/10.1016/j.physio.2017.10.001 PMID: 29290378

Alahmari KA, Reddy RS, Tedla JS, Samuel PS, Kakaraparthi VN, Rengaramanujam K, et al. The effect
of Kinesio taping on cervical proprioception in athletes with mechanical neck pain—a placebo-controlled
trial. BMC Musculoskeletal Disorders. 2020; 21(1):1-9. hitps://doi.org/10.1186/s12891-020-03681-9
PMID: 33010799

Amiri Arimi S, Ghamkhar L, Kahlaee AH. The relevance of proprioception to chronic neck pain: a corre-
lational analysis of flexor muscle size and endurance, clinical neck pain characteristics, and propriocep-
tion. Pain Medicine. 2018; 19(10):2077-88. https://doi.org/10.1093/pm/pnx331 PMID: 29304254

Pakzad M, Fung J, Preuss R. Pain catastrophizing and trunk muscle activation during walking in
patients with chronic low back pain. Gait & posture. 2016; 49:73-7. https://doi.org/10.1016/j.gaitpost.
2016.06.025 PMID: 27388960

Bartlett O, Farnsworth JL. The Influence of Kinesiophobia on Perceived Disability in Patients With an
Upper-Extremity Injury: A Critically Appraised Topic. Journal of Sport Rehabilitation. 2021; 1(aop):1-6.
https://doi.org/10.1123/jsr.2020-0179 PMID: 33662934

PLOS ONE | https://doi.org/10.1371/journal.pone.0254262  July 8, 2021 12/12


https://doi.org/10.1016/j.spinee.2017.08.241
http://www.ncbi.nlm.nih.gov/pubmed/28838857
https://doi.org/10.1111/psyp.13437
http://www.ncbi.nlm.nih.gov/pubmed/31322285
https://doi.org/10.1002/ejp.1643
http://www.ncbi.nlm.nih.gov/pubmed/32761986
https://doi.org/10.3758/s13428-018-1041-8
http://www.ncbi.nlm.nih.gov/pubmed/29667082
https://doi.org/10.2147/JPR.S158847
http://www.ncbi.nlm.nih.gov/pubmed/29731662
https://doi.org/10.1016/j.bjpt.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28558952
https://doi.org/10.1093/ptj/pzx110
http://www.ncbi.nlm.nih.gov/pubmed/29106679
https://doi.org/10.2147/CIA.S194543
http://www.ncbi.nlm.nih.gov/pubmed/31631989
https://doi.org/10.1016/j.apmr.2019.10.183
http://www.ncbi.nlm.nih.gov/pubmed/31730754
https://doi.org/10.3233/BMR-171095
http://www.ncbi.nlm.nih.gov/pubmed/30856099
https://doi.org/10.1016/j.physio.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29290378
https://doi.org/10.1186/s12891-020-03681-9
http://www.ncbi.nlm.nih.gov/pubmed/33010799
https://doi.org/10.1093/pm/pnx331
http://www.ncbi.nlm.nih.gov/pubmed/29304254
https://doi.org/10.1016/j.gaitpost.2016.06.025
https://doi.org/10.1016/j.gaitpost.2016.06.025
http://www.ncbi.nlm.nih.gov/pubmed/27388960
https://doi.org/10.1123/jsr.2020-0179
http://www.ncbi.nlm.nih.gov/pubmed/33662934
https://doi.org/10.1371/journal.pone.0254262

