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Abstract 

 Promising results have been found for the effectiveness of Pain Neuroscience Education 

(PNE) in reducing several types of pain. The current study aims to investigate the effectiveness of 

PNE in reducing acute knee pain following total knee arthroplasty (TKA) and attention to pain, as 

well as investigating the relationships between attention to pain and chronic and acute knee pain. 

Lastly, this study aims to identify risk factors for high levels of acute pain after TKA. The current 

randomized controlled trial (RCT) is a pilot study for a larger RCT. A total of 27 participants, of 

which 19 female and 8 male, (age M = 68.6, SD = 7.55) received either the standard care after 

TKA or standard care plus two individual PNE sessions. The results indicated no effectiveness of 

PNE in reducing acute knee pain or attention to pain. Also, the results found no correlation between 

attention to pain and chronic pain or acute pain and could not identify risk factors for high levels 

of acute pain. However, the current study provides a conceptual model and indications which can 

be used in future research. 

 Keywords: pain neuroscience education (PNE), total knee arthroplasty (TKA), chronic 

pain, acute pain, attention to pain 
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Pain Neuroscience Education, chronic and acute pain and attention to pain 

Osteoarthritis is a leading cause of disability worldwide (Chu et al., 2014) and the most 

common joint disorder in the United States (Lawrence et al., 2008). Knee osteoarthritis (KOA) is 

the most common type of osteoarthritis (Oliveria et al., 1995). Total knee arthroplasty (TKA) is 

considered an effective surgical treatment to reduce knee pain and improve function in people with 

severe KOA (Carr et al., 2012). Despite the fact that many people experience alleviation of knee 

pain after TKA, one in five patients are dissatisfied due to remaining knee pain even more than a 

year after TKA (Baker et al., 2007). Given the considerable number of patients experiencing long-

term pain after TKA, it is important to investigate which methods are most effective in reducing 

post-surgical chronic knee pain. Acute pain is a factor which predicts chronic pain in the months 

and years following surgery (Katz, & Seltzer, 2009). This makes it necessary to investigate 

methods to directly reduce chronic pain and indirectly reduce it by targeting acute pain.  

 A recently developed method which reduces various types of pain is Pain Neuroscience 

Education (PNE; Moseley, & Butler, 2015). PNE refers to a range of educational interventions 

which aim to teach individuals about the biological and physiological processes involved in the 

experience of pain. Educating people about these processes leads to a change in the way that people 

conceptualize pain. People no longer interpret pain as a direct marker of tissue damage or disease, 

but rather interpret pain as a marker of the perceived need of the brain to protect the body, even in 

absence of any actual damage. The effect of PNE on pain has been studied in chronic pain samples 

and in patients undergoing several types of surgery.  

Promising results have been found for the effectiveness of PNE in reducing chronic pain, 

despite some studies failing to find an effect of PNE on chronic pain. In their case series of twelve 

patients, Louw and colleagues (2019a) found no difference in chronic knee pain scores before and 

after a 30 minute group PNE session. In their randomized controlled trial (RCT), Andias and 

colleagues (2018) investigated the effect of four weekly PNE sessions in combination with 

exercises as compared to no intervention for adolescents with chronic neck pain. They reported a 

larger decrease in pain scores for the group receiving PNE and exercises than the control group, 

but this difference did not reach statistical significance. Moreover, in another case series, Louw 

and colleagues (2015) detected an increase in pain intensity immediately after PNE in patients 

experiencing chronic lower back pain. However, they also found that PNE does reduce chronic 

lower back pain one month after PNE. This promising finding is further substantiated by RCT’s, 
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in which PNE has been found to be effective in reducing chronic knee pain in patients with KOA 

(Lluch et al, 2018), pain in fibromyalgia patients (Van Oosterwijck et al, 2013), chronic spinal 

pain (Malfliet et al, 2018a) and a collection of chronic pain types (Louw et al, 2016b). One 

systematic review including eight studies, of which six high quality RCT’s, found that PNE is 

effective in reducing chronic musculoskeletal pain (Louw et al, 2011). The same result was found 

in another systematic review including 13 RCT’S (Louw et al, 2016a) and in a systematic review 

and meta-analysis (Watson et al, 2019). Two systematic reviews and meta-analyses including two 

studies (n=122) and eight studies (n=615), respectively, found that PNE in addition to usual 

physiotherapy may decrease chronic lower back pain in the short-term (Clarke et al, 2011; Wood, 

& Hendrick. 2019).  

 Despite the strong evidence that PNE may be effective in reducing chronic pain, only few 

studies have investigated the effect of PNE on chronic pain after surgery, which is defined as 

persisting for 3 months or longer after surgery (Treede et al., 2015). No effect of PNE on chronic 

post-surgical pain has been found in lumbar surgery patients (Louw et al., 2014). Two studies in 

which the effectiveness of PNE in TKA-patients was investigated yielded mixed results. In their 

controlled clinical trial Louw and colleagues (2019b) investigated the effectiveness of adding 

group PNE 1 to 2 weeks before TKA to the traditional hospital educational program for TKA-

patients. They found that one PNE-session in group format had no effect on pain at 1, 3 or 6 months 

after TKA compared to the traditional hospital educational program. Lluch and colleagues (2018) 

conducted an RCT comparing the effects of PNE combined with knee joint mobilization with the 

effects of biomedical education with knee joint mobilization on chronic knee pain before TKA and 

chronic post-surgical pain 3 months after TKA. They found that four PNE-sessions combined with 

knee joint mobilization significantly reduced chronic knee pain before TKA and chronic post-

surgical pain 3 months after TKA. However, they found no difference in effectiveness between 

the group which received PNE and the group that received biomedical education. This implies that 

PNE may be an effective method in reducing chronic knee pain both before and after TKA, but is 

not superior to other educational methods. 

As with chronic pain after surgery, only few studies have focused on the effect of PNE on 

acute post-surgical pain. A quasi-experimental study by Deguchi and colleagues (2019) found no 

effect of PNE on acute post-surgical pain in knee joint surgery, in which the knee joint is realigned. 

However, this surgery is less impactful than TKA and may therefore yield less favorable results 
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than studies on TKA. In TKA-patients, Wilson and colleagues (2016) conducted an RCT to 

investigate the effect of an individualized pre-surgical educational intervention on acute post-

surgical pain. This educational intervention is similar to PNE in the sense that provides patients 

with information about pain, but it differs in content. Whereas PNE focuses on biological and 

physiological processes involved in pain experience, the educational intervention in this study 

focused on the importance of pain management and other non-biological information about pain. 

Wilson and colleagues found no effect of their educational intervention on acute post-surgical pain 

following TKA. However, no research has yet been conducted investigating the effectiveness of 

PNE in reducing acute post-surgical pain following TKA. To my knowledge, the current study 

will be the first to investigate whether PNE is an effective method in reducing acute post-surgical 

pain, which in turn could reduce chronic pain following surgery (Katz, & Seltzer, 2009). 

One factor which may play a role in an individual’s pain intensity is attention to pain, which 

refers to a cognitive state in which patients are more somatically focused and monitor their body 

for changes in pain sensations and symptoms (Harrison et al., 2016). Many studies have found a 

positive correlation between attention to pain and chronic pain in fibromyalgia patients (Affleck 

et al., 1996; Crombez et al., 2004), chronic lower back pain (Crombez et al., 2004) and other 

chronic pain samples (Crombez et al., 2013; Harrison et al., 2016). The current study aims to 

further substantiate these findings by investigating the relationship between attention to pain and 

chronic knee pain before TKA.  

Unfortunately, only two prospective longitudinal studies focused on attention to pain in 

surgical samples. These studies investigated whether pre-surgical attention to pain could predict 

chronic post-surgical pain following thoracic surgery (Horn-Hofmann et al., 2018; Lautenbacher 

et al., 2010). These studies found no predictive value of attention to pain for chronic post-surgical 

pain. However, the patients in these studies had no pre-surgical pain, which may have influenced 

their pre-surgical levels of attention to pain. Also, the generalizability of these studies is 

questionable as thoracic surgery and TKA are two completely different surgeries. Further 

investigation for other surgeries such as TKA is required before a clear relationship (or absence 

thereof) can be established. 

So far,  three longitudinal studies have focused on the relationship between attention to 

pain and acute post-surgical pain. One study examining men undergoing corrective chest surgery 

found that acute pain in the first few days after surgery predicted patients’ attention to pain one 
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week after surgery (Dimova et al., 2013). Lautenbacher and colleagues (2009) also examined 

males undergoing corrective chest surgery and found that pre-surgical attention to pain did not 

positively predict acute pain intensity one week after surgery. However, they did find that a broader 

definition of attention to pain, a definition which includes pain catastrophizing, did predict higher 

levels of acute pain intensity. This is in line with previous research which has found that pain 

catastrophizing predicts post-surgical pain intensity (Granot, & Ferber, 2005; Luna et al., 2017; 

Riddle et al., 2010). Scheel and colleagues (2017) found that pre-surgical attention to pain predicts 

higher levels of acute pain two to three days after a hysterectomy. An important limitation of these 

last two studies is that the participants did not undergo surgery due to chronic pain. Therefore, 

their pre-surgical pain levels were low, which may have influenced the outcome of these studies. 

The current study investigates both a possible correlation between post-surgical attention to pain 

and acute post-surgical pain following TKA, as well as the predictive value of pre-surgical 

attention for acute post-surgical pain following TKA. This knowledge could be used for screening 

TKA patients at risk of high levels of acute pain and may therefore be in high need of an 

intervention such as PNE to reduce this pain. If PNE is found to be an effective intervention for 

reducing acute post-surgical pain, this knowledge can be used to screen which patients could 

benefit from PNE. 

As attention to pain may be an important psychological factor in predicting and/or 

maintaining pain, it is important to investigate how to reduce patients’ attention to pain. Three 

RCT’s have investigated the effectiveness of PNE in reducing attention to pain, yielding mixed 

results. Malfliet and colleagues (2018b) found that PNE has no effect on attention to pain in 

patients experiencing chronic spinal pain. Another RCT found that adding cognition-targeted 

motor control training to PNE did reduce attention to pain in a chronic spinal pain sample (Malfliet 

et al., 2018a). Another RCT found that PNE decreased attention to pain in fibromyalgia patients 

(Van Oosterwijck et al., 2013). However, no research has yet been done on the effectiveness of 

PNE on attention to pain in a surgical sample. 

Lastly, it is interesting to screen individuals for an elevated risk for acute knee pain after 

TKA, as these individuals may possibly benefit most from an intervention such as PNE. Previous 

research has found that higher levels of chronic preoperative pain predict higher levels of acute 

pain following TKA (Brander et al, 2003; Lunn et al, 2013; Martinez et al, 2007; Singh et al, 2008; 

Sullivan et al, 2009). A cohort study including over 5000 participants identified female gender as 
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another possible risk factor (Singh et al, 2008), despite an observational study finding no gender 

differences in pain after TKA (Lingard et al, 2004). 

The main aim of this study is to investigate the relationship between PNE, chronic knee 

pain, acute knee pain after TKA and attention to pain and to form a conceptual model. This study 

also aims to identify risk factors for worse acute post-operative pain. 

The following research questions will be studied: 

1) Does PNE influence acute knee pain after TKA? 

2) What is the relationship between pre-surgical attention to pain and chronic knee pain before 

TKA? 

3) What is the relationship between post-surgical attention to pain and levels of acute knee 

pain after TKA? 

4) Do pre-surgical attention to pain, chronic knee pain and gender predict levels of acute knee 

pain after TKA? 

5) Does PNE influence patients’ attention to pain?  

The following hypotheses have been formulated: 

1) Due to the lack of previous research investigating the effect of PNE on acute knee pain 

following TKA, no evidence-based hypothesis can be formulated for this research question. 

However, as many studies indicate that PNE may be effective in reducing chronic pain 

(Clarke et al, 2011; Lluch et al., 2018; Louw et al., 2011; Louw et al., 2015; Louw et al., 

2016a; Louw et al., 2016b; Malfliet et al., 2018a; Van Oosterwijck et al., 2013; Watson et 

al., 2019; Wood, & Hendrick, 2019) and even chronic pain after TKA (Lluch et al., 2018), 

one may expect similar findings for acute pain. Based on extrapolation of previous 

findings, it may be expected that PNE can also reduce acute knee pain following TKA.  

2) Based on previous findings that attention to pain is positively correlated with various types 

of chronic pain (Affleck et al., 1996; Crombez et al., 2004; Crombez et al., 2013; Harrison 

et al., 2016), a positive correlation between pre-surgical attention to pain and chronic knee 

pain before TKA may be expected. 

3) Due to the lack of knowledge about the relationship between post-surgical attention to pain 

and acute post-surgical pain following TKA, no evidence-based hypothesis can be 

formulated for this research question. However, many studies have found that attention to 

pain and chronic pain are positively correlated (Affleck et al., 1996; Crombez et al., 2004; 
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Crombez et al., 2013; Harrison et al., 2016). Due to logical reasoning it may be presumed 

that attention to pain and levels of pain are positively correlated, regardless of whether the 

pain is chronic or acute. It is therefore expected that a positive correlation between post-

surgical attention to pain and acute pain following TKA will be found. 

4) Despite the finding of Lautenbacher and colleagues (2009) that pre-surgical levels of 

attention to pain do not predict acute pain intensity following corrective chest surgery, it is 

hypothesized that pre-surgical attention to pain can predict acute knee pain following TKA. 

The participants in the current study experience pain before surgery, contrary to the 

participants in the study of Lautenbacher and colleagues. Their participants’ low levels of 

pre-surgical pain may have decreased their levels of attention to pain pre-surgically 

(Crombez et al., 2004; Crombez et al., 2013; Harrison et al., 2016), which may have led to 

an underestimation of the predictive value on acute pain. Also based on the findings of 

Scheel and colleagues (2017), in which pre-surgical levels of attention to pain predict acute 

pain following a hysterectomy, it is expected that attention to pain predicts acute knee pain 

following TKA. It is also expected that worse chronic pain before TKA and female gender 

predict more acute knee pain (Brander et al, 2003; Lunn et al, 2013; Martinez et al, 2007; 

Singh et al, 2008; Sullivan et al, 2009). 

5) Based on previous findings, a negative effect of PNE on attention to pain is expected 

(Malfliet et al., 2018a; Van Oosterwijck et al., 2013).  

The empirical evidence and formed hypotheses are depicted in a conceptual model (see figure 1). 
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Methods 

Design 

The current study is a pilot for a larger RCT which investigates the relationship between 

PNE and chronic pain 3 months after TKA and includes several secondary outcome measures, 

including chronic pain 12 months after TKA, physical functioning, stiffness, health related quality 

of life, as well as exploring the influence of attention to pain, pain catastrophizing, anxiety and 

depression on treatment outcome.  

TKA-patients received information about the current study and an informed consent form 

from their orthopedist. One week after receiving the information, the patients were phoned by 

researchers to answer any questions patients may have and to ask whether patients wanted to 

participate. Patients who did, sent the informed consent to the researchers. 

            After receiving the informed consent participants were called for the baseline measurement 

(T0). After completing the T0, participants were randomized by a different researcher than the 

ones providing the questionnaires. Participants were either assigned to the experimental group, in 
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which participants received standard care plus PNE, or the control group, in which participants 

received standard care only (see figure 2).  

 

Control group 

            Participants in the control group received the standard care for TKA-patients. Before 

undergoing TKA, patients discussed the procedure with their orthopedist and received information 

in a booklet. This booklet contains information about the surgery, the risks involved in the surgery 

and recovery after TKA. On the day of surgery, patients stay in the hospital overnight. The next 
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morning they are seen by a physiotherapist, who mobilizes them (e.g. stretching the leg and 

walking short distances). After mobilization patients are sent home or to a rehabilitation center to 

recover. After discharge they may receive further physiotherapy by their own physiotherapist. 

Approximately 2 weeks after TKA, patients’ knee stitches are removed.  

Experimental Group 

          Participants in the experimental group received standard care as described above with 

additional PNE. The first 45 minute-PNE session took place at 1 to 3 weeks before TKA. The 

second 30 minute-PNE session took place at 2 weeks after TKA. Both PNE sessions were 

individual sessions in which a physiotherapist trained in PNE provided the patient with information 

about pain with the use of a checklist. Copies of this checklist can be requested in either Dutch or 

English by contacting the author or supervisors. 

Participants 

             In order to be eligible to participate in this study, a patient must be 18 years or older, suffer 

from KOA according to the American College of Rheumatology classification criteria (Wu et al., 

2005), be scheduled for an elective unilateral TKA no sooner than 2 weeks from the time of 

recruitment, be able to understand and speak Dutch, be willing and able to complete scheduled 

study procedures and follow-up evaluations and the patient must provide written informed consent. 

Patients were excluded if they were scheduled for revision arthroplasty, were diagnosed with 

inflammatory arthritis, were scheduled for TKA because of a fracture, malignancy or an infection, 

were currently participating in any other surgical intervention or pain management, had a previous 

TKA or any other lower limb surgery within the past 6 months or had a cognitive impairment. 

            A total of 27 participants were analyzed in the current study (female = 70.4%). The 

participants were aged between 50 and 85 years old (M = 68.6, SD = 7.55). 

Instruments 

Demographics  

Demographic information (gender and age) has been collected through the medical records 

of patients at Tergooi Hospital. Also, the medical records provided information on the severity of 

KOA using the Kellgren Lawrence Grading System. The Kellgren Lawrence Grading system 

ranges from 0 to 4, in which 0=none, 1=doubtful, 2=minimal, 3=moderate and 4=severe (Schiphof 

et al., 2008). The American Society of Anesthesiologists Classification (ASA class) determines 

the fitness of patients to undergo surgery and was also taken from the medical records. According 
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to the ASA class, 1=healthy individual, 2=mild systemic disease not limiting activity, 3=severe 

systemic disease that limits activity and 4=incapacitating systemic disease which is constantly life 

threatening. The duration of chronic knee pain (in months) has been asked at T0. 

Chronic knee pain  

Chronic knee pain intensity has been measured one to two months before TKA using the 

subscale ‘pain’ of the Dutch version of the WOMAC (WOMAC-NL; Roorda et al., 2004). The 

subscale contains 5 items, each scored from 0 – 4 points. The total score of the subscale ranges 

from 0 – 20, with a higher score indicating higher pain levels. The reliability and validity of the 

subscale ‘pain’ of the WOMAC-NL has been tested in patients with hip osteoarthritis (Roorda et 

al., 2004). Researchers found a good intra test reliability (Cronbach’s α = 0.88) and an excellent 

test-retest reliability (intraclass correlation coefficient = 0.77). It also has a moderate to strong 

correlation with the subscales ‘pain’ of the Dutch Health Assessment Questionnaire and the Dutch 

Harris Hip Score (r = 0.69 and r = 0.39 respectively). This makes the subscale ‘pain’ of the 

WOMAC-NL a reliable and valid measure of pain.  

Acute knee pain  

Acute knee pain intensity has been measured at 2 weeks after TKA by also using the  

subscale ‘pain’ of the WOMAC-NL (Roorda et al., 2004). See “chronic knee pain” above for the 

scoring and psychometric properties of the subscale ‘pain’ of the WOMAC-NL. 

Attention to pain  

Participants’ pre- and post-surgical levels of attention to pain have been measured at 4 

to 8 weeks before TKA and 2 weeks after TKA respectively, using the Dutch version of the Pain 

Vigilance and Awareness Questionnaire (PVAQ-NL; Roelofs et al., 2003). The PVAQ-NL 

contains 16 items, all of which are scored on a scale ranging from 0 to 5. The total range of the 

PVAQ-NL is 0-80, with a higher score indicating more attention to pain. The internal reliability 

of the PVAQ-NL is considered good (Cronbach’s α = 0.88). The PVAQ-NL also has a good 

convergent validity as it correlates highly with theoretically related constructs, measured by the 

Pain Catastrophizing Scale (r = 0.61) and the Body Vigilance Questionnaire (r = 0.56). Overall, 

this makes the PVAQ-NL a reliable and valid measure of attention to pain. 

Data analysis 

             The data-analysis has been conducted using SPSS Statistics 25 (IBM corporation, 2017).  
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Descriptive statistics  

             In SPSS missing values received a value of 99. Only the missing values of a respondent 

are deleted, but the rest of the respondents’ answers are used for the data analyses, which is called 

pairwise deletion. 

             Descriptive statistics were used to describe the baseline characteristics of individuals in 

each group. Firstly, normality was tested for age, length, weight and duration of knee pain using 

the Shapiro Wilk’s test. The independent samples t-test (for the normally distributed continuous 

variables), the Mann-Whitney test (for the non-normally distributed continuous variables) and the 

chi square test (for categorical variables) was applied to determine whether there were baseline 

differences between groups. 

Reliability analyses 

           Cronbach’s alpha has been computed for the subscale ‘pain’ of the WOMAC-NL and the 

PVAQ-NL at both T0 and T1. The guidelines of Field (2013) will be used to interpret the reliability 

of these questionnaires, in which α < .5 is insufficient, .5 < α < .8 is sufficient and  α > .8 is good.  

Hypotheses  

            The first and fifth research question have been tested by conducting a between subjects t-

test. The Cohen’s d will be calculated to interpret the output. Cohen (1988) suggested that an effect 

size of d = .20 is considered small, d = .50 is medium and d = .80 is large. Before conducting the 

analysis for the fifth research question, the dependent variable was created by computing the 

difference between attention to pain at T1 and T0  as a new variable. 

            The second and third research question have been tested by conducting a correlation 

analysis. If assumptions are met the pearson’s correlation coefficient will be used. If assumptions 

are violated spearman’s rho will be used. The guidelines of Cohen (1992) will be used, in which a 

correlation of r = .1 is weak, r = .3 is mediocre and r = .5 is a strong correlation. 

             The fourth research question has been tested by conducting a simultaneous multiple 

regression analysis.  

 

Results 

Descriptive statistics 

        Out of the 82 patients assessed for eligibility, a total of 27 participants have been 

analyzed (see figure 3).  
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Age, length and weight were normally distributed across both conditions. However, 

duration of knee pain was non-normally distributed across both groups.  

No baseline differences were found between the two groups (see Table 1). 

For the independent samples t-tests, no assumptions were violated. Due to the violation of 

the assumption of linearity and homoscedasticity for all correlation analyses, spearman’s rho will 

be used. For the multiple regression analysis all assumptions were met. 
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Reliability Analyses 

The subscale ‘pain’ of the WOMAC-NL has sufficient reliability at T0 (α = .67) and T1 (α 

= .79). The PVAQ-NL has a good reliability at T0 (α = .90) and T1 (α = .87). 

Hypotheses 

1) No effect of PNE on acute pain after TKA has been found, p > .05. Hypothesis 1 is rejected. 

2) No correlation between pre-surgical attention to pain and chronic pain before TKA has 

been found, p > .05. Hypothesis 2 is rejected. 
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3) No correlation between post-surgical attention to pain and acute pain after TKA has been 

found, p > .05. Hypothesis 3 is rejected. 

4) In combination, pre-surgical attention to pain, chronic pain before TKA and female gender 

accounted for a non-significant 14% of the variability in levels of acute knee pain after 

TKA, R2 = .14, adjusted R2 = .02, F (3, 22) = 1.16, p = .349. Unstandardized (B) and 

standardized (β) regression coefficients, and squared semi-partial correlations (sr2) for each 

predictor in the regression model are reported in Table 2. Hypothesis 4 is rejected. 

5) No effect of PNE on attention to pain has been found, p > .05. Hypothesis 5 is rejected. 

The results are depicted in Table 3. 
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Discussion 

The aim of the current study was to investigate the relationships between PNE, chronic and 

acute pain, attention to pain and gender. This knowledge could be used in practice to screen for 

patients at higher risk for acute pain following TKA and to provide an effective intervention to 

reduce this pain. The current study was unable to identify elevated levels of chronic pain and pre-

surgical attention to pain or female gender as risk factors for high levels of acute pain after TKA. 

Also, the current study found no effect of PNE on acute pain after TKA or patients’ levels of 

attention to pain. Lastly, the current study found no correlation between attention to pain and 

chronic or acute pain, which is in contrast to previous research (Affleck et al., 1996; Crombez et 

al., 2004; Crombez et al., 2013; Harrison et al., 2016). 

The finding that pre-surgical levels of attention to pain cannot predict levels of acute pain 

are in line with the findings of Lautenbacher and colleagues (2009), but is in contrast to the findings 

of Scheel and colleagues (2017). However, all three studies examine patients of different types of 

surgery, which may influence the outcome due to differences in the impact of surgery. Future 

research could focus on TKA patients only to further investigate the predictive value of pre-

surgical attention to pain on acute pain following TKA. The finding that higher levels of chronic 
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pain and female gender cannot predict acute pain is also in contrast to previous research (Brander 

et al, 2003; Lunn et al, 2013; Martinez et al, 2007; Singh et al, 2008; Sullivan et al, 2009). This 

may be due to the limitations of the current study, which are discussed below. To my knowledge, 

this is the first study to examine the effect of PNE on acute pain after TKA and patients’ attention 

to pain. These results therefore cannot conclusively indicate whether or not PNE can be used to 

reduce acute pain following TKA and patients’ attention to pain. Previous research has found 

promising results in other pain samples for the effectiveness of PNE on chronic pain (Clarke et al, 

2011; Lluch et al., 2018; Louw et al., 2011; Louw et al., 2015; Louw et al., 2016a; Louw et al., 

2016b; Malfliet et al., 2018a; Van Oosterwijck et al., 2013; Watson et al., 2019; Wood, & 

Hendrick, 2019) and even chronic pain after TKA (Lluch et al., 2018) as well as attention to pain 

(Malfliet et al., 2018a; Van Oosterwijck et al., 2013). Therefore, future research with more power 

should be conducted to further investigate the possible effectiveness of PNE in TKA patients.  

The current study has several limitations. Firstly, the small sample size unfortunately 

decreased the strength of the evidence. This is partially due to the outbreak of the COVID-19 virus, 

which has negatively influenced the recruitment of new participants, as surgeries were no longer 

performed. Also, the virus has impacted the daily life, mental and physical health of many 

individuals, as well as their capacity to receive appropriate after-care such as physiotherapy. This 

may have influenced the results by people experiencing more pain and perhaps being in a more 

negative state of mind and having less activities to distract them from pain, possibly leading to 

more attention to their pain. Lastly, the COVID-19 virus made it inevitable that the PNE session 

of one participant had to be delivered by phone rather than in person. Despite the limitations of the 

current study, this study provides a detailed overview of the knowledge so far, as well as creating 

a new conceptual model involved in the pain experience of TKA patients. 

The larger RCT, which the current study is part of, and other future studies can further 

validate the conceptual model which has been created in the current study. They can also include 

other factors which may be important for targeting pain after TKA to expand the conceptual model. 

In practice this model could be used to pre-operatively identify TKA-patients at risk of higher 

levels of post-operative pain. These patients could be provided with an effective intervention to 

(indirectly) alleviate pain after TKA. Despite the current study finding no effectiveness, PNE may 

be the right intervention to target acute pain after TKA, as it is for many other types of pain. 
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