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Abstract 

Background: Low back pain is the most frequently reported musculoskeletal 

problem worldwide. Up to 90 % of patients with low back pain have not received a 

clear explanation for the source and origin of their pain. These individuals 

commonly receive a diagnosis of non-specific low back pain.  

Patient education is a way to provide information and advice aimed at changing 

patients’ cognition and knowledge about their chronic state through the reduction of 

fear of anticipatory outcomes and the resumption of normal activities. Information 

technology and the expedited communication processes associated with this 

technology can be used to deliver healthcare information to patients. Hence, this 

technology and its ability to deliver life-changing information has grown as a 

powerful and alternative health promotion tool.  

Several studies have suggested that web-based educational interventions can 

change and improve the knowledge of patients with chronic pain and have a 

positive impact on their attitudes and behaviors.  

Objective: The aim of this project was to explore patients’ beliefs regarding the 

origin and meaning of their chronic low back pain in order to develop and evaluate 

a web-based biopsychosocial pain education intervention using different 

educational formats and gamification techniques. 

Methods/design: This study had a mixed-method sequential exploratory design. A 

total of 48 patients suffering from chronic low back pain between 20–65 years of 

age who were receiving treatment in a primary care setting in Spain, took part in 

this study. For the qualitative phase of the study, 16 subjects (8 men and 8 women) 

were contacted by their family physician and invited to participate in a personal 

semi-structured interview. The quantitative phase was structured as a parallel 

randomized controlled trial. The duration of the intervention was 15 days. 48 

subjects were randomly allocated using a simple random sample technique. 
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Randomization and allocation to trial group were carried out by a central computer 

system. Patients and researchers were blinded to group assignment. The 

intervention group (n = 26) had access to a specific website where they were given 

information related to their chronic low back pain. This information was provided in 

different formats. All of this material was based on the information obtained in the 

qualitative phase. The control group (n = 22) followed conventional care provided 

by their family physician. The main outcome variable was pain intensity measured 

using a 0-100 visual analogue scale. Secondary outcome measures were fear-

avoidance beliefs, kinesiophobia, and disability.  

Results: A per-protocol analysis was carried out (n = 44) using a two-way mixed 

factorial analysis of variance. There was no statistically significant interaction 

between treatment and time for pain intensity (F[1, 42] = 0.847, p = 0.36). There 

was a statistically significant interaction between time and treatment for fear-

avoidance beliefs (F[1, 42] = 4.516, p = 0.04), kinesiophobia (F[1, 42] = 5.388, p = 

0.02), and disability (F[1, 42] = 4.379, p = 0.04) with more favorable results for the 

experimental group. In the short term, there was a statistically significant difference 

on disability favoring the experimental group (MD -4.1; CI 95% -7.53 to -0.68; η2 = 

0.11; p = 0.02), representing a medium effect size. No statistically significant 

differences were found in pain intensity, fear-avoidance beliefs and kinesiophobia 

between groups. 

Conclusions: The patients have expressed the need to better understand their 

pain, which implies that health professionals should be more didactic in the 

management of patients with chronic low back pain.  

A web-based biopsychosocial pain education intervention for patients with chronic 

low back pain proved to be more beneficial than conventional care provided by 

family physicians in primary care on disability, although this result could be more 

related to the greater disability scores post-test in the control group rather than with 

the improvement obtained in the experimental group.  

 



 

 

Trial registration: ClinicalTrials.gov NCT02369120 Date: 02/20/2015. 

Keywords: Low back pain, Patient education, Educational technology, Pain 
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Resumen 

Antecedentes: el dolor lumbar es el problema musculoesquelético más frecuente 

en todo el mundo. Hasta un 90% de pacientes con dolor lumbar no han recibido 

una explicación clara sobre la fuente y el origen de su dolor. Estas personas 

comúnmente reciben un diagnóstico de dolor lumbar inespecífico.  

La educación del paciente es una manera de dar información y consejo con el 

objetivo de modificar la cognición y el conocimiento que estos pacientes tienen 

sobre su estado crónico. Esto se consigue a través de la reducción del miedo 

anticipatorio a las consecuencias y la reanudación de las actividades normales. 

Las tecnologías de la información y los procesos de comunicación asociados se 

pueden utilizar como un medio para dar información médica a los pacientes. Por lo 

tanto, estas tecnologías y su capacidad para proporcionar información vital ha 

crecido como una herramienta poderosa y alternativa para la promoción de la 

salud. 

Varios estudios han sugerido que las intervenciones educativas basadas en la web 

pueden cambiar y mejorar el conocimiento de los pacientes crónicos y tener un 

impacto positivo en las actitudes y conductas de estos pacientes. 

Objetivo: El objetivo de este proyecto fue explorar las creencias de los pacientes 

con respecto al origen y significado de su dolor lumbar crónico para desarrollar y 

evaluar una intervención educativa biopsicosocial sobre el dolor en la web 

utilizando diferentes formatos educativos y técnicas de gamificación. 

Métodos/diseño: Este estudio usó un diseño mixto exploratorio secuencial. Un 

total de 48 pacientes con dolor lumbar crónico entre 20 y 65 años de edad que 

estaban recibiendo tratamiento en atención primaria participaron en este estudio. 

Para la fase cualitativa del estudio, 16 sujetos (8 hombres y 8 mujeres) fueron 

contactados por su médico de familia e invitados a participar en una entrevista 

personal semiestructurada. La fase cuantitativa se estructuró como un ensayo 

controlado aleatorio paralelo. La duración de la intervención fue de 15 días. 48 



 

 

sujetos fueron asignados al azar utilizando una técnica de muestreo aleatoria 

simple. La aleatorización y la asignación a los grupos se llevaron a cabo mediante 

un sistema informático central. Los pacientes e investigadores fueron cegados a la 

asignación de grupo. El grupo de intervención (n = 26) tuvo acceso a un sitio web 

donde se les proporcionó información relacionada con su dolor lumbar crónico. 

Esta información fue proporcionada en diferentes formatos. Todo este material se 

basó en la información obtenida en la fase cualitativa. El grupo control (n = 22) 

siguió el tratamiento convencional proporcionado por su médico de familia. La 

variable de resultado principal del estudio fue la intensidad del dolor medida 

mediante una escala visual analógica de 0-100. Las variables de resultado 

secundarias fueron las creencias de miedo-evitación, la kinesiofobia y la 

discapacidad. 

Resultados: Se realizó un análisis por protocolo (n = 44), usando un análisis 

factorial mixto. La interacción entre tratamiento y tiempo para la intensidad del 

dolor fue estadísticamente no significativa (F[1, 42] = 0.847, p = 0.36). La 

interacción entre tratamiento y tiempo fue estadísticamente significativa para las 

variables de resultado creencias de miedo-evitación (F[1, 42] = 4.516, p = 0.04), 

kinesiofobia (F[1, 42] = 5.388, p = 0.02) y discapacidad (F[1, 42] = 4.379, p = 0.04), 

con resultados más favorables al grupo experimental. A corto plazo el grupo 

experimental mostró unas diferencias estadísticamente significativas a su favor en 

la discapacidad (MD -4.1; CI 95% -7.53 to -0.68; η2 = 0.11; p = 0.02), 

representando un tamaño del efecto medio. No se encontraron diferencias 

estadísticamente significativas en la intensidad del dolor, las creencias de miedo-

evitación y la kinesiofobia entre los grupos. 

Conclusiones: Los pacientes han expresado la necesidad de comprender mejor 

su dolor, lo que implica que los profesionales de la salud deberían ser más 

didácticos en el tratamiento de los pacientes con dolor lumbar crónico. 
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Una intervención educativa biopsicosocial sobre el dolor en la web para pacientes 

con dolor lumbar crónico demostró ser más beneficiosa que el tratamiento 

convencional proporcionado por los médicos de familia en atención primaria sobre 

la discapacidad, aunque este resultado podría estar más relacionado con los 

puntajes de discapacidad más elevados mostrados por el grupo control post-test 

que con la mejora obtenida por el grupo experimental. 

Registro del estudio: ClinicalTrials.gov NCT02369120 Fecha: 02/20/2015. 

Palabras clave: Dolor lumbar, Educación del paciente, Tecnologías para la 

educación, Neurofisiología del dolor, Gamificación 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Resum 

Antecedents: el dolor lumbar és el problema musculoesquelètic més freqüent a 

tot el món. Fins a un 90% de pacients amb dolor lumbar no han rebut una 

explicació clara sobre la font i l'origen del seu dolor. Aquestes persones 

normalment reben un diagnòstic de dolor lumbar inespecífic. 

L'educació del pacient és una manera de donar informació i consell amb l'objectiu 

de modificar la cognició i el coneixement que aquests pacients tenen sobre el seu 

estat crònic. Això s'aconsegueix a través de la reducció de la por anticipatòria a les 

conseqüències i la represa de les activitats normals. Les tecnologies de la 

informació i els processos de comunicació associats es poden utilitzar com un 

mitjà per donar informació mèdica als pacients. Per tant, aquestes tecnologies i la 

seva capacitat per proporcionar informació vital ha crescut com una eina poderosa 

i alternativa per a la promoció de la salut. 

Diversos estudis han suggerit que les intervencions educatives basades en la web 

poden canviar i millorar el coneixement dels pacients crònics i tenir un impacte 

positiu en les actituds i conductes d'aquests pacients. 

Objectiu: L'objectiu d'aquest projecte va ser explorar les creences dels pacients 

respecte a l'origen i significat del seu dolor lumbar crònic per desenvolupar i 

avaluar una intervenció educativa biopsicosocial sobre el dolor al web utilitzant 

diferents formats educatius i tècniques de gamificació. 

Mètodes/disseny: Aquest estudi va fer servir un disseny mixt exploratori 

seqüencial. Un total de 48 pacients amb dolor lumbar crònic entre 20 i 65 anys 

d'edat que estaven rebent tractament en atenció primària van participar en aquest 

estudi. Per a la fase qualitativa de l'estudi, 16 subjectes (8 homes i 8 dones) van 

ser contactats pel seu metge de família i convidats a participar en una entrevista 

personal semiestructurada. La fase quantitativa es va estructurar com un assaig 

controlat aleatori paral·lel. La durada de la intervenció va ser de 15 dies. 48 
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subjectes van ser assignats a l'atzar utilitzant una tècnica de mostreig aleatòria 

simple. L'aleatorització i l'assignació als grups es van dur a terme mitjançant un 

sistema informàtic central. Els pacients i investigadors van ser cegats a 

l'assignació de grup. El grup d'intervenció (n = 26) va tenir accés a un lloc web on 

se'ls va proporcionar informació relacionada amb el seu dolor lumbar crònic. 

Aquesta informació va ser proporcionada en diferents formats. Tot aquest material 

es va basar en la informació obtinguda en la fase qualitativa. El grup control (n = 

22) va seguir el tractament convencional proporcionat pel seu metge de família. La 

variable de resultat principal de l'estudi va ser la intensitat del dolor mesurada 

mitjançant una escala visual analògica de 0-100. Les variables de resultat 

secundàries van ser les creences de por-evitació, la kinesiofòbia i la discapacitat. 

Resultats: Es va realitzar una anàlisi per intenció de tractar (n = 44), usant una 

anàlisi factorial mixt. La interacció entre tractament i temps per a la intensitat del 

dolor va ser estadísticament no significatiu (F[1, 42] = 0.847, p = 0.36). La 

interacció entre tractament i temps va ser estadísticament significatiu per a les 

variables de resultat creences de por-evitació (F[1, 42] = 4.516, p = 0.04), 

kinesiofòbia (F[1, 42] = 5.388, p = 0.02) i discapacitat (F[1, 42] = 4.379, p = 0.04), 

amb resultats més favorables al grup experimental. A curt termini el grup 

experimental va mostrar unes diferències estadísticament significatives a favor seu 

en la discapacitat (MD -4.1; CI 95% -7.53 to -0.68; η2 = 0.11; p = 0.02), 

representant una mida de l'efecte mitjà. No es van trobar diferències 

estadísticament significatives en la intensitat del dolor, les creences de por-evitació 

i la kinesiofòbia entre els grups. 

Conclusions: Els pacients han expressat la necessitat de comprendre millor el 

seu dolor, el que implica que els professionals de la salut haurien de ser més 

didàctics en el tractament dels pacients amb dolor lumbar crònic. 

Una intervenció educativa biopsicosocial sobre el dolor al web per a pacients amb 

dolor lumbar crònic va demostrar ser més beneficiosa que el tractament 

convencional proporcionat pels metges de família en atenció primària sobre la 

discapacitat, encara que aquest resultat podria estar més relacionat amb les 



 

 

puntuacions de discapacitat més elevades mostrades pel grup control post-test 

que amb la millora obtinguda pel grup experimental. 

Registre de l'estudi: ClinicalTrials.gov NCT02369120 Data: 02/20/2015. 

Paraules clau: Dolor lumbar, Educació del pacient, Tecnologies per a l'educació, 

Neurofisiologia del dolor, Gamificació 
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1.1 Low Back Pain in Context: Epidemiology and Definition 

Low back pain (LBP) is the most reported musculoskeletal problem and one of the 

most common in the world (1–7). However, there is no consensus about the 

definition of LBP. Some authors have proposed that LBP is a pain localized below 

the 12th rib, on the upper side of the inferior gluteal folds, and that it could be 

accompanied by pain down the leg or not (2,4). In regards to its duration, LBP can 

be defined as acute (less than 6 weeks of duration), subacute (between 6 weeks 

and 3 months of duration), and chronic (longer than 3 months) (4). Almost 

everybody, regardless of age and gender, will have one or more episodes of LBP 

and some will develop chronic pain. There is not total agreement on the prevalence 

of LBP, although the figures range from 4 to 33% at some point in time (2,8), from 

8 to 82.5% within a one-year time frame (4), and between 4 and 14% will develop 

chronic low back pain (CLBP) (9). In Spain, the prevalence of CLBP in adults over 

20 years old was 7.7% in 2000 (10),  and it was 19.9% in 2006 for adults over 15 

years old (11). The prevalence by gender between the years 2016 and 2017 was 

14.7% in men and 22.1% in women (12). At a more local level, the data in 

Catalonia (Spain) for the year 2015 were comparatively higher, standing at 18.7% 

in men and 30.1% in women (13).  

LBP has major economic implications to our society in terms of direct and indirect 

costs (2–4,14,15). Worldwide, LBP causes more disability than any other particular 

condition when measured in years lived with disability. In terms of overall burden, 

measured in disability-adjusted life years (DALYs), LBP globally ranked sixth out of 

291 conditions studied in 2010 (16), contributing a total of 83 million DALYs (17). In 

a different study published in 2012, the cost of healthcare per patient per year for 

LBP was estimated to be 1095€ in Germany and in 1431€ in France (18). 

In addition, LBP has become an important work-related problem because of the 

loss of working days, which in turn has serious implications on productivity. For 

example, in the United States, the mean lost productivity time is 5.2 hours per 

week (4), whereas in Spain, there was a mean of 21.95 lost work days between 

1993 and 1997 (19), which equals to 2.53 hours per week. In terms of DALYs, in 
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2010, it was estimated that LBP resulting from ergonomic exposures at work 

caused 21.7 million DALYs, 62% of which were in males (20). 

Pain is a multifactorial experience associated with psychological and emotional 

factors that play important roles in the transition from acute to chronic states (21–

23). Cessation of the healing process would result in the restoration of the insulted 

tissue. However, psychological factors can lead to changes in pain processing that 

could result in a chronic pain state (24). Although LBP usually improves within 

weeks, in some people pain and disability remain chronic (25). Moreover, up to 

90% of patients with LBP have no clear explanation about the source and origin of 

their pain, which receives the name non-specific LBP (4). 

Pain neuroscience has made substantial advances in the understanding of pain 

and found that changes in the central nervous system can be a contributor to 

CLBP. One of these mechanisms is central sensitization (26). This mechanism is 

defined as the increase in excitability of the neurons in the dorsal horn of the spinal 

cord as the result of a nociceptive input, which can be maintained over time even 

after the nociceptive input has decreased or ended (27,28). This implies that pain 

is not just on the periphery but rather is in the central nervous system. As a result 

of the latter, some authors have started to point out that treatments should be more 

brain-centered rather than peripherally oriented (26). 

LBP has very important implications and consequences in other aspects of life. In 

fact, the impaired functionality and altered sleep of patients with LBP have a 

significantly negative impact on their lives, affecting their families as well as their 

social lives, resulting in emotional problems and disruption of their lives (2,4,8). 

Even though LBP is an important and recurrent problem nowadays, treatments 

addressing this problem have modest clinical benefits, in addition to low adherence 

(14,15).  

1.2 CLBP: Treatments 

In this section, we do not intend to analyze exhaustively the wide variety of 

possible treatments available for chronic low back pain but rather expose the most 
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used options to demonstrate the complexity of this painful musculoskeletal 

syndrome. In addition, we must bear in mind that a large number of treatments that 

address this problem have modest clinical benefits and low adherence (14,15). 

All the information used in this section has been extracted mostly from systematic 

reviews (SR), which are the “lens through which evidence should be viewed and 

applied” (29). We conducted the search in Pubmed and Cochrane, including only 

SRs published in the last 5 years (2014–2018). 

1.2.1 Pharmacological treatments 

The “Clinical practice guidelines for the pathology of the lumbar spine in adults” 

(CGL) of the Catalan Health Institute recommends that for the pharmacological 

approach of CLBP, during acute episodes, the same recommendations should be 

used as those given for the treatment of the acute low back pain. This guide bases 

its recommendations on the efficacy found in different studies, suggesting the use 

of paracetamol, nonsteroidal anti-inflammatory drugs (NSAID), and strong opioids 

(such as morphine or fentanyl) to provide adequate analgesia (30). On the other 

hand, the “European guidelines for the treatment of non-specific chronic low back 

pain” (EGL) recommend the use of NSAIDs and weak opioids (such as codeine) 

for a short time period for pain relief. This same guide also recommends the use of 

noradrenergic or noradrenergic-serotonergic antidepressants, muscle relaxants, 

and capsicum plasters for the treatment of pain but does not recommend the use 

of gabapentin (31). In line with this, Koes et al. (32) state that the first option and  

most-recommended drug by clinical practice guidelines is paracetamol, followed by 

NSAIDs. 

Next, we will summarize the evidence found in different SRs published in the last 5 

years on the effectiveness of the pharmacology used for the treatment of CLBP 

(Table 1). 

1.2.1.1 Paracetamol 

Although paracetamol is one of the most prescribed pharmacological substances in 

the treatment of CLBP, it has been shown that it is not better than a placebo in 
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people with acute LBP and that it is not possible to make any recommendation 

about its use in CLBP because of the lack of scientific evidence found (33,34). 

1.2.1.2 NSAIDs 

As mentioned before, NSAIDs are one of the most recommended substances for 

the management of CLBP. Enthoven et al. (35) conducted a SR, concluding that 

when only the results of randomized controlled trials (RCT) with a low risk of bias 

are taken into account, there are no significant differences between NSAIDs and 

placebo. The same authors state that there are no clear results regarding the 

effectiveness of NSAIDs compared to other substances, nor on which NSAID is 

more effective than the others. However, Chung et al. (36), based on the results of 

their review, support the use of COX-2 NSAIDs as first-line drugs for the treatment 

of chronic non-specific LBP. 

1.2.1.3 Opioids 

Regarding opioid substances, the different SRs that have addressed their use in 

the treatment of CLBP suggest that in patients who tolerate this medication, its 

analgesic effect is modest in the short term but that this effect, within the 

recommended doses, is not clinically important (34,37). In fact, when these doses 

are increased, even in patients who initially tolerate it well, the effect produced in 

the short and medium term is still small and not clinically relevant. Moreover, in the 

latter case, in which the recommended doses are increased, many patients do not 

tolerate it and stop taking the drug since it does not produce any analgesic effect 

(37).  

On the other hand, when comparing the use of opioids with other substances such 

as NSAIDs or antidepressants, the results show no significant differences. If 

opioids are compared to placebo, the results show short-term efficacy at the level 

of pain and function, but this evidence is of low to moderate quality (38). The 

different SRs discourage its prolonged use, since there are no RCT studies 

supporting its effectiveness and safety in the long-term treatment of CLBP (37,38). 

However, in the review by Chung et al. (36), it is concluded that the effects of 
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opioids, including partial agonists, are statistically relevant with respect to pain 

reduction. Regarding this last review, the results should be considered with caution 

since the meta-analysis is on the effects of opioids in general; although it has been 

done using an analysis of random effects, none of the pooled studies have 

overlapping confidence intervals. Furthermore, the result of the calculation of the 

heterogeneity of the included studies is considerable (I2 = 100%, p < 0.00001) (39). 

Some researchers suggest that when extreme heterogeneity occurs, the authors of 

the SR should refrain from performing meta-analysis of that variable (40).  

1.2.1.4 Muscle relaxants 

The SR by Abdel Shaheed et al. (41) on the efficacy and tolerability of muscle 

relaxants for the treatment of LBP included 15 RCTs with a total of 3362 subjects. 

These authors concluded that there is no evidence to support the use of 

benzodiazepines in the treatment of LBP. In fact, the bibliography does not 

recommend the prolonged use of these substances for LBP treatment. Their 

efficacy in the treatment of CLBP is unknown because of the few studies found and 

their low methodological quality. On the other hand, the methodological quality of 

this review has been questioned by Durg (42), which makes us take the results 

mentioned above with caution. 

1.2.1.5 Gabapentinoids 

The evidence concerning the use of gabapentinoids for CLBP is limited, concluding 

that the side effects derived from its use added to its lack of efficacy and that the 

associated costs do not justify their prescription in this type of patient (43). 

1.2.1.6 Duloxetine 

Finally, duloxetine, which is an inhibitor of the reabsorption of both serotonin and 

norepinephrine, is a drug that has its mechanism of action in the descending 

inhibitory pathways that are part of the nociceptive modulation exerted in the spinal 

cord. Cawston et al. (44) carried out a SR comparing the effects of duloxetine 

against other drugs, concluding that there was no difference in the efficacy of any 

of them. Nevertheless, in a more recent SR, Chou et al. (34) found that duloxetine 
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was effective for the treatment of CLBP, although these effects were modest. 

Finally, Wielage et al. (45) suggested that, compared to other first-line drugs used 

for CLBP, duloxetine can be an effective and economical alternative. 
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Table 1: Pharmacological treatments for CLBP 

 
DRUG 
 

 
RESULTS 

 

 
PARACETAMOL 
 

 

 Not possible to make any recommendation due to the 
little evidence found (33,34). 

 
 
NSAIDs 

 

 No clear results regarding its effectiveness compared 
to other substances (35). 

 

 COX-2 as first-line drug (36). 
 

 
OPIOIDS 

 

 Modest effect not clinically important (34,37). 
 

 No significant differences compared to NSAIDs or 
antidepressants (38). 

 

 Compared to placebo, low to moderate evidence for a 
short-term efficacy on pain and function (38). 

 

 
MUSCLE 
RELAXANTS 
 

 

 Unknown efficacy. Few studies of low methodological 
quality (41). 

 
 
GABAPENTINOIDS 

 

 Lack of efficacy + side effects (43).  
 

 
DULOXETINE 

 

 No efficacy (44). 
 

 Effective but with a modest effect (34). 
 

 Effective and economical compared to other first-line 
drugs (45). 
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1.2.2 Non-pharmacological treatments 

Next, we summarize the evidence found in different SRs published in the last 5 

years on the effectiveness of the non-pharmacological treatments used for CLBP. 

There are two main groups of treatments within the non-pharmacological 

framework, exercise therapies and manual therapies. 

1.2.2.1 Exercise therapy 

In the existing literature, there are several types of therapeutic exercises used in 

the treatment of CLBP. Both the CGL and the EGL do not recommend any type of 

therapeutic exercise in a specific way (30,31). For example, the CGL does not 

recommend therapeutic exercise during the first week of treatment, although from 

that moment onwards, it advises patients to perform both aerobic and specific 

exercises two or three times a week in order to avoid recurrences and return to 

daily activities (30). In contrast, the EGL recommends supervised therapeutic 

exercise as a first-line treatment, without specifying whether it should be performed 

after the first week or not (31). 

The types of exercise therapies included are strength/resistance, cardiorespiratory, 

graded activity/graded exposure, Pilates, yoga, proprioceptive training, and motor 

control (Table 2). The outcomes considered relevant for this section are pain, 

function, and quality of life. 

1.2.2.1.1 Strength/resistance and cardiorespiratory 

Only one meta-analysis analyzed the effectiveness of strength/resistance and 

cardiorespiratory therapeutic exercises. Searle et al. (46) included 39 studies in 

their meta-analysis to determine the type of therapeutic exercise most effective in 

reducing pain in patients with CLBP. When therapeutic exercise was compared to 

a control group, which included different types of treatments (usual activities, 

general practitioner care, electrotherapies, and manipulative therapies), pain 

significantly decreased (p < 0.01), although the effect size (47) was small 

(standardized mean difference [SMD] –0.32; confidence interval [CI] 95% –0.44 to 

–0.19). The same authors carried out an analysis by subgroups to assess which 
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therapeutic exercise was the most effective. For the strength/resistance exercises, 

the results were again significant (p < 0.01) with a medium effect size (SMD –0.50; 

CI 95% –0.77 to –0.24). Finally, the authors concluded that strength/resistance 

exercises produced a benefit in the treatment of CLBP compared to other types of 

interventions, although this benefit proved to have a medium clinical relevance 

(effect size). In addition, they concluded that cardiorespiratory-type exercises and 

combined exercise programs (strength, endurance, stretching, and aerobic 

exercises) proved to be ineffective. 

1.2.2.1.2 Graded activity and graded exposure 

Both the graded activity (GA) and the graded exposure take into account cognitive 

and behavioral aspects to increase and improve activity tolerance. The difference 

between the types of exercises is that in graded exposure a hierarchical list of 

activities that produce fear in the patient is generated. The therapist and patient 

then approach the irrational beliefs and thoughts that lead to that fear, which 

diminishes the anxiety generated by carrying out these activities. In contrast, the 

graded activity uses operant conditioning to reinforce correct behavior. In addition, 

the graded activity is not focused on the pain but on the ability of the patient to 

increase his/her activity (48). 

Only the meta-analysis of Lopez-de-Uralde-Villanueva et al. (49) analyzed this type 

of therapeutic exercise. The meta-analysis included nine studies comparing graded 

activity, graded exposure, or conventional treatment (medical and physiotherapy). 

The results showed that GA compared to other types of exercises did not obtain 

statistically significant results in the reduction of disability in the short (p = 0.37), 

intermediate (p = 0.41) and long term (p = 0.22). Furthermore, statistically 

significant results were not found in terms of quality of life and pain intensity in the 

short, intermediate, and long term.  

When compared to a control group, the GA obtained significant results on disability 

only in the short (p = 0.02) and long term (p < 0.0001); although the effect size is 

small in the short term (SMD –0.3; CI 95% –0.55 to –0.05) and medium in the long 
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term (SMD –0.53; CI 95% –0.79 to –0.27). Regarding pain intensity, the results 

were statistically not significant. 

Graded exposure proved to be more effective than GA for disability in the short 

term (p = 0.048), with a small effect size (SMD 0.39; CI 95% 0.003 to 0.78), and for 

catastrophization in the short term (p = 0.02), with a small effect size (SMD 0.48; CI 

95% 0.09 to 0.87). There were no statistically significant results in terms of pain 

intensity. 

We conclude that there is some evidence that GA compared to a control group has 

a small effect on improving disability in the short term and a medium effect in the 

long term, but this benefit is unlikely to be clinically important. On the other hand, 

there is also some evidence that graded exposure is more effective than GA in 

reducing disability and catastrophizing in the short term, although the improvement 

may be clinically irrelevant. 

1.2.2.1.3 Pilates 

The Pilates method is a type of therapeutic exercise that takes into account both 

the body and the mind and includes exercises such as stretching and 

strengthening with the aim of developing a mental and physical strength (50). 

Four SRs were found, of which two were meta-analyses (51,52) and one was 

narrative synthesis (53). The SR by Patti et al. (54) has not been taken into 

account because of its low methodological quality, as it mixes different types of 

studies (SRs, RCTs, and case-control studies) and does not assess the 

methodological quality of the included studies. On the other hand, it is interesting to 

note that the other three reviews found include seven of the same studies. 

Miyamoto et al. (51) and Yamato et al. (52) performed a meta-analysis, but 

although they used a large number of the same studies, Wells et al. (53) argued 

that they did not carry out the meta-analysis because the high heterogeneity of the 

included studies.  
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The reviews of Wells et al. (53) and Miyamoto et al. (51) obtained similar results, 

agreeing that the Pilates method is better than minimal intervention or usual care in 

the short term for pain and disability. However, compared to other types of 

exercises, the Pilates method obtained the same results in terms of reduction of 

pain in the short term. Nevertheless, the review of Yamato et al. (52), which is the 

most current of the three reviews (2016), criticizes the methodological quality of the 

studies found, stating that they are not high quality. Even so, these same authors 

agree with the two previous reviews in that the Pilates method is better than a 

minimal intervention in the short term for pain (mean difference [MD] –14.05; CI 

95% –18.91 to –9.19; p < 0.001) and disability (MD –7.95; CI 95% –13.23 to –2.67, 

p = 0.003). However, they emphasize that the quality of the evidence is low to 

moderate and that the effect sizes are mostly medium. Furthermore, regarding the 

results of the comparison between the Pilates method and other types of 

exercises, the same authors found statistical significance that in the intermediate 

term there was a small effect in favor of other type of exercises in terms of function 

(MD –3.60; CI 95% –7.00 to –0.20), although the level of evidence is low. 

Therefore, we conclude that the effectiveness of the Pilates method, in terms of 

pain and disability in the short and intermediate-term, is of low to medium quality. 

1.2.2.1.4 Yoga 

Yoga is a type of exercise that pursues the body–mind union to achieve a healthy 

state through the use of breathing exercises, pleasant postures, and meditation 

(55). Only one SR with meta-analysis examined the use of yoga for the treatment 

of CLBP. The review of Wieland et al. (56) included 12 trials (1080 participants).  

When Wieland et al. (56) compared yoga to non-exercise control, the results in 

terms of function were significant in the short term (p = 0.00070) as well as in the 

intermediate (p = 0.000076) and long term (p = 0.015). However, the effect sizes 

were all small, in the short (SMD –0.45; CI 95% –0.71 to –0.19), intermediate 

(SMD –0.44, CI 95% –0.66 to –0.22), and long term (SMD -0.26; CI 95% -0.46 to -

0.05). Regarding pain, there were only significant results in the short (p = 0.034) 
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and intermediate term (p = 0.0059), but their effect sizes did not reach the 

minimum clinically important change (15 on the 0–100 pain scale), in the short (MD 

–10.83; CI 95% –20.85 to –0.81) and intermediate term (MD –7.81; CI 95% –13.37 

to –2.25). 

When yoga was compared to exercise, the results were not significant in terms of 

function. For the pain outcome, only one study was included with clinically and 

statistically significant results, but it had a very low-quality evidence. 

When yoga plus exercise was compared to exercise alone, the results were not 

significant for either function or pain. 

In conclusion, there is low to moderate evidence that there is a small improvement 

in function when comparing yoga versus non-exercise controls in the short and 

medium term. When comparing yoga versus exercise or yoga plus exercise versus 

exercise alone there is no clear evidence that there are differences in favor of 

yoga. 

1.2.2.1.5 Proprioceptive training 

Proprioceptive training aims to improve sensorimotor function, using 

somatosensory signals such as proprioceptive or tactile stimuli without the help of 

other information modalities such as vision (57). 

Only one SR was found that analyzed proprioceptive training. McCaskey et al. (58) 

carried out a SR on the effects of proprioceptive exercise on pain and function in 

people with LBP. The authors included 12 studies (1165 participants). It is 

important to note that only one of the included studies had a low risk of bias. The 

rest of the studies had at least two items considered to be at high risk of bias, and 

two of them had six or more items at high risk of bias. 

On the other hand, the authors did not specify whether the results were significant 

or not, and the p value was not shown. Furthermore, and contrary to what is 

suggested in the Cochrane Handbook for SRs of Interventions Version 5.1.0 (39), 

when the authors of this review analyzed the continuous outcomes, they did not 
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specify the limits, the units, or the direction of the scales used, nor did they mention 

what would be the minimally important difference. In fact, although they presented 

the SMD in some cases, it should have been accompanied by the rule of thumb to 

help the reader understand the results. For all the above mentioned, it is difficult to 

interpret the results of this review. 

Even so, the conclusions of the authors are that there is low-quality evidence that 

proprioceptive training does not add any benefit to conventional physiotherapy and 

that it is inferior to educational interventions. 

1.2.2.1.6 Motor control 

Motor control training focuses on activation of the deep trunk muscles to regain 

their control and coordination. Through the pre-activation of these muscles, the 

goal is to perform tasks and complex movements that integrate the overall 

activation of the trunk muscles (59,60). 

It is important to highlight that the term "motor control" encompasses other types of 

similar treatments that use different names such as "core stability" or 

"coordination/stabilization exercises," even though they are the same concept (61).  

Four SRs were found with meta-analysis that addressed the treatment of CLBP 

using motor control training (46,59,62,63). Gomes-Neto et al. (63) included 11 

studies (895 subjects) comparing stabilization exercises with general exercise 

(strengthening and/or stretching exercises) or manual therapy. The results were 

significant in terms of pain intensity, with the stabilization exercises being more 

effective than the general exercises (SMD –1.03; CI 95% –1.79 to –0.27). This 

result is considered clinically relevant. When comparing stabilization exercises to 

manual therapy, the results were not significant. Regarding disability, there was a 

significant improvement in the group of stabilization exercises compared to general 

exercise (SMD –5.41; CI 95% –8.34 to –2.49), but the results were again not 

significant when compared with manual therapy. Regarding the function, the 

results were all non-significant. 
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It should be noted that the studies included in this review did not provide enough 

information to perform a detailed analysis on the risk of bias. In addition, most of 

these studies did not provide specific information regarding random generation and 

concealment allocation, which decreases their internal validity by increasing the 

risk of bias. 

Searle et al. (46) (12 studies, 1,343 subjects) obtained similar results, with the 

coordination/stabilization exercises showing a significant effect compared to the 

control group (SMD –0.47; CI 95%: –0.77 to –0.18, p < 0.01). However, these 

results must be taken with caution as the studies included in the meta-analysis had 

a high heterogeneity (I2 = 83.2%). Therefore the statistical analysis should not have 

been performed, as suggested by some authors (39,64). 

Saragiotto et al. (59) analyzed 29 trials (2,431 subjects), obtaining the following 

results. When motor control training was compared to other exercises, there was 

low-quality evidence that there is a significant, not clinically important, effect that 

motor control training reduces pain in the short term (MD –7.53; CI 95% –10.54 to 

–4.52; p < 0.001). For the intermediate- and long-term follow up, the results are not 

significant. When assessing disability, the results show that there is low-quality 

evidence that there is a small but not clinically important effect on improving 

disability at short-term follow up (MD –4.82; CI 95% –6.95 to –2.68; p < 0.001). For 

the intermediate- and long-term follow up, the results are not significant. For 

function, there is moderate quality evidence that there is a significant small but not 

clinically important effect for improving function at short-term follow up (MD 7.29; 

CI 95% 1.53 to 13.04, p = 0.01). For the intermediate- and long-term follow up, the 

results are not significant. For the outcome quality of life (physical component), all 

the results are not significant. 

When motor control training is compared to manual therapy, the results for pain, 

disability, and function, are all not significant.  

When motor control training is compared to minimal intervention, there is moderate 

quality evidence that there is a clinically important effect that motor control training 
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reduces pain with a medium effect size in the short term (MD –10.01; CI 95% –

15.67 to –4.35; p < 0.001) and long-term follow up (MD –12.97; CI 95% –18.51 to –

7.42; p <  0.001). There is low-quality evidence for a clinically important effect that 

motor control training reduces pain in the intermediate term, with a medium effect 

size (MD –12.61; CI 95% –20.53 to –4.69; p = 0.002). For the outcome disability, 

there is very low-quality evidence that there is a small but not clinically important 

significant effect on motor control for improving disability at short-term follow up 

(MD –8.63; CI 95% –14.78 to –2.47; p < 0.01). There is moderate-quality evidence 

that there is a significant, but not clinically important, effect favoring motor control 

training at intermediate (MD –5.47; CI 95% –9.17 to –1.77; p = 0.004) and long-

term follow up (MD –5.96; CI 95% –9.81 to –2.11; p = 0.002), with small effect 

sizes. Results for function come from only one trial showing low-quality evidence 

that motor control training significantly improves function with a clinically important 

medium effect size at short term (MD 1.10; CI 95% 0.36 to 1.8; p = 0.004), 

intermediate-term (MD 1.00; CI 95% 0.16 to 1.84; p = 0.02), and long-term follow 

up (MD 1.50; CI 95% 0.68 to 2.32; p < 0.001). 

When motor control training is compared to a combination of exercises and 

electrophysical agents, there is low-quality evidence that there is a clinically 

important effect that motor control training significantly reduces pain at short-term 

follow up, with a large effect size (MD –30.18; CI 95% –35.32 to –25.05; p < 

0.001). Data for intermediate term were not pooled because of the high 

heterogeneity of the included trials. For disability, there is only one trial with results 

of very low quality. There is only one study assessing the quality of life and it 

shows no significant results for the mental component. For the physical 

component, there is low-quality evidence that there is a small but not clinically 

important significant effect favoring motor control training at short-term (MD 8.40; 

CI 95% 2.68 to 14.12; p < 0.01) and intermediate-term follow up (MD 8.0; CI 95% 

2.25 to 13.75; p < 0.01). 

Smith et al. (62) investigated the effectiveness of stabilization exercises compared 

to any other form of exercise. They included 22 studies (2,258 participants) for the 
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pain outcome, and 24 studies (2,359 participants) for the disability outcome.  This 

SR shows significant benefit for stabilization exercises at short- (MD –7.93; CI 95% 

–11.74 to –4.12), medium- (MD –6.10; CI 95% –10.54 to –1.65) and long-term 

follow up (MD –6.39; CI 95% –10.14 to –2.65). However, these results are not 

clinically important. The results for disability show a significant benefit for 

stabilization exercises at short- (MD –3.61; CI 95% –6.53 to –0.70) and long-term 

follow up (MD –3.92; CI 95% –7.25 to –0.59) but they are not clinically important. 

In conclusion, there is minimal evidence that motor control training provides better 

outcomes than other types of exercise. In fact, Saragiotto et al. (59) suggest that 

patients and therapists should choose the type of therapeutic exercise for the 

treatment of CLBP by taking into account aspects such as cost and safety. In line 

with this, Smith et al. (62) do not recommend motor control training over other 

types of therapeutic exercises. 
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Table 2: Exercise therapies for CLBP 

 
THERAPY 
 

 
RESULTS 
 

STRENGTH/RESISTANCE 
 

 

 Beneficial compared to other types of 
interventions with a medium effect size (46). 

 

 
CARDIORESPIRATORY 
 

 

 Ineffective (46). 
 

 
GRADED ACTIVITY 
 

 

 Not significant results compared to other types of 
exercises or a control group (49).  

 
GRADED EXPOSURE 

 

 Not significant results compared to graded 
activity (49).  

 
 
 
PILATES 

 

 Better than minimal intervention or usual care in 
the short term (51–53). 

 

 Same results than other types of exercise in the 
short term (51–53). 

 Quality of the evidence is low to moderate (51). 

YOGA 

 
 

 When comparing yoga versus exercise or yoga 
plus exercise versus exercise alone there is no 
clear evidence that there are differences in favor 
of yoga (56). 

PROPRIOCEPTIVE 
TRAINING 

 
 

 There is low-quality evidence that proprioceptive 
training does not add any benefit to conventional 
physiotherapy, and that it is inferior to 
educational interventions (58).  

 

 
 
MOTOR CONTROL 

 There is minimal evidence that motor control 
training provides better outcomes than other 
types of exercise (46,59,62,63). 

 

 Motor control exercises show a tendency to 
worsen results in fear-avoidance (62). 
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1.2.2.2 Manual therapy 

Next, we summarize the evidence found in different SRs published in the last 5 

years on the effectiveness of manual therapy for the treatment of CLBP (Table 3). 

Manual therapy can be defined as any type of movement applied by a healthcare 

professional on the joints or any other body structure (65). The types of manual 

therapies included are therapeutic massage, muscle energy technique, 

manipulation and mobilization. 

1.2.2.2.1 Therapeutic massage 

According to Vickers and Zollman (2), therapeutic massage is defined as “the 

manipulation of the soft tissue of whole body areas to bring about generalized 

improvements in health, such as relaxation or improved sleep, or specific physical 

benefits, such as relief of muscular aches and pains.” Both the CGL and the EGL 

do not recommend its use as a treatment for CLBP (30,31). 

Only one SR was found. Furlan et al. (67) evaluated the effects of therapeutic 

massage for CLBP, including 25 studies with a total of 3,096 subjects. Although the 

number of studies and subjects included was high, the quality of the evidence 

found was “low” or “very low," so no definitive conclusions can be drawn as the 

authors themselves claimed to have very little confidence in their results. Among 

the reasons given by the review authors to justify their low confidence in the results 

are the small sizes of the studies and their methodical flaws. 

1.2.2.2.2 Muscle energy 

Greenman (68) defined muscle energy technique as the “procedure that involves 

the voluntary contraction of patient muscle in a precisely controlled direction, at 

varying levels of intensity, against a distinctly executed counterforce applied by the 

operator.’’ None of the two guides used as a reference (CGL, EGL) mention this 

type of manual treatment (30,31). 

Franke et al. (69) carried out a SR on the effectiveness of the muscle energy 

technique for the treatment of non-specific LBP, where they included 12 RCTs with 
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a total of 500 subjects. As in the therapeutic massage, the quality of the evidence 

was poor, so the results are unreliable. Among the reasons that justify this poor 

quality of the evidence, the review authors mention the high risk of bias and the 

small sizes of the included studies. 

1.2.2.2.3 Manipulation and mobilization 

Rubinstein et al. (70) define manipulation as the use of a “high velocity impulse or 

thrust applied to a synovial joint over a short amplitude at or near the end of the 

passive or physiologic range of motion, which is often accompanied by an audible 

‘crack’.” The same authors define mobilization as the “use [of] low-grade velocity, 

small or large amplitude passive movement techniques within the patient’s range of 

motion and control.” (70). 

Only the review by Coulter et al. (71) analyzed the effectiveness of manipulation 

and mobilization for the treatment of CLBP. In this review, nine studies with a total 

of 1,176 subjects were included. According to the review authors “There is 

moderate-quality evidence that manipulation and mobilization are likely to reduce 

pain and improve function for patients with chronic low back pain; manipulation 

appears to produce a larger effect than mobilization.” However, these results 

should be qualified. The results of the analysis of the effect of the manipulations 

compared to active therapies in the short term (1 month) were (SMD −0.43; CI 95% 

−0.86 to 0.00; p = 0.05, I2 = 79%). This result, although statistically significant, 

shows a small effect size. Even more, the CI is very wide and includes the no 

effect (0.00) and large effect (–0.86), which generates imprecision in the result. In 

addition, the heterogeneity of the study is high, causing inconsistency in the results 

(72). Regarding the effects of manipulation at 3 and 6 months, the results are 

(SMD −0.68; CI 95% −1.14 to −0.23; I2 = 73.7%) and (SMD −0.72; CI 95% −0.99 to 

−0.45; I2 = 0%) respectively. The results at 3 months improve slightly compared to 

those at 1 month; however, there is still a high heterogeneity and the CIs remain 

wide. Although the results at 6 months are ostensibly better, it can be doubted that 

this improvement is only due to the effect of the manipulations because, according 
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to some authors, this improvement may be due to the natural history of the patient 

and other nonspecific factors (73). 

Regarding the mobilizations, the results are smaller in the short term (SMD −0.20, 

CI 95% −0.35 to −0.04; p = 0.01; I2 = 0%). Although they are statistically 

significant, the effect size goes from “not substantial” to small. The intermediate 

and long-term results were not significant. 

In terms of disability, the results were very similar. Short-term manipulations 

compared to active comparators (SMD −0.86; CI 95% −1.27 to −0.45; p < 0.0001, 

I2 = 46%) showed a CI that was again very wide with an effect size between small 

and large. The results at 6 months (SMD −0.71; CI 95% −0.98 to −0.44; I2 = 0%) 

were better, but as with the pain outcome, this improvement could be attributed to 

the natural history of the patient and other nonspecific factors (73). Mobilizations 

did not obtain significant results for this outcome. 

In short, we conclude that the results showed wide CIs and, in some cases, a high 

heterogeneity. It can also be stated that manipulations obtained better results than 

mobilizations. 

1.2.2.2.4 Back School 

The Back School originates in Sweden, where Zachrisson-Forsell in 1969 

introduced the concept of “Swedish back school” (74). Currently, there is no unique 

content that defines the Back School and its duration may vary depending on the 

different existing types. As a general rule, the content of the Back School could be 

defined as information delivered to the patient about aspects such as the anatomy 

of the back, biomechanics, optimal posture, ergonomics, and back exercises (75). 

The CGL considers that the Back School can be beneficial if performed in the 

occupational setting for the treatment of CLBP in patients who have not yet 

returned to their normal activities after 6 weeks or when there is a clear need to 

carry out a rehabilitation (30). Nevertheless, the EGL does not recommend the 

Back School for the treatment of CLBP when it is intended to obtain a long-term 
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benefit. The EGL recommends the Back School for the short term only if the 

information provided is evidence-based (31). 

Next, we summarize the evidence found in SRs published in the last 5 years on the 

effectiveness of Back School for the treatment of CLBP.  

Only one Cochrane SR was found. The objective of Parreira et al. (76) was to 

determine the effect of Back School on pain and disability for adults with chronic 

non-specific LBP. They included 30 studies with a total of 4,105 subjects, 

comparing Back School with no treatment, medical care, passive physiotherapy, 

and exercises. The quality of the evidence ranged from very low to low. 

Furthermore, the results showed no difference in favor of Back School, so its 

effectiveness for the treatment of CLBP is uncertain.  

1.2.2.3 Patient education 

Patient education could be a way to provide information and advice aimed at 

changing patients’ cognition and knowledge about their chronic state to reduce fear 

of serious outcomes and allow the resumption of normal activities (77–79). The use 

of pain neurophysiology as an educational intervention (PNE) has been proven to 

be effective in pain-related problems other than CLBP (80–82). Other types of 

patient education include interventions specifically focused on ergonomy and 

exercises based on anatomic and biomechanical models. In contrast, the 

neurophysiology of pain as a type of educational intervention for chronic pain 

patients focuses on describing the mechanisms of peripheral and central 

processing of the nociceptive signal and explaining how this transmission is 

modulated by brain processing and influenced by psychosocial factors. Thus, 

patients learn that the meaning of their pain may not always be related to the tissue 

damage of painful structures (82).  

The CGL considers that the education based on lumbar symptoms is effective and 

should be provided individually. This education should focus on the symptoms of 

the lower back and how the patient should take care of his/her back (30). On the 

other hand, the EGL does not specify the most effective type of education but 
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recommends that it must be of short duration and provided by a physiotherapist or 

a physician, with the aim of returning to normal activities and reducing sickness 

absence and disability associated with CLBP (31). 

Next, we summarize the evidence found in SRs published in the last 5 years on the 

effectiveness of patient education for the treatment of CLBP.  

Two SRs were found. The SR of Ainpradub et al. (83) compared education 

programs to no education program. Only two studies (208 subjects) assessed pain 

intensity and disability in the intermediate-term for CLBP. The results were not 

statistically significant for both outcomes. In addition, the results had substantial 

levels of heterogeneity (>85%). One possible explanation for these levels of 

heterogeneity is the type of pain education provided in each study. Pires et al. (84) 

used a PNE, whereas Sahin et al. (85) used a Back School program. In fact, the 

study of Pires et al. (84) showed better reductions on pain (MD –17.80) compared 

to the study of Sahin et al. (MD –0.71). However, because of the low quality of the 

evidence, no firm conclusions can be made. 

The SR of Tegner et al. (86) evaluated the effect of PNE for patients with CLBP 

compared to placebo, no treatment, waiting list or other control interventions, and 

pharmacological treatments. They also compared individual PNE versus PNE in 

groups. They included 5 studies (212 subjects) reporting on pain at short term, and 

three studies (116 subjects) at 3 months follow up. The effect of PNE on disability 

was measured in seven studies (313 subjects) for the short term and four studies 

(170 subjects) at 3 months follow up. 

The review authors concluded that there was moderate evidence that PNE has a 

small to moderate effect on pain for CLBP patients at short term. There was low 

evidence of small to moderate effect on disability at short term and small to 

moderate effect on pain and disability at 3 months follow up. No firm conclusions 

could be made on the superiority of any format of PNE (intensive one-on-one, 

small group tutorial or large group seminars lasting up to three hours) (86). 
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In conclusion, we may establish that patient education has better evidence and 

better results when the PNE is used. 

Table 3: Manual therapies for CLBP 

 
THERAPY 
 

 
RESULTS 

 
THERAPEUTIC 
MASSAGE 
 

 

 No definite conclusions. The quality of the evidence is 
low or very low. Studies of small size with 
methodological flaws (67).  

 
 
MUSCLE ENERGY 

 

 Unreliable results. Poor quality of evidence. Studies of 
small size with high risk of bias (69).  
 

 
MANIPULATION/ 
MOBILIZATION 

 

 Manipulations obtain better results than mobilizations 
(71). 
 

 Unreliable results. Results with wide CIs and high 
heterogeneity (imprecision and inconsistency) (71). 
 

 
BACK SCHOOL 

 

 Uncertain results. Low to very low quality of evidence 
(76).  
 

 
PATIENT 
EDUCATION 

 

 Better results and better evidence with the pain 
neurophysiology education (83,86).  
 

1.3 The biopsychosocial model and the neurophysiology of pain 

In this chapter, we do not intend to make an in-depth analysis of the 

biopsychosocial model but rather to explain it briefly, justifying why this model is 

the reference model in this doctoral thesis, and the importance and relevance of 

the neurophysiology of pain as an explanation and justification of this model. 

Nowadays and since the end of the last century, the health sciences field has been 

divided between two models of illness, the biomedical and the biopsychosocial. 
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Both models have positives and negatives, detractors and followers; we will 

present both models to later present arguments both for and against. 

The biomedical model has been the dominant model during the last century, and 

has its origin in Virchow's claim that cellular abnormalities are the cause of all 

disease (87). As Engel stated (88): “The biomedical model embraces both 

reductionism, the philosophic view that complex phenomena are ultimately derived 

from a single primary principle, and mind–body dualism, the doctrine that 

separates the mental from the somatic.” This reductionist view of disease goes 

hand in hand with a set of beliefs (87): 

 All illness has a single underlying cause 

 Disease (pathology) is always the single cause 

 Removal of the disease will result in return to health 

 The patient has no responsibility for his illness 

 The patient is a passive element in the recovery process 

It must be remembered that the biomedical model has been effective in the 

diagnosis and treatment of many diseases. However, there are many other 

diseases for which this model has proven to be ineffective because it has not found 

the only underlying cause and the biomedical treatments proposed have been 

shown to be ineffective (89).  

The fact that the biomedical model defines disease solely on the basis of biological 

indicators has the consequence that, in some cases, there are people who obtain 

positive laboratory results and are told they need to follow a treatment even though 

they feel well. Other people feel sick yet do not receive positive results in the 

laboratory and are told they are healthy, not sick, which generates a great 

contradiction (88). A clear example of the latter is the degenerative lesion of the 

intervertebral disc. On the one hand, we find people whose disc degeneration can 

be the cause of their pain and disability, so they are diseased; and on the other 

hand, we have people with the same disc degeneration but who are asymptomatic. 
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This shows that the pathoanatomical and pathophysiological connection between 

disc degeneration and pain and disability is unclear (89). 

The biopsychosocial model emerged as an alternative to the biomedical model. 

Engel was the first person to endorse the idea that disease is a complex synthesis 

of aspects related to the body (bio), the mind (psycho), and the social environment, 

coining the term "biopsychosocial" (88). The biopsychosocial concept was 

developed as a model of disease in response to the missing dimensions of the 

biomedical model (90).  

The biopsychosocial model can be applied to pain in addition to disease, giving 

rise to the biopsychosocial model of pain. Each person experiences pain in a 

peculiar and subjective way, and that experience is influenced by the psychological 

and socioeconomic aspects that in turn influence and modulate both the person's 

painful response and his/her disability (91). In fact, authors such as Gatchel et al. 

(92) or Waddell (93) recognize the utility of the biopsychosocial model of pain. 

Thanks to this model, we can better understand the processes that lead to spinal 

pain and its subsequent disability, and in this way, adapt the assessment and 

treatment to this model (94). So spinal pain can only be understood and treated on 

the premises of the biopsychosocial model (93). 

Although the biopsychosocial model has been apparently useful in the 

management of pain, some authors question its efficacy. Weiner (89) underlines 

the fact that in the biopsychosocial model, too much attention has been paid to 

psychosocial aspects, giving less importance to the bio aspect, which is not entirely 

correct considering the subsequent pathology is not clearly defined. In line with 

this, other authors ask themselves what we should treat when dealing with the 

psychosocial aspects of pain and at what level their treatment should be directed, 

also taking into account that a realistic prediction of the results cannot be made 

(95). Moreover, although it is evident that the role of each of the three aspects that 

makes up the biopsychosocial model must be taken into account to understand the 

etiology and prognosis of low back pain, this interaction has not been addressed in 

the same way in the fields of research and clinical practice (96). Nevertheless, 
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other authors argue that the problem of the biopsychosocial model is not its 

content but its application, the restrictive way in which it has been understood and 

used (96), and in the fact that sometimes health professionals are not properly 

educated and trained in this model (92,97). This is the case with primary care, 

where the established system limits opportunities to apply the biopsychosocial 

model, so that the psychosocial aspects of the pain experience remain 

unaddressed (96). 

In fact, advances in the knowledge of the neurophysiology of pain have helped 

increase understanding of the relationship and interaction between the biological 

and psychosocial aspects within the pain experience of the person. It can be stated 

that there are biological effects derived from the psychological processing, and 

these biological effects, in turn, have consequences on the psychosocial context of 

the person (98). The latter help us understand the importance of the brain in all 

biopsychosocial aspects. Without knowing or understanding the human brain, it is 

difficult for us to apply the biopsychosocial model in a complete way. For example, 

a person’s beliefs and evaluation processes may make an individual decide to 

ignore the pain and continue with his/her job and social life, whereas another may 

decide that his/her pain is disabling and needs to leave work temporarily, assuming 

the sick role (22). It is therefore necessary to know the mechanisms through which 

brain processing influences the response at the body level. The way in which the 

brain perceives a situation or a problem influences its response, so that this 

response is not influenced only by tissue damage or dysfunction. Additionally, 

alterations in the processing of the central nervous system can be the cause of the 

maintenance of pain and the increased sensitivity in tissues where there is no 

evidence of injury or in tissues that have been injured but have completely healed 

(99). Research in neuroscience has helped us to understand the different 

dimensions of pain, such as the affective and sensory, and has shown how 

emotions cannot be separated from the pain experience (100), which gives a 

scientific justification that pain is biopsychosocial in essence.  
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Furthermore, the International Association for the Study of Pain defines pain as 

(101): “An unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage.” This definition of 

pain takes into account the three aspects that comprise the biopsychosocial model. 

Still, some authors think this definition should be revised (102,103). 

As previously mentioned, the neurophysiology of pain has helped us understand 

and justify the biopsychosocial model at a clinical and research level. Perhaps, the 

important thing about applying the biopsychosocial model is that we teach patients 

with chronic pain all the knowledge we have learned about the neurophysiology of 

pain. Gifford said in 1998 (99): “Education about pain that includes the modification 

of commonly held ‘abnormal structure/mechanics’ related beliefs about pain is 

seen as vital to successful rehabilitation and outcome.” In agreement with this, 

other authors have used the neurophysiology of pain as an educational 

intervention with the aim of increasing patients' knowledge about their pain, 

resulting in a reduction in catastrophic thoughts, pain, and disability in the short 

term. These same authors state that information on the biology of pain is the 

means to justify the utility of the biopsychosocial model in the rehabilitation of 

patients with chronic pain (104). 

It is shown above that the biopsychosocial model has not been used correctly and 

completely. Until the biopsychosocial model is fully accepted and integrated into 

the field of research and clinical practice, we cannot make a true assessment of its 

usefulness (96). Finally, going back to the contribution of Engel in the development 

and implementation of the biopsychosocial model and taking into account all the 

criticisms that may arise from its use, the words of Carrió et al (105) are interesting: 

“His biopsychosocial model was a call to change our way of understanding the 

patient and to expand the domain of medical knowledge to address the needs of 

each patient. It is perhaps the transformation of the way illness, suffering, and 

healing are viewed that may be Engel’s most durable contribution.” 
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1.4 Neurophysiology of pain: pain modulation 

As already explained above, the International Association for the Study of Pain 

definition of pain is a definition that takes into account the biopsychosocial aspects 

of pain. To understand pain from a biopsychosocial model, it is necessary to know 

and understand the neurophysiology of pain. 

The neurophysiology of pain is a process covering the entire human body, from the 

periphery by detecting stimuli via the peripheral nervous system and more 

specifically through nociception (although nociception is also transmitted through 

the central nervous system) to the brain through the transmission and reception of 

stimuli by the central nervous system (106,107). 

The neurophysiology of pain is a very broad field to cover in a doctoral thesis. As 

such, in this section, we will focus only on the modulation of pain, as it is the part of 

the neurophysiology of pain we believe can best help patients understand their 

chronic pain. It is for this reason that in this section we will not address aspects that 

are also relevant in pain such as nociception in the peripheral system and will 

focus mainly on the central nervous system. 

Nociception is the neuronal mechanism by which a stimulus potentially harmful to 

the organism is detected by the individual without the need for being aware of said 

stimulus (108). This implies that when we perceive a potentially harmful stimulus in 

the periphery, first the stimulus is detected and then it is transmitted to the brain. 

This is what we call the phases of nociception (Figure 1) (109): transduction, 

transmission, modulation, and perception. 
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Figure 1: Phases of nociception, from noxious stimuli to brain perception. 

From Mertens et al. (110). 

 

As mentioned earlier, we will focus on the modulation phase. Modulation is a key 

aspect of the processing of noxious stimuli. These noxious stimuli can be 

modulated by up- or down-regulation at any stage of the nociceptive pathway, from 

the periphery through the central nervous system to higher brain centers (108). 

The modulation of pain is exerted in two ways, facilitating the nociceptive 

stimulation or inhibiting it. In addition, this ability of our body to modulate pain is 

vital for our survival (111). It is clear that ultimately the stimulus reaches the brain 

and therefore the brain is paramount in the processes of perception and 

modulation of pain. In short, pain is in the brain (108,111,112). 

There are different parts of the brain related to nociception (Table 4) and in 

particular to the modulation of pain that have been identified by neuroimaging 
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studies (Figure 2). In addition, it is important to bear in mind that although all these 

brain areas interact to give rise to the pain experience of the individual, they are 

also involved in other brain processes such as cognition, emotion, motivation, and 

sensations. Moreover, these interactions through the descending pain modulatory 

system are a clear example of the relation between pain experience and aspects 

related to emotions and motivation (113). 
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Table 4: Parts of the brain related to nociception (113,114). 

 
BRAIN REGION ACTIVATED BY 

NOCICEPTION  
 

 
FUNCTION 

 
Primary somatosensory cortex and 

 

 Sensory features of pain: quality, 
location, and duration 

 

Secondary somatosensory cortex 

 
Anterior cingulate cortex (limbic 
system) 

 

 Emotional and motivational 
responses 

 Affective and contextual aspect of 
pain 

 
 
Prefrontal cortex (limbic system) 

 

 Emotional and motivational 
responses 

 Affective and contextual aspect of 
pain 

 
 
Insula 

 

 Sensory features of pain: quality, 
location, and duration 

 
 
Amygdala (limbic system) 

 

 Emotional and motivational 
responses 

 Affective and contextual aspect of 
pain 

 
 
Thalamus 

 

 Pain modulation 
 

 
Cerebellum 

 

 Pain modulation 
 

 
Mesolimbic (limbic system) 

 

 Reward circuit 

 Emotional and motivational 
responses 

 Affective and contextual aspect of 
pain 
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Regarding the areas of the brain related to the modulation of pain, these are (115):  

 Frontal lobe 

 Anterior cingulate cortex  

 Insula 

 Amygdala 

 Hypothalamus 

 The periaqueductal gray (PAG) 

 Nucleus cuneiformis  

 Rostral ventromedial medulla 

Figure 2: Brain regions involved in the pain experience. From Tracey (112). 

 

We will divide the modulation of pain into different sections for better 

understanding. We have ascending and descending modulation, and in turn, this 

can be inhibitory (inhibits the nociceptive stimulus) or facilitatory (facilitates the 

nociceptive stimulus). It is important to mention that in patients with chronic pain, 
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the modulation of pain, either ascending or descending, is altered, causing an 

increased and sustained state of the pain experience (115). 

1.4.1 Ascending pain modulation 

The ascending pain modulation system is also called "ascending nociceptive 

control" and has been described and researched since the 1990s (111,116). This 

system exerts its function through the spino-striato-rostral ventral medulla pain 

modulation pathway (117), through a pain-induced analgesia that occurs in the 

nucleus accumbens via opioid- and dopamine-dependent mechanisms (111). 

Tambeli et al. (117) showed in a study with animals that the activation of the 

ascending nociceptive control through a peripheral nociceptive stimulus elicited a 

defensive response in life-threatening situations. Tobaldini et al. (111) proposed 

that threatening situations accompanied by acute intense pain activate the system 

of upward modulation, which in turn interacts with the descending modulation so 

that the latter exerts its modulating pain function when necessary and in the most 

optimal way depending on the situation. It has been shown that the connection 

path between the ascending modulation and the descending modulation is made 

through the parabrachial complex. When the nociceptive stimulus occurs, it 

ascends to the parabrachial complex, which connects to the rostral ventromedial 

medulla (RVM) from where the descending modulation is activated (118). 

1.4.2 Descending pain modulation 

The most important and known pathway in the descending pain modulation is that 

which forms the PAG-RVM (Figure 3). Cortical and subcortical structures in the 

brain connect with the PAG in the midbrain, which in turn projects to the RVM in 

the medulla. Finally, the RVM projects to the spinal cord, where it performs its 

control over the nociceptive system, modulating its transmission (111,113,119). 

Importantly, before higher-order processing is conducted, this descending 

modulation interacts with the nociceptive input in the spinal cord to allow an 

appropriate modulation of this input resulting in the suitable pain experience for an 

individual in a particular situation (115,120). Depending on the situation, this 
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modulation could result in the facilitation or inhibition of the nociceptive input. The 

inhibitory effect of the descending modulation has the ability to block the 

nociceptive stimulus conveyed from the periphery in the spinal cord, which 

translates into a hyposensitivity or the absence of pain (121). The latter is of vital 

importance to humans because it lets us override pain in order to cope with critical 

situations and at the same time is the basis of placebo-induced analgesia (121). 

Moreover, a decrease in the inhibitory function of the descending modulation could 

be one of the causes of dysfunctional pain type syndrome (122). 

Figure 3: Descending pain modulatory pathways. From Villemure and 

Schweinhardt (123). 

 

Noradrenergic neurons are key in the descending inhibition. Interestingly, neither 

the PAG nor the RVM have noradrenergic neurons. Therefore, these two regions 

exert their inhibitory effect through a connection with noradrenergic nuclei, like the 

locus coeruleus. Ultimately, these nuclei block the nociceptive transmission in the 
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spinal cord through the pre- or postsynaptic activation of α2-adrenergic receptors 

(120). 

1.4.3 The RVM 

The RVM is considered the last relay in the descending modulatory pain system 

before ending on the spinal cord. This last connection signals from two 

differentiated zones in the RVM, the nucleus raphe magnus and the nucleus 

reticulareis gigantocellularis, through the descending projections of the dorsolateral 

funiculus to the spinal cord, where it produces synaptic connections with the 

nociceptive afferent neurons, both primary and secondary (120,124). The RVM 

exerts its pain-modulating function both by inhibiting and facilitating the nociceptive 

stimulus (118,121,124).  

In the RVM, two different types of cell populations coexist (118,120,122): 

 ON cells: pronociceptive function, facilitate nociception 

 OFF cells: inhibit nociception, produce analgesia 

These two types of cells are recruited from higher centers in a differentiated way to 

produce their effects, whether inhibitory or facilitatory, in a direct or indirect way. 

Thus, the activation of the RVM modulates nociception, influencing the pain 

experience of the individual (124,125). 

Although many things need to be clarified about the functioning of the RVM, we 

know that the release of certain substances produces the inhibition or disinhibition 

of the different cell populations of the RVM (118,120,122,126) (Figure 4). 
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Figure 4: Cell populations in the RVM (118,120,122,126). 

 

Opioids                                                                                                                                                       Antinociception 

                                                     

 

GABA                                             Facilitate nociception 

 

In situations in which the nociceptive stimulus is maintained over time, there is an 

increase in both the ON and OFF cells (121,127). However, in pathological 

situations, such as chronic pain, there is an increase in the facilitating effects on 

nociception due to neuroplastic changes in the RVM. These facilitating effects on 

the spinal cord result in an amplification of pain (121). According to the latter, it has 

also been shown that the RVM has a direct relation with what we call central 

sensitization. This mechanism is defined as an increase in excitability of the 

neurons in the dorsal horn of the spinal cord as the result of a nociceptive input 

that can be maintained over time even after the nociceptive input has decreased or 

ended (27,28). 

1.4.4 The PAG 

The PAG was the first recognized structure to exert its influence on the pain-

analgesia relation. Specifically, the ventrolateral area of the PAG is related to the 

modulation of pain. The PAG exerts its anti-nociceptive function by activating the 

endogenous opioid system (113,115,126,128). In fact, several neurotransmitters, 

for example, those related to the activation of cannabinoid receptors (CB1), have 

been identified as activators of the modulatory pain system in the PAG. The anti-

nociceptive effect of PAG is performed in the spinal cord, although not directly. 

Firstly, the PAG sends projections to the RVM, and the latter connects to the spinal 

cord. Thus, the activation of the PAG through the RVM exerts a blocking effect on 

peripheral nociceptive inputs in the spinal cord, preventing nociception from 

reaching higher centers (113,126,128). 

Disinhibit OFF cells 
Inhibit ON cells 

Inhibit OFF cells 
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Similar to the RVM, although less studied, the PAG contains a population of ON 

and OFF cells that act in a manner similar to that in the RVM in the face of 

nociceptive stimuli (129). 

1.4.5 Cognitive and emotional factors related to the descending pain 

modulation 

In the pain experience, the cognitive and emotional aspects are intertwined and 

interact to generate a response from the descending modulatory pain system 

(Figure 4). 

Figure 5: Possible pathways of cognitive pain modulation. From Wiech et al. 

(130). 

 

Regarding the cognitive aspects related to the descending modulation of pain, we 

find: 

 Attention: Attention involves increasing physiological and behavioral 

responses to a situation that we consider relevant. If we do not consider the 
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situation important, our response is decreased. For example, pain always 

attracts our attention and it is difficult to ignore (130). The evidence has 

shown us that when we are distracted from pain, different brain areas are 

activated related to sensory, cognitive, and affective aspects of pain (131). 

In addition, there is a network related to attention that is part of the 

descending pain modulation, comprising the prefrontal cortex, anterior 

cingulate cortex, and PAG. When we are distracted from pain, we activate 

the descending modulation, releasing opioid-mediated analgesia in the 

spinal cord and thus decreasing the nociceptive effect (123,125,130).  

 Expectation: The expectation of an event causes the organism to adjust at a 

sensory, cognitive, and motor level to obtain a response at the neuronal and 

behavioral levels. In the pain experience, the expectation that the pain 

intensity will be high means that once the pain occurs, it can be of high 

intensity. Thus, prior knowledge about a given stimulus influences our 

response (130). In fact, if an individual has the expectation that the pain he 

feels will diminish thanks to the action of a drug or a treatment, that positive 

expectation activates some mechanisms in the prefrontal area of the brain 

that release opioids in the PAG, causing the blockade of the nociceptive 

stimulus in the spinal cord (115,132). Therefore, a positive expectation 

towards pain activates the descending modulatory pain system, inhibiting 

nociception. 

 Reappraisal: When pain is seen as a warning signal, it is perceived as a 

threat. The degree of threat with which an individual perceives the pain 

depends on his beliefs and his resources to face it. So if the individual 

considers that he has enough resources to deal with the pain, the pain 

becomes perceived as controllable and therefore less threatening (130). All 

this indicates that one of the possible mechanisms underlying this process is 

that when an individual goes from perceiving the pain as threatening to 

perceiving it as controllable, it is because he has carried out a reappraisal 

process and modified the meaning that he gave to the pain (130,133). Thus, 
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the reappraisal processes can modify the perception of having control over 

the pain and could therefore positively influence the person´s pain 

experience. It should be noted that the these processes have a direct 

relation with prefrontal areas of the brain that depend on both the context 

and the personality trait of the individual (130). 

In the same way that nociception and pain serve to protect the human body from 

possible injuries by limiting the behavior of the individual, negative moods limit our 

behavior to avoid exposure to danger (134). 

Our emotional state directly influences pain modulation processes. In many cases, 

the emotional state interacts with cognitive factors, such as attention. It is easier for 

us to pay more attention to pain if we are under a negative emotional state, such 

as when we are worried or fearful (123,135). For example, negative emotions can 

activate the descending modulatory system in a facilitating way, thus increasing the 

nociceptive signals that reach the brain from the spinal cord, influencing the pain 

experience (123). Moreover, there is growing evidence that relates negative moods 

with chronic pain (134,136,137). 

In fact, there is evidence from brain imaging studies that there are many similarities 

between mood disorders and chronic pain. These two health conditions share brain 

circuits of the limbic area (134). As indicated above, emotional states influence 

cognitive functions related to pain. This occurs because of the interaction between 

the amygdala and the prefrontal cortex, which influences the processes related to 

the pain experience, such as decision making, risk assessment, reward, or 

avoidance (120,138). The amygdala is a relevant brain area involved in the 

cerebral mechanisms related to emotions, stress, or anxiety and is part of the 

descending pain modulatory system. In addition, it is believed that the amygdala 

contributes remarkably in responses such as fear and anxiety related to the pain 

experience (120). Instead, the prefrontal cortex is a brain area related mainly to 

aspects such as cognition, motivation, emotion, and complex motor activity related 

to social interactions (139). Another example of this interaction between emotions 

and cognition is catastrophizing. Sullivan et al. (140) define catastrophizing as “a 
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set of negative emotional and cognitive processes”. This implies that an individual 

with catastrophic thinking magnifies the symptoms related to his pain, in addition to 

causing pain rumination and feeling helpless and pessimistic about his pain-related 

outcomes (115,141). Therefore, the pain experience may be influenced by the 

construct of catastrophizing, causing in the individual a modification of the attention 

and anticipation of pain as well as an increase in the emotional response to pain 

(115). 

As a conclusion to this section, it is important to highlight that the variations in the 

pain experience we see among patients with chronic pain are determined by the 

context and meaning that each person gives to his pain. As explained above, this 

is due to the descending modulation of pain, influenced by cognitive and emotional 

factors, modifying the nociceptive stimulus. So the brain, and especially the brain 

areas related to the descending modulation, have implications not only in the pain 

experience but also in the cognitive and emotional processes of the individual 

(114). In short, pain is always in the brain and is defined as not only a sensory 

experience but also a cognitive and affective one (112). 

1.5 Information and communication technologies in healthcare 

The use of information and communication technologies in healthcare, seen as a 

way to transmit information to patients, is growing and becoming a powerful tool 

(142). In any case, the Internet is one of these new technologies that are part of 

our day to day. Thanks to the wide range of possibilities offered by the Internet, it is 

considered by different authors as an important platform from which to show 

information based on evidence in an interactive and high-quality format (143–148).  

The data about Internet use in different countries are enlightening. For example, in 

2008 in the United States, 74% of adults used the Internet, but the most relevant 

fact is that of that percentage, 61% used the Internet with the intention of seeking 

information related to health (149). In line with this, 86% of the Finnish population 

between the ages of 16 and 74 uses the Internet and of these, 68% do so in 

relation to health (150). Numerous studies have shown that websites can change 
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and improve the knowledge of patients with chronic pain, and more importantly, 

have a positive impact on their attitudes and behavior (144,151–156), especially for 

physical and mental health problems (148,157–160). Bender et al. (161), in a SR of 

RCTs for the treatment of pain over the Internet, concluded that Internet-based 

interventions are promising for the treatment of pain, although more studies with 

better methodological designs are needed. More recently, Garg et al. (162) 

conducted a different SR to determine which web-based interventions aimed at 

CLBP were of benefit to patients. The review authors included nine RCTs with a 

total of 1,796 subjects, concluding that only online cognitive behavioral therapy 

showed some promising benefits in reducing catastrophization. 

This shows the Internet is a tool widely used by our society for health-related 

information. However, there is a question that needs answered: could the use of 

the Internet replace the patient–therapist relationship? The studies of Keulers et al. 

(163) and Heikkinen et al. (164) partly answer this question. In an RCT by Keulers 

et al. (163) with 113 subjects with carpal tunnel syndrome, the authors compared 

the patient–computer interaction with that of patient–physician as tools to educate 

patients about their health problem. The conclusion of the study was favorable to 

the patient–computer interaction, in that patients who used the computer as a 

learning tool achieved higher levels of knowledge about their pathology than 

patients who were instructed by their physician. On a similar study, Heikkinen et al. 

(164) conducted an RCT with 147 patients having ambulatory orthopedic surgery, 

showing that patients receiving Internet-based education improved significantly 

their knowledge regarding their health and care compared to a face-to-face 

education group. 

Primary care is one of the fields where information technology could be integrated 

as an adjunct to help primary care physicians with the delivery of treatments, 

especially to patients with chronic pain. In fact, the literature shows examples 

where research has been conducted in primary care. Jones et al. (165) conducted 

an RCT on the use of health information technology for the development of a 

primary-care-based shared decision-making process to educate patients with 
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cardiovascular problems, showing that this type of intervention is well-accepted by 

patients and that they can be integrated in the primary routine care. Mohr et al. 

(166) surveyed 658 primary care patients to examine their level of interest in face-

to-face, telephone, and internet treatments. They concluded that the Internet could 

be a good way to overcome barriers related to time constraints in primary care. 

On the other hand, computers or the Internet used as instruments for the education 

of patients should have a series of characteristics that make them useful for all 

types of people. These tools should be easy to use; integrate different educational 

formats such as audio, video, or text; be suitable for people with low levels of 

literacy; and be translated into different languages that make them accessible to 

populations at risk such as migrants (167). In addition, design of these 

technological learning tools should take into account factors or characteristics that 

increase patient participation. As stated by Schubart et al. (149), it is important to 

know what characteristics make a technological tool appealing to patients, thus 

increasing their participation. In line with this, some authors propose that when 

evaluating the effectiveness of the programs used in patient education, certain 

characteristics of the program should be taken into consideration, such as how 

many times the patient has seen or used the program and how these technologies 

have been integrated into the general treatment program of these patients (167). 

Camerini et al. (168) suggest that patients should be included in the preliminary 

development of the programs used in their education. The same authors evaluated 

the effectiveness of an educational intervention on the Internet for patients with 

fibromyalgia, concluding that the participation of patients in the design of the 

intervention as well as the use of personalized content increased the overall 

effectiveness of the intervention. 

There are other aspects related to the technological advances that could be useful 

when developing educational interventions in health, making them more effective. 

Some of these advances are not new to the public but have rarely been used with 

patients. One of these technological tools is video games. For example, Pessoa et 

al. (169) evaluated the different ways in which the Nintendo Wii platform had been 
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used in different pathologies to improve the physical and cognitive aspects of 

patients. These authors concluded that when the Nintendo Wii, seen as a platform 

that generates virtual reality, is adapted to the characteristics and health conditions 

of the patients, it increases their participation and improves their motivation. In 

addition, using the Nintendo to perform therapeutic exercises prevents the patient 

from traveling to a hospital or rehabilitation center as both the exercises and their 

monitoring can be done from a distance. 

Other therapeutic applications of video games have been seen in patients with 

mental and eating disorders. Claes et al. (170), in addition to using a video game in 

patients with eating disorders, used a system to monitor facial expression to 

measure the patients’ emotions. Using this system, the authors demonstrated that 

patients’ emotions could be trained using a video game. In a different study, video 

games were used as a complementary therapy in patients with mental disorders. 

The authors designed, developed, and evaluated a videogame with the aim of 

improving the attitude and emotional behavior of these patients. The results 

showed that, in the short term, patients with mental disorders managed to generate 

new and better coping strategies when facing negative emotions generated by 

stressful situations, thanks to the use of video games. (171). 

Finally, gamification is one the strategies used in video games that could be useful 

in health management and more specifically in educational interventions. 

Gamification is the use of game design elements and game mechanics in non-

game contexts resulting in an increase in the person’s motivation and participation 

(172–174). In a study with patients affected by rheumatoid arthritis, the authors 

used an educational web platform where they assessed the effect of gamification 

and social support. The results of the study showed that the use of gamification in 

an educational intervention improved the patients’ physical activity levels and their 

empowerment and decreased the use of health services (172). 
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1.6 Rationale of the study, study hypothesis, and objectives 

Thirteen studies (84,175,184–186,176–183) examining the effect of PNE on 

physical performance, pain cognition, and disability in CLBP reported positive 

effects. However, there was a lack of standardization of the type of information 

provided. Nine studies provided detailed information concerning the PNE 

(84,175,177–182,184,186), whereas only six studies specifically addressed the 

description of the different components of the PNE (84,177–179,181,182). 

Although promising, there is no strong evidence for the use of PNE for CLBP 

patients because the quality of the evidence has been rated from very low to 

moderate by some authors due to the lack of good RCTs (77,86,187). Moreover, 

the authors in all of the studies developed the PNE without exploring the needs of 

CLBP patients. Therefore, the rationale of this thesis is to develop an educational 

tool focused on the beliefs and knowledge of patients regarding their CLBP. This 

rationale justifies the use of a mixed methodology wherein the author explores the 

patients’ beliefs and knowledge about their pain for the subsequent development of 

an educational patient-centered tool. The authors understand that an educative 

tool must take into account the patients’ thoughts and beliefs. 

Therefore, the main objective of this thesis is to explore patients’ beliefs concerning 

the origin and meaning of their CLBP with the goal of developing and testing a 

web-based biopsychosocial pain education (BPE) tool using different educational 

formats and gamification techniques. 

The research question to be answered is: 

 Is a web-based biopsychosocial pain education intervention for chronic low 

back pain more effective than conventional care in decreasing pain, fear-

avoidance beliefs, kinesiophobia, and disability in primary care? 

The hypothesis being tested is: 

 A web-based biopsychosocial pain education intervention for chronic low back 

pain changes cognition about the origin and meaning of pain, with the outcome 
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of pain reduction, fear-avoidance beliefs reduction, kinesiophobia reduction, 

and disability reduction compared to conventional care in primary care. 

There are specific objectives for each phase of the study. 

Phase 1 (QUAL) 

 To explore patients’ beliefs concerning the origin and meaning of chronic low 

back pain. 

Phase 2 (Connecting procedure) 

 To construct and develop a web-based biopsychosocial pain education 

intervention using the QUAL results. 

Phase 3 (QUAN) 

 Primary outcome. To evaluate the effect of a web-based biopsychosocial pain 

education intervention for chronic low back pain based on pain intensity 

compared to conventional care. 

 Secondary outcomes. To assess the effect of a web-based biopsychosocial 

pain education intervention for chronic low back pain compared to conventional 

care on the following: 

o Fear-avoidance beliefs 

o Kinesiophobia 

o Disability 
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 Chapter 2: Methodology 
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2.1 Study design 

To answer the research question, the authors have used a mixed-method 

sequential exploratory design. The purpose of mixed methodology is not to replace 

qualitative or quantitative methodologies but to use the strengths of both while 

reducing their weaknesses (188). Specifically, the sequential exploratory design 

includes an initial qualitative phase followed by a quantitative phase, with the aim 

of developing an educational tool (189,190). In this thesis, it is proposed that both 

phases (qualitative and quantitative) must have the same relevance (QUAL-QUAN) 

for the development of the educational tool and that the development of the study 

must be conducted in three stages (191): 

 Qualitative data collection through semi-structured personal interviews followed 

by thematic analysis. 

 Construction of the educational tool with the results obtained in the previous 

step (topics or emerging categories). 

 Analysis of the effectiveness of the educational tool using an RCT design. 

The use of a mixed-method design is justified in this study because the integration 

of both methodologies (QUAL-QUAN) occurs when the data from the qualitative 

phase contribute to the construction of the educational tool (190). 

2.2 Subjects 

We performed the recruitment process independently in each phase of the study, 

although in both phases this recruitment process took place in the same primary 

care centers in the city of Lleida through family physicians. The inclusion and 

exclusion criteria were also common to both phases. Prior to the beginning of the 

first phase, the principal investigator (PI) of this study presented the project to the 

medical and nursing staff in each of the primary care centers involved in the study 

to ask for their cooperation. 
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2.2.1 Inclusion criteria 

 History of CLBP longer than 3 months 

 Patients between 20 and 65 years of age 

 Able to read, speak, and understand Spanish or Catalan 

 Access to the Internet, a computer or laptop, and e-mail address 

 Accept and sign the informed consent form (appendices 1, and 2) 

2.2.2 Exclusion criteria 

Any red flag condition (192): 

 Onset age <20 or >55 years 

 Non-mechanical pain (unrelated to time or activity) 

 Thoracic pain 

 Previous history of carcinoma, steroid use, or HIV infection 

 Feeling unwell 

 Weight loss 

 Widespread neurological symptoms 

 Structural spinal deformity 

2.3 Qualitative phase 

For this phase, we used a generic qualitative approach. Generic qualitative 

research is defined as a type of qualitative methodology that is not guided by any 

philosophical current of those traditionally used in qualitative methodology, such as 

phenomenology, ethnography, and grounded theory (193). In addition, within the 

generic qualitative method in this phase, we used the descriptive qualitative 
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subcategory. We chose the latter for its usefulness in mixed methodologies, as 

when it is conducted before the quantitative phase it provides relevant information 

for the development of the quantitative study (194).  

2.3.1 Subjects 

In this phase, family physicians recruited their respective patients. Once the 

physician made the diagnosis of CLBP and ensured that the individual met the 

inclusion and exclusion criteria, the physician informed the patient about this 

project and invited him/her to contact the author by telephone. If the person agreed 

to participate in the study, we scheduled the interview, which took place in the 

Faculty of Nursing and Physiotherapy of the University of Lleida. 

2.3.2 Sample size 

A purposive sample was used to achieve a representative number of patients with 

CLBP (195). To ensure the discursive significance of the results, we included a 

similar number of subjects from different age groups (9 patients between 20–50, 

and 7 patients between 51–65 years old), genders (8 males and 8 females), and 

educational levels in the sample (from general certificate education to a Master´s 

degree). Sixteen patients were included in this phase (Table 5). 
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Table 5: Participants´ demographics (n = 16). 

 Participant ID code Educational 
level* 

Gender 
 

Age 

Patients personal 
interview 
 

Patient 1 HNC Male 46 
Patient 2 Primary Education Female 61 
Patient 3 VET Female 54 
Patient 4 Bachelor´s Degree Female 64 
Patient 5 HNC Female 50 
Patient 6 VET Male 32 
Patient 7 Bachelor´s Degree Male 52 
Patient 8 GCE Male 47 

Patient 9 University Degree Male 44 
Patient 10 VET Male 38 
Patient 11 Primary Education Female 60 
Patient 12 HNC Male 50 
Patient 13 Primary Education Female 50 
Patient 14 University Degree Female 56 
Patient 15 Master´s Degree Male 34 
Patient 16 Primary Education Female 62 

*HNC: Certificate of Higher Education. VET: Vocational Education and Training. 
GCE: General Certificate of Education. 

2.3.3 Data collection 

To meet the qualitative objective of this study, the authors used semi-structured 

personal interviews because they are useful for obtaining a better and wider 

understanding of the issues related to the chronic problem from the patient's 

perspective (196–198). The semi-structured individual interviews were conducted 

in 2015 individually by the PI of the study, in Spanish or Catalan (the mother 

tongue of the interviewer and interviewees), audio-recorded with the interviewee’s 

informed written consent, and later transcribed verbatim. Interviews took place in 

the Faculty of Nursing and Physiotherapy of the University of Lleida to generate a 

neutral and comfortable setting different from the primary care consultation (199). 

The PI used an interview guide (see appendix 3) produced after reviewing the 

literature and based on the experience and knowledge of the authors. Interviews 

were analyzed using inductive thematic analysis to identify common patterns 

across the interviews and generate potential themes to use in the development of 

the educational tool (200,201). To ensure the rigor and reliability of the material, an 

independent coder also analyzed the interviews (201). 
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2.3.4 Analysis 

A thematic analysis of the transcripts was conducted using the ATLAS-ti 7 software 

to help with the coding process (202). First, the transcriptions were read to identify 

meaning units (i.e., sentences or paragraphs with the same meaning), which were 

open-coded with emergent codes, summarizing the content and expressing a 

higher level of abstraction. Second, to identify patterns across the texts, we 

combined and compared the resultant codes. Finally, we grouped codes under four 

themes. 

2.3.5 Results 

After analyzing the interviews, we identified four themes related to the patients’ 

beliefs about their LBP. They are as follows: (1) structural/physiological alterations 

on the lower back as the cause of pain, (2) influence of the patient´s psychosocial 

aspects on the origin and maintenance of pain, (3) physical activity as a pain 

modulator, and (4) unawareness of the causes of their pain. We provide the most 

representative quotes throughout this section in italics. 

Theme 1: Structural/physiological alterations on the lower back as 

the cause of pain 

Pain is an alarm 

The patients in this study have the perception that pain is an alarm, that when they 

feel pain something is wrong. 

“Well, pain is a warning, it is telling me something is not working properly, I 

understand, […] but I have something that is not right and that’s why I feel 

pain.” (Patient 9) 

“Yes, it is a kind of alarm that tells you, beware!” (Patient 12) 

In addition, the pain indicates the anatomical location of the problem. The patients 

are clear that the place where it hurts is where the structure that generates their 

pain is located. 
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“I have the problem in my back. I notice it!” (Patient 11) 

In fact, as pain is an alarm, when the patients feel pain it means that they have 

done something they should not, and that has caused their pain. 

“Sometimes the pain tells me what I should not have done and not the other 

way around.” (Patient 3) 

For the patients, when the pain is different than usual, either because it increases 

in intensity or the type of pain is different, it stands for alarm, although it does not 

have any other accompanying symptom. This alarm forces the patient to seek 

medical consultation. 

“This time I went to the doctor. Because it was not only the lower back pain 

but it was already coming down my left leg, and especially here, on the left 

side, I had a strong pain and I said "here there is something", and I thought 

to go to the physician in case it was something serious.” (Patient 15) 

The structural/physiological alterations that the patients identify as the origin of 

their lower back pain 

The patients in this study identify a series of structures or physiological alterations 

that they link to the cause of their pain. The patients always try to make sense of 

their pain by identifying a specific area or structure, or by identifying a physiological 

alteration. There are several structures identified in this study as the origin of LBP. 

These include the vertebrae. 

“Let's see, if my vertebrae are like this, it is very clear that there must be 

some nerve that must be pinched or so.” (Patient 4) 

The intervertebral disc. 

“Well, on the back we have the discs. Inside the discs we have a kind of 

liquid that acts as a pad. When you lose what is inside, that can be lost, then 
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the discs are touched, they rub against each other and that is what causes 

the pain.” (Patient 10) 

The muscles. 

“I think in the end it hurts because ... I think it may be because I do not have 

a lumbar muscle or because it is atrophied.” (Patient 15) 

The nerve. 

“I thought my back was locked up, a pinch or some nerve. As the prick came 

to my foot, I thought it was from the back.” (Patient 9) 

In addition to the anatomical structures of the lower back, patients blame 

physiological changes, such as degenerative processes and inflammation, for their 

pain. 

“Man, let's see, there's a degeneration, right? In this area, I think that's all 

and little else.” (Patient 3) 

“I have as processes [...] as inflammatory outbreaks. I do not know why and 

that day I am as sore. Everything hurts, and that lasts a day, two days …” 

(Patient 3) 

Moreover, the patients identify situations in which they believe structural damage 

has occurred in the lower back, and therefore, that is the source of their pain. 

These situations are bad postures at work or the performance of a bad gesture. 

“For example, in the last four or five years I have been lifting weight. I was 

working on carrying drinks to bars. [...] With the barrels of beer, it’s 

incredible! I got hurt.” (Patient 10) 

“Yes, at first I thought it was a wrong movement […] I thought it was a bad 

move, as everyone thinks, and that's it.” (Patient 12) 

Age influences the structures that cause pain 
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The patients link age, the fact of aging, with having more episodes of low back 

pain. In addition, they think that age negatively influences the structures of the 

lower back, causing them more pain. 

“What happens is that I had episodes before […] I guess now with age, they 

have become more acute.” (Patient 3) 

“It is not the same when you are 30 years old than 50. You already begin to 

notice the physical wear. I suppose that also because of the stiffness I feel 

more pain.” (Patient 1) 

Theme 2: Influence of the patient´s psychosocial aspects on the 

origin and maintenance of pain 

The relationship between stress and the patient's pain experience 

The patients recognize that stressful life situations make them feel more pain, that 

their pain increases in intensity, and that they need to ask for sick leave. 

“There was a time when I was a little more annoyed and I also had other 

things, other stress problems and things that still gave me more back pain 

and I was on sick leave for the first time.” (Patient 9) 

There are situations in which the patients recognize that they do more than they 

should, which produces a stress situation that can also be aggravated by the fact 

of not asking for help when needed. This situation forces the patient to overexert, 

which ends up affecting their pain. 

“Work, children, my mother, wanting to do everything by myself. In the 

sense that I did not want to bother my husband with my mother's situation. 

All these pile of things. I made a brutal effort and my body was not ready 

because it was already tense and then, I succumbed.” (Patient 11) 
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The patients are able to recognize specific situations in their life that cause them 

stress. Moreover, this stress does not only cause back pain; the patients also 

relate it to other pains. 

“It had never hurt me, but […], I have a son who has given me a lot of 

problems, […] and I said that this was going to splatter on me one day. I 

started with many stomach pains, […] I noticed that my back started to ache, 

everything together.” (Patient 2) 

“I believe that when you have concerns and when, […] You have other 

things on your mind that worry you more, that stress you out. My body 

realizes it, reacts. I always suffer from neck pain or back pain. Neck pain 

when I was younger and now more back pain.” (Patient 9) 

On the one hand, although patients recognize that stress influences their pain, this 

is always secondary to the structural cause. Patients understand that stress may 

be behind their lower back pain. 

“The nerves are worse then. When a person is nervous I think it affects him 

[...] it is one of those things that we do not value but I believe that nerves 

accumulate in your body´s weakest part and attack you.” (Patient 11) 

On the other hand, it is easier for the patients to attribute the origin of their pain to 

a structural cause. That structural cause is a recognized alarm signal, and stress is 

not. 

“When it hurts, I think the hernia is clenching me. My back is warning me, 

the nerve is warning me […] and it gets tense and hurts me.” (Patient 11) 

The recognition that emotions are part of the patient's pain experience 

The patients recognize that emotions can be part of the pain experience. 

Sometimes they identify a specific situation in which they had more pain than usual 

and, at the same time, they identify an emotional situation and relate it to the 

increase in their back pain. 
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“Everyone talks about very long pain processes over time. But because you 

start to have problems, that is, traumatological or such, and emotional 

problems.” (Patient 14) 

On some occasions, the patients construct a story in which the emotional situation 

is at the origin of their lower back pain. They accept that they can "somaticize", that 

emotions can cause back pain. 

“And right now, I do think that that time, that outbreak (of lumbar pain) so 

strong, I was somaticizing a very painful process for me, a lot.” (Patient 3) 

The patients make a relationship between the "psychic" and emotions. In addition, 

they realize that there is a direct connection between improving in the "psychic" 

and improving their back pain. 

“Everything has gone together, and sometimes the pain was better and so 

the psychic thing.” (Patient 14) 

Theme 3: Physical activity as a pain modulator 

Physical activity as the cause and origin of LBP 

The patients link the origin of their LBP to physical activity. Specifically, they 

connect performing some type of exercise, such as abdominal work, with the start 

of their LBP. The patients relate the gym, and more specifically the use of gym 

equipment, with the onset of their pain. 

“I started going to a gym and I think I screwed up there (the back) /…/ I 

didn't have anything better to do than abs with the equipment.” (Patient 16) 

“I know that the sciatica came as a result of having started doing 

bodybuilding with equipment.” (Patient 1) 

In addition, patients think part of the problem of doing physical activity in a gym is 

that, in their situation, they should do it under supervision. However, sometimes 
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gyms do not have staff qualified to meet the needs of this type of client with lower 

back pain. 

“But, I say that if someone taught me how to do some exercises to 

strengthen this area or something…” (Patient 16) 

“Let's see, I cannot blame a person but I think that a lot of staff that they 

have in gyms is not prepared. /…/ Prepared to have a person who needs 

more specific attention.” (Patient 1) 

Physical activity as a solution to pain 

The patients recognize that when they go to the gym they feel better. They relate 

the lack of physical activity and a sedentary life with their episodes of lumbar pain. 

“Yes, in that aspect I find that I felt much better. /…/ And it was as a result of 

leaving the gym when the (back) pain started, not very strong but I noticed 

it.” (Patient 13) 

“In the afternoon I am able to go to the gym and do elliptical and other 

equipment and I tell you, I notice that the movement is good for me. When 

I'm more static I'm worse, I feel like I'm getting cold and it's not going well.” 

(Patient 3) 

The patients also recognize that they do not need to go to the gym to feel good, 

and that doing a less intense activity produces relaxation. 

“Now I'm going to walk. I walk one hour each day. Also, it relaxes me 

walking.” (Patient 16) 

Variation in physical activity levels causes or increases pain 

On the one hand, the patients believe that excessive physical activity, having 

performed physical activity with great intensity and frequency, is the culprit of their 
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LBP. In fact, they identify being an athlete as the cause of structural changes in 

their lower back. 

“Well, I do a lot of cycling and after a race I started to notice my leg as half 

numb. A pinch up here (lumbar) and I went to the doctor and ... I stopped 

cycling and that helped the pain to go away but when I return to do some 

physical activity ... It hurts again.” (Patient 6) 

“Sportsmen are famous for being more injured than others, so there is a 

dehydration that makes the spring between vertebrae not work well 

enough.” (Patient 9) 

On the other hand, the patients also believe that decreasing the amount of physical 

activity they used to perform has caused the discomfort to return. They have 

certainty that doing physical activity improves their LBP. 

“When I stopped doing that physical activity with such intensity or with such 

periodicity then, I started to have discomfort (lumbar) once in a while, which 

I always reduced with exercise. If I exercised in the morning, in two weeks I 

had it (the pain) under control.” (Patient 9) 

The belief that not doing physical activity and having a sedentary life is related to 

pain. 

The patients realize that having had a sedentary life, not having performed physical 

activity, is the cause of their LBP. They recognize that during their lives they did not 

take into account the physical aspect, and that if they went back in time, they would 

be more physically active, with the belief that it would help them to solve their LBP. 

“I do not like to look for culprits; I like to look for solutions; but in this case, if 

I had to find a culprit, that would be myself. /…/ For not having done physical 

activity for example.” (Patient 7) 
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“For my lower back pain (if I went back in time) I would not stop doing 

exercise. /…/ What I would do would be to try to take care of my fitness.” 

(Patient 9) 

However, the patients sometimes wonder whether they should do physical activity 

or not, since both options can cause pain. This can confuse them when it comes to 

wanting to do physical activity to avoid a sedentary lifestyle. 

“I think it's since I do not move so much (that I have lower back pain). Let's 

see, I'm not walking. I avoid walking or walking as little as possible for two 

reasons, one because I get tired and another because I suddenly get back 

pain.” (Patient 2) 

Theme 4: Lack of awareness of the causes of their pain 

The search for a cause that justifies the pain 

The patients need to know the cause of their pain, what is causing their LBP. They 

usually contemplate several options, but in the absence of a cause that stands out 

from the others, they feel confused. 

“It is that I do not know if it is ... It can be a little degenerative or because the 

physical efforts of, of wrong physical efforts. I do not know.” (Patient 10) 

“If I was lying down for a few minutes I had the pain, but now I feel the pain 

when I'm lying down, when I'm sitting. I do not know. For example, last week 

I had three tremendous days (of pain).” (Patient 8) 

In addition, if the patients do not identify a cause that justifies their LBP, they end 

up blaming themselves. They justify themselves by thinking they must be doing 

something wrong, and that is the cause of their pain. 

“I spend many hours standing painting and now it's worse. /…/ I have to sit 

down. I have to find resources to move. I don't know. It may be a number of 
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circumstance or I may be doing something wrong and I do not know it.” 

(Patient 9) 

Lack of awareness generates fear and catastrophic thoughts 

Pain causes anguish to patients. Perhaps not knowing the cause of their LBP 

makes them afraid of the pain. 

“When I get up at seven in the morning, I'm afraid to get up. /…/ I'm scared 

of having back pain. God knows where this pain comes from! But it's always 

on the back.” (Patient 5) 

Moreover, not knowing the cause of their pain causes catastrophic thoughts in 

patients. The patients are in a continuous process of rumination about the cause of 

their pain and that desperation to find an answer leads them to consider 

catastrophic scenarios. 

“I do not know what to think. /…/ It is such a strong pain that I thought I 

could have bone cancer. /…/ I prefer to move otherwise it hurts more. That 

is, when the pain radiates, I do not know what to think. I have no idea, it can 

be nervous.” (Patient 2) 

2.4 Connection phase 

In a mixed-methods sequential exploratory design, the connection phase is one in 

which the results of the qualitative phase are used to develop the quantitative 

phase. In this study, the qualitative results serve to develop the educational 

material implemented in a website for testing in the quantitative phase of the study 

using an RCT. It is through the connection phase that this methodology is justified. 

If there were no such connection between the qualitative phase and the 

quantitative phase, if there were no link between both, then we would not be 

discussing a mixed methodology but two completely differentiated studies in which 

we would use the qualitative and quantitative methodologies separately. 
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2.4.1 Development of the educational material 

Once the qualitative phase of the study was finished, its results were the starting 

point for the completion of the connection phase, where the educational materials 

were developed. In this section, we describe the connection between the results of 

the qualitative phase and the content of the different videos of the educational 

material. In addition to the videos, we developed written material to help the 

patients understand the content of the videos. 

In this section, materials developed in other studies using the PNE, such as 

Moseley's and others (84,175,184,185,176–183), could have been used, but as far 

as we are aware, none of the studies using an educational intervention based on 

the neurophysiology of pain carried out a previous study exploring the needs of 

CLBP patients, nor did they justify the specific content of the neurophysiology of 

pain. Therefore, one of the objectives in this section was to develop educational 

materials based on the neurophysiology of pain taking into account the themes 

derived from the interviews. However, we have to admit that although we based 

the choice of content about the neurophysiology of pain on these interviews, it is 

ultimately the authors of this thesis making the choice. It may be that with the same 

information extracted from the qualitative phase, other authors would have chosen 

different content about the neurophysiology of pain. Even so, in the sections 

related to the contents of each video, we justify why that content, based on the 

neurophysiology of pain, is the most appropriate to explain the different themes 

extracted from the interviews with patients. 

Explaining the neurophysiology of pain to patients in this study has two main 

objectives, and both are based on scientific evidence: first, to correct the patients’ 

misbeliefs about their CLBP, and second, to reaffirm their correct beliefs. 

2.4.2 Content of the educational material 

The themes and subthemes that emerged from the qualitative phase formed the 

basis of the content of the educational material. We found 4 themes and 11 sub-

themes (Table 6). To address these results, we decided to develop five videos. Our 
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first intention was to make more videos of shorter duration. However, because of 

the complexity of the topics to be explained, we decided to address them in five 

longer videos (203). Nevertheless, these same videos were later broken down into 

shorter videos for the implementation of gamification in the development of the 

website. We will explain the latter in the quantitative phase. 

 

 

 

 

 

 

 

 



 

 91 

Table 6: Themes and subthemes. 

THEMES 

 

Structural/physiologi
cal alterations on the 

lower back as the 
cause of pain 

Influence of the 
patient´s 

psychosocial 
aspects on the 

origin and 
maintenance of 

pain 
 

Physical 
activity as a 

pain 
modulator 

Unawareness 
of the causes 
of their pain 

 

 

 

 

 

 
 

 

 

 

SUBTHEMES 

 

Pain is an alarm 
 

 
The relationship 

between stress and 
the patient's pain 

experience 
 

 
Physical activity 

as the cause 
and origin of 

LBP 
 

The search for a 
cause that 

justifies the pain 
 

The 
structural/physiological 

alterations that the 
patients identify as the 

origin of their lower 
back pain 

The recognition 
that emotions are 

part of the patient's 
pain experience 

Physical activity 
as a solution to 

pain 

Unawareness 
generates fear 

and 
catastrophic 

thoughts 

 
Age influences the 

structures that cause 
pain 

 

Variation in 
physical activity 
levels causes 
or increases 

pain 

 

   

The belief that 
not doing 
physical 

activity, having 
a sedentary life, 

is related to 
pain. 
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2.4.3 Making the videos 

For the technical realization of the videos, we had the help of the "Center Integral 

de FP ILERNA" of Lleida, through the INNOVA collaboration program. This 

collaborative program has the objective of vocational education and training for 

students to learn through the realization of projects developed by private 

companies. In this case, we signed a collaboration document with ILERNA for the 

realization of the videos by the students of the audiovisual training module, with the 

technical supervision of the coordinator of that module. Once we developed the 

contents of the different videos, we passed to them a "script" format for making the 

videos. This script was supervised by ILERNA’s coordinator, so in most cases, the 

scripts were modified to aid the technical aspect. Modification of the scripts did not 

alter in any way the content of the educational material. The different modifications 

carried out throughout the process of making the videos had to do with visually 

explaining the content of the educational material. 

Once the scripts were ready, the students of ILERNA went on to make the 

audiovisual content. We decided to create the videos in two formats, 2D and 3D. 

These two formats used together would make it easier for patients to understand 

the content. During this process, our mission was ensuring that the videos reflected 

the content we developed in a reliable way (Table 7).  
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Table 7: Themes and videos. 

 
THEMES 

 
Structural and 
physiological 
alterations on 
the lower back 
as the cause of 

pain 

 
Influence of 
the patient´s 
psychosocial 
aspects on 

the origin and 
maintenance 

of pain 
 

 
Physical 

activity as a 
pain 

modulator 

 
Unawarenes

s of the 
causes of 
their pain 

 
VIDEOS 

 
VIDEO 2 

 

 
VIDEO 2 

 

 
VIDEO 2 

 

 
VIDEO 2 

 
VIDEO 3 VIDEO 4 VIDEO 5 VIDEO 4 

This phase began in October 2016 and ended with the delivery of the five videos in 

April 2017. The titles of the five educational videos are as follows (click on each 

video to watch it): 

 Video 1: Presentation 

 Video 2: Pain modulation 

 Video 3: Origin and causes of CLBP 

 Video 4: What is the relationship between pain and stress? 

 Video 5: What is the relationship between pain and physical activity? 

2.4.4 Development of the content of video 1: Presentation 

This first video is a presentation of the website and explains the composition of the 

multidisciplinary team behind this thesis, which includes the doctoral student, the 

thesis supervisors, the thesis tutor, and the staff of the Higher Polytechnic School 

responsible for the development and maintenance of the website. This team 

comprises people from different specialties such as medicine, sociology, 

physiotherapy, nursing, physical activity and sports, physics, and computer 

science. In the video, we tell the patient the objective of the website, which is to 

explain everything related to his/her LBP in an understandable way. 

At the content level, the only relevant aspect in relation to pain is the fact that at the 

end of the video, the patient’s pain is validated:  

https://youtu.be/Fr42aNz2GIU
https://youtu.be/v44ZeBgCc78
https://youtu.be/5G4VcVeHhg4
https://youtu.be/PONRnYRvgdk
https://youtu.be/yXGv3Zqlrww
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"There is no better help for a patient with chronic pain than to be able to 

understand what is happening to him, so that in this way he can make the 

best possible decision about how to face it and what steps to follow to get 

out of this vicious circle of chronic pain. For us, the most important thing is to 

show him that we understand his pain, that his pain is ALWAYS REAL." 

Validation is understood as a process in which the thoughts and feelings of one 

person are understood and legitimized by the person who listens (204). In this 

study, we intend to validate the patient’s pain, considering that in many cases 

patients with CLBP believe that others see their pain as something unreal 

(205,206). In fact, if the person does not feel validated or understood by their 

interlocutor, it may increase his levels of physiological and emotional distress 

(207). Moreover, validating the patient's pain has positive effects on an emotional 

level, and increases their adherence to treatment, something very important when 

treating patients (208). Therefore, it is important when developing interventions in 

patients with chronic pain to validate their pain by telling them their pain is always 

real.  

We have taken this validation process into account not only in this video but also in 

the development of the rest of the videos. 

After watching the video, the patient can choose one of the statements from the list 

found right below the video. Each statement links to another video with the answer 

(Table 8). 
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Table 8: Video 1 statements and links to the explanation. 

 

STATEMENTS 

 

LINK TO 

 

 Pain is always in the brain and it is the brain that 
decides whether to feel pain or not. 

 Chronic pain is no longer an alarm that indicates 
injury to the lower back. 

 The way in which our brain perceives what is 
happening will directly influence the way in which 
we move and interact with our environment. 
 

 
Video 2: Pain modulation 

 

 If I have chronic low back pain, it means that 
something is wrong in the lower back. 

 If I have a herniated disc, it is normal to have 
chronic low back pain.  

 If I had an imaging test, we would surely know 
why it hurts. 

 Having a degenerative or muscular problem in 
the lower back justifies the fact that I have 
chronic low back pain. 

 Sometimes I think my pain is not real because 
nobody can tell me why it hurts. 

 

 
Video 3: Origin and causes 

of CLBP 

 

 Although sometimes I feel stressed, stress has 
nothing to do with my low back pain. 

 It is normal to be afraid to perform certain 
activities or movements because they reproduce 
my low back pain and that makes it worse.  

 I am worried that my low back pain will get worse 
and may not be able to care for myself in the 
future. 
 

 
Video 4: What is the 

relationship between pain 
and stress? 

 

 As I have low back pain, it is better to lead a 
sedentary life. 

 Although I like it, I do not do physical activity for 
fear of worsening my low back pain. 

 I do not think that doing physical activity helps me 
to improve my low back pain. 

 
Video 5: What is the 

relationship between pain 
and physical activity? 
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2.4.5 Development of the content of video 2: Pain modulation 

Unlike other studies where similar interventions based on the PNE were evaluated, 

the basis of this video focuses on the modulation of pain. For example, the study 

by Moseley et al. (179) used a PNE focusing “solely on the nervous system.” The 

relevant topics of their PNE were “The nervous system,” “Synapses,” and 

“Plasticity of the Nervous system.” Thus, that educational material focused mainly 

on aspects of nociception and on central mechanisms such as “central 

sensitization.”  

On the contrary, when explaining chronic pain to a patient, we consider it relevant 

to give more importance to the central nervous system and, above all, to the 

descending pain modulation. In addition, to help patients better understand these 

processes, we used the model of fear-avoidance developed by Lethem in 1983 

(209). There are several reasons for using this model. Evidence has shown that 

patients with CLBP have high levels of fear-avoidance beliefs, and that fear of 

injury and pain avoidance cause disability in these patients (210,211). In addition, 

patients with CLBP have developed an altered interpretation of their chronic pain 

based on their assumption of further tissue damage and catastrophic 

consequences rather than evidence (212,213). When compared with patients with 

acute LBP whose levels of fear-avoidance beliefs decrease over time through the 

healing process, patients with CLBP exhibit persistent elevated levels of fear-

avoidance beliefs that remain unchanged (210,214,215). Therefore, the objective 

of this video is to modify the meaning that patients give to their pain. We show 

through the video that pain is in the brain, that the pain has stopped being an alarm 

meaning that something is going wrong in the periphery. In short, to modify the 

patients’ misbeliefs with regard to the meaning they give to their pain. 

The main message in this video is that "pain is in the brain." To justify this 

statement, we used the neurophysiology of pain and more specifically the 

descending modulation to show the patient that it is really the brain that makes the 

decision whether to feel pain or not. To make that decision, the brain takes into 

account not only the sensitive aspects centered in the periphery but mainly the 
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cognitive and emotional aspects that are part of the individual. Other main 

concepts developed in this video are shown in Table 9. 

Table 9: Main concepts developed in video 2. 

 
CONCEPTS 

 

   
REFERENCES 

 

 Pain is in the brain 
 

 
(108,111,112) 

 

 All stimuli travel to the brain 
 

 
(106,107,109) 

 

 Different parts of the brain work together 
to produce an answer to a given 
stimulus 

 

 
(113,114) 

 

 The response of the brain is influenced 
by personality traits, cognition and 
emotions 

 

 
(114,115,135–
139,120,123,125,130–134) 

 

 The brain can either facilitate or inhibit 
the noxious stimulus through the 
descending modulation 

 

 
(28,108,124–126,128,111,115–121) 

The information contained in the video comes from the Chapter 1.4  

“Neurophysiology of pain: pain modulation” of this thesis. For the development of 

the video script, the language was adapted for a better understanding by patients. 

In addition, the use of 2D and 3D images helps to understand the message. For 

this video, we have not produced any written material for the patients since we 

believe the message we intend to transmit is easily understandable through the 

animations and explanations of the video. 

After watching the video, the patient can choose one of the statements from the list 

found right below the video. Each statement links to another video with the 

explanation (Table 10). 
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Table 10: Video 2 statements and links to the explanation. 

 
STATEMENTS 

 

 
LINK TO 

 

 Pain is always in the brain and it is the brain 
that decides whether to feel pain or not. 
 

 
Video 3: Origin and causes of 

CLBP 
 

 Chronic pain is no longer an alarm that 
indicates injury to the lower back. 
 

 The way in which our brain perceives what is 
happening will directly influence the way in 
which we move and interact with our 
environment. 
 

2.4.5.1 Script for video 2 

During the day, we perform many activities that include the movement of the lower 

back. They are every day, normal movements that do not take the tissues to the 

maximum stretch or travel. They are safe lumbar movements that usually do not 

cause us pain. So, why do we have chronic low back pain? We could also ask 

ourselves why sometimes the same movement one day hurts and another day 

does not. Most of the time, we blame the muscles, the vertebra, the nerves, or 

perhaps the degenerative processes, or a herniated disc. However, are these 

structures the real culprits of our chronic low back pain?  

To begin with, we start from the basis that pain is multifactorial, not dependent on a 

single factor but on several. Also, pain is in the brain, always! (Concept 1) Which 

means that our brain, depending on the mood state, the personality type, our 

current situation, and the meaning we give to that situation, will decide if we feel 

pain or do not feel it (Concept 1,4). The latter can be understood by taking into 

account situations we have seen in the news or even experienced ourselves. 

These are situations in which because of an accident or as the result of a war 

injury, the person suffered serious injuries, yet did not feel pain and was able to 

rescue the members of his family from a burning car or from badly wounded 

companions in a combat situation. What does that mean? Something as simple as 
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the brain, depending on many factors, decides whether you feel pain or not 

(Concept 1,4). 

But let's go back to our video. Manuel performs activities that are normal. Your 

lower back moves or is in flexion but the stimulus that reaches the brain is very 

small, enough for you to know that your lower back is moving. But how does this 

process work? 

During the activities or movements that Manuel has been doing, the stimulus that 

occurs in the lower back is very small. To simplify it, we will call it stimulus 3. This 

stimulus 3 travels through the nerve endings to the spinal cord. There, stimulus 3 

can be combined with what we call the descending modulation (Concept 2,3). 

To understand the descending modulation, we have to see the brain not as a 

single part but as the union of different parts with different tasks that come together 

to produce an answer. These different areas related to the pain experience are as 

follows (Concept 3): 

 The somatosensory area: related to the location, quality, and duration of the 

stimulus. 

 The prefrontal area and the limbic system: related to emotions and motivational 

responses, the affective and contextual aspect of the pain experience. 

 The motor cortex: related to the motor response, to the movement. 

Returning to the spinal cord, if our brain does not perceive the situation as 

dangerous for our lower back, in the sense that we are not afraid of the movement 

and therefore do not generate a stress response, stimulus 3 (and here is where 

you should see a 0 arriving at the spinal cord) will not be affected by this 

descending modulation, and will arrive intact to the brain (Concept 2). So the brain 

will respond only to stimulus 3, which will allow Manuel to perform the movement 

without pain. But what happens if, for example, the movement that we are going to 

do causes us fear, either because we have noticed a slight discomfort or because 
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we have already had previous situations in which we have been "locked" and have 

developed a fear of almost any movement that involves our lower back? Let's see 

again our protagonist doing the same movement as before. Manuel, in this case, is 

a person who has had back pain before, so the lower back is an area that worries 

him. Any movement involving his back generates a certain fear. Moreover, if he 

can, he avoids the movement.  

But let's see what happens in your brain. The limbic zone, due to the fear produced 

by the movement, begins to generate a response, which in turn is combined with 

the response of the prefrontal cortex (Concept 3), since Manuel thinks that any 

movement involving his lower back is dangerous. In the end, the response of all 

these areas is combined to generate a high stimulus, say stimulus 16, which will 

descend through the descending modulation. This stimulus 16 will combine in the 

spinal cord with stimulus 3, which is the stimulus resulting from the movement in 

the lumbar area. Finally, the resulting stimulus will be a 19, which is the stimulus 

that will reach the brain, so Manuel’s brain, in this situation, will not respond to a 

stimulus 3, as in the previous situation, but will respond to a stimulus 19, and as a 

result it will make him feel pain (Concept 1,2,3). 

In this way, we have seen how the same situation, depending on how our brain 

interprets and processes what is happening, may or may not generate a painful 

response, regardless of whether there is joint degeneration, herniated discs, or 

muscular problems (Concept 1,4,5). This should make us think that our low back 

pain is probably no longer due to a hernia or a degenerative process of the tissues 

but to the way in which our brain perceives and interprets everything that 

surrounds our lower back. Then, in this case, the pain is no longer an alarm 

indicating that we have injured the lower back. The way in which our brain 

perceives what is happening will directly influence the way in which we move and 

interact with our environment (Concept 1,4,5). 
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2.4.6 Development of the content of video 3: Origin and causes of CLBP 

Video 3 is related to the theme "The structural/physiological alterations on the 

lower back as the cause of pain" (see Table 7). Thus, the main objective of this 

video is to dismantle the misbelief that CLBP has a single origin and a single cause 

that derives from the structural and physiological alterations of the lower back. As 

previously mentioned, these types of misbeliefs cause fear-avoidance and over 

time can result in disability. In addition, to reinforce the main message, other topics 

are addressed, such as the excess of unnecessary imaging tests, or the little 

correlation between the findings in the imaging tests and the LBP. In addition, 

messages from the first two videos like "Pain is in the Brain" or the validation of 

pain are repeated to reinforce them. Other main concepts developed on this video 

are in Table 11. For this video, we have produced written material to help the 

patients to understand the message we intend to transmit (appendix 4). 
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Table 11: Main concepts developed in video 3. 

 
CONCEPTS 

 

 
REFERENCES 

 Pain is in the brain. 
 

(108,111,112) 

 Pain is always real (validation). 
 

(204–208) 

 Pain is multifactorial. 
 

(216,217) 

 Imaging tests for CLBP are only needed 
when there is suspicion of a serious 
pathology. 
 

(31,32,218) 

 Only a small percentage of patients with 
CLBP develop functional limitations with age. 
 

(219) 

 The response of the brain is influenced by 
personality traits, cognition, and emotions. 
 

(114,115,135–
139,120,123,125,130–134) 

 Lumbar disc abnormalities do not predict the 
development of LBP and are part of the aging 
process. 
 

(219–222) 

After watching the video, the patient can choose one of the statements from the list 

found right below the video. Each statement links to another video with the 

explanation (Table 12). 
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Table 12: Video 3 statements and links to the explanation. 

 
STATEMENTS 

 

 
LINK TO 

 

 If I have chronic low back pain, it means that something 
is wrong in the lower back. 

 
Video 3.1 

 If I have a herniated disc, it is normal to have chronic low 
back pain. 

 Having a degenerative or muscular problem in the lower 
back justifies the fact that I have chronic low back pain. 
 
 

 If I had an imaging test, we would surely know why it 
hurts. 
 

 
Video 3.2 

 

 Sometimes I think my pain is not real because nobody 
can tell me why it hurts. 

 

 
Video 3.3 

2.4.6.1 Script for video 3 

Hello, I'm Professor Valenzuela and in this video we want to show you what the 

scientific evidence tells us about many of the beliefs we have about the origin and 

causes of chronic low back pain. 

Since we were little, we have been taught that pain is an alarm and that, therefore, 

when your back hurts, something goes wrong in your back. But, is it always like 

this? 

When we are hit with something or make excessive movements that affect our 

muscles and tissues, we can feel pain and in this case the pain is an alarm. Our 

brain generates pain during the time necessary for our body to avoid repeating the 

action that generated the injury and allow it to be repaired. It generally takes about 

6 weeks as all tissues tend to have healed by that time. It is what we call acute 

pain and it is in this situation that the brain generates pain to protect the area that 

is recovering (Concept 1). But what happens when the pain lasts longer than 
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established? Is this pain still an alarm? Has it failed to fulfill that protective 

function? 

Certainly, when our back hurts we would like to look inside, to have an imaging test 

done like an MRI, to see the scope of our problem and to know the reason for our 

lower back pain. What better than seeing directly what causes my back pain! On 

the other hand, scientific studies tell us that if we have a minor injury, we do not 

need to perform an imaging test because we usually know the reason for our pain 

and it will progressively heal with the help of health professionals (Concept 4). 

Unfortunately, most of the time patients with CLBP have no evidence of having 

sustained an injury; there is no evidence of any clear and precise injury 

mechanism. The pain started in a progressive way without an apparent reason and 

that is when we began to worry about the origin of our low back pain. Sometimes 

we even demand to have an imaging test, an X-ray or a MRI scan, to find the 

cause of our pain. Then, the question is, if pain is no longer an alarm, is what we 

see in the imaging test the cause of our low back pain?  

When you ask someone with chronic low back pain about the cause of his pain, he 

may give you different answers, but they all have in common that the reason for 

the pain is always in the lower back: 

 It's because of the vertebrae 

 I have a herniated disc 

 It is muscular 

 It is a pinched nerve 

 It is a degenerative problem 

 I have swelling in my lower back 

 I'm sure I have one leg longer than the other 

As you can see, there are many answers, but are any of these answers correct? Is 

there only one cause of chronic low back pain? 
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First of all, I would like you to ask yourself the following: if my back pain is really 

caused by something structural, be it the vertebra, the herniated disc, the muscle, 

or rheumatism, why are there some days that it hurts me and others it does not? 

Why the same movement or the same activity some days hurts more, others less, 

and others does not hurt at all? It would seem logical to think that if I have an 

alteration in the lower back, such as a herniated disc, I always have the hernia, 

however, some days it hurts, some others it does not, right? 

If you look at these two X-rays of the lower back, you can see that one has more 

alterations than the other. Does not it seem more logical to think that the person on 

the right has more pain than the one on the left because his lower back has more 

degenerative problems? However, it turns out that the one with more lumbar 

degeneration "experiences" less pain and this is something that often happens, 

although it seems hard to believe. 

After what we have just explained, I'm sure you are thinking: “so if it's not because 

of the problems I have in my back, why do I have chronic low back pain then?” 

Interestingly, the scientific evidence tells us that pain is MULTIFACTORIAL and 

BIOPSYCHOSOCIAL. Multifactorial refers to the fact that there is not a single 

factor that justifies the pain but many that cause and maintain this pain (Concepts 

3,6). 

The biopsychosocial aspect of pain refers to the fact that these factors that 

generate or maintain our pain are (Concepts 3,6): 

 Neurobiological. How our brain and nervous system respond to different 

situations, releasing small substances such as hormones and neurotransmitters 

that influence our behavior. This causes some people to have pain whereas 

others in the same situation do not. 

 Cognitive. How our brain perceives and interprets what happens around us. 

Each of our brains can interpret the same situation in different ways. For 

example, what for some can be a half-full glass, for others is a half-empty glass. 
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 Social or environmental. How what surrounds us, work, family, society, and so 

on could cause us stress or happiness, which directly affects us as individuals. 

We give you an example: These are Manoli and Jordi. Both are the same age and 

work in an office. Both were diagnosed a few years ago with a herniated disc 

accompanied by degenerative problems in the vertebrae. However, only Manoli 

has chronic low back pain. Instead, Jordi, with the same diagnosis, leads a normal 

life. What happened so that only one of them developed chronic pain? 

A few years ago, Manoli started to feel more low back pain than usual and began 

to worry. She had an MRI scan and was diagnosed with a herniated disc and an 

early stage of joint degeneration in the vertebrae. The herniated disc and vertebral 

degeneration seemed to be very serious things to Manoli. In fact, she thinks that 

her lower back pain started after lifting some boxes in her house, although she is 

not sure. Ever since, she has avoided lifting things or movements that involve her 

lower back because she is afraid that her "problems" in the lower back will worsen 

and will reproduce the pain. For her, the pain means that the herniated disc is 

getting worse and if she keeps going this way, she will end up undergoing surgery 

or, even worse, in a wheelchair. She has also stopped doing sports and activities 

that she likes. This lack of activity has also impacted her muscles and joints. She 

does not feel the same. 

Something similar happened to Jordi. He began to feel low back pain and had 

some medical tests done and was diagnosed the same as Manoli. However, a 

health professional explained to Jordi that a herniated disc and joint degeneration 

are a normal occurrence in humans. In fact, most of us have had an episode of low 

back pain and many of us have herniated discs without pain. So Jordi, after a few 

days of relative rest, returned to performing physical activity supervised by his 

physiotherapist. Little by little, he realized that although he had some "small 

problems in his lower back" he could continue to do the activities that he liked, 

progressively and under the supervision of his physiotherapist. 
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In this example, we can see that Manoli's interpretation of her lower back pain 

generates an attitude of overprotection. Then her brain responds by feeling pain, to 

protect her lower back, although it is NOT NECESSARY, because after a few 

weeks, the tissues have healed and there is no alarm anymore (Concepts 1,6,7).  

On the other hand, Jordi's brain interprets what happens in his lower back as 

normal, so he does not need to "overprotect" it and with time, he no longer feels 

pain with activity (Concepts 1,6,7).  

Let's go back to the scientific evidence. Recent studies tell us that all these 

alterations that we can observe in the imaging tests, such as those of Manoli and 

Jordi, are part of the natural aging process; remember that the aging process starts 

at the age of 20. In addition, these alterations increase as we get older. But what is 

more important is that the scientific evidence tells us there is no connection 

between these structural alterations in the lower back and the development of 

chronic pain (Concept 7). Manoli did not know this since no one told her. 

An interesting fact to know is that between 50 and 80% of the world population has 

suffered an episode of low back pain in their lives. However, not everyone 

develops chronic pain, although they have similar diagnoses, such as in the case 

of Jodi and Manoli (Concept 7). Surely most of us would think that as we get older 

and these alterations increase in our lower back, we should feel more pain and 

have more functional limitations. It turns out scientific studies tell us only 7% of 

older people with low back pain have functional limitations. Only 7%! Did you think 

it was more? Well, it is not! (Concept 5) 

Another interesting fact that science has found is that PAIN IS IN THE BRAIN 

(Concept 1). But do not worry, this does not mean that you are making it up, or that 

your back pain is not real. It is the opposite, PAIN IS ALWAYS REAL! It is the 

human brain that makes the decision whether to feel pain or not (Concepts 1,2). 

And more importantly, our brain makes this decision by taking into account factors 

such as our previous experience, the social and environmental aspects that 

surround us, and above all, the way our brain interprets what is happening 

(Concepts 1,3,6). 
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As you have seen in the previous example, Manoli's brain interpreted that what she 

had in her lower back was something "dangerous" and that, therefore, she should 

protect her back. Her brain generated pain, thus stopping Manoli from performing 

any activity that involved her lower back. On the other hand, Jordi's brain perceived 

what was happening in the lower back as something normal and consequently did 

not generate pain and allowed Jordi to carry on with his normal life. 

I understand that everything you have seen and been told in this video may break 

somehow with what you knew about your pain. We do not pretend you can now go 

swim or run a marathon, but we would like you to reappraise your beliefs and 

attitudes toward your lower back pain. Remember that the scientific evidence has 

shown us that having a herniated disc, a degenerative process in the vertebrae, or 

any alteration at the muscular or nerve level is normal in human beings. It is part of 

our aging process and, more importantly, it does not have to cause chronic pain, 

as there are many people with the same diagnosis and they continue having active 

and normal, pain-free lives (Concepts 5,7). 

Remember: PAIN IS ALWAYS IN THE BRAIN AND IT DEPENDS ON HOW OUR 

BRAIN INTERPRETS WHAT IS HAPPENING! (Concepts 1,2,6) 

2.4.7 Development of the content of video 4: What is the relationship 

between pain and stress? 

This video responds to the themes “The influence of the patient´s psychosocial 

aspects on the origin and maintenance of pain” and “The unawareness of the 

causes of their pain”. More specifically, the subthemes derived from the first theme 

refer to the connection of stress and emotions with pain. Patients in the qualitative 

phase recognize that stress and emotions may have something to do with their low 

back pain, but they are not sure what the connection is between them. 

Furthermore, patients also recognize that they need to know the cause of their 

pain, otherwise they feel confused and afraid of their pain. Therefore, this video 

aims to explain the connection between stress/emotions and pain, so that the 

patient can understand the importance that these two factors have in the origin and 
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maintenance of their LBP. In addition, messages from the first videos like "Pain is 

in the Brain" or the validation of pain are repeated to reinforce them. Other main 

concepts developed on this video are in Table 13. For this video, we have 

produced written material to help the patients to understand the message we 

intend to transmit (appendix 5). 

Table 13: Main concepts developed in video 4. 

 
CONCEPTS 
 

 
REFERENCES 

 

 Pain is in the brain. 
 

 
(108,111,112) 

 

 Pain is always real (validation). 
 

 
(204–208) 

 

 Pain itself can be a stress factor. 
 

 
(223) 

 

 Stress and negative emotions influence the pain 
experience. 

 
(98,137,224–227) 

 
 

 Stress promotes inflammation, which is involved in the 
origin of other diseases. 

 
 
(228–230) 
 

 

 Reducing stress and changing negative emotions and 
misbeliefs improve pain and quality of life. 
 

 
(223,231–235) 
 

After watching the video, the patient can choose one of the statements from the list 

found right below the video. Each statement links to another video with the 

explanation (Table 14). 
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Table 14: Video 4 statements and links to the explanation. 

 
STATEMENTS 

 

 
LINK TO 

 

 Although sometimes I feel stressed, stress has nothing 
to do with my low back pain. 
 

 
Video 4.1 

 

 It is normal to be afraid to perform certain activities or 
movements because they reproduce my low back pain 
and that makes it worse. 
 

 
Video 4.2 

 

 I am worried that my low back pain will get worse and 
may not be able to care for myself in the future. 
 

 
Video 4.3 

2.4.7.1 Script for video 4 

In this video, we want to show you how our low back pain is affected by stress and 

fear. To understand these processes, it is important to remember that pain is 

always in the brain and that, therefore, this pain is always real (Concepts 1,2). 

Surely, more than once you have related your stress to your pain and you have 

seen how during stressful situations you may have more pain than usual. Or, for 

example, you have anticipated your low back pain before performing a movement 

or activity; you may even have identified some movement, posture, or activity that 

you hardly perform for fear of triggering your low back pain. Is there a relation or 

connection between your low back pain and stress and/or fear? 

There are two types of stress that can influence pain. On the one hand, low back 

pain itself can be a factor that causes us stress. On the other hand, we have 

environmental or psychosocial factors related to our work, or the lack of it, family, 

friends, emotions, money, and so on; all these factors can also generate stress. So 

stress, regardless of its source, can cause our back pain to start or to hurt more 

than usual (Concepts 3,4). 
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It is important to keep in mind that many times we are not aware we are suffering 

from stress, but still stress continues to act within our body. Now, let's see what 

happens inside our body when that back pain or those environmental situations 

cause us stress that remains over time. 

When we suffer from stress, specific areas of our bodies are activated, including 

the amygdala and the hypothalamic–pituitary–adrenal axis. The amygdala, when 

activated, sends a signal to the hypothalamus that secretes a hormone called 

CRH. This hormone activates the pituitary gland, which in turn releases another 

hormone called ACTH. Finally, the hormone ACTH activates the adrenal glands 

and they release cortisol. Cortisol has very important functions in our body. It helps 

us to wake up in the morning and gives us energy if we are in a compromised 

situation and have to flee. In addition, it is a powerful anti-inflammatory that keeps 

the pro-inflammatory substances that are released in situations of stress at bay. 

The problem comes when we suffer from chronic stress, because then our body 

exhausts the cortisol and there is a situation of imbalance in which the pro-

inflammatory substances exceed the anti-inflammatory substances. This may 

produce pain or increase the pain that we already had, without having injured our 

lower back (Concept 4). 

The scientific evidence tells us that stress-induced inflammatory processes are 

involved in different diseases such as osteoporosis, fibromyalgia, low back pain, 

and sciatica. In fact, when pro-inflammatory substances are released near the 

nerve roots of the lower back, you may experience sciatic pain without nerve injury 

(Concepts 4,5). 

Let's see a practical example of what we just explained. 

Manuel is 50 years old and has had recurrent low back pain for the last 5 years. 

Each time he has an episode of low back pain, his brain, specifically the prefrontal 

cortex, gives a meaning to the pain (Concept 1). Manuel thinks that if he continues 

like this he will end up in a wheelchair and need surgery. In addition, all this makes 

him think he will have to leave his job and stop practicing his favorite sport. 
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Evidently, these thoughts make him feel scared about the future consequences of 

his low back pain. In addition, fear causes stress, and as we have seen previously, 

stress activates the amygdala, resulting in the activation of the HPA axis and the 

release of cortisol. If this situation is maintained over time, our body runs out of 

cortisol. As a consequence, we will have more pain, as there will be more 

inflammatory substances in the body (Concept 4). In addition, this fear or concern 

for our pain and its consequences causes us anxiety, resulting in an increase in the 

perception of pain and a decrease in the movements and activities that involve our 

lower back. 

It is important to understand that sometimes the cause of our back pain is not only 

in the back itself; it has to do with situations such as stress, fear, anxiety, or 

concerns (Concept 4). These factors produce changes at the neurophysiological 

level that result in the onset of pain or in an increase in the perception of pain 

(Concept 4). 

After watching this video, we would like you to think about the things you have 

stopped doing because of your low back pain and analyze the extent to which 

stress, whether caused by your low back pain or by different factors related to your 

life, may be involved with your current situation (Concepts 3,4). 

Reducing stress, concerns, and eliminating the catastrophic and incorrect thoughts 

about our low back pain will help us to improve our situation, with the result of 

being more active and having a better quality of life (Concept 6). 

2.4.8 Development of the content of video 5: What is the relationship 

between pain and physical activity? 

This video refers to the theme “Physical activity as a pain modulator” The aim of 

this video is to show patients that keeping active is better than being sedentary. It 

is also important to teach patients that there are different types of physical activity 

and that even walking can be healthy. In addition, this video shows that therapeutic 

exercise is a good tool to fight low back pain thanks to its therapeutic properties. 

Other main concepts developed on this video are shown in Table 15. For this 
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video, we have produced written material to help the patients to understand the 

message we intend to transmit (appendix 6). 

Table 15: Main concepts developed in video 5. 

 
CONCEPTS 
 

 
REFERENCES 

 

 Sedentary life is unhealthy. 
 

 
(236–241) 

 

 Sedentary life worsens the pain experience. 
 

 
(242–244) 

 

 Moderate exercise is also healthy. 
 

 
(245–247) 

 

 Therapeutic exercise improves the pain experience. 
 

 
(236,243,256–
260,248–255) 

 

 Therapeutic exercise should be supervised by a health 
professional. 
 

 
(259) 

After watching the video, the patient can choose one of the statements from the list 

found right below the video. Each statement links to another video with the 

explanation (Table 16). 
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Table 16: Video 5 statements and links to the explanation. 

 
STATEMENTS 

 

 
LINK TO 

 

 As I have low back pain, it is better to lead a 
sedentary life. 
 

 
Video 5.1 

 

 Although I like it, I do not do physical activity for fear 
of worsening my low back pain. 
 

 
Video 5.2 

 

 I do not think that doing physical activity helps me to 
improve my low back pain. 
 

 
Video 5.3 

2.4.8.1 Script for Video 5 

In this video, we want to show you how physical activity positively influences and 

helps in the treatment of chronic pain. We will also talk about the negative aspects 

derived from maintaining a sedentary life. 

More or less, we all know that having a sedentary life is not good, but to what 

extent is it not good? Both the World Health Organization and the Centers for 

Disease Control and Prevention warn us that leading a life with insufficient physical 

activity is a major risk factor worldwide for developing non-communicable diseases, 

such as cancer and diabetes, as the cause of death (Concept 1). In addition, living 

a sedentary life, apart from not reducing the symptoms of our chronic pain, 

increases the sensation of pain, increases the possibilities of generating disability, 

makes us lose strength, reduces our range of movement, and limits us physically 

as our abilities diminish (Concept 2). On the other hand, physical activity produces 

a series of beneficial effects, not only on our general health but also on our pain 

experience (Concept 4): 

 Reduces the possibility of generating disability 

 Decreases the severity and intensity of pain 

 Decreases the duration of sick leave 
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 Reduces the risk of getting sick 

 Improves cognition 

 Improves our mood 

 Improves sleep 

 Positively influences our quality of life 

 Decreases the risk of developing hypertension 

 Reduces the risk of developing cardiovascular diseases 

 Decreases the risk of developing type 2 diabetes 

 Decreases the risk of developing osteoporosis 

 Reduces the risk of developing obesity 

 Improves our Independence 

As you have seen, the list of benefits of including physical activity in our daily lives 

is long and important. In fact, scientific evidence is growing in favor of the use of 

physical activity as a treatment of chronic diseases thanks to the aforementioned 

benefits. 

Although it is clear that physical activity is beneficial in the treatment of chronic 

pain, very few health professionals prescribe it and, therefore, very few patients 

with chronic low back pain include it in their daily routines. Some of the reasons for 

not using physical activity as a treatment for chronic pain are the lack of 

information or the existence of misbeliefs, such as believing that rest is better than 

staying active. Some patients even argue they do not have time for physical activity 

or they fear that their pain will get worse. In addition, they do not know what 

physical activity to perform or what health professional should guide and supervise 

their physical activity. 

First, it is important to keep in mind that physical activity can be of low and high 

intensity. Therefore, running or swimming is considered physical activity as well as 

going for a walk (Concept 3). Many people who suffer from chronic pain lead a 

sedentary life because of their pain. Most likely, they are people who previously 

practiced some type of physical activity but stopped because of their pain. It is very 
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normal when suffering from chronic pain to be afraid of physical activity, but is that 

fear based on something real? Or, is it simply due to a lack of information? 

The scientific evidence tells us that physical activity is generally safe and that the 

possible and few side effects are temporary and can be avoided by providing the 

patient the right information and performing physical activity progressively 

(Concept 5). Moreover, the scientific evidence tells us physical activity is effective 

in the prevention of low back pain and that, especially in those patients who lead a 

sedentary life and want to start being more active, a low-intensity physical activity 

also produces benefits (Concept 4). So, you can see that physical activity is 

beneficial and safe even for those suffering from chronic low back pain. 

Now, let's see how physical activity helps our body fight chronic pain and improve 

our health. 

When we perform physical activity, even if it is of low intensity such as walking at a 

fast pace, a series of changes occur within our body that affect our general health 

and our lower back pain in particular. Performing physical activity, even if it is of 

low intensity (Concept 3): 

 Increases the heart rate 

 Increases blood pressure 

 Increases muscular activity 

These mechanisms in turn produce three very important effects for our body 

(Concept 4): 

 Analgesic effect 

 Decreased activity in the pathways that trigger pain 

 Anti-inflammatory effect 

Now we will see how each of these effects helps our body improve our chronic low 

back pain. 
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The analgesic effect occurs when our body, during physical activity, releases 

substances such as B-endorphins and growth factors. The pituitary and the 

hypothalamus release B-endorphins. When the pituitary releases them, there is a 

peripheral effect in our organism, but when they are released by the hypothalamus, 

there is an effect at the central level. In this way, when the body releases B-

endorphins, there is a decrease in pain, which is not bad, right? Instead, growth 

factors help the body to repair the tissues that may be damaged, which in turn also 

produces an analgesic effect (Concept 4). 

When we perform physical activity, our body releases different substances such as 

endocannabinoids, catecholamines, and nitric oxide. These elements force our 

nervous system to release fewer excitatory products both peripherally and at the 

level of the spinal cord, so it reduces the possibility for our brain to generate pain 

(Concept 4). 

Finally, but not least, physical activity produces a very important anti-inflammatory 

effect. This anti-inflammatory effect is generated by different mechanisms. On the 

one hand, physical activity causes our body to release a substance called IL-6, 

which in turn releases products with an anti-inflammatory effect in the body (IL-10, 

IL-1RA). In addition, physical activity reduces the mass of visceral fat in the body, 

which is very important as it decreases the release of inflammatory substances 

called adipokines. On the other hand, physical activity produces an acute stress 

effect that is beneficial for our body because there is a release of corticosteroids, 

which are substances with a very important anti-inflammatory effect (Concept 4). 

Doing physical activity helps us fight against our chronic low back pain and helps 

us have a healthier life, with a better quality (Concept 4). 

It is important to keep in mind that the intention of this video is not for you to go for 

a run right now, as it would surely be counterproductive because your body is not 

yet ready for it. Our intention is that you have enough information to start doing 

very low intensity physical activity, that you get back the active life you put aside 

because of your low back pain. You can start by simply incorporating walking into 
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your daily routine and, little by little, increasing the speed of the step. Doing this 

frequently will produce the effects we have seen before. Finally, if you want to 

increase your physical activity, as this will help you even more in the future, we 

advise you to do the following: 

 First, visit your physician to verify that your general health is adequate. 

 Second, go to your physiotherapist, as he/she is the appropriate health 

professional when it comes to prescribing and supervising physical activity in 

people with health problems. This is what we call therapeutic exercise. 

Finally, and returning to the scientific evidence, the effects of therapeutic exercise 

are more beneficial when it is tailored to the person, progresses slowly, and is 

carried out under the supervision of the appropriate health professional (Concept 

5). 

So, walking is healthy! 

2.4.9 Website development 

Staff of the Higher Polytechnic School of the University of Lleida assisted in the 

development of the website and the educational material. The website was 

developed using Drupal as a content management system. Some modules of the 

management system, including those related to questionnaires and video tutorials, 

were modified and adapted to the needs of the project. This helped to increase the 

versatility of the platform, resulting in better utilization of the majority of the systems 

(i.e., the registration modules by adding security for the available data using 

Advanced Encryption Standard, synchronization, and mass mailing modules). 

Therefore, the platform was developed to provide patients with customized tasks 

that allow them to use the metaphor of the journey (the narrative as a dynamic of 

the game) to feel that they manage their own path, which would change negative 

perceptions into positive perceptions about certain actions. At all times, the 

patients were able to choose among different information sources, such as videos 

about the origin of chronic pain, 3D representations of different neurophysiological 
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processes, and FAQs. Additionally, the patients were able to contact a specialist in 

the neurophysiology of pain by email. Furthermore, to reinforce patients’ motivation 

and participation, we implemented gamification techniques (defined as elements 

forming part of the design of video games but used in a different context) (172–

174). 

2.5 Quantitative phase 

2.5.1 Study design 

For the development of the quantitative phase of the study, the authors used a 

double-blind RCT with a parallel group design. This RCT followed the 

recommendations indicated by the Consolidated Standards of Reporting Trials 

statement (CONSORT) for the development of the structure and the performance 

of the study (261). The authors chose the RCT design because it is the gold 

standard for answering research questions related to the effectiveness of an 

intervention (262). 

2.5.2 Subjects 

The recruitment process started after the end of the qualitative phase and the 

development of the educational tool. For the selection of the sample and obtaining 

the necessary authorization to carry out the study, the authors contacted the 

management of the primary care services of the city of Lleida. Once the 

authorization was obtained, a specialist technician extracted a list of patients 

diagnosed with CLBP from the primary care ECAP database. The primary care 

physicians established the diagnosis. The list contained the data of 550 patients 

diagnosed with CLBP by their family physicians, with an age between 20 and 65 

years and of both sexes. All were attended to in the primary care centers of the city 

of Lleida in the last year.  

The authors carried out a simple random probabilistic sampling to obtain the 

sample. The PI of the study, assisted by two students in the last year of studying 

for a degree in physiotherapy, a student of the Master´s degree in research and a 

PhD student in health, contacted the patients by telephone. The patients who 
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agreed to participate in the study by telephone met with the researchers at the 

Faculty of Nursing and Physiotherapy of the University of Lleida, where they were 

informed of the study and signed the informed consent form. Prior to the signing of 

the informed consent form, a member of the research team ensured that the 

patient met the inclusion and exclusion criteria established in this study (see 

Chapter 2.2 Subjects).  

2.5.3 Randomization 

The researchers used a simple randomization technique. An external researcher 

from the Higher Polytechnic School of the University of Lleida generated the 

randomization assignment using a computer random number generator, the 

STATS® program (263), and kept the assignments on a computer assigned for this 

study that was inaccessible to the rest of the staff.  

This same external researcher, using the randomized assignment, generated 60 

codes, 30 for each group. These codes were composed of a letter and six numbers 

(U201727). Neither the participants nor the investigators responsible for enrolling 

the patients of this RCT could foresee the assignment because of the central 

allocation used for the purposes of this study. 

2.5.4 Sample size 

The sample size calculation was based on the study of Ryan et al. (180) and the 

SR of Clarke et al. (187). From these studies and taking into account other similar 

studies such as Ostelo and colleagues (264) and Furlan et al. (265), we assumed 

that pain measurement in the patients at baseline would be approximately 50 ± 18 

on a scale of 0 to 100. We assumed that a reduction of 30% (15 points) in the pain 

scale would be sufficient to be considered clinically relevant. 

Accepting an alpha risk of 0.05 and a beta risk of 0.15 (statistical power of 85%), 

using a one-sided test, and assuming a 10% withdrawal rate, it was necessary to 

include 24 subjects in each group to detect a difference greater than or equal to 15 

units (assuming a baseline distribution of 50 ± 18). We assumed there would be a 

10% withdrawal rate. We used the sample-size calculator GRANMO version 7.12. 
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2.5.5 Intervention 

Once individuals signed the consent form, they were given a code and the website 

address to access the web platform at any time from any computer or laptop until 

the end of the trial. After logging into the website, patients were asked to fill in the 

questionnaires and the demographics information.  

Once this step was completed, subjects from the control group saw a message on 

the screen asking them to follow the conventional treatment provided by their 

family physician in primary care, and they were reminded that in 2 weeks they had 

to re-access the website to again fill in the questionnaires. Subjects from the 

experimental group saw a different message requesting them to access the 

“educational tool” on the homepage of the website. Only subjects from the 

experimental group had access to the educational tool using their personal 

password. 

2.5.5.1 Experimental group 

Patients in the experimental group were asked not to take any medication or seek 

additional treatments during the study period, except to see their family physician if 

they needed to. Once the patient assigned to the experimental group accessed the 

website using his/her personal password delivered after he/she signed the 

informed consent, he/she saw a screen with general information about the website 

(Figure 6). In this same screen, the patient was able to choose different sections. 

The sections directly related to this research are: 

 Research 

 Videos 

 Experiences 

 Challenge 
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Figure 6: Initial screen 

 

2.5.5.1.1 Research 

In this section (Figure 7), the objectives of the website are explained to the patient, 

and the multidisciplinary nature of the components of the research team is also 

mentioned. Finally, at the end of this section, patients can click on the titles of 

videos 3, 4, and 5, and download in PDF format the documents that have served 

as the basis for developing these videos (see appendices 4, 5, and 6). Hence, the 

patient not only had access to the educational materials developed in the 

connection phase in video format but also had the same information in PDF format. 

This PDF format was developed only for videos 3, 4, and 5 because they were 

thought to have the most difficult content for patients to understand, and the written 

format could help them understand these contents. 
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Figure 7: Objectives of the website 
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2.5.5.1.2 Videos  

This section gave access to the educational material (videos and PDFs) developed 

in the connection phase (Figure 8). When the patient selected the “Videos section” 

he/she first watched video 1 “Presentation”. Once the patient visualized the video, 

a series of statements appeared on the screen and the patient was asked to select 

the statement related to his back pain with which he most agrees (Figure 9). At the 

same time, in the lower part of the screen, the patient could send any question to 

the computer technician in charge of maintaining the website. In the event the 

question was related to the content of the video or was related to the patient´s 

pain, the same computer technician referred the question to the pain expert, which 

was the doctoral student (Figure 10). Each statement was related to a different 

aspect of low back pain and was a hyperlink that led to a specific video connected 

to that statement. For example, if the patient had clicked on the statement "If I have 

chronic low back pain, something is wrong with my lower back", a new screen 

would have appeared with video 3 “Origin and causes of CLBP.” In this way, we 

used gamification through personalized tasks that allowed the patient to use the 

metaphor of the trip (the narrative as a game dynamic) to feel that he/she was 

managing his/her own path. In addition, once the patient saw the video to which 

he/she was directed, a series of statements related specifically to that video 

appeared to verify that he/she understood its content. For example, if the patient 

had watched video 3 "Origin and causes of CLBP", he/she would have seen a 

series of statements related to the content of that video (Figure 11). In this way, the 

patient would have been re-sent to a specific video related to the selected 

statement. To see the relationship between the videos and their respective 

statements, see Table 8, Table 10, Table 12, Table 14, and Table 16. 
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Figure 8: Screen video 1 

 

Figure 9: Screen video 2 

 

 

 

 



 126 

Figure 10: Questions screen 

 

Figure 11: Statements video 3 

 

Specific cuts were made of videos 3, 4, and 5, so that 9 short videos were 

generated to respond in a more specific way to the statements selected by the 

patients after watching videos 3, 4, and 5. 

Therefore, patients assigned to the experimental group could not directly access a 

specific video based on the topic of preference (stress, physical activity, etc.). The 

only way to access each of the main videos was by first visualizing video 1 

"presentation" and then selecting the statement that best corresponded to the LBP 

of the patient. If the patient did not select any of the statements corresponding to 

the last video watched, he could select "NONE OF THE ABOVE" and go back and 
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choose any of the statements related to the previous video (Figure 12). Therefore, 

each patient of the experimental group watched the videos in a certain order that 

depended on the statement selected at each moment. Thus, each patient followed 

a different and personalized path thanks to the gamification of the website. 

Figure 12: "None of the above" 

 

2.5.5.1.3 Experiences 

In this section, any patient could post his/her pain experience to be seen by other 

patients with the aim of helping each other (Figure 13). 
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Figure 13: Adding experiences 

 

2.5.5.1.4 Challenge 

The challenge is a gamification format where the game is used as a dynamic 

learning tool. In this case, the challenge served to reinforce and insist on some of 

the messages contained in the videos for the patient to retain them. 

The challenge was the Hangman game and was developed by a student of the last 

course of the computer engineering degree as part of his final degree project. The 

original idea of the challenge came from the doctoral student and the engineering 

student was responsible for the technical development. 

The challenge was accessed from the website by clicking on the top right (Figure 

14). The first time a patient accessed the site, they were asked to enter a nickname 
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and a password that may be the same as that provided when they entered the 

study (Figure 15). Once they accessed the challenge, the patient was asked to 

drag each of the images found on the left and place them in the boxes on the right. 

The images were as follows: 

 Walk 15 minutes 

 Climb stairs 

 Lift weight 

 Ride a bicycle  

 Walk 30 minutes 
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Figure 14: Challenge 

 

 

 

Figure 15: Log in to the challenge 
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Each box on the right had a phrase on its bottom. These phrases were as follows: 

 It is impossible for me to do it because of my pain. 

 I could do it but I would have a lot of pain. 

 I can do it but with difficulty. 

 I can do it but I would have some discomfort. 

 I think I can do it although I would have some discomfort. 

The boxes were ordered according to the ability of the patient to perform the 

activities of the images taking into account their lower back pain. Once the patient 

had placed each image in a box, he had to select "I'm ready". At that moment, a 

new screen appeared with the image that the patient selected as "it is impossible 

for me to do it because of my pain". On the left of the screen there was the box 

where the hangman was outlined as the patient failed the challenge. The patient 

had to select the letters from the keyboard at the bottom of the screen. As the 

patient selected the right words, the phrase appeared at the top of the screen 

(Figure 16). In addition, on the upper side there was a progress bar where the 

patient was able to visualize his/her evolution. The patient had three lives to 

discover the hidden phrase. There were four hidden phrases: 

 Pain is always in the brain and, therefore, pain is always real. 

 There is no relationship between these alterations in the lower back and the 

development of chronic pain. 

 The inflammatory processes derived from the stress are involved in different 

ailments such as low back pain and sciatica. 

 Performing physical activity produces a series of beneficial effects, not only on 

our general health but also on our pain. 
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Figure 16: The hidden phrase 

 

As can be observed, the four phrases were related to the messages contained in 

the educational material. Once the patient had successfully completed the 

challenge, he/she was awarded a diploma as "Pain Expert" (Figure 17).  

As mentioned above, the aim of the challenge was to reinforce to the patient the 

important messages derived from the educational material through a game 

dynamic. 
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Figure 17: Pain expert certificate 

 

2.5.5.2 Control group 

Patients in the control group were asked to follow the conventional treatment 

provided by their family physician in primary care. They were also asked not to 

seek any additional treatments during the study period, except to see their family 

physician in case they needed to. The treatment followed by the control group was 

based on the CGL (30). 

2.5.6 Study variables 

For all the variables used in this study, whenever possible, the minimal clinically 

important difference (MCID) to be detected was established. Jaeschke et al. (266) 

defined MCID as ‘‘the smallest difference in a score of a domain of interest that 

patients perceive to be beneficial and would mandate, in the absence of 

troublesome side effects and excessive costs, a change in the patients’ 

management.” Therefore, the MCID serves to establish if the differences detected 

between groups should be considered clinically important. 
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2.5.6.1 Pain intensity 

2.5.6.1.1 Visual Analogue Scale (VAS) 

This scale was developed by Huskinson in 1976  as a method to measure pain 

intensity (267). VAS is an easy, simple, and reproducible tool that can be used by 

the same patient on multiple occasions. The scale consists of a 10 cm line with a 

description on both extremes. “No pain” is on the far left and “worst pain ever” is on 

the far right of the scale. For some authors, VAS is the most sensitive 

measurement in clinical pain research (267–269). The MCID for the VAS has been 

established in 2 points (when scoring range goes from 0-10), or 15 points (when 

scoring range goes from 0-100) (264,270) (appendix 7). 

2.5.6.2 Cognition 

2.5.6.2.1 Fear-Avoidance Beliefs Questionnaire (FABQ) 

The FABQ is a self-reported questionnaire that consists of 16 items about the 

beliefs of LBP patients regarding the influence physical activity and work have on 

their pain. Each item can be scored from 0 (totally disagree) to 6 (totally agree) 

(271,272). The total score ranges from 0 to 96, with a higher value meaning a 

higher degree of fear-avoidance beliefs. The FABQ is divided into two subscales. 

The work subscale reflects fear-avoidance beliefs about work. The physical 

subscale reflects fear-avoidance beliefs about physical activities (271–273). The 

Spanish version of the FABQ has demonstrated good reliability (273). To the best 

of our knowledge, the MCID for the FABQ has not yet been established (appendix 

8). 

2.5.6.2.2 Tampa Scale for Kinesiophobia (TSK-11)  

The TSK was originally developed by Kori et al. and Miller et al. in the early 1990s 

(274). The original scale consisted of 17 items, each one provided with a 4-point 

Likert scale (275). This scale is widely used in pain medicine to assess pain-related 

fear. In 2005, the original TSK scale was revised by Woby et al. (274), concluding 

that a shortened version (TSK-11) still had similar psychometric properties but with 
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the advantage of brevity. The total score of the TSK-11 ranges from 11 to 44 

points, with higher scores indicating greater fear of re-injury due to movement 

(276). The Spanish format has 11 items, with each score ranging from 1 (totally 

disagree) to 4 (totally agree). The Spanish version of the TSK is easy to use, 

reliable and valid (272). The MCID for the TSK-11 has been estimated at 5.9 points 

(274,276) (appendix 9). 

2.5.6.3 Disability 

2.5.6.3.1 Roland–Morris Questionnaire (RMQ) 

This is a self-reported questionnaire developed by Roland and Morris in 1983 (277) 

for assessing function and disability. It is an easy instrument for patients with 

scores ranging from 0 (no disability) to 24 (severe disabled). Each positive answer 

equals 1 point. A change of 4 or more points is considered clinically important 

(180,278). The RMQ is reliable, valid, and adequate to assess disability in patients 

with LBP (180,278,279), and the Spanish version has been successfully validated 

(279) (appendix 10). 

2.5.7 Data collection 

The intervention lasted for two weeks, and variables were measured pre- and post-

test. The researchers based the duration of the intervention on the study of Keulers 

et al. (163), which had similar characteristics. An external researcher from the 

Higher Polytechnic School of the University of Lleida was responsible for the 

maintenance of the website. Moreover, this external researcher kept the data from 

the subjects and the questionnaires used in this study in the laptop employed for 

this study. Once individuals signed the consent form, they were given a password 

to access the web platform at any time from any computer or laptop until the end of 

the trial. After logging into the website, patients were asked to fill in the 

questionnaires. Once this step was completed, subjects from the control group saw 

a message on the screen asking them to follow the conventional treatment 

provided by their family physician in primary care, and they were reminded that in 2 

weeks’ time they had to re-access the website to again fill in the questionnaires. 
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This treatment was based on the CGL (30). Subjects from the experimental group 

saw a different message requesting them to access the “educational tool” on the 

homepage of the website. Only subjects from the experimental group had access 

to the educational tool using their personal password.  

Both groups of subjects received two email messages during the study (one 2 days 

before the end of the study and the second one the last day) to remind them to fill 

out the questionnaires again. Ultimately, patients who after the deadline had not 

responded to the questionnaires were contacted by phone and sent WhatsApp 

messages reminding them to fill out the questionnaires. 

2.5.8 Statistical analysis 

The statistical analysis was carried out with the statistical program SPSS v24, 

using the per-protocol analysis with an alpha of 0.05. Quantitative variables were 

described using the mean, standard deviation (SD), standard error (SE), median, 

and interquartile range. Sociodemographic baseline characteristics were compared 

between groups by using the student t-test for continuous data and chi-square 

tests of independence for categorical data. 

To answer the research question the authors used the two-way mixed ANOVA to 

determine whether there was an interaction effect between the two independent 

variables, treatment (control and experimental) and time (pre- and post-test). Data 

was assessed for outliers, normality and homogeneity of variances. As the study 

sample was less than 50 subjects, the Shapiro–Wilk normality test was used. To 

determine the homogeneity of variances the authors used the Levene´s test of 

equality of variances. The data was transformed if it was not normally distributed or 

the variances did not have homogeneity. 

The MD with 95% CI was calculated to analyze continuous outcomes. We used the 

partial Eta Squared (η2) as a measure of the effect size. We considered a partial η2 

> 0.009 as a small effect size, partial η2 > 0.058 as a medium effect size, and 

partial η2 > 0.137 as a large effect size (47,280). 
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2.6 Ethical issues 

This thesis follows the Declaration of Helsinki and the “Guidelines for Good Clinical 

Practice” (CPMP/ICH/135/95) and has been approved by the Ethical Committee of 

Clinical Research in Primary Care IDIAP in Catalonia, Spain (P14/138) (appendix 

11). 

Because the intervention does not involve any physical activity/intervention, it was 

not expected to have any physical side effects. Patients in the experimental group 

were advised to contact their family physician if they experienced any physical 

problems or worsening of their condition. Additionally, all subjects in the 

experimental group were able to contact the author through the website, the email 

address, or by telephone. All patients volunteered to participate in the study. 

Before signing the informed consent forms, the patients were informed about the 

characteristics and objectives of the study and were given the opportunity to ask 

any kind of question related to the study. 
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 Chapter 3: Results 
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3.1 Recruitment and flow of participants 

The patient recruitment period was carried out for one year, between September 

2017 and September 2018. For the recruitment, and after receiving authorization 

from the board of the primary care in Lleida, the authors used a patient list 

extracted by an expert technician from the ECAP database of the primary care 

service of Lleida. The list contained the data of 550 patients diagnosed with CLBP 

by their family physicians, with ages between 20 and 65 years and including both 

genders. All visited the primary care centers of the city of Lleida within the last 

year.  

The PI of this project, supported by volunteer staff of the Faculty of Nursing and 

Physiotherapy of the University of Lleida, made telephone calls to contact patients 

who were offered the opportunity to participate voluntarily in the study. Of the total 

of 550 patients, 20 were excluded because they did not meet the inclusion criteria, 

one was excluded because of the red flags described in the exclusion criteria, 278 

declined to participate in the study, and 203 did not answer the telephone calls. 

Finally, 48 patients volunteered to participate in the study.  

After the randomization process of the 48 patients in the sample, the researchers 

assigned 26 patients to the experimental group and 22 to the control group, as 

described in Section 2.5.3 Randomization. Of the 48 patients, 44 completed the 

pre- and post-test questionnaires and only four patients (8%) did not complete the 

post-test questionnaires, two from the experimental group and two from the control 

group. Three days before the end of the intervention, an email was sent to all the 

participants, reminding them that they had to complete the questionnaires again. 

One week after the end of the intervention, the authors tried to locate the patients 

who had not yet completed the questionnaires by telephone, email, and WhatsApp 

message to remind them do so. Four did not answer, so the reasons they did not 

complete the post-test questionnaires are unknown (see Figure 18). 
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Figure 18: Flow diagram 
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3.2 Baseline characteristics 

The baseline characteristics were collected from the 48 patients who formed the 

sample before being randomized, and are presented in Table 17. At the baseline, 

there were no statistically significant differences between the two groups for any of 

the sociodemographic variables. The mean ages of patients in both groups were 

similar, 47.04 (SD 11.11) years in the experimental group and 45.73 (SD 8.81) in 

the control group.  

Of the 48 patients in the sample, 28 were women (58%) and 20 were men (42%). 

At the group level, the proportion of women in the experimental group was 61% 

and that of the control group was 54%. As for men, their percentage was 46% in 

the control group and 39% in the experimental group.  

At the work level, 11 patients (23%) of the total sample were out of work because 

of their LBP, and 4 (8%) received a disability allowance. In the experimental group, 

19% of patients were out of work and 8% received a disability allowance. In the 

control group 27% of patients were out of work and 9% receiving a disability 

allowance.  

At the medication level, 33 patients (69%) took medication for their CLBP, whereas 

15 patients (31%) were not taking medications at the time of the intervention. In the 

control group, 72% of the patients took medication for their CLBP, whereas in the 

experimental group, it was 65% of patients.  

Finally, 26 patients (54%) claimed to have sleep disturbances. In the experimental 

group, 46% of patients claimed to have sleep disturbances, whereas in the control 

group it was 63%. 
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Table 17: Baseline characteristics 

  Experimental 

group  

(n = 26) 

Control 

group  

(n = 22) 

Total 

(n = 48) 

p value 

 

Age* 

 

  

47.04 (11.11) 

 

45.73 (8.81) 

 

46.85 (9.62) 

 

0.462
b
 

Gender Female 

Male 

 

16 (61) 

10 (39) 

12 (54) 

10 (46) 

28 (58) 

20 (42) 

0.624
a
 

Working 

status 

Active 

Not active 

 

21 (81) 

5 (19) 

16 (73) 

6 (27) 

37 (77) 

11 (23) 

0.546
a
 

Disability 

benefit 

 

Yes 

No 

2 (8) 

24 (92) 

2 (9) 

20 (91) 

4 (8) 

44 (92) 

0.861
a
 

Medication Yes 

No 

 

17 (65) 

9 (35) 

16 (72) 

6 (28) 

33 (69) 

15 (31) 

0.584
a
 

Sleep 

disturbances 

Yes 

No 

12 (46) 

14 (54) 

14 (63) 

8 (37) 

26 (54) 

22 (46) 

0.226
a
 

Values are numbers (%) unless stated otherwise. *Mean (SD). 
a
Analysed by the chi-squared test. 

b
Analysed by 

the student t-test. 

3.3 Primary outcome 

The main outcome in this study was pain intensity measured with a 0–100 VAS 

scale. The measurements were taken on-line pre- and post-test, before the start of 

the intervention and after 15 days (Table 18, Table 19, and Table 20). 

3.3.1 Pain intensity 

A two-way mixed ANOVA was conducted to examine the effects of time and 

treatment on pain intensity. Outliers were assessed by inspection of a boxplot, 

normality was assessed using Shapiro-Wilk's normality test for each cell of the 

design and homogeneity of variances was assessed by Levene's test. There were 

outliers, pain intensity was not normally distributed (p < 0.05) and there was 

homogeneity of variances. Therefore, transformation of data for all groups was 

carried out using a square root transformation, creating a new variable. This new 

variable was assessed again and was normally distributed (p > 0.05) and there 

was homogeneity of variances (p > 0.05).  
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There was no statistically significant interaction between treatment and time on 

pain intensity, F(1, 42) = 0.847, p = 0.363, partial η2 = 0.020. Therefore, an 

analysis of the main effect was performed for treatment and time. The main effect 

for treatment was not statistically significant, F(1, 42) = 1.055, p = 0.310, partial    

η2 = 0.025. The main effect for time was not statistically significant, F(1, 42) = 

1.037, p = 0.314, partial η2 = 0.024.  

3.4 Secondary outcomes 

There were three secondary outcomes: fear-avoidance beliefs, kinesiophobia, and 

disability (Table 18, Table 19, and Table 20). 

3.4.1 Fear-avoidance beliefs (FABQ) 

A two-way mixed ANOVA was conducted to examine the effects of time and 

treatment on fear-avoidance beliefs. There were outliers, residuals were normally 

distributed (p > 0.05) and there was homogeneity of variances (p > 0.05). Outliers 

were included in the analysis and the results were compared with the results of the 

two-way ANOVA without the outliers showing that the results were essentially the 

same. 

The interaction effect between time and treatment on fear-avoidance beliefs was 

statistically significant, F(1, 42) = 4.516, p = 0.040, partial η2 = 0.097. Therefore, an 

analysis of the simple main effects was performed for treatment and time. All 

pairwise comparisons were run where reported 95% confidence intervals and       

p-values are Bonferroni-adjusted. For the experimental group, fear-avoidance 

beliefs were statistically significantly reduced at post-test compared to pre-test  

(MC -10.95; CI 95% –20.76 to -1.15; η2 = 0.18; p = 0.03). For the control group, 

fear-avoidance beliefs were not statistically significantly reduced at post-test 

compared to pre-test (MC 2.35; CI 95% –5.65 to 10.35; η2 = 0.19; p = 0.54). 
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3.4.2 Kinesiophobia (TSK-11) 

A two-way mixed ANOVA was conducted to examine the effects of time and 

treatment on kinesiophobia. There were no outliers, residuals were normally 

distributed (p > 0.05) and there was homogeneity of variances (p > 0.05).  

The interaction effect between time and treatment on kinesiophobia was 

statistically significant, F(1, 42) = 5.388, p = 0.02, partial η2 = 0.114. Therefore, an 

analysis of simple main effects was performed for treatment and time. All pairwise 

comparisons were run where reported 95% confidence intervals and p-values are 

Bonferroni-adjusted. For the control group, kinesiophobia was not statistically 

significantly different between pre-test and post-test (MC 0.95; CI 95% –1.22 to 

3.12; η2 = 0.18; p = 0.37), but for the experimental group, kinesiophobia was 

statistically significantly reduced at post-test compared to pre-test (MC -1.91; CI 

95% –3.41 to -0.42; η2 = 0.23; p = 0.014).  

3.4.3 Disability (RMQ) 

A two-way mixed ANOVA was conducted to examine the effects of time and 

treatment on disability. There were outliers, disability was not normally distributed 

(p < 0.05) and there was homogeneity of variances (p > 0.05). Therefore, 

transformation of data for all groups was carried out using a square root 

transformation, creating a new variable. This new variable was assessed again and 

was normally distributed (p > 0.05).  

The interaction effect between time and treatment on disability was statistically 

significant, F(1, 42) = 4.379, p = 0.04, partial η2 = 0.09. Therefore, an analysis of 

simple main effects was performed for treatment and time. All pairwise 

comparisons were run where reported 95% confidence intervals and p-values are 

Bonferroni-adjusted. Disability was statistically significantly lower in the 

experimental group post-test compared to the control group (MD -4.1; CI 95% -

7.53 to -0.68; η2 = 0.11; p = 0.023). This represents a medium effect size. For the 

experimental group, disability was not statistically significantly different between 

pre-test and post-test (MC -0.16; CI 95% –0.52 to 0.19; η2 = 0.03; p = 0.35), but for 
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the control group disability was statistically significantly greater at post-test 

compared to pre-test (MC 0.33; CI 95% 0.01 to 0.65; η2 = 0.19; p = 0.044).  

 

Table 18: Results control group 

Control group (n = 20) 

Outcome Pre 

Mean (SD) 

Post 

Mean (SD) 

p value 

VAS (O-100) 44.5 (15.38) 52.5 (20.74) 0.226 

FABQ (0-96) 42.3 (17.81) 44.65 (18.21) 0.546 

TSK-11 (11-44) 28.3 (6.62) 29.25 (7.08) 0.372 

RMQ (0-24) 7 (3.71) 9.4 (6.31) 0.044* 

*Statistically significant difference. VAS: Visual Analogue Scale. FABQ: Fear-
Avoidance Beliefs Questionnaire. TSK-11: Tampa Scale for Kinesiophobia. RMQ: 
Roland-Morris Questionnaire 

 

 

Table 19: Results experimental group 

Experimental group (n = 24) 

Outcome Pre 

Mean (SD) 

Post 

Mean (SD) 

p value 

VAS (0-100) 43.54 (23.88) 44.58 (27.85) 0.940 

FABQ (0-96) 47.7 (24.62) 36.75 (21.55) 0.030* 

TSK-11 (11-44) 29.58 (6.12) 27.66 (6.67) 0.014* 

RMQ (0-24) 6.25 (5.04) 5.29 (4.95) 0.356 

*Statistically significant difference. VAS: Visual Analogue Scale. FABQ: Fear-
Avoidance Beliefs Questionnaire. TSK-11: Tampa Scale for Kinesiophobia. RMQ: 
Roland-Morris Questionnaire 
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Table 20: Comparative results 

Results (n = 44) 

Outcome Group Mean change 

 (SE) 

 

Mean difference  

(95% CI) 

Effect 

size 

p value 

VAS  

(0-100) 

 

Control (20) 

Experimental (24) 

8.00 (5.05) 

1.04 (4.61) 

-7.91 (-23.12 to 7.29) 0.036 0.217 

FABQ  

(0-96) 

 

Control (20) 

Experimental (24) 

2.35 (4.62) 

-10.95 (4.22) 

-7.9 (-20.18 to 4.38) 0.039 0.202 

TSK-11 

(11-44) 

 

Control (20) 

Experimental (24) 

0.95 (0.91) 

-1.91 (0.83) 

-1.5 (-5.77 to 2.61) 0.014 0.450 

RMQ  

(0-24) 

Control (20) 

Experimental (24) 

2.40 (1.01) 

-0.95 (0.92) 

-4.1 (-7.53 to -0.68) 0.117 0.023* 

*Statistically significant difference. VAS: Visual Analogue Scale. FABQ: Fear-Avoidance Beliefs 

Questionnaire. TSK-11: Tampa Scale for Kinesiophobia. RMQ: Roland-Morris Questionnaire. Partial 
eta squared, F and p-values were calculated using a two-way mixed ANOVA. 
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 Chapter 4: Discussion 
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4.1 Overview of the main study findings 

The primary outcome of this study was to evaluate the effects of a biopsychosocial 

pain education (BPE) web-based intervention for chronic low back pain based on 

pain intensity compared to conventional care, with the secondary outcomes of fear-

avoidance beliefs, kinesiophobia, and disability. The results of this study suggest 

that the use of a BPE intervention based on a web platform offers not statistically 

significant results on pain intensity, fear-avoidance beliefs, and kinesiophobia when 

compared with the conventional treatment provided by the primary care physician. 

However, the use of a BPE intervention based on a web platform offers statistically 

significant results on disability when compared with the conventional treatment 

provided by the primary care physician (see Table 20).  

4.2 Comparison with other studies  

The comparison of the results of our study with other similar studies is difficult 

considering that this is the first study with CLBP in which a PNE was developed 

using a web platform for implementation instead of the traditional face-to-face 

educational interventions (in one-on-one or group formats).  

Even so, the authors have tried to compare the results extracted in this research 

with other studies that address the same topic (all of them RCTs), for which they 

have been divided into two groups. A first group of studies that used the PNE as an 

independent variable in patients with CLBP (Table 21), and a second group of 

studies that used web-based educational interventions for CLBP (Table 22).  

It is important to point out, as already mentioned above, that none of the RCTs 

based on the PNE used a mixed-methods design nor did they use a website for 

implementation. Related to the effectiveness of the PNE, Tegner et al. (86) 

conducted a SR comparing the PNE to placebo, no treatment, waiting list, or other 

control interventions, and pharmacological treatments and concluded that there 

was moderate evidence that PNE had a small to moderate effect on pain in the 

short term; low evidence of a small to moderate effect on disability in the short 

term; and of small to moderate effect of pain and disability at a 3 month follow-up.  
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Regarding web-based studies, none were based on the PNE. However, three of 

these studies (281–283) used cognitive and behavioral therapy (CBT) as the 

educational intervention. Several SRs have addressed this issue recently. Bender 

et al. (161) concluded that Internet-based interventions were promising for the 

treatment of pain. Garg et al. (162) conducted a different SR to determine which 

web-based interventions were of benefit to CLBP patients, concluding that only 

online CBT showed some promising benefits in reducing catastrophization.  

Regarding the duration of the interventions, it is important to note that only the 

studies by Moseley et al. (179) and Téllez-García et al. (185) had a duration that 

was similar (2 and 3 weeks, respectively) than that in our study. The study by 

Moseley et al. (179) was carried out in Australia and had a sample of 58 subjects 

that were divided into two groups. The experimental group received individual 

educational sessions on neurophysiology of pain, whereas the control group 

received education based on the anatomy and physiology of the lumbar spine in 

addition to ergonomics advice, principles of stretching, and fitness training. The 

duration of the intervention was 2 weeks. Téllez-García et al. (185) carried out their 

study in Spain with a sample of 12 subjects. The authors randomized the patients 

into two groups. One group had trigger point dry needling alone, and the other 

group had the same intervention combined with neuroscience education. The 

intervention had a duration of 3 weeks.  

Taking into account the number of subjects in our study (n = 48), only the studies 

by Téllez-García et al. (185), Wälti et al. (184), and Ryan et al. (180), had a lower 

sample. Wälti et al. (184) carried out a study in Switzerland with a sample of 28 

subjects who were randomized into two groups. The control group received the 

usual physiotherapy treatment while the experimental group received a multimodal 

treatment consisting of patient education on the neurophysiology of pain combined 

with sensory and motor retraining. The study by Ryan et al. (180) was performed in 

Scotland with a sample of 38 subjects randomized into two groups. One group 

received pain biology education whereas the other was given the same patient 

education plus exercise classes. The duration of the intervention was 6 weeks. 
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Finally, the study by Téllez-García et al. (185), explained above, had a sample of 

12 subjects. This small sample number may reflect the complexity of recruiting 

patients for studies, as occurred in our study in primary care. 

4.2.1 Pain intensity 

In our study, both the experimental group (MC 1.04) and the control group (MC 8) 

showed not statistically significant differences (p = 0.217) (see Table 20).  

These results are in contrast to the literature, as in all the comparable studies (see 

Table 21 and Table 22) the experimental group always obtained a decrease in pain 

intensity. However, this improvement in the experimental group was only significant 

in five of the studies that used the PNE (84,175,180,184,186), and in only one of 

the web-based studies (153). If we analyze the studies that obtained significant 

results in pain intensity, it is observed that the studies of Bodes et al. (186), Pires 

et al. (84), Wälti et al. (184), and Moseley (175) did not use the PNE in isolation but 

used it in combination with another intervention. For example, the study by Bodes 

et al. (186) conducted in Spain with a sample of 56 subjects compared a control 

group (MC 3) that performed therapeutic exercise with an experimental group (MC 

-5.2) that had the same intervention combined with PNE. The study by Pires et al. 

(84) compared aquatic exercise alone (MC -14.8) with the same aquatic exercise 

plus PNE (MC -22.8). This study was carried out in Portugal with a sample of 62 

subjects and a duration of 6 weeks. Wälti et al. (184) used an experimental group 

(MC -2.14) in which a multimodal treatment was applied, which included a PNE, 

compared to usual physiotherapy (MC -0.69). Similarly, Moseley (175) used the 

PNE along with physiotherapy (MC -2.9) and compared it to a group in which they 

only received physiotherapy treatment (MC -1.4). This study was carried out in 

Australia with a sample of 57 subjects and a duration of the intervention of four 

weeks. However, only the study by Ryan et al. (180) used the PNE in isolation (MC 

-30.9), obtaining significant results in pain intensity (p = 0.025), compared to the 

group in which the PNE plus exercise was performed (MC -4.2).  
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In reference to the web-based studies, only the study by Lorig et al. (153) obtained 

significant results (p = 0.002). The number of subjects in this study (n = 580) was 

much higher than the rest of web-based studies in which the improvement in pain 

intensity was not significant (281–286). Lorig et al. (153) carried out their study in 

the United States, where they randomized the study subjects into two groups, a 

control group (MC -1.02) that received a subscription to a non-health-related 

magazine of their choice and an experimental group (MC -1.50) that consisted of a 

closed, moderated, e-mail discussion group. Subjects in the experimental group 

also received a book and a videotape about back pain.  

It could be argued that 2 weeks of an educational intervention is not enough to 

significantly change pain intensity. In fact, in the study by Téllez-García (185) 

where the intervention lasted 3 weeks, the results obtained with respect to pain 

intensity were not statistically significant, which could indicate that the duration of 

the intervention should be longer than 3 weeks. However, the results of these 

authors have to be taken with caution as the authors did not calculate the sample 

size. Considering the results of these authors and accepting an alpha risk of 0.05 

in a two-sided test with 6 subjects in each group, the statistical power is 10% for 

the variable pain intensity. The latter suggests that the authors could have 

committed a type 1-β error, and their results may have been significant if the 

sample were increased (287).  

On the other hand, and taking into account the characteristics of the studies that 

obtained significant results in this variable, it could be argued that the PNE could 

obtain better results on pain intensity if used in conjunction with another 

intervention different from exercise and that using a web platform is not a 

differentiating factor. 

4.2.2 Fear-avoidance beliefs 

In our study, both the experimental group (MC -10.95) and the control group (MC 

2.35) showed not statistically significant differences (p = 0.202) (see Table 20). 

However, the within-subjects analysis showed that for the experimental group fear-
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avoidance beliefs were statistically significantly reduced at post-test compared to 

pre-test (MC -10.95; p = 0.030) (see Table 19). 

Of all the studies analyzed in this discussion, only three of them evaluated the fear-

avoidance beliefs. The study by Wälti et al. (184) using the PNE combined with 

sensory and motor training obtained results similar to those of our study (p > 0.05). 

Related to the web-based interventions, the study by Chiauzzi et al. (283), 

conducted in the United States with a sample of 228 subjects, the experimental 

group that used a website based on CBT and self-management principles also 

obtained not statistically significant differences (p > 0.05) compared to the control 

group that used a back-pain guide. However, the study by Carpenter et al. (281), 

conducted in the United States with a sample of 141 subjects, the experimental 

group (MC -1.1) that had an online CBT intervention showed significantly better 

results (p < 0.001) compared to the wait-list control group (MC -0.9) on the FABQ-

physical activity. On the FABQ-work not statistically significant differences were 

found. 

Therefore, only the online CBT intervention showed statistically significant results 

when compared to a wait-list control group. When the CBT intervention was 

compared to a more robust control group (back-pain guide) the results obtained 

were not statistically significant.  

4.2.3 Kinesiophobia 

In our study, both the experimental group (MC -1.91) and the control group (MC 

0.95) showed not statistically significant differences (p = 0.450) (see Table 20). 

However, kinesiophobia in the experimental group was statistically significantly 

reduced at post-test compared to pre-test (MC -1.91; p = 0.014), although this 

difference was not clinically relevant (see Table 19). 

These results are similar to those obtained by other studies in which the PNE was 

used (84,180), although only the studies of Bodes et al. (p < 0.001) (186) and 

Téllez-García et al. (p < 0.05) (185) obtained a statistically significant improvement.  
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What is more difficult to find out is the reason why the studies by Bodes et al. (186) 

and by Téllez-García et al. (185) obtained statistically significant differences in 

comparison to the rest of the studies. It could be argued that the fact of combining 

the PNE with therapeutic exercise (MC -12.6) (186) or trigger point-dry needling 

(MC -17.7) (185) would offer better comparative results. However, the studies by 

Pires et al. (84) and Ryan et al. (180) also combine PNE with aquatic exercise (MC 

-1.7) and exercise classes (MC -3.9), respectively, and their comparative results 

were not statistically significant.  

Having a small sample is not a differentiating fact because the study by Téllez-

García et al. (185) has the smallest sample (n = 12) of all the studies analyzed in 

this discussion, and still obtained the same significant results as the study by 

Bodes et al. (186) with a sample of 56 subjects. In fact, the study by Téllez-García 

et al. (185) is the one that showed the most improvement (MC -12.7) compared to 

the study by Bodes et al. (186) (MC -8.5). These two studies differ from our study 

in the type of sample, which could explain the different results. Bodes et al. (186) 

obtained their sample from private clinics, whereas the sample of Téllez-García et 

al. (185) was formed by patients who had been referred to physiotherapy by their 

physician. However, the sample from our study came from a list of patients with 

CLBP from primary care. Although the sample of the two previous studies could be 

said to be of patients actively seeking a solution to their pain, the patient in our 

sample is a patient who, perhaps because of his/her low disability score at 

baseline, does not have the immediate need to alleviate his/her pain nor the 

expectation of improvement that the subjects of the other two studies could have. 

The pre-test mean kinesiophobia scores in our study for the control and 

experimental group were 28.30 (SD 6.62) and 29.58 (SD 6.12) respectively. 

However, in the study by Téllez-García et al. (185) the pre-test mean scores for the 

kinesiophobia outcome were 43.3 (SD 5.9) for the control group, and 41.5 (SD 6.2) 

for the experimental group. These higher scores may represent a troublesome 

ceiling effect (288). In addition, a possible positive expectation toward pain may 

have activated the descending modulatory pain system, inhibiting nociception 

(115,132), which may explain in part the difference of results with our study.  
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Regarding the use of web-based educational interventions, none of the studies 

found assessed kinesiophobia. These data are relevant if one takes into account 

that this study and four of those that use the PNE assessed kinesiophobia 

(84,180,185,186). In line with Gregg et al. (289), it could be argued that the 

assessment of kinesiophobia using the TSK does not offer any predictive value on 

the response of patients with LBP to treatment. However, and as suggested by 

Lüning et al. (290), the use of TSK to classify patients according to their levels of 

kinesiophobia can be a very useful tool in the treatment of patients with CLBP to 

identify those patients with high levels of kinesiophobia with the aim of reducing 

their activity limitations.  

4.2.4 Disability 

In our study, disability was statistically significantly lower in the experimental group 

post-test compared to the control group (MC -4.1; p = 0.023) (see Table 20). In 

addition, disability in the control group was statistically significantly greater at post-

test compared to pre-test (MC 2.4; p = 0.044) (see Table 18). It could be argued 

that the statistically significant difference found between groups in our study were 

more related to the greater disability scores post-test in the control group rather 

than with the improvement obtained in the experimental group.  

Findings from the current study are consistent with the results obtained by the PNE 

studies of Bodes et al. (186) (p < 0.001), Moseley et al. (179) (p < 0.05), and 

Moseley (175) (p < 0.025). Regarding the educational material used in the studies 

of Bodes et al. (186), Moseley et al. (179), and Moseley (175), the first two authors 

used a similar material. Bodes et al. (186) used the book Explain Pain to develop 

their PNE. On the other hand, Moseley et al. (179) based their PNE on specific 

aspects of pain neurophysiology such as "the nervous system," "synapses," and 

the "plasticity of the nervous system." Moseley (175) did not specify the 

educational material of his PNE. In contrast, our study used a mixed methodology 

to develop the educational material. For this purpose, semi-structured personal 

interviews were performed on 16 patients with CLBP to identify their chronic low 

back pain beliefs about the origin and meaning of pain. Hence, to develop our 
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educational material, we took the patient into account as suggested by Camerini et 

al. (168) (see Table 6).  

Regarding the studies that used a web-based educational intervention other than 

the PNE, our results on disability were similar. For example, Moessner et al. (285) 

carried out a study in Germany with a sample of 75 subjects and a duration of 15 

weeks. These authors compared an experimental group that used an Internet-

based aftercare intervention following multidisciplinary therapy for back pain, with a 

control group that received treatment as usual (not specified). The experimental 

group obtained statistically significant better results than the control group. In 

addition, the results of this study have to be taken with caution as only 34 of the 75 

subjects in the sample completed all three assessments, which represents a 45% 

loss, producing an attrition bias (291). However, in our study, we lost only 4 

subjects (8%), which indicates that the adherence was greater in our study, 

perhaps due to the gamification of the website, as some authors have posed (172–

174).  

Similar to our study, the study by Lorig et al. (153) obtained results with statistically 

significant differences in favor of the experimental group. Compared to the other 

similar studies, the significant differences obtained by Lorig et al. (153) could have 

been due to the different educational materials used (email discussion, book, and a 

videotape) or to the large sample used (n = 580), much higher than the rest of the 

studies.  

Our results are also similar to the study by Krein et al. (284). This study was 

carried out in the United States with a sample of 229 subjects and a duration of 12 

months. The authors compared an experimental group using a pedometer with 

access to a website that provided personal walking data, walking goals, feedback, 

and participation in e-community, with a control group also using a pedometer but 

without access to the website. The group with access to the website showed 

significantly better comparative results on disability than the group without access 

to the website in the medium term (6 months), but no difference was found in the 

long term (12 months). Although this experimental intervention was different from 
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that of our study, using a website and promoting moderate physical activity among 

the patients in the study could be the reason they obtained good results. However, 

as mentioned above, these significant improvements were not sustained in the 

long term.  

Another of the differentiating aspects between our study and the rest of web-based 

studies is that our website was gamified. The aim of this gamification was for each 

patient to adapt the educational content of the website to their own needs (see 

Chapter 2.4.9). The latter coincides with the results of the study by Allam et al. 

(172) on patients affected by rheumatoid arthritis. These authors concluded that 

the use of gamification in an educational intervention improved the patients’ 

physical activity and their empowerment as well as decreased the use of health 

services. 
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Table 21: Comparison of the findings from the current study with previous 

work on PNE. 

 

Type of 

intervention/ 

duration of 

intervention 

Outcomes from the current study 

Pain 

intensity 

Fear-

avoidance 

beliefs 

 

Kinesiophobia 

 

Disability 

Bodes et 

al. 

(2018)  

(n = 56) 

PNE + 

therapeutic 

exercise/3 

months 

✖ N/A ✖ ✔ 

Pires et 

al. 

(2015)  

(n = 62) 

PNE + aquatic 

exercise/6 

weeks 

✖ N/A ✔ ✖ 

Téllez-

García 

et al. 

(2015)  

(n = 12) 

PNE + trigger 

point-dry 

needling/3 

weeks 

✔ N/A ✖ ✖ 

Wälti et 

al. 

(2015)  

(n = 28) 

PNE + sensory 

training + 

motor 

training/12 

weeks 

✖ ✔ N/A ✖ 

Ryan et 

al. 

(2010)  

(n = 38) 

PNE alone vs. 

PNE + 

exercise/6 

weeks 

✖ N/A ✔ ✖ 

Moseley 

et al. 

(2004)  

(n = 58) 

PNE alone/2 

weeks 
N/A N/A N/A ✔ 

Moseley 

(2002)  

(n = 57) 

PNE + 

physiotherapy/

4 weeks 

✖ N/A N/A ✔ 

✖: Results different to the current study. ✔: Results similar to the current study.  

N/A: Outcome not assessed. PNE: pain neurophysiology education. 
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Table 22: Comparison of the findings from the current study with previous 

web-based interventions 

 

Type of 

intervention/ 

duration of 

intervention 

Outcomes from the current study 

Pain 

intensity 

Fear-

avoidance 

beliefs 

 

Kinesiophobia 

 

Disability 

Krein et al. 

(2013)  

(n = 229) 

Pedometer-based, 

Internet-mediated 

intervention/12 

months 

✔ N/A N/A ✔ 

Moessner 

et al. (2012)  

(n = 75) 

Internet-based 

intervention for 

aftercare following 

multidisciplinary pain 

treatment/15 weeks 

✔ N/A N/A ✔ 

Carpenter 

et al. (2012)  

(n = 141) 

Online CBT 

intervention/6 weeks 
N/A ✖ N/A ✖ 

Buhrman et 

al. (2011)  

(n = 54) 

Web-based 

multimodal pain 

management 

program based on 

CBT/12 weeks 

✔ N/A N/A N/A 

Chiauzzi et 

al. (2010)  

(n = 228) 

Back pain website 

based on CBT and 

chronic pain 

management 

principles/6 months 

✔ ✔ N/A ✖ 

Buhrman et 

al. (2004)  

(n = 56) 

Web-based 

multimodal pain 

management 

program/8 weeks 

✔ N/A N/A N/A 

Lorig et al. 

(2002)  

(n = 580) 

Moderated email 

discussion group; 

back pain help book; 

videotape/1 year 

✖ N/A N/A ✔ 

✖: Results different to the current study. ✔: Results similar to the current study.  

   N/A: Outcome not assessed. CBT: cognitive and behavioral therapy 
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4.3 Strengths and limitations of the study  

Possibly the greatest strength of our study lies in the multidisciplinary nature of the 

team. This team comprises doctors, sociologists, physiotherapists, nurses, sports 

scientists, physicists, and computer specialists that practice their profession in 

different areas such as primary care, university education, scientific research, and 

the development of new technologies applied to health. It is important to address 

CLBP in a biopsychosocial way from multiple perspectives; this has been reflected 

in the development of both the educational materials and the website.  

Another strength of this study is the use of a mixed methodological design. The 

mixed methodology takes into account both qualitative and quantitative 

methodology, needing and strengthening each other, and using the strengths of 

both while reducing their weaknesses (188). For the authors, it has been enriching 

to be able to carry out a qualitative methodology before the development of the 

educational materials and the website. Through individualized semi-structured 

interviews, it has been possible to observe what the patient thinks first hand and 

draw conclusions from it. In this investigation, it has been possible to examine the 

beliefs the patients have developed throughout their experience with CLBP, which 

has helped us understand their pain experience. The information the patients have 

provided has also been the fundamental pillar in the development of the 

educational materials. As a team, we have always questioned that, both in 

research and in the academic world, it is usually decided unilaterally what students 

or patients need to know. Therefore, this type of mixed methodology has helped 

develop a material that is made directly by the patient and for the patient.  

Another aspect highlighted in this study is the different formats in which the 

educational materials have been developed. It is important that in subjects such as 

neurophysiology, which are already difficult to explain and sometimes understand, 

the educational material is simple and understandable. Therefore, from the 

beginning, we decided to develop different formats. For this intervention, five 3D 

videos were developed to explain the content of the educational material in a more 

visual manner. This was accompanied by reading material easily downloaded at 
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home and complemented with more playful activities such as the “Challenge,” so 

that through the game, the messages sent to the patient could be reinforced.  

Finally, using new technologies in the field of patient education is always a strong 

point. Gamification, understood as an element used to attract and motivate the 

patient (172–174), is a very relevant aspect of this intervention. Getting the patient 

to want to learn more about his lower back pain is not an easy task. Moreover, 

many times you can have the right information for the right patient, but that 

message does not reach the patient. Studies such as that of Parsons et al. (292) 

show the existence of different conflicts in the doctor–patient communication in 

primary care that hinder the achievement of positive results. New technologies may 

break these therapist–patient communication barriers and help the right message 

be received by the person who needs it. In the development of the website, it was 

possible to implement the gamification in a way that each patient was able to 

personalize his visit. The gamification made it possible for each patient who 

accessed the website to see the content differently, which for the authors is a way 

to make the educational intervention more attractive to the patient.  

There are a number of limitations in this study that are important to highlight. 

Because of the type of probabilistic sampling used, in which patients were recruited 

through a list provided by primary care, the type of patient in our sample was a 

patient with very low levels of disability compared to the levels of disability of other 

similar studies. In fact, studies such as those of Wälti et al. (184) or Téllez-García 

et al. (185) had an inclusion criterion of 4 points or more in the RMQ. With these 

criteria, some of the patients in our sample would have been excluded from their 

studies. Therefore, if our study had a sample with higher levels of disability, 

perhaps we would have been obtained better results. It could be argued that there 

may be a floor effect in our results. However, only a 6.8% of our sample had an 

RMQ score of 0 at baseline. Roland and Fairbank (278) recommend the use of the 

RMQ in patients with relatively little disability as it may still discriminate low levels 

of disability when the scores are at minimum. 
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Another possible limitation is the duration of the intervention. Although initially, and 

based on the study by Keulers et al. (163), it was established that 15 days was a 

sufficient duration for the intervention, it might be necessary to increase this 

duration if we take into account the results obtained. It could be suggested that 

even if good results were obtained, they could have been better if the patients 

could have used the website for a longer period of time. Yet, we do not know how 

often and for how long our patients have accessed the website. Patients were 

allowed to view the website for 15 days, but they could have visited only once or 

several times. Therefore, increasing the time of use of the website by patients 

could help to consolidate what has been learned with the educational material and 

may improve the scores on the different outcomes. However, lengthening the 

intervention is not without risks. Patients are more likely to lose motivation, or to 

forget readings, and thus they distance themselves from the research. 

Another criticizable point of our intervention is the lack of a robust control group. 

Some authors may question the usefulness of a control group based on the usual 

treatment by the family physician, as in some cases the treatment could consist of 

only advice or the prescription of a drug. On the other hand, taking into account 

that the patient of the experimental group had access to the website 24 hours a 

day for 15 days, it could be perceived that the patient in the control group received 

little attention. In addition, it must be considered that many times the information 

received by the patients from the health professional can further reinforce their 

misbeliefs regarding their CLBP (293,294).  

Regarding the qualitative part of this study and the connection phase, one of the 

limitations could be the interpretation made by the authors of the content of the 

patients’ interviews. The results of the qualitative part must be interpreted within 

the local context where they have been carried out. Even so, the qualitative 

material has been treated in the appropriate methodological manner and the 

credibility of the results is based on the triangulation of the information by the 

members of this study with different profiles and from different academic and 

professional fields (295). Although the choice of content about the neurophysiology 
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of pain is based on these interviews, the authors of this study made the last choice. 

It may be that with the same information extracted from the qualitative phase, other 

authors would have chosen different content about the neurophysiology of pain. 

However, this content has already been justified in the connection section (see 

Chapter 2.4 Connection phase).  

4.4 Implications for practice 

One of the reasons we carried out this project was to incorporate the education of 

the patient with CLBP into primary care. There is a lot of evidence to suggest that 

patients with CLBP do not receive enough information from the health professional 

about their pain, and that this information could help them better understand their 

situation (296–298). Many times, it is the physiotherapist in primary care who 

spends the longest time with this type of patient and is therefore the health 

professional who may be better able to educate the patient with CLBP. 

Physiotherapy has driven this project and begun to lead the field of patient 

education for musculoskeletal pain in our country. Even so, the current situation in 

our community is that physiotherapists are almost nonexistent in primary care. Not 

only that, but in the few communities where there are physiotherapists in primary 

care in Spain, they are subject to the diagnosis and referral by the family physician. 

In other words, in the primary care of our country there are hardly any 

physiotherapists and there is no direct access to physiotherapy (299). Something 

that the authors want to claim, especially when researchers such as Ojha et al. 

(300) in 2014 already concluded in their SR that “Physical therapy by way of direct 

access may contain healthcare costs and promote high-quality healthcare. Third-

party payers should consider paying for physical therapy by direct access to 

decrease healthcare costs and incentivize optimal patient outcomes.”  

Regarding the practical implications, the next step would be to improve the 

intervention in the aspects mentioned in the limitations. In addition, it would be 

important to start the implementation of the web platform developed in this study in 

some of the primary care centers of the city of Lleida. If we take into account the 

large number of patients with CLBP who visit these primary care centers daily, the 
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treatment provided by the family physician could be supplemented by using the 

website of this study. 

4.5 Implications for future research 

This study is part of a project carried out from the Faculty of Nursing and 

Physiotherapy of the University of Lleida. This is a multidisciplinary project, led by 

physiotherapists with the collaboration of other health professions such as nursing 

and medicine, where chronic pain is investigated from different approaches. 

Fundamentally, there are two pillars on which our research is based. The first 

would be the BPE directed not only to patients but also to health professionals and 

students of different degrees in health sciences, and a second field of research 

focused on the investigation on motor control.  

In reference to the research on motor control, a first doctoral thesis has already 

been published by Rubí-Carnacea (301). This research, completed in 2017, 

showed that the motor control training group was more effective than the control 

group in the treatment of patients with CLBP in primary care.  

Regarding BPE, this study is the first investigation that has been carried out in our 

Faculty, having already published the protocol (302) (appendix 12). In addition, and 

as a consequence of the results obtained in the qualitative part of this study, a 

qualitative parallel study was performed addressing the perceptions and beliefs of 

both patients and primary care health professionals on CLBP. This study is 

currently under review in the journal Pain Medicine. Preliminary findings of this 

study were presented with the number PTH172 at the 16th World Congress on 

Pain, held at the Pacifico Convention Center in Yokohama, Japan, 2016 (appendix 

13).  

Taking into account the above, the future lines derived from this study are:  

 The use of the BPE by primary care health professionals: this research has 

already begun as part of a doctoral thesis. At this moment the authors are in 

the development phase of the educational material and the website. The 
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objective of this research is to assess whether the primary care 

professionals receiving the BPE have fewer fear-avoidance beliefs and 

catastrophic thoughts than the health professionals on a control group 

based on explanatory videos of the clinical practice guidelines of the 

Catalan Institute of Health. The study protocol is currently awaiting final 

response from the editor of the journal BMC Family Practice.  

 The use of the website and the educational material developed in this study 

for the teaching of the neurophysiology of pain to students of health 

sciences degrees in our university. This project is in the development phase. 

The objective is to assess whether the gamified website can be effective for 

health science students to acquire the necessary knowledge to understand 

the neurophysiology of pain compared to traditional group teaching. 
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 Chapter 5: Conclusions 
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5.1 Study conclusions  

The patients: 

1. relate the origin and significance of their chronic low back pain with the 

structural and physiological alterations located in their lumbar area. 

2. feel that pain is always a warning signal but that other aspects such as 

stress and emotions may have some influence on their pain experience. 

3. recognize that physical activity can be a modulator of their lower back pain, 

so physical activity can be both the origin of their pain and a possible 

solution. 

4. tend to look for a cause that justifies their lower back pain and failure to find 

that cause causes them fear and catastrophic thoughts. 

5. have expressed the need to better understand their pain, which implies that 

health professionals should be more didactic in the management of chronic 

low back pain patients. 

 

A web-based biopsychosocial pain education intervention for chronic low back 

pain:  

6. is not more effective than conventional care in improving pain intensity in the 

short-term. 

7. is not more effective than conventional care in improving the fear-avoidance 

beliefs in the short-term. 

8. is not more effective than conventional care in improving kinesiophobia in 

the short-term. 

9. is effective in reducing disability in the short term compared to conventional 

care.  
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Appendix 1: Informed consent qualitative phase 
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Appendix 2: Informed consent quantitative phase
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Appendix 3: Interview guide qualitative phase
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Appendix 4: Written material video 3 
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Appendix 6: Written material video 5 
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Appendix 7: Visual Analogue Scale 

Escala EVA del dolor. 

Por favor, comenzando por la izquierda de la siguiente barra, desplace la barra 

hacia la derecha indicando la intensidad de su DOLOR LUMBAR en las últimas 24 

horas: 

 

Sin dolor I_________________________________I Máximo dolor imaginable 
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Appendix 8: Fear-Avoidance Beliefs Questionnaire
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Appendix 9: Tampa Scale for Kinesiophobia 
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Appendix 10: Roland–Morris Questionnaire 
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