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Pain Neuroscience Education in cancer survivors with persistent pain: A 

pilot study  
 

Abstract 

Purpose: To describe the Pilot Study: Pain Neuroscience Education in Cancer Survivors and 

describe the innovative educational component of Pain Neuroscience Education (PNE). 

Design: Quasi experimental design  

Method: The PNE program, encompassing a one-on-one education session and an information 

leaflet was given to 30 cancer survivors. At baseline and two weeks after the PNE, participants 

were asked to fill out following outcome measures; pain intensity, pain catastrophizing, and 

HRQoL. 

Findings: Following PNE, a significant decrease on pain intensity (p=0.001), on the SF-36 

subscale pain (p=0.003) and for the following PCS subscales: Helplessness (p<0.001), 

Rumination (p=0.002) and Total score (p<0.001) was found compared to baseline.  

Conclusions: Although the current results need to be verified in a larger randomized, controlled 

trial, preliminary evidence shows a decrease in pain intensity and pain catastrophizing 

following PNE in cancer survivors with persistent pain. 

 

Keywords: cancer survivors; chronic pain; pain education; pain catastrophizing; pain intensity; 

quality of life 

 

 

 

 

 

 



	

	

INTRODUCTION 

Cancer is a health problem worldwide. The Union for International Cancer Control 

(GLOBOCAN) estimates 18.1 million people were diagnosed with cancer in 2018 and this 

incidence rate is expected to increase to 21.4 million new cancer patients by 2030 (Ferlay et al 

2018; Ferlay et al 2010). Fortunately, more people survive cancer due to new developments in 

cancer diagnosis and treatment (Gatta et al 2014). Despite the probability of surviving cancer, 

many cancer survivors are confronted with unfavorable disease- and treatment-related side-

effects; which can result in prolonged pain (Cleeland et al 2012; Glare et al 2014; Harrington, 

et al 2010). For example, some breast cancer treatment-related effects are; adhesive capsulitis, 

cervical radiculopathy, radiation fibrosis and lymphedema (Cleeland et al 2012).   

 

Approximately 36% of breast cancer survivors experience pain symptoms following his/her 

cancer treatment, which may last for several months, years, or even a lifetime (Leysen et al 

2018). Persistent (i.e. chronic) pain, defined as the presence of pain for at least 3 months 

(Merskey & Bogduk, 1994), influences the cancer survivors’ Health-Related Quality of Life 

(HRQoL) and exposes them to an increased risk for depression and anxiety (Bredal et al 2014). 

Furthermore, a considerable number of cancer patients indicate that they do not have enough 

knowledge regarding pain during or after cancer treatments, what the possibilities of pain relief 

are; and how to access help when needed (Binkley et al 2012; McGuire 2004). Cancer survivors 

suffering from persistent pain, should be treated as fast as possible and in the most optimal way.  

Currently, pain management in cancer survivors includes a multidisciplinary approach 

consisting of an individually tailored combination of medication, physical therapy and 

psychosocial interventions (Glare et al 2014; Levy et al 2008; Syrjala et al 2014). In most cases, 

patient education is embedded within one of the aforementioned interventions (Lovell et al 

2014). Evidence exists that pain education improves the knowledge of pain and reduces pain 



	

	

intensity in cancer patients (Adam et al 2015). However, these educational interventions are 

directed towards cancer patients suffering from pain during the treatment phase rather than the 

post-treatment phase (Bennett et al 2009). Consequently, the content of these educational 

interventions is restricted to more biomedical pain management instructions, including tips on 

analgesic usage, enhancing pain assessment and tackling barriers to analgesic non-adherence 

(Bennett et al 2009). Therefore, the educational content of these programs might be less relevant 

for cancer survivors with persistent pain.  

 

During and after their cancer treatment, the cancer patient is faced with many challenges: (a) a 

new body image; (b) self-image; and (c) waiting on additional diagnostic findings (Hungr et al 

2017). The additional burden of persistent pain is an extra stressor to cope with and makes it 

more difficult for the patient to resume their daily life activities (Kudel et al 2007; Sun et al 

2017). Therefore, breast cancer survivors might benefit from a more biopsychosocial 

explanation of pain (Malfliet et al 2017). The misunderstanding of pain holds several 

consequences for the cancer survivor itself; they consider pain to be more threatening, they 

present with lower pain tolerance, and they have more catastrophic thoughts and less adaptive 

coping strategies which might result in worse treatment outcomes (Malfliet et al 2017). The 

goal of the innovative project, Pain Neuroscience Education, is to provide information 

regarding the biological and physiological aspects of pain, and to discuss myths and negative 

views of pain. During the one-on-one session, various neurophysiological pain concepts are 

explained to the patient by using pictures and metaphors.  More specifically, the PNE session 

provided information about the central and peripheral nervous system; the changes that occur 

in the case of chronic pain; and the influence of stress and emotions on pain perception (Nijs et 

al 2018).  

 



	

	

Firm evidence exists for the effectiveness of PNE in decreasing pain intensity, pain 

catastrophizing and increasing HRQoL in several non-cancer populations with chronic pain, 

such as musculoskeletal pain, osteoarthritis and chronic whiplash associated disorders (Louw 

et al 2016; Meeus et al 2010; Van Oosterwijck et al 2011). A systematic review investigating 

different kinds of pain educational interventions in adults with chronic pain, concluded that a 

PNE approach significantly improves pain catastrophizing and knowledge of pain (Geneen et 

al 2015). Thus, the content of the pain education interventions is of great importance, with most 

benefits when the content is adjusted to the specific pain population (chronic neck -and low 

back pain, post-cancer pain,…)(Louw et al 2016; Malfliet et al 2017).   

 

To date, it is still unknown whether PNE is beneficial in cancer survivors with persistent pain 

after finishing active cancer treatment. The purpose of this paper is to describe the Pilot Study: 

Pain Neuroscience Education in Cancer Survivors and describe the innovative educational 

component of Pain Neuroscience Education (PNE). The innovative educational 

component/project consists of two components, a one-on-one education session and an 

educational leaflet.  

METHODS 

Cancer survivors  

Cancer survivors who met following eligibility criteria were selected; (1) 18 years or older; (2) 

self-reported chronic pain, defined as the experience of pain for a period of at least 3 months; 

(3) last session of their primary cancer treatment (surgery, radiotherapy, chemotherapy and 

immunotherapy) at least three months ago. In addition, the cancer survivors had to be able to 

understand, read, and speak the Dutch language. Cancer survivors who reported pain before 

cancer diagnosis and/or previously followed a pain educational program were excluded. 

According to the National Cancer Coalition for Survivorship (NCCS), “an individual is 



	

	

considered a cancer survivor from the moment of diagnosis and for the balance of his or her 

life, regardless of the ultimate cause of death” (1986). Throughout this paper, however, ‘cancer 

survivor’ refers to an individual with a history of cancer who is beyond the acute diagnosis and 

treatment phase. 

 

Procedure 

Figure 1 provides an overview of the timetable of the study protocol. This study was conducted 

in compliance with Dutch law and the principles of the Declaration of Helsinki. Therefore, no 

specific ethical clearance was needed. Recruitment took place in five private physiotherapy 

practices in the Netherlands (Roermond, Maasbracht, Winterswijk, Enter, and Boekelo) 

between November the 1st (2017) until the end of January (2018). Cancer survivors, who met 

the eligibility, criteria were invited to participate and subsequently asked to sign the informed 

consent after receiving the necessary information about the study. The cancer survivors were 

discouraged to start new treatments on top of their current ongoing treatments (medication, 

physiotherapy) during the two-weeks duration of the study. At the first meeting, demographic 

data were collected by using a questionnaire. In addition, they were asked to complete 

questionnaires on pain intensity, pain catastrophizing, and HRQoL. During the same meeting, 

the cancer survivor received a one-on-one education session. At follow-up, two weeks later, the 

cancer  survivors were asked to complete  the pain intensity, pain catastrophizing, and HRQoL 

questionnaires again. Outcomes were assessed by the two same therapists who were giving the 

intervention. The therapists were not blinded to the patient’s condition.  

 

 

 

 



	

	

Measurements and Questionnaires 

Pain intensity, pain catastrophizing, and HRQoL were recorded by the Visual Analogue Scale 

(VAS), Pain Catastrophizing Scale (PCS), and the Short Form-36 Health Status Survey (SF-

36), respectively.  

 

The VAS consists of a 100 millimeter (mm) long line and the score ranges from 0; no pain at 

all to 100;  the most unbearable pain. The cancer survivors were instructed to rate the average 

pain intensity during the last week. The VAS shows good associations with other pain intensity 

ratings (criterion validity r >0.70) and is a reliable (test-retest coefficient=0.80) method to score 

pain intensity in cancer patients (Jensen 2003).  

 

The PCS is a 13-item questionnaire, measuring catastrophic thinking about pain. The thirteen 

items are scored on a five-point scale, with a total score being calculated by combining the 

scores on each individual item. Higher scores correspond to more severe catastrophic thoughts 

and feelings about pain. In addition, the total score can be subdivided into three subscales: 

rumination, magnification, and helplessness. The PCS is found to be internally consistent 

(Cronbach’s alpha; Total score=0.87, rumination=0.84, magnification=0.72, 

helplessness=0.89) and is reliable over time (test-retest coefficient=0.70). Its validity is  well-

established  with  an  invariant  factor  structure  across  pain  samples (Van Damme et al 2002). 

The PCS has been used in several cancer pain studies to measure pain catastrophizing (De Groef 

et al 2018; Lee et al 2017). 

 

The SF-36 was used to measure the cancer survivors’ HRQoL. This questionnaire consists of 

36 questions, which can be divided into nine subscales that represent nine domains of health 

(Physical Functioning, Social Functioning, Role limitations due to Physical health, Role 



	

	

limitations due to Emotional health, Emotional wellbeing, Energy & Fatigue, Pain, General 

Health Perception, and Health Changes). The cancer survivors answer each question using an 

ordinal scale (0–3 or 0–6, depending on the question). These numerical answers are then re-

coded to yield scores ranging from 0 to 100, indicating improvement as the scores increase. For 

each of the nine domains, a score can be generated. The SF-36 is a reliable (Cronbach’s alpha 

> 0.70) and valid instrument among breast cancer survivors (Treanor & Donnelly, 2014).   

 

Intervention  

The intervention consisted of one (one-to-one) educational session, lasting for 30-45 minutes. 

The intervention was delivered by two therapists with a bachelor’s degree in physiotherapy, 

who received specific courses in pain neurophysiology and who had at least 7 years of clinical 

physiotherapy experience. Both therapists were guided by a therapist with a master degree in 

physiotherapy and expertise in PNE. The content of the PNE intervention was taught by using 

a PowerPoint presentation on a computer. An example the PNE supporting material can be 

found on the PainInMotion website http://www.paininmotion.be). The computer presentation 

provided information pertaining to the physiology of the nervous system and pain. In addition, 

the following topics were included in the educational session; characteristics of acute versus 

chronic pain; the purpose of acute pain; how acute pain originates in the nervous system; how 

pain becomes chronic; and potential sustaining factors of persistent pain like emotions, stress, 

pain cognitions, and pain behavior. Cancer survivors also received an information leaflet about 

the neurophysiology of pain, containing the same information as discussed during the PNE 

session and were encouraged to reread the information at home after the educational session.  

 

 

 



	

	

Statistical analysis 

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) 25.0 

(SPSS Inc., Chicago, IL USA). Appropriate descriptive statistics were calculated (mean ±SD). 

The normality of data was examined using the one-sample Kolmogorov-Smirnov test. Since 

variables were not-normally distributed, hence non-parametric analysis were used. In order to 

account for missing data, all analyses were performed using the ‘last observation carried 

forward’ method for intention-to-treat analysis. Pre-treatment data and post-treatment data of 

the VAS, PCS, and SF-36 were analyzed using the Wilcoxon signed-rank test to examine the 

treatment result of the PNE. The significance level was set at 0.05. The effect size (ES) r was 

calculated by the formula of Rosenthal r = Z/√N  because data distribution violated the general 

assumptions of Cohen's formula (Rosenthal 1994). The r-value, represents a correlational effect 

and has different interpretation thresholds compared to its parametric counterpart Cohens-d. 

Hence interpretation intervals for the r-value are 0.10-0.29 small, 0.30-0.49 medium, 0.50-0.69 

large and above 0.70 as a very large effect size (Rosenthal 1996). Since the r-value is a 

correlation effect, effect sizes can be both positive and negative.    

 

RESULTS 

Cancer survivors 

A total of 30 cancer survivors participated in the study with a mean age of 62.97 years (±13.62 

SD). Twenty-four women (n=24) and six men (n=6) were included. Seven different cancer 

types were included, with breast cancer being the most prevalent cancer type (n=19; 63%). 

Other cancer types were prostate cancer (n=3), colorectal cancer (n=2), brain tumor (n=2), 

stomach cancer (n=2), cervical cancer (n=1), and neck cancer (n=1). Twenty-three women 

(n=23) and six men (n=6) completed the pilot study. One participant, due to personal reasons, 

did not complete the study.  



	

	

 

 

Effect of PNE on Pain Intensity 

Levels of the VAS were significantly higher pre-PNE compared to post-PNE (p=0.001, r=-

0.44). Correspondingly, the Pain subscale from the SF-36 was significantly lower before PNE 

(p=0.003, r=-0.39). Detailed results can be found in table 1. 

 

Effect of PNE on Pain Catastrophizing 

The total score of the PCS was significantly lower after PNE (p<0.001, r=-0,46.). In addition, 

two of the three subscales of the PCS significantly decreased after PNE, being the rumination 

subscale (p=0.002, r=-0.39) and the helplessness subscale (p<0.001, r=-0.48). However, the 

magnification subscale did not differ significantly from baseline (p=0.095, r=-0.22) (details in 

table 1). 

 

Effect of PNE on Health-related Quality of Life  

The nine subscales were analyzed separately to evaluate the effect of PNE on HRQoL. 

Excluding the subscale pain, none of the additional eight subscales demonstrated significant 

changes after PNE. Detailed results can be found in table 1. 

 

DISCUSSION 

To our knowledge, this is the first study exploring the use of a PNE program in cancer survivors 

with persistent pain. After one PNE session, positive effects were found on pain catastrophizing 

and pain intensity.  

 



	

	

The benefit of PNE for cancer survivors with persistent pain is similar with previous findings 

in research with non-cancer chronic pain populations (Louw et al 2016; Meeus et al 2010). 

Analogous to the non-cancer chronic pain population, pain catastrophizing in cancer patients is 

associated with an intensified experience of acute pain during cancer treatment, and greater 

likelihood of significant persistent pain after cancer treatment (Schreiber et al 2014).  

 

Results of this study showed medium to large effects of PNE on the total PCS score and its 

subscales ‘rumination’ and ‘helplessness’. These findings are in line with previous studies 

examining PNE in non-cancer chronic pain populations (Louw et al 2016; Meeus et al 2010). 

Five studies, investigating PNE as an education-only intervention in chronic musculoskeletal 

pain, failed to find a positive effect of PNE on pain ratings (Louw et al 2016). In contrast, this 

pilot study showed a significant reduction in pain intensity, as well as positive effects on the 

subscale ‘pain’ of the SF-36. Further research should investigate whether these discrepant 

findings are due to any differences in treatment protocol or the heterogeneous population 

sample used in this study. For example, patients with chronic musculoskeletal pain mostly 

present with a dominant central sensitization type of pain (Clauw 2015), while cancer survivors 

with persistent pain typically suffer from neuropathic type or mixed pain type (i.e. nociceptive, 

neuropathic pain and/or central sensitization pain) (Leysen et al 2018). The presence of 

different types of pain experienced within the study population, resulting from different 

treatment-related morbidities, such as lymphedema, radiation fibrosis and adhesive capsulitis, 

might have influenced the results in this pilot study.  

 

This study has some limitations. Practical guidelines for the implementation of PNE in cancer 

patients with persistent pain suggest that pain education should include at least two education 

sessions to give the opportunity to discuss the information leaflet (Nijs et al 2018). One 



	

	

limitation of this study was the number of sessions. This pilot study consisted of only one 

educational session, which prevented the patients the opportunity to ask questions during the 

days after the intervention. The preliminary results of this pilot should be interpreted with 

caution and should not be generalized to the total cancer survivor population given the use of 

its small and convenience sample size.  

 

Although the patients were encouraged not to start new therapy modalities for their chronic 

pain complaint, this was not addressed by a self-reported question of item. Secondly, because 

of ethical considerations, it was not possible to deprive patients from ongoing physiotherapy 

treatments, resulting in 67% percent of the patients continuing treatment (manual lymphatic 

drainage or exercise therapy) while completing the study protocol. The promising preliminary 

results of this pilot study should be therefore confirmed in a RCT study adjusting for these 

limitations.  

 

Future studies should examine the effects of a PNE program which consists of at least two 

education sessions and to combine PNE with another physical intervention. In addition, studies 

should focus on the prevention of persistent pain following cancer by introducing PNE before 

cancer treatment. Because of the small sample size, the influences of PNE were analyzed on a 

group level. Since people with different types of cancer might respond differently to PNE, 

future studies differentiating between cancer types and treatment might be of value.  Once its 

use is supported by randomized controlled trials in more specific cancer survivor populations, 

PNE should be incorporated within the multidisciplinary treatment of cancer. PNE can be 

provided by rehabilitation nurses or other rehabilitation providers for preventive (pre-cancer 

treatment) and/or curative (post-cancer treatment) intent. To increase feasibility within 

inpatient hospital care, the one-on-one PNE sessions might be replaced by group sessions. In 



	

	

addition, the format of the PNE could be incorporated online, providing patients have the 

possibility to learn at own pace; thus  decreasing the work load for the health care professional 

(Malfliet et al 2018).  

 

CONCLUSION 

Educating the cancer survivor about the neurophysiology of pain provides the cancer survivor 

with information about the various concepts about pain. Information about the persistence of 

pain, despite being told the cancer is gone, decreases the patients’ rumination about painful 

sensations. In addition, when patients apply the PNE knowledge and develop new insights about 

pain in their daily life, their perceived inability to control pain (helplessness) improves.  

Although the current results need to be verified in a larger randomized, controlled trial, 

preliminary evidence shows that one session of PNE was associated with reductions in pain 

intensity and pain catastrophizing in cancer survivors with persistent pain. 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

Clinical relevance 

Implementing PNE before or after cancer treatment might reduce pain intensity and pain 

catastrophizing in cancer survivors.  
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Table 1. Effect of PNE on pain intensity, pain catastrophizing and health related quality 

of life  

 

Analysis was performed with the Wilcoxon signed- rank test.  

Pre-PNE: Before the Pain Neuroscience Education session, Post-PNE: After the Pain 

Neuroscience Education session, IQR: Interquartile range, Median difference: median 

difference between the Pre-PNE measure and Post-PNE measure within the participants, p: p-

Outcome measures Pre-PNE (n=30) 

Median (IQR) 

Post-PNE (n=30) 

Median (IQR) 

Median 

difference 

p T r 

VAS  47 (43-65) 40 (34-55) -6 0.001 46 -.44 

PCS 

 Rumination 

 Magnification 

 Helplessness 

 Total 

 

7 (4-10.25) 

4 (0.75-6) 

8 (4-13) 

16.5 (10.75-28) 

 

5.5 (2-9) 

3.5 (1-5) 

6 (1.75-10.25) 

16.5 (5-25.25) 

 

-1 

0 

-1 

-3 

 

0.002* 

0.095 

<0.001* 

<0.001* 

 

19.5 

48.5 

30.5 

36.0 

 

-.39 

-.22 

-.48 

-.46 

SF-36 

 Physical Functioning 

 Social Functioning 

 Role Physical  

 Role Emotional  

 Emotional wellbeing 

 Energy & Fatigue 

 Pain 

 General Health  

 Health Changes 

 

55 (46.25-81.25) 

62.5 (50-78.13) 

12.5 (0-81.25) 

66.7 (33.33-100) 

72 (63-84) 

52.5 (43.75-65) 

45 (44.38-67.50) 

35 (33.75-55) 

50 (25-75) 

 

60 (33.75-81.25) 

62.5 (50-75) 

25 (0-100) 

66.7 (33.33-100) 

74 (63-84) 

55 (40-70) 

55 (45-70) 

40 (33.75-57.5) 

50 (25-75) 

 

0 

0 

0 

0 

0 

0 

10 

0 

0 

 

0.813 

0.891 

0.357 

0.603 

0.372 

0.363 

0.003* 

0.145 

0.748 

 

36.0 

82.5 

7.5 

11.0 

38.5 

57.5 

25.0 

34.5 

9.0 

 

 

-.03 

-.02 

-.12 

-.07 

-.12 

-.12 

-.39 

-.19 

-.04 

 



	

	

value, *: p<0.05, T: T-value,   r: effect size (correlation), VAS: Visual Analogue Scale, PCS: 

Pain Catastrophizing Scale, SF-36: Short Form 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

Figure 1. Timetable study protocol 

 

PNE: Pain Neuroscience Education; VAS: Visual Analogue Scale; PCS: Pain 

Catastrophizing Scale; SF-36: Short Form 36 Health Status Survey  

 

 


