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POVZETEK

Uvod: Kroni¢na nespecificna bolecina v spodnjem delu hrbta (KNBVSDH) predstavlja
pomembno breme, kar zahteva uc¢inkovito fizioterapijo za izboljSanje izidov pri pacientih.
Ugotavljanje interakcije med zacetno konceptualizacijo bolecine in izidi pacientov lahko
prispeva k razumevanju (re)konceptualizacije in kliniénemu odlo¢anju.

Metode: Kvantitativna raziskava s primerjavo rezultatov pred in po fizioterapevtskem
zdravljenju je bila izvedena v ambulantni fizioterapiji. Udelezenci s KNBVSDH (n = 84) so
bili delezni vadbene terapije in pred zakljuckom zdravljenja posredovali ustrezne podatke;
sociodemografski in klini¢ni podatki, izidi glede bolecine, invalidnost/zmanj$ana zmoZznost
in z zdravjem povezana kakovost Zivljenja (ZZPKZ) ter mere konceptualizacije bolegine.
Preverjena je bila splosna kot specificna povezava med zacetno konceptualizacijo bolecine
in izidi pacientov ter razlika v konceptualizaciji glede na njihovo izobrazbeno raven.
Uporabljen je bil program SPSS, z uporabo deskriptivnih in inferen¢nih statisticnih metod
po konvencionalni sprejemljivosti statisticne znacilnosti.

Rezultati: Ugotovljeno je bilo, da je zacetna konceptualizacija bolefine povezana s
splosnimi izidi pacientov, s ¢imer je razlozila varianco bole¢ine (r = -0.273, p = 0.012; 7% =
0.075), invalidnosti/zmanj$ano zmoznosti (= -0.259, p = 0.018; 72 = 0.067) in izid ZZPKZ
(r=0.295, p = 0.007; * = 0.087, oziroma r = 0.323, p = 0.003; 7> = 0.104) po fizioterapiji.
Nizja zacetna konceptualizacija bolecine ni bila povezana z zmanjSanjem bolecine ali
invalidnostjo/zmanj§ano zmoznostjo, niti z manj izboljiano ZZPKZ po fizioterapiji. Pacienti
z nizjo stopnjo izobrazbe so pokazali nizjo konceptualizacijo bolecine (t=-2.219, p=0.014;
d=0.55).

Zakljucek: Pri kroni¢ni nespecificni bolecini v krizu je konceptualizacija bolecine ob
zacetku zdravljenja povezana z izidi boleCine, invalidnosti in kakovosti Zivljenja po
fizioterapiji, vendar ne vpliva na obseg izboljSav teh izidov. Bolniki z nizjo izobrazbo so
lahko ogroZeni z slabSimi kon¢nimi izidi.

Kljuéne besede: kroni¢na bolecina, znanje, znanost o bolec¢ini, fizioterapija, hrbtenica.



SUMMARY

Introduction: Chronic nonspecific low back pain (CNSLBP) imposes a significant burden,
necessitating effective physiotherapy to enhance patient outcomes. Ascertainment of the
interaction between baseline pain conceptualisation and patient outcomes may aid
comprehension of (re)conceptualisation and clinical decision-making.

Methods: Quantitative, pre-post research was conducted in outpatient physiotherapy.
Participants with CNSLBP (n=84) underwent exercise therapy and provided relevant data
before and after treatment cessation; sociodemographic and clinical data, pain, disability and
health-related quality of life (HRQoL) outcome, and pain conceptualisation measures. The
relationship between baseline pain conceptualisation and patient outcomes in an overall and
specific manner and the difference in conceptualisation concerning educational attainment
were verified. The SPSS program was employed, with descriptive and inferential statistical
methods utilised under conventional acceptance of statistical significance.

Results: Baseline pain conceptualisation was found to be related to overall patient outcomes,
thereby explaining variances in pain (r=-0.273, p = 0.012; > = 0.075) disability (= -0.259,
p=0.018; 7> = 0.067), and HRQoL outcomes (r = 0.295, p = 0.007; > = 0.087, respectively
r = 0323, p = 0.003; 2 = 0.104) following physiotherapy. Lower baseline pain
conceptualisation was associated neither with less pain or disability reduction nor less
improved HRQoL outcomes following physiotherapy. The lower-educated patients showed
lower pain conceptualisation (t =-2.219, p = 0.014; d = 0.55).

Conclusion: In CNSLBP, baseline pain conceptualisation is related to overall pain,
disability, and HRQoL outcomes following physiotherapy but does not influence the extent
of improvement in these outcomes. Lower-educated patients may be at risk for poorer overall
outcomes.

Keywords: chronic pain, knowledge, pain science, physiotherapy, spine.
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1 INTRODUCTION

This doctoral dissertation investigates the baseline pain conceptualisation of chronic
nonspecific low back pain patients and its correlation to physiotherapy outcomes. The study
aims to determine if the initial concept of pain can predict physiotherapy outcomes regarding
pain reduction, disability improvement, and health-related quality of life. The research will
also identify risk groups based on educational background that may be more prone to poorer
outcomes.

The dissertation introduction will address the issue of low back pain, including its health and
socioeconomic burden. Additionally, clinical aspects of diagnosing, treating, and predicting
the natural course of chronic nonspecific low back pain will be discussed. The role of pain
neuroscience education in promoting the understanding of pain will also be explored.

The dissertation's theoretical section will engage the concept of pain, focusing on chronic
nonspecific low back pain. It will explore various theoretical and empirical viewpoints,
including biological, functional, and quality-of-life alterations. The objective is to examine
the existing knowledge on the problem of pain, its conceptualisation, and how it affects
patient outcomes following physiotherapy.

The report's third section covers the methodology, research questions, goals, and hypotheses.
This is followed by a quantitative analysis that explores the relationship between the baseline
pain conceptualisation and physiotherapy outcomes regarding pain, disability, and health-
related quality of life in individuals with chronic nonspecific low back pain, with findings
providing a basis for further discussion in the field.

The dissertation explored for the first time the relationship between the concept of pain and
core physiotherapy outcomes in the specific patient group. Ultimately, it offers an
understanding of how conceptualisation, without priming, interacts with patient outcomes
and aids comprehension of the reconceptualisation process and its interaction with
physiotherapy outcomes. Findings inform decision-making, may initiate health-related
activities, close gaps in the existing body of knowledge, and impose the need for new,
translational research.

1.1 The burden of chronic low back pain

Chronic musculoskeletal disorders represent the main health problems worldwide and are
the highest contributor to the global need for rehabilitation (World Health Organization
2022). They are associated with persistent or recurrent pain lasting longer than three months,
which interferes with daily functioning, often accompanied by distress and ultimately
becoming a primary source of suffering (Treede et al. 2019). Of the musculoskeletal
disorders, low back pain (LBP) stands out as the most common (World Health Organization
2022). A recent analysis of Global Burden of Disease 2019 data showed that approximately
1.71 billion people globally live with chronic musculoskeletal conditions, with LBP as the
main contributor to the overall burden, responsible for 7.4% of global years lived with



disability (DALYSs) (Cieza et al. 2020). Because of DALY's (Driscoll et al. 2014) and poor
quality of life (Lubkowska and Krzepota 2019) of adults in their otherwise productive age,
chronic low back pain (CLBP) represents both individual and societal burden (Breivik et al.
2013).

Costs, healthcare use, and disability from CLBP vary substantially between countries. They
are influenced by culture, social systems, and beliefs about cause and effect, whereby
simultaneous projections indicate an apparent increase in the number of people with LBP in
the future and even more rapidly in low-income and middle-income countries (Hartvigsen
et al. 2018). However, it was recently shown that LBP risk increases in parallel with the
sociodemographic index (SDI), and according to a linear fit based on data of the last 20
years, incidence, prevalence and DALY's of LBP may increase by ~1.4 fold by the year 2050
(Mattiuzzi et al. 2020). In 2019, LBP was among the ten most common causes of disability
in Croatia and second place in DALY's, compared to other countries with a high to middle
SDI (Institute for Health Metrics and Evaluation 2023).

According to current indicators and predictions for the future, LBP is shown to be a constant
health and socioeconomic burden that challenges the United Nations' Sustainable
Development Goals of eliminating poverty and improving health and well-being by possibly
pushing people with lower socioeconomic positions into greater poverty and even more
disability (Sharma and Mcauley 2022, 233).

1.2 Chronic nonspecific low back pain

The most common form of LBP is nonspecific low back pain (NSLBP) (Maher, Underwood,
and Buchbinder 2017). NSLBP is defined as pain lasting more than one day between the
lower rib margins and the buttock creases (Robinault et al. 2023), with or without leg pain
(Koes et al. 2006) and is not affiliated with a clear nociceptive-specific cause (Hartvigsen et
al. 2018). NSLBP represents the most prevalent chronic pain syndrome encountered in
clinical practice (Baron et al. 2016). However, understanding its underlying causes remains
limited (Robinault et al. 2023). In chronic pain syndromes, pain can be the sole or leading
complaint, while in NSLBP, chronic pain can be conceived as a disease in its own right
(Treede et al. 2019, 19).

Chronic nonspecific low back pain (CNSLBP) is typically characterised by persistent pain,
mobility, and dexterity limitations, reducing people’s ability to work and participate in
society (World Health Organization 2022). CNSLBP represents a complex and multifaceted
problem (Wand et al. 2023) derived from diverse biomechanical, physical, environmental,
genetic, psychosocial and cultural factors (Balagué et al. 2012), including cause and effect
beliefs (Hartvigsen et al. 2018). That might explain the difficulty in establishing its specific
aetiology (Rose-Dulcina et al. 2018) and justify it as a disease in its own right. Since NSLBP
is not accounted for by a plausible cause in terms of a specific classified disease or associated
with tissue damage, CNSLBP represents a form of primary chronic pain (Perrot et al. 2019),
which features be more elaborated in the theoretical part.



1.2.1 Epidemiology and risk factors

LBP poses a significant worldwide epidemiologic burden and a primary healthcare issue,
displaying an escalating trend that is not expected to reverse soon (Mattiuzzi et al. 2020).
Around 90% (World Health Organization 2023) to 95% of all LBP are NSLBP cases (Bardin
et al. 2017). Related to the disease course, previous evidence suggests that of all those who
experience LBP, around 32% (Stevans et al. 2021) to 40% become chronic (Traeger et al.
2014) pain patients. Meucci, Fassa, and Xavier Faria (2015) estimated the world prevalence
of CLBP to be 19.6% in those aged between 20 and 59 and 25.4% in the older population.
Related to CNSLBP, certain evidence of this specific prevalence exists and ranges from
15.4% (lizuka et al. 2017) to 36.1% (Wong et al. 2022). However, its prevalence is limited
to the middle-aged and older adult population. Investigating CNSLBP and related factors in
younger adults, Vilar Furtado et al. (2014) found a prevalence of almost 30% in a sample of
198 subjects aged 18-29. It must be emphasised that the prevalence estimates vary depending
on the definition of LBP used in research (Balagu¢ et al. 2012).

Although the specific causes of NSLBP are still unknown, some known factors are
associated with NSLBP (Shahin et al. 2022). Risk factors for the onset of NSLBP pain are
mechanical-related (e.g., prolonged standing or walking and heavy weights lifting), lifestyle-
related (e.g., obesity, smoking), psychological-related (e.g., depression and job
dissatisfaction), and related to previous LBP episodes (Taylor et al. 2014). Related to the
meta-analysis mentioned above, results implicate that the incidence is similar in community
and occupational settings regardless of the LBP definition. Regarding non-modifying
factors, all age groups are affected by NSLBP (Balagué et al. 2012). However, older men
are more susceptible (Bento et al. 2020), while females are a more vulnerable group
regardless of their age (Vilar Furtado et al. 2014; Bento et al. 2020), which highlights the
importance of genetic constitution (Balagué et al. 2012) in the onset of NSLBP.

Considering that every disease, including NSLBP, has an onset which precedes a chronic
condition, paying attention to the risk factors that influence the risk of developing CNSLBP
is essential. Recently, findings of a large prospective, multicenter study including 5233
patients showed that the transition from acute to chronic NSLBP of 32% was associated with
obesity, smoking, insurance coverage, NSLBP with leg pain, baseline disability, and
diagnosed affective disorders (Stevans et al. 2021). Previously, an observational study with
five years of follow-up of patients with NSLBP showed higher risks of persistent pain among
those with higher pain intensity, lower socioeconomic status, negative cognitive and
emotional responses to LBP and maladaptive coping behaviours (Chen et al. 2018). In
addition to those mentioned above, heavy loads and positions, particularly physical work in
general, are also shown to be explicitly predictive of NSLBP chronicity (Nieminen et al.
2021).

Although many of the factors mentioned earlier are difficult to change or nonmodifiable
altogether, one independent of these factors is the exposure to nonconcordant processes of
care during the early phase of NSLBP treatment, which proved to be a risk of transition to



CNSLBP (Stevans et al. 2021). Although the healthcare system faces enormous challenges,
with both the disability and overall financial burden related to LBP escalating, emerging
evidence suggests that current practice is discordant with contemporary evidence and is often
exacerbating an already existing problem (O’Sullivan et al. 2016). The risk of nonconcordant
processes of early NSLBP care is highly prevalent and a significant driver of increased
healthcare expenditures, confirmed by the findings of a retrospective cohort study of nearly
2.5 million patients diagnosed with onset LBP (Kim et al. 2019).

1.2.2 Diagnosis and clinical assessment

Most clinical practice guidelines recommend establishing NSLBP diagnosis after specific
spinal and nonspinal disorders; respectively, pathoanatomical causes are ruled out through
medical history taking and physical examination (Van Zundert and Cohen 2021; Chiarotto
and Koes 2022). History taking should include attention to so-called red flags, which warrant
consideration of an occult serious diagnosis and also elicit whether the pain is limited to the
lower back or is more widespread; the latter may point to other conditions (Chiarotto and
Koes 2022). In the physical examination, using provocation tests such as the ipsilateral
straight-leg-raising test and contralateral straight-leg-raising test, disc herniation can be
differentiated, and the sensitivity of these tests is shown to be high in 92% of patients,
respectively 90% (Deyo and Mirza 2016). Evaluation of weakness, loss of sensation, or
decreased reflexes can rule out possible radiculopathy (Chiarotto and Koes 2022, 1734).
Although other clinical diagnostic tests have high specificity for sacroiliac joint pain,
spondylolisthesis, disc herniation with nerve root involvement, and spinal stenosis (Petersen
et al. 2017), they have generally low diagnostic accuracy in the identification of NSLBP
(Chiarotto and Koes 2022, 1734). De facto, the probability of other pain-causing conditions
progressively rises as the size of the NSLBP category reduces (Petersen et al. 2017).

The guideline's recommendations are uniform against the endorsement of imaging in
patients with NSLBP; however, more than half recommend imaging in patients with red
flags and endorsing so-called yellow flags during clinical assessment (Van Zundert and
Cohen 2021, 83). Red and yellow flags are generally helpful in differentiating specific from
nonspecific low back pain. Figure 1 shows their recent overview from the original work of
Van Zundert and Cohen (2021, 84).

Even though nonspecific conditions imply unknown aetiology, some disorders procuring
NSLBP generally have discernable aetiology, pathology, natural history and prognosis
(Malik et al. 2022). For instance, the probability of the intervertebral disc or sacroiliac joint
(but not the facet joint) as the source of LBP is usually small and, at best, moderate (Hancock
et al. 2007). However, it does exist. Furthermore, apart from spinal and sacroiliac
dysfunction, the cause of the pain can be an attribute of muscle pathology or any ligamentous
strain (Neha Chitale et al. 2022). In addition, NSLBP-associated muscular pain, known as
myofascial pain, is widespread and often a reactive response from nociception from other
structures, which is characterised by the presence of trigger points that are located in the
fascia, tendons, and muscles (Ramsook and Malanga 2012). Psychosocial problems



procuring NSLBP are not negligible, which is confirmed by meta-analysis findings;
exposure to diverse psychological vulnerability factors such as depression, anxiety,
psychological distress, and fear, among others, may increase the risk of the onset of
musculoskeletal pain (Martinez-Calderon et al. 2020). Therefore, the seemingly disparate
NSLBP disorders can be confined, based on their shared characteristics, to four distinct
groups: (1) syndromes linked to dysfunction of the intravertebral discs; (2) soft tissue
syndromes; (3) pain originating from the sacroiliac joint complexes, and (4) psychosocial
phenomena confounding the LBP (Malik et al. 2022). Hence, it must be emphasised that
during the clinical assessment and diagnosis, it is necessary to consider all possible factors,
or at least as many factors, that procure the onset of NSLBP based on evidence of their
accuracy.

Figure 1: Red and yellow flags for low back pain

Red flags
Patient history Medication history Signs and symptoms
+ Neoplasms « Intravenous drug abuse » High fever (=38°C)
« Physical traumas « Corticosteroid use or other « Worst pain at rest or at night
+ Advanced age: immunosuppressive drug use « Saddle anaesthesia
>50 years (cancer risk) « Weakness in lower limbs
>70 years (fracture risk) » Bladder or bowel dysfunction
+ Weight loss (eg, overflow incontinence and
« Immunodeficiency urinary retention)
» Osteoporosis » Gait disturbance
« Abrupt, unexplained weight
loss
« Night sweats
» Inflammatory back pain
Yellow flags
« High baseline pain and disability + Low socioeconomic status
+ Sleep problems « General health-related related (eg, opioid use and
« Depression sedentary lifestyle)
« Anxiety « Fear-avoidance beliefs
« Pain catastrophising « Irritability
« Work dissatisfaction « Toxic relationships
« Poor social support » Reduced perceived control over one's life

Source: Van Zundert and Cohen 2021, 84.

While the diagnostic approach for acute LBP is well codified, the diagnostic approach for
CLBP needs to be more consistent; moreover, specific recommendations have yet to be made
in international guidelines regarding clinical examination, including medical history or
physical tests (Nicol et al. 2023). Regarding pain per se, CLBP is often centralised and has
a specific set of signs and symptoms that may include allodynia and hyperalgesia (Casiano
et al. 2023). When considering NSLBP as a chronic pain syndrome, it should be pointed out
that in clinical practice, distinguishing CLBP from various chronic pain syndromes can be
difficult due to similarities in diagnostic criteria and assessment (Maixner et al. 2016).



Patients seeking help for back pain are a diverse group; their pain is a final common pathway
of multiple pathologies (Nguyen et al. 2018, 2547). For instance, symptoms like fatigue,
musculoskeletal pain and general malaise could indicate CLBP, fibromyalgia, myofascial
pain, or chronic fatigue syndrome (Carnago et al. 2021). Most chronic pain syndromes are
heterogeneous, with a high degree of overlap or co-prevalence of other joint pain conditions,
along with the influence of biopsychosocial factors; hence, a particular diagnosis is primarily
based on exclusion and nuances of difference to determine which features are more salient
(Maixner et al. 2016). However, a mitigating factor in differentiating CLBP is that patients
with LBP are less likely to report specific chronic overlapping pain conditions than patients
with other forms of chronic pain (Wang and Frey-Law 2022). Therefore, until particular
recommendations are made, clinically diagnosed NSLBP is considered chronic and
differentiated from other chronic pain syndromes if it includes the presence of pain in the
anatomical location of the lower back over the prior three months, which limits usual daily
activities and is not associated with fever or menstruation (Ohrbach et al. 2020).

This implies that the accuracy of a CNSLBP diagnosis as a disease exclusive of pathology-
specific causes and dependent on time depends on the appropriate clinical assessment,
physical examination, and detailed history taking. In addition, we will begin to address this
significant health issue by understanding and diagnosing the specific cause of an individual’s
back pain, whether structural or functional (Nguyen et al. 2018, 2547).

1.2.3 Natural history and prognosis

NSLBP is often categorised by focusing on the duration of the current episode: acute (<6
weeks), subacute (>6 to 12 weeks) and chronic (>12 weeks) (Furlan et al. 2015). Evidence
suggests that of all those who experience onset LBP, around 32% (Stevans et al. 2021) to
40% will become chronic (Traeger et al. 2014). However, this duration-based concept was
not so recently challenged by recognising that LBP is often episodic (Kongsted et al. 2016).
In addition, sometimes, the diagnosis solely, for instance, acute or chronic NSLBP, tells very
little about the prognosis (Kongsted et al. 2016). The concept of disease/diagnosis is
dichotomous and challenged by the frequent use of diagnostic indicators with continuous
distributions, which can not be utilised for the prognosis of chronic pain syndromes,
including LBP (Croft et al. 2015). In contrast, the prognostic concept proposed by Croft et
al. extends beyond disease and diagnosis, embracing a wide range of information (i.e. non-
disease factors and genetic and other biomarkers) to predict future patient outcomes.

Hence, regarding disease course and in contrast to a duration-based concept, NSLBP
represents a long-term condition with a variable trajectory rather than isolated, unrelated
episodes (Chiarotto and Koes 2022, 1733). Of course, this does not exclude the fact that
CNSLBP is a chronic pain condition, excluded from pathology-specific causes,
characterised by pain in the lower back over the prior three months that interferes with usual
daily activities (Ohrbach et al. 2020). In the context of the disease course, this novel
paradigm implies that both acute and chronic NSLBP have trajectories (Chiarotto and Koes
2022) and differentiates between a recent onset, first-time experienced episode and a recent



flare-up of recurrent LBP (Kongsted et al. 2016). Within the prognostic model: biological,
social, and clinical prognosis-related factors (Croft et al. 2015), patients with LBP
trajectories of mild or transient pain will have a minor activity limitation and most minor
psychological issues, whereas patterns of high-intensity pain are associated with more
constant pain, higher levels of disability, depression, anxiety, work absenteeism and other
indicators of poor health-related quality of life (Kongsted et al. 2016). The majority of those
with acute NSLBP (approximately 70%) have a pain trajectory that is recovery prognostic.
In contrast, this trajectory is less frequent in patients with CNSLBP (approximately 30%),
who have an ongoing pain trajectory (40 to 50%) (Chiarotto and Koes 2022).

In addition to prognosis, according to reviews of observational studies, generic factors that
are consistently associated with poor outcomes (i.e., persistent pain and disability) in patients
with LBP included the presence of widespread pain, malfunction, somatisation, high pain
intensity, prolonged pain, high levels of depression and anxiety, previous episodes of LBP,
and poor coping strategies (Artus et al. 2017). Furthermore, an observational study with five
years of follow-up involving 281 patients with NSLBP showed higher risks of a persistent
pain trajectory among patients with high pain intensity, low socioeconomic status, negative
cognitive and emotional responses to pain, and passive behavioural coping (Chen et al.
2018). Previously, in a meta-epidemiologic study which compared risk factors for return to
work in patients with different durations of NSLBP, it was found that the pattern of risk
factors, in general, does not change markedly with increasing symptom duration; however,
a higher proportion of modifiable factors was found in the subacute group compared to the
chronic group and emphasis was placed on the role of psychosocial factors in the
development of chronic NSLBP (Heitz et al. 2009). As confirmed by meta-analysis,
although the typical course of acute NSLBP is initially favourable, after six weeks,
improvement slows. After that, only small reductions in mean pain and disability are
apparent for up to one year, which indicates an unfavourable course of CNSLBP (Menezes
Costa et al. 2012).

Based on previous evidence and regarding the course and prognosis, it can be concluded that
NSLBP is a long-term condition with a variable trajectory, which depends on biological,
psychosocial, and clinical factors, and those that are more altered and salient will determine
the poorer outcome path. Here, it is essential to emphasise the necessity of moving away
from the diagnostic model alone towards the prognostic concept, as the interaction of disease
with non-disease factors and starting point with a broader incorporation of factors relevant
to patient outcomes than sole diagnosis (Croft et al. 2015). Only in this way the burden of
LBP can be adequately addressed, regardless of whether patients whose pain is of a
pathoanatomical nature or those in whom biopsychosocial factors play a role (Nguyen et al.
2018, 2547).

1.2.4 Treatment

Since the diagnosis of NSLBP implies no known pathoanatomical cause (Maher et al. 2017),
without a defined pathoanatomical cause, the rationale for appropriate intervention may be



questionable (Nguyen et al. 2018; Nguyen et al. 2021). Additionally, CNSLBP is conceived
as a disease in its own right (Treede et al. 2019) and represents a complex and multifaceted
problem (Wand et al. 2023) derived from diverse biomechanical, physical, environmental,
genetic, psychosocial and cultural factors (Balagué et al. 2012), including cause and effect
beliefs (Hartvigsen et al. 2018), representing an additional challenge in providing
appropriate treatment. Countless potential targets for management across the
biopsychosocial spectrum have been detected; still, due to patient heterogeneity, the
efficiency of the recommended treatments for CNSLBP can be poor (Hayden et al. 2012).

Regarding treatment recommendations, recently reviewed international guidelines
recommend non-pharmacological treatments over pharmacological, including physical
activity and exercise, physiotherapy, and education; however, in selected cases, a
multidisciplinary approach is the core treatment recommended for people with CNSLBP
(Nicol et al. 2023). The findings of this latest review are mainly consistent with the previous
one by Oliveira et al. (2018). Of the above, physiotherapy, respectively therapeutic exercise,
represents the first line of treatment (Bailly et al. 2021, 20), followed by patient education
and psychological treatment, but in combination with physiotherapy (Nicol et al. 2023),
actually very consistent with the previous review of high-quality clinical guidelines by Lin
et al. (2020). Interestingly, the current recommendations of Croatian physician specialists,
to a certain extent, include different treatment strategies, which, along with education and
exercise, include physical modalities and massage, pharmacological therapy, but a
biopsychosocial treatment only in case of severe disability (Grazio et al. 2012).

1.2.4.1 Physiotherapy

Referring to the above, physiotherapy represents a first-line treatment for CNSLBP or
patients with risk factors for developing it (Bailly et al. 2021, 20); however, specific
physiotherapy techniques are only sometimes detailed in clinical guidelines (Nicol et al.
2023). Therefore, the following will discuss only recent recommendations and evidence
implications on CNSLBP physiotherapy treatment approaches. In the context of
physiotherapy approaches in general, three prominent are highlighted: movement, education
and advice, and manual therapy (The National Health Service 2023).

The Department of Veterans Affairs and the Department of Defense (VA/DoD) guidelines
(2022) recommend structured, clinician-directed exercise programs which involve organised
and progressive activity to improve pain, disability and physical function; exercise programs
targeted at the lumbar, abdominal, and hip muscles and additionally, generalised exercises
not specifically targeting the back, respectively, peripheral muscle training. French
guidelines recommendations on CNSLBP physiotherapy treatment, supported by
appropriate evidence and strong consensus, include the patient's active participation and
therapeutic exercises adaptation to the clinical context, taught by a physiotherapist and
continued at home Bailly et al. (2021, 20-21). Guidelines of the Orthopaedic Section of the
American Physical Therapy Association (APTA) recommend that physiotherapists should
use exercise training interventions, including trunk muscle strengthening and endurance,



multimodal exercise interventions, specific trunk muscle activation exercise, and aerobic
exercise for patients with CNSLBP, and in addition, may provide movement control exercise
or trunk mobility exercise (George et al. 2021). The Lancet Low Back Pain Series Working
Group also pledges exercise therapy as the first-line treatment that should be routinely used
and recommends graded therapeutic exercise and activity that focus on functional
improvements (Foster et al. 2018). The American College of Physicians (ACP) guidelines
also recommend therapeutic exercises, emphasising those aimed at motor control
improvement (Qaseem et al. 2017). The National Institute for Health and Care Excellence
(NICE) guidelines (2016) recommend considering exercise programmes emphasising
biomechanical, aerobic, mind-body or a combination of approaches.

Deliberating recommendations regarding therapeutic exercises, it is evident that there still
needs to be a firm consensus on the most effective type and mode of conducting (i.e.
individual or group), which is also implicated in previous reviews (Foster et al. 2018;
Oliveira et al. 2018). What stands out are patients' specific needs, preferences, and
capabilities as precursors when choosing the type of exercise (National Institute for Health
and Care Excellence 2016; Chou et al. 2018). This lack of unanimity is not crucial, given
that exercise, predominantly aerobic and resistance exercise, is generally considered an
essential component of effective chronic pain management, and it is well-established that
long-term exercise training provides pain relief (Rice et al. 2019). In addition, if supervised,
individual and group therapeutic exercise (Lemieux et al. 2020) improves patient outcomes
in CNSLBP (Mataran-Penarrocha et al. 2020). Summarising the recommendations,
physiotherapy exercises as the first line of treatment for CNSLBP should be aimed at
mobility, strengthening, stabilisation and establishment of pelvic-trunk motor control,
graded according to the patient's capabilities and needs, and ultimately aimed at functional
recovery.

Patient education, particularly person-centred education, is consistently recommended for
persons with LBP (O’Hagan et al. 2023) in addition to therapeutic exercises. The NICE
guidelines (2016) advocate advice and information tailored to patient's needs and capabilities
to help them self-manage their LBP, inform them of the nature of LBP and encourage them
to continue with everyday activities. In the paradigm of patient-centred care, VA/DoD
guidelines (2022) emphasise good communication as essential and must be supported by
evidence-based information tailored to each need. The APTA guidelines strongly
recommend delivering pain neuroscience education alongside other physiotherapy
interventions, using active treatments instead of stand-alone standard educational
interventions (i.e. advice related to exercise and staying active) for patients with chronic
NSLBP (George et al. 2021). French guidelines strongly recommend patient education (i.e.,
reinsurance, fight against fears and beliefs, and awareness of the benefits of physical
activity) as part of biopsychosocial management. In contrast, pain neurophysiology
education is recommended as a second-line treatment based on expert consensus (Bailly et
al. 2021, 21). Despite some discrepancies between the guidelines, pain neuroscience (Louw
et al. 2019) or neurophysiology education (Keen et al. 2021), learning about pain and its



biopsychosocial interaction components (Louw et al. 2016; 2019) nowadays is widely
propagated.

As for Croatia, there is no evidence that such a targeted patient education model has found
its place in physiotherapy or the multidisciplinary management of CLBP. Referring to the
Masterclass on person-centred education and advice for LBP (O’Hagan et al. 2023), not only
do people want to know about the cause of LBP, but specific messages of reassurance about
the cause and severity of LBP are consistently more predictive of intention to self-manage
than those encouraging physical activity. Hence, physiotherapists should consider education
and advice on messages about cause, severity, and imaging, and in doing so, focus on the
patient to remove barriers to physical activity, exercise, and support self-management
(O’Hagan et al. 2023).

Related to passive approaches concerning the patient's participation (i.e. manual therapy,
physical therapeutic agents, forms of acupuncture), there are certain inconsistencies between
guidelines; some passive interventions are not recommended due to the lack of evidence or
the weakness of the existing ones or else there is a firm basis for their non-application. For
instance, the APTA guidelines recommend using thrust or nonthrust joint mobilisation to
reduce pain and disability in patients with CLBP and the possibility of soft tissue
mobilisation and neural mobilisation in conjunction with other treatments for short-term
improvements. In contrast, mechanical traction is not recommended (George et al. 2021).
The VA/DoD guidelines (2022) suggest spinal mobilisation/manipulation, but based on
weak evidence and highlighting insufficient evidence to recommend for or against
mechanical lumbar traction. NICE guidelines (2016) do not recommend traction for
management while considering spinal manipulation, mobilisation or soft tissue techniques
as part of a treatment package, including exercise. The ACP guidelines (2017) recommend
spinal manipulation for CLBP but on low-quality evidence. French guidelines also consider
manual techniques as second-line treatment and only as a part of a multimodal treatment
combination, including a supervised exercise program (Bailly et al. 2021, 21). For
acupuncture and related forms, the VA/DoD (2022) guidelines report insufficient evidence
to recommend it; NICE guidelines (2016) strongly do not recommend it; APTA guidelines
(2021) consider using, while ACP (2017) recommend it, but with a poor evidence quality
foundation.

The recommendations on manual therapies and acupuncture are inconsistent but in different
aspects; they vary mainly regarding the circumstances in which the intervention should be
provided, respectively, implicating discrepancies related to its use in patients with NSLBP
(Oliveira et al. 2018). In addition, manual therapy and acupuncture are two treatments that
most guidelines agree should be administered only as adjuvant therapy (Nicol et al. 2023).

Regarding physical agent modalities, a substantial agreement can be observed between
guidelines. Such therapies as laser, transcutaneous electrical nerve stimulation, and
ultrasound are not recommended in CLBP management (National Institute for Health and
Care Excellence 2016; Qaseem et al. 2017; Bailly et al. 2021, 24; The Diagnosis and
Treatment of Low Back Pain Group 2022), while the APTA guidelines (2021) do not
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mention or address physical agent modalities at all. Therefore, applying manual therapy and
other directed therapies can only be considered an adjunct to therapeutic exercises. In
contrast, applying physical agent modality has no scientific stronghold.

1.3 Pain understanding

The term "low back pain" can be observed from several perspectives. From the diagnosis
perspective and the perspective of symptoms resulting from different known or unknown
abnormalities or diseases (Hartvigsen et al. 2018). From any angle we look at it, pain is a
precursor term in both perspectives. Understanding the underlying (patho)anatomy helps
understand how LBP can develop (Chou 2023). Respectively, to understand pain, it is
necessary to understand what pain is, what function it serves, and what biological processes
are thought to underpin it (Moseley and Butler 2015, 808). Understanding the biology and
origins of pain can have a powerful influence on individuals' health and well-being since it
changes how people think about pain, reduces its threat value and improves their
management of it (Butler and Moseley 2013, 16-17).

As Moseley (2007, 169) states, the biology of pain is never really straightforward, even when
it appears to be. Understanding pain simply as a direct consequence of physiological
dysfunction (Ongaro and Kaptchuk 2019) and a marker of tissue damage (Moseley and
Butler 2015, 808) is contrary to the understandings, evidence, and knowledge advocated by
modern pain science (Malfliet et al. 2017).

From the longitudinal perspective of NSLBP, psychosocial factors are undeniable (Ramond-
Roquin et al. 2015), including pain understanding as an undoubtedly psychosocial factor,
considering its critical cognitive (psychological) and social (environmental) constructs
(Asmundson et al. 2014, 37; Craig and MacKenzie 2021). The overall ability of patients to
seek, understand, and apply health information, including those about pain, plays an essential
role in managing chronic pain conditions (Edward et al. 2018). In addition, all health
professionals must be knowledgeable about pain for effective pain management and patients'
well-being (Nuseir et al. 2016), and conflicting information from healthcare professionals is
a known iatrogenic contributor to pain (Parker and Madden 2020, 4). Pain understanding,
which is based on outdated pain models and laden with misconceptions that are contrary to
the best evidence, is a barrier to effective pain management (Ryan et al. 2023).

According to the study findings from Darlow et al. (2013), healthcare professionals have the
most substantial and possibly long-term influence on patients’ understanding of the source
and meaning of pain symptoms. However, evidence shows that patients with LBP have pain
misunderstandings (Darlow et al. 2014; Tarimo and Diener 2017; Gron et al. 2019; Ampiah
et al. 2022), as well as healthcare professionals involved in their care (Valenzuela-Pascual
etal. 2021; Ampiah et al. 2022). Systematic reviews show evidence that health professionals'
understanding of LBP is associated with the understanding of their patients and that
misunderstanding is associated with LBP management and possibly outcomes (Darlow et al.
2012). Healthcare professionals with pain misunderstandings are more likely to recommend
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non-evidence-based care, and healthcare commissioners with such understandings may be
more likely to direct resources to non-evidence-based pathways; hence, this domino effect
creates an environment where non-evidence-based care is perpetuated, leading to poorer
outcomes for all (Ryan et al. 2023). Additionally, information from the social environment
that supports patients’ LBP misunderstandings is more than available and trustworthy in
opposition to those countering them (Wand et al. 2023). Along with pain misunderstandings
and supporting constructs, patients themselves are unaware of the proper care pathway to
undertake, which may have implications for their overall quality of life (Lepri et al. 2023).

Today, the fact that pain is a complex phenomenon made up of different biopsychosocial
constructs is widely known in science. Still, pain remains one of the most misunderstood
medical problems (Mathews 2011). Understanding modulators is also beneficial in
understanding the multifactorial nature of pain (Shala et al. 2021); hence, it is essential to
know and understand that pain is dependent on its perceived cause and that emotions,
thoughts, beliefs and behaviours can be the percussor of pain, as well as that lack of
knowledge and understanding may have their input into pain experience (Butler and Moseley
2013, 21-39). Understanding the problem is particularly important in CNSLBP, where the
conventional treatment approach is entrenched in robust beliefs and attitudes (Moseley 2003,
184). CNSLBP is a complex problem that is best understood through a biopsychosocial lens,
particularly one that incorporates a contemporary understanding of the neurobiology of the
pain experience; hence, patients should be provided with a less threatening and more hopeful
understanding of their problem (Wand et al. 2023).

1.3.1 Pain Science Education in the management of chronic nonspecific low back pain

Optimisation of CNSLBP management and improvements in treatment outcomes may
emerge from a richer understanding of the interaction between modifiable contributing
factors across the biopsychosocial spectrum and how these issues coalesce to shape the pain
experience and trajectory (Wand et al. 2023). In general, the patient's understanding of pain
is the target of education. Pain science education improves understanding of "how pain
works‘ and has been demonstrated to improve patients' pain and disability outcomes (Ryan
et al. 2023). Pain education is a popular treatment approach for chronic pain that involves
learning various concepts about pain, an essential part of recovery (Leake et al. 2021), and
it is indicated when the patient presents maladaptive illness perceptions (Nijs et al. 2011).

Pain science education is underpinned by theories, primarily educational psychology
(Moseley et al. 2023), of which conceptual change theory is the leading originator (Moseley
and Butler 2015, 807). Emerging in the early 2000s, intensive education about "how pain
works* has evolved into diverse educational approaches with deliberated and targeted
content and strategies aimed at pain understanding (Moseley et al. 2023). The widely known
educational model known as pain neuroscience (Louw et al. 2019) or pain neurophysiology
education (PNE) (Keen et al. 2021), as the name suggests, relies on education about the
biology of pain on a neuroscientific basis, but at a level comprehensible to patients. A key
aspect to understand is that pain is produced by the brain when it perceives danger to body
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tissue, and additionally, pain does not equal pain caused by damage to body tissue (Shala et
al. 2021). More broadly, key learning targets in pain science education include the variable
relationship between danger messages, that is, nociception and pain; the potency of context
on pain; upregulation in the nociceptive system as pain persists; the coexistence of multiple
protective systems, including pain itself, but the only one that the sufferer necessarily knows
has been engaged; the potency of these other protective systems on pain; the adaptability,
and therefore trainability, of our biology (including neuroplasticity) and the knowledge that
this adaptation back to normality is to be expected to be slow (Moseley and Butler 2015,
808-809).

Along with PNE, several other educational models have been developed, such as the Fit-for-
Purpose Model (FFPM), which shares some characteristics with the approaches above to
understanding and managing CNSLBP but extends them by integrating cognitive and
behavioural factors with modifiable neuroimmune processes (Wand et al. 2023). Pain
science education is not a specific set of procedures or techniques; it is a range of educational
interventions that increase knowledge of pain-related biology, decrease catastrophising, and
reduce pain and disability (Moseley and Butler 2015, 807-808) in pain sufferers. The
common thread of pain science educational models is that understanding their pain helps
patients progress towards self-management and recovery of life roles (Parker and Madden
2020, 3).

Although clinical practice guidelines recommend pain education as a part of the first-line
treatment for managing chronic musculoskeletal pain, including CNSLBP, more pain
education programs in healthcare are needed (Baroni et al. 2023). The evidence of systematic
reviews and meta-analyses in the existing body of knowledge favour PNE in CNSLBP
treatment since it appears to contribute to better clinical outcomes both in the short to
medium term (Wood and Hendrick 2019; Ferlito et al. 2022; Bonatesta et al. 2022) when
combined with the usual physiotherapy treatments, first line with exercise, (Bonatesta et al.
2022; Cuenca-Martinez et al. 2023; Lepri et al. 2023) and as a part of an interdisciplinary
program (White et al. 2018). The most recent meta-analysis has shown that adding just a
single session of PNE to physiotherapy treatment programs would lead to more efficacious
effects for CNSLBP, and with a group-based approach, it may be more beneficial (Ma et al.
2023). In general, communicative and educative strategies have gained significant relevance
in managing CNSLBP, whereas pain science education in the first line is most effective for
behaviour modification and compliance with exercise in the long term (Barbari et al. 2020).
The uptake of patient pain science education as a treatment approach has required a dramatic
shift in the type of education given by physiotherapists, away from explanations focussed
on structural pathology and ergonomic advice, both of which are linked to poor outcomes,
and towards explanations focusing on the biopsychosocial mechanistic constructs of pain,
the benefits of which are supported by scientific evidence (Parker and Madden 2020, 3).
However, more profound scientific knowledge is needed for physiotherapists and other
health professionals to have a critical and deep engagement in how treatments act to
potentially influence clinical outcomes (Parker and Madden 2020, 3).
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2 THEORETICAL BACKGROUND OF THE CONCEPT OF PAIN
AND THE RELATIONSHIP WITH PATIENT OUTCOMES

The theoretical part of the dissertation explores the concept of pain, encompassing different
theoretical and empirical perspectives, including biological, functional, and quality of life
changes. The main objective is to analyse the existing knowledge about pain, its
conceptualisation, and its relationship with patient outcomes in CNSLBP.

2.1 Theories of Pain

Although pain is humankind's oldest medical problem and universal physical affliction,
throughout history, pain as a cause of human suffering primarily had philosophical, political
and religious meanings (Meldrum 2003, 2470). Pain experience has remained a topic of long
debate since its emergence in ancient times when Aristotle saw pain not as sensation but as
emotion, not connected with the brain but with the heart as a central organ (Chen 2011, 343).
Hippocrates believed that pain was caused by an imbalance in the vital fluids of a human
(Linton 2005, 11).

The initial ideas of pain were formulated in both the East and the West before 1800. Since
1800, due to the development of experimental sciences, different theories of pain have
emerged and become central topics of scientific debates (Chen 2011, 343). Different theories
have been developed to aid in comprehending pain, and through time, besides various
religious, philosophical, political, and cultural models, these have been based on scientific
considerations as well, and each of those pain theories continued to exert influence on pain
deliberation (Linton 2005, 9). The salience of pain as a problem in its own right has grown
since 1945, and as a result of research and new knowledge, new theoretical perspectives with
further pain assessment and treatment implications were developed (Meldrum 2003, 2470).

The perspective of time, respectively, and the historical course of pain is essential in
understanding this problem. Pain has been a vital experience throughout recorded history,
and some of the various models of how pain functions have evolved continue to influence
how pain is viewed today; in addition, how we experience pain changes with time, as do the
consequences for us (Linton 2005, 18). Since the 17th century, theories postulated are
considered the most influential throughout history, including the Specificity, Intensity,
Pattern, and Gate Control Theories of Pain (Moayedi and Davis 2013, 5). In general, each
of the theories has typical assumptions about the relationships between stimuli and primary
afferent signalling in pain, as Chen (2011, 345) has succinctly shown (Figure 2) by adapting
work from Perl (2007).
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Figure 2: Theories of Pain
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The Specificity Theory (Figure 2 A) was one of history's most influential (Chen 2011, 344)
and one of the first modern pain theories. It refers to the presence of dedicated pathways for
each somatosensory modality; hence, it postulates that there is a dedicated fibre that leads to
a dedicated pain pathway to the sensory modality’s region of the brain, therefore suggesting
the existence of a pain-specific pathway (Moayedi and Davis 2013, 5-8). Initially presented
by Charles Bell in 1811 (1774-1842) (Chen 2011, 346), the theory is similar to Renee
Descartes' (1596-1650) dualistic approach to pain in the way that it delineates different types
of sensations to different pathways, still; postulating brain as a complex structure with
various components and not a homogenous object as Descartes believed it was (Trachsel et
al. 2023). As Bell, who suggested motor activity depends on the ventral roots, Francois
Magendie (1783-1855) demonstrated dorsal spinal roots as afferent, consequently providing
powerful tools for work to come on functions of the spinal cord and ultimately on pain
mechanisms (Perl 2011). Throughout a century and a half, scientists and philosophers further
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developed the specificity theory; in the mid-1800s, Johannes Muller revealed that individual
sensations were the result of specific energy experienced at certain receptors, including the
ability of an individual to discriminate between different sensations, and in 1894,
Maximillian von Frey advanced the concept by the discovery of four separate somatosensory
spots found throughout the body (Trachsel et al. 2023); touch, cold, warmth and pain (Pearce
2006, 1317). The revelation of specialised sense organs - nociceptors, synaptic transmission
and modulation in the central nervous system (CNS), a principle of brain structure and
functions, spawned a comprehensive Specificity theory; nociceptors have thresholds at or
near noxious levels, increasing activity with more potent noxious stimuli; as special
peripheral afferent neurons, they have selective connections to particular spinal and
brainstem projection neurons (Chen 2011, 346).

Although this theory and the related findings provided significant advancement to the
understanding of pain, it still failed to account for factors other than those of a physical
nature that result in the sensation of pain and like the dualistic approach, it lacked an
explanation for why sometimes pain persists long after the healing of the initial injury which
continued additional researches and new theories (Trachsel et al. 2023).

The Intensity Theory of Pain (Figure 2 B) proposed in 1874 by Wilhelm Erb (Chen 2011,
346; Moayedi and Davis 2013, 8) reasoned pain as the outcome of any solid sensory
stimulation, arguing that intense activation of any sensory modality is unpleasant (Perl
2011). However, the theory goes back to Plato (c. 428 to 347 B.C.), who defined pain not as
a unique experience but as an emotion occurring when the stimulus is intense and lasting;
centuries later, today there is an awareness that pain, especially chronic pain, is a dynamic
experience, profoundly changeable in a spatial-temporal manner (Trachsel et al. 2023). The
Intensity theory of pain was supported by the characteristics of the visceral sensory system
in the 20th century, specifically the spinal cord and stimulus-response (Chen 2011, 346).

The Pattern Theory of Pain (Figure 2 C) was introduced by John Paul Nafe (1888-1970) in
1929, revealing ideas directly opposite to the ideas suggested in the Specificity theory
regarding sensation (Trachsel et al. 2023). He proposed a system for sensing physical
sensations based on specific activity patterns; patterns were determined by the frequency
and timing of individual nerve fibres' discharges concerning impulses from other fibres in
the group with no specialisation of incoming fibres to perceive specific types of stimulation
(Perl 2011). The theory unequivocally declares that somaesthetic sensations are encoded
through precise neural firing patterns in peripheral nerves based on their spatial and temporal
profile (Moayedi and Davis 2013, 8-9). At the time, this encoding was considered to
accurately represent the type and intensity of the stimulus, leaving no room for ambiguity or
doubt. However, with further research and the discovery of unique receptors for each type
of sensation, it can be stated with certainty that this theory is an inaccurate explanation for
how we feel pain (Trachsel et al. 2023).

In 1965, a theory that considered pain from a holistic perspective was presented. The Gate
Control Theory (Melzack and Wall 1965) (Figure 2 D), introduced by Patrick David Wall
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(1925-2001) and Ronald Melzack (1929-2019), was a mind-body perspective that partially
supported previous theories of pain but also presented more knowledge to advance the
understanding of pain further (Trachsel et al. 2023). According to the Melzack and Walls
theory and summarised by Chen (2011, 347), there is a mechanism known as "gating" at the
first synaptic relay between primary afferents and transmission (T) cells; cells are
responsible for transmitting pain signals and are found in the substantia gelatinosa (SG) of
the spinal dorsal horn. The theory has three main parts: (i) when neural activity is mediated
by large (L) non-nociceptive afferent fibres, it inhibits the activity of small (S) nociceptive
afferent fibres through the activation of inhibitory SG interneurons which results in
hypoalgesia or analgesia, (ii) when nociceptive afferent fibres' activity prevails, it
exacerbates pain by deactivating the inhibitory SG interneurons, and (iii) the "gating"
mechanism is dynamically modulated by central control of descending or segmental origin.
In simple terms, by Trachsel et al. (2023), the "gate" refers to the mechanism that controls
the flow of information from the periphery to the spinal cord and, ultimately, to the brain.
When the gate is closed, the brain receives no information from the periphery. However,
when the signal travelling to the spinal cord reaches a certain level of intensity, the gate
opens, allowing the signal to travel to the brain, where it is processed. This is when the
individual begins to experience pain. The theory also slowly initiated the idea that pain may
not solely result from physical injury but rather a complex experience influenced by diverse
factors (Perl 2011; Trachsel, et al. 2023).

Each of the major pain theories discussed provided a partial explanation of the observations
about the nociceptive system and pain perception (Moayedi and Davis 2013, 9) and may be
appropriate for the interpretation of some aspects of pain (Chen 2011, 348); still, none of
them adequately accounted for the complexity of the pain system (Moayedi and Davis 2013,
9). Additional research was necessary to comprehend the mechanisms and aetiology of pain
completely, precipitating the introduction of new philosophies regarding pain (Trachsel et
al. 2023).

2.2 Concepts pertinent to understanding pain, related disability and quality of life

The concept of pain is ancient and has been interpreted and understood differently
throughout the historical course. Additionally, illness and health were differently understood
at the cultural and conceptual levels (Rocca and Anjum 2020, 225). Conceptual models are
a set of ideas used to shape the practice of scientific medicine, constructed from general
theories and further used as learning tools; these models undergo regular assessment and
manipulation in light of new data, ideas, and concepts. If new evidence renders them
insupportable, they are modified or eventually discarded and replaced by more valuable
models (Quintner et al. 2008, 824-825).

From a historical perspective, two concepts stand out that imply the understanding of pain:

traditional and contemporary (Asmundson et al. 2014, 35-36). Due to the development and
interaction of science and technology and in the light of new knowledge, several concepts

17



today are interconnected through a biopsychosocial framework and enable a broader and
deeper understanding of pain and chronic musculoskeletal pain in particular.

2.2.1 The biomedical concept

The traditional biomedical concept entails specific ways of understanding health, illness and
disease. It explains illness as one or more physical malfunctions at a lower level of
organisation and health as the absence of physical signs of disease (Rocca and Anjum 2020,
225-230). The biomedical concept implies pain as a sensory experience resulting from
physical damage due to injury or disease (Asmundson et al. 2014, 35); such a structural-
pathology concept supposes pain as an accurate indication of the tissue state and
straightforward injury consequence (Moseley 2007, 169). In addition to pain, the biomedical
model views disability as a direct result of disease processes that require treatment or
intervention (Zale and Ditre 2015). Hence, the biomedical model is primarily based on a
structural conceptualisation of pain (Mescouto et al. 2022) and disability. In this concept,
the brain is mainly a passive stimulus-driven organ that absorbs sensory signals from the
body and converts them directly into conscious experience (Ongaro and Kaptchuk 2019).
Therefore, if an individual suffered an injury, whether it be through trauma, infection, or
disease, a signal would be transmitted to the brain, which would, in turn, result in the
sensation of pain (Trachsel et al. 2023). The experience of pain is reduced to an elaborate
broadcasting system of nerve signals rather than viewing it as moulded and shaped by the
person experiencing it and their particular sociocultural context (Bendelow 2013, 455).

The biomedical concept encompasses theories of pain created up to the mid-1900s, which
implied that pain experience was exclusively due to an injury somewhere in the body
(Trachsel et al. 2023). The concept is consistent mainly with Cartesian dualism and the idea
that mind and body are non-overlapping entities; is both reductionistic by linking all diseases
directly to specific physical pathology; and exclusionary of any social, psychological, and
behavioural mechanisms of illness (Asmundson et al. 2014, 35). The historical concept of
dualism that suggests pain as solely caused by physical injury also entails any increase in
pain due to additional damage to the body (Linton 2005, 12). The concept of quality of life
and disability in the field of biomedicine is closely linked to the idea of biological normality,
and this view is well-articulated and forms an integral part of biomedical understandings
(Amundson 2005); life quality is explained by the person’s degree of "normality" rather than
by environmental accessibility (Amundson 2005).

Quintner et al. (2008, 825) applied the biomedical conceptual model to the problem of
clinical pain. The model suggests a direct and predictable relationship between tissue
damage and the experience of pain and assumes that there is a neurobiological connection
between the site of the damage and the brain and that nociception (detecting potentially
harmful stimuli) is a necessary condition for pain. Therefore, the pain is not considered "real"
without nociception. Pain not defined in organic pathology is given low clinical importance
(Bendelow 2013, 455).
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Empiricism is a highly influential perspective in philosophy and science, particularly when
it comes to understanding causality; hence, after being assessed in light of new knowledge
that rendered the biomedical pain concept insupportable, it was discarded and replaced by a
more helpful model supporting multiple constructs of the pain experience (Rocca and Anjum
2020, 62).

2.2.2 The biopsychosocial concept

As stated by Asmundson et al. (2014, 36), contemporary pain models share the recognition
that biological, psychological, and sociocultural factors influence pain and, hence, are
essential for understanding and assessing pain. The Gate Control Theory (Melzack and Wall
1965) has significant historical importance since it challenged the primary assumptions of
the traditional biomedical models regarding pain's reciprocal influence on cognition and
mood, and vice versa. It is a crucial part of the contemporary biopsychosocial, respectively
holistic approach to understanding pain.

Bevers et al. (2016, 99) described the biopsychosocial concept, in general, as an approach
that considers the whole person, recognising the interconnection of the body and mind.
Considering the biological, psychological, and social factors contributing to pain and illness,
this model emphasises how individuals cope with and respond to symptoms or disease rather
than solely focusing on the disruption of bodily systems caused by underlying physiological,
anatomical, or pathological processes, which is the main focus of the biomedical disease
model. Trachsel et al. (2023) also summarised that illness and disease result from complex
interactions between biological, psychological, and sociological factors affecting an
individual’s physical and mental well-being. In addition, health-related quality of life
(HRQoL) is a vital indicator of the overall well-being and life satisfaction experienced by
individuals with a disease (Fong et al. 2024), including pain. Above all, scientific research
has shown that many factors influence our pain perception; pain is not simply a
neurophysiological phenomenon (Linton 2005, 14).

The biopsychosocial model is the only conceptual construct that provides the most
comprehensive explanation of why people experience pain and the unique nature of each
patient’s experience (Trachsel et al. 2023). Despite the complexity of the pain experience
itself, Linton (2005) very simply and vividly described the biopsychosocial concept of pain
and the constructs that form it (Figure 3). Accordingly, sensory stimulus, culture, family and
environment influence pain perception (Linton 2005, 14—-15; Asmundson et al. 2014, 36-
41). However, the figure underscores that pain perception, respectively experience, also
cognitive (i.e. beliefs, mood, anxiety and fear, and spirituality), and behavioural constructs
(i.e. avoidance, activity limitations, coping strategies) (Asmundson et al. 2014, 39—40)
thereby implying that pain experience involves how we process and react to physiological
stimuli (Linton 2005, 15).

Regarding behavioural and cognitive influences on pain, the biopsychosocial concept does
not focus solely on the disease but the illness, viewed as a type of behaviour. It emphasises
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that illness behaviour is a dynamic process where biological, psychological, and social
factors change relative importance as the condition evolves. While a painful condition may
be initiated by biological factors like physical injury or pathology, psychological and social
factors may play a primary role in maintaining and exacerbating pain (Asmundson et al.
2014, 37). Therefore, unlike biomedically-based concepts, the biopsychosocial concept
encompasses pain and disability as a multidimensional, dynamic integration among diverse
factors that reciprocally influence one another through a temporal perspective, from the
onset of pain to its maintenance (Meints and Edwards 2018).

Figure 3: Factors of pain perception

Culture

Family Emotions
Nociceptive Cogpnitions
Stmul Behaviors
Environment

Source: Linton 2005, 15.

Evaluation of the integrated "whole person," with the mind and the body together as
interconnected entities, recognising biological, psychological, and social components of
pain and illness (Bevers et al. 2016, 99), implies the same biopsychosocial approach in
treatment. Despite recommendations for the approach (National Institute for Health and Care
Excellence 2016), it is still unclear whether there is a sufficient understanding of what the
biopsychosocial model means in physiotherapy research and practice, and there are
questions regarding whether psychological and social aspects are given sufficient attention
(Mescouto et al. 2022). In addition, individuals can experience pain differently, which can
result in unique symptom patterns for specific patients. This highlights the importance of
personalising interdisciplinary pain management programs for each patient during the
assessment and treatment. Adopting a holistic approach to pain management is crucial,
especially when addressing chronic conditions, by expanding the scope of interdisciplinary
assessment and treatment (Bevers et al. 2016, 99).

The biopsychosocial perspective of modern pain science recognises that pain is a complex
phenomenon, and other factors are also likely to be important in patients' pain experiences
(Mescouto et al. 2022). Hence, to conceptually understand (Mescouto et al. 2022) pain
properly, there are four key points: (i) pain is not a measure of the tissue state; (ii) it is
modulated by many somatic, psychological and social factors; (iii) the relationship between
pain and the tissue state becomes less predictable as pain persists; and (iv) pain can be
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understood as a conscious correlate of the implicit perception of tissue danger (Moseley
2007, 169). A partial or reductionist understanding of the biopsychosocial concept of pain
may be iatrogenic from the perspective of research and practice and outcomes in general.
2.2.3 The concept of central sensitisation

While acute pain helps individuals to identify things that may be harmful or situations that
could be dangerous, thus allowing them to avoid contact with those things and protecting
their damaged tissues while they heal, when the pain persists, its helpful nature is
overshadowed by adverse effects that can have a significant impact on both individuals and
society (Nijs et al. 2021). A profound understanding of chronic pain is of high significance
in medical and health-related sciences, and it has been shown as a complicated, inevitable,
constant and meanwhile unpredictable concept in the process of evolution, which is still not
known thoroughly (Rostami et al. 2019, 6).

Traditionally, chronic pain is a type of pain that continues more than its usual amount
(Rostami et al. 2019, 1) and is widely recognised as teleologically distinct from acute pain
by portending tissue damage (Fitzcharles et al. 2022). Within the framework of the modern
International Association for the Study of Pain (IASP) definition, CNSLBP entails pain with
no specific biological causes, with duration extending the time needed for tissue healing
which persists or recurs for more than three months and is associated with significant
emotional distress and functional disability (Treede et al. 2019, 19). Given its multifactorial
nature and its sequelae, CNSLBP falls under the umbrella of chronic primary pain diagnoses,
more precisely chronic primary musculoskeletal pain, a stem category encompassing the fact
of pain existence not due to tissue abnormalities; however, pointing out some aspects that
only can be mechanistically explained (Fitzcharles et al. 2022).

Advances in neuroscientific research have significantly improved our understanding of pain,
including understanding the central nervous system's role in creating and amplifying
prolonged pain experiences (Nijs et al. 2023). Empirical studies, including neuroimaging
research (Harte et al. 2018), confirm neuroplasticity-based reorganisational changes due to
pain presence, amplification, and persistent pain experiences (Nijs et al. 2017, 109). These
neuroplastic brain adaptations due to chronic pain lead to the modulation of cognitive
domains, affecting pain perception (Khera and Rangasamy 2021). In addition, brain network
communication creates pain perception, dynamically integrating cognitive, affective, and
sensorimotor aspects on multiple timescales with fluctuating attentional states (Kucyi and
Davis 2015). Most cases of chronic musculoskeletal pain are characterised by alterations in
central nervous system processing (Nijs et al. 2011), and new scientific knowledge
consequently led to the development of a new concept enabling a more comprehensive
understanding of chronic pain.

This new and vital concept of central sensitivity (Yunus 2007) respectively, central
sensitisation (CS) (Nijs et al. 2011; Woolf 2011; Nijs et al. 2023) embraces the
biopsychosocial approach (Yunus 2007) to chronic pain. The concept itself is the foundation
of the International Statistical Classification of Diseases and Related Health Problems (ICD)

21



stem category of chronic primary pain (Fitzcharles et al. 2022) and is an evidence-based
explanation for many cases of chronic musculoskeletal pain referred to as nonspecific (Nijs
et al. 2011). Described as a consequence of ongoing nociceptive input (Harte et al. 2018),
CS is operationally defined as an amplification of neural signalling within the central
nervous system that elicits pain hypersensitivity (Woolf 2011). However, CS is an umbrella
term, hence a concept, covering several partly overlapping and highly related mechanisms
(Nijs et al. 2023). Summarised by Dahmani et al. (2023); an increase in synaptic
transmission that occurs due to the loss of inhibitory interneurons in the spinal cord, the
facilitation of pain transmission pathways that travel up to the brain, changes to the pathways
that generally inhibit pain signals from descending, an increase in the emotional and
cognitive components of pain perception, and changes to the way the brain processes
incoming pain signals.

According to Nijs, Malfliet, and Nishigami (2023), CS is a homeostatic mechanism with a
wide range of clinical and biological presentations, adaptive in the short term; still, in the
long term, it becomes maladaptive, with pain losing its protective value, which is seen in
patients with persistent pain. In addition, neuroimaging research has shown that due to CS,
changes occur in the grey matter regions of the brain that process pain, additionally with
neurochemical imbalances and altered resting brain-network connectivity between
pronociceptive and antinociceptive brain areas and also immune system abnormalities (Harte
et al. 2018). A brief overview of structural, functional, and neurochemical changes
associated with CS can be seen in Figure 4.

Figure 4: Structural, functional, and neurochemical changes associated with central

sensitisation
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Source: Volcheck et al. 2023, 246.

Essentially, CS is the primary underlying mechanism of nociplastic pain, a pain phenotype
(Nijs et al. 2023) suggested to cover a subset of patients with CLBP who experience
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widespread hyperalgesia, facilitated temporal summation of pain, and impaired conditioned
pain modulation despite the absence of clear evidence of actual or threatened tissue damage
(Schuttert et al. 2021).

The existing body of knowledge confirms that CS has a significant impact on pain, function,
physical performance and HRQoL in patients with chronic primary musculoskeletal pain,
CNSLBP in particular (Akeda et al. 2021; Dahmani et al. 2023), simultaneously confirming
the contribution of cognitive-emotional factors (Nijs et al. 2023) such as pain
catastrophising, stress, hypervigilance, lack of acceptance, depressive thoughts, and
maladaptive illness perceptions, to the already sensitised central nervous system (Nijs et al.
2016). By reviewing evidence, Roussel et al. (2013) reported that patients with CNSLBP
exhibit altered central nociceptive processing and exaggerated pain responses, also implying
a relationship between psychosocial characteristics and CS in this particular population.

Volcheck et al. (2023, 245) summarise that CS is a pathophysiologic process in which the
central nervous system undergoes changes that alter pain processing and other sensory
stimuli. As existing evidence implies, this mechanism is responsible for various unexplained
musculoskeletal pain conditions, including CNSLBP. In addition, because of CS sequelae,
patients frequently misunderstand the cause of their pain and pursue unnecessary evaluations
and treatments; hence, clinicians have a pivotal role in decreasing this misunderstanding,
which can alter pain perception and treatment, resulting in disability and decreased quality
of life (Volcheck et al. 2023, 245).

2.2.4 The fear of pain avoidance concept

Research increasingly acknowledges the contribution of fear and anxiety in chronic pain,
building upon knowledge from general research. The Fear Avoidance Model (FAM),
underlined by fear of pain as the central concept (Vlaeyen and Linton 2000, 317), was
advanced more than twenty years ago to explain the development and persistence of
debilitating back pain, and since then, it has been widely accepted and become a leading
paradigm for understanding disability associated with musculoskeletal pain (Wideman et al.
2013). By observing the existing body of knowledge, it has long been a well-established fact
that pain sufferers frequently encounter various forms of fear that emerge when stimuli that
are related to pain are perceived as a main threat, such as fear of injury, movement, work-
related activities, and pain itself (Leeuw et al. 2007). In addition and consistent with the
FAM of chronic pain, pain-related fear contributes to the development and maintenance of
pain-related disability (Zale et al. 2013) and greater pain-related fear is associated with more
severe disability and may predict the progression of disability over time (Zale and Ditre
2015). The current understanding underpinned by the FAM is that pain-related fear is a
psychopathological problem whereby patients become trapped in a vicious cycle of
avoidance behaviour, pain, and disability (Bunzli et al. 2017), which is provoked by patients'
negative interpretations of their pain and fear of movement as a consequence (Zhao et al.
2023).
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As vividly implied by Vlaeyen and Linton (2000, 329) (Figure 5), when someone
experiences pain, possibly due to an injury, if they interpret it as threatening (known as pain
catastrophising), it can lead to pain-related fear, causing them to avoid certain behaviours
and become hypervigilant about bodily sensations eventually leading to disability, disuse,
and even depression. Unfortunately, this can keep the pain experiences going, thus fueling a
vicious circle of increasing fear and avoidance. It is believed that negative affectivity and
threatening information about the illness can influence pain catastrophising, while on the
other hand, non-catastrophizing patients do not experience pain-related fear and are more
likely to confront daily activities and recover quickly (Vlaeyen and Linton 2000, 329).

Figure 5: The cycle of the fear avoidance model
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Source: Vlaeyen and Linton 2000, 329.

Evidence implies that pain-related fear can also be seen as a common-sense response to
dealing with LBP (Bunzli et al. 2017). When one is presented with a model of one's
vulnerable, degenerating, or damaged lower back, avoidance is a common-sense response to
protect a damaged back (Bunzli et al. 2017). Therefore, the concept of pain as a result of
tissue damage has significant implications for individuals who are trying to understand their
condition based on their internal resources, as well as for the information they receive from
their family, social networks, and the world at large (Wand et al. 2023). It makes intuitive
sense to consider acute LBP as a marker of damage, as it is usually characterised by pain
that is triggered by movement and relieved by rest and inactivity (Wand et al. 2023), so
avoidance behaviours may be adaptive in the context of acute pain, long-term avoidance of
physical activity is thought to impair daily functioning and result in more significant physical
disability (Zale et al. 2013). According to FAM's proposal, confronting normal activities
without catastrophising can lead to recovery when someone first develops LBP; for
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individuals stuck in the fear-avoidance cycle, the pathway to recovery is less clear (Bunzli
et al. 2017). Pain-related fear may be reinforced negatively by avoidance behaviours, which
can lead to the maintenance and progression of disability (Zale et al. 2013). Therefore, due
to a combination of social, psychological, experiential, and clinical factors that have shaped
their thinking patterns, individuals experiencing LBP tend to view their back as fragile and
unsuitable for everyday activities and perceive their back to be in danger and in need of
protection, which can lead to a negative cycle of pain and fear (Wand et al. 2023).

Wideman et al. (2013) proposed that these cyclical relationships needed further examination,
including fear as phobia, the link between pain and disability, and disability's independence
from pain-related physiological processes. According to Wand et al. (2023), when a person
perceives their body as damaged, fragile, or unhealthy, they may start to feel increasingly
so, which reinforces the belief that their back is not capable and needs protection, which is
further confirmed by the feedback they receive from their own back due to deconditioning,
degraded spine motor control and disrupted self-perception, resulting with a self-sustaining
cycle. Research has shown that individuals with more potent pain-catastrophizing thoughts
tend to experience a higher level of pain intensity and interference, which can lead to adverse
effects such as anxiety, depression (Severeijns et al. 2001), and higher fear of movement,
referring to excessive and debilitating fear of carrying out activities that may cause injury or
re-injury, with the condition associated with increased pain disability, both cross-sectionally
and longitudinally (Luque-Suarez et al. 2019). Regarding the predictive value of pain fear,
high pain catastrophism has been revealed as the only predictor consistently associated with
poor LBP outcomes in the long term (Otero-Ketterer et al. 2022). In addition, research has
brought the fear of movement and avoidance behaviours into line with CS in patients with
CNSLBP. Huysmans et al. (2018) revealed that CS is significantly associated with
psychosocial and cognitive behavioural factors and outcomes in patients with CNSLBP.
Findings from Dahmani et al. (2023) showed psychosocial symptoms such as pain
catastrophising, anxiety and depression associated with CS, and therefore of influence on
pain, function and physical performance in patients with chronic musculoskeletal pain,
including CNSLBP.

Considering the theoretical origins and empirical findings elaborated earlier in the text, it is
possible to imply that the biopsychosocial concept, CS and fear avoidance interplay under
the umbrella of chronic musculoskeletal pain, respectively CNSLBP. Understanding pain-
related fear from a common-sense perspective enables physiotherapists to provide
individuals with LBP and high fear a pathway to recovery by altering their sense of pain
(Bunzli et al. 2017). The fear of movement can be assessed by examining one's beliefs and
attitudes towards the connection between pain and injury, respectively, hurt and harm (Zhao
et al. 2023), while the factors that contribute to shaping beliefs that the back is injured and
fragile and that this condition is challenging to reverse can originate from one’s internal as
well as external resources (Wand et al. 2023).
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2.3 Personal concept of pain

One's personal concept of pain refers to how one understands what pain actually is, what
function pain serves, and what biological processes are thought to underpin it (Pate et al.
2020). Understanding is a complex cognitive process that depends on learning, interpreting,
generalising, and acting upon information (Blaha et al. 2022). Under the umbrella of pain
science (Pate et al. 2022) and conceptual change theory that underpins pain science
education (Moseley and Butler 2015), one's personal pain concept is conditioned by
individual prior knowledge (Vosniadou 2012) and beliefs (Pons et al. 2012; Vosniadou
2012; Pate et al. 2022). In addition, the probability of pain, based on Bayes' theorem, is based
on prior knowledge of the conditions that could be associated with this event (Hackenberger
2019). Hence, knowledge and beliefs are essential for one's concept of pain (Pate et al. 2022),
respectively, pain conceptualisation (Moseley 2007).

Although united in the pain concept, beliefs and knowledge are two distinct cognitive
constructs. Beliefs are often firm opinions that may not always be rational and can persist
over time (Caneiro et al. 2021). Unlike other cognitive constructs, such as knowledge, they
involve a significant self-referential element not always found in knowledge (Connors and
Halligan 2014). Science, particularly philosophy, highlights significant differences between
knowledge (episteme) and belief (doxa); knowledge is considered a long-standing objective
of human endeavours and is typically associated with education and scientific understanding
that provides truth, while belief is perceived as mere appearances or subjective opinions,
usually based on sense perceptions (Halla 2018).

However, there is still considerable overlap between knowledge as common sense
understanding and belief since different cognitive constructs may involve common
foundations, and even the eliminativist perspective implies that a better specified
neuropsychological theory can replace "folk" understandings — belief (Connors and Halligan
2014). In addition, although the merit of pain conceptualisation and science in general, as
the term itself implies, is knowledge, pain neuroscience education itself intends to influence
patients' pain beliefs by transferring relevant knowledge to patients, allowing them to
understand their pain and, hence, to act appropriately upon information (Nijs et al. 2017,
111).

Elaborating on the theories and conceptual models of pain, one's personal pain concept can
be considered biomedical or, as modern pain science advocates, biopsychosocial. In
addition, patient pain knowledge can be aligned with modern pain science (Pate et al. 2022)
or misaligned, while pain beliefs can be organic, centring on the notion that pain indicates
immediate or imminent physical harm or psychological, and centring on the notion that
internal and external factors mediate pain (Asmundson et al. 2014, 38). In this regard, it is
necessary to refer again to factors which, along with internal resources, contribute to shaping
pain beliefs and misbeliefs: families, social networks, and society in general (Wand et al.
2023). In contrast, knowledge as common sense understanding (Connors and Halligan 2014)
relies heavily on education and science that provide truth (Halla 2018), and as pain science
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knowledge, it is underpinned by theories, deliberated and targeted content of pain
understanding (Moseley et al. 2023).

Based on the theoretical origins of pain concepts, especially those related to chronic pain, as
well as empirical evidence, one's understanding of pain may play a crucial role in
determining its health outcomes. The understanding of pain, pain avoidance behaviour and
pain presence are interconnected, and pain presence can lead to changes in the brain's
reorganisational patterns. Additionally, misinformation and misunderstanding about pain
can lead to further complications. Thus, the concept of pain may be significant in
physiotherapy treatment outcomes in patients with CNSLBP.

2.4 The existing body of knowledge on pain conceptualisation and its relationship with
outcomes in patients with chronic nonspecific low back pain

An extensive literature review was conducted to gain insight into the existing body of
knowledge on the conceptualisation of pain and its relationship to outcomes in patients with
CNSLBP. The main focus was on pain conceptualisation, beliefs and knowledge as pain
concept constructs and pain, disability and HRQoL - core outcomes (Chiarotto et al. 2018)
in patients with CNSLBP. The research gap was determined concerning the theoretical
origins of the concept of pain and the unknown in the existing body of knowledge.

A view is posited that CNSLBP pain results from the sufferer holding a strong cognitive
model of a damaged and fragile spine that cannot be altered (Wand et al. 2023). As Bayes'
theorem suggests, persistent pain can alter cognitive models in the brain, independent of
objective pathophysiology (Edwards et al. 2012). Pain as an indicator of the spine's condition
represents the structural-pathology model (Moseley 2007) and contradicts pain
understandings advocated by modern pain science (Malfliet et al. 2017). Chronic patients
may experience pain due to the cognitive model of an unhealthy body, leading to
maladaptive responses and attentional protective behaviours (Hechler et al. 2016; Ongaro
and Kaptchuk 2019). This pain model is a pragmatic and vivid representation of a concept
(Fitzpatrick and McCarthy 2016) of pain within the concept analysis framework.
Conditioned by individual prior knowledge (Vosniadou 2012) and beliefs (Pons et al. 2012;
Vosniadou 2012; Pate et al. 2022), one's concept of pain refers to how one understands what
pain is, what function it serves, and what processes are thought to underpin it (Pate et al.
2020). Hence, in addressing pain misconceptions (Pate et al. 2022) and pain
conceptualisation (Moseley 2007), addressing both knowledge and beliefs regarding pain
science is essential (Pate et al. 2022). Along with the theory of conceptual change (Moseley
and Butler 2015), this is also supported by the fact that beliefs versus knowledge involve a
significant self-referential element not always found in knowledge (Connors and Halligan
2014).

However, the terms 'beliefs' and 'concept’ are often used interchangeably in the current body

of knowledge. When Pons et al. (2012) reported their findings on the association between
pain beliefs and functioning, they defined beliefs as mental appraisals and understanding
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that ultimately form a preexisting concept of pain. In their 1989 paper, Williams and Thorn
introduced a questionnaire designed to explore patients' beliefs and perceptions of pain;
arguing that these beliefs reflect how patients conceptualise pain and what it signifies to
them (Williams and Thorn 1989). Despite its age, this paper remains essential for pain
science research. In developing a questionnaire on the concept of pain in patients with
chronic pain, Newman et al. (2021) began by focusing on beliefs about pain as the starting
point and focus of the assessment. Per various theorems highlighted in the background of
the research problem, beliefs are not the only contributing factor to the concept of pain in an
individual. Prior knowledge of the phenomenon is another crucial aspect that creates the
overall pain perception. Therefore, exchanging the terms 'beliefs' and 'concept of pain'
should not be taken for granted. Most research in continuation has focused on studying
individual beliefs about pain rather than the concept of pain in its essentials. However, these
studies still have significant value and contribute to the existing body of knowledge while
challenging previously established ideas.

Although contemporary research and guidelines consistently advocate biopsychosocial
understandings of LBP, patients' beliefs are negative and structural-pathology-directed, both
in developed and undeveloped countries (Ben Darlow et al. 2014; Setchell et al. 2017;
Tarimo and Diener 2017; Gren et al. 2019; Ampiah et al. 2022). A potential consequence of
negative beliefs is avoidance of physical activities, likely increasing morbidity (Setchell et
al. 2017) and contributing to the transition from acute to chronic musculoskeletal pain
(Caneiro et al. 2021, 20). In the general population, beliefs about LBP diagnosis (Christe et
al. 2021) are similar to those of LBP patients, as well as their management options wrong
beliefs (Hall et al. 2021). In addition to beliefs, patients with CLBP pain themselves are
unaware of the proper care pathway to undertake, which has implications for pain, disability
and quality of life (Lepri et al., 2023).

Using a mixed-method study approach, Briggs et al. (2010) revealed that LBP-related
beliefs, rather than pain intensity and health literacy skills, are significant correlates of
disability related to CLBP; more disabled patients had poorer back pain beliefs to physical
activity. Evidence suggests that fear avoidance beliefs are prognostic for poor outcomes in
subacute NSLBP and contribute to the development of CNSLBP (Wertli et al. 2014). In
addition, previously, there was moderate evidence that fear avoidance beliefs predict work
outcomes in persons with NSLBP (Iles, Davidson, and Taylor 2008), consistent with later
study findings of Besen et al. (2015). Feitosa et al. (2016) reported in their prospective study
that fear avoidance beliefs negatively influenced the outcomes of pain and disability in
patients with CNSLBP. Similarly reported by other studies, patients' beliefs about LBP were
related to their poorer clinical outcomes (Baird and Sheffield 2016; Gron et al. 2019). A
study by Ng et al. (2017) found that negative back beliefs were associated with persistent
high-intensity LBP over two years in community-based individuals. Alyousef et al. (2018)
examined the relationship between beliefs and the development and progression of LBP and
disability over two years in community-dwelling women; pessimistic beliefs about back pain
were associated with persistently high levels of low back disability. In the same year,
findings from a retrospective cross-sectional and longitudinal prospective study from Wertli
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etal. (2018) highlighted that patients' negative and positive beliefs were associated with their
perceptions of disability; however, only positive beliefs were associated with LBP treatment
outcomes.

Recently, no clear link was found between patients' beliefs and disability, and the
relationship between beliefs and pain was revealed to be weak, so the general usefulness of
belief assessment for predicting or explaining the course of LBP is questioned now (Gren et
al. 2022). Studies have methodological limitations and heterogeneity in interventions and
outcome measures, making it uncertain to determine the association between psychosocial
factors, such as self-efficacy, catastrophising and fear of movement, respectively, beliefs,
and pain and disability outcomes in CLBP (Alhowimel et al. 2018).

Regarding pain knowledge, previous research in patients with LBP by Maciel et al. (2009)
showed low knowledge levels, similar to the recent study by Kanaan et al. (2023). Awwad
and Altowim (2017) evaluated the level of knowledge of patients with NSLBP about their
condition and other problems related to the spine and found limited knowledge. Tarimo and
Diener's (2017) cross-sectional assessment of patients with acute and chronic LBP revealed
that many patients need to be more adequately knowledgeable about LBP and that their
knowledge has a significant relationship with negative attitudes and beliefs regarding LBP.
Ferreira et al. (2019) revealed that patients with chronic musculoskeletal pain possess low
levels of neurophysiological pain knowledge, regardless of their pain mechanism
classification. Previously, in a similar group, Fletcher et al. (2016) found an inverse
relationship between knowledge and the fear-avoidance level, where patients highly
knowledgeable about pain reported less fear avoidance and lower disability. The more recent
research on patients with CLBP has shown a significant relationship between LBP
knowledge with pain, social function, general health, quality of life (Jaromi et al. 2021) and
emotional state of anxiety, particularly (Kanaan et al. 2023).

Earlier systematic reviews and meta-analyses have shown that better pain knowledge is
primarily associated with lower pain ratings and reduced disability in patients with CLBP
(Louw et al. 2016; Tegner et al. 2018). Of the more recent ones, better pain knowledge was
also related to better treatment outcomes regarding pain and disability (Wood and Hendrick
2019; Ferlito et al. 2022). In addition to lower pain ratings, better pain cognition in
individuals with CLBP has a long-term carryover effect on kinesiophobia (Shin and Kim
2023). In general, in patients with chronic musculoskeletal pain, including CNSLBP, better
pain knowledge is associated with better treatment outcomes in terms of pain reduction,
decreased disability, kinesiophobia, and catastrophising when combined with the usual
physiotherapy treatments in the first line with exercise (Bonatesta et al. 2022; Siddall et al.
2022; Cuenca-Martinez et al. 2023; Lepri et al. 2023; Ma et al. 2023). In recent onset
NSLBP, better pain knowledge is associated with less pain and better movement in patients,
potentially preventing progression to chronicity (Louw et al. 2019). Gallagher et al. (2013)
and Meeus et al. (2010) showed that better pain knowledge reduces pain catastrophisation
in a mixed sample of patients with chronic musculoskeletal pain.
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However, it must be emphasised and related to the evidence of both single studies and
systematic reviews, as mentioned earlier, that it is not about prior knowledge and its
relationship with treatment outcomes but about knowledge that has become better under the
influence of pain neuroscience education, respectively, the process of reconceptualisation
(Meeus et al. 2010; Gallagher et al. 2013; Louw et al. 2016; Tegner et al. 2018; Louw et al.
2019; Wood and Hendrick 2019; Ferlito et al. 2022; Bonatesta et al. 2022; Cuenca-Martinez
et al. 2023; Lepri et al. 2023; Ma et al. 2023; Shin and Kim 2023). In addition, more
significant treatment improvements in chronic pain, including CNSLBP, in terms of pain
and disability are associated not solely with better knowledge but with PNE in conjunction
with physiotherapy modalities in first-line exercise (Wood and Hendrick 2019; Bonatesta et
al. 2022; Cuenca-Martinez et al. 2023; Siddall et al. 2022; Ma et al. 2023). Regarding pain
knowledge, various outcome measures were used in the research, mainly the Low Back Pain
Knowledge Questionnaire (LKQ) (Maciel et al. 2009; Awwad and Altowim 2017; Tarimo
and Diener 2017; Jaromi et al. 2021; Kanaan et al. 2023), the Neurophysiology of Pain
Questionnaire (NPQ) or the revised version (rNPQ) (Meeus et al. 2010; Gallagher et al.
2013; Fletcher, Bradnam, and Barr 2016; Ferreira et al. 2019; Louw et al. 2019). Although
often used, the mentioned outcome measures are related to pain knowledge per se, at the
same time specific to the disease and include various medical concepts and definitions that
healthcare professionals use (Moseley 2003; Maciel et al. 2009), unlike patients, usually
laypeople. Some of the limitations were elaborated in the work of Pate et al. (2022) and
noted in that of Vaughan et al. (2019).

The examination of the conceptualisation of pain was also approached through other
different research methods. Using collaborative modelling, (Hodges et al. 2022) showed that
conceptual models in patients are primarily biomedical and narrower than clinicians. Keen
et al. (2021), using a qualitative exploration, revealed that patients understand pain through
inconsistent experiential models and have diverse and dissonant conceptualisations,
anchoring chronic pain in concepts of diagnoses and the adapted nervous system while
objectifying pain as sensory and through images of tissue damage. King et al. (2018)
addressed conceptualisation pre- and post-PNE by qualitative methods, although very
narrowly, in terms of conceptualising pain as tissue damage and associated emotions. A body
of qualitative research has developed quite a lot in the past decade describing and
interpreting the subjective experiences of persons with CLBP across their personal, social,
and healthcare experiences; however, it has yet to be reviewed in an integrated manner
(MacNeela et al. 2015).

As implied, most existing research focuses on reconceptualisation rather than the
conceptualisation and prior concept of pain. Keen et al. (2021) also highlighted the analytic
focus of existing research on post-PNE reconceptualisation rather than prior
conceptualisation as unprimed sense-making. In addition, King et al. (2018) highlighted the
narrow scope of the outcome measures in existing studies and the non-existence of a
validated questionnaire to measure pain conceptualisation. Keen et al. (2021) emphasised
that understanding how education interacts with prior pain conceptualisation requires an

30



appreciation of prior conceptualisation. In addition, Louw et al. (2016) emphasised the need
for further research into its connection with patient outcomes needs to be conducted.

Regarding a reliable and valid quantitative assessment tool for the concept of pain, (Pate et
al. 2020) recently developed the Concept of Pain Inventory (COPI) for children to guide
targeted pain science education, an inventory based on which COPI-Adult further originated
(Pate et al. 2022). A brief questionnaire with good psychometric properties identifies
conceptual gaps or misconceptions by assessing pain science knowledge and beliefs,
particularly reliably in persons without pain science education (Pate et al. 2022). In the
psychometric testing of the COPI-Adult, where the majority of respondents were patients
with LBP and recurrent pain, findings suggest that formal medical education may influence
one’s concept of pain and that better pain outcomes are related to higher COPI-Adult scores
due to the existence of previous pain science education (Pate et al. 2022). Hence, now, there
is an opportunity to examine the concept of pain in its essence by addressing both knowledge
and beliefs in patients with CNSLBP.

Consequently, we emphasise that knowing how reconceptualisation interacts with patient
outcomes requires understanding how prior conceptualisation without priming or pain
directive counselling interacts with patient outcomes. Existing research exudes
heterogeneity in the LBP population, pain conceptualisation assessment and outcome
measures and focuses on pain and disability post-PNE reconceptualisation. In contrast, no
quantitative research has addressed the relationship between baseline pain conceptualisation
and, at the same time, pain, disability, and HRQoL as core outcomes (Chiarotto et al. 2018)
following physiotherapy in patients with CNSLBP. In addition, no research has used a
reliable and valid questionnaire to address both knowledge and beliefs, respectively, the
concept of pain in its essence. Therefore, it was considered worth filling the gap in the
existing body of knowledge of how the concept of pain, respectively, baseline pain
conceptualisation, interacts with treatment outcomes in patients with CNSLBP by using a
specific inventory for pain conceptualisation and utilising core physiotherapy outcome
measures.

31



3 EMPIRICAL PART

The dissertation's third part discusses the goals, main research question and hypotheses, and
research methodology. This is followed by a quantitative analysis investigating the
relationship between the concept of pain and physiotherapy outcomes regarding pain,
disability, and HRQoL in individuals with CNSLBP. The results provide a foundation for
further discussion in the field.

3.1 Purpose and goals of the research

This doctoral dissertation research aimed to investigate and describe the existence and nature
of the relationship between baseline pain conceptualisation and pain, disability and HRQoL
outcomes in patients with CNSLBP following physiotherapy. Following the purpose of the
research, six specific goals and one sub-goal were set.

1. Ascertain whether baseline pain conceptualisation is related to pain outcome following
physiotherapy.

2. Ascertain whether baseline pain conceptualisation is related to disability outcome
following physiotherapy.

3. Ascertain whether baseline pain conceptualisation is related to HRQoL outcomes
following physiotherapy.

4. To examine the relationship between the level of baseline pain conceptualisation and
the level of pain following physiotherapy.

5. To examine the relationship between the level of baseline pain conceptualisation and
the level of disability following physiotherapy.

6. To examine the relationship between the level of baseline pain conceptualisation and
the level of HRQoL following physiotherapy.

7. To identify risk groups with a lower level of baseline pain conceptualisation regarding
the level of education.

3.2 Research hypotheses
As a preface to the hypotheses, the main research question was posed: “In patients with
CNSLBP, what is the relationship between baseline pain conceptualisation and outcomes

following physiotherapy?” Subsequently, the following research hypotheses (H) were put
forward:
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HI - In patients with CNSLBP, baseline COPI-Adult scores are related to pain outcomes
following physiotherapy.

H2 - In patients with CNSLBP, baseline COPI-Adult scores are related to disability
outcomes following physiotherapy.

H3 - In patients with CNSLBP, baseline COPI-Adult scores are related to HRQoL outcomes
following physiotherapy.

H4 - In patients with CNSLBP, less pain reduction following physiotherapy is associated
with lower baseline COPI-Adult scores.

H5 - In patients with CNSLBP, less disability reduction following physiotherapy is related
to lower baseline COPI-Adult scores.

H6 - In patients with CNSLBP, less improvement in HRQoL following physiotherapy is
related to lower baseline COPI-Adult scores.

H7 — Baseline COPI-Adult scores are significantly lower in lower-educated patients with
CNSLBP.

3.3 Research approach and methodology

This chapter begins with a general view of correlational research as the foundation for the
chosen research approach. It then describes the research methodology, inventory, and
outcome measures used, including participants, treatment protocol, and how the data were
collected and processed. Ethical considerations are implied.

3.3.1 Research approach

The doctoral dissertation research design is a quantitative study with clinical implications
conducted on a cohort of patients with CNSLBP. Given that the main goals and related
hypotheses stated are to describe and predict, the correlational research strategy was chosen,
considering it enables the researcher to achieve both goals (Jhangiani et al. 2019). Findings
from correlational research can be used to determine prevalence and relationships among
variables, to predict events from current data and knowledge, and can be used to inform
decision-making and to improve or initiate health-related activities or change (Curtis,
Comiskey, and Dempsey 2016).

3.3.2 Research setting and protocol
The research was conducted in the Department for Physiotherapy (Clinic for Rheumatic

Diseases and Rehabilitation) of the University Clinical Hospital Center in Zagreb from
January to the end of June 2024.
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Participants were recruited through daily clinical practice and an internal research
advertisement on the premises of outpatient physiotherapy, where patients fluctuated. The
research advertisement did not have a ban on further reproduction and could be
photographed for forwarding. The public was informed about all general research aspects
and was invited for further information, voluntary response and screening for participation
in the research. The researcher could be contacted on-site, by e-mail or by phone for
additional, non-binding research information. By responding and personally coming to the
research environment to participate, the researcher once again informed each person about
all aspects of the research and started communicating research eligibility criteria.
Additionally, eligibility screening was also done among patients regularly admitted to
outpatient physiotherapy; if eligible, patients were informed and offered to participate.
Respondents were fully eligible to start the research protocol after obtaining informed
consent to participate and initially determined sociodemographic and clinical criteria for
inclusion. Participants’ self-withdrawal without reason was enabled and implied.

The beginning and end of the research protocol in one subject were not dependent on that of
another, and vice versa, so the recruitment and inclusion and the implementation of the
research protocol ran in parallel. Common to all participants was the content and duration of
the research protocol. As part of the research protocol, participants underwent a
physiotherapy exercise program that was not experimental in nature. Prior to the exercise
program, a basic assessment was conducted to collect sociodemographic and clinical data
and to determine the concept of pain and outcome measures of current pain intensity,
disability, and HRQoL. Immediately after the exercise program was completed, another
assessment was conducted to determine current pain intensity, disability, HRQoL and the
concept of pain.

Data was collected in paper-pen form during both the initial and final assessments. After the
research was completed, the data was reviewed, filtered, and organised into an electronic
database. Based on this database, statistical processing was performed to test the hypotheses.

3.3.3 Participants

Eligibility screening was conducted to comply with the aim and requirements of this doctoral
dissertation's research. Those who met the inclusion criteria elaborated below and signed the
informed consent were eligible. The participants were sampled among patients with
CNSLBP, both genders and legal adults of otherwise working age, 18 (Social Welfare Act
2022) to 64 years (OECD 2023) through self-referral and consecutive recruitment (Thewes
et al. 2018).

The conditions for inclusion in the research were: subjects with CNSLBP lasting at least
three months, without clinical symptoms radiating to the leg below the knee, subjects with
current moderate pain intensity of at least 4 on the Numeric Pain Rating Scale (Haefeli and
Elfering 2006), degree of disability of at least 5 as measured by Roland Morris Disability
Questionnaire (Roland and Morris 1983), and not outgoing any other LBP treatment, except
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exercise and systemic analgesics as previously prescribed or continuous therapy (except
opioid analgesics). Subjects with cognitive abilities, the ability to follow verbal instructions,
and the capability to self-completion the questionnaires were considered eligible. In addition
and mandatory, self-referred patients had to have a previous examination and a report by a
physician specialist in physical medicine and rehabilitation from which the diagnosis,
respectively, the clinical picture of CNSLBP and pertinent clinical information were clear.

Conditions for not being included and excluded from the study were: persons under the age
of 18 and above 64 years, having undergone pain science education, clinical findings of
radiculopathy, simultaneous different spine level pain, motor deficit (inability to stand and
walk on toes - heels), spinal trauma within a year, current and previous neurological diseases,
subjects with depression and on antidepressants, diabetes, inability to control faecal
excretion and urine, cardiorespiratory insufficiency, acute infections, malignant processes in
the last five years, pregnancy, osteoporosis, inflammatory rheumatic diseases, significant
multi-system comorbidities, those patients who have undergone physiotherapy treatment for
LBP in the past three months, usage of opioid analgesics, during treatment, and due to
possible pain exacerbation, patients taking a higher dose of systemic analgesics than
prescribed for continuous therapy (except paracetamol). Individuals undergoing intensive
hormone therapy, those with impaired cognitive abilities, inability to follow verbal
instructions and physical and mental problems that could reduce the reliability in self-
completion of the questionnaires (deafness, illiteracy, behavioural disorders, cognitive
issues, etc.) were considered ineligible. Additionally, self-referred patients without a
previous examination and a report by a physician specialist were neither suitable for
screening nor for inclusion in the research. The data of those with an incomplete therapeutic
and assessment protocol were considered unsuitable for further research procedures.

3.3.4 Description of research instrumentation

The following describes the research instrumentation, including a questionnaire on the
participants' sociodemographic and clinical backgrounds and outcome measures used to
assess current levels of pain, disability, HRQoL, and the concept of pain. The questions
included in the research instruments were mainly of the close-ended type, where the
participants chose from the offered answer options, except for years of life, body height and
weight, and data on medications that were self-reported. The participants filled out the
questionnaires independently, but the researcher was always by their side for assistance.

3.3.4.1 Questionnaire on sociodemographic and clinical background data

Sociodemographic data on gender (female/male), age (years in numbers), and level of
education (elementary, secondary, college, university) were collected on the first day before
the start of the treatment. Regarding the level of education obtained, participants were further
stratified as lower-educated (elementary and secondary education) and higher-educated
(college and university education).
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Clinical data related to height (centimetres), weight (kilograms), the duration of the disease
(in months, further categorised) and previous physiotherapy (number, further categorised)
were also collected before the start of the treatment. Data on the current intake and type of
medication (further categorised) were collected initially and checked throughout the
treatment. Body height and weight values were used to calculate the Body Mass Index (BMI)
using the Metric BMI calculator (National Heart Lung and Blood Institute 2024).

The participants' previously presented sociodemographic and clinical backgrounds were
collected jointly through the questionnaire shown in Appendix A.

3.3.4.2 Pain outcome measure

For the pain outcome measure reported by participants, a Numeric Pain Rating Scale (NPRS)
was used; a unidimensional measure of pain intensity ranging from 0 (no pain) to 10 (worst
pain imaginable), which categorises pain as mild (scores 1-3), moderate (scores 4—6), and
severe (>7) (Haefeli and Elfering 2006; Marini et al. 2017).

Addressing responsiveness of the NPRS in patients with LBP, Childs, Piva, and Fritz (2005)
reported that a 2-point change in the NPRS represents a clinically meaningful change
exceeding the bounds of measurement error. The NPRS has good sensitivity and generates
data that can be statistically analysed (Williamson and Hoggart 2005). The NPRS is freely
available in various public domains and is intended for clinical and research work. The scale
used in this research is implied in the Appendix B. The pain outcome measure was collected
before and after exercise program cessation.

3.3.4.3 Disability outcome measure

For the disability outcome measure reported by participants, the 24-item Roland Morris
Disability Questionnaire (RMDQ) (Roland and Morris 1983) was used (Appendix C). The
RMDQ contains 24 statements related to physical functions, most often altered in persons
with LBP. One marked statement carries one point, ranging from 0 to 24 points, where a
higher sum indicates a higher level of disability (Roland and Morris 1983; Kamper et al.
2010). In general, specific disability groups, according to the RMDQ, are no disability (0 to
3 points), minimal disability (4 to 10 points), moderate disability (11 to 17 points), and
severe disability (18 to 24 points).

The intraclass correlation of RMDQ ranges from 0.42 — 0.91 (Macedo et al. 2011), and a
threshold value of 4/24 best distinguishes changes in disability (Stratford and Riddle 2016).
The original RMDQ can be found free of charge in several online databases. For this
research, a Croatian version, available online, in open access and free of use, was used. The
Croatian version of RMDQ was validated on persons with LBP by Jurini¢ et al. (2002). The
disability outcome measure was collected before and after exercise program cessation.
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3.3.4.4 HRQoL outcome measure

HRQoL reported by respondents was assessed using The 5-level EQ-5D version (EQ-5D-
5L) (EuroQol Group 2009) (Appendix D). HRQoL, measured with EQ-5D, consists of two
scales: one scale measuring QOL with five categorical questions (mobility, self-care, usual
activities, pain/discomfort and anxiety/depression) and the other measuring current health
state on a visual analogue scale (EQ-VAS) (0-100) (Soer et al. 2012). EQ-5D-5L has five
categories-related levels, corresponding to none, slight, moderate, severe and extreme
problems (Garratt et al. 2021). A health state for one respondent represents a combination
of a given level for each domain, resulting in a five-digit value, which can be converted to a
single index value ranging from less than 0 (value of a health state equivalent to dead;
negative values representing values as worse than dead) to 1 (the value of full health), with
higher scores indicating higher health utility (EuroQol Group 2019).

Data collected using EQ-5D-5L can be presented in various ways, including presenting
results from the EQ-VAS and EQ-5D-5L index value, which was, considering the
recommendations for use in LBP (Garratt et al. 2021) used as an outcome measure in this
research. For the 5-level EQ-5D Croatian version, permission was obtained through research
registration and is filed under EuroQol ID: 60074. The HRQoL outcome measure in health
state and EQ-VAS was collected before and after exercise program cessation. To calculate
the index, the EQ-5D-5L index value Calculator was used; index values were based on using
this Calculator (Van Hout et al. 2012), and since there is no value set for Croatia, scoring in
our sample was carried out according to the nearby/similar country.

3.3.4.5 Assessment of pain conceptualisation

Pain conceptualisation was assessed using the Croatian version of the Concept of Pain
Inventory for Adults (COPI-Adult), derived from the original version of Pate et al. (2022)
(Appendix E). The inventory consists of 13 items about individual considerations of what
pain is, why they feel pain, and how they feel pain, and the originators considered it
particularly suitable for persons without pain science education. The following scale is
assessed for all 13 items with no reversed scores (0 = Strongly Disagree, 1 = Disagre, 2 =
Unsure, 3 = Agree, 4 = Strongly Agree). Sum scores can range from 0-52, where higher
COPI-Adult scores reflect greater alignment with contemporary pain science. Psychometric
properties revealed that Internal consistency for the 13-item COPI-Adult was acceptable
(Cronbach alpha= 0.78), and the estimate for the total score was calculated to be 0.84 (95%
CI: 0.71-0.91), reflecting “good” reliability (Pate et al. 2022).

The Croatian version of the COPI-Adult inventory used in the research of this doctoral
dissertation was translated and psychometrically tested (Cronbach alpha = 0.803) as a part
of the scholarly research project "Conceptualisation of pain in Croatian Adults - pilot study"
at the University of Applied Health Sciences in Zagreb (Registry Number: 251-379-10-22-
02; Class: 602-03/22-18/639). The permission to use, with psychometric characteristics of
COPI-Adult contained in it (Appendix F), was communicated to the project leader (SS),
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whose project associates are the doctoral researcher herself and the originator of the original
questionnaire (JP). COPI-Adult, respectively COPI, was applied before and after the
treatment protocol cessation.

3.3.5 Therapeutic exercises program

The quasi-experimental treatment protocol was an “exercise only” program for all subjects,
without any pain directive counselling or therapist-patient interaction in the form of PNE
that would influence the concept of pain. Regarding the content and duration of the exercise
program, spine mobility, strengthening and stabilisation exercises in sitting, pronated and
supinated positions; in the form of activation of the lumbar-sacral-pelvic complex and deep
muscles with stimulation of proper breathing were included in the duration of 10 days, as in
regular practice (approx. 30 minutes, consecutive days, excluding non-working days, i.e.
weekends).

Participants performed exercises individually, but mainly in supervised individualised
groups of two to a maximum of three, considering group-based exercise as a preferred choice
given potential advantages in motivation and cost (Lemieux et al. 2020) in time terms, and
supervised exercise being more effective in both the short and long-term regarding patient-
reported outcomes (Mataran-Pefiarrocha et al. 2020). A visual representation of the exercises
can be found in Appendix G.

In general, it was a standard exercise program for CLBP patients who otherwise attend
physiotherapy in the settings where the research was conducted and aligned with
recommendations derived from the best evidence on the effect of strength and stabilisation
exercise programs over other interventions in the treatment of CLBP (Searle et al. 2015;
Tian and Zhao 2018). Regarding the absence of PNE, it was not a deliberate omission
because PNE per se does not exist as a regular approach in the treatment of CLBP, nor in
general, and the addition of PNE to exercises in the context of pain reconceptualisation
(Wood and Hendrick 2019; Bonatesta et al. 2022; Cuenca-Martinez et al. 2023; Siddall et
al. 2022; Ma et al. 2023) has yet to be considered in Croatia.

3.3.6 Addressing potential sources of bias

The researcher carried out the research protocol, including screening, treatment protocol,
and data collection and processing. Regarding the treatment protocol, respectively, pain
conceptualisation as a potential predictor of outcome, including COPI-Adult inventory
features over time, the researcher held statistical control by applying no pain directive
counselling or therapist-patient interaction in the form of PNE that would influence pain
conceptualisation. Statistical control is a common practice applied in correlational or quasi-
experimental studies to remove confounding effects from a regression coefficient;
controlling for relevant confounders can debias the estimated causal effect of a predictor on
an outcome and bring the estimated regression coefficient closer to the value of the true
causal effect (Wysocki et al. 2022).
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To reduce the risk of potential confounding factors related to the clinical picture, inclusion
or exclusion criteria, along with a detailed physiotherapy assessment and anamnestic
interview, the medical documentation was reviewed and, in case of need for additional
determination of the factual situation, an attending physician specialist in physical medicine
and rehabilitation was consulted. Analgesic use was checked daily. In the recruitment
process, along with self-referral, consecutive principles were applied, reducing the
possibility of active selection and selection bias and contributing to a representative sample
(Bjorn et al. 1998, 225-228).

Hypothesis testing is accompanied by a profound statistical analysis to prevent additional
bias in the conclusions. In addition, recommendations from the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines were applied wherever
possible (Cuschieri 2019) for reporting research procedures and results based on the doctoral
dissertation research design.

3.3.7 Sample size

The minimum required sample size was defined based on the main research question and
related correlational statistical method a priori using the G* Power (the University of
Dusseldorf, Germany version 3.1.9.5/14 January 2020) program. Sample size with an effect
size of 0.35, 5% type error and 80% statistical power condition required at least 84
participants in the total sample. For the ordered population, consecutive sampling as the most
typical and easiest technique was applied, and, since it is one of the non-probability sampling
techniques, before concluding the research protocol for each participant, it was checked
whether or not data had been collected from the process of recruitment (Bujang and Sapri
2018).

3.3.8 Processing of data

The following describes how the collected data was handled, starting with the initial raw
data, preparation for analysis, and statistical processing features. The description allows for
clear insight and judgment about the adequacy of handling the collected data.

3.3.8.1 Raw data processing

After the research protocol, which refers to data collection, has been concluded, all the
research material, including the questionnaires of each participant, was reviewed and
prepared for further processing. The data contained on the paper were manually entered into
the electronic database, a worksheet of the Excell application of the Microsoft Office
program on the personal portable computer of the researcher, and at the same time stored on
an external hard drive in an encrypted folder. Research documents in paper format were
stored safely and in a location known only to the researcher.
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When qualitative and quantitative data collected through research were entered into the
electronic database, all participants' direct identifiers were excluded, and indirect identifiers
that were not necessary for statistical analysis were removed or adjusted (Celjak et al. 2020,
22-23) so that they were organised into certain categorical or continuous variables;
anonymisation is implied. The database, which contained cleaned, filtered data relevant to
the research, was the subject of statistical analysis.

3.3.8.2 Statistical data processing

The IBM SPSS Statistics for Windows (Version 23.0. Armonk, NY: IBM Corp) program
was used for statistical data processing. Skewness and kurtosis were used to assess the
normality of data distributions before and after physiotherapy treatment; if the ratio of
skewness or kurtosis to its standard error is less than -2 or greater than +2, the normality
may be rejected (IBM 2023b). Descriptive statistics such as minimum (Min), maximum
(Max), mean (M), and standard deviation (SD) were used for all measured variables and of
importance for inferential statistics (NPRS, RMDQ, EQ-5D-5L index, EQ-5D VAS, COPI)
before and after physiotherapy treatment. Basic sociodemographic continuous and clinical
data is also shown through the same description methods, while categorical variables are
presented in numbers (N) and percentages (%). In general, the outcome measures of pain
level, disability and HRQoL measures were handled as continuous variables. At the same
time, COPI-Adult was initially observed as a continuous variable and dichotomised
according to statistical prerequisites.

The t-test for paired samples (repeated measures) was used to determine the significance of
differences between matched pairs (Xu et al. 2017) in pain levels (NPRS), disability
(RMDQ), quality of life (EQ-5D-5L index, EQ-5D VAS), and the concept of pain (COPI)
before and after physiotherapy treatment.

Regarding H1, H2 and H3, the Person correlation analysis primarily examined the
relationship between COPI and all measured variables (NPRS, RMDQ, EQ-5D-5L index,
EQ-5D VAS) after physiotherapy treatment, additionally before treatment. In correlated
data, the change in the magnitude of 1 variable is associated with a change in the magnitude
of another variable, either in the same (positive correlation) or in the opposite (negative
correlation) direction, with coefficients ranging from —1 to +1, where 0 indicates that there
is no linear or monotonic association, and the relationship gets more robust and ultimately
approaches a straight line (Schober and Schwarte 2018). In addition, the coefficient of
determination, generally indicated by 72, quantifying how much the dependent variable is
determined by the independent variables in terms of the proportion (or percentages) of
variance (Chicco et al. 2021), was calculated from the Pearson correlation coefficient (7).

The t-test for independent samples was used to determine the significance of differences

between (Xu et al. 2017) two different groups of respondents (people with lower and higher
education), which is covered by H7 and contributes to other analyses to a certain extent.
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Testing of H4, H5 and H6 was approached in two ways. In the first, using Person coefficient
correlation, it was determined whether there was a correlation between the baseline COPI-
adult and the dependent criterion variable, which was the difference between two values of
a variable pre-and post-treatment. Difference variables, the so-called delta (A), are a measure
of the change in a parameter (difference between two values of a variable) and may indicate
how much of the change in the coefficient of determination was caused or explained by a
given step (American Psychological Association 2024). The delta difference was calculated
by subtracting the first from the second measurement (Min-Sun et al. 2023), and correlations
of these variables (NPRS, RMDQ, and HROoL measures) with baseline COPI-Adult were
calculated. In the second approach, changes due to treatment and baseline pain
conceptualisation were observed as factors. A mixed analysis of variance (ANOVA) and
multivariate analysis of variance for repeated measures (MANOVA) were used. MANOVA
and mixed ANOVA generally determine differences in multiple correlated dependent
variables (for MANOVA) or a single dependent variable (for mixed ANOVA) over time or
between treatments, where participants have been measured at all time points or taken part
in all treatments. These analyses investigate interactions between factors affecting the
dependent variable(s). As in an example of Laerd Statistics (2024), in total, our 84
participants who took part in the research were divided into two groups with an equal number
of participants in each group, which reflects the between-subjects factor, "COPI-Adult" or
baseline pain conceptualisation (where 0 stands for those with lower COPI-Adult scores, and
1 for those with higher, indicating lower knowledge and higher knowledgable). The
dependent variable(s), measured over two-time points (level of pain, disability and HRQoL
(pre and post-treatment), reflected the within-subjects factor "time". To determine whether
any change in variable(s) of pain, disability and HRQoL level is the result of the interaction
between the COPI-Adult group (0 vs 1) and "time" or simply due to the within-subjects
factor "time", the features of both factors within the Tests of within-subjects effects were
observed (Laerd Statistics 2024). Visualisations of univariate analysis are presented, and
interaction effects and effect size (Murphy and Aguinis 2022) of partial eta squared known
as 1%, (Lakens 2013) were observed both for univariate and multivariate analysis.

Under the conventional acceptance of statistical significance, a p-value of <0.05 or 5% and
a confidence interval (CI) of 95% (Flechner and Tseng 2011) was observed, but also at the
0.01 level.

3.3.9 Ethical considerations

The research of this doctoral dissertation follows the doctoral thesis research proposal
(number: 39-2022/23), which was publicly presented and defended in front of the Evaluation
Commission of the University of Alma Mater Europaea - ECM in November 2023. An
Institutional Ethical Permit (Class: 8.1-23/315-2; number: 02/013 AG) for the conduct of the
research was obtained from the Ethical Committee of the University Clinical Hospital Center
Zagreb, Croatia (Appendix H). The research protocol started after the confirmation of the
Commission for Scientific and Research Work and the Senate of the University of Alma
Mater Europaea - ECM in January 2024.
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The informed consent of each participant is implied, as well as their open possibility of
withdrawing from the research without giving reasons. The doctoral dissertation research
aligns with the principles established by national and international regulations, including the
Declaration of Helsinki (World Medical Association 2013). All personal data was handled
following Regulation (EU) 2016/679 of the European Parliament and Council of the
European Union (2016).

The doctoral dissertation research was transparent and supported by the researcher's working
associates. When conducting the quantitative part of the doctoral research, the quality of care
for regular patients in the clinical area and daily clinical work were not hindered at any
moment. All respondents, including self-referred and convenient, were approached
following ethical and professional standards, and a therapeutic program of the same high
quality was provided. The research protocol did not represent a risk that was more significant
than that of everyday life and possibly in everyday clinical practice; it was carried out under
controlled conditions and in compliance with safety standards, and no adverse events
occurred.

3.4 Results
3.4.1 Description of the sample

The research initially included 85 respondents, but due to one dropout, the results are
analysed based on a sample of 84, corresponding to the defined minimum sample. Table 1
presents the basic sociodemographic and clinical characteristics of the sample.

As seen in Table 1, the investigated sample is mainly based on convenient respondents
(62%) and females (76.2%), less on self-referred (38%) and males (23.8%). With an average
age of 49.86 + 10.39 years, the sample equally includes those with (51.2%) and without
higher education (48.8%). In a little more than a third of the respondents, pain lasting over
three years was reported (35.7%), followed by those with pain over ten years (29.8%) and
up to 3 years (16.7%). Respondents' anthropometric characteristics show an average height
of 169.80 £ 8.9 and a weight of 80.76 £+ 19.58, with a Body Mass Index of 27.76 + 7.78.
There was no prescribed continuous therapy with consequential pain interference; 40%
reported taking painkillers as needed, of which the majority were non-steroidal anti-
inflammatory drugs. Two-thirds of the respondents have undergone one or more LBP
physiotherapy cycles (67.9%). During the research protocol, two analgesic uses were
reported, one of 1000 mg of paracetamol for headache and the other of 500 mg for menstrual
pain.
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Table 1: Basic sociodemographic and clinical characteristics of the sample

Continuus variables N Min Max Mean SD
Age 84 |22 64 49.86 10.39
Height 84 | 150 192 169.80 | 8.9
Weight 84 |46 130 80.76 19.58
Body Mass Index 84 | 17.6 44.6 27.76 7.78
Categorical Variables N (of total 84) % (of total 100)
Recruirement

Self-reffered 32 38

Convinient 52 62

Gender

Male 20 23.8

Female 64 76.2

Level of Education

Lower educated* 41 48.8

Higher educated** 43 51.2

Pain Duration

>3 to 6 months 10 11.9

>6 to 12 months 5 59

>1 to 3 years 14 16.7

>3 to 10 years 30 35.7

>10 years 25 29.8

Previous physiotherapy treatment for low back pain

Yes 57 67.9

No 27 32.1

OTC*** pain relief drugs N (of total 26) % (of total 100)
NSAID*#*** 25 96.1
Analgetics/Antipiretics 1 3.8

* elementary and secondary, ** college and university, ***QOver-the-counter **** non-steroidal anti-

inflammatory drugs; Characteristics may not sum up to 100% because of the effects of rounding

Source: Author's own 2024.

3.4.2 Results of preliminary statistical analysis

The following shows the pre-analytical steps that precede the main data analysis, including
testing the distributions' normality and assessing the effectiveness of the physiotherapy

treatment, including the reliability of the pain conceptualisation measure.
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3.4.2.1 Normality testing for measured variables pre and post-physiotherapy treatment

Using the values presented in Table 2, a Z score was calculated by dividing the skewness
values or kurtosis values by their standard errors (Mishra et al. 2019). Considering value
ratio -2 or greater than +2 (IBM 2023b), significant deviations in the form of ratios were
observed for skewness in EQ-5D-5L index pre (-2.613), EQ-5D-5L index post (-7.274) and
EQ-VAS post (-3.426), while for kurtosis, ratios were evasive for NPRS pre (-2.233) and
EQ-5D-5L index post (10.992). However, in clinical research, for medium-sized samples
(50< n< 300), the threshold of 3.29 for the absolute z-value should be considered (Kim
2013); hence, only the distribution of EQ-5D-5L index post and EQ-VAS post can be
considered significantly deviated from normality due to skewness ratio.

Regarding skewness, ceiling effects were observed in the EQ-5D-5L index post (maximum
value of 1) and EQ-VAS post (maximum value of 100) variables. In biomedical studies, a
ceiling may be reflected as asymmetry and skewness distribution (Arslan and Benke 2023);
but given that the EQ-5D-5L is conceptualised to measure deviations from full health (or
negative health) and is more prone to larger ceilings (Feng et al. 2021), asymmetry,
respectively, skewness was to be expected. The kurtosis ratio of the EQ-5D-5L index
observed in our sample can also be considered expectedly higher than allowed, considering
the same being observed in existing research, for example, the one of Hernandez et al. (2019)
in which the values of kurtosis and standard error were already intuitive for the evasive ratio.
For the EQ-5D-5L, it is difficult to elucidate whether it has problems with sensitivity to
change regarding certain populations or certain treatments; however, despite this limitation,
its responsiveness is found acceptable (Feng et al. 2021).
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Table 2: Descriptive statistics for all measured variables pre and post-physiotherapy

treatment

Variable N Min Max M SD Skewness Kurtosis
(Std.Error) (Std. Error)

NPRS* 84 | 4.0 9.0 6.214 1.3269 165 (.263) -1.161 (.520)
pre
NPRS 84 | .0 7.0 3.798 1.7340 206 (.263) -.742 (.520)
post
RMDQ** 84 | 5.0 20.0 12.012 3.9255 -.084 (.263) =772 (.520)
pre
RMDQ 84 | .0 18.0 6.738 4.3882 409 (.263) -.880 (.520)
post
EQ-5D-5L | 84 | .194 910 66771 163614 -.687 (.263) -.330 (.520)
index pre

EQ-5D-5L | 84 | 313 1.000 | .79658 .110453 -1.913 (.263) 5.716 (.520)
index post

EQ-VAS 84 | 20.0 92.0 58.929 17.4320 -.238 (.263) -.375 (.520)
pre

EQ-VAS 84 | 25.0 100.0 | 72.726 15.5341 -.901 (.263) .658 (.520)
post

COPT#** 84 | 13.0 49.0 32.190 6.6884 -.212 (.263) .033 (.520)
pre
COPIpost | 84 | 11.0 52.0 33.202 6.9884 -.289 (.263) 613 (.520)

*Numeric Pain Rating Scale, **Roland Morris Disability Questionnaire, ***COPI-Adult
Source: Author's own 2024.

3.4.2.2 Physiotherapy treatment effectiveness

As seen in Table 3, the differences between pre and post-treatment scores are statistically
significant for all four measures, as indicated by the p-values well below the level of 0.05.
The average pain score (NPRS) significantly decreased by 2.41 points after treatment, which
is highly significant, with a 95% CI indicating the true mean difference lies between 2.08
and 2.74. The disability score (RMDQ) decreased on average by 5.27 points, showing
significant improvement post-treatment, with the 95% CI ranging from 4.51 to 6.03. A
considerable increase can also be observed for the EQ-5D-5L index; with an average
increase of 0.128 points, the 95% CI of -0.155 to -0.102 confirms this significant change. A
significant improvement in EQ-VAS manifests with an average increase of 13.79 points,
supported by the 95% CI of -15.894 to -11.700.
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Table 3: Differences in outcome measures pre and post-physiotherapy treatment

Paired Differences t-value df* |Sig.t
Mean SD' | SEM™ 95% CI'
Pair Lower Upper
NPRS* pre -
NPRS post 2.41 1.506 .164 2.08 2.74 14.701 83 .000
RMDQ** pre
- RMDQ post 5.27 3.503 382 4.51 6.03 13.797 83 .000
EQ-5D-5L
index pre -
EQ-5D-5L -.128 123 .013 -.155 -.102 -9.602 83 .000
index post
EQ-VAS pre - -13.79 | 9.662 1.054 -15.89 -11.70 | -13.087 83 .000
EQ-VAS post

*Numeric Pain rating Scale, **Roland Morris Disability Questionnaire, 'Standard deviation, YStandard
Error measurement, *Degrees of freedom, " 2-tailed, " Confidence Interval
Source: Author's own 2024.

3.4.2.3 Reliability of the pain conceptualisation measure

Based on Pearson's correlation coefficient, the COPI-Adult variables across two
measurements exhibit a high level of stability, with a correlation coefficient of » = 0.943 and
a significance level of p <0.001; thus, the strong and significant correlation supports the use
of COPI as a stable metric measurement.

3.4.3 Results of main data analysis

In continuation, the findings of the main analysis are presented regarding the main research
question and the related hypotheses. In addition to those related to the hypotheses, the
presentation also includes the results of parallel analyses, which are informative in nature
but possibly significant for understanding the research problem.

3.4.3.1 Relationship of Baseline Pain Conceptualisation with Outcome Measures

In Table 4, it is possible to see that baseline pain conceptualisation, measured by COPI-

Adult, at the point before physiotherapy treatment correlates only with HRQoL measures,
while after physiotherapy treatment, baseline COPI correlates with all outcome measures.
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Table 4: Correlations of baseline pain conceptualisation with outcome measures

EQ- EQ- EQ- EQ-
NPRS' | RMDQ™ | 5SD-5L | VAS | NPRS | RMDQ | 5D-5L | VAS
pre pre index pre post post index | post
pre post
(r) Pearson | -.116 -.082 298" | 236" | -273" | -.259" | 2957 | 323"
CcopIt Correlation
Sig. (2-
tailed) 293 460 .006 .031 .012 .018 .007 .003

"COPI-Adult pre-treatment, Wumeric Pain Rating Scale, ""Roland Morris Disability Questionnaire,
*Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level

Source: Author's own 2024.

More specifically, we find a positive correlation between baseline pain conceptualisation
and HRQoL measures before physiotherapy treatment, respectively, with higher COPI
scores being associated with higher EQ-5D-5L index values (» = 0.30, p = 0.006) and higher
EQ-VAS values (r = 0.236, p = 0.031) and vice versa; implying that those more
knowledgable about pain perceive their HRQoL to be higher. Regarding outcome measures
after physiotherapy treatment, NPRS scores and RMDQ scores significantly and negatively
correlated with baseline COPI scores (r = -0.273, p = 0.012; » = -0.259, p = 0.018), while
HRQoL measures, the EQ-5D-5L index and EQ-VAS correlate positively (» = 0.295, p =
0.007; r=0.323, p=0.003). This means there is sufficient evidence to conclude a significant
relationship between baseline COPI-Adult scores and outcomes following physiotherapy;
higher baseline COPI-Adult scores are associated with lower pain outcomes and lower
disability, and in contrast, with better HRQoL, and vice versa.

Additionally, to quantify how much the dependent variable is determined by the independent
variable in terms of the proportion of variance, we calculated the coefficient of determination
(r?) from the Pearson correlation coefficient. Consequent to the calculation, baseline
conceptualisation determined by COPI-Adult scores can explain the 7.5% (2 = 0.075)
variance in pain outcomes, 6.7% (7> = 0.067) variance in disability outcomes, and 8.7% (7?
= 0.087), respectively 10.4% variance (#> = 0.104) in HRQoL related outcomes. Since all
the values of the coefficients of determination are above 0, considering the unit interval (0
to 1) as the meaningful range (Chicco, Warrens, and Jurman 2021), the proportion of
variance explained by our model can theoretically be explained, in contrast from negative
values (Chicco, Warrens, and Jurman 2021) or 0, respectively 0%, which indicates that the
model explains none of the variability (Minitab Blog Editor 2013).

Based on the findings, baseline COPI-Adult scores statistically and significantly correlate
with physiotherapy outcomes; higher COPI-Adult scores correlate with lower pain and
disability scores and higher HRQoL following physiotherapy. In addition, the variance
explained by COPI-Adult scores as a predictor is modest yet meaningful, with * values
indicating that pain conceptualisation explains approximately 7.5% of the variance in
pain, 6.7% in disability, and 8.7% to 10.4% in HRQoL.
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3.4.3.2 Risk groups with lower levels of baseline pain conceptualisation regarding the level
of education

Table 5 shows a statistically significant difference in COPI-Adult scores between higher-
educated and lower-educated (t = -2.219, p = 0.014), with an effect of d = 0.55 falling into
a range of medium to large effect (Brydges 2019).

Table 5: Differences in COPI-Adult scores between lower and higher-educated

Group N Mean | Std.Deviation df t-value Sig.*
Lower 41 30.37 6.244
Educated 0.55 22.219 0.014
Higer Educated 43 33.93 6.703

*Significant the 0.05 and 0.01 level, Cohen's d effect size
Source: Author's own 2024.

3.4.3.3 The relationship of baseline pain conceptualisation level with changes in the levels
of pain, disability and HRQoL measures

Below are the results of the analysis, which was approached in two ways: by determining
the existence of correlations between baseline pain conceptualisation measured by COPI-
Adult and delta differences of NPRS, RMDQ, and HRQoL-related and by visualising and
additionally checking the extent to which baseline pain conceptualisation affects changes
in dependent variables due to treatment.

Table 6: Correlations between baseline pain conceptualisation and delta differences for

pain, disability, and HRQoL

NPRS' delta | RMDQ™ delta | EQ-5D-5L | EQ-VAS_delta
index_delta

Pearson =212 -232" -.132 .094
COPIf | Correlation ()
Sig. (2-tailed) .053 .034 231 .396

7COPI-Adult pre-treatment, "Numeric Pain Rating Scale, ""Rolan Morris Disability Questionnaire,
*Correlation is significant at the 0.05 level (two-tailed)

Source: Author's own 2024.

As shown in Table 6, the only Pearson correlation significant coefficient is between COPI-
Adult and RMDQ_delta (r = -0.232, p = 0.034), which is negative and relatively low.
However, it implies that increasing COPI-Adult scores decreases the value of RMDQ _delta.
Given that, we know that RMDQ _delta is calculated as the difference RMDQ post - RMDQ
pre and that the RMDQ post-treatment values are significantly reduced compared to the
initial ones, with greater treatment efficiency, the values of RMDO become increasingly
lower. This negative association between COPI-Adult and RMDQ delta indicates that in
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those more knowledgeable about pain, physiotherapy treatment had a somewhat more potent
effect on reducing disability; however, cautiously considering because of a weak correlation
on the verge of significance. Other significant correlations did not yield.

Tables 7, 8,9, and 10 show descriptive statistics for each group (COPI-Adult = 0 and COPI-
Adult = 1) pre and post-treatment. Examining the means, standard deviations, and sample
sizes ensured that the analysis of variance assumptions were met and results valid (Laerd
Statistics 2024) to determine the effects of time (pre vs. post-treatment), group
(dichotomised COPI-Adult, 0 vs 1), and their interaction on the dependent variable: NPRS,
RMDQ and HRQoL.

Table 7: Descriptive statistics for Numeric Pain Rating Scale scores pre- and post-

treatment by COPI-Adult Group

COPI-Adult (dih*) Mean Std. Deviation N
NPRS** pre 0 6.463 1.3435 41
treatment 1 5.977 1.2815 43
Total 6.214 1.3269 84
NPRS post 0 4.146 1.8243 41
treatment 1 3.465 1.5939 43
Total 3.798 1.7340 84

*Dichotomised, **Numeric Pain Rating Scale
Source: Author's own 2024.

Table 8: Descriptive statistics for Roland Morris Disability Questionnaire scores pre-

and post-treatment by COPI-Adult Group

COPI-Adult (dih*) Mean Std. Deviation N
RMDQ** pre 0 12.390 4.1885 41
treatment 1 11.651 3.6702 43
Total 12.012 3.9255 84
RMDQ post 0 7.659 4.1869 41
treatment 1 5.860 4.4432 43
Total 6.738 4.3882 84

*Dichotomised, **Roland Morris Disability Questionnaire
Source: Author's own 2024.
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Table 9: Descriptive statistics for EQ-5D-5L index scores pre- and post-treatment by
COPI-Adult Group

COPI-Adult (dih*) Mean Std. Deviation N
EQ-5D-5L index | 0 63195 178169 41
pre treatment 1 70181 142232 43
Total 66771 163614 84
EQ-5D-5L index | 0 76876 131603 41
post treatment 1 82312 .078344 43
Total 79658 110453 84

*Dichotomised

Source: Author's own 2024.

Table 10: Descriptive statistics for EQ-VAS scores pre- and post-treatment by COPI-
Adult Group

COPI-Adult (dih*) Mean Std. Deviation N
EQ-VAS pre 0 54.634 17.9371 41
treatment 1 63.023 16.0912 43
Total 58.929 17.4320 84
EQ-VAS post 0 67.561 16.3218 41
treatment 1 77.651 13.1256 43
Total 72.726 15.5341 84

*Dichotomised

Source: Author's own 2024.

The results of ANOVA are shown below and separately for each dependent variable, as well
as profile plots for between-factor interaction that indicate whether the estimated marginal
means are increasing or decreasing across different levels or time; in the case of two factors,
parallel lines on the plot suggest no interaction between the factors, indicating that the levels
of only one factor are at play, while nonparallel lines indicate an interaction (IBM 2023a).

In Table 11, it is possible to see that the within-subjects effects for the factor of time (pre vs.
post-treatment NPRS) showed a significant reduction in NPRS scores post-treatment across
both groups (p < 0.01), with an effect size of n°, = 0.723. This indicates that the treatment
significantly reduced pain levels, which is already known and shown in Table 3. However,
the interaction between the time factor and dichotomised COPI-Adult was insignificant (p =
0.557); this implies that the treatment effect was consistent across the COPI-Adult groups,
but the COPI-Adult variable was insignificant on the change in NPRS scores over time. The
associated profile plot (Figure 6) shows COPI-Adult 0 and 1 lines moving parallel over time
due to previously described non-interaction.
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Table 11: Within-subjects effects on pain scores over time (ANOVA)

Source of Variation Sum of | dfff Mean F p-value %
Squares’ Square

Time (pre vs. post
treatment NPRS¥)
Time * COPI-Adult
(dih®) Interaction
Error (Within-Subjects) | 93 811 82 1.144

244.683 1 244.683 213.877| .000 723

397 1 .397 347 557 .004

*Numeric Pain Rating Scale, SDichotomised, " Type III Sum of Squares, '"Degrees of freedom
Source: Author's own 2024.

Figure 6: Profile plot for pain scores over time by dichotomised COPI-Adult
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Source: Author's own 2024.

Findings and visualisations continue to show that this trend, without interaction within
subjects and with parallel directions of the COPI-Adult dichotomous factors over time, is
also present in the cases of all other dependent variables. As seen in Table 12, while the
effects of time (pre vs. post-treatment RMDQ) are significant (p < 0.01) and with an effect
size of n%, = 0.700, therefore indicating a significant reduction in RMDQ scores post-
treatment across both groups, the interaction between the time factor and dichotomised
COPI-Adult on disability scores is insignificant (p = 0.167), indicating treatments similarly
effective regardless of the COPI-Adult group, therefore parallel in line as seen in Figure 7.
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Table 12: Within-subjects effects on disability scores over time (ANOVA)

Source of Variation | Sumof | dfff Mean F p-value | 1%
Squares’ Square
Time (pre vs. post
1161.912 1 1161912 | 1914 . .
treatment RMDQY) 61.9 61.9 91.479 000 700
— -
Time * COPLAdult | ) 9 | 11769 | 1939 | 167 | .023
(dih®) Interaction
Error (Within-—| 157 53 | 82.000|  6.068
Subjects)

*Roland Morris Disability Questionnaire, $Dichotomised, " Type I1I Sum of Squares, ""Degrees of freedom
Source: Author's own 2024.

Figure 7: Profile plot for disability scores over time by dichotomised COPI-Adult

COPI-Adult (dih)

.00
Q 1.00

10.07

8.0+

Estimated Marginal Means

6.0

pre vs. post treatment

Source: Author's own 2024.

For the variables of HRQoL, time factor (pre vs. post-treatment) is significant (p < 0.01)
with an effect size of n°, = 0.528, indicating a significant increase in EQ-5D-5L index values
post-treatment across both groups, while the interaction between the time factor and
dichotomised COPI-Adult is not (p = 0.567), indicating that the treatment effect was similar
regardless of COPI group status and which is visualised by parallel directional movement of
factors 0 and 1 shown in the profile plot (Figure 8). The same scenario is seen in EQ-VAS
(Table 14 and Figure 9), with time being significant (p < 0.01) in score improvement post-
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treatment across both groups and with an effect size of 1, = 0.675, and with neither COPI

factor interaction on the dependent variable (p = 0.423), which is manifested in parallel

movements of 0 and 1 through time.

Table 13: Within-subjects effects on EQ-5D-5L index value over time (ANOVA)

Source of Variation | Sumof | dfff Mean F p-value | 1%
Squares’ Square
Time (pre vs. post
treatment EQ-5D-51L .699 1 .699 91.661 .000 528
index)
— -
Time * COPL-Adult | 5 1 003 331 | 567 | .004
(dih®) Interaction
Error (Within- 625 82 008
Subjects)

SDichotomised, " Type III Sum of Squares, ""Degrees of fireedom
Source: Author's own 2024.

Figure 8: Profile plot for EQ-5D-5L index values over time by dichotomised COPI-

Adult
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Table 14: Within-subjects effects on EQ-VAS scores over time (ANOVA)

Source of Variation | Sumof | dfff Mean F p-value | 1%
Squares’ Square

Time (pre vs. post
treatment EQ-VAS)
Time * COPI-Adult

7967.747 1 7967.747 | 169.949 | .000 675

. . 1 . 64 42 .
(1) Inforaction | 20366 30.366 648 3 | .008
Error (Within-

rror (Within 3844413 | 82 46.883

Subjects)

SDichotomised, " Type III Sum of Squares, ""Degrees of fieedom
Source: Author's own 2024.

Figure 9: Profile plot for EQ-VAS scores over time by dichotomised COPI-Adult
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The previously presented ANOVA results are consistent with the MANOVA analysis,
meaning that both methods show the same conclusion: COPI group, respectively, level of
pain conceptualisation (0 vs 1) does not have a statistically significant effect on changes in
dependent variables (pain, disability and HRQoL) over time. In the MANOVA analysis
(Table 15), we found no significant interaction between COPI and time, which means that
when all dependent variables are considered together, the effect of COPI over time is not
significant.
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More precisely, the Wilks' Lambda value of 0.211, combined with a highly significant p-
value (p < 0.001), indicates that “time” explains a substantial portion of the variance in the
combined dependent variables (pain, disability, and HRQoL). The large effect size (%, =
0.789) suggests that changes over time account for a significant proportion of the variance
in these outcomes. In contrast to the effect of time, respectively, the effect of treatment, the
Wilks' Lambda value of 0.910, alongside a non-significant p-value (p = 0.109), indicates
that the COPI level (0 vs 1) alone does not significantly affect the combined dependent
variables. The small effect size (n?, = 0.090) further suggests that differences between COPI
groups do not meaningfully impact pain, disability, or HRQoL when analysed collectively.
The interaction effect between time and COPI level has a Wilks' Lambda of 0.936, with a
non-significant p-value (p = 0.257). This indicates that the interaction between these
variables does not explain a statistically significant portion of the variance in the combined
outcomes. The small effect size (n%} = 0.064) further suggests that the effect is modest.
Therefore, we conclude that no significant interaction exists between Time and COPI level
in influencing changes in pain, disability, or HRQoL.

Table 15: Within-subjects effects on pain, disability, and HRQoL (MANOVA)

Effect Wilks' F Hypothesis dff |  Error p- N’
Lambda dfff value
COPI-Adult (0 0.910 1.958 4 79 0.109 | 0.090
vs 1)
Time (repeated 0.211 74.035 4 79 0.000 | 0.789
measures)
Time * COPI- 0.936 1.354 4 79 0.257 | 0.064
Adult (0 vs 1)
Interaction

7LRepresents the four dependent variables in the analysis—NPRS (pain), RMDQ (disability), EQ-5D-5L
index, and EQ-VAS (HRQoL)

Similarly, univariate ANOV As for each dependent variable show that there is no significant
interaction between COPI and time on each of these variables (pain, disability, and HRQoL)
separately. Therefore, this consistent result between MANOVA and ANOVA confirms that
baseline pain conceptualisation has no significant effect on the pattern of changes in
dependent variables over time.

3.5 Discussion

The primary objectives of this doctoral dissertation research were to ascertain whether, in
patients with CNSLBP, baseline pain is related to pain, disability, and HRQoL outcomes
following physiotherapy and to examine the relationship between baseline pain
conceptualisation and the amount of change in these outcomes, considered in the existing
body of knowledge as core. Additionally, this doctoral dissertation research aimed to identify
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risk groups with a lower level of baseline pain conceptualisation, particularly in relation to
their education level.

The findings of this doctoral dissertation research imply that baseline pain conceptualisation
is significantly related to pain, disability and HRQoL outcomes following physiotherapy in
a general manner. In addition, the variance explained by baseline pain conceptualisation is
modest yet meaningful, with pain conceptualisation accounting for a small but significant
portion of the variability in overall pain, disability, and HRQoL outcomes. Moreover, lower
levels of baseline pain conceptualisation were shown to be related to lower educational
levels, therefore highlighting a potential risk group. The findings on how baseline pain
conceptualisation interacts with patient outcomes in a specific manner of change through
time yield no significant relationship; hence, although baseline pain conceptualisation may
significantly relate to overall patient outcomes following physiotherapy, it will not influence
the amount or extent of improvement in these outcomes. In the integrated manner of the
doctoral dissertation research, the hypotheses related to the objectives were tested, presented
and discussed, following on from the previously established findings.

The hypothesis (H1), which posed that baseline COPI-Adult scores are related to pain
outcomes in patients with CNSLBP following physiotherapy, is confirmed. Lower NPRS
scores after physiotherapy were found to be significantly and negatively correlated with
higher baseline COPI-Adult scores. Additionally, the variance explained by COPI-Adult
scores is modest yet meaningful, indicating that pain conceptualisation accounts for
approximately 7.5% of the variance in pain.

The hypothesis (H2), which posed that baseline COPI-Adult scores are related to disability
outcomes in patients with CNSLBP following physiotherapy, is confirmed. Lower RMDQ
scores after physiotherapy were found to be significantly and negatively correlated with
higher baseline COPI-Adult scores. Additionally, COPI-Adult scores explain approximately
6.7% of the variance in disability, indicating a modest yet meaningful association.

The hypothesis (H3), which posed that baseline COPI-Adult scores are related to HRQoL
outcomes in patients with CNSLBP following physiotherapy, is confirmed. Higher EQ-5D-
SL index scores following physiotherapy were found to be significantly and positively
correlated with higher baseline COPI-Adult scores. Additionally, COPI-Adult scores explain
between 8.7% and 10.4% of the variance in HRQoL, also indicating a modest yet meaningful
association.

The hypothesis (H4), which proposed that less pain reduction following physiotherapy is
associated with lower baseline COPI-Adult scores in patients with CNSLBP, is not
confirmed. When analysed as a continuous variable, COPI-Adult scores showed no
significant correlation with changes in NPRS scores, indicating no meaningful association
between baseline COPI-Adult levels and pain reduction. In addition, both multivariate and
univariate analyses, where COPI-Adult was treated as a categorical factor, showed no
significant interaction between COPI-Adult level and time on pain outcomes. This confirms
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that baseline COPI-Adult scores have no significant relationship with the pattern of pain
reduction over time.

The hypothesis (HS), which proposed that less reduction in disability following
physiotherapy is related to lower baseline COPI-Adult scores in patients with CNSLBP, can
be initially considered partially supported. When COPI-Adult was analysed as a continuous
variable, there was a weak but significant negative correlation with changes in RMDQ,
suggesting a modest association where higher COPI-Adult scores were linked to slightly
more potent reductions in disability. However, this effect is weak and on the verge of
significance. In contrast, both multivariate and univariate ANOV As, where COPI-Adult was
treated as a factor, did not show any significant interaction with time on disability outcomes,
reinforcing the conclusion that baseline COPI-Adult does not significantly influence
disability reduction patterns over time.

The hypothesis (H6), which proposed that less improvement in HRQoL following
physiotherapy is associated with lower baseline COPI-Adult scores in patients with
CNSLBP, is not confirmed. No significant correlations were found between COPI-Adult
scores (as a continuous variable) and changes in either EQ-5D-5L index or EQ-VAS values,
indicating no significant relationship between baseline COPI-Adult levels and HRQoL
improvement. Additionally, both multivariate and univariate analyses treating COPI-Adult
as a factor did not reveal any significant interaction between COPI-Adult level and time on
HRQoL outcomes. This suggests that baseline pain conceptualisation, as measured by COPI-
Adult, has no significant relationship with changes in HRQoL following physiotherapy.

The hypothesis (H7), which posed that baseline COPI-Adult scores are significantly lower
in lower-educated patients with CNSLBP, is confirmed since a statistically significant
difference in COPI-Adult scores between higher-educated and lower-educated was
established, with lower-educated patients having lower COPI-Adult scores, additionally
with a medium to large effect size.

As presented in the rationale for this current research, both single observational or
experimental studies and comprehensive analytical research on CNSLBP or CLBP explored
the relationship of overall patient outcomes with knowledge and beliefs, generally regarded
as common sense and "folk" understandings (Connors and Halligan 2014). As this research,
to the best of our knowledge, is first of a kind, considering its uniqueness regarding the
research problem, study design, and methodological approach, it was expected that no direct
comparable research would be available. However, although the research gap of this doctoral
dissertation is based on what is missing in the existing body of knowledge, namely the
conceptualisation of pain as unprimed sense-making and its relationship with core patient
outcomes in CNSLBP, our findings are consistent with those in the existing body of
knowledge that explored the relationship of overall patient outcomes with pain
conceptualisation ~ and  understanding  through  sense-making,  respectively,
reconceptualisation. In considering the 'knowledge half-life’, which refers to the
phenomenon in which older knowledge is discounted in favour of newer research (Chow et

57



al. 2023) and from research levels of evidence as an essential component of evidence-based
medicine and practice (Burns et al. 2011), most recent and comprehensive analytical
research accessible, with findings relevant or comparable to the research problem and
findings of this doctoral dissertation is primarily discussed.

Wood and Hendrick (2019) analysed randomised controlled studies (RTC) that applied
reconceptualisation of pain among patients with CLBP through PNE, enhancing their
understanding of pain. This improved conceptualisation was related to significant changes
reflected in short-term pain and disability outcomes following physiotherapy, as
demonstrated by the meta-analysis. Although HRQoL outcomes were not included in the
research, these findings underscore the relevance of baseline pain conceptualisation in
significantly influencing overall patient outcomes regarding pain and disability and related
to this current research. Ma et al. (2023) RTC analysis revealed significant reductions in pain
and disability when PNE is added to exercise or physiotherapy interventions, suggesting that
enhanced pain conceptualisation has a crucial role in improving short-term patient outcomes,
except for HRQoL, which was not observed.

CSLBP has also been explored under umbrella reviews on chronic spinal pain (Bonatesta et
al. 2022) and musculoskeletal pain (Cuenca-Martinez et al. 2023; Lepri et al. 2023; Siddall
et al. 2022). Findings of Bonatesta et al. (2022) imply that exercise therapy in conjunction
with PNE reduces pain, disability, kinesiophobia, and catastrophising in patients with
chronic nonspecific spinal pain, therefore suggesting, as previous findings, improvements in
patient outcomes as related to enhanced baseline pain conceptualisation. The same
suggestions about the association of significantly improved pain and disability outcomes
with improved pain conceptualisation in chronic musculoskeletal pain are reflected in the
umbrella review of Cuenca-Martinez et al. (2023) and Lepri et al. (2023), as well as of
Siddall et al. (2022). Therefore, as established in this current research and suggested by
findings of previous analyses on CNSLBP as a single entity and umbrella reviews, better or
enhanced pain conceptualisation is related to better patient outcomes following
physiotherapy and therapeutic exercise in the first line. Although studies have not
objectively and quantitatively analysed HRQoL, it is already well established that lower
HRQoL is associated with higher pain and disability (Alfalogy et al. 2023).

However, it must be noted, and referring to the umbrella review of meta-analysis from their
inception to 2022 by (Martinez-Calderon et al. 2023), that, given their methodological
quality and opposite findings, it is impossible to make clear clinical recommendations for
delivering PNE, suggesting that although the relationship between pain conceptualisation
and patient outcomes is undeniable, there are still certain unknowns in that relationship. In
addressing the variability of the overall PNE efficacy (Keen et al. 2021; Martinez-Calderon
et al. 2023; Ram et al. 2023), the findings of this doctoral dissertation research may serve as
support.

Namely, the results of this current research show that the level of pain conceptualisation,
measured in COPI-Adult scores, has a possible predictive value (Minitab Blog Editor 2013;

58



Chicco et al. 2021) in the overall outcomes following physiotherapy; however, it may
explain only a portion of the variance (ranging from 6.7% to 10.4%) in pain, disability and
HRQoL overall outcomes. Therefore, some other factors determine and explain the
remaining 89.6% to 93.3% of the variance in patient outcomes. Furthermore, this current
research revealed findings that did not align with the three hypotheses. These findings
suggest that changes in patient outcomes due to physiotherapy may be influenced by factors
other than the level of pain conceptualisation before treatment. The level of baseline pain
conceptualisation did not correlate with changes in patient outcomes following
physiotherapy, suggesting no predictive value in the amount or extent of changes in pain,
disability, and HRQoL outcomes. In addition, there was no interaction between the
dichotomised COPI-Adult levels and change during treatment, indicating that exercise
therapy in patients with CNSLBP was effective regardless of their conceptualisation of pain,
respectively equal between those more knowledgeable and less knowledgeable about pain.

Among research on pain conceptualisation, we found only one study, a systematic review
with meta-analysis, that addressed the association between pain knowledge changes and
outcomes after treatment in patients with chronic musculoskeletal pain. Based on the low to
very low certainty of evidence and studies using only the NPQ instrument to measure pain
neurophysiology knowledge, no significant associations were found between short-term
changes in pain neurophysiology knowledge and changes in pain intensity, function, quality
of life, pain catastrophising, or kinesiophobia after a PSE intervention; exploratory analysis
suggests that changes in pain conceptualisation have no overall correlation with changes in
patient outcomes following treatment (Ram et al. 2023). Although in the general context of
chronic musculoskeletal pain, the findings are consistent with ours in the specific context of
CNSLBP, thus also suggesting no predictive value of pain conceptualisation in the amount
or extent of changes in pain, disability and HRQoL outcomes. Ram et al. (2023), by
acknowledging the sparse certainty on which their findings are based, suggest a quantifiable
change in knowledge, therefore in pain conceptualisation, may well be less important than
what happens as a result of that change and that the demonstrated benefits of enhanced
conceptualisation may instead act through some other as yet not identified mechanisms.

Hence, the findings of this current research and those from the previous meta-analysis
suggest that it may be less important to focus on a quantifiable change in knowledge and
pain conceptualisation; instead, more attention should be paid to the results of that change,
which may stem from mechanisms that have not yet been fully determined. These findings
should be discussed in the context of informed decision-making in providing physiotherapy
for CNSLBP since they are underlined by theoretical and empirical rationale. Physiotherapy
is designed to decrease costs associated with sick leave or disability pensions; therefore,
physiotherapists should carefully assess the benefits to patients of each therapy in terms of
health improvements and costs, ensuring that their treatments are effective and time-limited
(Mengshoel et al. 2021). Furthermore, these findings also suggest that tailoring
physiotherapy to the needs of people with CNSLBP, which are centred around their desire
for a diagnosis, expectations, and healthcare utilisation overuse (Lim et al. 2019), and taking
into account psychosocial and neuroplasticity-related factors may have a more substantial
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impact on overall patient outcomes and the extent of recovery, rather than providing PNE
alongside other physiotherapy interventions (George et al. 2021) as standard care.

Several possible explanations exist for this divergence, which is discussed in the context of
factors that influence physiotherapy treatment outcomes. To begin with, the
conceptualisation of pain in participants in this current research reflects their low knowledge
alignment with modern pain science (Pate et al. 2022). There is also solid empirical evidence
confirming the psychosocial factors that may influence the outcome of treatment, besides
cognitive factors, are vigilance, distraction, fear, anxiety, depression, distress, and general
pain behaviour, and have been recognised for over a decade as significant factors that can
impact the success of treatment, leading to the long-term effects of pain and disability
(Linton and Shaw 2011). Patient expectations (Fleckenstein et al. 2022), preference,
treatment motivation, treatment credibility and self-efficacy are also essential and have been
found to have a positive association with both the short and long-term pain and disability
outcomes in CLBP (Mohamed Mohamed et al. 2020). In addition, contextual factors such
as therapeutic alliance and treatment expectations likely influence a patient's engagement
and acceptance of the information (Ram et al. 2023) during physiotherapy treatment.
Moreover, a systematic review by Alhowimel, AlOtaibi, et al. (2018) reported psychological
factors present after the experience as pain fear-avoidance model elements associated with
pain and disability outcomes in people with CLBP treated by physiotherapists, with HRQoL
also associated with both higher disability and higher anxiety levels in people with CLBP
(Bid et al. 2017).

The potential correlation between central sensitisation in CNSLBP patients and the
prediction of treatment response using relevant outcome measures has not been thoroughly
investigated (Bid et al. 2017); however, considering that CS predicts poor treatment
outcomes in various patient populations with chronic musculoskeletal pain, it is rational to
account for it during physiotherapy treatment (Nijs et al. 2016). Taking CS into account
when treating patients with chronic pain implies not relying on short-term changes in pain
outcomes in response to interventions; furthermore, short-term changes in pain outcomes
should not be relied upon when measuring the efficacy of treatment such as exercise therapy
(Nijs et al. 2023) which results in slight improvements in patients with chronic
musculoskeletal pain featuring CS (Arribas-Romano et al. 2020). While we may wonder
whether CS is just an epiphenomenon, evidence supports the clinical importance of CS (Nijs
et al. 2023); patients with CLBP and predominant CS experience much higher pain severity,
disability and lower HRQoL compared to their counterparts without CS (Smart et al. 2012).
It also should be taken into account that patients with a predominance of CS report longer
pain duration; however, chronicity of pain is not sufficient to distinguish CS predominance
(Nogueira et al. 2016). The contribution of cognitive-emotional factors (Nijs et al. 2023),
such as pain catastrophising, stress, hypervigilance, lack of acceptance, depressive thoughts,
and maladaptive illness perceptions to CS (Nijs et al. 2016) was already highlighted.

When analysing outcome variations, it's essential to consider potential biases in the pain
conceptualisation assessment inventory and measures. The NPQ tends to focus on assessing
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the neurophysiology of pain knowledge; still, it may only partially capture other essential
elements of pain conceptualisations, such as the psychological and social aspects of pain
(Ram et al. 2023). Some of the limitations of the NPQ were also previously elaborated in
the work of Pate et al. (2022) and noted in that of Vaughan et al. (2019). In addition, outcome
measures assessing pain knowledge per se include various medical concepts and definitions
used by healthcare professionals (Moseley 2003; Maciel et al. 2009), which may be highly
unknown to patients. In contrast to previous, this current research utilised the COPI-Adult
inventory, considered particularly suitable for persons without pain science education, and
for assessing pain conceptualisation through one individual consideration of what pain is,
why they feel pain, and how they feel pain by quantifying these considerations into COPI-
Adult scores, therefore, measuring alignment with contemporary pain science (Pate et al.
2022). In addition to the mentioned advantages of the COPI-Adult, the inventory showed
high reliability and stability of the measure over time in our sample of patients with
CNSLBP.

By elaborating on the main findings and taking into account possible implications, it can be
stated that some of the hypotheses in this doctoral dissertation remained unconfirmed
because they relied too much on the pain conceptualisation while underestimating the
influence of psychosocial factors and neuroplasticity-based changes (Nijs et al. 2017, 109)
and their possible influence in the extent of changes in pain, disability, and HRQoL
following physiotherapy. This should serve as an example for future research, ensuring that
the established and proven theories are not underestimated. Instead, they should aid in
discovering new empirical evidence and theories that have yet to be fully confirmed. In
addition, future findings should be obtained through translational research, integrating basic
sciences, social sciences, and political sciences to optimise patient care (Mehi¢ 2011) and
ensure healthcare sustainability.

The factor of educational attainment in the conceptualisation of pain in this current research,
except in filling the research gap, is also of symbolic significance, given that it is related to
knowledge and understanding that provides truth, which is, as previously stated, a long-
standing objective of human endeavours (Halla 2018). Educational attainment is an
important predictor of key midlife health problems, with significant mediating effects on
health behaviour (Ping and Oshio 2023). Furthermore, research has shown that the overall
level of education may affect an individual's experience of pain through a combination of
socioeconomic, health-related behaviour, social, and medical factors, with higher levels of
education associated with lower reporting of pain and better health outcomes (Zajacova et
al. 2020). With this current research, we confirmed that the level of pain conceptualisation
differs between the lower educated and the higher educated, which may imply the findings
of the previous study and thus contribute to emerging research on critical but neglected
educational endpoints and health, simultaneously identifying potentially vulnerable groups
to pain researchers and clinicians (Zajacova et al. 2020).

After elaborating on the research findings in this doctoral dissertation and existing research,
although this dissertation carries significant implications, it also has potential
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methodological limitations, of which we highlight those of evident importance. These
limitations mainly stem from the fact that while potential confounding factors were
considered, they were only partially addressed. Despite efforts to control and manage
confounding factors, there is an inevitable possibility of central sensitisation and overlooked
psychosocial factors, which could ultimately impact the validity of the results and lead to
biased conclusions. Denied or mental conditions not yet addressed by an appropriate medical
professional are also possible. The duration and follow-up following physiotherapy might
have needed longer to observe significant changes in patient outcomes influenced by pain
conceptualisation. Therapeutic alliance and treatment expectations may have influenced the
patient's engagement and acceptance of the information (Ram et al. 2023) during
physiotherapy, such as exercise instructions. Furthermore, despite the recommendations for
using core outcome measures in LBP, patient-reported outcome measures (PROMs) have
limitations despite their benefits. Internal factors like mood, expectations, and time and
external factors such as treatment context and interactions with healthcare providers
influence PROMs and patients may only sometimes recognise improvements in their health;
additionally, what patients prioritise may need to align with their actual choices, therefore,
combining PROMs with functional outcomes is vital to understanding the physiological
impact and patients' well-being (Kluzek et al. 2022).

In addition to the limitations that do not arise from the doctoral dissertation research, there
needs to be more evidence of the research problem in the specific context of CNSLBP. A
significant lack of directly comparable research resulted in a shift to alternative but still in
the research context, whose findings and derived implications remained consistent with the
current research findings and served as a supporting and explanatory tool.

3.6 Contribution of doctoral dissertation findings

The contribution of this doctoral dissertation has broad implications for both science and
clinical practice, as well as in a translational research context. Firstly, the doctoral
dissertation findings aid the more in-depth understanding of both pain conceptualisation and
the process of reconceptualisation by revealing the relationship of baseline pain
conceptualisation, as unprimed sense-making, with overall pain, disability, and HRQoL
outcomes in CNSLBP patients following physiotherapy.

Findings acknowledge the limited effect of pain conceptualisation on the extent of
physiotherapy treatment improvements. They inform clinical decision-making and may
encourage physiotherapists to integrate other therapeutic strategies besides over-relying on
patient pain science education as the primary intervention alongside physiotherapy.

The doctoral dissertation research contributes to the growing body of knowledge by
clarifying the role of pain conceptualisation in CNSLBP treatment outcomes and suggesting
that a singular focus on this aspect may need to be revised. It provides empirical support for
inherence in considering multiple influencing factors and mechanisms in physiotherapy,
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such as psychosocial aspects, neuroplasticity, patient expectations, treatment credibility, and
therapeutic alliance, aligning with the principles of evidence-based medicine.

The findings also shed light on the relationship between educational attainment and pain
conceptualisation, suggesting that higher education levels are associated with better pain
understanding and, hence, with overall patient outcomes. This identifies educational
attainment as a potential factor in pain management and patient education strategies.

The dissertation emphasises future research to explore other mechanisms influencing
physiotherapy outcomes beyond pain conceptualisation as a prerequisite; therefore, it calls
for translational research that integrates various scientific disciplines to optimise patient care
and healthcare sustainability. In addition, employing the COPI-Adult inventory provides
researchers with a reliable and stable measure of pain conceptualisation in Croatian,
particularly suitable for individuals without formal pain science education.
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4 CONCLUSION

According to the findings of this doctoral dissertation research, baseline pain
conceptualisation may significantly relate to overall pain, disability, and health-related
quality of life outcomes in patients with chronic nonspecific low back pain following
physiotherapy.

This doctoral dissertation research reveals that lower baseline pain conceptualisation is not
associated with less pain reduction, less disability reduction, or less improvement in health-
related quality of life outcomes following physiotherapy.

The conceptualisation of pain differs significantly between educational attainments, with the
lower-educated patients showing lower pain conceptualisation than their higher-educated
counterparts.

Therefore, although baseline pain conceptualisation may relate to overall pain, disability,
and health-related quality of life outcomes in chronic nonspecific low back pain patients
following physiotherapy, it does not influence the extent or amount of improvement in these
outcomes. The research found no evidence that baseline pain conceptualisation had
significant effects on the magnitude of change in pain, disability, or HRQoL. This suggests
that while pain conceptualisation is associated with overall outcomes of pain, disability and
HRQoL, it does not influence the degree of improvement following treatment.

The research findings are valid and may apply to other entities of chronic musculoskeletal
pain. They provide empirical support in clinical decision-making and neglected educational
endpoints and health. Future research should utilise translational research to explore other
mechanisms which, in coexistence with pain conceptualisation, may impact how patients
respond to physiotherapy treatment.
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APPENDICES

Appendix A: Questionnaire on sociodemographic and clinical background data

QUESTIONNAIRE

GENERAL SOCIODEMOGRAPHIC DATA

Name and Surname: Identification Number:
Sex (circle): M F

Age (years):

Level of Education (circle): Primary Secondary College University

CLINICAL DATA

Weight (kg):

Height (cm):

BMI (kg/m?):

Your low back pain lasts:  months

Do you take NSAIDs (Nonsteroidal Anti-inflammatory Drugs) or other pain medications or

for other comorbidities: a) yes b) no

Specify the name of the NSAID or other pain medication you are taking and the daily dose
(mg):

Previous physiotherapy for low back pain:

Source: Author's own 2024.



Appendix B: Numeric Pain Rating Scale

o 1 2 3 4 5 6 7 8 9 10
\_Hl_‘_llll

None Mild Moderate Severe

Source: McCaffery et al. 1989. Available at: https://www.sralab.org/rehabilitation-
measures/numeric-pain-rating-scale



Appendix C: Roland Morris Disability Questionnaire in original

The Roland-Morris Disability Questionnaire

When your back hurts, you may find it difficult to do some of the things you normally do. This list contains
sentences that people have used to describe themselves when they have back pain. When you read them,
you may find that some stand out because they describe you today.

As you read the list, think of yourself today. When you read a sentence that describes you today, put a tick
against it. If the sentence does not describe you, then leave the space blank and go on to the next one.
Remember, only tick the sentence if you are sure it describes you today.

1. I stay at home most of the time because of my back.

2. I change position frequently to try and get my back comfortable.

3. I walk more slowly than usual because of my back.

4. Because of my back [ am not doing any of the jobs that I usually do around the house.

5. Because of my back, I use a handrail to get upstairs.

6. Because of my back, I lie down to rest more often.

7. Because of my back, I have to hold on to something to get out of an easy chair.

8. Because of my back, I try to get other people to do things for me.

9. I get dressed more slowly then usual because of my back.

10. I only stand for short periods of time because of my back.

11. Because of my back, I try not to bend or kneel down.

12. I find it difficult to get out of a chair because of my back.

13. My back is painful almost all the time.

14. I find it difficult to turn over in bed because of my back.

15. My appetite is not very good because of my back pain.

16. I have trouble putting on my socks (or stockings) because of the pain in my back.

17. I only walk short distances because of my back.

18. I sleep less well because of my back.

19. Because of my back pain, I get dressed with help from someone else.

20. I sit down for most of the day because of my back.

21. I avoid heavy jobs around the house because of my back.

22. Because of my back pain, | am more irritable and bad tempered with people than usual.

23. Because of my back, I go upstairs more slowly than usual.

24. I stay in bed most of the time because of my back.

Source: Roland and Morris 1983. Available at: https://www.rmdq.org/Download.htm



Appendix D: The 5-level EQ-5D version

(% EQ-5D-5L

Health Questionnaire

English version for the UK

© 2009 EuroQol Research Foundation. EQ-5D™ is a trade mark of the EuroQol Research Foundation. UK (English) v1.2




Under each heading, please tick the ONE box that best describes your health TODAY.
MOBILITY

| have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking about

| have severe problems in walking about

OCOo0O000O

| am unable to walk about

SELF-CARE
| have no problems washing or dressing myself

| have slight problems washing or dressing myself
| have moderate problems washing or dressing myself

| have severe problems washing or dressing myself

oo0oo0o

| am unable to wash or dress myself

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities)
| have no problems doing my usual activities

| have slight problems doing my usual activities
| have moderate problems doing my usual activities

| have severe problems doing my usual activities

D000 0

| am unable to do my usual activities

PAIN / DISCOMFORT
| have no pain or discomfort

| have slight pain or discomfort
| have moderate pain or discomfort

| have severe pain or discomfort

ooo0ooo

| have extreme pain or discomfort

ANXIETY / DEPRESSION
| am not anxious or depressed

| am slightly anxious or depressed
| am moderately anxious or depressed
| am severely anxious or depressed

| am extremely anxious or depressed

o000

2

© 2009 EuroQol Research Foundation. EQ-5D™ is a trade mark of the EuroQol Research Foundation. UK (English) v1.2




The best health
you can imagine

¢ We would like to know how good or bad your health is TODAY. 100

e This scale is numbered from 0 to 100. 95

e 100 means the best health you can imagine. 90

0 means the worst health you can imagine. 85

e Please mark an X on the scale to indicate how your health is TODAY. 80
¢ Now, write the number you marked on the scale in the box below. 75
70
65
60

55

YOUR HEALTH TODAY = 50

45

40

35

30

25

20

15

10

5

||[1|[1||1|||1|I11|||1||1I|1||ln||I|1|||1|||I|[1||1|||l||11||1||[1||1|||||I|1|||1||1I|||||||||I|||||
|IIII]IIII|IIII]IIII|IIII]IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII]IIII|IlII]IllI|IIII|IIII|IIII]IIII|

0

The worst health
you can imagine

3

p 2009 EuroQol Research Foundation. EQ-5D™ is a trade mark of the EuroQol Research Foundation. UK (English) v1.2

Source: EuroQol Group 2009. Available at: https://euroqol.org/eq-5d-instruments/sample-
demo/



Appendix E: The Concept of Pain Inventory for Adults (COPI-Adult) in original

Concept of Pain Inventory for Adults (COPI-Adult)

with each sentence.

Pate, J. W., Simons, L. E., Rush, G., Heathcote, J., Hancock, M. J., Hush, J. M., Verhagen, A., Pacey, V. (2020)

Instructions: These sentences are about what you think pain is, why you feel pain, and how
you feel pain. Please read each sentence carefully. Indicate how much you agree or disagree

Strongly
disagree

O @) @)

Items Disagree  Unsure

1. Feeling sad can make you feel more pain

2. Doing something you enjoy can make you feel less
pain

O O
3. Feeling pain for a long time can make the brain
more sensitive to warning messages

4. You can feel a lot of pain even when an injury is
small

o
O
O

5. Learning about pain can help you to feel less pain
6. You can have an injury and feel no pain

7. The brain can make pain better or worse

8. You can feel a little bit of pain even when an
injury is big

9. Pain usually feels better if you move your body a
little bit more each day

O O O O
© O O O
© O O O

@)
@)
O

10.The brain processes lots of details before you feel
pain

11.Resting for a long time can make pain worse o o o

12.Pain is a feeling that is made by the brain

13.Pain can be too protective if it stops you getting
moving again

Agree

O O O O O

@)

Strongly
agree

@)

@)

O O O O O

O

Source: Pate et al. 2022.




Appendix F: Permission for the COPI-Adult Croatian Version

PERMISSION TO USE:

COPI-Adult inventory, Croatian version (CRO), according to the original "Concept Of Pain
Inventory for Adults" (COPI-Adult), authored by Pate et al. (2022); translated and metrically
tested (with permission from Joshua W. Pate) as part of a scientific research project (Number:
251-379-10-22-02; Class: 602-03/22-18/639): "Conceptualisation of pain among adults in
Croatia - pilot project"; Project Lead: associate professor, Dr. Snjezana Schuster. The COPI-
Adult (CRO) one-factor model has significant factor loadings of each item (P<0.001) and good
internal consistency with Cronbach ¢=0.803.

Iva Lon¢ari¢ Kelecié, expert collaborator on the scientific research project (Number: 251-379-
10-22-02; Class: 602-03/22-18/639): "Conceptualisation of pain among adults in Croatia - pilot
project”, is permitted to use the aforementioned questionnaire to carry out scientific research
work - doctoral research and dissertation, entitled “Relationship of baseline pain
conceptualisation with outcomes in patients with chronic nonspecific low back pain”, at the

University of Alma Mater Europaea — ECM.

The questionnaire will be used to measure the conceptualisation — concept of pain in people
with chronic non-specific low back pain to ascertain the existence and nature of its relationship
with physiotherapy outcomes in this population. It is also allowed to be used to determine
additional COPI-Adult (CRO) characteristics.

-_

Project Lead: Associate Professor, Dr. Snjezana Schuster | j(/’/]

Zagreb, 19/12/2023




Appendix G: Therapeutic exercises

Sequence of pictures 1. The supine arm and leg lengthener exerc1se
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Sequence of plctures 6. The Pelvic L1ft exermse w1th actlvatlon of the th1gh adductors




Sequence of plctures 11 Prone Leg Raise or Prone H1p Extenswn




Sequence of pictures 16. The Advanced Reach exercise

L

Sequence of pictures 17. Self mobilisation of Th/Ls in a sitting position with a
combined rotation movement

R\‘\‘\\‘ \W\Illmm-

Sequence of pictures 19. Lumbar neural/tensioner self-mobilisation via SLUMP
posmon




Source of all pictures: Author's own 2024. Model: work colleague, with permission.



Appendix H: Clinical Institution Ethical Permission translated in English (1) and in
original (2)
)

CLINICAL HOSPITAL CENTER ZAGREB
Ethics Committee
ZAGREB - Mije KiSpati¢a Street 12

Class:8.1-23/315-2
Number: 02/013 AG

Zagreb, December 4, 2023

Iva Lon¢ari¢ Keletié, univ. mag. physioth.
Clinic for Rheumatic Diseases and Rehabilitation

Subject: Consent for Conducting Research

At the 266th regular session of the Ethics Committee of the Clinical Hospital Center Zagreb
held on December 4, 2023, your request to conduct the research titled: "Relationship of baseline
pain conceptualisation with outcomes in patients with chronic nonspecific low back pain" for
the purpose of preparing a doctoral dissertation under the mentorship of Assoc. Prof. Dr. Sc.
Snjezana Schuster was considered.

The research will be conducted at the Clinic for Rheumatic Diseases and Rehabilitation of the
Clinical Hospital Center Zagreb.

The Ethics Committee agrees with conducting the mentioned research, given that it does not
conflict with ethical principles.

Chairman of the Ethics Committee
Prof. Dr. Sc. Darko Mar¢inko

To:
1. Iva Loncari¢ Kele€i¢, univ. mag. physioth., Clinic for Rheumatic Diseases and

Rehabilitation
2. Archive




2

KLINICKI BOLNIEKI CENTAR ZAGREB
Eticko Povjerenstvo
ZAGREE - Ulica Mije Kispatiéa 12

Klasa: 8.1-23/315-2
Broj: 02/013 AG

Zagreb, 4. prosinca 2023,

Iva Loncari¢ Kelegié, univ. mag. physioth.
Klinika za reumatske bolesti i rehabilitaciju

Predmet: Suglasnost za provodenje istrazivanja

Na 266. redovnoj sjednici Etitkog povjerenstva KBC-a Zagreb odrZanoj 4. prosinca 2023
razmotrena je VaSa zamolba za provodenje istrazivanja pod nazivom: :Odnos temeljne
konceptualizacije boli s ishodima kod pacijenata s kroniériom nespecificnom krizoboljom (engl.:
Relationship of baseline pain conceptualisation with outcomes in patients with chronic nonspecific
low back pain)” u svrhu izrade doktorske disertacije pod mentorstvom izv. prof. dr. sc. Snjezane
Schuster.

- T Istrazivanje ce se provesti u Klinici za reumatske bolesti i rehabilitaciju Klinickog boiniékog
centra Zagreb

Eticko je povjerenstvo suglasno sa provodenjem navedenog istrazivanja, s obzirom da se
isto ne kosi sa etitkim naéelima:

Dostaviti:

ki lva LonGarit Kele&ié, univ. mag. physioth,
Klinika za reumatske bolesti i rehabilitaciju,

2, Arhiva
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