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Background: The role of fear-avoidance beliefs (FAB) in patients with chronic pain has been widely confirmed. However, few 
conclusions have been drawn about its role in postoperative patients.
Objective: To explore the characteristics of FAB in postoperative patients after lung surgery as well as the effect of threat learning on FAB.
Methods: Between May and September 2022, this study recruited 150 participants who had undergone thoracoscopic surgery. 
Variables such as age, gender, education, chronic pain, fear of pain, surgery method, pain intensity, FAB, cough, ambulation and threat 
learning were collected and subjected to correlation analysis and stepwise regression.
Results: The correlation analysis revealed that FAB was associated with age (r = −0.183, p < 0.05), gender (r = −0.256, p < 0.01), and 
preoperative FOP-9 (r = 0.400, p < 0.01). Postoperative variables such as pain intensity (r = 0.574, p < 0.01), initiation day of 
ambulation (r = 0.648, p < 0.01), total numbers of ambulation (r = −0.665, p < 0.01), and cough performance (r = −0.688, p < 0.01) 
were correlated with FAB. Furthermore, FAB was highly correlated with indicators of threat learning: direct (r = 0.556, p < 0.01), 
observation (r = 0.655, p < 0.01), and instruction (r = 0.671, p < 0.01). The highest variance explanation model of stepwise regression 
which explained 52.8% of the variance including instruction (B=1.751; p<0.01), direct (B=1.245; p<0.01), observation (B=0.768; 
p<0.01), age (B=−0.085; p<0.01), and surgery method (B=1.321; p<0.05).
Conclusion: Patients commonly experience FAB after lung surgery, which can directly affect their recovery behaviors such as 
ambulation and active coughing. The formation of FAB is influenced by threat learning, which suggests that controlling threat learning 
is important in preventing postoperative FAB.
Keywords: fear-avoidance, threat learning, fear of pain, postoperative pain, lung surgery

Background
According to global cancer surveillance data,1,2 lung cancer has been the most common type of cancer worldwide for 
many years in terms of both incidence and mortality rates. Surgical treatment is generally considered the primary 
treatment option for lung cancer.3 However, surgical treatment can lead to many complications for patients, with pain 
being one of the most common issues. One study found that among 51 patients who underwent lung surgery, moderate 
postoperative pain occurred in 36–58% of cases and severe pain occurred in 11–26% of cases; furthermore, 39% of 
patients experienced more pain than expected.4

Pain is not only an extremely uncomfortable experience but can also lead to a variety of physical and psychological 
complications such as increased oxygen consumption and pulmonary complications,5 as well as depression, anxiety, 
sleep disorders, and social disorders.6
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Pain also is one of the main factors that affects early ambulation in patients after surgery, which can hinder their rapid 
recovery.7 Early ambulation is an important nursing intervention that can help prevent postoperative complications and 
maintain optimal patient outcomes. According to current literature, initiating ambulation early can significantly reduce 
the risk of postoperative complications, accelerate the recovery of functional walking capacity, positively impact several 
patient-reported outcomes, and reduce hospital length of stay and care costs.8–10

The definition of pain comprises physical and psychological events.11 However, most recommendations for post-
operative pain management12–14 still focus on the patient’s physiological aspects, such as improved surgical procedures 
and anesthesia, while paying little attention to the impact of the patient’s psychological characteristics on pain perception 
and behavior. There is still a lot of room for psychological intervention in postoperative pain.

In recent years, the Fear-Avoidance Model was designed to identify and explain why chronic pain problems, and 
associated disability, develop in members of the population suffering from chronic pain conditions.15 This theoretical model 
to guide pain research and management, explain how threat learning causes fear of pain (FOP) and ultimately result in pain 
avoidance behavior when individuals experiences pain.16 When a stimulus (such as pain) is considered a threat, we are 
primed to adapt our behavior according to that threat, aided by stress response systems.16 As pain is considered an 
emotionally-salient stressor and can be seen as a threat, this can lead to FOP. This threat learning can occur in multiple 
ways, including through direct experience, by observing others (eg, via facial expressions), and by instruction.17

When individuals have negative beliefs about pain and its consequences, including catastrophic thoughts, they may 
experience feelings of FOP, avoid daily activities, and become hypervigilant.18 As a result of this misinterpretation, 
individuals repeatedly avoid activities that cause pain and are likely to overestimate any future pain from such activities 
and finally lead to disability.19 This disability is associated with several deleterious consequences including physical 
deconditioning, diminished muscle mass, increased pulmonary complications (atelectasis and pneumonia), and increased 
risk of venous thrombosis embolism.9

Although the theory of threat learning has been confirmed to some extent in laboratory and chronic pain patients, 
fewer conclusions have been drawn in acute pain, especially postoperative patients. However, how fear-avoidance beliefs 
(FAB) is generated and its impact on patient behavior in postoperative pain patients is still unknown. Therefore, this 
study aims to explore how threat learning affects pain fear from the perspective of threat learning and ultimately affects 
patient behavior by taking postoperative patients as samples.

Materials and Methods
Participants
This study is a single-center cross-sectional study of thoracic hospitalized patients at Wuhan Union Hospital (a tertiary 
hospital) in Wuhan, China. Patients were selected based on the following inclusion criteria: (1) patients were at least 18 
years old; (2) they underwent lung surgery; and (3) they did not suffer from or have a history of neurological or 
psychiatric disorders. Exclusion criteria included: (1) patients who were not fully in the ward within three days after 
surgery due to transfer to ICU or early discharge; (2) patients who were unable to perform early ambulation due to 
illness; and (3) patients who exhibited uncooperative behavior. All participants provided written and oral informed 
consent for this research which was approved by both the institutional ethics board of Wuhan Union Hospital of Tongji 
Medical College, Huazhong University of Science and Technology (NO. 20200351), and by clinical trial registration 
(NO. ChiCTR2200056651). The study was supported by general program of Hubei Provincial Natural Science 
Foundation of China (No. 2021CFB588), but the funder did not play any role in designing, conducting, or reporting 
this study. All patients received the same intravenous anesthesia strategy after surgery.

Measures
Pain Intensity
On the third day after surgery, we will use the numerical pain rating scale (NRS) to assess average pain intensity in the 
days following surgery. The NRS is a commonly used method for assessing pain intensity in clinical settings. It is 
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a simple and reliable tool that asks patients to rate their pain on a scale of 0–10, with 0 indicating no pain and 10 
indicating the worst possible pain.

Fear-Avoidance Beliefs
On the third day after surgery, we used the Physical Activity subscale of the Fear-Avoidance Beliefs Questionnaire (FABQ- 
PA) to measure patients’ FAB. The FABQ-PA is a self-reported questionnaire consisting of the first five questions of the Fear- 
Avoidance Beliefs Questionnaire.20 A higher score on this scale indicates higher levels of fear avoidance behaviors.

Threat Learning
We designed three questions to measure direct experience (direct), observation experience (observation), and instruction 
from others (instruction) regarding threat learning. On the third day after surgery, patients were asked to rate their 
postoperative experience on a 6-point Likert scale ranging from strongly disagree (0) to strongly agree (5) with the 
following statements: a) I experienced unbearable pain when I tried to get out of bed after surgery; b) I have often 
observed that getting out of bed after surgery can be painful; c) others often advise me to rest to avoid pain.

Cough Performance
Active coughing is an essential rehabilitation measure after lung surgery.21 However, this movement can cause pain and reflect 
the patient’s pain response. Each patient was asked to actively cough after surgery and informed of its importance in post-
operative recovery. On the third day after surgery, patients were instructed to cough, and their response was observed within the 
next 5 seconds after sitting up. The semiquantitative cough strength score (SCSS) was used to evaluate the strength of the cough. 
The SCSS is graded from 0 to 5 and is a subjective evaluation tool used to evaluate patients’ cough ability.22 In this study the 
cough was then evaluated as either strong (SCSS ≥3) or weak (SCSS <3), or if the patient refused to perform the action due to 
pain.

Ambulation Performance
All patients were advised to begin ambulating at least once a day starting from the day after surgery and informed of the 
benefits of postoperative ambulation. However, no emphasis was placed on the duration or times of ambulation. In this 
study, ambulation was defined as the voluntary act of upright walking outside of the ward or bed unit, excluding activities 
that require leaving the bed such as going to the bathroom or for check-ups. On the third postoperative day, we 
investigated the initiation day of ambulation (ie, the first day of ambulation) and the total number of ambulations (ie, 
the number of times ambulated within three days).

Sample Size
In multivariate statistics, it is generally recommended that the sample size be greater than 10 events per variable.23 In our 
study, the regression analysis included no more than 13 observational variables. Therefore, the sample size should be at 
least 130 people.

Statistics
The analyses were performed using SPSS version 25.0 for Windows (Chicago, IL, USA). All participants who provided 
data were included in the analysis. Descriptive data were presented as counts and percentages for categorical data and as 
means and standard deviations or medians and interquartile ranges for continuous normally distributed data or data with 
skewed distribution. Correlations between study variables were analyzed using Spearman correlation analyses. Stepwise 
multiple linear regression was used to predict or estimate the relationship between variables. The confidence interval (CI) 
level was set at 95%, and that of the tests was set at 5%. All p-values were two-sided.
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Results
Participants
Between May and September 2022, 176 patients met the inclusion criteria. Of these, 26 patients were excluded from the 
final sample: 12 due to transfer to the ICU after surgery, 9 due to unstable vitals that prevented them from getting out of 
bed, 4 due to uncooperative behavior, and 1 due to early discharge. Finally, we included 150 participants in our analysis. 
Baseline characteristics are listed in Table 1.

Correlation
Table 2 presents the correlations between the variables. The correlation analysis revealed that FABQ-PA was associated 
with age (r = −0.183, p < 0.05), gender (r = −0.256, p < 0.01), and preoperative FOP-9 (r = 0.400, p < 0.01). This 
suggests that younger age, female, and high preoperative FOP may be risk factors for postoperative FAB. Postoperative 
variables such as pain intensity (r = 0.574, p < 0.01), initiation day of ambulation (r = 0.648, p < 0.01), total numbers of 
ambulation (r = −0.665, p < 0.01), and cough performance (r = −0.688, p < 0.01) were correlated with FABQ-PA which 
indicates that postoperative FAB may affect higher pain reporting and negative pain avoidance behavior after surgery. 
Furthermore, FABQ-PA was highly correlated with indicators of threat learning: direct (r = 0.556, p < 0.01), observation 

Table 1 Baseline Characteristics of Participants (n=150)

Variables Value Range/Coding

Before Surgery
Age (years), mean (SD) 53 (14.0) 19–86

Female, freq (%) 74 (49.3) 1*
Education, freq (%)

Primary school 20 (13.3) 1

Middle school 34 (22.7) 2
High school 44 (29.3) 3

University 52 (34.7) 4

Chronic pain, freq (%) 7 (4.7) 1*
FOP-9, median (IQR) 16 (13, 23) 9–35

After Surgery
Surgery method, freq (%)

Wedge resection 24 (16.0) 1

Segmental resection 65 (43.3) 2
Lobectomy 58 (38.7) 3

Pneumonectomy 3 (2.0) 4

Pain intensity, median (IQR) 3 (1, 4) 0–10
FABQ-PA, median (IQR) 11 (8, 15) 2–36

Cough performance, freq (%)

Refused 11 (7.3) 0
Weak 66 (44.0) 1

Strong 73 (48.7) 2

Ambulation, median (IQR)
Initiation day 2 (1–2) 0–3

Total numbers 5 (3–8) 0–10#

Threat learning, median (IQR)
Direct 2 (1, 4) 0–5

Observation 3 (1, 5) 0–5

Instruction 2 (1, 3.5) 0–5

Notes: *Dichotomous variable, the coding of the opposite variable was 0. #Greater than 10 count as 10. 
Abbreviations: SD, standard deviation; freq, frequency; FOP-9, Fear of Pain Questionnaire-9; IQR, 
interquartile range; FABQ-PA, Physical Activity subscale of Fear-Avoidance Beliefs Questionnaire.
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Table 2 Correlation Coefficients Between Variables (n=150)

Age Gender Education Chronic 
Pain

Fop-9 Surgery 
Method

Pain 
Intensity

Cough Initiation 
Day#

Total 
Numbers$

Direct Observation Instruction

FABQ-PA −0.183* −0.256** −0.084 0.032 0.400** 0.148 0.574** −0.688** 0.648** −0.665** 0.556** 0.655** 0.671**

Age 0.108 −0.242** 0.022 −0.254** 0.188* −0.103 0.087 −0.218** 0.102 −0.114 −0.068 −0.049
Gender −0.043 0.035 −0.161* −0.071 −0.316** 0.210** −0.186* 0.143 −0.148 −0.148 −0.233**

Education −0.125 −0.02 −0.082 −0.093 0.041 0.01 0.073 −0.034 −0.075 −0.067
Chronic Pain 0.047 0.092 0.062 −0.038 −0.037 −0.011 0.13 0.086 −0.081

FOP-9 −0.170* 0.328** −0.266** 0.389** −0.237** 0.312** 0.314** 0.255**

Surgery 
method

0.353** −0.14 0.104 −0.193* 0.048 0.061 0.085

Pain intensity −0.427** 0.379** −0.393** 0.277** 0.434** 0.335**

Cough −0.328** 0.474** −0.400** −0.421** −0.457**
Initiation day# −0.472** 0.404** 0.434** 0.422**

Total 

numbers$

−0.345** −0.476** −0.362**

Direct 0.458** 0.398**

Observation 0.430**

Notes: #Initiation day of ambulation; $Total numbers of ambulation; *p < 0.05; **p < 0.01. 
Abbreviations: FABQ-PA, Physical Activity subscale of Fear-Avoidance Beliefs Questionnaire; FOP-9, Fear of Pain Questionnaire-9.
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(r = 0.655, p < 0.01), and instruction (r = 0.671, p < 0.01). This suggests that FAB formation may be related to threat 
learning.

Regression
The results of the stepwise multiple linear regression are displayed in Table 3. Because FABQ-PA may affect ambulation 
performance, cough performance, and pain intensity, we excluded these variables from the selection of input variables in 
the stepwise regression process. We set FABQ-PA as the dependent variable and age, gender, education, chronic pain, 

Table 3 Stepwise Regression Analysis of FABQ-PA as the Dependent Variable (n=150)

Models Independent 
Variable

Model Summary Coefficients

F Adjusted 
R2

Std. Err of the 
Estimate

B Std. Err t 95% CI

Model 1 83.481** 0.356 5.950

(Constant) 6.660 0.857 7.774** 4.967~8.353

Instruction 2.771 0.303 9.137** 2.172~3.37

Model 2 34.170** 0.474 5.378

(Constant) 3.726 0.923 4.038** 1.902~5.549

Instruction 2.019 0.303 6.668** 1.421~2.617

Observation 1.582 0.271 5.846** 1.047~2.117

Model 3 8.256** 0.499 5.250

(Constant) 3.095 0.927 3.339** 1.263~4.928

Instruction 1.805 0.305 5.922** 1.203~2.407

Observation 1.300 0.282 4.611** 0.743~1.857

Direct 0.846 0.295 2.873** 0.264~1.429

Model 4 5.416* 0.514 5.173

(Constant) 7.133 1.961 3.638** 3.258~11.009

Instruction 1.798 0.300 5.988** 1.205~2.392

Observation 1.263 0.278 4.538** 0.713~1.812

Direct 0.789 0.291 2.707** 0.213~1.364

Age −0.071 0.031 −2.327* −0.132~-0.011

Model 5 5.345* 0.528 5.097

(Constant) 5.068 2.129 2.380* 0.860~9.275

Instruction 1.751 0.297 5.904** 1.165~2.338

Observation 1.245 0.274 4.541** 0.703~1.787

Direct 0.768 0.287 2.675** 0.200~1.336

Age −0.085 0.031 −2.759** −0.146~-0.024

Surgery method 1.321 0.571 2.312* 0.192~2.450

Notes: *p < 0.05; **p < 0.01. 
Abbreviations: FABQ-PA, Physical Activity subscale of Fear-Avoidance Beliefs Questionnaire; R2, R square; CI, confidence interval.
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FOP-9, surgery method and threat learning (direct, observational and instruction) as independent variables. Five models 
were statistically significant (p<0.05), with the highest variance explanation including instruction (B=1.751; p<0.01), 
direct (B=1.245; p<0.01), observation (B=0.768; p<0.01), age (B=−0.085; p<0.01), and surgery method (B=1.321; 
p<0.05). These independent variables explained 52.8% of the variance in the model’s results. Combining the results in 
Table 2, it can be inferred that age and threat learning are independent risk factors for FAB.

Discussion
The fear-avoidance model is a widely used theoretical framework that explains the psychological factors involved in pain 
experience and the development of chronic pain and disability. Negative beliefs, such as FAB about pain or negative 
illness information, may lead to an exaggerated negative mental response where the worst possible outcome is 
imagined.24 FAB have been shown to play an important role in the occurrence and maintenance of chronic pain.24 

This study showed that FAB about physical activity also appeared in post-operative patients, with a median of 11 (full 
score is 36).

The risk factors for FAB include age, gender, employment status, anxiety, quality of sleep, and health locus of 
control.25 Our study found that FAB are correlated with gender, age, and trait FOP. These personal factors may 
predispose individuals to FAB.

FAB represent cognitions and emotions that underpin concerns and fears about physical activities’ potential to 
produce pain and further harm.26 As a result of these beliefs, individuals repeatedly avoid pain-inducing activities and 
are likely to overestimate any future pain from such activities.27 Our results also show that patients’ FAB are highly 
correlated with delayed activity and inefficient coughing. This may be because FAB lead patients to avoid behaviors that 
cause pain. However, these activities are important for rapid recovery in patients who underwent modern lung surgery.9,14 

Therefore, it is necessary to intervene in postoperative patients’ fear-avoidance behavior.
Threat learning explains how FAB are learned and reinforced. It is a behavioral paradigm that has been successfully 

utilized to define the mechanisms underlying threat (fear) memory formation.28 Threat learning can occur through direct 
experience, observation of others (eg, via facial expressions), and instruction.16 Direct experience refers to Pavlovian 
threat conditioning which is based on the formation of predictive associations between personally experienced stimuli.29 

Observational learning occurs through the observation of the emotional responses of others.30 Instructional learning 
occurs through verbal instruction.29 Our research shows that all three methods are highly correlated with FAB. The 
results of linear regression showed that instruction from others had the largest absolute value regression coefficient 
among included independent variables, indicating its importance in generating patients’ fear belief.

The results of our research suggest that threat learning plays an important role in the formation of fear-avoidance 
beliefs (FAB), which may directly affect positive postoperative recovery behaviors. Interventions on three aspects of 
threat learning may be a way to promote early postoperative recovery. Firstly, patients can be guided to perform activities 
(including turning over, coughing and even getting out of bed) in a safe and comfortable environment (such as the use of 
analgesics) as early as possible (within 4 hours after surgery) by associating activity with safety. Secondly, patients with 
high FAB scores should not be placed in the same ward because threat learning will reinforce their negative views of 
activities by observing each other. Instead, it is better to place patients with low FAB and patients with high FAB in the 
same ward. We believe that patients with high FAB are less likely to be influenced by patients with low FAB, while the 
latter can be influenced by the former. Thirdly, patients’ and caregivers’ concepts of postoperative pain and recovery 
behaviors are also important factors leading to the formation of FAB. Therefore, healthcare providers should not only 
educate patients but also caregivers.

Limitations
The most important limitation of this study is that there may be an interaction between the dependent variable and 
independent variables. For instance, postoperative pain and FAB. It is unclear whether the post-operative pain caused the 
FAB or whether the FAB caused the post-operative pain report. Furthermore, it should be noted that this study is of 
a cross-sectional nature and therefore further investigation is required to establish any causal relationships between the 
variables.
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Conclusion
FAB are common among patients after lung surgery and can directly affect their recovery behaviors such as ambulation 
and active coughing. Threat learning plays an important role in the formation of FAB. The control of the threat learning 
path may aid in the reduction of pain FAB.

Data Sharing Statement
The individual deidentified participant data of this study can be requested from the corresponding author (yangluo@hust. 
edu.cn) upon reasonable request.
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