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Background: Kinesiophobia is common in patients after total knee arthroplasty and is an important risk factor for post-operative
recovery outcomes. Little is known about the complex intercorrelations between different components of pain catastrophizing, self-
efficacy, and kinesiophobia. This study aimed to identify the central components of kinesiophobia and to explore the interconnected-
ness between components of pain catastrophizing, self-efficacy, and kinesiophobia.

Methods: A total of 216 patients after total knee arthroplasty were recruited in this study. Pain Catastrophizing Scale, Self-efficacy of
Rehabilitation Outcome Scale and Tampa Scale for Kinesiophobia were used to assess pain catastrophizing, self-efficacy and
kinesiophobia. R software was used to visualize the networks and analyze the centrality of the networks. The index “strength” and
“bridge expected influence” were employed to identify the central components and the bridge components of the networks.
Results: In the item network of kinesiophobia, three items (“Simply being careful that I do not make any unnecessary movements is
the safest thing I can do to prevent my pain from worsening”, “My accident has put my body at risk for the rest of my life”, and “My
body is telling me I have something dangerously wrong™) had the highest strength centrality. In the pain catastrophizing/self-
efficacy—kinesiophobia network, rumination had the highest positive bridge expected influence, while coping self-efficacy had the
highest negative value.

Conclusion: The three central components of kinesiophobia identified in this study, as well as two bridge variables (rumination and
coping self-efficacy), could be promising and effective targets for prevention and intervention of kinesiophobia.
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Introduction
Knee osteoarthritis (KOA) is the most common osteoarticular disorder and a leading cause of disability worldwide."
Meanwhile, total knee arthroplasty (TKA) is considered the most optimal and effective surgical treatment option for
patients with end-stage KOA, providing more pain relief and functional improvement.*> In China, almost 400,000 TKA
are conducted each year, and the number is expected to continue to increase.* Functional exercise is an essential step
toward regaining more normal joint function for daily activities after TKA.>® Previous studies reported a medium-low
level of adherence to exercise among patients after TKA.’'! Poor adherence to rehabilitation exercise in patients after
TKA has been associated with complications such as increased pain, muscle weakness, and functional disability.'*!'?
Kinesiophobia, also known as fear of movement, is characterized as an excessive, irrational, and debilitating fear of
activity resulting from a feeling of vulnerability to painful injury or reinjury.'* Kinesiophobia may lead to patients’
psychological fear of physical activity and exercise, thereby avoiding physical activity and exercise behaviors, resulting
in reduced physical function and disuse syndrome, thus creating a vicious circle of physical inactivity and disability.'>

Kinesiophobia is common in patients after TKA. A recent study reported the prevalence of kinesiophobia assessed by the
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Tampa Scale for Kinesiophobia (TSK) was 38.4% in patients with knee arthroplasty.'® Kinesiophobia is acknowledged as
a significant obstacle for patients after TKA to adhere to functional exercise programs.'”'® Given the negative impact of
kinesiophobia on functional exercise, it is vital to address kinesiophobia among patients after TKA.

A significant psychological component in understanding kinesiophobia, pain catastrophizing is described as excessive
focus on pain symptoms (rumination), exaggerated rating of the threat value of pain (magnification), and awareness to be
unable to control the pain (helplessness).'”*® According to catastrophizing thoughts and fear of movement model,
catastrophizing in a pain context, patients tend to avoid and escape from pain-inducing activities due to their excessive
focus on pain, thus leading to fear of movement.'**"** Earlier evidence has indicated that pain catastrophizing are
significantly related to kinesiophobia.'®*® Another candidate target to address kinesiophobia is self-efficacy. Self-efficacy
for rehabilitation exercise can be defined as the individual’s ability to self-manage when faced with exercise tasks.”* Low
self-efficacy would increase patients’ perceived difficulty of rehabilitation exercise, enhance their fear and lead to avoid
behaviors.”” Earlier evidence has reported that self-efficacy was closely linked to kinesiophobia.*®*” Furthermore, a self-
efficacy enhancement intervention could significantly reduce fear of avoidance behaviors in older patients after TKA.

Previous studies have assessed the level of kinesiophobia in patients after TK A via sum scores of the instruments and a rate
based on cut-off value.”® The TSK, a widely used tool to assess kinesiophobia, contains 17 items that reflect different
kinesiophobia experiences and are also interrelated.”® Even if individuals with the same kinesiophobia severity may have very
different kinesiophobia experiences. Understanding kinesiophobia phenomenon from a component perspective is beneficial
for developing targeted interventions to reduce kinesiophobia. Furthermore, many researchers have used total scores for pain
catastrophizing, self-efficacy and kinesiophobia to explore the correlations rather than dimensions/items scores, which ignores
different constructs. For example, pain catastrophizing has three different constructs (rumination, magnification and
helplessness).'”?® This indicates that it is necessary to analyze different constructs of pain catastrophizing, self-efficacy,
and kinesiophobia, which is useful to deeper understanding the connections among them and provide references for relevant
measures and interventions. However, little is known about the central components of kinesiophobia and the bridge constructs
between pain catastrophizing, self-efficacy and kinesiophobia.

Network analysis is a novel method to analyze and visualize the relationship among complex psychological
constructs. It is particularly useful for understanding the finger-grained connection pathway between psychological
constructs.”” Network theory presents an alternative perspective to conceptualize psychological constructs, regarding
psychological constructs as interactive systems, as their components interact with each other and actively participate in
the construct rather than the passive indicators of the construct.*® Network analysis can also provide node centrality and
bridge centrality indices to identify the central nodes and the most influential bridge connections within a network model,
which may help health professionals (HCPs) develop more targeted intervention strategies.”'

From network perspectives, identifying the most important component of kinesiophobia and the bridge components is
helpful to construct more effective and efficient measures to reduce kinesiophobia, thereby promoting functional exercise
after TKA and obtaining better patient reported outcome measures (PROMS). Thus, this study aimed to use network
analysis to explore the most important components of kinesiophobia and to identify the most influential bridge constructs
between pain catastrophizing, self-efficacy, and kinesiophobia.

Methods

Participants
This cross-sectional study was conducted from September 2022 to June 2023 at the orthopedics units of a tertiary
hospital (with over 2000 beds) in Baoding, a city in northern China. The study flow chart is presented in Figure 1. As part
of a larger study, entitled “Factors associated with exercise adherence of patients after TKA”, this study reports findings
regarding kinesiophobia. Factors related to exercise adherence has been reported elsewhere.*?

Potential Participants met the following criteria: 1) a definite diagnosis of osteoarthritis by an orthopedic physician;
2) underwent primary total knee arthroplasty; 3) age > 18 years. We excluded participants if they had 1) cancer or other
severe diseases and 2) a mental disorder that prevented them from understanding the questionnaires. This study
conformed with the principles outlined in the Declaration of Helsinki. Each participant signed an informed consent
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Figure | The flow chart of research.

form before participating in this study. After obtaining written informed consent, participants were asked to complete
questionnaires under the guidance of the trained investigators at the inpatient orthopedic ward 4—6 days after TKA. The
survey and the brief interview commonly took about 20 minutes to complete.

Measures

Demographic and Clinical Information

The sociodemographic characteristics: age, gender, marital status, education attainment and economic status; The clinical
variables: joint pain duration and replacement site.

Kinesiophobia

Kinesiophobia was assessed by the Chinese Version of TSK.*> TSK consists of 17 items, each of which is rated on
a 4-point Likert scale, ranging from 1 (strongly disagree) to 4 (strongly agree). A total sum is calculated after the
reversion of items 4, 8, 12, and 16. The Chinese version TSK has been reported as reliable and valid in the Chinese
population with orthopedics diseases.”® The Cronbach’s o was 0.84 in this study.

Pain Catastrophizing

Pain catastrophizing was evaluated with the Chinese Version of the Pain Catastrophizing Scale (PCS), a 13-item scale
that Measures negative perceptions related to pain.* The PCS comprises three dimensions: rumination, magnification,
and helplessness. Each item is rated using 5—point Likert scale (0 = “not at all” to 4 = “all the time”). The PCS is a well-
validated tool for assessing pain catastrophizing in individuals with orthopedic diseases.*> The Cronbach’s o was 0.90 in
this study.

Self-Efficacy
Self-efficacy was measured with the Chinese Version of the Self-efficacy for Rehabilitation Outcome Scale (SER)

developed by Waldrop et al.**

This scale has been translated into Chinese and widely used in the Chinese population to
assess participants’ beliefs about their confidence to perform behaviors typical in physical rehabilitation for hip and knee
surgery.’® This 12-item scale consists of two dimensions: rehabilitation exercise self-efficacy and coping self-efficacy.
Items are scored on an 11-point Likert scale ranging from O (I cannot do it) to 10 (certain I can do it). In this study,

Cronbach’s o for SER was 0.88.
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Statistical Analyses

All data were computerized and analyzed by the Statistical Package for the Social Sciences (SPSS 26.0, Chicago, IL,
USA) and R statistical software (version 4.3.1). SPSS 26.0 was used to describe sociodemographic and clinical
characteristics. R 4.3.1 was used to construct networks.

Networks Estimation
The presented networks were estimated via Gaussian graphical model.’” Within a network model, each component is
viewed as a node and the connection between two nodes is represented as an edge.’® Gaussian graphical model is
undirected network, and its edge represents the partial correlation between nodes after controlling for all other nodes in
the network.?” The least absolute shrinkage and selection operator (LASSO) and extended Bayesian information criteria
(EBIC) were applied to shorten edges in the networks and select relevant tuning parameters, resulting in a sparser and
easier-to-interpret network.* The Fruchterman-Reingold algorithm was adopted to visualize the network.*' Thicker
edges represented stronger correlations between two nodes.***?
Centrality and Stability
The centrality of strength was used to quantify the importance of each node in the item network of kinesiophobia, which is the
sum of the absolute value of the edge weights attached to a node for each node. The strength is an indicator of network
connectivity, used to identify the central nodes.*® And r, was used to represent the strength centrality. To examine the
interconnections between pain catastrophizing, self-efficacy and kinesiophobia, we divided nodes into two communities, namely,
the pain catastrophizing/self-efficacy community (dimensions from PCS and SER) and the kinesiophobia community (items
from TSK). Bridge expected influence (BEI) was calculated to identify bridge components. The BEI of one node is the summed
edge weights to the nodes of all other communities.®’ The higher the positive value of BEI, the greater the activation capacity to
other communities; while the higher the negative value of BEI, the greater the deactivation capacity to other communities.*'
The 95% confidence intervals (CI) of all edges were calculated using a nonparametric bootstrap approach (2000
bootstrap samples) to ensure the accuracy of edge weights. The correlation stability (CS) coefficient of the strength/BEI
was computed by using a case-dropping subset bootstrap (with 2000 bootstrap samples) to evaluate the stability.** The
value of the CS coefficient should not be less than 0.25 and preferably greater than 0.5.** Bootstrapped difference tests
(2000 bootstrap samples) for edge weights, strength, and BEI were conducted.

Results

Descriptive Statistics
Table 1 shows the sample characteristics (n=216). The mean age of the sample was 66.7 (SD 6.1), ranging from 51 to 81
years old. The mean scores of items of kinesiophobia are presented in Table 2.

The Item of Kinesiophobia Network Structure
The item network of kinesiophobia is shown in Figure 2A. Two positive edges with strongest partial correlations existed
between TSK4-TSK12 (weight=0.47) and TSK3-TSKS5 (weight=0.31), were thicker than other edges, indicating that
these two correlations were stronger than other relations. The bootstrap 95% CI is relatively narrow, indicating that the
item network is considered to be accurate (Figure sl). Figure s2 shows the bootstrapped difference test for edge weights.
Figure 2B displays the strength centrality. Three nodes with the highest strength were TSK10 (7, =1.5), TSK6 (7,=1.3) and
TSK3 (r, =1.1). The CS coefficient of strength was 0.44, which was above the recommended cut-off (Figure s3). Figure s4
shows the bootstrapped difference tests for strength.

The Pain Catastrophizing/Self-Efficacy-Kinesiophobia Network Structure

The pain catastrophizing/self-efficacy-Kinesiophobia network structure is presented in Figure 3A. The strongest positive
edges between communities were between PCS1-TSK3 (weight=0.14) and PCS3-TSK6 (weight=0.13) and the strongest
negative edges were SER2-TSK3 (weight=—0.16) and SER2-TSK15 (weight=—0.13). The bootstrap 95% CI plot supported
the edges in this network are accurate (Figure s5). Figure s6 shows the bootstrapped difference test for edge weights.
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Table | Socio-Demographic and Clinical Characteristics

(N=216)
n %

Age

<65 78 36.1

265 138 63.9
Gender

Men 44 20.4

Women 172 79.6
Marital status

Married or with life partner 181 83.8

Single (includes divorced, widowed, separated) 35 16.2
Education attainment

Junior high school or lower 179 82.9

Senior high school or higher 37 17.1
Income monthly per person

<2000 RMB (274$) 121 56.0

2000—4000 RMB (274-548%) 65 30.1

24000 RMB (5488%) 30 13.9
Joint pain duration

<5 years 56 259

5-10 years 4?2 19.5

2|0 years 118 54.6
Replacement site

Left joint 110 50.9

Right joint 106 49.1

Table 2 Abbreviation, Mean Scores, and Standard Deviations for Items of the Tampa Scale for Kinesiophobia

Number | Items Mean | SD
TSKI | am afraid that | might injury myself if | exercise 23 1.1
TSK2 If | were to try to overcome it, my pain would increase 2.0 0.8
TSK3 My body is telling me | have something dangerously wrong 1.7 0.8
TSK4* My pain would probably be relieved if | were to exercise 22 0.9
TSK5 People are not taking my medical condition seriously enough 1.6 0.8
TSKé6 My accident has put my body at risk for the rest of my life 2.0 1.0
TSK7 Pain always means | have injured my body 2.3 1.0
TSK8* Just because something aggravates my pain does not mean it is dangerous 2.2 0.9
TSK9 | am afraid that | might injure myself accidentally 23 1.0
TSK10 Simply being careful that | do not make any unnecessary movements is the safest thing | can do to prevent my pain 2.2 1.1

from worsening

TSKI1 | would not have this much pain if there were not something potentially dangerous going on in my body 1.9 0.8
TSK12* Although my condition is painful, | would be better off if | were physically active 2.2 0.9
TSKI13 Pain lets me know when to stop exercising so that | do not injure 3.2 0.7
TSK14 It’s really not safe for a person with a condition like mine to be physically active 2.1 0.9
TSKI15 | cannot do all the things normal people do because it’s too easy for me to get injured 1.8 0.9
TSK16* Even though something is causing me a lot of pain, | do not think it’s actually dangerous 2.0 0.7
TSK17 No one should have to exercise when he/she is in pain 3.0 0.9

Notes: *Negatively worded, reversed scored items.
Abbreviation: SD, Standard Deviations.
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Figure 2 Network structure of kinesiophobia and centrality index (A) Item network of kinesiophobia in patients after total knee arthroplasty; (B) Strength centrality index
of the network. Note: Blue edges represent positive correlations, and red edges represent negative correlations. The thickness of the edge reflects the magnitude of the
correlation.
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Figure 3 Network structure of pain catastrophizing/self-efficacy-kinesiophobia and centrality index (A) Network construction of different components of pain catastro-
phizing (PCS), self-efficacy for rehabilitation (SER) and kinesiophobia in patients after total knee arthroplasty; (B) Bridge expected influence centrality index of the network.
Note: Blue edges represent positive correlations, and red edges represent negative correlations. The thickness of the edge reflects the magnitude of the correlation.
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Figure 3B depicts the BEI for each node within the pain catastrophizing/self-efficacy-Kinesiophobia network. In the
pain catastrophizing/self-efficacy community, PCS1 (“rumination”) has the highest positive value of BEI (0.70), indicating
the strongest positive relations with kinesiophobia community from the network perspective, and SER2 (“coping self-
efficacy”) has the highest negative value of BEI (—0.57), suggesting the strongest negative correlations with kinesiophobia
community. The CS-coefficient of BEI is 0.36, which was above the recommended cut-off (Figure s7). Figure s8 shows the

bootstrapped difference tests for BEI.

Discussion

To our knowledge, this is the first study to apply network analysis to explore the interconnections among components of
kinesiophobia and the correlations between constructs of pain catastrophizing, self-efficacy, and kinesiophobia in patients
after TKA. This study provides a new insight to develop more effective interventions to address kinesiophobia, and
promote better PROMS.

Within the item network of kinesiophobia, two positive edges with the strongest weights were TSK4 (My pain would
probably be relieved if I were to exercise)-TSK12 (Although my condition is painful, I would be better off if I were physically
active) and TSK3 (My body is telling me I have something dangerously wrong)-TSKS5 (People are not taking my medical
condition seriously enough). The strong edge weight between the two nodes indicates that these two nodes have a high co-
occurrence.*** TSK4 and TSK12 are similar statements that describe that patients consider active physical activity and
exercise beneficial in relieving pain; therefore, there is a strong correlation between them. For TSK3-TSKS5, inadequate
attention and support from significant others might lead to lower confidence to deal with disease, thus perceiving more dangers
of disease or pain symptoms. These findings represent the strong connections pathways between components of kinesiopho-
bia, providing a new theoretical insight to better understanding the interrelationships.

Network analysis can help identify the relative importance of each node, and nodes with higher strength may have more
potent influences on the network than nodes with lower strength. In the item network of kinesiophobia, TSK10 (“Simply being
careful that I do not make any unnecessary movements is the safest thing I can do to prevent my pain from worsening”), TSK6
(“My accident has put my body at risk for the rest of my life”) and TSK3 (“My body is telling me I have something
dangerously wrong”) had the highest strength centrality, indicating TSK10, TSK6 and TSK3 may be the central components
of kinesiophobia. Previous studies mentioned that central components could predict changes in other components, may
propagate intervention effects to connected components within a network and can serve as promising targets for
interventions.*>**° Therefore, interventions on TSK10, TSK6, and TSK3 may propagate the effects to TSKS, TSK9, and
TSK11, then spread to more components of this network, ultimately impacting the entire network. This suggests that the
intervention directed at these three components of kinesiophobia could effectively prevent and reduce kinesiophobia,
providing us a new perspective to develop targeted interventions for kinesiophobia among patients after TKA.*’

The network displayed strong edges connecting nodes that may be clinically important for understanding the
mechanism of pain catastrophizing, self-efficacy, and kinesiophobia (Figure 2). Edge PCS1 (rumination)-TSK3 (My
body is telling me I have something dangerously wrong) and PCS3 (helplessness)-TSK6 (My accident has put my body
at risk for the rest of my life) revealed a link between rumination, helplessness and perceived danger. Based on the fear-
avoidance model, Individuals with excessive focus on pain symptoms and high awareness of being unable to control the
pain perceive pain as a threat, which may result in believing that some pain-induced activities are dangerous and further
lead to avoidance.”’ Edge SER2 (coping self-efficacy)-TSK3 (My body is telling me I have something dangerously
wrong) and SER2 (coping self-efficacy)-TSK15 (I cannot do all the things normal people do because it’s too easy for me
to get injured) shows the correlations of coping self-efficacy with perceived danger and dysfunctional self. Coping self-
efficacy refers to the confidence of coping with some situations in rehabilitation exercise, such as, fatigue, pain.”* Persons
with lower confidence to cope with situations in rehabilitation exercises may adopt negative and avoidance strategies,*®
which may perceive that situation as a threat and a decline in their own functioning.

Within the pain catastrophizing/self-efficacy-kinesiophobia network, node bridge centrality may shed light on the specific
role played by different constructs of pain catastrophizing and self-efficacy in the formation and maintenance of kinesiopho-
bia. In the pain catastrophizing and self-efficacy community, PCS1 (rumination) and SER2 (coping self-efficacy) were
identified as the bridge constructs connected to kinesiophobia. These findings suggest rumination and coping self-efficacy are
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more closely related to kinesiophobia than other constructs of pain catastrophizing and self-efficacy. Previous studies reported
that the score of the rumination dimension was higher than the other two in, suggesting rumination may be the more common
characteristic of pain catastrophizing in patients after TKA.**-** Excessive focus on pain symptoms is more likely to generate
fear of pain-inducing exercise and lead to avoidance behaviors.'® Patients with low coping self-efficacy may utilize more
negative coping strategies to face the stresses caused by rehabilitation exercise after TKA, which further Results in fear of
exercise.”® Targeting the bridge components may lead to the deactivation of the pathway of spread and a reduction in co-
occurrence.”® Thus, intervention in preventing and decreasing kinesiophobia from the perspective of pain catastrophizing and
self-efficacy, which targets the two constructs, may be more effective.

Limitations

There are several Limitations in this study. First, this study conducted a cross-sectional survey. Thus, a causal link between
pain catastrophizing, self-efficacy, and kinesiophobia cannot be determined. Future studies with a longitudinal design are
needed to explore the causality between these components. Second, convenience sampling and single-center study setting
limited the generalizability of our findings. Third, it is difficult to conduct subgroup analysis with the small sample size in this
study. Further studies with a larger sample size are needed to compare the difference characteristics group network.

Future Directions and Clinical Implications

This study also has some implications for future research and clinical practice. A cross-lagged panel network analysis
design was suggested to explore the causal relationship between pain catastrophizing, self-efficacy and kinesiophobia.
Future research is recommended to develop interventions that target the identified three components of kinesiophobia and
rumination of pain catastrophizing and coping self-efficacy, and clinical intervention trials could be conducted to validate
effectiveness. Cognitive behavioral therapy is the most experienced and effective psychosocial therapy for addressing
kinesiophobia among patients after TKA.>' In addition, relaxation exercise therapy and virtual reality has also been
explored as effective measures for reducing kinesiophobia for TKA patients.’** Previous studies showed that rumina-
tion-focused cognitive-behavioral therapy and mindfulness-based therapies are useful for relieving pain-related
rumination.’*>> Furthermore, we suggest that some techniques, such as performance accomplishments, verbal persua-

sion, vicarious learning, should be applied with a focus on coping self-efficacy.”*"’

Conclusion

This study reconstructed the kinesiophobia from network perspectives, finding its unique network structures and
suggesting three central components as potential targets for effective intervention. Rumination and coping self-efficacy
were identified as the bridge components within connections between pain catastrophizing, self-efficacy, and kinesio-
phobia. These findings shed light on future studies aiming to develop theoretical understanding and interventions for
relieving kinesiophobia.
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