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Resumo A prevalência da dor cervical crónica idiopática em jovens está a aumentar e é 
a principal queixa de dor musculoesquelética em adolescentes. A dor cervical 
resulta em limitações das atividades da vida diária e é um fator de risco para 
dor cervical na idade adulta. Esta condição também tem sido associada a 
fatores funcionais e psicossociais, incapacidade, alterações do sono e 
sensibilização central. No entanto, são escassos os estudos que caracterizam 
os adolescentes com dor cervical comparativamente a assintomáticos ou 
adolescentes com outras condições de dor musculoesquelética, ou exploram 
os fatores associados à dor cervical atual e futura e à incapacidade. Também 
existe falta de evidência sobre a efetividade da fisioterapia na gestão da dor 
cervical em adolescentes. Assim, os dois principais objetivos deste projeto de 
investigação foram i) caracterizar a dor cervical e as alterações psicossociais e 
funcionais associadas, incapacidade, sono e sintomas auto-referidos de 
sensibilização central, em adolescentes e ii) avaliar a efetividade da Educação 
em Neurociência da Dor (END) e exercício versus exercício em adolescentes 
com dor cervical. Este projeto de pesquisa consiste em duas revisões 
sistemáticas da literatura (Capítulos 3 e 4), que revisaram as evidências sobre 
a associação entre alterações funcionais e psicossociais, sono e 
sensibilização central e dor cervical em adolescentes; três estudos 
observacionais (Capítulos 5, 6 e 7), que exploraram os fatores associados à 
dor cervical e incapacidade (Capítulo 5), os fatores associados à persistência 
de dor cervical e incapacidade no acompanhamento de 6 meses (Capítulo 6) e 
com o novo início da dor cervical aos 6 meses de acompanhamento em 
adolescentes (Capítulo 7); e um ensaio clínico randomizado (Capítulo 8) que 
avaliou a eficácia do END e do exercício versus exercício, no pós-intervenção 
e no acompanhamento de 6 meses, em adolescentes com dor cervical, em 
contexto escolar. Nos capítulos 3 e 4 foram encontradas evidências muito 
limitadas a limitadas sugerindo que a depressão, ansiedade e stress, 
catastrofização, baixa autoeficácia, alterações do sono, alterações musculares 
e propriocetivas e baixos limiares de dor estão associados à dor cervical em 
adolescentes. Os Capítulos 5 e 6 destacaram que o sexo feminino, fatores 
psicossociais, incapacidade, atividade física, sono e sintomas auto-referidos 
de sensibilização central estão associados à dor cervical e incapacidade e à 
sua persistência aos 6 meses, e o Capítulo 7 destacou a associação destes 
fatores com o novo início de dor cervical, especificamente, o sono e sintomas 
auto-referidos de sensibilização central. O Capítulo 8 sugeriu que o exercício e 
exercício mais END foram igualmente eficazes no tratamento de adolescentes 
com dor cervical. Esses achados apoiam a inclusão dos fatores psicossociais, 
incapacidade, atividade física, sono e sintomas auto-referidos de 
sensibilização central na avaliação de adolescentes com dor cervical, e a 
necessidade da sua avaliação preventiva em adolescentes assintomáticos. 
Além disso, incentiva a aplicação de intervenções baseadas em exercício e 
exercício mais END para a gestão da dor cervical crónica em adolescentes, no 
ambiente escolar. 
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Abstract 

 

The prevalence of chronic idiopathic neck pain (NP) in young people is 
increasing and it is the leading musculoskeletal complaint in adolescents. NP 
results in limitations of daily living activities and is a risk factor for having NP in 
adulthood. It has also been reported to be associated with functional and 
psychosocial factors, disability, impaired sleep, and central sensitization. 
However, studies characterizing adolescents with NP compared to 
asymptomatic or to adolescents with other musculoskeletal pain conditions or 
exploring the factors associated with current and future NP and disability are 
scarce. There is also a lack of evidence on the effectiveness of physical 
therapy management of NP in adolescents. Therefore, the two main aims of 
this research project were i) to characterize NP and associated psychosocial 
and functional changes, disability, sleep, and self-reported symptoms of central 
sensitization in adolescents and ii) to assess the effectiveness of Pain 
Neuroscience Education (PNE) and exercise compared to exercise only for 
adolescents with NP. This research project consists of two systematic reviews 
of the literature (Chapters 3 and 4), which reviewed the evidence on the 
association between functional and psychosocial changes, sleep, and central 
sensitization and NP in adolescents; three observational studies (Chapters 5, 
6, and 7), which explored the factors associated both with NP and disability 
(Chapter 5), the factors associated with the persistence of chronic NP and 
disability at 6-month follow-up (Chapter 6) and with the new onset of NP at 6-
month follow-up in adolescents (Chapter 7); and one randomized controlled 
trial (Chapter 8) which assessed the effectiveness of PNE and exercise 
compared to exercise only at post-intervention and at 6-month follow-up in 
adolescents with NP, at the school setting. Chapters 3 and 4 found very limited 
to limited evidence suggesting that depression, anxiety and stress, 
catastrophizing, poor self-efficacy, sleep impairments, deficits in muscle 
function and proprioception, and low pain thresholds are associated with NP in 
adolescents. Chapters 5 and 6 highlighted that female sex, psychosocial 
factors, disability, physical activity, sleep, and self-reported symptoms of 
central sensitization are associated with chronic NP and disability and its 
persistence at 6 months, and Chapter 7 further highlighted the association of 
these factors for the new onset of NP, specifically, sleep and self-reported 
symptoms of central sensitization. Chapter 8 suggested that exercise and 
exercise plus PNE were similarly effective in treating adolescents with NP. 
These findings support the inclusion of psychosocial factors, disability, physical 
activity, sleep, and self-reported symptoms of central sensitization in the 
assessment of adolescents with NP, and the need for their preventive 
assessment in asymptomatic adolescents. Furthermore, it encourages the 
application of interventions based on exercise and exercise plus PNE for the 
management of chronic NP in adolescents, at the school setting. 
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1. CHAPTER 1: GENERAL INTRODUCTION  

1.1. Introduction 

Chronic musculoskeletal pain is a common complaint in adolescents and its prevalence 

has been increasing over the last decades. Recent studies report prevalence rates of 

up to 40% in children and adolescents (Hoftun, Romundstad, Zwart, & Rygg, 2011; 

King et al., 2011). In late adolescence, chronic musculoskeletal pain tends to approach 

the prevalence reached in adults (Kamper, Henschke, Hestbaek, Dunn, & Williams, 

2016). Previous studies reported that chronic pain negatively influences psychosocial 

development, interfering with school attendance, family, and social engagement 

(Gauntlett-Gilbert & Eccleston, 2007; Hoftun et al., 2011; Roth-Isigkeit, Thyen, Stöven, 

Schwarzenberger, & Schmucker, 2005). In addition, a significant percentage of these 

adolescents maintain their complaints at long-term follow-up (Mikkelsson, Salminen, 

Sourander, & Kautiainen, 1998; Paananen, Taimela, et al., 2010). The most common 

painful body sites in adolescents aged between 16 and 18 years are the neck (20.9%), 

followed by the low back (17.5%), upper back (11.5%), lower extremities (8.6%), and 

upper extremities (3.9%) (Hoftun et al., 2011). 

Adolescents with chronic neck pain (NP) show functional (Oliveira & Silva, 2016; Park 

et al., 2012; Sá & Silva, 2017), psychosocial (Diepenmaat, Van Der Wal, De Vet, & 

Hirasing, 2006; Rees, Smith, O’Sullivan, Kendall, & Straker, 2011; Sá & Silva, 2017) 

and sleep-related differences when compared to asymptomatic adolescents as well as 

a generalized hypersensitivity suggesting a contribution of the central nervous system 

(Sá & Silva, 2017). However, the amount of literature aiming to characterize 

adolescents with NP is scarce and important factors seen in adults with NP have not 

been explored in this population. Similarly, and to the best of our knowledge, studies 

exploring pain treatment and management in adolescents with chronic NP are also 
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scarce. However, pain interventions based on pain neuroscience education (PNE) 

have emerged as promising (Louw, Zimney, Puentedura, & Diener, 2016; Watson et 

al., 2019). PNE consists of educational sessions describing the neurophysiology of 

pain and the nervous system's ability to modulate the pain experience (Louw, Zimney, 

O’Hotto, & Hilton, 2016). It promotes the patients' understanding of chronic pain and 

changes unadjusted thoughts and cognitions, which are important barriers to active 

therapy and exercise (Meeus, Nijs, Van Oosterwijck, Van Alsenoy, & Truijen, 2010; 

Neto, Andias, & Silva, 2018). A recent systematic review (Siddall et al., 2021), 

comparing studies that explored the effect of combining PNE and exercise for patients 

with chronic musculoskeletal pain versus exercise only, concluded that a combined 

intervention results in a greater reduction in pain intensity, disability, catastrophizing, 

and fear-of-movement compared to exercise only. However, studies included in this 

systematic review were in adults and only one of the included studies used adults with 

chronic NP (Matias, Vieira, Pereira, Duarte, & Silva, 2019). The systematic review of 

Dragotta et al. (2019) on the available evidence on the intervention of physical therapy 

in adolescents with NP, found only two studies which were both carried out by our 

research team (Andias, Neto, & Silva, 2018; Neto et al., 2018). The findings of the 

quantitative study suggest that PNE and exercise decrease pain and catastrophizing 

and improve neck muscles endurance (Andias et al., 2018). The qualitative study 

suggested that PNE is perceived by adolescents as a facilitator of behavior change 

towards exercise and self-management (Neto et al., 2018). However, the small sample, 

the inclusion of a control group that did not perform any treatment, and the lack of 

medium and long-term follow-up, highlighted the need for more studies exploring the 

effectiveness of PNE in adolescents with NP. 

In summary, the increasing prevalence of chronic NP in adolescents, its negative 

impact, and the lack of studies that comprehensively characterize chronic NP in 

adolescents and investigate the effectiveness of PNE interventions justify the need to 
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perform this PhD research project. Throughout this thesis, the term adolescents will be 

used as a replacement for the term high school students present in the title of this 

research project. 

1.2. Research aims 

This research project has two main aims: i) to characterize chronic idiopathic NP and 

associated psychosocial and functional changes, disability, sleep, and self-reported 

symptoms of central sensitization in adolescents; ii) to design and assess the 

effectiveness of PNE and exercise compared to exercise only in adolescents with 

chronic NP.  

1.3. Research objectives 

The objectives of this thesis were: 

• To provide the current definition of chronic NP and adolescence, and 

contextualize the evidence on functional and psychosocial changes, sleep, and 

symptoms of central sensitization associated with NP, and current interventions 

(Chapter 2); 

• To systematically review and critically assess the evidence on functional and 

psychological changes, sleep, and symptoms of central sensitization associated 

with NP in adolescents (Chapter 3 and 4); 

• To characterize adolescents with chronic NP in terms of i) sociodemographic 

characteristics, ii) disability, iii) physical activity, iv) psychosocial factors, v) 

sleep and vi) self-reported symptoms of central sensitization (Chapter 5); 

• To explore the factors associated both with NP and disability and compare 

these between adolescents with NP and adolescents with back and limb pain 

(Chapter 5);  
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• To explore whether i) sociodemographic characteristics, ii) physical activity, iii) 

psychosocial factors, iv) sleep and v) self-reported symptoms of central 

sensitization at baseline, were associated with the persistence of chronic NP 

and disability at 6-month follow-up in adolescents, and whether there are 

differences between girls and boys (Chapter 6); 

• To explore whether sociodemographic characteristics, depression, anxiety and 

stress, sleep, and self-reported symptoms of central sensitization at baseline in 

asymptomatic adolescents were associated i) with new onset of chronic 

musculoskeletal pain and ii) with new onset of chronic NP, at 6-month follow-up 

(Chapter 7); 

• To assess the effectiveness of PNE and exercise compared to exercise only at 

post-intervention and at 6-month follow-up in adolescents with chronic NP 

(Chapter 8); 

• To make recommendations for clinical practice and future research regarding 

chronic NP assessment and treatment in adolescents (Chapter 9). 

 

A schematic outline of the research project is presented in Figure 1.  
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Figure 1. Schematic representation of the chapters presented in this research project. 

CHAPTER 2 

Contextualization of chronic NP in adolescents and relevance of this research project. 

CHAPTER 3 

Systematic Review 1 

Are there differences in posture, muscle 

and sensory function between 

adolescents with and without NP?  

CHAPTER 5 

Do adolescents with 
chronic NP (n=753) have 
different characteristics 
compared to adolescents 
without pain (n=252) and 
with pain at other body 
sites (n=682)? 
 
What are the factors 
associated with pain and 
disability in adolescents 
with chronic NP, and 
compared to other painful 
body sites? 

 

CHAPTER 8 

Intervention study 
What is the effectiveness of exercise plus PNE versus exercise only at post-intervention 
and at 6-month follow-up in adolescents with chronic NP? (n=127) 

CHAPTER 9 
General discussion and conclusion 

Recommendations for clinical practice and future research 

 

 

 

CHAPTER 4 

Systematic Review 2 

Are there differences in psychological 

variables, sleep and central sensitization 

between adolescents with and without 

NP? 

Observational study 

Baseline: n=1730 

CHAPTER 6 

 
 
What are the baseline 
factors associated with 
pain and disability in 
adolescents with chronic 
NP at 6-month follow-up 
(n=710)? 
 

CHAPTER 7 

 
 
 
What are the baseline 
factors associated with the 
new onset of chronic 
musculoskeletal pain, and 
with chronic NP, at 6-
month follow-up in 
adolescents without pain 
at baseline (n=88)? 

 

ATTACHMENTS 
Resources and materials developed by the research team for the application of this project 
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2. CHAPTER 2: BACKGROUND 

2.1. Musculoskeletal pain prevalence and associated disability in adolescents  

Adolescence is a period of several physical and psychosocial changes that point to the 

transition from childhood to adulthood (Berenbaum, Beltz, & Corley, 2015). According 

to the American Academy of Pediatrics, the period of adolescence between 11 and 21 

years old may be divided into early (11–14 years old), middle (15–17 years old), and 

late (18–21 years old) adolescence (Hardin & Hackell, 2017; Williams et al., 2012).  

 

Pain is one of the most common complaints among adolescents (Steven J. Kamper & 

Williams, 2017; Perquin et al., 2000; Zapata, Moraes, Leone, Doria-Filho, & Silva, 

2006). Considering the individual meaning and the sensory and emotional complexity 

associated with the experience of pain, its definition has been revised over the years. 

Recently, a new update from the International Association of Study of Pain (IASP) 

defined pain as “an unpleasant sensory and emotional experience associated with or 

resembling that associated with, actual or potential tissue damage” (Raja et al., 2020). 

As for the duration, it might be defined as acute, when maintaining its protective role 

generally defined for up to 3 months, or chronic, when it persists beyond 3 months 

(Raja et al., 2020; Treede et al., 2019). When pain complaint is reported in the joints, 

bones, muscles, or surrounding structures involving the areas of the neck, shoulders, 

wrists/hands, upper back, lower back, hips/thighs, knees, ankles/feet, it is defined as 

musculoskeletal pain (IASP, 2009; Steve J. Kamper et al., 2016).  

 

The prevalence of chronic musculoskeletal pain is high and has been estimated to 

reach up to 65% of children and adolescents (Eckhoff, Straume, & Kvernmo, 2017; 

King et al., 2011; Silva, Pitangui, Xavier, Correia-Júnior, & De Araújo, 2016; Swain et 
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al., 2014). According to Hoftun et al. (2011), in adolescents aged between 13 and 15 

years, the most common painful body sites are the neck (14.3%), followed by the lower 

extremities (12.8%), low back (10.9%), upper back (8.1%) and upper extremities 

(4.0%). Similarly, in the age group of 16 to 18 years old, the most common painful body 

sites are the neck (20.9%), followed by the low back (17.5%), upper back (11.5%), 

lower extremities (8.6%) and upper extremities (3.9%) (Hoftun et al., 2011).  

 

In addition to the high prevalence, chronic musculoskeletal pain has a negative impact 

in several domains of life, with present and future consequences. Mano et al. (2020) 

reported that adolescents aged 12 to 17 years old with chronic musculoskeletal pain 

have impaired executive functions, including decreased working memory, ability to 

control attention, and cognitive flexibility when compared to asymptomatic adolescents. 

These changes in executive functioning, in turn, are also associated with greater 

functional disability, school absences, restrictions on social and recreational 

functioning, and higher levels of anxiety and depression (Gauntlett-Gilbert & Eccleston, 

2007; Hoftun et al., 2011; Konijnenberg et al., 2005). Adolescents’ pain also has a 

negative impact in life and emotional functioning of their parents and family members 

such as distress, burden, and interruption of daily routines (Eccleston, Crombez, 

Scotford, Clinch, & Connell, 2004; Palermo, 2000; Palermo & Chambers, 2005). 

Regarding future implications of pain, Murray et al. (2020) in a longitudinal study with 

12 years of follow-up and a sample of 14 790 adolescents reported that adolescents 

with musculoskeletal chronic pain grew into adulthood with lower levels of education, 

poor vocational functioning, and increased social losses compared to asymptomatic 

adolescents. Furthermore, adolescents with chronic pain are likely to experience 

chronic pain when adults (Brattberg, 2004; Hanvold, Veiersted, & Wærsted, 2010). 

Thus, chronic musculoskeletal pain is a complaint with current and long-term high 

impact on the daily life of adolescents. 
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2.2. Neck pain definition and prevalence 

Among the several chronic idiopathic musculoskeletal pain syndromes, NP is the most 

commonly reported in adolescents (Gustafsson, Laaksonen, Aromaa, Löyttyniemi, & 

Salanterä, 2018; Hoftun et al., 2011; Stahl, El-Metwally, & Rimpelä, 2014). NP might be 

anatomically defined as pain perceived anywhere in the posterior region of the neck, 

from the superior nuchal line to the first thoracic vertebra, bounded laterally by the 

lateral margins of the neck (Misailidou, Malliou, Beneka, Karagiannidis, & Godolias, 

2010). To be considered as chronic pain, NP must persist for more than 3 months, a 

commonly defined time for the normal tissue healing process (Treede et al., 2019). NP 

may be related to injury, such as sports-related injuries or whiplash, surgery, chronic 

disease, or rarely serious pathology, e.g. infections and neoplasms (Becker, 

Heathcote, Timmers, & Simons, 2018; Misailidou et al., 2010). However, in most cases, 

no discernible cause of NP can be identified (Hoftun et al., 2011) and it is termed 

idiopathic NP, defined as NP not associated with any known injury or disease 

(Misailidou et al., 2010). 

 

The prevalence rates of NP in adolescents are high and have been increasing over the 

last decades, with girls showing higher NP prevalence than boys (Hakala, Rimpelä, 

Salminen, Virtanen, & Rimpelä, 2002; Hoftun et al., 2011; Minghelli, 2019; Stahl et al., 

2014). Hakala et al. (2002), in a survey with 189 894 adolescents aged 14 to 16 years 

old reported that NP prevalence in the last 6 months increased from 29% to 36% in 

girls and from 15% to 20% in boys, between 1991 and 2001. At 18-years old the 

increase was from 36% to 45% for girls and from 14% to 20% for boys (Hakala et al., 

2002). Similarly, Stahl et al. (2014) also showed an increasing prevalence of NP in 

adolescents aged 12 to 14 years old from 1991 to 2011, from 11.1% to 18.5% in girls 

and from 4.8% and 5.9% in boys. At the age of 16 to 18 years old, the prevalence 

increased from 22.7% to 29.5% in girls and from 7.1% to 10.7% in boys over the same 
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decade (Stahl et al., 2014). These numbers also show that NP prevalence is higher at 

the later phases of adolescence. This has also been reported in other studies 

(Gustafsson et al., 2018; Hoftun et al., 2011). Furthermore, NP is often not reported as 

a single body site and adolescents with NP tend to report pain complaints in multiple 

body sites (Auvinen et al., 2017; Auvinen et al., 2009; Paananen, Auvinen, et al., 

2010).  

Neck pain also has a negative impact on adolescents' daily routines. Two studies were 

found that assessed disability in adolescents with chronic NP (Oliveira & Silva, 2016; 

Sá & Silva, 2017). Oliveira & Silva (2016) in a sample of 35 adolescents with NP 

reported that 48.6% of adolescents responded that NP interfered with their daily 

activities. Sá & Silva (2017) in a sample of 40 adolescents with NP found that 49.1% of 

adolescents with NP reported difficulties during physical education classes, 29.1% 

reported difficulties in performing their leisure activities, 27.5% reported difficulties 

sitting during classes, 23.7% reported difficulties falling asleep and that NP disturbed 

their sleep, and 8.7% reported difficulties to walk more than 1 km. No other studies 

were found that specifically assessed disability in adolescents with NP.  

Overall, NP prevalence in adolescents exceeds the prevalence of other common 

painful complaints such as low back pain. Thus, a better characterization of NP and 

associated factors in adolescents emerges as particularly relevant for its appropriate 

management at an early stage. 

 

2.3. Biopsychosocial characterization of adolescents with neck pain 

Different biological, psychological, and social factors are associated with NP and 

modulate the experience of pain in adolescents (Koechlin, Locher, & Prchal, 2020; 

Liossi & Howard, 2016). The extent of the impact of each of these factors vary from 

person to person (Liossi & Howard, 2016).  
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From a biological perspective, being a female (Dianat, Alipour, & Asgari Jafarabadi, 

2018; Pourbordbari, Riis, Jensen, Olesen, & Rathleff, 2019; Vikat et al., 2000) and of 

older ages (Vikat et al., 2000) are commonly reported in the literature as being 

associated with the presence of NP in adolescents. In a recent study, Richard et al. 

(2021) found that female sex and having chronic NP at 17 years of age were 

associated with chronic NP at 22 years of age. Also, adolescents with chronic NP show 

several functional changes, including decreased endurance of the neck flexor and 

extensor muscles (Oliveira & Silva, 2016), increased activity of the superficial muscles, 

such as the sternocleidomastoid and trapezius muscles (Park et al., 2012), and 

impaired joint position sense (Sá & Silva, 2017) when compared to asymptomatic 

adolescents. Previous studies have also explored the association between posture and 

NP, but results are conflicting with a few reporting NP to be associated with head 

posture deviations (Straker, O’Sullivan, Smith, & Perry, 2009), while others reported no 

differences between adolescents with and without NP (Cheung, Shum, Tang, Yau, & 

Chiu, 2009; Richards, Beales, Smith, O’Sullivan, & Straker, 2016). Oliveira & Silva 

(2016) also added that adolescents with chronic NP have less forward head posture 

than asymptomatic adolescents.  

Studies have also shown that adolescents with chronic NP report daytime tiredness 

and sleep disorders (Auvinen et al., 2010; Gustafsson et al., 2018). Furthermore, Stahl 

et al. (2008) reported that daytime tiredness, difficulty falling asleep, and waking up 

during the night predicted the onset and maintenance of weekly NP at a 4-year follow-

up. Similarly, Auvinen et al. (2010) found that insufficient quantity and quality of sleep 

at 16 years old was a risk factor for NP at 18 years old, but only in girls. And 

Gustafsson et al. (2018) reported that daytime tiredness at 10 years old predicted the 

presence of NP at the age of 15 years old.  
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In addition to the already presented factors, Sá & Silva (2017) reported that 

adolescents with chronic NP have increased pain sensitivity in the neck region, but also 

at a distant body site (the lower leg), suggesting a possible presence of central 

sensitization mechanisms. Central sensitization is characterized by an augmented and 

maintained neuronal responsiveness on central pain pathways to their normal or sub-

threshold afferent input, which translates into pain hypersensitivity and may reflect 

increased activity of nociceptive facilitatory pathways, decreased activity of descending 

inhibitory pathways, and modified sensory processing in the brain, with increased 

activity of the brain neuromatrix (Harte, Harris, & Clauw, 2018; Latremoliere & Woolf, 

2009; Woolf, 2011). Central sensitization seems to have a key role in modulating the 

development of chronic pain, facilitating its persistence over time, and negatively 

influencing its management (Nijs et al., 2021, 2014; Staud, 2013; Woolf, 2011).  

Concerning psychological factors, adolescents with chronic NP have been shown to 

report higher levels of depression (Dolphens et al., 2016; Myrtveit et al., 2014), anxiety, 

and stress (Niemi, Levoska, Rekola, & Keinänen-Kiukaanniemi, 1997; Sá & Silva, 

2017), pain catastrophizing (Sá & Silva, 2017), and poorer self-efficacy (Niemi et al., 

1997) than asymptomatic adolescents. These factors are believed to play an important 

role in the onset and maintenance of pain and disability. Stahl et al. (2008) reported 

that self-reported physical and psychological symptoms, including headache, 

abdominal pain, and depressive mood predicted the onset and maintenance of weekly 

NP at a 4-year follow-up. Also, Mikkelsson et al. (1999) and Feldman et al. (2002) 

suggested that psychological symptoms, such as depressive symptoms and lower 

mental health, might contribute to the onset of NP and to its transition from localized 

chronic NP to widespread pain, at 1-year follow-up among adolescents. Siivola et al. 

(2004) found that abdominal pain, headache, fatigue, and anxiety in adolescents aged 

15 to 18 years old predicted the onset of NP at 22 to 25 years of age. Recently, a 

systematic review of prognostic factors for musculoskeletal pain in adolescents 
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highlighted the relevance of depressive symptoms, multisite pain, female sex, and daily 

tiredness as baseline factors associated with the long-term persistence of NP 

(Pourbordbari et al., 2019). 

In the context of social factors, adolescents who do not live with both of their parents 

(Diepenmaat et al., 2006) and who have antisocial/isolation behaviors at school and 

with their peers (Rees et al., 2011) are more likely to report NP lasting 1-month. Also, 

Batley et al. (2019), found higher levels of loneliness and lower levels of peer 

acceptance in adolescents with spinal pain, including NP, compared to asymptomatic 

adolescents. A high percentage of adolescents with chronic NP report poor 

communication skills (82%) and decreased school marks (64%) (Fares, Fares, & 

Fares, 2017). Physical activity has also been reported to be associated with NP in 

adolescents (Myrtveit et al., 2014; Niemi, Levoska, Kemilä, Rekola, & Keinänen-

Kiukaanniemi, 1996; Vikat et al., 2000), but other studies reported no association 

(Dianat et al., 2018; Diepenmaat et al., 2006). Vikat et al. (2000) suggested that both 

lack and excess of physical activity might increase the likelihood of reporting chronic 

NP in adolescents. Niemi et al. (1996) suggested that physical activity involving 

dynamic loading of upper limbs had a protective effect for NP, in girls with NP aged 15 

to 18 years old, compared with activities involving static postures of the upper limb or 

other types of physical activity. Myrtveit et al. (2014) also suggested that performing 

physical activity at least 1-3 days a week has a protective effect for NP in a sample of 

1797 adolescents with chronic NP. However, Diepenmaat et al. (2006) suggested that 

physical activity was not associated with NP in a sample of 427 adolescents with NP, 

categorized as lasting 1 month and occurring at least once a week. Similarly, Dianat et 

al. in a sample of 460 adolescents with NP found no association between NP and 

physical activity.  
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All biological, psychological, and social factors are components of the biopsychosocial 

model of chronic pain that suggests that pain and pain-associated behavior are the 

results of the dynamic interaction of these domains (Liossi & Howard, 2016). Thus, a 

comprehensive biopsychosocial assessment of adolescents with chronic NP seems to 

be crucial to determine the most appropriate pain management strategy. However, in 

this preliminary search, we were unable to find studies that comprehensively assessed 

the psychosocial and sleep factors in adolescents with chronic NP. Furthermore, no 

study was found that assessed fear of movement in adolescents. Additionally, although 

no studies have been found in adolescents that assessed central sensitization or 

symptoms of central sensitization, studies in adults have suggested that both 

psychosocial factors and sleep impairments might contribute to central sensitization 

(Courtney, Fernández-de-las-Peñas, & Bond, 2017; Nijs, Van Houdenhove, & 

Oostendorp, 2010; van Wilgen et al., 2018). The mechanisms underlying this 

relationship are not entirely clear and understood. However, it is known that 

psychosocial factors might contribute to the dysregulation of the descending inhibitory 

and facilitatory nociceptive pathways sending outputs from activated areas involved in 

the processing of emotions and cognitions, such as the anterior cortex cingulate, the 

pre-frontal cortex, the amygdala, and the thalamus to the periaqueductal grey matter 

(PAG) (Bushnell, Ceko, & Low, 2013). Also, increased levels of adrenaline and 

dysregulation of the autonomic nervous system (Dimitriadis, Kapreli, Strimpakos, & 

Oldham, 2015), increased activation of brain areas related to anticipation of pain and 

attention to pain (Bushnell et al., 2013; Gracely et al., 2004; Sullivan et al., 2001) and 

changes in neurotransmitter concentrations at the supraspinal areas and in the gray 

matter volume (Wippert & Wiebking, 2018), have been some of the changes reported 

in the presence of increased levels of depression, anxiety, catastrophizing, and stress. 

On the other hand, sleep deprivation is associated with the dysregulation of the 

endogenous opioid system, attenuation of its analgesic capacity, and negative changes 
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in mood and emotions (Finan, Goodin, & Smith, 2013). More recently, evidence has 

been suggested that sleep impairments and high levels of stress result in abnormal 

glial activation and a low-grade neuroinflammation state, which in turn contributes to 

the development and maintenance of central sensitization (Nijs et al., 2017). Thus, all 

these processes might contribute to altered pain processing and facilitate the central 

hyperexcitability of the central nervous system and its high responsiveness to various 

stimuli (Othman et al., 2021).  

Apart from all the described biological and psychosocial factors associated with chronic 

NP, it is important to note that adolescence itself is a phase characterized by several 

neurobiological, psychosocial, and behavioral changes, so, controlling pain at this 

stage is essential to minimize its negative impact on the transition into adulthood 

(Casey, Giedd, & Thomas, 2000; Griffin, 2017; Rosenbloom, Rabbitts, & Palermo, 

2017).  

 

2.4. Neck pain management  

A variety of interventions have been reported in previous literature reviews designed to 

identify current evidence for the best management of chronic pain in children and 

adolescents, including pharmacological, psychological, and/or physical therapy and 

other specific interventions, such as education (e.g. pain education), lifestyle 

counseling, relaxation, and parent coaching, and complementary interventions, such as 

music therapy, integrated into a multimodal intervention or as a single treatment (Caes, 

Fisher, Clinch, & Eccleston, 2018; Harrison et al., 2019; Simons & Basch, 2016).  

 

In the context of physical therapy, exercise is identified as a key intervention (Caes et 

al., 2018; Harrison et al., 2019), but a few studies also report school-based back 

education programs, based on the education of the correct spinal posture, as an 



 

16 

 

intervention and preventive strategy for children and adolescents (Dolphens et al., 

2011; Koh et al., 2014; Steele, Dawson, & Hiller, 2006). Steele et al. (2006) in a 

systematic review aiming to synthesize the effectiveness of these school-based 

interventions in students under the age of 18 years old, found 12 studies of low 

methodological quality, that included education on spinal anatomy and physiology, risk 

factors for injuries, and strategies to incorporate a correct posture into daily routines. 

The authors concluded that the evidence for this type of intervention is weak, and it is 

not possible to conclude whether there is any behavior change in adolescents who 

receive this type of intervention, but there appears to be an increase in knowledge 

about spinal care and a decrease in the prevalence of spinal pain up to 1 year follow 

up. Dolphens et al. ( 2011) assessed the long-term effectiveness (8-year follow-up) of a 

6-week school-based back education program focused on posture and spine 

biomechanics compared to a control group that performed no-intervention, in 96 

schoolchildren aged 9 to 11 years old. Although there was a significant increase in 

knowledge about back care until adulthood, the intervention did not change the spine 

care behavior or increase self-efficacy in early adulthood, and the prevalence of back 

pain, including NP, was significantly higher in the group that received the education 

program (Dolphens et al., 2011). Thus, the findings of these studies suggest that there 

might be no long-term positive impact of school-based back education programs and 

that there might be a worsening of back pain, including NP, with this type of 

intervention. Nevertheless, none of these studies specifically targeted adolescents with 

NP. A systematic review from Dragotta et al. (2019), which aimed to assess the 

evidence on the physical therapy management of NP in children and adolescents, 

identified only two intervention studies, both performed by our research team (Andias 

et al., 2018; Neto et al., 2018), suggesting scarcity of evidence on this topic. Andias et 

al. (2018) compared PNE and exercise against no intervention in 21 adolescents aged 

17.4±1.4 years old and reported a significant improvement in knowledge of pain 
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neuroscience and endurance capacity of neck extensors, and a non-statistically 

significant tendency to decreased pain intensity, anxiety, and catastrophizing, and 

increased endurance of neck flexors and scapular muscles in the group that received 

the intervention when compared to the control group (Andias et al., 2018). In the same 

sample of adolescents and using a qualitative approach, Neto et al. (2018) reported 

that PNE was perceived as a facilitator of both pain reconceptualization and exercise, 

overcoming maladjusted thoughts and cognitions, which were barriers to exercise. The 

intervention used follows the current international guidelines for the management of 

chronic pain in young people. PNE consists of explaining to individuals the pain 

neurophysiology simultaneously with the role of the brain and emotions in the 

interpretation and processing of pain by the nervous system, and this knowledge 

seems to have a role in modulating the pain experience and the emotional response to 

pain (Louw, Zimney, O’Hotto, et al., 2016; Robins, Perron, Heathcote, & Simons, 

2016). PNE sessions can be applied in different formats, from individual sessions, in 

groups, or using short videos, with contents and materials (e.g. metaphors, drawings, 

leaflets) always adapted to the target population (Robins et al., 2016). The main aim of 

PNE is to make pain understandable for the patients and disrupt pain-related 

misconceptions, such as catastrophizing and fear-avoidance behaviors (Kim & Lee, 

2020; Louw, Zimney, Puentedura, et al., 2016; Watson et al., 2019). In this sense, it 

uses principles and strategies of cognitive-behavioral therapies (Fisher et al., 2014; 

Moseley & Butler, 2015).   

 

Recently, the World Health Organization developed a guideline regarding the 

management of chronic pain in children and adolescents and recommended that pain 

interventions should follow the biopsychosocial model, integrating a biological but also 

a psychological and a social component, according to individual needs (Ezeanosike et 

al., 2020). The guideline was based on a systematic review that included 24 
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randomized controlled trials about physical interventions, 63 randomized controlled 

trials about psychological interventions, and 29 randomized controlled trials about 

pharmacological interventions. Overall, very low evidence recommends physical 

therapies, such as exercise, and moderate evidence recommends cognitive-behavioral 

therapies, in a face-to-face format or combined with a remote intervention (Ezeanosike 

et al., 2020).  

 

Exercise, as a common and widely recommended intervention in adults with chronic 

NP, is relevant to increase function (Blanpied et al., 2017; O’Riordan, Clifford, Van De 

Ven, & Nelson, 2014), but also to facilitate desensitization of the nervous system (Nijs, 

Lluch Girbés, Lundberg, Malfliet, & Sterling, 2015). Sluka et al (2018) reviewed the 

mechanisms by which exercise reduces pain and highlighted the activation of the 

endogenous inhibitory systems in the central nervous system; decreased central 

hyperexcitability, for example, by decreased expression of ionic receptors that facilitate 

pain, such as N-methyl-D-aspartate (NMDA) receptor; modulation of neuroimmune 

signaling, for example, facilitating the balance between inflammatory and anti-

inflammatory cytokines and consequently reducing the activation of nociceptors; 

promotion of tissue regeneration; and improvement of general well-being and mental 

health. There are specific recommendations for the prescription of exercise for chronic 

NP in adults (Ferro Moura Franco et al., 2021; O’Riordan et al., 2014), however, to our 

knowledge, there are no specific recommendations for children or adolescents with NP. 

Theoretical studies have suggested that multimodal interventions including self-

management strategies, pain education, such as PNE, and active based-movement 

interventions, such as exercise, appear to be relevant in the management of pain and 

disability in adolescents with chronic musculoskeletal pain (Eccleston et al., 2021; 

Robins, Perron, Heathcote, & Simons, 2016; Stinson, Connelly, Kamper, Herlin, & 

Toupin, 2016). Harrison et al. (2019), in a review of the best evidence for the 
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rehabilitation of pediatric pain, also highlighted the need to use multimodal 

interventions combining strategies based on the understanding of pain neuroscience 

and managing negative and maladaptive thoughts and cognitions often associated with 

pain (e.g. psychoeducation, relaxation techniques, and behavioral exposures), and 

exercise and exercise education. A recent systematic review of Siddall (2021), which 

aimed to compare the effect of PNE in combination with exercise versus exercise only 

in adults with chronic musculoskeletal pain, found 5 randomized controlled trials 

classified with high methodological quality and concluded that combining PNE and 

exercise results in a greater reduction in pain intensity, disability, catastrophizing, and 

fear-of-movement compared to exercise only. However, only one of the included 

studies was specific to adults with chronic NP (Matias et al., 2019). We were unable to 

find any study that attempted to compare the effectiveness of an intervention based on 

PNE and exercise versus exercise only, in children or adolescents with pain in general 

or NP in particular. Thus, despite the increasing prevalence of NP in adolescents, few 

studies have explored the effectiveness of physical therapy. Thus, no clear 

recommendations exist to guide and inform clinical practice. PNE associated with 

exercise appears to be a promising intervention, but existing studies are scarce and of 

a small size, suggesting that further studies are needed.  

2.5. Summary 

The high and growing prevalence of chronic NP at younger ages, particularly in the age 

range of 16 to 18 years old, its tendency to persist into adulthood, and the apparent 

lack of studies focusing on adolescents with NP highlight the need to better 

characterize this population. Few studies characterizing the functional and 

psychosocial factors associated with chronic NP in adolescents seem to have been 

published. Furthermore, most of them are cross-sectional studies and do not assess 

potentially relevant factors, such as fear of movement or the presence of symptoms of 
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central sensitization. Nevertheless, and to the best of our knowledge, a synthesis of 

existing evidence on the characteristics of adolescents with NP has not been 

performed. Conceivably, a better characterization of adolescents with chronic NP, 

following a biopsychosocial model, will allow the design of more effective interventions. 

Therefore, to have an in-depth understanding of existing evidence on the functional 

and psychological characteristics associated with NP in adolescents, two systematic 

reviews of the literature were performed, which are presented in the next two chapters 

of this research project.  
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3. CHAPTER 3: A SYSTEMATIC REVIEW WITH META-ANALYSIS ON 

FUNCTIONAL CHANGES ASSOCIATED WITH NECK PAIN IN ADOLESCENTS  

Based on the systematic review from Andias, R. & Silva, AG. (2019). “A systematic 

review with meta-analysis on functional changes associated with neck pain in 

adolescents”. Musculoskeletal Care, 17 (1):23-26.  

3.1. Introduction  

Adolescents with NP seem to have decreased endurance of the neck flexor and 

extensor muscles (Oliveira & Silva, 2016) and increased activity of the superficial 

muscles (Park et al., 2012), impaired joint position sense and increased pain sensitivity 

(Sá & Silva, 2017) when compared to asymptomatic adolescents. The evidence in 

regard to posture is contradictory (Hellstenius, 2009; Oliveira & Silva, 2016; Richards et 

al., 2016). However and to the best of our knowledge, studies on functional changes 

associated with NP in young people have not been systematically reviewed, assessed, 

and synthetized. A better understanding and characterization of NP and associated 

changes in young people is essential to improve assessment, intervention and, 

potentially, minimize the consequences of NP in adolescence and adulthood. Thus, the 

aim of the present systematic review is to identify and critically assess the evidence on 

the functional changes associated with NP, in adolescents, specifically for: i) posture, ii) 

postural control iii) range of motion, iv) proprioception, v) muscle function, vi) sensory 

threshold, and vii) central sensitization. 

3.2. Methods 

3.2.1. Registration of the systematic review protocol 

This review was registered in the PROSPERO, with the ID CRD42018089518. 
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The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines were followed in this review (Moher et al., 2009).  

3.2.2. Search strategy and study selection 

From September to November 2017 an electronic search was conducted in Pubmed, 

ScienceDirect, Web of Science, PEdro, Scielo, Scopus and Academic Search Premier 

databases. Additionally, the list of references of all included studies was analysed to 

check for another relevant studies not identified by the electronic searches. 

A combination of words was used in the search strategies, including NP, adolescents 

and specific terms regarding NP function. Pubmed was searched using MeSH terms 

and filters for age and article type. Data searches were conducted for publications 

available since database inception and for studies published in English, Spanish, 

French or Portuguese.  

To be included in this review, studies had to compare aspects of neck function in 

adolescents with and without NP, in line with the following criteria: 

• Age range of included participants between 12 and 18 years (Williams et al., 

2012); 

• Report on acute or chronic NP not related to any known pathology or injury 

(Merskey & Bogduk, 2002; Misailidou et al., 2010); 

• Compare any of following variables between adolescents with and without NP: 

range of motion, proprioception, muscle strength/endurance, sensory threshold 

and/or central sensitization, posture and/or postural control; 

• Be full articles published in peer reviewed journals. 

Studies in adolescents with nervous system pathology, rheumatic pathology, and major 

structural pathology (i.e. infection, neoplasms, systemic disease) were excluded from 

this review.  
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3.2.3. Data extraction 

All retrieved references were imported into the reference software EndNote X5 

(Clarivate Analytics, Philadelphia, United States) and checked for duplicates. The 

principal investigator (RA) screened titles and abstracts against the inclusion and 

exclusion criteria. Then, full texts of potentially eligible studies were retrieved and 

screened for inclusion independently by the authors of this review (RA and AGS). 

Discrepancies between reviewers were resolved by discussion until consensus was 

reached. The principal investigator (RA) extracted study characteristics using 

standardized forms. The extracted data was verified independently by the second 

reviewer (AGS) and any disagreement was resolved by discussion.   

3.2.4. Methodological quality assessment  

Methodological quality of included studies was independently assessed by the two 

reviewers using the Newcastle-Ottawa Scale (NOS) for case control studies (Lo, Mertz, 

& Loeb, 2014; Wells, Shea, & O’Connell, 2014), which is recommended by the 

Cochrane Collaboration (Higgins & Green, 2011). Disagreements were resolved by 

discussion until reaching a consensus. Agreement was measured using a Cohen’s 

kappa with linear weighting. Values between 0-0.20 indicate no agreement, 0.21-0.39 

minimal agreement, 0.40-0.59 weak agreement, 0.60-0.79 moderate agreement, 0.80-

0.90 strong agreement and above 0.90 almost perfect agreement (McHugh, 2012). The 

NOS score varies between 0 and 9, with higher scores indicating lower risk of bias 

(Wells et al., 2014). The quality rating is interpreted as good quality (score ≥7), fair 

(score ≥5) and poor (score <5) (Mcpheeters et al., 2012).  

3.3. Data synthesis and analysis   

Outcomes were described according to the measured variable (posture, postural 

control, range of motion, proprioception, muscle function and sensory threshold). Data 
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were presented as mean ± standard deviation (SD), or odd ratio (OR) or percentage 

difference (%). To discuss the results, the weighted mean difference (WMD) and 

respective 95% confidence interval (CI) were calculated for each study that presented 

the results with mean ± SD. These calculations were performed using the Meta XL 

software (Epigear International, Australia; http://www.epigear.com) with population 

size, mean and SD as input data.  

A meta-analysis was performed for studies that measured forward head posture, since 

only in this case there were at least 3 studies using similar measurements. The meta-

analysis was also performed using Meta XL. Statistical heterogeneity of the studies 

was assessed using the Cochran’s Q test (defined as p<0.05) and the I² statistic 

(interpreted as 0% to 40% might not be important; 30% to 60% may represent 

moderate heterogeneity; 50% to 90% may represent substantial heterogeneity and 

75% to 100% considerable heterogeneity) (Higgins & Green, 2011; Israel & Richter, 

2011). The results were tested with the random-effect model. Forest plots were used to 

present the WMD and CI for the individual studies of the meta-analysis and for overall 

analysis (Barendregt & Doi, 2011). Finally, we defined the “levels of evidence” 

according to the recommendations of van Tulder et al. (van Tulder, Furlan, Bombardier, 

& Bouter, 2003) and Barton et al. (Barton, Lack, Malliaras, & Morrissey, 2013) as 

strong, moderate, limited, very limited and conflicting evidence.  

3.4. Results 

3.4.1. Study selection 

Searches resulted in 1150 references. After removing duplicates (n=457), 693 

references were screened based on title and abstract and 26 full articles were 

retrieved. Of these, 10 articles were eligible for inclusion (Figure 2). The main reasons 

for exclusion were: studies without reference to NP in adolescents (n=13), no between 

group comparisons (n=1), no data on functional changes (n=2).  

http://www.epigear.com/
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Figure 2. Study flowchart (PRISMA). 

3.4.2. General overview of included studies  

Nine out of the 10 included studies were case-control studies and one (Mikkelsson et 

al., 2006) was a prospective longitudinal study. Five of the 10 studies assessed more 

than one variable and, therefore, a total of 15 comparisons between adolescents with 

and without NP were made on different variables: posture (n=7), muscle function (n=3), 

range of motion (n=3), joint repositioning error (n=1) and pressure pain threshold (n=1). 

No studies were found on postural control. Only 5 of the included studies clarify the 
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duration of NP. The remaining studies did not specify its duration. A detailed 

characterization of included studies is presented in Table 1. 

3.4.3. Methodological quality 

Cohen's k for reviewer’s agreement was 0.63, 95% CI (0.47; 0.78). Total score for the 

10 included studies varied between 3 (n=3) and 6 (n=3) (Table 2), out of a maximum of 

9 points (i.e., no study reached the cut off point for good quality ≥7).  

Only one paper had participants interviewed by an experienced physical therapist for 

their NP (Cheung et al., 2009). All studies used participants that were representative of 

the population of adolescents with NP and community controls, but only 5 of them 

defined the criteria for being a control (Dolphens et al., 2016; Hellstenius, 2009; 

Oliveira & Silva, 2016; Richards et al., 2016; Sá & Silva, 2017). Only 4, out of the 10 

included studies met criteria 5 (adjusted for age/gender) and 6 (adjusted for additional 

factors), regarding comparability of cases and controls (Dolphens et al., 2016; 

Mikkelsson et al., 2006; Richards et al., 2016; Straker et al., 2009). Only two of the 10 

included studies performed a structured interview with an blind assessor (Hellstenius, 

2009; Straker et al., 2009). All included studies assessed cases and controls using the 

same method. No study reported on non-response rate. 

3.4.4. Posture 

Details on measurement procedures and study results can be found in Tables 3 and 4. 

A total of 7 studies compared posture between adolescents with and without NP. Three 

of these studies characterized head posture through the angle between C7, the tragus 

of the ear and the horizontal (indicative of forward head posture (FHP) using the Head 

Posture Spinal Curvature Instrument (Cheung et al., 2009), the universal goniometer 

(Oliveira & Silva, 2016) and photogrammetry (Ruivo, Pezarat-Correia, & Carita, 2014). 

Another study characterized FHP in relation to a plumb line crossing the lateral 
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malleolus and the external auditory meatus (Hellstenius, 2009). Of these 4 studies, 2 

with poor to fair methodological quality, found no difference (Cheung et al., 2009; 

Hellstenius, 2009) between adolescents with and without NP; one study with fair quality 

reported adolescents with NP to have significantly less FHP than asymptomatic 

controls (Oliveira & Silva, 2016) and the other study, assessed as poor, found 

adolescents with NP to have significantly more FHP than asymptomatic controls (Ruivo 

et al., 2014). The results of the meta-analysis with the 3 studies that assessed FHP 

through the angle between C7, the tragus and the horizontal showed statistically 

significant heterogeneity across studies (Q=13, p=0.00; I²=85%) in a random-effect 

model. After pooled the results showed no statistically significant differences in FHP 

between adolescents with and without NP (WMD=1.1°; 95% CI -2.1°; 4.2°) (see Figure 

3). Straker et al. (2009) and Richards et al. (2016), both with fair methodological 

quality, assessed head and spinal sitting posture using a 2D photographic method. 

Richards et al. (2016) found no statistically significant difference for head posture 

between adolescents with and without NP. In contrast, Straker et al. (2009) reported 

adolescents with NP to have significantly lower cervicothoracic angle (anterior angle 

formed between the lines of tragus to C7 and C7 to T12) when compared to 

adolescents without NP, indicating a more flexed cervicothoracic posture (WMD=-2.2°; 

95% CI=-4.2°; -0.2°). However, when subdividing the sample according to gender 

these differences were no longer significant. Therefore, limited evidence suggests that 

there are neither differences in cervicothoracic posture, nor more specifically in FHP 

between adolescents with and without NP. 

Straker et al. (2009) also reported a significantly lower trunk angle, indicating a more 

extended posture of the trunk (WMD= -3.0°; 95% CI=-6.0°; -0.1°); a significantly lower 

lumbar angle, indicating a greater lordosis (WMD= -6.4°; 95%CI=-10.7°; -2.1°) and a 

higher angle of pelvic tilt, indicating a greater anterior pelvic tilt (WMD=5.2°; 

95%CI=1.5°; 9.1°) in adolescents with NP compared to asymptomatic adolescents. 
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After analysis by gender these differences remained only for the lumbar angle and 

anterior pelvic tilt. Dolphens et al. (2016), in a study with fair methodological quality, 

used the Spinal Mouse instrument to assess standing posture and found that 

adolescents with NP have a greater backward trunk lean than adolescents without NP. 

Furthermore, they also suggested an increased probability of NP in the presence of 

these characteristics (OR; 95% CI= 1.2; 1.1-1.3). 

Thus, there is i) very limited evidence suggesting that adolescents with NP have a 

lower lumbar angle and higher angle of pelvic tilt in sitting posture than adolescents 

without NP and ii) very limited evidence that adolescents with NP have a smaller trunk 

angle (i.e., tendency for a greater extension of the trunk).  

 

Figure 3. Forest plot of Forward Head Posture. 

Note: Positive values indicate that adolescents with NP have a lower FHP compared to 

asymptomatic adolescents. 

3.4.5. Range of motion 

A total of 3 studies compared range of motion (ROM) between adolescents with and 

without NP (Tables 5 and 6). Two studies assessed neck range of motion (Hellstenius, 

2009; Park et al., 2012) and one study (Dolphens et al., 2016) assessed thoracic and 

lumbar extension movement. Hellstenius (2009), with fair methodological quality, used 

a cervical collar goniometer to measure neck rotation and reported no significant 

differences between adolescents with and without NP. Park et al. (2012), with poor 
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methodological quality, assessed all movements of the neck using a three-dimensional 

ultrasonic motion analysis system and reported that adolescents with NP have a 

greater range of motion of left lateral bending (WMD=9.4°; 95%CI=2.8°; 16.0°) and left 

rotation (WMD=5.5°; 95% CI=0.8°; 10.2°), and a lower right axial rotation (WMD=-9.6°; 

95%CI=-18.2°; -1.1°) and left axial rotation (WMD=-14°;95%CI=-21.1°; -6.9°), 

compared to adolescents without NP. Thus, very limited evidence indicates that there 

are differences in neck movements between adolescents with and without NP. 

Dolphens et al. (2016), with fair methodological quality, used the Spinal Mouse 

instrument to assess the extension movement of the thoracic and lumbar spine in 

standing posture and, although weak, found a statistically significant association for the 

movement of thoracic and lumbar extension suggesting that adolescents with higher 

levels of extension have more probability of NP (OR; 95% CI=0.98; 0.96–1.00 and 

0.96; 0.93–1.00, respectively). Thus, very limited evidence suggests that a greater 

movement of extension of the thoracic and lumbar spine is associated with NP.  

3.4.6. Proprioception 

A single study (Tables 7 and 8), with fair methodological quality, used a laser pointer 

and the left and right rotation movements of the cervical spine to determine the joint 

repositioning error (JPE) (Sá & Silva, 2017). They showed that adolescents with NP 

have a higher JPE compared to adolescents without NP (WMD=1.9°; 95%CI=0.8°; 2.9° 

and 2.4° (1.3°; 3.5°) for right and left rotation, respectively). Therefore, very limited 

evidence suggests that adolescents with NP have a higher JPE than adolescents 

without NP.  

3.4.7. Muscle endurance and strength  

Two studies compared muscle endurance and strength between adolescents with and 

without NP (Tables 9 and 10). One of these studies (Oliveira & Silva, 2016), with fair 
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methodological quality, assessed the endurance of the deep flexors and extensors of 

the neck. The other study (Park et al., 2012), with poor methodological quality, 

measured the superficial electromyographic activity of the upper trapezius (UT), 

superficial cervical extensors (CE) and sternocleidomastoid (SCM) muscles while 

adolescents with and without NP were playing violin. The first study reported 

adolescents with NP to have a lower neck flexor (WMD=-11.4; 95%CI=-21.8; -0.9 

seconds) and extensor (WMD=-42; 95%CI=-77.8; -6.3 seconds) muscles endurance 

capacity compared to adolescents without NP. The second study concluded that 

adolescents with NP have a higher activity (in % maximal voluntary isometric 

contraction) than adolescents without NP (WMD=9.7; 95%CI=5.0; 14.5 in left UT, 7.3 

(3.8; 10.8) in right CE, 4.9 (0.9; 8.9) in left CE, 6.6 (1.8; 11.4) in right SCM and 6.2 (4.1; 

8.4) in left SCM). Limited evidence indicates that adolescents with NP have lower 

endurance capacity of deep neck flexors and extensors and higher activity of larger 

superficial muscles. Regarding general muscle strength, in a prospective study with fair 

methodological quality, Mikkelsson et al. (2006) suggested that normal strength in 

adolescent was associated with lower probability of NP (OR; 95% CI=0.6; 0.4–0.9) in 

women adulthood. 

3.4.8. Sensory Threshold 

A single study (Sá & Silva, 2017), with fair methodological quality, used the pressure 

algometer to assess the pressure pain threshold (PPT) (Table 11 and 12) and reported 

adolescents with NP to have a lower pressure pain threshold than adolescents without 

NP (WMD=-14.2; 95%CI=-17.2; -11.2 N/cm² in right UT, -15.6 (-18.5; -12.8) in left UT, -

9.3 (-11.3; -7.2) in right articular pillar C1/C2, -10.3 (-12.7; -7.8) in left articular pillar 

C1/C2, -11.1 (-13.8; -8.4) in right articular pillar C5/C6, -11.4 (-14.1; -8.7) in left articular 

pillar C5/C6 and -13.4 (-16.8; -10.0) in tibialis anterior). Thus, very limited evidence 
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suggests that adolescents with NP have higher local (neck) and distant pressure pain 

threshold than adolescents without NP.  

3.5. Discussion 

The purpose of this review was to identify and critically assess the evidence on 

functional changes associated with NP in adolescents. A total of 10 articles performing 

15 comparisons between adolescents with and without NP for functional changes, 

including posture, range of motion, proprioception, muscle function and sensory 

threshold, were included. Overall, results suggest i) limited to very limited evidence that 

there are no differences for cervicothoracic posture between adolescents with and 

without NP; ii) very limited evidence that there are differences in neck movements 

between adolescents with and without NP; iii) very limited evidence that adolescents 

with NP have a higher JPE than adolescents without NP; iv) limited evidence that 

adolescents with chronic NP have a lower endurance of the deep neck muscles; and 

iv) very limited evidence that adolescents with NP have higher local and distant 

sensory pain threshold than adolescents without NP. These findings suggest that more 

high-quality research is needed and that it is very likely to change the conclusions and 

confidence we have in the findings of this review.  

 

To our knowledge this is the first systematic review aiming to characterize NP 

associated with functional changes. Therefore, comparisons will be made against 

studies on adults with chronic idiopathic neck pain. Concerning posture, a previous 

systematic review in adults (Silva, Sharples, & Johnson, 2010), concluded that there 

was insufficient good quality evidence to determine whether head posture differs 

between participants with NP and asymptomatic participants. In our review it was 

possible to perform a meta-analysis with 3 studies comparing FHP between 

adolescents with and without NP and the overall results pointed towards no difference. 



 

32 

 

Nevertheless, the few studies included, their poor methodological quality and high 

heterogeneity (I²=85%) may impact the accuracy of the findings (Israel & Richter, 2011) 

and therefore caution should be taken when interpreting them. In addition, the 

procedures and equipment used for postural assessment varied considerably among 

studies, which may explain some differences found between studies. In addition, all 

studies use external landmarks to characterize posture, what may not reflect the true 

alignment of the structures, as verified in a recent study that classified cervical spine 

alignment using internal radiological landmarks (Daffin, Stuelcken, & Sayers, 2017). 

Concerning ROM, the only study that reported values on this outcome (Park et al., 

2012) suggested that ROM was significantly higher in the adolescents with NP for left 

lateral bending (WMD=9.4°) and left rotation (WMD=5.5°) and significantly lower for 

right and left axial rotation (WMD=-9.6°) and (WMD=-14.0°). These findings are 

different from those reported for adults as a recent systematic review concluded that 

adults with NP have significantly decreased ROM for all cervical motions when 

compared to asymptomatic participants (Crone & Dahl, 2012). However, the poor 

methodological quality of the study of Park et al. (2012), the small sample size and the 

fact of having assessed a specific population (i.e. adolescents who played violin) may 

have influenced the results. Therefore, more studies in adolescents are needed to 

explore the association between NP and ROM.  

 

We found very limited evidence suggesting that adolescents with chronic NP have a 

lower endurance of the deep flexors (WMD=-11.4) and extensors (WMD=-42.0) of the 

neck and a higher activity of superficial muscles compared to adolescents without NP. 

The same study (Oliveira & Silva, 2016) found a standard error of measurement (SEM) 

of 9.50 and 12.18 seconds for deep neck flexor endurance test and 45.45 and 48.46 

seconds for deep neck extensor endurance test, in adolescents with and without NP, 

respectively. Thus, the deep flexors endurance is the only test that may also represent 
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clinical relevance. In adults, these changes have been well documented (Caneiro et al., 

2010; Falla, Jull, & Hodges, 2004; Jull, Kristjansson, & Dall’Alba, 2004; Shahidi, 

Johnson, Curran-Everett, & Maluf, 2012). Although the magnitude of the differences 

between individuals with and without NP tends to be higher in adults (Shahidi et al., 

2012), these differences may be related to different methodologies of studies and 

characteristics of the population (for example, NP is of higher duration and intensity in 

adults compared to adolescents) (Oliveira & Silva, 2016). It has been suggested, in 

adults, that the increased activity of superficial muscles may be occurring to 

compensate the deficit in deep muscles or changes in motor control, which may result 

from a decreased activity of painful muscles or a more vigilant response from the 

individual to protect against pain and movement (Falla, Bilenkij, & Jull, 2004; Falla & 

Farina, 2007; Johnston, Jull, Souvlis, & Jimmieson, 2008; Nederhand, Jzerman, 

Hermens, Baten, & Zilvold, 2000).  

 

Finally, very limited evidence was found that JPE is increased and pressure pain 

threshold is decreased in adolescents with chronic NP based on the findings of one 

study only (Sá & Silva, 2017). Two systematic reviews reported that adults with NP 

have impaired sense of head position when compared to asymptomatic participants (de 

Vries et al., 2015; Stanton, Leake, Chalmers, & Moseley, 2016). In the present study, 

the WMD for JPE between adolescents with and without NP was 1.9° and 2.4° for right 

and left rotation, respectively.  In the review of Vries et al. (2015) in adults, JPE ranged 

from 3.7° and 6.1° for rotation movement. The lower JPE found for adolescents with 

NP when compared to adults with NP may be related to the different NP 

characteristics, which are of lower intensity and duration in adolescents (Sá & Silva, 

2017). In addition, some mechanisms that have been reported in adults, as deficits in 

the vestibular system, degenerative and sensitivity changes in joints and muscles of 

the neck region and the influence of pain in local nociceptive activity and in central 
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nervous system can contribute to greater differences in JPE (Armstrong, McNair, & 

Taylor, 2008; Le Pera et al., 2001; Tsay, Allen, Proske, & Giummarra, 2015). A 

reorganization of the somatosensory cortex associated with the presence of chronic 

pain may also change the representation of body sites with pain and influence the JPE 

(Tsay et al., 2015). The same study (Sá & Silva, 2017) also suggests the presence of 

central sensitization in adolescents with NP as indicated by a decreased pressure pain 

threshold measured in the tibialis anterior when compared to adolescents with NP. 

Central sensitization has been reported not only by involving the sensitization of the 

nociceptors and segmental areas but also the entire central nervous system and 

endogenous pain modulation mechanisms (Roussel et al., 2013; Woolf, 2011). 

However, a systematic review on studies on adults concluded that there was a lack of 

evidence for the presence of central sensitization in adults with chronic idiopathic NP 

(Malfliet et al., 2015).  

3.5.1. Limitations 

We made no attempt to contact original study authors for clarifications. Studies of low 

and moderate methodological quality were included in this review and due to the small 

number of studies a separate analysis was not possible. In general, the studies 

included in this review were very heterogeneous regarding the population, definition of 

NP, measurement instruments and procedures, which may decrease the confidence in 

the findings. The limited number of studies for some of the outcomes of interest 

prevented a meta-analysis. 

3.5.2. Implications for clinical practice and research  

Limited and very limited evidence was found for all variables assessed in this review. 

This highlights the clear need for further research characterizing motor and sensory 

changes associated with NP in adolescents that overcome the methodological 
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limitations of included studies. In particular, future studies should clearly defined NP, 

clarify inclusion and exclusion criteria and perform a priori sample size calculations. 

They may also consider, comparing NP with asymptomatic adolescents and with 

adolescents with pain at other body sites to better characterize the potential between 

group differences. Such information will contribute to improve the characterization of 

NP in young people.  The limited evidence found, also limits the strength of the 

recommendations for clinical practice. Nevertheless, based on the findings and on the 

strength of evidence we cautiously suggest that including posture and, particularly, 

head posture as part of the assessment and treatment of adolescents with NP is 

unlikely to be of relevance. In contrast, we cautiously suggest the inclusion of the 

remaining variables as of relevance when assessing adolescents with NP to inform 

treatment.  

3.6. Conclusion  

This systematic review found limited evidence that there are no differences in 

cervicothoracic posture between adolescents with and without NP as well as limited 

evidence that adolescents with NP have lower endurance capacity of the deep neck 

flexors and extensors, and increased activity of the larger superficial muscles and, very 

limited evidence that adolescents with NP have changes in neck range of motion, JPE 

and sensory pain thresholds when compared to adolescents without NP. 



 

36 

 

Table 1. Characteristics of included studies. 

Study Sample characteristics  
of NP group 
(mean ±SD) 

Definition/Characteristics 
of Neck Pain 

Sample 
characteristics  
of control group 
(mean ±SD) 

Definition/Characteristics 
of asymptomatic 
participants 

Measured Variables 

Mikkelsson et al.  
(2006)  

N=1125 (605 F, 520 M) 
Tension Neck: a pain syndrome related to 
tightened neck musculature 

No reference No reference Strenght 

Cheung et al. 
(2009)  

N=30 (17F, 13M)  
Age=14.47 ± 0.20y 
Weight= 52.36 ±1.43 kg 
Height=1.62 ±1.77m 

Neck pain: experienced pain over neck region 
in the past three months. 

N=30 (13F, 17M)  
Age=14.43 ± 0.18y 
Weight= 57.25 
±2.14 kg 
Height=1.65 
±1.43m 

No reference Forward Head Posture 

Hellstenius 
(2009)  

N=52  
Age= 10-11y (9F e 9M) 
Age=11-12y (4F e 4M) 
Age=12-13y (15F e 11M) 

Neck pain: students who answered “I have neck 
pain” when asked on the questionnaire if they 
experienced neck pain. 
Usual pain score:4 ±2.4 (Likert scale 0-11) 
Worst pain score:6.3 ±2.6 (Likert scale 0-11) 
(*) Intensity and frequency for NP and/or 
headaches 

N=79 

Students who answered “I 
never have neck pain”, or “I 
only have neck pain when I 
am sick” on the 
questionnaire. 

Forward Head Posture 
Cervical Range of 
Motion (rotation to the 
right/left) 

Straker et al. 
(2009)  

N=74  
Prolonged neck/shoulder pain (NSP): NSP in 
the past month and at least one episode that 
had lasted three or more months. 

N=1394  Without NSP Sitting spinal posture  

Park et al. 
(2012)  

N=9 (F) 
Age=17.88±0.33y 
BMI=52.11 ±7.94kg 
Height=157.78 ±6.12cm 

Neck pain: Students who reported pain above 3 
cm on the VAS after violin practice. 
Pain Score=5.89 ±0.78(VAS) 

N=9 (F) 
Age=17.11±0.33y 
BMI=50.67 
±6.54kg 
Height=155.33 
±6.28cm 

No reference 

Electromyographic 
activity 
Cervical range of motion 
(flexion, extension, 
lateral bending, rotation 
and axial rotation) 

Ruivo et al. 
(2014) 

N=105 (81F, 24M) 
Neck pain: Students were asked to answer yes 
or no to the following question: "Do you feel 
neck pain regularly?" 

N=170 (72F, 98M) No reference 

Standing posture of the 
cervical and shoulder 
(including Forward head 
posture) 

Oliveira &Silva 
(2016) 

N=35 (25F, 10M)  
Age=16.6 ± 0.7y 
Weight= 59.9 ±11.2 kg 
Height=168.4 ±8.9 cm 

Chronic idiopathic neck pain: pain felt dorsally 
between the inferior margin of the occiput and 
T1 not related to trauma or any known 
pathology that was present at least once a 
week during the last 3 months. 
Pain Score=3.7±2.2(VAS) 

N=35 (22F, 13M)  
Age=16.7 ± 0.7y 
Weight= 64.5 
±14.4 kg 
Height=167.0 ±9.6 
cm 

Asymptomatic participants 
who had no current pain 
and reported that they had 
never NP. 

Forward Head Posture 
Neck flexors/extensors 
muscles endurance 
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Dolphens et al. 
(2016)  

N=77 
Age (?)=10.6±0.47y (F)/ 
12.6±0.54y (M) 

Spinal pain: a discomfort or pain, in the back or 
neck that is considered to be a local, 
uncomfortable feeling in the back or neck, with 
the possibility of radiation to other parts of the 
body. Can be intermittent or constant, gradually 
developed or with a sudden onset. 

N=765 
Age 
(?)=10.6±0.47y (F)/ 
12.6±0.54y (M) 

No reference 

Standing posture (trunk 
lean, sacral inclination) 
Range of motion 
(mobility of the thoracic 
and lumbar spine) 

Richard et al. 
(2016)  

N=219 (persistent NP) 
N=140 (NP worse with 
sitting)  
Age=17.0±0.2y 

Neck pain: adolescents were asked to look at a 
picture depicting NP as pain in the neck and 
upper trapezius region and to answer four 
questions: "Have you ever had neck/shoulder 
pain?", "Has your neck/shoulder pain lasted 
more than 3 months continuously?", "Has your 
neck/shoulder pain ever lasted for more than 3 
months off an on?", "Has sitting ever made your 
neck/shoulder pain worse?" 

N=653 (?) No reference 
Sitting posture (neck, 
head and thoracic) 

Sá &Silva 
(2017)  

N=40 (21F, 19M) 
Age=17.2±0.56y 

Chronic idiopathic neck pain: pain felt dorsally 
between the inferior margin of the occiput and 
T1 not related to trauma or any known 
pathology that was present at least once a 
week during the last 3 months. 
Pain Score: 3.39±1.84(VAS) 

N=40 (21F, 19M) 
Age=17.2±0.56y 

Asymptomatic participants: 
no current neck pain and 
reported that they had never 
had neck pain. 

Pressure Pain Threshold 
Joint repositioning error 

Legend: (?) Not clear in the study; F (Female); M (Male); y (years); kg (kilograms); cm (centimeters); NP (Neck Pain); NSP (Neck /Shoulder Pain); VAS (Visual Analogic 

Scale) 
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Table 2. Newcastle-Ottawa Quality Assessment Scale for case-control studies.  

Criteria methodological 
quality 

Selection Comparability Exposure 

Total (9) 
Quality 
rating Criterion 

1 
Criterion 

2 
Criterion 

3 
Criterion 

4 
Criterion 

5 
Criterion 

6 
Criterion 

7 
Criterion 

8 
Criterion 

9 

Mikkelsson et al. (2006)  0 1 1 0 1 1 0 1 0 5 Fair 

Cheung et al. (2009)  1 1 1 0 0 0 0 0 0 3 Poor 

Hellstenius (2009) 0 1 1 1 0 0 1 1 0 5 Fair 

Straker et al. (2009) 0 1 1 0 1 1 1 1 0 6 Fair 

Park et al. (2012) 0 1 1 0 0 0 0 1 0 3 Poor 

Ruivo et al. (2014) 0 1 1 0 0 0 0 1 0 3 Poor 

Oliveira &Silva (2015) 0 1 1 1 1 0 0 1 0 5 Fair 

Dolphens et al. (2016) 0 1 1 1 1 1 0 1 0 6 Fair 

Richard et al. (2016) 0 1 1 1 1 1 0 1 0 6 Fair 

Sá &Silva (2017) 0 1 1 1 1 0 0 1 0 5 Fair 

Legend: 0 (criterion not fulfilled); 1 (criterion fulfilled); Criterion 1 (Case definition adequate); Criterion 2 (Representativeness of the cases); Criterion 3 (Selection of 

controls); Criterion 4 (Definition of controls) Criterion 5 (Study controls for age/gender); Criterion 6 (Study controls for any additional factor); Criterion 7 (Ascertainment of 

exposure); Criterion 8 (Same method of ascertainment for cases and controls); Criterion 9 (Non-Response rate) 
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Table 3. Studies that compared posture between adolescents with and without NP.  

Study Variable of 
interest 

Measurements Results of NP 
group  
(mean ±SD or OR 
(95% CI) or %) 

Results of control group 
(mean ±SD or OR (95% 
CI) or %) 

WMD (95% CI) Main conclusions 

Cheung et al. 
(2009) 

Forward Head 
Posture 
(degrees) 

Craniovertebral angle 60.03 ±9.05 57.10 ±5.00 2.9 (-0.8; 6.6) 
No significant differences between 
adolescents with and without NP. 

Hellstenius, S. 
(2009) 

Forward Head 
Posture  

Plumb line 
Standing: 53% had FHP 
Sitting: 50% had FHP 

. 
No significant differences between 
adolescents with and without NP. 

Straker et al. 
(2009) 

Sitting spinal 
posture 
(degrees) 

Head flexion angle (ahead) 
71.0 (±11.1) 
F: 70.0 (±9.0) 
M: 72.5 (±13.8) 

71.4 (±9.7) 
F: 71.3 (±9.4) 
M: 71.5 (±9.9) 

-0.4 (-3.0; 2.2) 
-1.3 (-4.0; 1.4) 
1.0 (-4.0; 6.1) 

Adolescents with NP, looking 
ahead, have a more flexed 
cervicothoracic posture and a more 
extended posture of the trunk than 
adolescents without NP. They also 
have a greater lordosis and 
anterior pelvic tilt, and these 
differences remain after analysis by 
gender and when tested looking 
down. 

Head flexion angle (down) 
108.8 (±15.7) 
F: 104.9 (±13.9) 
M: 107.2 (±18.3) 

105.7 (±13.3) 
F: 104.1 (±13.1) 
M: 107.2 (±13.3) 

3.1 (-0.5; 6.7) 
0.8 (-3.4; 5.0) 
0 (-6.7; 6.7) 

Neck flexion angle (ahead) 
51.8 (±8.6) 
F: 51.1 (±7.5) 
M: 52.8 (±10.1) 

52.4 (±8.7) 
F: 51.3 (±7.1) 
M: 53.4 (±9.9) 

-0.6 (-2.6; 1.4) 
-0.2 (-2.5; 2.1) 
-0.6 (-4.3; 3.1) 

Neck flexion angle (down) 
68.5 (±11.0) 
F: 67.7 (±9.8) 
M: 69.7 (±12.7) 

69.3 (±10.6) 
F: 67.1 (±9.2) 
M: 71.4 (±11.3) 

-0.8 (-3.4; 1.8) 
0.6 (-2.3; 3.5) 
-1.7 (-6.4; 3.0) 

Craniocervical angle (ahead) 
160.8 (±12.7) 
F: 161.2 (±11.6) 
M: 160.2 (±14.6) 

161.0 (±12.4) 
F: 160.0 (±12.3) 
M: 161.8 (±12.3) 

-0.2 (-3.2; 2.8) 
1.2 (-2.3; 4.7) 
-1.6 (-7.0; 3.8) 

Craniocervical angle (down) 
142.7 (±11.2) 
F: 142.9 (±8.9) 
M: 142.4 (±14.1) 

143.6 (±12.0) 
F: 143.0 (±12.4) 
M: 144.2 (±11.7) 

-0.9 (-3.5; 1.8) 
-0.1 (-2.9; 2.7) 
-1.8 (-7.0; 3.4) 

Cervicothoracic angle (ahead)  
146.9 (±8.6) * 
F: 144.2 (±7.6) 
M: 151.1 (±8.6) 

149.1 (±8.3) 
F: 145.4 (±6.9) 
M: 152.5 (±8.0) 

-2.2 (-4.2; -0.2) 
-1.2 (-3.5; 1.1) 
-1.4 (-4.6°; 1.8) 

Cervicothoracic angle (down) 
132.5 (±10.7) 
F: 129.8 (±9.7) 
M: 136.6 (±11.1) 

134.1 (±9.2) 
F: 131.2 (±8.0) 
M: 136.7 (±9.4) 

-1.6 (-4.1; 0.9) 
-1.4 (-4.3; 1.5) 
-0.1 (-4.2; 4.0) 

Trunk angle  
(ahead) * 

229.4 (±12.5)  
F: 223.8 (±10.2) 
M: 238.0 (±10.8) 

232.4 (±12.8) 
F: 225.9 (±10.8) 
M: 238.3 (±11.5) 

-3.0 (-6.0; -0.1) 
-2.1 (-5.2; 1.0) 
-0.3 (-4.3; 3.8) 

Trunk angle  
(down) 

231.5 (±12.6) 
F: 226.1 (±10.3) 
M: 239.8 (±11.5) 

234.4 (±13.0) 
F: 227.7 (±10.9) 
M: 240.6 (±11.6) 

-2.9 (-5.9; 0.1) 
-1.6 (-4.7; 1.5) 
-0.8 (-5.1; 3.5) 
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Lumbar angle  
(ahead)  

123.2 (±18.6)  
F: 118.7 (±17.9) * 
M:130.1 (±17.8) 

129.6 (±18.4) 
F:124.4 (±16.1) 
M:134.3 (±19.1) 

-6.4 (-10.7; -2.1) 
-5.7 (-11.1; -0.3) 
-4.2 (-10.8; 2.4) 

Lumbar angle  
(down)  

123.9 (±18.7)  
F:  119.6 (±17.9) * 
M: 130.6 (±18.2) 

129.9 (±18.4) 
F:  124.7 (±16.1) 
M: 134.6 (±19.0) 

-6.0 (-10.4; -1.6) 
-5.1 (-10.5; 0.3) 
-4.0 (-10.8; 2.8) 

Pelvic tilt  
(ahead)  

9.7 (±16.4)  
F: 13.9 (±14.5) * 
M: 3.1 (±17.4) 

4.4 (±15.6) 
F: 8.9 (±13.6) 
M: 0.3 (±16.1) 

5.3 (1.5; 9.1) 
5.0 (0.6; 9.4) 
2.8 (-3.6; 9.2) 

Pelvic tilt 
(down)  

9.3 (±16.7)  
F: 13.2 (±14.6) * 
M: 3.3 (±18.1) 

4.1 (±15.6) 
F: 8.5 (±13.7) 
M: 0.1 (±16.2) 

5.2 (1.5; 9.1) 
4.7 (0.3; 9.1) 
3.2 (-3.6; 9.2) 

Ruivo et al. 
(2014) 

Standing posture 
of the cervical 
and shoulder 
(degrees) 

Sagittal head tilt angle (HT) 
16.4±5.7 
F: 15.8±5.5 
M: 18.1±6.3 

17.6±5.7 
F: 16.5±5.1 
M:18.5±6.0 

-1.2 (-2.6; 0.2) 
-0.7 (-2.4; 1.0) 
-0.4 (-3.2; 2.4) 

No significant differences between 
adolescents with and without NP 
for the HT. 

Cervical angle  
46.5±5.6 
F: 45.8 ±5.6 * 
M: 48.6 ±5.5 

48.0 ±4.8 
F: 47.4 ±4.8 * 
M: 48.4 ±4.8 

-1.5 (-2.8; -0.2) 
-1.6 (-3.2; -0.1) 
0.3 (-2.1; 2.6) 

Girls with NP have a higher FHP 
than girls without NP. 

Shoulder angle (SH) 
52.2 ±9.1 
F: 51.4 ±8.8 
M: 55.0 ±9.9 

51.0 ±8.2 
F: 50.7 ±7.7 
M:51.1 ±8.4 

1.3 (-0.8; 3.4) 
0.7 (-1.9; 3.3) 
3.9 (-0.4; 8.2) 

No significant differences between 
adolescents with and without NP. 

Oliveira &Silva 
(2016) 

Forward Head 
Posture 
(degrees) 

Angle between C7, tragus 
and the horizontal  

46.6 ±4.9 44.2±3.6 2.4 (0.4; 4.5) 
Adolescents with NP have less 
FHP than adolescents without NP. 

Dolphens et al. 
(2016) 

Standing posture 

Global body alignment 
(leaning-forward vs neutral) 

OR:1.5 (0.9-2.6)  
No significant differences, the 
global body alignment was not 
associated with NP. 

Trunk lean  OR:1.2 (1.1-1.3)   Adolescents with a higher 
backward trunk lean and levels of 
pelvic retroversion, have a greater 
probability to have NP. 

Sacral inclination in backward 
bend position  

OR:1.0 (0.9-1.0)   

Richard et al. 
(2016) 

Sitting posture 

Cervicothoracic posture in 
persistent NP 

OR cluster 2: 0.8 (0.5-1.4) 
OR cluster 3:0.7 (0.4-1.3) 
OR cluster 4:0.9 (0.6-1.3)  No significant differences between 

adolescents with and without NP. 
Cervicothoracic posture in NP 
worse with sitting 

OR cluster 2:1.1 (0.6-2.0) 
OR cluster 3:0.7 (0.4-1.5) 
OR cluster 4:1.4 (0.9-2.2) 

Legend: F (Female); M (Male); NP (Neck Pain) 
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Table 4. Measurement procedures used in the assessment of posture.  

Study Variable of interest Measuring instrument Measurement procedure 

Cheung et al. 
(2009) 

Forward Head Posture Head Posture Spinal 
Curvature Instrument 

i) Participants were asked to stand in a relaxed posture.   

ii) The C7 spinous process was marked and the instrument placed adjacent to the left shoulder. With 

the axis at the spinous process of C7, the stationary arm was aligned parallel to the floor, which was 

confirmed by the spirit level attached. Then the movable arm of the instrument was aligned to the 

tragus of the left ear.  

iii) The craniovertebral angle is the angle formed between C7, the tragus of the ear and the horizonal.  

(In this study, this angle was measured in unloaded and carrying backpack 5%, 10%, 15%, 20%, 25% 

and 30% of their body weights). 

Hellstenius 
(2009) 

Forward Head Posture Plumb line test for 
postural alignment 

i) The base point was fixed anterior to the lateral malleolus and forward head posture was recorded 

when the external auditory meatus (EAM) is anterior to the plumb line.  

ii) Participants was instructed to sit upright with their buttocks positioned at the back of a school chair 

and their arms relaxed at their sides. 

iii) The midpoint of the body laterally was used for a fixed point and the position of the EAM was 

assessed in relation to the plumb line. FHP was noted when the EAM was anterior to the plumb line. 

Oliveira &Silva 
(2015) 

Forward Head Posture Universal goniometer 
and bubble level 

i) Participants were instructed to stand in their stocking feet in a position they feel is “natural” for them 

and were instructed to have a similar distribution of body weight through each foot, to place their feet 

slightly apart and have their arms by their sides.  

ii) The spinous process of C7 was identified by palpation and marked with tape. To facilitate the natural 

head posture that is sought, participants were asked to tilt their head forwards and backwards with 

decreasing amplitude until they felt that a natural FHP is reach.  

iii) FHP was characterized with the angle between C7, the tragus of the ear and the horizonal. 

Decreasing values indicative of a more FHP. 

Ruivo et al. 
(2014) 

Standing posture of the 
cervical and shoulder 

Photogrammetry and 
PAS/SAPO software 

i) Participants were instructed to stand comfortably in a normal standing position and to look straight 

ahead aligned perpendicular to the camera.  

ii) Landmarks were placed on the floor in front of the camera and in front t a white wall. A camera was 

supported on a tripod three meters away of the participant's position line and all necessary calibration 

was performed. The height of the tripod was adjusted so the middle of the objective lens was 130 cm 

above the ground.  Before photographing, was placed reflective markers on right side of participant's 

body: tragus of the ear, lateral canthus of the eye, spinous process of C7 and midpoint of the humerus 

to help the measure of the angles.  

iii) Angles definition: Sagittal head tilt angle (HT), the angle formed at the intersection of a horizontal 

line through the tragus of the ear and a line joining the tragus of the ear and the lateral canthus of the 

eye; Cervical angle (CV), the angle formed between C7, the tragus of the ear and the horizontal line (if 
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the angle was less than 50°, the participant was considered to have FHP) and the Shoulder angle (SH), 

the angle formed at the intersection of the line between the midpoint of the humerus and spinous 

process of C7 and the horizontal line through the midpoint of the humerus (the angle of 52° was the 

reference angle). 

Dolphens et al. 
(2016) 

Standing posture Photographic postural, 
digital inclinometer and 
Spinal Mouse 

i)Participants were assessed regarding gross body segment orientations, specific spinopelvic 

characteristics and magnitude of spinal curves (in this study the description of the photographic 

postural and the digital inclinometer procedure was referenced for consultation in another study, 

Dolphens et al. 2012). 

ii) Angle definition: trunk lean, defined as a greater angle between the vertical and a line joining C7 to 

the greater trochanter and sacral inclination with respect to the vertical, where the positive values 

indicated a forward inclination of the sacrum and negative values the backward inclination. 

Richard et al. 
(2016) 

Sitting posture (neck, 
head and thoracic) 

2D photographic 
postural 

i) Photographic reflective markers were placed on bony landmarks on the participant’s right side. 

Landmarks apply are the outer canthus, tragus and the C7 and T12 spinous processes. A 25cm plumb 

line is hung from the stool, to calibrate distance and determine vertical. 

ii) A camera was placed on a tripod 80cms from the floor and 250cm perpendicular to the participant.  

iii) Right-sided lateral photographs were taken as participants sit on a stool with thighs horizontal and 

knees flexed to 90 degrees. 

Straker et al. 
(2009) 

Sitting spinal posture 2D photographic 
postural 

i) Retro-reflective markers were placed on the right outer canthus, right tragus, C7 and T12 spinous 

processes, anterior superior iliac spine and greater trochanter.  

ii) Lateral photographs were taken with each child sit on a stool (adjusted to their popliteal height) 

during three different static sit postures: (a) to look straight ahead, (b) to look down at their lap, and (c) 

to sit slumped. The camera was positioned on a tripod 80 cm from the floor and 250 cm from the 

subject, with the subject align so they are face perpendicular to camera. Posteriorly the standard 

head/neck/thoracic angles were calculated. 

iii) Angles definition: Head flexion angle, formed between the vertical and the line from canthus to 

tragus; neck flexion angle, angle between the vertical and the line of tragus to C7; craniocervical angle, 

angle between the lines of canthus to tragus and tragus to C7; cervicothoracic angle, angle between 

the lines of tragus to C7 and C7 to T12;  

trunk angle, posterior angle formed between the lines of C7 to T12 and T12 to greater trochanter; 

lumbar angle, posterior angle formed between the lines of T12 to anterior superior iliac spine (ASIS) 

and ASIS to greater trochanter and pelvic tilt, angle between the vertical and the line of greater 

trochanter to ASIS.  
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Table 5. Studies that compared range of motion between adolescents with and without NP. 

Study Variable of 
interest 

Measurements Results of NP group  
(mean ±SD or OR (95% 
CI) 

Results of control group 
(mean ±SD or OR (95% 
CI) 

WMD (95% CI) Main conclusions 

Hellstenius 
(2009) 

Cervical range of 
motion 

Rotation to the right and 
left 

No reference No reference No reference No significant differences 
between adolescents with 
and without NP. 

Park et al. 
(2012) 

Cervical range of 
motion (degrees) 

Flexion 46.4 ± 11.0 55.4 ± 15.12 -9.0 (-21.2; 3.3) 

Adolescents have a greater 
range of motion of left lateral 
bending and left rotation, and 
a lower axial rotation, than 
adolescents without NP. 

Extension 64.5 ± 15.4 62.5 ± 16.2 2.0 (-12.6; 16.6) 

Right lateral bending 44.5 ± 10.8 36.9 ± 4.0 7.6 (0.0; 15.1) 

Left lateral bending  47.8 ± 8.8  38.4 ± 4.9  9.4 (2.8; 16.0) 

Right rotation 57.2 ± 5.7 52.9 ± 3.5 4.4 (0.0; 8.7) 

Left rotation  59.2 ± 4.2  53.7 ± 5.9  5.5 (0.8; 10.2) 

Right axial rotation  37.5 ± 11.1  47.1 ± 6.9  -9.6 (-18.2; -1.1) 

Left axial rotation  25.2 ± 3.6  39.2 ± 10.3  -14.0 (-21.1; 6.9) 

Dolphens et 
al. (2016) 

Range of motion 

Extension of the thoracic 
spine  

OR:0.98 (0.96-1.00)  Adolescents with a higher 
extension motion levels of the 
thoracic and lumbar spine, 
have a greater probability to 
have NP. 

Extension of the lumbar 
spine  

OR:0.96 (0.93-1.00)  

Legend: NP (Neck Pain) 
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Table 6. Measurement procedures used in the assessment of range of motion.  

Study Variable of interest Measuring instrument Measurement procedure 

Hellstenius 
(2009) 

Cervical Range of 
Motion (rotation to the 
right/left) 

Cervical collar 
goniometer 

i) Participants were instructed to be sit erect and to rotate their head to each side as far as they 

comfortably could without moving their shoulders. 

ii) The examiner to stand in behind them with fingers rest on their shoulders to feel if when shoulder 

movement is engaging. 

iii) Rotation was measured in degrees to the right and to the left before shoulder activity is engage. 

Park et al. 
(2012) 

Active cervical range of 
motion (flexion, 
extension, lateral 
bending, rotation and 
axial rotation) 

Three-dimensional 
ultrasonic motion 
analysis system 

i) Participant were asked to sit upright in a chair with her feet on the floor, look straight ahead and to 

assume a neutral (anatomical) position. 

ii) One triple-active marker was attached over the head. Before record data for neck ROM, the 

motions (flexion, extension, rotation, axial rotation, lateral bending) were explained and 

demonstrate by the examiner.  

iii) Each participant was instructed to move her head in each direction and continue the motion until 

she felt the end of the range of neck flexion, extension, lateral bending, rotation and axial rotation 

on both sides. 

During axial rotation, the examiner’s hand was placed on the participant’s chin to maintain a chin-

tuck position. The participant was asked to move her head at a self-selected comfortable speed.  

iv) Five repetitions were performed. 

Dolphens et al. 
(2016) 

Range of motion 
(mobility of the thoracic 
and lumbar spine) 

Spinal Mouse i) The full flexion and extension position, the thoracic and lumbar spine, and trunk and sacral 

inclination of each participant were recorded using the skin-surface electromechanical device.(In 

this study the description of the procedure was referenced for consultation in another study, 

Dolphens et al. 2012). 
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Table 7. Studies that compared joint repositioning error between adolescents with and without NP.  

Study Variable of 
interest 

Measurements  Results of NP group  
(mean ±SD) 

Results of control 
group 
(mean ±SD) 

WMD (95% CI) Main conclusions 

Sá &Silva  
(2017) 

JPE (degrees) Right rotation  5.2±2.6 3.4±1.9 1.9 (0.8; 2.9)  Adolescents with NP showed impaired joint 
position sense when compared to 
adolescents without NP. Left rotation  6.2±2.7 3.8±2.7 2.4 (1.3; 3.5)  

Legend: NP (Neck Pain) 

 

Table 8. Measurement procedures used in the assessment of joint repositioning error. 

Study Variable of interest Measuring instrument Measurement procedure 

Sá &Silva  
(2017) 

JPE Laser point i) A laser pointer was fixed on the top of a helmet that participants used during measurements. 
Participants were seated in a standard chair placed 90 cm away from a wall where the target (a A3 
sheet of millimetric paper) was fixed and had their eyes close.  
ii) Rotation movements were used to the right and to the left. Before the beginning of the test, 
participants were asked to have their head in neutral position, which was marked on the target 
(correspond to where the light of the laser pointer is on the sheet of paper). From this position 
participants were asked to fully rotate their head to the left or right and return to the initial neutral 
position that was remarked on the target.  
iii) Between each trial, the examiner manually adjusts the participant's head to match the original 
start position and gave no feedback on accuracy. One familiarization trial for each side (one right 
and one left) was conducted before measurements.  
iv) There were performed 3 movements to the left and 3 movements to the right. 
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Table 9. Studies that compared muscle function between adolescents with and without NP.   
Study Variable of 

interest 
Measurements Results of NP group  

(mean ±SD or OR 
(95%CI) 

Results of control 
group 
(mean ±SD or OR 
(95%CI) 

WMD (95% CI) Main conclusions 

Mikkelsson 
et al. 
(2006) 

Strenght Intermediate (F) OR: 0.7 (0.5-1.1) 
(M) OR: 1.1 (0.6-2.0)  

 No significant differences, high strength 
was not associated with NP. 

High (F) OR:0.6 (0.4-0.9) 
(M) OR:1.1 (0.6-2.0) 

 
A normal strength in adolescent may 
help to decrease the risk of NP in adult 
women. 

Park et al. 
(2012) 

Electromyographi
c activity 
(%MVIC, 
maximal 
voluntary 
isometric 
contraction) 

UT of the right side 9.8 ± 5.2  7.7 ± 4.2 -7.7 (-12.0; -3.3) Adolescents with NP have a higher 
activity of the left UT, bilateral CEs and 
bilateral SCMs than adolescents without 
NP. 

UT of the left side  24.3 ± 3.6  14.5 ± 6.3  -9.7 (5.0; 14.5) 

CE of the right side  19.3 ± 4.3  12.0 ± 3.3  7.3 (3.8; 10.8) 

CE of the left side  21.5 ± 5.5  16.7 ± 2.7  4.9 (0.9; 8.9) 

SCM of the right side  15.7 ± 4.4  9.1 ± 5.9  6.6 (1.8; 11.4) 

SCM of the left side  10.4 ± 2.6  4.2 ± 2.1  6.2 (4.1; 8.4) 

Oliveira 
&Silva 
(2016) 

Neck 
flexors/extensors 
endurance 
(seconds) 

Deep neck flexor 
endurance test 

24.5 ±23 35.9±21.5 -11.4 (-21.8; -0.9) Adolescents with NP have less neck 
flexor endurance capacity when 
compared to adolescents without NP. 

Deep neck extensor 
endurance test 

126.6±77.9  168.7±74.8 -42.0 (-77.8; -6.3)  Adolescents with NP have less neck 
extensor muscle endurance capacity 
when compared to adolescents without 
NP. 

Legend: F (Female); M (Male); NP (Neck Pain); UT (Upper Trapezius), CE (superficial Cervical Extensors) and Sternocleidomastoid (SCM) 
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Table 10. Measurement procedures used in the assessment of muscle function.   

Study Variable of interest Measuring 
instrument 

Measurement procedure 

Oliveira &Silva 
(2015) 

Neck flexors/extensors 
endurance 

Deep neck flexor 
endurance test 

i) Participants were placed in the supine position with their arms by their side. 

ii) They were asked to flex the upper cervical spine, moved their heads away from the couch approximately 

2.5 cm and then maintain this position for as long as possible. The examiner had a chronometer in one 

hand while the other hand is kept beneath the participant's head.  

iii) The test finished when participants drop their heads or lose the craniocervical flexion. Head drop was 

assessed by observe the position of the head and feel it touch the examiner's hand, loss of craniocervical 

flexion was assessed by examine the position of the mandible in relation to the neck and by observe the 

skin folders posterior to the mandible formed when the head is in craniocervical flexion. A change in the 

thickness of this skin fold or visible motion of the chin was interpreted as a loss of craniocervical flexion 

and was resulted in finish of the test.  

iv) Test was repeated twice with a 5 min interval between repetitions. 

Neck extensor 
endurance test 

i) Participants were placed in the prone position, head neutral, arms by their sides and a 10 cm stabilizing 

velcro was placed at the 6th dorsal vertebra level.  

ii) An inclinometer and a 5 cm strap were placed around the participants head with 2 Kg weight hanging 

from it. Participants were asked to support this weight for as long as possible while maintaining the neutral 

head position. The weight and the participants' head were supported until the beginning of the test.  

iii) The test finished when the head moved more than 5° from the neutral position or a maximum of 5 

minutes was reached.  

iv) The test was repeated twice with a 5 minutes interval between repetitions. 

Mikkelsson et 
al. (2005) 

Strenght Sit up test i)Participants were instructed to lie down in their backs with knees flexed at a right angle and with hands 

on the back of the neck.  

ii) An examiner kept the participant's heels in contact with the floor.  

iii) For 30 seconds participants were continually sit up to touch their knees with their elbows. 

Park et al. 
(2012) 

Electromyographic 
activity 

Electromyograph i) The skin at the electrode sites were prepared by shave the area and then clean with rubbing alcohol. 
Surface electrode pairs were positioned at an interelectrode distance of 2 cm. The reference electrode was 
placed on the spinous process of C7. 
ii) EMG data was collected for the following muscles: bilateral upper trapezius (UT)  (2 cm lateral to the 
midline drawn between the C7 spinous process and the posterolateral acromion), the sternal head of the 
sternocleidomastoids (SCM) (half the distance between the mastoid process and suprasternal notch), and 
the cervical extensors (CE) (parallel to the spine, approximately 2 cm apart, over the muscle belly at 
approximately C4). 
iii) EMG signal was recorded three times for 30-seconds, with a 5- minute rest between trials. 
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Table 11. Studies that compared pain sensory threshold between adolescents with and without NP.  

Study Variable of 
interest 

Measurements Results of NP 
group  
(mean ±SD) 

Results of control 
group 
(mean ±SD) 

WMD (95% CI) Main conclusions 

Sá &Silva  
(2017) 

Pressure Pain 
Threshold 
(*N/cm²) 

Right upper trapezius  20.7±5.1 34.9±8.1 -14.2 (-17.2; -11.2) Adolescents with NP showed 
increase pain sensitivity than 
adolescents without NP. 

Left upper trapezius  20.5±5.1 36.1±7.6 -15.6 (-18.5; -12.8)  

Right articular pillar C1/C2 15.5±4.2 24.7±5.2 -9.3 (-11.3; -7.2)  

Left articular pillar C1/C2  16.5±5.5 26.8±5.7 -10.3 (-12.7; -7.8)  

Right articular pillar C5/C6  16.7±5.2 27.8±7.0 -11.1) (-13.8; -8.4)  

Left articular pillar C5/C6  20.1±6.1 31.5±6.1 -11.4 (-14.1; -8.7)  

Tibialis anterior  41.4±8.5 54.8±7.0 -13.4 (-16.8; -10.0) 

Legend: NP (Neck Pain) 

 

Table 12. Measurement procedures used in the assessment of sensory threshold.  

Sá &Silva  
(2017) 

Pressure Pain 
Threshold 

Algometer i) Participants were instructed to be place in the prone position, with the head aligned and as relaxed as 
possible (except for the tibialis anterior, which was measured with the patient in supine).  
ii) The algometer allowed to measure PPT at both the right and left upper trapezius (at the mid distance 
between the posterior angle of the acromion and C7), the right and left articular pillar between C1 and C2 
(approximately 1 cm lateral and above the spinous process of C2), the right and left articular pillar of C5/C6 
(approximately 1 cm lateral to the mid distance between the spinous processes of C5 and C6, which was 
identified by palpation) and over the right tibialis anterior. Before measurements on these points were taken, 
PPT measurement was demonstrated in the hand to familiarize the patient with the procedure. (lateral to the 
medial malleolus).  
iii) Participants were instructed to say “stop” when the sensation change from pressure to pain. A probe of 0.5 
cm of diameter and pressure was applied at a rate of approximately 3N/s up to a maximum of 60N, which is 
not exceed because of the risk of tissue damage. 
iv) Three measurements were taken at each point. A 30-s resting period was allowed between each 
measurement. 
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4. PSYCHOSOCIAL VARIABLES AND SLEEP ASSOCIATED WITH NECK PAIN 

IN ADOLESCENTS: A SYSTEMATIC REVIEW 

Based on the systematic review from Andias & Silva (2019). “Psychosocial variables 

and sleep associated with neck pain in adolescents: a systematic review. Physical & 

Occupational Therapy in Pediatrics, 40 (2):168-191. 

 

4.1. Introduction  

In addition to the functional changes reported in Chapter 3, psychosocial factors and 

sleep-related changes also seem relevant in adolescents with NP. Adolescents with NP 

have been found to report higher rates of depression and perceived stress 

(Diepenmaat et al., 2006), anxiety (Rees et al., 2011), catastrophizing (Sá & Silva, 

2017), defined as an exaggerated negative mental set used during the actual or 

anticipated pain experience (Sullivan et al., 2001), and poor self-efficacy, defined as an 

individual resilience mechanism, which activated in response to pain, may positively 

influence pain management capacity (Tomlinson, Cousins, Mcmurtry, & Cohen, 2017), 

when compared to asymptomatic adolescents. Psychosocial variables have also been 

related to altered sleep patterns which, in turn, have been found to be a risk factor for 

the onset of NP (Andreucci, Campbell, & Dunn, 2017). Furthermore, as previously 

suggested, sleep impairments and psychosocial variables might contribute to altered 

pain processing and facilitate the central hyperexcitability of the central nervous system 

(Othman et al., 2021). However and to the best of our knowledge, studies on 

psychosocial changes, and sleep impairments associated with NP in young people 

have not been systematically reviewed, assessed, and synthetized. Thus, the aim of 

the present systematic review is to identify and critically assess the evidence on the 

association between NP and psychosocial variables (depression, anxiety, 



 

50 

 

catastrophizing, stress, disability, fear of movement, self-efficacy) and sleep, in 

adolescents with NP. 

4.2. Methods 

4.1.1. Registration of systematic review  

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

guidelines were followed in this review (Moher et al., 2009) and the protocol was 

registered in PROSPERO (CRD42018089533).  

4.2.1. Search strategy and study selection 

An electronic search was conducted in Pubmed, ScienceDirect, Web of Science, 

PEdro, Scielo, Scopus and Academic Search Premier (EBSCO host) databases in the 

period of 1 December 2017 to January 2018. A combination of words was used in the 

search strategies, including: neck pain, adolescents, psychosocial, depression, anxiety, 

catastrophizing, stress, fear of movement, sleep and self-efficacy. Pubmed was 

searched using MeSH terms and filters for age and article type (to exclude reviews, 

systematic reviews and books). No date limit was used but languages of publication 

were limited to English, Spanish, French and Portuguese. The list of references of all 

included studies was checked for additional studies not identified by electronic 

searches. 

To be included in this systematic review, studies had to: 

• Compare at least one of the following variables: depression, anxiety, 

catastrophizing, stress, fear of movement, sleep and self-efficacy between 

adolescents with and without NP; 

• Use participants aged between 12 and 18 years old (Williams et al., 2012); 

• Report on acute or chronic NP not related to any known pathology or injury 

(Merskey & Bogduk, 2002; Misailidou et al., 2010); 
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• Be full text articles published in peer reviewed journals. 

In this systematic review, studies in adolescents with nervous system pathology, 

rheumatic pathology or any major structural pathology (i.e. infection, neoplasms, 

systemic disease) in addition to NP or as a cause of NP were excluded. 

4.2.2. Data extraction 

Articles were imported from databases into the EndNote X5 (Clarivate Analytics, 

Philadelphia, United States) and checked for duplicates. Then, titles and abstracts 

were screened by the first author (RA) against the inclusion and exclusion criteria. 

Potential eligible manuscripts were then retrieved and screened for inclusion by the two 

authors (RA and AGS). Data were extracted by the first author (RA) using a 

standardized form including author, sample characteristics, NP characteristics, 

outcomes of interest and results. The extracted data was checked by the second 

author (AGS) and the disagreements between authors at any point in the process were 

resolved through discussion until consensus was achieved.  

4.2.3. Methodological quality assessment  

The assessment of methodological quality of included studies was performed using the 

NOS for case control studies (Lo et al., 2014; Wells et al., 2014) by the two authors, 

independently. Any disagreement was resolved by discussion until reaching a 

consensus. Agreement was measured using a Cohen’s K. Values below 0.20 indicate 

no concordance, between 0.21 and 0.39 minimal concordance, between 0.40 and 0.59 

weak concordance, between 0.60 and 0.79 moderate concordance, between 0.80 and 

0.90 strong concordance and above 0.90 almost perfect concordance (McHugh, 2012). 

The NOS scale is recommended by the Cochrane Collaboration (Higgins & Green, 

2011) and allows the assessment of risk of bias in three domains: 1) selection of study 

groups (maximum of 4 points); 2) comparability of groups (maximum of 2 points); and 
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3) ascertainment of exposure and outcomes (maximum of 3 points). Each item of the 

scale is assigned with 1 point (study meets the criteria of the item) or 0 points (study 

does not meet the criteria, or the item is not described). The total score can range from 

0 to 9 points, with higher scores indicating lower risk of bias. This scale also allows a 

quality rating: 1) good quality (score ≥7), 2), fair quality (score ≥5 and <7) and 3) poor 

quality (score <5) (Mcpheeters et al., 2012).  

4.3. Data synthesis and analysis 

Data was extracted from each study by the first author and then checked by the second 

author. For studies that reported data as mean ± SD, the WMD and respective 95% CI 

were calculated using Meta XL software (Epigear International, Australia; 

http://www.epigear.com). Two separated meta-analysis were performed, one 

aggregating studies that measured depression and other aggregating studies on sleep, 

using Meta XL and the random-effect model. The small number of studies for the 

remaining variables (less than 3) prevented meta-analysis for the remaining variables. 

Statistical heterogeneity was assessed using the Cochran’s Q test (defined as p<0.05) 

and the I² statistic (interpreted as 0% to 40% might not be important; 30% to 60% may 

represent moderate heterogeneity; 50% to 90% may represent substantial 

heterogeneity and 75% to 100% considerable heterogeneity) (Higgins & Green, 2011; 

Israel & Richter, 2011). Forest plots were used to present the individual studies’ results 

and the overall analysis (Barendregt & Doi, 2011). For studies reporting results as OR 

results were interpreted as: exposure does not affect odds of outcome (OR=1), 

exposure associated with a higher odd of outcome (OR>1) and exposure associated 

with lower odd of outcome, i.e., has a protective effect (OR<1) (Chang & Hoaglin, 

2017; Szumilas, 2010). Finally, after analyzing the results, we defined the “levels of 

evidence” as strong evidence, moderate evidence, limited evidence, very limited 

http://www.epigear.com/
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evidence and conflicting evidence, in line with vanTulder et al. (2003) modified by 

Barton et al. (2013).  

• Strong evidence: pooled results must derive from three or more studies, with a 

minimum of two studies of good methodological quality in NOS, which are 

statistically homogeneous (p>0.05); 

• Moderate evidence: statistically significant pooled results must derive from 

multiple studies, with at least one study with a good methodological quality in 

NOS, which are statistically heterogeneous (p<0.05), or from multiple studies 

with poor/fair methodological quality in NOS, which are statistically 

homogeneous (p>0.05); 

• Limited evidence: results from multiple studies with poor/fair methodological 

quality in NOS, which are statistically heterogeneous (p<0.05) or from one study 

with good methodological quality; 

• Very limited evidence: results from one study with poor/fair methodological 

quality; 

• Conflicting evidence: pooled insignificants results and derived from multiple 

studies, which are statistically heterogeneous (p<0.05). 

4.4. Results 

4.4.1. Study selection  

In total, 5064 references were retrieved from electronic databases. After removing 

duplicates (n=1923), 3141 references were screened based on title and abstract and 

56 full articles were considered as potentially eligible. Of the 56 full manuscripts 

retrieved, 13 met the eligibility criteria and were included in this systematic review 

(Figure 4). Reasons for exclusion were: duplicated data (n=4), participants were 

outside the age range considered in this review (n=37), no control group (n=1) and 

written in Chinese language (n=1). One study was included after checking the 
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references of included studies. Therefore, a total of 14 studies were included in this 

systematic review. 

 

Figure 4. Flow chart (PRISMA). 

4.4.2. General overview of included studies  

Twelve of the 14 included studies were cross-sectional and the remaining 2 (Auvinen et 

al., 2010; Ståhl et al., 2008) were longitudinal studies. Six of the included studies 

assessed more than one variable of interest totaling 20 comparisons (out of 14 studies) 

between adolescents with and without NP: depression (n=7), anxiety (n=2), 

catastrophizing (n=1), stress (n=2), sleep (n=6) and self-efficacy (n=2). No studies 
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were found on fear of movement. Three of the included studies did not specify the 

duration of NP (Dolphens et al., 2016; dos Passos et al., 2017; Paiva, Gaspar, & 

Matos, 2015). The remaining studies used different definitions of NP. Lastly, three 

studies reported the intensity of pain (Sá & Silva, 2017; Shan et al., 2014; Silva et al., 

2017) and one the frequency (Shan et al., 2014). The characterization of the studies 

can be found in table 13.  

4.4.3. Methodological quality 

Total score for the 14 included studies varied between 2 (n=1) and 6 (n=8), out of a 

maximum of 9 points (Table 14). Cohen’s k for reviewer’s agreement was 0.79, 95% CI 

(0.69; 0.89). No study met criterion 1 (subjects were interviewed by an experienced 

physical therapist for their history of NP). All but one study met criterion 2 

(representativeness of the population of adolescents with NP) because its sample 

included adolescents who practiced sport only. All studies (n=14) used community 

controls (criterion 3), but 2 of them did not state the criteria for being a control (dos 

Passos et al., 2017; Myrtveit et al., 2014) (criterion 4). Only 9 studies met criteria 5 

(control for age/gender) and 6 (control for additional factors) (Auvinen et al., 2010; 

Diepenmaat et al., 2006; Dolphens et al., 2016; Myrtveit et al., 2014; Niemi et al., 1997; 

Paiva et al., 2015; Pollock et al., 2011; Shan et al., 2014; Silva et al., 2017). None of 

the included studies performed a structured blinded interview to participants (criterion 

8) or reported the non-response rate (criterion 9).  

4.4.4. Depression 

Seven studies with fair methodological quality assessed depression using a total of 6 

different measurement instruments, and all studies reported adolescents with NP to 

have higher depressive symptoms than asymptomatic adolescents (Tables 15 and 16). 

All studies included boys and girls, but only 5 performed separated analysis (Härmä, 
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Kaltiala-Heino, Rimpelä, & Rantanen, 2002; Myrtveit et al., 2014; Niemi et al., 1997; 

Pollock et al., 2011; Ståhl et al., 2008). The meta-analysis (figure 5) with 3 studies that 

did not perform an analysis by gender (Diepenmaat et al., 2006; Dolphens et al., 2016; 

Pollock et al., 2011), showed significant heterogeneity across studies (Q=55.18, 

p=0.00; I²=96%) and no statistically significant difference for depression between 

adolescents with and without NP (OR=2.00; 95% CI=1.00, 3.98). In contrast, when 

pooling the studies that analysed data by gender, the meta-analysis showed that 

depression was significantly associated with increased odds of reporting NP, both in 

girls (OR= 2.36; 95% CI=1.26, 4.42) and boys (OR=2.26; 95% CI=1.06, 4.84). 

However, there was significant heterogeneity across studies (Q=118.24, p=0.00; 

I²=97% and Q=82.07, p=0.00; I²=96%, respectively for girls and boys). An additional 

study not included in the previous meta-analysis (Niemi et al., 1997), also showed girls 

with NP to have more depressive symptoms than girls without NP (WMD=0.63; 95% 

CI=1.40, 0.85 points). Therefore, limited evidence suggests that the presence of 

depressive symptoms is significantly associated with increased odds of reporting NP 

both for girls and boys. Stahl et al. (2008) using a specific question to assess 

depression, still found that depressive mood predicted the occurrence of NP for the 4 

following years (OR=1.14; 95% CI=1.03,1.26 and OR=1.25; 95% CI=1.11,1.41, 

respectively for girls and boys an average age of 10 and 12 years). 
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Figure 5. Forest plot of random-effect model for depression in adolescents with and 

without NP.  

Note: OR>1 represents a higher odd od reporting NP in presence of depression.  

4.4.5. Anxiety 

Two studies with fair methodological quality assessed anxiety with two different 

measurement instruments (Rees et al., 2011; Sá & Silva, 2017) (Tables 17 and 18). Sá 

& Silva (2017) assessed the trait and state anxiety and showed that adolescents with 

NP have higher levels of trait and state anxiety than adolescents without NP 

(WMD=3.80; 95% CI=-0.55, 8.15 and WMD=6.75; 95% CI=3.09, 10.41 for state anxiety 

and trait anxiety, respectively). Rees et al. (2011) reported that anxiety/depression was 

significantly associated with increased odds of reporting NP (OR=1.43; 95% CI=1.20, 

1.70). This study used the Youth Self Report Scale of the Child Behavior Check List 

which assesses anxiety and depression simultaneously. Thereby, very limited evidence 
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suggests that adolescents with NP have higher levels of anxiety than adolescents 

without NP.  

4.4.6. Catastrophizing 

Catastrophizing was assessed in a single study (Sá & Silva, 2017), with fair 

methodological quality (Tables 19 and 20), which found that adolescents with NP had 

higher levels of catastrophizing compared to adolescents without NP (WMD=3.45; 95% 

CI=1.89, 5.01 points for rumination, WMD=0.05; 95% CI=-0.92, 1.02 for magnification, 

WMD=3.10; 95% CI=1.53, 4.67 for helplessness and WMD=6.60; 95% CI=3.07, 10.13 

for total score of the pain catastrophizing scale). Thereby, very limited evidence 

suggests that adolescents with NP have higher levels of catastrophizing than 

adolescents without NP. 

4.4.7. Stress 

Two studies with fair methodological quality assessed stress (Diepenmaat et al., 2006; 

Niemi et al., 1997) (Tables 21 and 22). Niemi et al. (1997) assessed stress symptoms 

and found that adolescents with NP had significantly more symptoms of stress than 

adolescents without NP (WMD=1.87; 95% CI=1.33, 2.40 and WMD=0.89; 95% 

CI=0.13, 1.65 for girls and boys, respectively). Diepenmaat et al. (2006) reported that 

feeling stressed regularly/always was significantly associated with increased odds of 

reporting NP (OR=2.00; 95% CI=1.50, 2.70). Thereby, very limited evidence suggests 

that adolescents with NP have more stress symptoms than adolescents without NP.  

4.4.8. Sleep 

Five studies with fair methodological quality (Auvinen et al., 2010; Paiva et al., 2015; 

Shan et al., 2014; Silva et al., 2017; Ståhl et al., 2008) and 1 study with poor 

methodological quality (dos Passos et al., 2017) assessed sleep using a total of 6 

different measurement instruments (Tables 23 and 24). Two of these studies were 
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longitudinal (Auvinen et al., 2010; Ståhl et al., 2008). Stahl et al. (2008) used a specific 

question about daytime tiredness, difficulty falling asleep and waking up during the 

night and found that sleep difficulties predicted the occurrence of NP within the 4 

following years (OR=1.14; 95% CI=1.03, 1.26 and OR1.25; 95% CI=1.11,1.41 for girls 

and boys, respectively). Auvinen et al. (2010) assessed sleep at 16 and 18 years of 

age with a postal questionnaire derived from the Youth Self-Report, subdividing the 

variable sleep into quantity of sleep and quality of sleep. They found that insufficient 

quantity and quality of sleep at 16 years in girls was significantly associated with 

increased odds of reporting NP at 18 years (OR=3.20; 95% CI=1.54, 6.68). The results 

of the meta-analysis (figure 6) with the remaining 4 cross-sectional studies (dos Passos 

et al., 2017; Paiva et al., 2015; Shan et al., 2014; Silva et al., 2017), showed significant 

differences in quantity and quality of sleep between adolescents with and without NP 

(OR=1.63; 95% CI=1.23, 2.18). However, there was significant heterogeneity across 

studies (Q=11.46, p=0.00; I²=74%). Thereby, limited evidence suggests that insufficient 

quantity and quality of sleep is significantly associated with increased odds of having 

NP in adolescents.  

 

Figure 6. Forest plot of random-effect model of the sleep in adolescents with and 

without NP.  

Note: OR >1 represent a higher odd of reporting NP in presence of sleep impairments. 
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4.4.9. Self-efficacy 

Two studies with fair methodological quality assessed self-efficacy (Niemi et al., 1997; 

Pollock et al., 2011) (Tables 25 and 26). Niemi et al. (1997) found that girls with NP 

had significantly lower self-efficacy than girls without NP (WMD=-1.18; 95% CI=0.70, 

2.28). In contrast, Pollock et al. (2011) found no significant differences in perceived 

self-efficacy between adolescents with and without NP (OR=0.87; 95% CI=0.65, 1.17 

and OR=0.73; 95% CI=0.52, 1.03, respectively for medium and high levels of self-

efficacy). Thereby, there is conflicting evidence on whether self-efficacy varies between 

girls with and without NP. 

4.5. Discussion 

A total of 14 studies performing 20 comparisons between adolescents with and without 

NP for depression, anxiety, catastrophizing, stress, sleep and self-efficacy were 

included in this systematic review. Very limited evidence suggests that adolescents 

with NP have higher levels of anxiety, catastrophizing and stress than adolescents 

without NP; limited evidence suggests that depressive symptoms and sleep 

impairments are associated with NP; and there is conflicting evidence on whether self-

efficacy differs between adolescents with and without NP. No studies were found on 

fear of movement.  

 

In spite of the low levels of evidence, previous studies support the findings of this 

systematic review by suggesting an association between psychosocial factors and 

several musculoskeletal pain conditions (Eccleston et al., 2004; Harrison, Wilson, & 

Munafó, 2016; Simons & Kaczynski, 2012). A recent study in adolescents with 

musculoskeletal pain found depressive symptoms, fear of pain, pain catastrophizing 

and poor sleep quality to be predictors of the transition from acute to persistent 

musculoskeletal pain (Holley, Wilson, & Palermo, 2017). Catastrophizing is also 
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pointed as a predictor of pain and pain intensity and both catastrophizing and anxiety 

are predictors of disability (Tran et al., 2015). Some physiological explanations for the 

association between pain and higher levels of these psychosocial variables have been 

suggested. Sensory pathways of pain share the same brain regions involved in mood 

management (Bushnell et al., 2013; Sheng, Liu, Wang, Cui, & Zhang, 2017), and the 

increased levels of adrenaline, hypervigilance to pain, muscle tension and pain 

sensitivity associated to psychosocial aspects, may facilitate maladaptive pain 

processing and promote peripheral and central sensitization (i.e. a generalized 

hypersensitivity of the somatosensory system) (Beesdo et al., 2009; Dimitriadis et al., 

2015; Sullivan et al., 2001; Wippert & Wiebking, 2018). Therefore, the findings that 

depression, anxiety, catastrophizing and stress are higher in adolescents with NP when 

compared to those without NP is of relevance as these factors may contribute to the 

maintenance of NP and its impact. Nevertheless, studies included in the present 

systematic review and in the meta-analysis showed high heterogeneity, which may 

have an impact on the accuracy of the results (Israel & Richter, 2011).  

Regarding sleep, the findings of our systematic review are in line with those found in a 

recent review that explored sleep as a risk factor for the onset of musculoskeletal pain, 

which concluded that sleep problems are a risk factor for the onset of NP in girls 

(Andreucci et al., 2017). Further, sleep impairments have been associated with 

decreased endogenous pain inhibition, increased responses of hyperalgesia and 

increased catastrophizing and negative emotions (Finan et al., 2013; Harrison, Wilson, 

& Munafò, 2014).  

 

Finally, conflicting results were found for self-efficacy based on the findings of only two 

studies (Niemi et al., 1997; Pollock et al., 2011), which may be related to differences in 

NP duration. The study that reported no differences assessed adolescents with acute 

NP (Pollock et al., 2011) while the other used adolescents with chronic NP (Niemi et 
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al., 1997). However, self-efficacy has been suggested as a mediator factor between 

pain and disability in adults with acute and chronic NP (Lee et al., 2015; Martinez-

Calderon, Zamora-Campos, Navarro-Ledesma, & Luque-Suarez, 2018) and in 

adolescents with various forms of chronic pain, such as headache and abdominal pain, 

where higher levels of self-efficacy have been associated with less disability, lower 

levels of depression and somatic symptoms (Bursch, Tsao, Meldrum, & Zeltzer, 2006; 

Kalapurakkel, Carpino, Lebel, & Simons, 2015). A relevant question that emerges from 

these contradictory findings is whether changes in self-efficacy may be subsequent to 

pain.  

 

In addition, this systematic review findings show that only a few studies present a 

comprehensive characterization of study samples, in terms, for example, of NP 

characteristics, such as its intensity (Sá & Silva, 2017; Shan et al., 2014; Silva et al., 

2017) or frequency (Shan et al., 2014), aspects that have been reported in the 

literature as being fundamental in chronic pain assessment (Fillingim, Loeser, Baron, & 

Edwards, 2016; Liossi & Howard, 2016). The latest published guideline on NP in adults 

already enhanced the importance of assessing not only the intensity of pain, but also 

the levels of self-reported disability and catastrophizing associated to pain in individuals 

with NP (Blanpied et al., 2017). Another relevant point is the limited number of 

variables assessed in each study, what limits the possibility of exploring the association 

and confounding among variables. 

4.5.1. Limitations 

All studies included in this review were of poor to fair methodological quality, which 

may impact the accuracy of findings. Most studies do not provide a comprehensive 

characterization of the sample, particularly for aspects of NP. Studies also fail to report 

on the reliability and validity of instruments when used in adolescents with NP or use 
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questionnaires developed for the purpose of their study, and, therefore, the validity and 

reliability of their findings is unclear. The high heterogeneity and the small number of 

studies included in the meta-analysis suggest that further studies are likely to impact 

the results or, at least, the degree of confidence on the findings (Israel & Richter, 

2011). Although two of the included studies in this review were longitudinal, it was not 

possible to assess a cause-effect relationship.  

4.5.2. Implications for clinical practice and research 

The results of this systematic review suggest that psychosocial aspects such as 

depression, anxiety, catastrophizing, stress, sleep, and self-efficacy should be 

considered when assessing adolescents with NP and when designing interventions 

targeting adolescents with NP. However, the limited number of studies, the high 

heterogeneity and low to fair methodological quality suggest that these findings should 

be taken with caution and that more studies are needed. Furthermore, the findings of 

this systematic review highlight the need of more high-quality research on the 

association between psychosocial factors and NP. Specifically, studies should clarify 

the criteria of eligibility for both asymptomatic and adolescents with NP, provide a 

comprehensive characterization of NP, use valid and reliable measurement 

instruments, and assess more than one psychosocial variable and explore association 

and confounding. Comparing NP both with asymptomatic adolescents and with 

adolescents with pain at other body sites will also inform community-based 

interventions.  

4.6. Conclusion  

This review found very limited evidence that adolescents with NP show higher scores 

for anxiety, pain catastrophizing and stress than adolescents without NP and limited 

evidence that the presence of depression and sleep impairments are associated with 
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an increased odd of having NP. Moreover, this review found conflicting evidence on 

whether self-efficacy differs between adolescents with and without NP. However, the 

limited number of studies, the high heterogeneity and low to fair methodological quality 

suggest that these findings should be taken with caution and that further studies aiming 

to characterize NP in adolescents and associated variables are needed. 
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Table 13. Characteristics of included studies.  

Study Sample 
characteristics  
of NP group (mean 
±SD) 

Definition/Characteristics 
of Neck Pain 

Sample characteristics  
of control group (mean 
±SD) 

Definition/Characteristics 
of asymptomatic participants 

Measured 
Variables 

Niemi et al. 
(1997) 

N= 111 (84F;27M) "Disturbing symptoms": have neck and shoulder 
symptoms once or more often during a week 
over the past 12 months. 

N= 550 (308F;242M) "No disturbing symptoms":  no neck 
shoulder symptoms or had more 
rarely than once a week over the 
past 12 months. 

Stress 
Depression 
Self-efficacy 

Härmä et al. 
(2002) 

N=15965 
(7850F,8115M) 
Age=15.3±0.6y 

The adolescents were asked: ‘‘During the past 
six months, did you experience any of the 
following symptoms?" (neck and shoulder pain, 
low back pain, stomach-ache and headache) 
and "How frequently?’’ (symptoms occurring 
once a week or daily or almost daily was 
considered frequent). 

  
 

Depression 

Diepenmaat 
et al. 
(2006) 

N= 399 (249F;150M) The adolescents were asked: “In the past 
month have you experienced pain lasting a day 
or longer in the indicated shaded area?” 
(yes/no) and if the response was affirmative: 
“How long, in terms of days, did you experience 
pain in this area during the past month?”  
To meet neck/shoulder, low back, or arm pain 
criteria, participants had to experience pain for 
4 days per month in the neck/shoulder, low 
back, or arm area. 

N=3086 (1510F;1576M)  
The adolescents were questioned: 
“In the past month have you 
experienced pain lasting a day or 
longer in the indicated shaded area?” 
(yes/no). 

Depression 
Stress 

Stahl et al. 
(2008) 

N= 308 (NP once a 
month) 
 
N=191 (NP at least 
once a week)  
Age=9.8 (0.4)y/11.8 
(0.4)y (?) 

The adolescents were asked about the 
presence of pain in seven different areas of the 
body. Pain symptoms were asked by using a 
five-level frequency classification (pain seldom 
or never, once a month, once a week, more 
than once a week, almost daily) during the 
preceding three months. Based on the 
frequency of NP reported during the follow-up 
adolescents with fluctuating (frequency varied 
from no pain to once a month to at least once a 
week) and persistent (NP at least once a week 
at all three evaluation points) NP were 
identified. 

N=769 
Age=9.8(0.4)y/ 
11.8 (0.4)y (?) 

Based on frequency of NP reported 
during follow up, adolescents without 
pain were identified as pain-free (no 
NP at any evaluation point). 

Depression 
Sleep 
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Auvien et al. 
(2010) 

Age=16y  
N=756 (485F;271M) 
 
Age= 18y 
N= 1098 (718F; 
380M) 

The adolescents answered “yes” a postal 
questionnaire including questions: ‘‘Have you 
had any aches or pains during the last 6 
months in the following areas of your body?’’ 
(neck or occipital area, shoulders and low 
back).  

Age=16y  
N=996 (488F;508M) 
 
Age= 18y 
N= 644 (254F; 390M) 

The adolescents answered “no” a 
postal questionnaire including 
questions: ‘‘Have you had any aches 
or pains during the last 6 months in 
the following areas of your body?’’ 
(neck or occipital area, shoulders 
and low back).  

Sleep 

Pollock et al. 
(2011) 

N= 345 (211F;134M) 
Age=14.1±0.18y (?) 

The adolescent answered “yes” to a question 
based on the Nordic Musculoskeletal 
Questionnaire: “Has your neck/shoulder been 
painful in the last month?" 

N= 913 (410F; 503M) 
Age=14.1±0.18y (?) 

The adolescents answered "no" to a 
question based on the Nordic 
Musculoskeletal Questionnaire: “Has 
your neck/shoulder been painful in 
the last month?" 

Depression 
Self-efficacy 

Rees et al. 
(2011) 

N=245 (134F, 111M) 
Age=14.1±0.2y (?) 

The adolescents were asked, with two 
questions based on the Nordic Pain 
Questionnaire, about their experience of NSP 
described as pain in the area of the posterior 
neck and upper trapezius: (i) "Have you ever 
had NSP?", and if they reported pain ever, (ii) 
"Has your neck/shoulder been painful in the last 
month?". 

N=886 (404F, 482M) 
Age=14.1±0.2y (?) 

The adolescents were asked, with 
two questions based on the Nordic 
Pain Questionnaire, about their 
experience of NSP described as pain 
in the area of the posterior neck and 
upper trapezius: (i) "Have you ever 
had NSP?", and if they reported pain 
ever, (ii) "Has your neck/shoulder 
been painful in the last month?".  

Anxiety/ 
Depression 

Myrtveit et al. 
(2014) 

N= 1797 
(1354F,443M)  
Age=17.8y (?) 

The adolescents were asked how often they 
had suffered from NSP during the last 6 
months. Who answered, “more than once a 
week” and “more or less every day” were 
included in the group with frequent NSP. 

N= 7193 (3477F,3716M)  
Age=17.8y (?) 

The adolescents were asked how 
often they had suffered from NSP 
during the last 6 months. Who 
answered “every week", “every 
month” and "seldom/never" were 
included in the group with no 
frequent NSP. 

Depression 

Shan et al. 
(2014) 

N=1167 (653F;514M) The adolescents were asked “For the past 6 
months, I have felt pain or discomfort in my 
neck/shoulder?” Participants who answered 
“yes” were asked more questions concerning 
pain characteristics (frequency, duration and 
degree). 
 
Pain score (VAS) 
   Mild pain (1–3 pts): 369F; 313M 
   Moderate pain (4–6 pts):228F; 162M 
   Heavy pain (7–8 pts): 49F; 31M 
   Severe pain (9–10 pts):7F; 8M 

N=1675 (825F;850M) The adolescents were asked “For the 
past 6 months, I have felt pain or 
discomfort in my neck/shoulder?” 
Participants who answered “no” were 
included in this group. 

Sleep  
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Paiva et al. 
(2015) 

N=624 (?) 
Age=14.9±1.26y (?) 

   
Sleep 

Dolphens et 
al.(2016) 

N=77 
Age=10.6±0.47y (F)/ 
12.6±0.54y (M) (?) 

“Spinal pain”: a discomfort or pain, in the back 
or neck that is considered to be a local, 
uncomfortable feeling in the back or neck, with 
the possibility of radiation to other parts of the 
body. Can be intermittent or constant, gradually 
developed or with a sudden onset. 

N=765 
Age=10.6±0.47y (F)/ 
12.6±0.54y (M) (?) 

 Depression 

Passos et al. 
(2017) 

N=197  
Age= 14.15±2.11y (?) 

The adolescents pointed out the places that felt 
pain/discomfort in a body diagram of Corlett. 

N=112  Sleep 

Silva et al. 
(2017) 

N= 969 
Age=15.6±1.8y 
Weight=57.3±11.9 kg 
Height=1.64±0.11 cm 

The adolescents were asked if they felt pain 
during the past 7 days in the neck, shoulders, 
elbows, wrists/hands, mid back, lumbar region, 
hips, knees and ankles/feet using adapted 
version of the Nordic Musculoskeletal 
Questionnaire.  
 
Pain (VAS)=3.9±1.8 (F); 3.6±1.8 (M) 
Number of pain sites [1;9]:2.1 ± 1.3 

  Sleep 

Sá &Silva 
(2017) 

N=40 (21F,19M) 
Age=17.2±0.56y 

“Chronic idiopathic NP”: pain felt dorsally 
between the inferior margin of the occiput and 
T1 not related to trauma or any known 
pathology that was present at least once a 
week during the last 3 months. 
 
Pain Score (VAS): 3.39±1.84 

N=40 (21F, 19M) 
Age=17.2±0.56y 

“Asymptomatic participants”: no 
current NP and reported that they 
had never had NP. 

Catastrophizing 
Anxiety 

Legend: (?) Not clear in the study; F (Female); M (Male); y (years); kg (kilograms); cm (centimeters); NP (Neck Pain); NSP (Neck /Shoulder Pain); VAS (Visual Analogic 

Scale) 
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Table 14. Newcastle-Ottawa Quality Assessment Scale for case-control studies. 

Criteria methodological 
quality 

Selection Comparability Exposure 

Total (9) 
Quality 
rating Criterion 

1 
Criterion 

2 
Criterion 

3 
Criterion 

4 
Criterion 

5 
Criterion 

6 
Criterion 

7 
Criterion 

8 
Criterion 

9 

Niemi et al. (1997) 0 1 1 1 1 1 0 1 0 6 Fair 

Härmä et al. (2002) 0 1 1 1 1 0 0 1 0 5 Fair 

Diepenmaat et al. (2006) 0 1 1 1 1 1 0 1 0 6 Fair 

Stahl et al. (2008) 0 1 1 1 1 0 0 1 0 5 Fair 

Auvinen et al. (2010) 0 1 1 1 1 1 0 1 0 6 Fair 

Pollock et al. (2011) 0 1 1 1 1 1 0 1 0 6 Fair 

Rees et al. (2011) 0 1 1 1 1 0 0 1 0 5 Fair 

Myrtveit et al. (2014) 0 1 1 0 1 1 0 1 0 5 Fair 

Shan et al. (2014) 0 1 1 1 1 1 0 1 0 6 Fair 

Paiva et al. (2015) 0 1 1 1 1 1 0 1 0 6 Fair 

Dolphens et al. (2016) 0 1 1 1 1 1 0 1 0 6 Fair 

Passos et al. (2017) 0 0 1 0 0 0 0 1 0 2 Poor 

Silva et al. (2017) 0 1 1 1 1 1 0 1 0 6 Fair 

Sá & Silva (2017) 0 1 1 1 1 0 0 1 0 5 Fair 

Legend: 0 (criterion not fulfilled); 1 (criterion fulfilled); Criterion 1 (Case definition adequate); Criterion 2 (Representativeness of the cases); Criterion 3 (Selection of 

controls); Criterion 4 (Definition of controls) Criterion 5 (Study controls for age/gender); Criterion 6 (Study controls for any additional factor); Criterion 7 (Ascertainment of 

exposure); Criterion 8 (Same method of ascertainment for cases and controls); Criterion 9 (Non-Response rate) 
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Table 15. Studies that compared depression between adolescents with and without NP. 

Study Measuring instrument Results of NP group 
WMD (95% CI) or OR 
(95% CI) 

Results of control 
group 
WMD (95% CI) or OR 
(95% CI) 

Adjusted confounding 
factors 

Main conclusions 

Niemi et al. 
(1997) 

Depressive Symptoms  
(sum score)  

Female  
WMD: 0.63 (1.40-0.85) * 
Male 
WMD: 0.22 (0.14-0.57 

N/A Girls with NP have more depressive 
symptoms than girls without NP. 

Harma et al. 
(2002) 

13-item version of the 
Beck Depression 
Inventory  
(score) 

Female 
Weekly neck symptoms: 1.4 (1.1–1.8) * 
1 weekly pain symptom: 2.3 (1.8-2.8) * 
2 weekly pain symptoms: 3.5 (2.7-4.4) * 
3 weekly pain symptoms: 6.4 (4.8-8.6) * 
4 weekly pain symptoms: 11.0 (7.2-16.7) * 
Male 
Weekly neck symptoms: 1.5 (1.1–2.1) * 
1 weekly pain site: 2.6 (2.0-3.4) * 
2 weekly pain site: 4.0 (2.9-5.6) * 
3 weekly pain site: 5.9 (3.6-9.6) * 
4 weekly pain site: 10.7 (5.2-21.9) * 

Age 
Anxiety 

Adolescents with NP are significantly 
associated with increased odds of having 
depression.  
Having more than one region of pain also 
increases the likelihood of depression. 

Diepenmaat et 
al. 
(2006) 

Center for Epidemiologic 
Studies Depression 
Scale (score) 

1.9 (1.5–2.5) * N/A Adolescents with depressive symptoms are 
significantly associated with increased odds 
of having NP. 

Stahl et al. 
(2008) 

Specific question about 
depressive mood  
(score) 

Female 
1.14 (1.03-1.26) * 
Male 
1.25 (1.11-1.41) * 
(note: OR values considering the value of the 
sum of 1 to 6 psychosomatic symptoms) 

N/A Having other psychological symptoms, such 
as depressive mood, with a frequency of at 
least once a week at baseline predicted the 
occurrence of weekly NP in both genders, 
within the 4 following years. 

Pollock et al. 
(2011) 

Beck Depression 
Inventory for Youth 
(score) 

Both (Female and Male) 
Medium BDI-Y: 2.29 (1.59 -3.29) * 
High BDI-Y: 4.26 (2.77-6.57) * 
Female 
Medium BDI-Y: 4.28 (2.31 -7.92) * 
High BDI-Y: 8.63 (4.39- 16.98) * 
Male 
Medium BDI-Y: 1.56 (0.98-2.50)  
High BDI-Y: 2.44 (1.29 -4.61) * 

Gender and covariates 
(global self-worth, 
physical working 
capacity) 

Adolescents with medium or high 
depressed mood are significantly 
associated with increased odds of reporting 
NP pain than adolescents with low 
depressed mood.  
When analysed by gender, girls with 
medium and high depressed mood and 
boys with high depressed mood have more 
likely to report NP. 
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Myrtveit et al. 
(2014) 

Short Mood and 
Feelings Questionnaire  
(score) 

Female 
2.98 (2.52-3.53) * 
Male 
5.90 (4.29-8.11) * 

Sociodemographic (age, 
school situation, family 
economy) 

Adolescents with depressive symptoms are 
significantly associated with increased odds 
of having NP. 

Dolphens et al. 
(2016) 

Short version of the 
Depression 
Questionnaire for 
Children  
(score) 

1.08 (1.03–1.14) * N/A Adolescents with high scores on the 
depression questionnaire are significantly 
associated with increased odds of having 
NP. 

Legend: NP (Neck Pain); N/A (Not applicable); BDI-Y (Beck Depression Inventory for Youth); * (statistically significant results)  



 

71 

 

Table 16. Measurement procedures used in the assessment of depression.  
Study Measuring instrument  Measurement procedure 

Niemi et al. 
(1997) 

Specific questions to 
determine Depressive 
Symptoms Sum Score 
(DSS) 

i) Participants were assessed with specific questions including the presence and frequency of difficulty sleeping, 
fatigue, and lack of energy, which are considered common depressive symptoms (according to American 
Psychiatric Association, 1980); 
ii) The range of the DSS can range from 0-3.  

Härmä et al.  
(2002) 

13-item version of the 
Beck Depression 
Inventory 

i) Participants were assessed using a modified 13-item version of this scale which has been shown to be a valid 
measure for detecting depression in adolescents, with good psychometric properties; 
ii) Students scored from 0 to 7 were classified as having no depression to mild depression, and those who had 
scores of 8 to 39 were classified as having moderate to severe depression; 
(In this study adolescents with a score greater than 8 will be considered as having depression). 

Diepenmaat et al. 
(2006) 

Center for Epidemiologic 
Studies Depression Scale 
(CES-D) 

i) Participants were assessed with a 20-item self-report scale that was designed to measure depressive symptoms 
in the general population. The CES-D has been validated previously in adolescents; 
ii) The total score ranges from 0 to 60 and is calculated by summing all items. Adolescents who scored 16 were 
classified as being depressed. 

Stahl et al.  
(2008) 

Specific question about 
depressive mood  

i) Participants were assessed with a question about depressive mood using the same frequency categorization as 
for musculoskeletal pain symptoms (none/once a month/ at least once a week); 
ii) All symptoms appearing at least once a week were considered positive. 

Pollock et al. 
(2011) 

Beck Depression 
Inventory for Youth (BDI-
Y)   

i) Participants were assessed using this inventory with 20 items to assess depressed mood in early adolescence. 
The BDI-Y converges with the Children’s Depression Inventory has high internal consistency and excellent test-
retest reliability over 7 days. 
ii) Depressed mood was characterized by BDI-Y as low (<1.79), medium (1.79-10.60) and high (>10.60) to increase 
the sensitivity of analysis compared with using clinical depression cut offs (mild,17-20, moderate, 21-28, and 
severe, 29-60, in 11-14 year old). 

Myrtveit et al. 
(2014) 

Short Mood and Feelings 
Questionnaire 

i) Participants were assessed with this questionnaire which measure depressive symptoms with 13 items on 
feelings, thoughts, and actions the last 2 weeks. Each item has three levels differentiating between “true,” 
“sometimes true,” and “not true”; 
ii) Each of the 13 statements could vary from 0 to 2 and the questionnaire range from 0 to 26. 

Dolphens et al. 
(2016) 

Short version of the 
Depression Questionnaire 
for Children, described by 
De Wit CAM (1987) 

In this study the description of the procedure was referenced for consultation study in another study, De Wit CAM 
(1987). 
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Table 17. Studies that compared anxiety between adolescents with and without NP. 

Study Measuring 
instrument 

Results of NP group 
(Mean ±SD), WMD (CI 95%) or 
OR(95% CI) 

Results of control group 
(Mean ±SD), WMD (CI 95%) or 
OR(95% CI) 

Adjusted 
confounding 
factors 

Main conclusions 

Rees et al. 
(2011) 

The Youth Self Report 
scale of the Child 
Behaviour Check List  
(score) 

NP only: 1.43 (1.20-1.70) * 
NP and Back Pain: 1.94 (1.64-2.30) * 

Gender Adolescents with higher 
anxious/depressed state are 
significantly associated with 
increased odds of reporting NP in 
isolation, and simultaneously with 
neck and back pain. 

Sá &Silva 
(2017) 

Staite-Trait Anxiety 
Inventory 
(score) 

State anxiety: 32.05 ± 9.07  
Trait anxiety: 39.98 ± 10.53  

State anxiety: 28.25 ± 10.71 
Trait anxiety: 33.23 ± 5.36 

 N/A Adolescents with chronic NP have 
a more trait and state anxiety than 
adolescents without NP. 

WMD state anxiety: 3.80 (-0.55;8.15) * 
WMD trait anxiety: 6.75 (3.09;10.41) * 

Legend: NP (Neck Pain); N/A (Not applicable); * (statistically significant results) 
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Table 18. Measurement procedures used in the assessment of anxiety. 
Study Measuring instrument  Measurement procedure 

Härmä et al. 
(2002) 

13 items of the Finnish 
modified S-BDI 

i) Participants were asked to rate the alternative that best described them today: I don’t easily lose my nerve or get 
anxious (=0); I don’t feel anxious or nervous (=0); I get anxious and nervous rather easily (=1); I very easily get 
distressed, anxious or nervous (=2); I am constantly anxious and distressed, my nerves are always on edge (=3); 
ii) Only responses at the most severe range, scores 2 and 3, were considered significant anxiety. 

Rees et al. 
(2011) 

The Youth Self Report 
(YSR) scale of the Child 
Behaviour Check List 
(CBCL) 

i) Participants were assessed with the 118 items of the YSR form with 8 syndrome scales: Somatic Complaints, 
Anxious/Depressed, Withdrawn, Aggressive Behaviour, Rule-breaking Behaviour, Social Problems, Thought 
Problems and Attention Problems. Prior second order factor analysis identified 2 broad-band scales: Internalising 
(reflecting problems of Anxiety/Depression, Withdrawal and Somatic Complaints scales) and Externalising 
(reflecting Rule-breaking and Aggressive Behaviour); 
ii) Raw scores for the 8 YSR syndrome scales were used for analysis as recommended by Achenbach (1991). 

Sá &Silva 
(2017) 

Staite-Trait Anxiety 
Inventory (STAIC) 

i) Participants were assessed with this instrument that distinguishes between a tendency to anxious behavior rooted 
in the personality (trait) and the short-term anxiety common to some situations (state), each measured using a 20-
item scale; 
ii) Each scale prompts the participant to rate each of the 20 statements from hardly ever true to often true. A 
separate score is produced for the State Scale and the Trait Scale. Scores range from 20 to 80 for each scale and 
higher scores are associated with higher levels of anxiety. 
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Table 19. Studies that compared catastrophizing between adolescents with and without NP. 

Study Measuring instrument Results of NP group 
(Mean ±SD) 

Results of control group 
(Mean ±SD) 

WMD (CI 95%) Main conclusions 

Sá &Silva 
2017 

Pain Catastrophizing 
Scale  
(score) 

Rumination: 6.40 ± 3.57  
Magnification: 4.00 ± 2.25  
Helplessness: 5.93 ± 3.85  
Catastrophizing (Total):16.33 ± 
8.47 

Rumination: 2.95 ± 3.57  
Magnification: 3.95 ± 2.19  
Helplessness: 2.83 ± 3.31  
Catastrophizing (Total): 9.73 ± 
7.61 

3.45 (1.89;5.01) * 
0.05 (-0.92;1.02) * 
3.10 (1.53;4.67) * 
6.60 (3.07;10.13) * 

Adolescents with chronic 
NP have increased levels 
of catastrophizing than 
adolescents without NP. 

Legend: NP (Neck Pain); * (statistically significant results)  

 

Table 20. Measurement procedures used in the assessment of catastrophizing.   

Study Measuring instrument  Measurement procedure 

Sá &Silva 
(2017) 

Pain Catastrophizing Scale i) Participants were assessed with this instrument that is composed of 13 statements. Participants was prompted to 
indicate the degree to which they experience each of them when experiencing pain, on 5-point scales with the end 
points (0) not at all and (4) all the time. The 13 statements are grouped into 3 subscales: rumination (4 items), 
magnification (3 items) and helplessness (6 items); 
 ii) Total score ranges from 0 to 52 and higher scores are indicative of higher catastrophizing. 
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Table 21. Studies that compared stress between adolescents with and without NP.   

Study Measuring instrument Results of NP group 
 WMD (95% CI) or OR 
(95% CI) 

Results of control group 
WMD (95% CI) or OR (95% 
CI) 

Adjusted 
confounding 
factors 

Main conclusions 

Niemi et al. 
(1997) 

17-item questionnaire 
about presence and 
frequency of 
physiologic symptoms 
considered a 
manifestation of mental 
stress  
(score) 

Female 
WMD: 1.87 (1.33-2.40) * 
 
Male 
WMD: 0.89 (0.13-1.65) * 

N/A Adolescents with NP have more 
stress symptoms than adolescents 
without NP. 

Diepenmaat et al. 
(2006) 

Specific question about 
stress  

Feeling stress regularly/always 
2.0 (1.5–2.7) * 

 N/A Adolescents with feeling stress 
regularly/always are significantly 
associated with increased odds of 
having NP than adolescents 
without stress symptoms. 

Legend: NP (Neck Pain); N/A (Not applicable); * (statistically significant results) 

 

Table 22. Measurement procedures used in the assessment of stress.  
Study Measuring instrument  Measurement procedure 

Niemi et al. 
(1997) 

17-item questionnaire 
about the presence and 
frequency of 
physiologic symptoms 
considered a 
manifestation of mental 
stress 

i) Participants were assessed with 17-item questionnaire about the presence and frequency of psychophysiological 
symptoms considered a manifestation of mental stress (Aro H., 1988);  
ii) Stress symptoms sum score was calculated after scoring the values of 1-2 (no or occasional symptoms) as 0 
and the values of 3-4 (fairly often and often or constantly) as 1. The range of the sum score can range from 0-17. 

Diepenmaat et al. 
(2006) 

Specific question about 
stress 

i) Participants were assessed with a question: “Have you experienced stress in the past week” (no= 
never/sometimes; yes=often/always). 
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Table 23. Studies that compared sleep between adolescents with and without NP.   

Study Measuring instrument Results of NP group 
(Mean ±SD) or OR (95% CI) 

Results of control group 
(Mean ±SD) or OR (95% CI) 

Adjusted 
confounding factors 

Main conclusions 

Stahl et al.  
(2008) 

Specific question about 
daytime tiredness, 
difficult falling asleep 
and waking up during 
the night 
(score) 

Female 
1.14 (1.03-1.26) * 
Male 
1.25 (1.11-1.41) * 
(note: OR values considering the value of the sum of 1 to 6 
psychosomatic symptoms) 

N/A Having other psychological 
symptoms, such us more tiredness, 
difficulty falling sleep and waking 
up during the night at baseline 
predicted the occurrence of weekly 
NP in both genders, within the next 
4 years. 

Auvinen et al. 
(2010) 

Postal questionnaire 
(derived from the Youth 
Self- Report) 
- Average hours spent 
sleeping  

Female 
7 h or less: 1.44 (0.90–2.43) 
9h: 1.02 (0.66-1.57) 
10h or more: 1.55 (0.84-2.87) 
Male 
7h or less: 1.40 (0.86–2.30) 
9h: 0.98 (0.64-1.50) 
10h or more: 0.86 (0.52-1.44) 

Pain at 16 years  Despite in girls sleep less than 7h 
at 16 years increase the likelihood 
of having NP at 18 years, when 
adjusted for the presence of pain, 
the increased risk disappears.  

Postal questionnaire 
(derived from the Youth 
Self- Report) 
- I have sleeping 
problems 

Female 
Sometimes or often: 1.67 (1.00–2.78) 
Male 
Sometimes or often: 0.83 (0.48-1.44) 

Pain at 16 years  Despite in girls have sleeping 
problems “sometimes or often” at 
16 years increase the likelihood of 
having NP at 18 years, when 
adjusted for the presence of pain, 
the increased risk disappears. 

Composite variable Insufficient sleep  
Female: 3.20 (1.54-6.68) * 
Male:1.60 (0.82-3.12) 
Intermediate sleep 
Female: 1.36 (0.88-2.11)  
Male: 1.47 (1.00-2.14) 

Pain at 16 years  Insufficient quantity or quality of 
sleep at 16 years in girls is 
significantly associated with the 
increased odds of reporting NP at 
18 years. 

Shan et al. 
(2014) 

Questionnaire for school 
factors and lifestyle 

Before 12 am: 1.22 (1.03-1.43) * 
Before 1 am: 1.55 (1.20-2.00) * 
Later: 1.05 (0.66-1.67) 

Gender and family 
history 

Lie down before 12 am and 1 am 
increases the risk of NP. 

Paiva et al. 
(2015) 

Health Behaviour in 
School-Aged Children 
Questionnaire  
(score) 

1.51 (1.22-1.86) * N/A The presence of sleep deprivation 
in adolescents is significantly 
associated with increased odds of 
having NP. 

Silva et al. 
(2017) 

Specific question about 
hours of sleep 

2.05 (1.36-3.08) * Gender, age, sleeping, 
using mobile phone 
and using computer 

Sleeping 7h or less are significantly 
associated with increased odds of 
reporting NP. 
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Passos et al. 
(2017) 

Brazilian version of the 
Pittsburgh Sleep Quality 
Index 
(score) 

Sleep duration:7.43h  Sleep duration: 7.73h  N/A  No statistical difference between 
adolescents with and without NP. 

3.00 (1.53-5.87) * Adolescents with NP are 
significantly associated with 
increased odds of reporting poor 
sleep quality. 

Legend: NP (Neck Pain); N/A (Not applicable); * (statistically significant results) 
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Table 24. Measurement procedures used in the assessment of sleep.  
Study Measuring instrument  Measurement procedure 

Stahl et al. 
(2008) 

Specific question about 
daytime tiredness, difficult 
falling asleep and waking 
up during the night 

i) Participants were assessed with a question about daytime tiredness, difficulty falling asleep and waking up during 
the night using the same frequency categorization as for musculoskeletal pain symptoms (none/once a month/ at 
least once a week); 
ii) All symptoms appearing at least once a week were considered positive. 

Auvinen et al. 
(2010) 

Postal questionnaire 
(derived from the Youth 
Self- Report (YSR) 

i) Participants were assessed with the 118 items of the YSR form with 8 syndrome scales: Somatic Complaints, 
Anxious/Depressed, Withdrawn, Aggressive Behaviour, Rule-breaking Behaviour, Social Problems, Thought 
Problems and Attention Problems. Prior second order factor analysis identified 2 broad-band scales: Internalising 
(reflecting problems of Anxiety/Depression, Withdrawal and Somatic Complaints scales) and Externalising 
(reflecting Rule-breaking and Aggressive Behaviour); 
ii) Raw scores for the 8 YSR syndrome scales were used for analysis as recommended by Achenbach (1991). 

Shan et al. 
(2014) 

Specific questionnaire  i) Questionnaire divided into three parts where one of them was specific for school factors and lifestyle. 

Paiva et al., 
(2015) 

Health Behaviour in 
School-Aged Children 
Questionnaire 

i) Participants were assessed with questions about sleep duration during the weeknights and weekends, and sleep 
deprivation (defined as a difference in sleep duration equal to or more than 3h between weeknights and weekends) 
and health complaints (headaches, backache, fatigue, sadness, irritability, anxiety and difficulty in falling asleep). 
The questions were either closed or likert scale types; 
ii) Sleep deprivation (Yes/No) was defined as the difference hours of sleep, in weeknights and weekends, of 3h or 
more.  

Silva et al. 
(2017) 

Closed question  i) Participants were assessed with a specific question: "On average, how many hours per day do you sleep?" with 
the following response options: i) less than 6 h; ii) 6 to 7 h; iii) 8 to 9 h; iv) 10 h or more. 

Passos et al. 
(2017) 

Brazilian version of the 
Pittsburgh Sleep Quality 
Index (PSQI) 

i) Participants were assessed with this questionnaire that was validated to Portuguese and can assess sleep quality 
and presence of sleep disorders in a period of 1 month. It is an instrument composed of seven components 
(subjective quality, sleep latency, duration of sleep, sleep efficiency, sleep disorders, use of drugs, daily 
impairment); 
ii) Each component receive score from 0 to 3, with a total score that vary from 0 to 21 points. The scores >5 
indicate poor quality of sleep. 
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Table 25. Studies that compared self-efficacy between adolescents with and without NP. 

Study Measuring instrument Results of NP group 
WMD (95% CI) or OR (95% CI) 

Results of control group 
WMD (95% CI) or OR (95% CI) 

Adjusted 
confounding 
factors 

Main conclusions 

Niemi et al.  
(1997) 

Measured on a 7-item scale 
developed by Helenius and 
Lyttinen (1974)  
(score) 

Female 
WMD: -1.18 (0.70-2.28) * 
Male 
WMD: 0.81 (-1.02-2.64) 

N/A Girls with NP have less self-
efficacy than girls without 
NP. 

Pollock et al. 
(2011) 

Modified version of the 
Perceived Self-Efficacy Scale 
by Cowen et al., (1991)  
(score) 

Both (Female and Male) 
Medium PSE: 0.87 (0.65- 1.17) 
High PSE: 0.73 (0.52-1.03) 

N/A No significant differences in 
adolescents were found 
between perceived self-
efficacy and NP. 

Legend: NP (Neck Pain); N/A (Not applicable); PSE (Perceived Self-efficacy); * (statistically significant results) 

 

Table 26. Measurement procedures used in the assessment of self-efficacy.  

Study Measuring instrument  Measurement procedure 

Niemi et al. 
(1997) 

Measured on a 7-item 
scale developed by 
Helenius and Lyttinen 
(1974). 

i) Participants were asked to judge the extent (1-5 scale) to which the statements referring to self-efficacy applied 
to their present situation; 
Ii) A sum score for self-efficacy will be calculated and can range from 7-35.  

Pollock et al. 
(2011) 

Modified version of the 
Perceived Self-Efficacy 
Scale (PSE) by Cowen et 
al. (1991) 

No reference. 
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5. CHARACTERIZATION OF ADOLESCENTS WITH CHRONIC NECK PAIN AND 

FACTORS ASSOCIATED WITH NECK PAIN AND DISABILITY, COMPARED TO 

CHRONIC BACK AND LIMB PAIN  

Based on the study from Andias, R. & Silva, AG. (2021). “Factors associated with pain 

and pain associated disability in adolescents with chronic neck pain compared to 

chronic back and limb pain”. Pain Medicine (submitted) 

 

5.1. Introduction  

In Chapters 2 and 4 we concluded that there are few studies, with low methodological 

quality, characterizing psychosocial, and sleep factors in adolescents with chronic NP. 

Furthermore, no studies were found that assessed fear of movement. Among the 

studies found in Chapter 3, only one assessed central sensitization in adolescents with 

chronic NP and reported lower sensory thresholds both at the neck region and at a 

point distant from the neck when compared against asymptomatic adolescents, 

suggesting central sensitization (Sá & Silva, 2017). This study of Sá & Silva (2017) also 

found that 80% of adolescents with NP reported disability and suggested a positive and 

moderate correlation between pain and disability and anxiety and catastrophizing, 

further highlighting the relevance of psychosocial factors. Despite the negative 

interference of chronic NP with the daily activities of adolescents, as suggested in the 

studies from Oliveira & Silva (2016) and Sá & Silva (2017), disability has been poorly 

explored in this population as these were the only studies found reporting disability in 

the systematic reviews of Chapters 3 and 4.  

 

The focus of the systematic reviews reported in Chapters 3 and 4 was the functional 

and psychosocial changes associated with chronic NP, and the variable physical 
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activity was not included. However, as reported in chapter 2, there is inconsistency in 

the literature regarding its association with the presence of NP. Also, only 50% of the 

studies included in the systematic review of Chapter 4 compared adolescents with NP 

with adolescents with pain at other body sites, such as the lower back and/or the 

thoracic spine (Auvinen et al., 2010; Diepenmaat et al., 2006; Dolphens et al., 2016; 

Härmä et al., 2002; Paiva et al., 2015; Rees et al., 2011; Silva et al., 2017), but none 

included the comparison against limb pain. Nevertheless, it has been suggested that, 

despite some similarities, the factors associated with the presence of pain and disability 

appear to be different depending on the painful body site. While limb pain is believed to 

be predominantly traumatic, pain in the spine, specifically in the neck region, tends to 

be idiopathic and, therefore, more related to psychosocial factors than limb pain (El-

Metwally, Salminen, Auvinen, Kautiainen, & Mikkelsson, 2006; El-Metwally, Salminen, 

Auvinen, MacFarlane, & Mikkelsson, 2007; Silva et al., 2017). A more detailed analysis 

of chronic NP in adolescents, including a comparison with adolescents with pain at 

other body sites, will allow a better understanding of the factors that should be 

considered when planning the assessment and intervention for adolescents with NP 

and on its specificities. Thus, the study presented in this Chapter aimed to i) 

characterize adolescents with chronic NP in terms of i.i) sociodemographic 

characteristics, i.ii) disability, i.iii) physical activity, i.iv) psychosocial factors, i.v) sleep 

and i.vi) self-reported symptoms of central sensitization; ii) to explore the factors 

associated with both NP and disability and iii) to compare adolescents with NP with 

adolescents with back and limb pain. 

5.2. Methods 

5.2.1. Study design and participants 

This study was approved by the Council of Ethics and Deontology of the University of 

Aveiro. Participants were recruited from 4 Portuguese secondary schools, and all 
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students who attended the 10th, 11th, and 12th grades were invited to participate. Six 

high schools were initially invited, but only 4 accepted to participate in the study. The 

total number of students that met the inclusion criteria was 2410 and 2300 were invited. 

The study was first presented to the school director and then to all students in one of 

the physical education classes. Students were informed that the study involved filling in 

an online questionnaire at the beginning of a physical education class. This was 

previously arranged with the physical education teacher. Legal guardians were also 

informed about the study by an informative document. Written informed consent was 

obtained from all participants and for participants under 18 years old, written informed 

consent of the legal guardian was also obtained. All adolescents who reported no pain 

or who reported neck, back, and/or limb pain in the last 3 months, at least once a week, 

were included (between October 2018 and January 2019). Adolescents with pathology 

of the nervous or rheumatic system were excluded. Adolescents were screened for 

these exclusion criteria before filling the online questionnaire, with an initial screening 

dichotomous question.  

  

Figure 7. Illustrative pictures of the data collection set up. 
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5.2.2. Measurement instruments 

Adolescents were asked to provide information on gender, age, weight, height, scholar 

level and family situation (who they lived with) and to complete an online questionnaire 

(Figure 7) including the measurement instruments detailed below: 

 

Nordic Musculoskeletal Questionnaire 

The Nordic Musculoskeletal Questionnaire consists of 27 “Yes or No” questions and 

was used to assess the presence of pain in any of nine anatomic regions: neck, 

shoulders, wrists/hands, thoracic region, lumbar region, hips/thighs, knees, and 

ankles/feet. To facilitate the identification of the body areas, the questionnaire includes 

an illustrative body diagram (Mesquita, Ribeiro, & Moreira, 2010). To meet the recent 

definition of chronic pain, the questions of the Nordic Musculoskeletal Questionnaire 

were adapted as follows: “Had some troubles or pain in the last 3 months, at least once 

a week, in the following body areas?”, “During the last 3 months did you have to avoid 

your daily activities due to problems in the following body areas?”, “Did you have some 

troubles or pain in the last 7 days?”). The European Portuguese version of the Nordic 

Musculoskeletal Questionnaire was considered valid and reliable (Kuder-

Richarson=0.86 and Cohen’s kappa between 0.8 to 1) (Mesquita et al., 2010).  

 

For this study, and considering the responses to the Nordic Musculoskeletal 

Questionnaire, adolescents who reported no pain in the last 7 days and no pain in the 

last 3 months were considered asymptomatic. Those that only reported pain in the last 

7 days were considered to have acute pain and the remaining had chronic pain. Based 

on pain location, adolescents with chronic pain were grouped into the following 

mutually exclusive groups: i) NP, ii) thoracic and low back pain, and iii) limb pain 

(including lower and upper limb pain). Although the groups were mutually exclusive, 

adolescents with NP may also experience pain in the back or limbs, adolescents with 
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back pain may also experience pain in the limbs and adolescents with limb pain only 

experience pain in the limbs. 

 

International Physical Activity Questionnaire for Adolescents 

Physical activity was assessed with the International Physical Activity Questionnaire for 

Adolescents. This questionnaire is divided into four parts and assesses the 

performance of moderate and vigorous physical activities in the last 7 days during 

school hours, housework, activities related to transportation, and in the context of 

leisure time. For each of the four domains, adolescents reported on the number of days 

per week and periods per day spent walking, performing moderate physical activity, 

and vigorous physical activity (De Cocker et al., 2011; Ferro-Lebres, Silva, Moreira, & 

Ribeiro, 2018). According to previous studies, a minimum of 10 minutes per activity 

was considered when adolescents reported activity in the past week and each intensity 

was truncated to a maximum of 180 minutes per day (De Cocker et al., 2011; Sjostrom 

et al., 2005). To avoid unrealistic high values, the physical activity scores were also 

truncated in the different domains: i) 1800 minutes/week for school hours, ii) 1680 

minutes/week for housework and leisure time, iii) 1290 minutes/week for transportation, 

iv) 1260 minutes/week for each intensity levels of physical activity (walking, moderate 

and vigorous) and v) 2540 minutes/week for total physical activity (De Cocker et al., 

2011; Sjostrom et al., 2005). In our study, the International Physical Activity 

Questionnaire for Adolescents data were reported in minutes/week. The first validation 

of the European Portuguese version of the International Physical Activity Questionnaire 

for Adolescents suggested a significant correlation between the International Physical 

Activity Questionnaire for Adolescents and accelerometer for the total physical activity 

and moderate to vigorous physical activity in boys, with an agreed percentage of 42.3% 

(Ferro-Lebres et al., 2018).  
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Functional Disability Inventory 

This inventory consists of 15 items related to perceptions of activity limitations during 

the past 2 weeks measured with a 5-point Likert scale (“No trouble” to “Impossible”). 

Total score ranges from 0 to 60 points and higher scores indicate greater disability 

(Claar & Walker, 2006; Walker & Engle, 2015). Cut-offs for the Functional Disability 

Inventory in adolescents were established as no/minimal (0 to 12), moderate (13 to 29), 

and severe disability (≥30) in a sample of 1300 youngers (mean age=14.2±2.4) 

(Kashikar-Zuck et al., 2011). The European Portuguese version of the Functional 

Disability Inventory was considered valid and showed good test-retest reliability 

(Intraclass Correlation Coefficient - ICC=0.86) in adolescents with chronic 

musculoskeletal pain (Andias & Silva, 2019a).  

 

Depression, Anxiety and Stress Scale for Children 

This scale is a self-report instrument composed of 21 items distributed in three 

subscales: i) depression, ii) anxiety, and iii) stress. Each item is classified on a scale of 

4 points, rated from 0= “Did not apply to me at all” and 3 = “Applied to me very much, 

or most of the time”. Total score ranges from 0 to 21 points for each subscale, and 

higher scores indicate more negative affective conditions (Leal, Antunes, Passos, Pais-

Ribeiro, & Maroco, 2009; Pais-Ribeiro, Honrado, & Leal, 2004). The European 

Portuguese version of the Depression, Anxiety and Stress Scale for Children showed a 

good internal consistency (Cronbach's alpha (α)=0.78, α=0.74, and α=0.75) for 

depression, stress, and anxiety subscales, respectively, for the younger population 

(age between 8 and 15 years old) (Leal et al., 2009). This scale is often used in 

adolescents and Jovanovic et al. (2019) assessed its structural validity in adolescents 

(mean age=16.54±0.95) and suggested that the subscales of the Depression, Anxiety 

and Stress scale of 21 items can differentiate depression, anxiety, and stress in 

adolescents. 
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Basic Scale on Insomnia complaints and Quality of Sleep  

The quality of sleep was assessed with the Basic Scale on Insomnia complaints and 

Quality of Sleep. This is a self-report scale composed of 7 items covering the 

assessment of difficulties with sleep onset and maintenance and the quality and depth 

of sleep during the last month and considering a normal week of classes. Total score 

ranges from 0 to 28 points and higher scores are associated with poor quality of sleep. 

The cut-off point to distinguish good from poor sleepers was defined as 9 or more 

points (Allen Gomes et al., 2015). The European Portuguese version of the Basic Scale 

on Insomnia complaints and Quality of Sleep was shown to be valid and reliable (ICC ≥ 

0.8) for students (mean age=19.6±2.2) (Allen Gomes et al., 2015) and was also applied 

to students aged 17 to 25 years (Allen Gomes, Tavares, & Pinto de Azevedo, 2009).  

 

Pain Catastrophizing Scale 

Pain catastrophizing was assessed with the Pain Catastrophizing Scale. This is a 13 

items self-report scale that assesses catastrophic thinking and inappropriate coping 

strategies about pain, distributed in three subscales: i) rumination, ii) magnification, and 

iii) helplessness. Each item is classified on a 5-point Likert scale, rated from 0= “never” 

and 4= “always”, with higher scores indicating elevated levels of catastrophizing 

(Jacome & Cruz, 2004). Cut-offs for the Pain Catastrophizing Scale in children were 

established as low (0 to 14), moderate (15 to 25), and high (≥26) catastrophizing 

(Pielech et al., 2014). The European Portuguese version of the Pain Catastrophizing 

Scale showed construct validity and high internal consistency (α=0.91) (Jacome & 

Cruz, 2004). A recent systematic review with meta-analysis established acceptable 

psychometric properties of Pain Catastrophizing Scale in children and adolescents, 

with test-retest reliability of 0.71 (Fisher, Heathcote, Eccleston, Simons, & Palermo, 

2018). 
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Tampa Scale of Kinesiophobia 

This scale consists of 13 items related to fear of movement and the degree of 

confidence for the movement, measured on a 4-point Likert scale (1= “strongly 

disagree” and 4= “strongly agree”). The total score ranges from 13 to 52 points and 

higher scores indicate increased levels of fear of movement (Cordeiro, Pezarat-

Correia, Gil, & Cabri, 2013). Cut-offs for the Tampa Scale of Kinesiophobia in adults 

with chronic pain were established as subclinical (13 to 22), mild (23 to 32), moderate 

(33 to 42), and severe (43 to 52) (Neblett, Hartzell, Mayer, Bradford, & Gatchel, 2016). 

The European Portuguese version of the Tampa Scale of Kinesiophobia showed good 

psychometric properties in adults (α=0.82; ICC= 0.99) (Cordeiro et al., 2013). 

 

Child Self-Efficacy Scale 

This scale consists of 7 items that assess children's self-efficacy to maintain their 

normal routines when they are in pain. Each item is classified on a 5-point Likert scale 

rated from 1 (“very certain”) to 5 (“very uncertain”). Total score ranges from 7 to 35 

points and higher scores are associated with lower self-efficacy (Bursch et al., 2006). 

The European Portuguese version of the Child Self-Efficacy Scale was considered 

valid and showed good test-retest reliability (ICC=0.83) in adolescents with chronic 

musculoskeletal pain (Andias & Silva, 2020b). 

 

Central Sensitization Inventory 

The somatic and emotional symptoms associated with central sensitization were 

assessed with Central Sensitization Inventory. This inventory consists of 25 items to 

assess health-related symptoms that are common in central sensitization conditions, 

where each item can be scored on a 5-point Likert scale ranging from “never” (0) to 

“always” (4). The total score ranges from 0 to 100 points and higher scores are 

associated with more symptoms of central sensitization (Mayer et al., 2012). Central 
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Sensitization Inventory severity levels were established by Neblett et al. (Neblett et al., 

2013) as i) subclinical (0 to 29 points), ii) mild (30 to 39 points), iii) moderate (40 to 49 

points), severe (50 to 59 points) and extreme (60 to 100 points). The European 

Portuguese version of the Central Sensitization Inventory was considered valid and 

showed good test-retest reliability (ICC=0.94) in adolescents with chronic 

musculoskeletal pain (Andias & Silva, 2020a). 

 

5.3. Statistical analysis 

Statistical analyses were performed using Statistical Package for Social Sciences 

(SPSS) Software, version 22.0. Summary statistics were used to describe 

characteristics of the sample using means and standard deviations for continuous 

variables and counts (n), and percentages (%) for categorical variables. Differences 

between adolescents with i) chronic NP, ii) chronic back pain, iii) chronic limb pain, and 

iv) adolescents without pain were explored using chi-square tests for categorical 

variables and One-Way ANOVAs for continuous variables. The criteria for normality of 

residues and homogeneity of variances were tested. Since the normality of the 

residues was not verified in any of the variables, the Kruskal – Wallis test was 

performed. However, for all analyses the nonparametric equivalent corroborated the 

parametric statistics, and, therefore, the parametric test results are reported. 

Independent logistic-regression analyses were used to examine univariable and 

multivariable associations between the independent variables (sociodemographic 

characteristics: gender, age, Body Mass Index (BMI), and family situation; physical 

activity; psychosocial factors: anxiety, depression, and stress, catastrophizing, fear of 

movement, self-efficacy; sleep, and self-reported symptoms of central sensitization) 

and the dependent variables (presence of chronic neck, back and limb pain). The 

results for each independent variable were presented in OR and 95% CI. Independent 

linear regression analyses were used to explore univariable and multivariable 
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associations between the same independent variables plus the number of painful body 

sites and the total score of the Functional Disability Inventory as the dependent 

variable.  

The univariable analyses were performed using the enter method and a p≤ 0.10 

required for variables to enter the multivariable models. The multivariable analyses 

were performed using the stepwise method. The assumptions for the regression 

models (Hosmer and Lemeshow test for logistic regression and normality of the 

residuals for linear regression) were met. Significance was set at p<0.05. 

5.4. Results 

A total of 1730 adolescents (76.2%) answered the online questionnaire. Of these, 753 

(43.5%) adolescents were classified in the group with chronic NP (mean age ± 

SD=16.30±1.14; 73.3% female), 384 (22.2%%) in the group with chronic back pain 

(mean age ± SD=16.29±1.19; 60.7% female), 298 (17.2%) in the group with chronic 

limb pain (mean age ± SD=16.30±1.23; 46.3% female), and 252 (14.6%) did not report 

pain (mean age ± SD=16.50±1.22; 32.1% female). Adolescents with acute pain (n=43) 

were excluded from this analysis due to the small sample size. A detailed 

characterization of the subgroups is presented in Table 27.  

5.4.1. Characteristics of adolescents with NP and comparison with 

asymptomatic adolescents 

Adolescents with NP reported higher levels of disability (p<0.001), catastrophizing 

(p<0.001), fear of movement (p<0.001), anxiety, depression, and stress (p<0.001), and 

symptoms of central sensitization (p<0.001), poorer quality of sleep (p<0.001), and 

lower self-efficacy (p<0.001) than asymptomatic adolescents.  
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5.4.2. Comparison of adolescents with NP with adolescents with back 

and limb pain 

Comparisons among the 3 groups of adolescents with pain, revealed that the group of 

adolescents with chronic NP reported higher levels of disability (p<0.001), anxiety, 

depression, and stress (p<0.001), and self-reported symptoms of central sensitization 

(p<0.001) when compared to the other two groups. Adolescents with chronic NP had 

poorer quality of sleep (p<0.001), higher levels of catastrophizing (p=0.02), and lower 

levels of self-efficacy (p<0.001) compared to adolescents with limb pain, but similar to 

those with back pain (p>0.05). No other significant differences were found. These 

comparisons are illustrated in Figures 8-14. 

 

Figure 8. Mean scores of the Functional Disability Inventory and results of the 

comparisons among the groups with NP and without pain, back and limb pain.   
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Figure 9. Mean scores of the Depression, Anxiety and Stress Scale for Children and 

and results of the comparisons among the groups with NP and without pain, back and 

limb pain. 

 

 

Figure 10. Mean scores of the Basic Scale on Insomnia complaints and Quality of 

Sleep and results of the comparisons among the groups with NP and without pain, 

back and limb pain.  
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Figure 11. Mean score of the Pain Catastrophizing Scale and results of the 

comparisons among the groups with NP and without pain, back and limb pain.  

 

Figure 12. Mean score of the Tampa Scale of Kinesiophobia and results of the 

comparisons among the groups with NP and without pain, back and limb pain.  
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Figure 13. Mean scores of the Child Self-Efficacy Scale and results of the comparisons 

among the groups with NP and without pain, back and limb pain.  
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Figure 14. Mean scores of the Central Sensitization Inventory an results of the 

comparisons among the groups with NP and without pain, back and limb pain.  

 

5.4.3. Univariable association between NP and sociodemographic 

variables, physical activity, psychosocial factors, sleep, and 

symptoms of central sensitization and comparison with back and limb 

pain 

The univariable model showed that being a female (OR=5.80, p<0.05), reporting 

moderate (OR=2.51, p<0.05) and high (OR=4.55, p<0.05) catastrophizing, mild 

(OR=2.35, p<0.05), and moderate (OR=4.77, p<0.05) fear of movement, lower levels of 

self-efficacy (OR=2.31, p<0.05), poor quality of sleep (OR=3.22, p<0.05) and mild 

(OR=9.24, p<0.05) or moderate (OR=42.11, p<0.05) self-reported symptoms of central 

sensitization, significantly increased the odds of reporting chronic NP. Similarly, these 
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factors significantly increased the odds of reporting back and limb pain. Higher levels of 

anxiety, depression, and stress (OR=9.90, p<0.05) were associated with NP, and also 

with back pain, but not with limb pain (p>0.05), and severe self-reported symptoms of 

central sensitization were associated with increased odds of reporting NP (OR=8.16, 

p<0.05), but not back or limb pain (Table 28).  

5.4.4. Multivariable association between NP and sociodemographic 

variables, psychosocial factors, sleep, and symptoms of central 

sensitization and comparison with back and limb pain 

Being a female significantly increased the odds of reporting chronic NP (OR=3.88, 

p<0.05), as well as back and limb pain. Mild and moderate self-reported symptoms of 

central sensitization (OR=5.25, p<0.05) and poorer sleep (OR=1.58, p<0.05) increased 

the odds of NP and also back pain, but not of limb pain (p>0.05). None of the other 

variables were associated with NP (p>0.05). However, kinesiophobia was associated 

with back pain (OR=1.77 for mild fear of movement, p<0.05) and limb pain (OR=1.99 

and 2.51 for mild and moderate fear of movement, respectively, p<0.05). The 

Nagelkerke R² was 0.31, 0.24, and 0.07 in the multivariable model of the neck, back 

and limb pain, respectively (Table 28). Figure 15 illustrates the factors associated with 

neck, back, and limb pain. 
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Figure 15. Similarities and differences between the groups of with neck, back, and limb 

pain for the factors associated with the presence of pain. 

The continuous orange lines represent the factors associated with NP, the dotted lines 

in blue represent the factors associated with back pain, and the dashed lines in green 

represent the factors associated with limb pain in the univariate analysis. The thicker 

lines represent the factors that remained in the multivariable analysis. 

5.4.5. Univariable association between disability and sociodemographic 

variables, number of pain sites, physical activity, psychosocial factors, 

sleep, and symptoms of central sensitization in NP and comparison 

with back and limb pain 

The univariable model showed that in the group of adolescents with NP disability was 

significantly associated with higher levels of anxiety, depression, and stress (p<0.05), 

catastrophizing (p<0.05), fear of movement (p<0.05), and self-reported symptoms of 

central sensitization (p<0.05), poor quality of sleep (p<0.05), lower levels of self-

efficacy (p<0.05) and a higher number of painful body sites (p<0.05). Similarly, these 

factors were significantly associated with disability in the groups of adolescents with 

back and limb pain. In addition, being a female was associated with disability in the 

group of adolescents with neck and back pain (p<0.05) but not with limb pain (p>0.10). 
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In contrast, higher BMI was associated with disability in the group with limb pain 

(p<0.05) but not in the group with NP (Table 29 and Figure 16).  

 

 

Figure 16. Variables associated with disability: the plots show the adjusted R² values 

for univariate regression analyses for the NP group. 

The thickness of the arrows represents the strength of the association measured by the 

R², with dotted lines representing non-significant associations (p>0.05). 

5.4.6. Multivariable association between disability and sociodemographic 

variables, number of pain sites, physical activity, psychosocial factors, 

sleep, and symptoms of central sensitization in NP and comparison 

with back and limb pain 

In the group of adolescents with chronic NP, disability was significantly associated with 

higher levels of anxiety, depression, and stress, catastrophizing and self-reported 

symptoms of central sensitization, poorer quality of sleep, lower levels of self-efficacy, 

and a higher number of painful body sites. The model was statistically significant 

(F=91.64; p<0.001) with an adjusted R² of 0.42, suggesting that 42% of disability 

variance was explained by these variables. The same variables were significantly 

associated with disability in the group of adolescents with back pain, except for self-

efficacy and self-reported symptoms of central sensitization, and the model was also 

statistically significant (F=40.28; p<0.001) with an adjusted R² of 0.34.  In the group of 
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adolescents with limb pain, disability was associated with sleep impairments, 

catastrophizing, a larger number of painful body sites, and also a higher BMI and 

higher levels of fear of movement. The model was statistically significant (F=19.56; 

p<0.001) with an adjusted R² of 0.24 (Table 29). Figure 17 illustrates the different 

factors associated with disability in the groups with neck, back, and limb pain.  

 

 

Figure 17. Similarities and differences between the groups with neck, back, and limb 

pain for the factors associated with disability. 

The continuous orange lines represent the factors associated with disability in the 

group of adolescents with NP, the dotted lines in blue represent the factors associated 

with disability in the group of adolescents with back pain and the dashed lines in green 

represent the factors associated with disability in the group of adolescents with limb 

pain in the univariable analysis. Thicker lines represent the factors that remained in the 

multivariable analysis. 

5.5. Discussion 

This study characterized a sample of adolescents with chronic NP, assessed the 

variables associated with both the presence of chronic NP and disability and compared 

these with a group of adolescents with chronic back, and limb pain. To the best of our 



 

100 

 

knowledge, this is the first study exploring a wide range of variables including 

psychosocial (depression, anxiety, and stress, catastrophizing, fear of movement, self-

efficacy), disability, physical activity, sleep, and self-reported symptoms of central 

sensitization in adolescents with NP and directly comparing them with adolescents with 

pain at other body sites. 

5.5.1. Characteristics of adolescents with chronic NP and comparison 

with adolescents with chronic back and limb pain 

Our findings suggested that adolescents with NP report more disability, anxiety, 

depression, and stress, catastrophizing, fear of movement, and self-reported symptoms 

of central sensitization, and lower sleep quality and self-efficacy than asymptomatic 

adolescents. These findings are in line with previous studies. A recent systematic 

review (Andias & Silva, 2019b) found that adolescents with NP have higher levels of 

depression, anxiety, stress, catastrophizing, and sleep impairments compared to 

adolescents without pain. This review also reported that for self-efficacy there is 

conflicting evidence on whether there are differences between adolescents with and 

without NP and no studies were found for fear of movement. The association between 

pain and psychosocial symptoms has also been reported for musculoskeletal pain in 

general. Noel et al. (2016) found that adolescents with chronic musculoskeletal pain, 

headache, and stomachache (mean age ± SD=16.0±0.12) reported significantly higher 

anxiety and depressive symptoms, insufficient sleep, and poorer general health 

compared to asymptomatic adolescents. Taken together, these findings highlight the 

importance of assessing psychosocial factors, disability, sleep, and self-reported 

symptoms of central sensitization in adolescents with chronic NP.  

 

When compared to the groups that reported back and limb pain, the group of 

adolescents with NP reported higher disability, depression, anxiety, stress, and self-
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reported symptoms of central sensitization, and poorer quality of sleep, but there are 

no differences between adolescents with neck and back pain regarding 

catastrophizing, self-efficacy, and sleep. Looking at the characteristics of adolescents 

with NP, it is possible to see that they also reported a higher mean number of painful 

body sites, which has been linked to a negative impact on physical and mental health 

in this age group (Harrison et al., 2016; Paananen et al., 2011) and might contribute to 

explain the differences found between the three groups of adolescents with pain. 

5.5.2. Factors associated with chronic NP and comparison with chronic 

back and limb pain  

Regarding the variables associated with NP, results suggest that in the univariable 

analysis, 6 of the 11 variables used for the regression models were associated with an 

increased odds of reporting NP and also back, and limb pain. These were: gender, 

sleep, catastrophizing, fear of movement, self-efficacy, and self-reported symptoms of 

central sensitization. Also, depression, anxiety, and stress were significantly associated 

with an increased odds of reporting neck and back pain, but not limb pain. However, 

when these variables were included in the multivariable models, i) only gender 

remained common to all the three groups, ii) self-reported symptoms of central 

sensitization and sleep impairments remained associated with increased odds of 

reporting neck and back pain, and iii) higher levels of fear of movement remained 

associated with higher odds of pain in back and limbs. While the univariable model only 

establishes the association between an independent variable and a specific outcome, 

the multivariable model allows us to examine the association of a set of variables with 

the outcome and, consequently, determines those that are the most important factors 

associated with the outcome (Katz, 2011). Thus, our results suggest that gender, self-

reported symptoms of central sensitization, and sleep impairments are the variables 

that most determine the increased odds of reporting neck and back pain. We also 
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found that, among our variables of interest, gender, and fear of movement are those 

that are most associated with the increased odds of reporting limb pain. Besides, fear 

of movement also seems to be an important determinate for low back pain. Therefore, 

we can suggest that there are similar factors associated with the presence of neck, 

back, and limb pain, but there are also differences that should be considered when 

assessing and treating adolescents with different chronic pain complaints. 

 

In the literature, several studies showed that girls are more likely to have chronic 

musculoskeletal pain in general (El-Metwally et al., 2007; Martin, McGrath, Brown, & 

Katz, 2007; Stahlschmidt, Hübner-Möhler, Dogan, & Wager, 2019) and also 

neck/shoulder and back pain (Diepenmaat et al., 2006). However, a few studies have 

reported that gender was not associated with the presence of pain in the lower limbs 

(El-Metwally, Salminen, Auvinen, Kautiainen, & Mikkelsson, 2005; El-Metwally et al., 

2006). In our study, the group of adolescents with limb pain had not only lower limb 

pain but also upper limb pain, which may have contributed to the significant association 

with gender. Self-reported symptoms of central sensitization and sleep were associated 

with increased odds of reporting neck and back pain. Although no studies have been 

found in adolescents, studies in adults have reported the impact of central sensitization 

on chronic musculoskeletal pain (Nijs et al., 2010; Roussel et al., 2013). Central 

sensitization related to chronic pain has been associated with an abnormal increase of 

pain as a consequence of several mechanisms including neuronal hyperexcitability, 

malfunctioning of nociceptive pathways, and altered sensory processing in the brain 

(Nijs et al., 2010; Woolf, 2011). Moreover, central sensitization is also characterized by 

multiple painful body sites, as found in the groups with neck and back pain. Poor sleep 

has been found to be associated with chronic non-specific musculoskeletal pain in 

adolescents (Auvinen et al., 2010; Badawy, Law, & Palermo, 2019; Harrison et al., 

2016). A recent systematic review (Andias & Silva, 2019b) also reported that sleep 
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impairments are associated with increased odds of reporting NP in adolescents. 

Additionally, Evans et al. (2017) explored the indirect effect of sleep on pain in 

adolescents with chronic pain, including musculoskeletal, headache, and abdominal 

pain (mean age ± SD=14.5±2.4). Sleep quality was a significant predictor of chronic 

pain, but also a significant predictor of negative emotions, which, in turn, were a 

significant predictor of pain. In general, poor sleep may promote a set of 

biopsychosocial consequences, including increased pain catastrophizing and a 

decrease in the effectiveness of endogenous pain mechanisms, which also contribute 

to pain (Finan et al., 2013; Valrie, Bromberg, Palermo, & Schanberg, 2013).  

 

In the multivariable analysis, there is no common determinate of pain among the group 

of adolescents with neck and limb pain, besides gender. Fear of movement remained 

associated with the presence of pain in the group of adolescents with limb and back 

pain. According to the fear-avoidance model of pain, fear and catastrophic thoughts in 

response to pain increase the risk of developing chronic musculoskeletal pain (Leeuw 

et al., 2007; Turk & Wilson, 2010). A theoretical study in children and adolescents 

explored that the fear-avoidance cycle is characterized by avoidance, emotional 

suffering, and dysfunction, which also have a negative influence on pain (Asmundson, 

Noel, Petter, & Parkerson, 2012). No study was found that investigated the association 

between fear of movement and chronic pain in adolescents. In adults, a few studies 

have found an association between kinesiophobia and an increased likelihood of 

reporting chronic low back pain (Comachio, Magalhães, Campos, Silva, & Marques, 

2018; Picavet, Vlaeyen, & Schouten, 2002). The finding that fear of movement was the 

only determinate, in addition to gender, that was associated with pain in the limbs may 

be explained by its likely traumatic origin and the fear of reinjury. El-Metwally et al. 

(2006) suggested that risk factors and consequences of traumatic and non-traumatic 

lower limb pain were different in preadolescents. Traumatic lower limb pain was more 
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associated with physical activities while non-traumatic pain was more associated with 

psychosocial variables. This reason may also help to explain the non-association of 

fear of movement with NP that tends to have a non-traumatic origin and the low 

Nagelkerke R² (0.07) for the model in the group of adolescents with limb pain. Other 

factors, such as the type and intensity of physical activity (El-Metwally et al., 2006; 

Guddal et al., 2017), which were not included in this analysis, may be associated with 

limb pain. On the other hand, the association of fear of movement in the group of 

adolescents with back pain may be related to more common negative beliefs in 

avoiding movement associated with the back (O’Sullivan, Smith, Beales, & Straker, 

2017), and perhaps an increased need for higher range of motion for daily activities 

compared to the neck region.  

 

Finally, in our study, physical activity was not associated with neck, back or limb pain, 

as reported in previous studies (Malmborg et al., 2019; Stommen, Verbunt, Gorter, & 

Goossens, 2012), but contrary to others (Heikkala, Paananen, Taimela, Auvinen, & 

Karppinen, 2019; Long, Palermo, & Manees, 2008). The use of different measurement 

instruments between studies (objective measurements versus self-report) and the 

different levels of physical activity of the sample may contribute to the differences 

between studies.  

5.5.3. Factors associated with disability in chronic NP and comparison 

with chronic back and limb pain 

Similarly to pain, our results suggest common factors associated with disability among 

the three groups, but also differences. Our findings showed that in the univariable 

analysis, 7 of the 11 variables used in the regression models were significantly 

associated with disability in the group of adolescents with NP, and also in the groups of 

adolescents with back and limb pain. These were: higher levels of anxiety, depression, 
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and stress, catastrophizing, fear of movement, number of painful body sites, self-

reported symptoms of central sensitization, poorer sleep, and lower self-efficacy. Still, 

in the univariable analysis, female gender was significantly associated with disability in 

the groups of adolescents with neck and back pain, but not in the group of adolescents 

with limb pain. Older age and higher BMI were also associated with disability in the 

groups of adolescents with neck and limb pain, but not in the group of adolescents with 

back pain. However, in the multivariable models, i) self-reported symptoms of central 

sensitization and lower levels of self-efficacy remained associated with disability in the 

group of adolescents with NP only, ii) higher levels of anxiety, depression, and stress 

remained associated with disability in the group of adolescents with NP, and also in the 

group of adolescents with back pain, iii) catastrophizing, number of painful body sites 

and sleep remained associated with disability in the group of adolescents with NP, and 

also in the groups of adolescents with back and limb pain, and iv) BMI and higher 

levels of fear of movement were associated with disability in the group of adolescents 

with limb pain. The amount of variance explained by the models was higher in the 

groups of adolescents with neck (R² of 0.42) and back pain (R² of 0.34), compared to 

the group of adolescents with limb pain (R² of 0.24). Other variables that may have an 

impact on disability, such as parents' pain behavior or pain intensity (Palermo, Valrie, & 

Karlson, 2014) were not investigated in this study and may account for some of the 

unexplained variance. No studies were found in adolescents with chronic NP that 

explored the R² in multivariate models of disability. Lynch et al. (2006) in adolescents 

with back pain associated with other painful body sites reported an R² of 0.43 for a 

model of explained disability including gender, pain intensity, catastrophizing, and 

family history of chronic pain. Gauntlett-Gilbert & Eccleston (2007) found an R² of 0.36 

in a model of disability including pain intensity and depression in 110 adolescents with 

complex regional pain syndrome, head, and abdominal pain. Differences in the sample 

characteristics, as well as in the type and number of variables included, and in the 
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method chosen for the regression analysis, must be taken into account when 

comparing these studies. 

 

Lynch et al. (2006) in 65 adolescents (mean age± SD=14.9±2.6) with chronic back 

pain, including NP, found that catastrophizing was the most strong determinate of 

functional disability. Exaggerated and negative thoughts and expectations in response 

to a painful or potentially painful experience have been associated with a decrease in 

management and control capacity of pain, which, in turn, influences negatively the 

participation in daily activities, resulting in increased functional disability (Simons & 

Kaczynski, 2012; Tran et al., 2015). Sleep is both a predictor of disability and of 

negative emotions which, in turn, are also a predictor of disability (Evans et al., 2017). 

Anxiety, depression, and stress remained associated with disability in adolescents with 

neck and back pain, but not with limb pain, suggesting that these factors are more 

relevant in those painful conditions, potentially due to the more idiopathic nature of the 

pain. In previous studies depression, anxiety and stress were also associated with 

disability in adolescents with neck and back pain (Kashikar-Zuck, Goldschneider, 

Powers, Vaught, & Hershey, 2001; Simons, Sieberg, & Claar, 2012; Stommen, 

Verbunt, Gorter, & Goossens, 2012). Regarding self-efficacy and self-reported 

symptoms of central sensitization, these were only associated with disability in the 

group of adolescents with NP. Although the NP group has similar values of self-efficacy 

compared to the back pain group, once again the fact that the NP group could also 

have back and limb pain, and consequently multiple painful body sites, may explain this 

association. Nevertheless, it may suggest that the combination of neck and back pain 

is associated with lower levels of self-efficacy (61% of adolescents in the NP group 

also had back pain) to a greater extent than lower back or limb pain only and than both 

back and limb pain combined. Lower levels of self-efficacy have been associated with 

higher levels of functional disability (Kalapurakkel et al., 2015). Self-efficacy is a 
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protective resilience factor that increases confidence to perform actions and activities, 

which has been reported as an important factor associated with disability in 

adolescents with different chronic pain conditions (Carpino, Segal, Logan, Lebel, & 

Simons, 2014; Kalapurakkel et al., 2015).  

 

The presence of self-reported symptoms of central sensitization was also higher in the 

NP group compared to the other two groups, and these remained associated with 

disability in the NP group. Again, the combination of neck and back pain may be a 

relevant factor that contributes to this association. Despite the lack of evidence in 

adolescents concerning central sensitization, Tanaka et al. (Tanaka et al., 2019) 

suggested that higher levels in the Central Sensitization Inventory predicted higher 

disability in a sample of 553 adults with musculoskeletal pain. Clinical symptoms tend 

to be worse with increasing Central Sensitization Inventory scores, thus increasing 

disability levels (Tanaka et al., 2019).  

 

Similarly to the findings for factors associated with pain, fear of movement was 

associated with disability in the group of adolescents with limb pain only. A recent 

systematic review explored the role of the kinesiophobia on disability, in adults with 

chronic musculoskeletal pain, and reported that moderate evidence indicates that 

kinesiophobia predicts the progression of disability (Luque-Suarez, Martinez-Calderon, 

& Falla, 2019). Similarly, Martin et al. (2007) in a small sample of adolescents (mean 

age±SD= 14.2±2.2) with chronic pain, including musculoskeletal, abdominal, head and 

neuromuscular pain, suggested that fear of pain accounted for 39.9% of the variance in 

pain-related disability. This finding might suggest that the presence of pain only in the 

limbs is associated with higher levels of fear of movement to a greater extent than their 

combination with other areas.  
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5.5.4. Factors simultaneously associated with pain and disability in 

chronic NP and comparison with chronic back and limb pain 

Interestingly, when comparing the factors associated with pain and disability, some 

factors are common to both models but there are also differences. In the group of 

adolescents with NP, self-reported symptoms of central sensitization and sleep 

impairment were associated with both pain and disability. In the groups of adolescents 

with back and limb pain, only sleep and fear of movement, respectively, were 

associated with both pain and disability. In contrast, i) gender was associated with pain 

in all groups, ii) catastrophizing and number of painful body sites were associated with 

disability in all groups, iii) depression, anxiety and stress were associated with disability 

in the groups of adolescents with neck and back pain, and iv) BMI was associated with 

disability in the group of adolescents with limb pain only. These findings emphasize the 

importance of assessing these variables in adolescents with chronic musculoskeletal 

pain and suggest that when designing interventions targeting both pain and disability, 

all these variables should be considered. 

5.5.5. Clinical Implications 

Our findings highlight the need to consider depression, anxiety and stress, 

catastrophizing, fear of movement, self-efficacy, sleep, and self-reported symptoms of 

central sensitization when assessing and treating adolescents with chronic NP, but also 

with back, and limb pain. Furthermore, the findings suggest the presence of similar 

factors associated with pain and disability among adolescents with neck, back, and 

limb pain, but also differences according to the painful body area. Regarding the 

presence of pain, special attention should be paid to the assessment of self-reported 

symptoms of central sensitization and sleep in adolescents with neck and back pain, as 

well as to fear of movement in adolescents with limb and back pain. Concerning 

disability, catastrophizing, sleep, and the number of painful body sites should be 
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considered independently of pain location. In addition, anxiety, depression, and stress 

should be taken into account in adolescents with neck and back pain, and fear of 

movement in limb pain. Results suggest that interventions targeting adolescents with 

chronic pain may have a common structure, independent of painful body site, but also 

specific components that target additional relevant factors associated with pain and 

disability that depend on the painful body region. Furthermore, our findings suggest a 

need for preventive strategies and early interventions targeting pain that should be 

delivered at schools to reach a high number of (virtually all) adolescents. 

5.5.6. Limitations and future research 

The findings of this study should be analysed in light of its limitations. The sample was 

divided into 3 mutually exclusive groups. Nevertheless, adolescents in each group had 

other painful body sites: adolescents in the NP group could have back and limb pain; 

adolescents in the back group could have limb pain but not NP, and adolescents with 

limb pain only had limb pain. This is likely to have impacted the number of painful body 

sites in each of the groups and consequently the results. However, adolescents with 

NP (which were the focus of this study) have multiple painful body sites and, therefore, 

including other painful body sites in this group better represents the reality and 

facilitates the comparison between adolescents with NP and adolescents without NP 

but with pain at other body sites. Nevertheless, the results suggest that the 

combination of different painful body sites may influence the identification of the most 

relevant factors. This should be explored in future studies, eventually grouping 

participants by their chief pain complaint. The transversal nature of this study does not 

allow for a cause-effect determination. Longitudinal studies are needed to inform on the 

long-term predictive value of these variables both for the appearance and maintenance 

of NP. Also, the sample in this study is community-based, and cannot be generalized to 

adolescents in clinical settings. 
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5.6. Conclusion 

In summary, our findings suggest that chronic NP in adolescents is a common 

complaint and that there are common and distinctive factors associated with both the 

presence of NP pain and with disability. Similarly, there are also commonalities and 

differences between adolescents with NP and adolescents with chronic back and limb 

pain that should be considered when designing assessment and intervention 

strategies. Our results further highlight the relevance of psychosocial factors, sleep, 

and self-reported symptoms of central sensitization in pain and disability in adolescents 

with chronic NP and musculoskeletal pain in general. Future studies should explore its 

relevance to the long-term maintenance of chronic NP. 
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Table 27. Characterization of adolescents without musculoskeletal pain, with chronic neck, back, and limb pain.  

Variables Without pain 

(n=252) 

Chronic pain p-value 

 Neck Pain  

(n=753) 

Back Pain  

(n=384) 

Limb Pain  

(n=298) 

Gender Girls 81 (32.1%) 552 (73.3%) 233 (60.7%) 138 (46.3%) <0.001 

Boys 171(67.9%) 201 (26.7%) 151 (39.3%) 160 (53.7%) 

Age (years)  16.50±1.22 16.30±1.14 16.29±1.19 16.30±1.23 0.105 

BMI (Kg/m2)  21.26±3.21 21.77±7.56 22.03±6.11 21.72±3.47 0.500 

Scholar level 10th  82 (32.5%) 260 (34.5%) 145 (37.8%) 117 (39.3%)  

0.574 11th  77 (30.6%) 236 (31.3%) 115 (29.9%) 91 (30.5%) 

12th  93 (36.9%) 257 (34.1%) 124 (32.3%) 90 (30.2%) 

Family situation 
(Lives with…) 

Father and mother 174(69.0%) 504 (66.9) 254 (66.1%) 206 (69.1%) 0.788 

Mother 54 (21.4%) 151 (20.1%) 79 (20.6%) 57 (19.1%) 

Father 7 (2.8%) 19 (2.5%) 7 (1.8%) 8 (2.7%) 

Other 17 (6.7%) 79 (10.5%) 44 (11.5%) 27 (9.1%) 

Number of painful body 
sites (mean±SD) 

 - 3.81±1.68 2.56±1.24 1.65±0.82 <0.001 

Search for health care 
because of pain 

Yes - 347 (46.1%) 195 (50.9%) 137 (46.0%) <0.001 

 No - 406 (43.9%) 189 (49.1%) 161 (54.0%) 

IPAQ-A (0-2540 
minutes/week) 
 

Total score 1001.14±759.21 1095.02±744.72 1033.48±708.92 1120.42±755.72 0.148 

School Physical Activity 278.00±309.03 279.11±260.54 265.69±233.93 296.09±279.36 0.533 

Transportation 262.52±328.40 332.04±378.16 308.94±360.48 312.35±360.55 0.074 

Housework 127.90±255.54 152.35±235.82 129.71±237.05 141.10±223.33 0.340 

Leisure Time 426.28±477.74 403.46±455.58 402.92±442.10 468.52±479.00 0.184 

FDI (0-60) Total score 1.18±2.91 6.44±6.62 4.75±5.61 3.41±4.95 <0.001 

 No/minimal (≤12) 247 (98.0%) 641 (85.1%) 354 (92.2%) 285 (95.6%) 

Moderate (13-29) 5 (2.0%) 107 (14.2%) 27 (7.0%) 13 (4.4%) 

Severe (≥30) 0 (0.0%) 5 (0.7%) 3 (0.8%) 0 (0.0%) 

DASS-C (0-63) Total score 3.66±5.98 13.68±12.55 9.65±10.16 5.77±6.89 <0.001 

DASS-C ≤ 21 245 (97.2%) 587 (78.0%) 340 (88.5%) 286 (96.0%) 

DASS-C >21 7 (2.8%) 166 (22.0%) 44 (11.5%) 12 (4.0%) 

Anxiety (subscale score 

DASS-C) 

0.80±1.64 3.55±4.13 2.48±3.17 1.22±1.79 <0.001 

Depression (subscale score 1.44±2.68 5.02±4.98 3.70±4.21 2.28±3.23 <0.001 
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DASS-C) 

Stress (subscale score 

DASS-C) 

1.42±2.41 5.11±4.60 3.47±3.89 2.27±2.96 <0.001 

BaSIQS (0-28) Total score 6.52±3.81 9.29±4.91 8.98±4.71 7.47±3.84 <0.001 

Good sleepers (<9) 191 (75.8%) 371 (49.3%) 201 (52.3%) 193 (64.8%) 

Poor sleepers (≥9) 61 (24.2%) 382 (50.7%) 183 (47.7%) 105 (35.2%) 

PCS (0-52) Total score 5.71±8.22 11.74±10.89 10.55±9.98 9.62±10.57 <0.001 

Low (≤14) 221 (87.7%) 528 (70.1%) 283 (73.7%) 232 (77.9%) 

Moderate (15-25) 23 (9.1%) 138 (18.3%) 64 (16.7%) 41 (13.8%) 

High (≥26) 8 (3.2%) 87 (11.6%) 37 (9.6%) 25 (8.4%) 

Rumination (subscale) 2.20±3.39 4.27±4.18 3.93±3.96 3.54±4.16 <0.001 

Magnification (subscale) 1.22±1.99 2.64±2.77 2.38±2.49 2.23±2.70 <0.001 

Helplessness (subscale) 2.29±3.46 4.83±4.83 4.24±4.45 3.85±4.59 <0.001 

TSK (13-52) Total score 20.10±7.63 24.15±7.11 23.43±7.04 22.88±7.29 <0.001 

Subclinical (13-22) 168 (66.7%) 331 (44.0%) 165 (43.0%) 146 (49.0%)  

Mild (23-32) 70 (27.8%) 324 (43.0%) 182 (47.4%) 126 (42.3%) 

Moderate (33-42) 10 (4.0%) 94 (12.5%) 36 (9.4%) 23 (7.7%) 

Severe (43-52) 4 (1.6%) 4 (0.5%) 1 (0.3%) 3 (1.0%) 

CSES (7-35) Total score 13.98±6.69 16.84±5.89 16.16±6.13 15.01±6.09 <0.001 

CSES ≤14 139 (55.2%) 262 (34.8%) 153 (39.8%) 143 (48.0%)  

CSES >14 113 (44.8%) 491 (65.2%) 231 (60.2%) 155 (52.0%) 

CSI (0-100) Total score 11.17±10.28 27.13±14.95 21.39±13.21 16.09±10.88 <0.001 

Subclinical (0-29) 240 (95.2%) 456 (60.6%) 291 (75.8%) 264 (88.6%) 

Mild (30-39) 9 (3.6%) 158 (21.0%) 55 (14.3%) 23 (7.7%) 

Moderate (40-49) 1 (0.4%) 80 (10.6%) 25 (6.5%) 8 (2.7%) 

Severe (50-59) 2 (0.8%) 31 (4.1%) 9 (2.3%) 3 (1.0%) 

Extreme (>60) 0 (0.0%) 28 (3.7%) 4 (1.0%) 0 (0.0%) 

BMI, Body Mass Index; NP, Neck Pain; IPAQ-A, International Questionnaire of Physical Activity for Adolescents; FDI, Functional Disability Inventory; DASS-C, 

Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa 

Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 28. Odds ratios and 95% confidence intervals for univariable and multivariable associations with chronic neck, back, and limb pain.  

  Neck pain 

Nagelkerke R²=0.31 

Back pain 

Nagelkerke R²=0.24 

Limb pain 

Nagelkerke R²=0.07 

Variables  Univariable 

OR; CI95% 

Multivariable 

OR; CI95% 

Univariable 

OR; CI95% 

Multivariable 

OR; CI95% 

Univariable 

OR; CI95% 

Multivariable 

OR; CI95% 

Gender Male 1  1  1  

 Female 5.80; [4.25;7.90]** 3.88; [2.79;5.38]** 3.26; [2.33;4.55]** 2.71; [1.90;3.87]** 1.82; [1.29;2.58]** 1.72; [1.20;2.45]** 

Age  0.86; [0.76;0.98]**  0.87; [0.76;0.99]**  0.88; [0.76;1.01]*  

BMI  1.03; [0.98;1.07]  1.05; [0.99;1.10]*  1.04; [0.99;1.10]  

IPAQ-A School related PA 1.00; [0.99;1.00]  1.00; [1.00;1.00]  1.00; [1.00;1.00]  

Transportation  1.00; [1.00;1.00]  1.00; [1.00;1.00]  1.00; [1.00;1.00]*  

Housework 1.00; [1.00;1.00]**  1.00; [1.00;1.00]  1.00; [1.00;1.00]  

Leisure Time 1.00; [1.00;1.00]  1.00; [1.00;1.00]  1.00; [1.00;1.00]  

DASS-C DASS-C score (≤21) 1  1  1  

DASS-C score (>21) 9.90; [4.58;21.39]**  4.53; [2.01;10.23]**  1.47; [0.57;3.79]  

BaSIQS BaSIQS (<9) 1  1  1  

BaSIQS (≥9) 3.22; [2.34;4.45]** 1.58; [1.10;2.27]** 2.86; [2.01;4.05]** 2.07; [1.42;3.02]** 1.70; [1.17;2.48]**  

PCS Low (≤14) 1  1  1  

Moderate (15-25) 2.51; [1.57;4.01]**  2.17; [1.31;3.61]**  1.70; [0.99;2.92]*  

High (≥30) 4.55; [2.17;9.55]**  3.61; [1.65;7.91]**  2.98; [1.32;6.74]**  

TSK Subclinical (13-22) 1  1  1  

Mild (23-32) 2.35; [1.71;3.23]** 1.36; [0.94;1.94] 2.65; [1.87;3.76]** 1.77; [1.21;2.59]** 2.07; [1.44;2.99]** 1.99; [1.37;2.88]** 

Moderate (33-42) 4.77; [2.42;9.40]** 1.89; [0.89;3.99] 3.67; [1.76;7.63]** 1.68; [0.74;3.83] 2.65; [1.22;5.74]** 2.51; [1.15;5.47]** 

Severe (43-52) 0.51; [0.13;2.06] 0.21; [0.03;1.32] 0.26; [0.03;2.30] 0.25; [0.03;2.53] 0.86; [0.19;3.92] 0.83; [0.18;3.80] 

CSES CSES (≤14) 1  1  1  

CSES (>14) 2.31; [1.73;3.08]**  1.86; [1.35;2.56]**  1.33; [0.95;1.87]*  

CSI Subclinical (0-29) 1  1  1  

Mild (30-39) 9.24; [4.64;18.41]** 5.25; [2.56;10.76]** 5.04; [2.44;10.41]** 3.49; [1.64;7.45]** 2.32; [1.05;5.12]**  

Moderate (40-49) 42.11; [5.82;304.46]** 20.34; 
[2.76;149.99]** 

20.62; [2.77;153.28]** 8.63; 
[1.11;67.22]** 

7.27; [0.90;58.58]*  

Severe (50-59) 8.16; [1.94;34.38]** 4.50; [0.98;20.57] 3.71; [0.79;17.34] 2.30; [0.44;12.08] 1.36; [0.23;8.23]  

Extreme (60-100) -  -  -  

*p < 0.1; ** p < 0.05 

OR, Odd Ratio; BMI, Body Mass Index; NP, IPAQ-A, International Questionnaire of Physical Activity for Adolescents; FDI, Functional Disability Inventory; DASS-C, 

Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa 

Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory. 
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Table 29. Factors associated with disability in the subgroups of adolescents with chronic neck, back, and limb pain.  

B-coefficient, Unstandardized Regression Coefficient; β-coefficient, Standardized regression coefficient; BMI, Body Mass Index; NP, Neck Pain; IPAQ-A, International 
Questionnaire of Physical Activity for Adolescents; FDI, Functional Disability Inventory; DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic 
Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, 
Central Sensitization Inventory 

  

Neck Pain Back Pain 
 Limb Pain 

  

Univariable linear regression 
Multivariable linear regression 

(R²=0.42) 
Univariable linear regression 

Multivariable linear regression 
(R²=0.34) 

Univariable linear regression 
Multivariable linear regression 

(R²=0.24) 

Variables 
B-coefficient 

(95% CI) 
β p 

B-
coefficient 
(95% CI) 

β p 
B-coefficient 

(95% CI) 
β p 

B-coefficient 
(95% CI) 

β p 
B-coefficient  

(95% CI) 
β p 

B-coefficient 
(95% CI) 

     β p 

Gender 
(f) 

3.05 
(2.00; 4.10) 

0.20 <0.001 

  

1.70 
(0.56; 2.84) 

1.15 0.004 

  

0.8 
(0.33;1.93) 

0.08 0.17 

  

Age  
0.42 

(0.01; 0.84) 
0.07 0.05 

0.16 
(-0.32; 0.63) 

0.03 0.52 
0.43 

(-0.03; 0.88) 
0.12 0.07 

BMI 
0.06 

(-0.002; 0.12) 
0.07 0.06 

0.005 
(-0.09; 0.10) 

0.01 0.92 
0.25 

(0.09; 0.41) 
0.18 0.002 

0.16 
(0.02; 0.31) 

0.12 0.03 

Number 
of pain 
sites  

1.53 
(1.27; 1.79) 

0.39 <0.001 
0.64 

(0.40; 0.87) 
0.16 <0.001 

1.28 
(0.85; 1.72) 

0.28 <0.001 
0.76 

(0.37; 1.14) 
0.17 <0.001 

1.17 
(0.50; 1.84) 

0.20 0.001 
0.81 

(0.20; 1.41) 
0.13 0.01 

IPAQ-A 
0.00 

(0.00; 0.001) 
0.00 0.23   

6.04E-02 
(-
0.001;0.001) 

0.01 0.88   
0 

(-0.001;0.001) 
-0.03 0.62 

  

DASS-C 
0.28 

(0.25; 0.31) 
0.53 <0.001 

0.10 
(0.06; 0.15) 

0.2 <0.001 
0.24 

(0.19; 0.29) 
0.44 <0.001 

0.11 
(0.06; 0.17) 

0.21 <0.001 
0.14 

(0.06; 0.22) 
0.19 0.001 

BaSIQS 
0.6 

(0.51; 0.68) 
0.04 <0.001 

0.26 
(0.17; 0.35) 

0.19 <0.001 
0.47 

(0.36; 0.58) 
0.40 <0.001 

0.25 
(0.15; 0.36) 

0.21 <0.001 
0.46 

(0.32; 0.59) 
0.35 <0.001 

0.34 
(0.21; 0.47) 

0.27 <0.001 

PCS  
0.27 

(0.22; 0.31) 
0.44 <0.001 

0.08 
(0.03; 0.12) 

0.12 <0.001 
0.25 

(0.20; 0.30) 
0.44 <0.001 

0.12 
(0.06; 0.18) 

0.21 <0.001 
0.16 

(0.11; 0.21) 
0.34 <0.001 

0.09 
(0.04; 0.14) 

0.19 0.001 

TSK  
0.34 

(0.28; 0.40) 
0.37 <0.001   

0.28 
(0.21; 0.36) 

0.36 <0.001 
0.08 

(0.001; 0.16) 
0.1 0.05 

0.21 
(0.14; 0.29) 

0.31 <0.001 
0.10 

(0.03; 0.18) 
0.15 0.01 

CSES  
0.39 

(0.31; 0.46) 
0.35 <0.001 

0.10 
(0.03;0.17) 

0.09 0.007 
0.24 

(0.15; 0.33) 
0.26 <0.001 

  

0.13 
(0.04; 0.22) 

0.16 0.006 

  

CSI  
0.25 

(0.22; 0.28) 
0.56 <0.001 

0.07 
(0.03; 0.11) 

0.16 0.001 
0.20 

(0.16; 0.23) 
0.46 <0.001 

0.13 
(0.08; 0.18) 

0.29 <0.001 



 

115 

 

6. PREDICTORS OF PERSISTENT PAIN AND DISABILITY IN HIGH SCHOOL 

STUDENTS WITH CHRONIC NECK PAIN AT 6 MONTHS FOLLOW-UP 

Based on the study from Andias, R. & Silva, AG. (2021). “Predictors of pain persistence 

and disability in high school students with chronic neck pain at 6 months follow-up”. 

Quality of Life Research (submitted and revised). 

 

6.1. Introduction  

In Chapter 5, we found that being a female, and reporting sleep impairments, and more 

self-reported symptoms of central sensitization increase the likelihood of reporting 

current chronic NP in adolescents. We also found that a higher number of painful body 

sites, higher levels of anxiety, depression, and stress, catastrophizing, and self-

reported symptoms of central sensitization, and sleep impairments, and lower levels of 

self-efficacy were associated with current levels of disability in adolescents with chronic 

NP. However, the study described in the previous Chapter was a transversal study and 

did not allow for the assessment of the role of these variables in the long-term 

maintenance of NP. Thus, following the findings of Chapter 5 and considering that only 

two of the studies included in the systematic review of Chapter 4 were longitudinal 

studies in adolescents with NP, this chapter analysed the impact of psychosocial 

factors, disability, sleep impairments, physical activity, and self-reported symptoms of 

central sensitization at baseline in the maintenance of chronic NP at 6-month follow-up. 

 

A recent systematic review of prognostic factors for musculoskeletal pain in 

adolescents included three studies on NP (Pourbordbari et al., 2019). The results of 

these three studies suggested that the baseline factors associated with the long-term 

persistence of NP were female sex, depressive symptoms, multisite pain, and daily 
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tiredness (Pourbordbari et al., 2019). However, none of these studies explored the 

predictive capacity of aspects such as catastrophizing, fear of movement, self-efficacy, 

or self-reported symptoms of central sensitization, which might have an important role 

in the development and maintenance of chronic pain (Edwards, Dworkin, Sullivan, 

Turk, & Wasan, 2016). In line with the pediatric fear-avoidance model of chronic pain 

(Asmundson et al., 2012), negative thoughts and beliefs in confront with pain lead to a 

vicious cycle of poor expectations of recovery, that might be intensified with increased 

catastrophizing levels, higher levels of pain-related fear, hypervigilance, avoidance 

behaviors, depression, and anxiety, which in turn lead to increased fear-avoidance 

behaviors, pain perpetuation, and loss of functioning (Asmundson et al., 2012). 

 

Considering that disability is one of the main consequences of pain, the long-term 

impact of those variables on disability was also explored. Furthermore, a recent 

systematic review found no longitudinal studies exploring the predictors of long-term 

disability in community adolescents with musculoskeletal pain (Pate et al., 2020). Thus, 

this study aimed to explore whether i) sociodemographic characteristics, ii) physical 

activity, iii) psychosocial factors, iv) sleep, and v) self-reported symptoms of central 

sensitization at baseline, were associated with the persistence of chronic NP at 6-

month follow-up and with disability at 6-month follow-up in adolescents with persistent 

NP. Also, considering the finding in the previous Chapter that being a female increased 

the odds of reporting chronic NP, a secondary aim was to explore these associations 

separately for boys and girls. 

 

To our knowledge, this is the first longitudinal study exploring the role of such a 

comprehensive set of factors for both pain and disability persistence in adolescents 

with chronic NP. Knowledge of the predictive factors for persistence of pain and 

disability in adolescents with NP will help define assessment and intervention 
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strategies more adjusted to this population, which, conceivably, will lead to better 

outcomes.  

6.2. Methods 

6.2.1. Study design and participants 

This is a longitudinal component of the study conducted in the 4 Portuguese secondary 

schools approved by the Council of Ethics and Deontology of the University of Aveiro. 

All students attending the 10th, 11th, and 12th grades that in Chapter 5 reported having 

chronic idiopathic NP, defined as pain non-related to any known pathology or injury, 

perceived anywhere between the superior nuchal line and the spinous process of T1, 

which occurs weekly and persist for more than 3 months (Misailidou et al., 2010), were 

included in this study. 

Six months after the baseline assessment, adolescents with chronic NP repeated the 

online questionnaire. Data collection procedures were as described in Chapter 5, also 

at school, and in the presence of the same researcher (RA).  

6.2.2. Measurement instruments 

As reported in Chapter 5, the online questionnaire included sociodemographic data 

(age, sex, school year, and family situation, i.e., who they lived with), self-reported 

weight and height, and the following measuring instruments: i) the Nordic 

Musculoskeletal Questionnaire, ii) the Numeric Pain Rating Scale ranging from 0 (“no 

pain”) to 10 (“the worst imaginable pain”) to assess NP intensity (Castarlenas, Jensen, 

von Baeyer, & Miró, 2017); pain intensity was only collected from adolescents with NP 

and therefore, data on NP intensity was not used in the previous Chapter, iii) the 

International Physical Activity Questionnaire for Adolescents, iv) the Functional 

Disability Inventory, v) the Depression, Anxiety and Stress Scale for Children, vi) the 

Basic Scale on Insomnia complaints and Quality of Sleep, vii) the Pain Catastrophizing 
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Scale of 13 items, viii) the Tampa Scale of Kinesiophobia of 13 items, ix) the 7-items 

Child Self-Efficacy Scale, and x) the Central Sensitization Inventory. The full 

description of these instruments can be found in Chapter 5.  

6.2.3. Categorization of participants  

Adolescents that, at baseline, reported to have pain in the neck region (as defined in 

the Nordic Musculoskeletal Questionnaire) at least once a week every week for the last 

3 months, were considered as reporting chronic NP. Based on the progression of NP 

from baseline to the 6-month follow-up, each adolescent with chronic NP at baseline 

was categorized as: 

i) having persistent NP, if the adolescent reported NP at baseline and follow-up 

and did not achieve at least 50% improvement in NP intensity from baseline 

to follow-up (calculated subtracting pain intensity at baseline from pain 

intensity at 6-month follow-up); 

ii) recovered, if the adolescent did not report pain in the neck at follow-up or 

reported pain in the neck but reported at least 50% improvement in NP 

intensity from baseline to follow-up. 

This categorization was based on a classification previously used in a longitudinal 

study by Holley et al. (2017) in a sample of children and adolescents with 

musculoskeletal pain.  

6.3. Statistical analysis 

Descriptive statistics (mean and standard deviation for continuous data and 

frequencies and percentages for categorical data) were used to describe the 

characteristics of the sample. Differences between subgroups of adolescents with NP 

(persistent pain vs recovered) were explored using Student’s t-tests for continuous data 

and chi-square tests for categorical data. All adolescents completed the questionnaire 
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and there was no missing data. To determine possible factors associated with the 

persistence of chronic NP, independent logistic-regression analyses were used to 

explore univariable and multivariable associations between the independent variables 

(baseline data for sociodemographic characteristics: sex, age, BMI, and family 

situation; mean number of painful body sites; disability; physical activity; psychosocial 

factors: anxiety, depression, and stress, catastrophizing, fear of movement, self-

efficacy; sleep, and self-reported symptoms of central sensitization) and the dependent 

variable (persistent NP vs recovered NP at 6 months). Similarly, to explore the 

predictors of disability at 6-month follow-up, in the group with persistent NP, univariable 

and multivariable independent linear regression analyses between the pre-specified 

independent variables and the total score of the Functional Disability Inventory at 6-

months, which was the dependent variable. The enter method was used for the 

univariable analyses and p≤ 0.10 was required for variables to enter the multivariable 

models. The multivariable analyses were performed using the stepwise method. The 

variables that entered into the models were checked for multicollinearity using Variance 

Inflation Factor (VIF) ≤5 and the respective tolerance value (Marôco, 2014). The 

reported analyses were also repeated on girls and boys separately. Significance was 

set at p<0.05. All statistical analyses were performed using SPSS Software, version 

22.0. 

6.4. Results 

Of the 753 adolescents that reported chronic NP at baseline, 710 (94.3%) participated 

in the follow-up assessment and entered this study. Of these, 334 (47.0%) (mean age 

± SD= 16.18±1.11; 79.3% female) were classified as reporting “persistent” NP and 361 

(50.8%) (mean age ± SD= 16.30±1.12; 68.7% female) adolescents reported either no 

NP or at least a 50% reduction in their NP intensity and were classified as “recovered” 

at 6-month follow-up. Adolescents with persistent NP reported a mean (±SD) NP 
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intensity of 2.16±2.30 at baseline and 3.12±2.28 at 6-month follow-up and mean 

disability of 7.00±6.41 and 7.49±7.60, respectively. The group of recovered 

adolescents reported a mean (±SD) pain intensity of 2.43±2.31 at baseline and 

0.41±0.91 at 6-months follow-up and mean disability was 5.79±6.52 and 5.11±7.02, 

respectively.  

6.4.1. Comparison between persistent and recovered NP 

Comparisons at baseline between adolescents that reported persistent NP and those 

categorized as recovered at 6-month follow-up, showed that adolescents with 

persistent NP reported a higher number of painful body sites (p=0.002), higher levels of 

disability (p=0.01), depression, anxiety, and stress (p=0.005), sleep impairments 

(p=0.02) and more self-reported symptoms of central sensitization (p<0.001) than 

recovered adolescents (Table 30).  

Subgroup analysis for boys and girls revealed that girls who reported persistent NP 

showed more self-reported symptoms of central sensitization at baseline than girls 

recovered at 6-month follow-up (p=0.01) and boys that reported persistent NP showed 

a higher number of painful body sites (p=0.01), sleep impairments (p=0.01), higher 

levels of catastrophizing (p=0.04) and more self-reported symptoms of central 

sensitization (p=0.02) at baseline than boys who recovered at 6-month follow-up (Table 

31).  

6.4.2. Predictors of persistent NP at 6-month follow-up 

In the univariable analysis, being female (OR=1.75, p<0.05), having a higher number of 

painful body sites (OR=1.15, p<0.05), reporting higher levels of anxiety, depression, 

and stress (OR=1.02, p<0.05), reporting sleep impairments (OR=1.04, p<0.05) and 

more self-reported symptoms of central sensitization were significantly associated with 

persistent NP at 6-month follow-up (Table 32). 
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In the multivariable model, the female sex (OR=1.47, p=0.04) and the self-reported 

symptoms of central sensitization (OR=1.02, p=0.001) were the only predictive factors 

for persistent NP at 6-month follow-up. The Nagelkerke R² was 0.04 (Table 32). 

When exploring the predictive factors by sex, the self-reported symptoms of central 

sensitization (OR=1.02, p=0.03) were the only predictive factor for persistent NP at 6-

month follow-up in girls (Nagelkerke R²=0.02). In boys, the number of painful body sites 

(OR=1.22, p=0.046) and sleep impairments (OR=1.08, p=0.047) were both predictive 

factors for persistent NP at 6-month follow-up in boys (Nagelkerke R²=0.08) (Table 33).  

6.4.3. Predictors of disability at 6-month follow-up in the persistent NP 

group 

The univariable model showed that disability at 6-month follow-up was significantly 

associated with being female (<0.05), reporting a higher number of painful body sites 

(p<0.001), higher levels of pain intensity (p<0.001), higher levels of disability (p<0.001), 

more time of physical activity (p<0.05), poor quality of sleep (p<0.05), higher levels of 

anxiety, depression, and stress (p<0.001), catastrophizing (p<0.001), fear of movement 

(p<0.001) and self-reported symptoms of central sensitization (p<0.001) and lower 

levels of self-efficacy (p<0.001) at baseline (Table 34).  

In the multivariable analysis, disability at 6-month follow-up was significantly associated 

only with higher levels of disability and more self-reported symptoms of central 

sensitization at baseline. The model was statistically significant (F=105.72; p<0.001) 

with an adjusted R² of 0.40 (Table 34).  

When exploring the predictive factors by sex, disability at 6-month follow-up in girls was 

also significantly associated with higher levels of disability and more self-reported 

symptoms of central sensitization at baseline. The model was statistically significant 

(F=89.49; p<0.001) with an adjusted R² of 0.64. In boys, disability at 6-month follow-up 

was significantly associated with higher levels of physical activity and more self-
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reported symptoms of central sensitization at baseline (F=10.00; p<0.001; adjusted 

R²=0.48) (Table 35). 

Table 36 include a distribution of adolescents by the 25th, 50th, and 75th quartiles of 

the Central sensitization Inventory baseline scores. 

6.5. Discussion 

6.5.1. Recovery versus persistence rates 

This longitudinal study explored the factors associated with the persistence of chronic 

NP and disability at 6-months follow-up. To our knowledge, this is the first prospective 

study that specifically assessed the factors associated with maintenance of chronic NP 

and disability at 6-months follow-up in adolescents (age from 15 to 18 years old), 

including a large range of variables, such as catastrophizing and fear of movement, 

self-efficacy, sleep impairments, self-reported symptoms of central sensitization and 

physical activity. In this study, 47.2% of adolescents maintained their NP complaints at 

a 6-month follow-up and were categorized as reporting persistent NP. A similar 

percentage was found in the study by Stahl et al. (2008), who reported that 48.6% of 

preadolescents aged 9 to 12 years old maintained their chronic NP at 1 year of follow-

up. These findings highlight the persistence of chronic NP at younger ages and the 

need to study the factors that may contribute to it. 

6.5.2. Predictors of persistent NP at 6-month follow-up 

In the multivariable model for the whole sample, only female sex and self-reported 

symptoms of central sensitization remained significantly associated with the 

persistence of NP. In the recent systematic review of Pourbordbari et al. (2019), the 

female sex was the prognostic factor most frequently identified in primary studies as 

being associated with persistent musculoskeletal pain, and specifically with NP, at 1-

year follow-up in adolescents. Also Mikkelsson et al. (1998) in a study with 452 
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preadolescents with persistent musculoskeletal pain at baseline and mean age of 

11.8±0.37, reported that being female increased the odds of pain persisting at 1-year 

follow-up (OR=1.78; 1.18-2.69) compared to boys. A novel finding of our study was that 

self-reported symptoms of central sensitization at baseline were associated with 

persistent NP at 6-month follow-up. To our knowledge, no other studies investigated 

the association between self-reported symptoms of central sensitization and 

persistence of neck or other musculoskeletal pain in adolescents. However, current 

knowledge of the impact of central sensitization on pain may help explain this 

association. Central sensitization has been described as a neurophysiological state 

related to amplified pain facilitator mechanisms and/or reduced pain inhibitory 

mechanisms (Woolf, 2011).  

The Central Sensitization Inventory does not directly assess central sensitization, but it 

is used as an indirect measurement tool to assess symptoms associated with central 

sensitization, such as fatigue, sleep and emotional disorders, and altered sensitivity to 

environmental stimuli, e.g. bright light and odors (Mayer et al., 2012; Smart, Blake, 

Staines, Thacker, & Doody, 2012). Thus, it points towards the potential existence of 

central sensitization, and the need to direct the intervention towards the central 

nervous system (Neblett, 2018; Nijs, Paul van Wilgen, Van Oosterwijck, van Ittersum, & 

Meeus, 2011). The presence of central sensitization is often associated with 

maladaptive beliefs related to the pain experience and may contribute to the 

enhancement of the pain experience and its persistence (Chimenti, Frey-Law, & Sluka, 

2018; Graven-Nielsen & Arendt-Nielsen, 2002; Nijs, Goubert, & Ickmans, 2016). 

However, future studies should further explore this association, particularly using more 

objective and direct measures of central sensitization.  

 

The number of painful body sites, higher levels of anxiety, depression, and stress, and 

sleep impairments were significantly associated with NP persistence only in the 
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univariable model. However, previous systematic reviews suggested its association 

with the persistence of general musculoskeletal pain in adolescents (Huguet et al., 

2016; Pourbordbari et al., 2019). Only one of the included studies, Stahl et al. (2008) 

used pre-adolescents with NP and explored the baseline factors associated with NP 

persistence at 4-year follow-up. They reported a significant tendency for persistent NP 

when adolescents simultaneously experienced pain at other body sites in addition to 

the neck, reported depressive symptoms, or sleep impairments at baseline. No 

longitudinal study was found that explored the potential role of fear of movement or 

catastrophizing in NP persistence in adolescents. However, fear of movement and 

catastrophizing are predictors of the persistence of chronic pain in adults with chronic 

neck and/or upper limb pain (Karels et al., 2007). None of the studies found report the 

value of Nagelkerke R², but the Nagelkerke R² for the 6-month pain persistence 

predictor model in our study was low, suggesting that there are other important 

predictors of NP persistence that were not considered in this study, such as the history 

of parents with chronic pain (Palermo & Chambers, 2005), or the quantity of sleep and 

weekly day tiredness (Pate et al., 2020).  

 

Considering that gender remained an important factor associated with NP persistence 

in our study, an analysis by gender was also performed. While in girls the findings 

associated with the symptoms of central sensitization were highlighted, in boys, only 

the number of painful body sites and sleep impairments remained associated with the 

persistence of pain. These results agree with the differences found among the boys at 

the baseline, where boys with persistent NP reported more painful body sites and more 

sleep impairments than boys in the recovered group, although there are no differences 

between boys and girls at baseline. Previous studies in adolescents also support these 

findings. Harrison et al. (2014) reported that sleep impairments in adolescents aged 15 

years are associated with the presence of chronic musculoskeletal pain at 17 years of 
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age. Silva et al. (2017) reported that sleeping 7h or less was associated with chronic 

NP in adolescents aged 15.6 ± 1.8 years. The only study found exploring the 

association between sleep and the presence of chronic musculoskeletal pain in 

adolescents, by sex, highlighted that sleep impairments increased the odds of chronic 

musculoskeletal pain in boys, but not in girls (Andreucci et al., 2020). Several 

theoretical studies have described the relationship between sleep and pain, namely its 

importance for the regulation of the endogenous pain system (Andreucci, Groenewald, 

Rathleff, & Palermo, 2021; Badawy et al., 2019; Finan et al., 2013). Silva et al. (2018) 

also highlighted the relevance of multiple body sites in adolescents, reporting that the 

likelihood of chronic NP increases in the presence of other painful body sites, 

specifically thoracic, lumbar, shoulder and wrist/hand pain.  

6.5.3. Predictors of disability in adolescents with persistent NP 

Functional Disability Inventory scores found in this study were lower than those 

previously reported in clinical studies with adolescents with musculoskeletal chronic 

pain (Guite, McCue, Sherker, Sherry, & Rose, 2011; Kashikar-Zuck et al., 2011). 

According to Kashikar-Zuck et al. (2011) the Funtional Disability Inventory scores 

corresponded to the level of disability of no to minimal disability ranging from 0 to 12 

points). However, the fact that the sample of the present study included adolescents 

from the community might explain these differences. Concerning disability, our study 

results suggest that, in the univariable analysis, disability at follow-up was significantly 

associated with all variables assessed in this study, except age and BMI. However, 

when these variables were entered in the multivariable model, only higher levels of 

disability at baseline and more self-reported symptoms of central sensitization 

remained significantly associated with disability, with an adjusted R² of 0.40. Basch et 

al. (2018), in a clinical sample of 195 adolescents with chronic musculoskeletal pain 

(mean age=13.8±2.42), but also with headache, neuropathic and abdominal pain, 
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explored the association between a set of variables including the number of pain sites, 

anxiety, depression, and functional disability at baseline and disability at 4-month 

follow-up. They reported that disability and number of pain sites at baseline emerged 

as predictors of disability at 4-month follow-up, with an adjusted R² of 0.26. Despite the 

differences regarding pain complaints, both studies suggest that baseline disability is a 

predictor of disability at follow-up.  

 

Similar to what was previously reported for pain persistence, no previous studies were 

found that explored the association between disability and self-reported symptoms of 

central sensitization in adolescents. However, self-reported symptoms of central 

sensitization at baseline were found to be associated with disability in adults at a 3-

month follow-up (Tanaka et al., 2019). According to the authors, as Central 

Sensitization Inventory severity levels increase, clinical symptoms tend to worsen, and 

this may be a possible explanation for this association with disability (Tanaka et al., 

2019). On the other hand, as reported above, the presence of symptoms associated 

with central sensitization may influence an exaggerated and maladaptive response to 

pain that, therefore, may negatively influence long-term pain persistence and self-

reported disability.  

 

The remaining variables (anxiety, depression, and stress, catastrophizing, quality of 

sleep, self-efficacy, and multiple painful body sites) did not remain in the multivariable 

model, but were found to be significantly associated with disability in previous cross-

sectional studies of adolescents with several chronic musculoskeletal pain conditions 

(Evans et al., 2017; Gauntlett-Gilbert & Eccleston, 2007; Kalapurakkel et al., 2015; 

Tran et al., 2015).  
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The subgroup analysis by sex, revealed that for boys, higher levels of symptoms of 

central sensitization and physical activity at baseline were the factors associated with 

disability at 6 months. According to the characteristics of the sample at the baseline, 

the score of the International Physical Activity Questionnaire for adolescents was 

higher in boys with persistent pain than in girls with persistent NP, which might explain 

its greatest impact in this group. Also, Malmborg et al. (2019) found statistically higher 

levels of physical activity on the International Physical Activity Questionnaire in boys 

compared to girls. 

6.5.4. Clinical implications 

Self-reported symptoms of central sensitization emerged as a relevant determinant of 

both NP persistence and disability, suggesting that it should be included in the 

assessment of adolescents with NP and be a target for early interventions as an 

attempt to minimize its future impact on pain persistence and disability. The results of 

this study also suggest that there are similar but also different predictors of pain and 

disability among boys and girls. Therefore, these variables should also be considered 

when assessing and designing interventions for adolescents with NP. Finally, this study 

results suggest the need to implement school-based screening actions to identify those 

at risk of persistent NP, followed by appropriate interventions as an attempt to minimize 

the long-term persistence and impact of NP. 

6.5.5. Limitations and future research 

Our findings should be interpreted considering the study limitations. The sample of 

adolescents with chronic NP at baseline was divided into two groups at follow-up, i.e., 

“persistent” NP and “recovered”. However, as the adolescents had multiple painful 

body sites, those who reported being recovered from NP might still experience pain in 

other body regions. Nevertheless, adolescents with NP, commonly report pain at other 
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body sites (Auvinen et al., 2009; Paananen et al., 2010).  We also did not classify 

adolescents with regional vs widespread pain and the predictive factors in these two 

groups might be different (Mikkelsson et al., 1999; Paananen et al., 2010).  

To meet the recent definition of chronic pain, the pain reference time point in the Nordic 

Musculoskeletal Questionnaire was adapted from 12 months to 3 months although no 

additional validation was performed. As previously reported the Central Sensitization 

Inventory is not a direct indicator of central sensitization, but rather assesses a set of 

symptoms potentially associated with central sensitization. Although there is currently 

no gold standard for central sensitization diagnosis, assessing pain thresholds or 

conditioned pain modulation would have helped confirm the presence of central 

sensitization. However, the time needed to perform these assessments prevented us 

from using them in the current study. The strength of our study is the longitudinal 

approach, and the assessment of a wide set of variables seldom explored in previous 

studies with adolescents with NP. In this sense, future studies with longer longitudinal 

approaches are needed to further explore the findings reported in this study and the 

impact of early screening of these relevant variables on the prevention of NP onset. 

6.6. Conclusion 

Self-reported symptoms of central sensitization at baseline and female sex seem to be 

associated with NP persistence at a 6-month follow-up. Self-reported symptoms of 

central sensitization and disability at baseline seem to be associated with disability at a 

6-month follow-up in those adolescents with persistent NP. Furthermore, there are 

common but also different predictive factors associated with the persistence of NP and 

disability in girls and boys, which include the number of painful body sites, sleep 

impairments, and physical activity at baseline, in addition to self-reported symptoms of 

central sensitization.  
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Table 30. Characterization of the groups with NP (persistent and recovered) considering the baseline characteristics. 

Variables Neck Pain  

p-value 

Persistent  

(n=334) 

Recovered 

(n=361) 

Gender Girls 265 (79.3%) 248 (68.7%) 0.002 

Boys 69 (20.7%) 113 (31.3%) 

Age (years)  16.18±1.11 16.30±1.12 0.14 

BMI (Kg/m2)  21.53±3.34 21.95±10.30 0.47 

Scholar level 10th 119 (35.6%) 124 (34.3%) 0.89 

11th 106 (31.7%) 113 (31.3%) 

12th 109 (32.6%) 124 (34.3%) 

Family situation 

(Lives with…) 

Father and mother 219 (65.6%) 254 (70.4%) 0.60 

Mother 69 (20.7%) 65 (18.0%) 

Father 8 (2.4%) 8 (2.2%) 

Other 38 (11.4%) 34 (9.4%) 

Number of painful body sites mean±SD 3.98±1.64 3.59±1.68 0.002 

1 15 (4.5%) 38 (10.5%) 0.02 

2 54 (16.2%) 70 (19.4%) 

3 72 (21.6%) 71 (19.7%) 

4 62 (18.5%) 79 (21.9%) 

5 or more 131 (39.2%) 103 (28.5%) 

NPRS (0-10)  2.16±2.30 2.43±2.31 0.12 

IPAQ-A (0-2540 minutes/week) 1071.21±733.62 1100.07±748.12 0.61 

FDI (0-60) 7.00±6.41 5.79±6.52 0.01 

DASS-C (0-63) 15.16±13.44 12.45±11.70 0.005 

BaSIQS (0-28) 9.65±4.88 8.80±4.83 0.02 

PCS (0-52) 12.17±10.79 11.09±10.54 0.18 

TSK (13-52) 24.25±6.80 23.80±7.18 0.39 

CSES (7-35) 16.96±5.73 16.47±5.86 0.27 

CSI (0-100) 29.41±15.04 24.62±14.48 <0.001 

BMI, Body Mass Index; NP, Neck Pain; NPRS, Numeric Pain Rating Scale; IPAQ-A, International Questionnaire of Physical Activity for Adolescents; FDI, Functional 

Disability Inventory; DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain 

Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 31. Subgroup characterization of persistent and recovered adolescents by sex and for baseline data. 

Variables Girls Boys 

Persistent NP 

(n=265) 

Recovered 

(n=248) 

p-value Persistent NP 

(n=69) 

Recovered 

(n=113) 

p-value 

Age (years)  16.16±1.09 16.27±1.13 0.26 16.25±1.18 16.37±1.10 0.47 

BMI (Kg/m2)  21.69±3.35 22.25±12.26 0.47 20.92±3.24 21.30±2.95 0.42 

Scholar level 10th 93 (35.1%) 91 (36.7%) 0.82 26 (37.7%) 33 (29.2%) 0.45 

11th 88 (33.2%) 76 (30.6%) 18 (26.1%) 37 (32.7%) 

12th 84 (31.7%) 81 (32.7%) 25 (36.2%) 43 (38.1%) 

Family situation 

(Lives with…) 

Father and mother 175 (66.0%) 173 (69.8%) 0.51 44 (63.8%) 81 (71.7%) 0.29 

Mother 52 (19.6%) 49 (19.8%) 17 (24.6%)  16 (14.2%) 

Father 6 (2.3%) 6 (2.4%) 2 (2.9%) 2 (1.8%) 

Other 32 (12.1%) 20 (8.0%) 6 (8.7%) 14 (12.3%) 

Number of painful 

body sites  

mean±SD 4.03±1.62 3.81±1.69 0.14 3.78±1.71 3.11±1.57 0.01 

1 12 (4.5%) 21 (8.5%) 0.33 3 (4.4%) 17 (15.0%) 0.19 

2 39 (14.7%) 42 (16.9%) 15 (21.8%) 28 (24.8%) 

3 55 (20.8%) 44 (17.7%) 17 (24.6%) 27 (23.9%) 

4 51 (19.2%) 57 (23.0%) 11 (15.9%) 22 (19.5%) 

5 or more 108 (40.8%) 84 (33.9%) 23 (33.3%) 19 (16.8%) 

NPRS (0-10)  2.27±2.35 2.56±2.36 0.17 1.75±2.05 2.16±2.18 0.22 

IPAQ-A (0-2540 

minutes/week) 

1022.90±705.22 1088.78±732.63 0.30 1256.72±812.86 1124.87±783.82 0.28 

FDI (0-60) 7.60±6.66 6.79±6.75 0.17 4.70±4.73 3.59±5.40 0.16 

DASS-C (0-63) 16.86±13.88 15.10±12.30 0.13 8.64±9.07 6.62±7.53 0.11 

BaSIQS (0-28) 9.87±4.83 9.60±5.05 0.55 8.81±5.02 7.03±3.76 0.01 

PCS (0-52) 12.76±11.23 12.86±10.85 0.92 9.88±8.60 7.19±8.65 0.04 

TSK (13-52) 24.67±6.91 24.73±7.27 0.93 22.65±6.16 21.74±6.55 0.35 

CSES (7-35) 17.49±5.51 17.32±5.60 0.73 14.94±6.14 14.62±6.01 0.73 

CSI (0-100) 31.22±14.92 27.63±14.47 0.01 22.46±13.50 18.02±12.18 0.02 

BMI, Body Mass Index; NP, Neck Pain; NPRS, Numeric Pain Rating Scale; IPAQ-A, International Questionnaire of Physical Activity for Adolescents; FDI, Functional 

Disability Inventory; DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain 

Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 32. Factors associated with persistent chronic NP (n=334) compared to the recovered group (n=361).  

 

  Neck pain 
(R Nagelkerke=0.04) 

Variables Univariable  
OR; CI95% 

Multivariable  
OR; CI95% 

Gender Male 1 1 

 Female 1.75; [1.24;2.47] * 1.47; [1.02;2.11] * 

Age  0.90; [0.79;1.03]  

BMI  0.99; [0.97;1.02]  

Family 
Situation 

Both Parents 1  

Alternative (mother, 
father or other) 

1.25; [0.91;1.72]  

Number of pain sites 1.15; [1.05;1.26] *  

NPRS  0.95; [0.89;1.01]  

FDI  1.03; [1.01;1.05] *  

IPAQ-A  1.00; [0.99;1.00]  

DASS-C  1.02; [1.01;1.03] *  

BaSIQS  1.04; [1.01;1.07] *  

PCS  1.01; [0.99;1.02]  

TSK  1.01; [0.99;1.03]  

CSES  1.02; [0.99;1.04]  

CSI  1.02; [1.01;1.03] * 1.02; [1.01;1.03] * 

*p <0.05 

BMI, Body Mass Index; NPRS, Numeric Pain Rating Scale; FDI, Functional Disability Inventory; IPAQ-A, International Questionnaire of Physical Activity for Adolescents; 

DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, 

Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 33. Factors associated with persistent chronic NP compared to the recovered group by girls and boys. 
  Girls (n=513) Boys (n=182) 

 Neck pain 
(R Nagelkerke=0.02) 

Neck pain 
(R Nagelkerke=0.08) 

Variables Univariable  
OR; CI95% 

Multivariable  
OR; CI95% 

Univariable  
OR; CI95% 

Multivariable  
OR; CI95% 

Age  0.91; [0.78;1.07]  0.91; [0.69;1.18]  

BMI  0.99; [0.97;1.02]  0.96; [0.87;1.06]  

Family 
Situation 

Both Parents 1  1  

Alternative (mother, 
father or other) 

1.19; [0.82;1.72]  1.44; [0.76;2.73]  

Number of pain sites 1.08; [0.97;1.20]  1.29; [1.07;1.55]** 1.22; [1.01;1.49]** 

NPRS  0.95; [0.88;1.02]  0.91; [0.79;1.06]  

FDI  1.02; [0.99;1.05]  1.04; [0.98;1.10]  

IPAQ-A  1.00; [0.99;1.00]  1.00; [0.99;1.00]  

DASS-C  1.01; [0.99;1.02]  1.03; [0.99;1.07]  

BaSIQS  1.01; [0.98;1.05]  1.10; [1.02;1.18]** 1.08; [1.01;1.16]** 

PCS  0.99; [0.98;1.02]  1.04; [1.01;1.07]**  

TSK  0.99; [0.98;1.02]  1.02; [0.98;1.07]  

CSES  1.01; [0.98;1.04]  1.01; [0.96;1.06]  

CSI  1.02; [1.01;1.03] ** 1.02; [1.01;1.03] ** 1.03; [1.01;1.05] **  

*p ≤ 0.1; ** p < 0.05 

BMI, Body Mass Index; NPRS, Numeric Pain Rating Scale; FDI, Functional Disability Inventory; IPAQ-A, International Questionnaire of Physical Activity for Adolescents; 

DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, 

Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 34. Multivariable regression analyses of baseline variables predicting disability at 6-month follow-up for persistent NP (n=334).   

 Univariable linear regression Multivariable linear regression 

(R²=0.40) 

Variables B-coefficient 

(95% CI) 

β p B-coefficient 

(95% CI) 

β p 

Gender (f) 3.34 

(1.35; 5.33) 

0.18 0.001    

Age 0.02 

(-0.72; 0.76) 

0.003 0.96    

BMI 0.15 

(-0.10; 0.39) 

0.07 0.23    

Number of pain sites 1.49 

(1.01; 1.96) 

0.32 <0.001    

NPRS 0.78 

(0.43;1.12) 

0.24 <0.001    

FDI 0.68 

(0.58; 0.79) 

0.68 <0.001 0.50 

(0.38; 0.62) 

0.41 <0.001 

IPAQ-A 0.002 

(0.001; 0.003) 

0.17 0.002    

DASS-C 0.24 

(0.19; 0.30) 

0.43 <0.001    

BaSIQS 0.50 

(0.35; 0.66) 

0.32 <0.001    

PCS 0.25 

(0.18; 0.32) 

0.36 <0.001    

TSK 0.35 

(0.24; 0.47) 

0.32 <0.001    

CSES 0.41 

(0.27; 0.54) 

0.31 <0.001    

CSI 0.26 

(0.21; 0.31) 

0.52 <0.001 0.14 

(0.09; 0.20) 

0.28 <0.001 

B-coefficient, Unstandardized Regression Coefficient; β-coefficient, Standardized regression coefficient; BMI, Body Mass Index; NPRS, Numeric Pain Rating Scale; 

IPAQ-A, International Questionnaire of Physical Activity for Adolescents; FDI, Functional Disability Inventory; DASS-C, Depression, Anxiety and Stress Scale for 

Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-

Efficacy Scale; CSI, Central Sensitization Inventory 
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Table 35. Multivariable regression analyses of baseline variables predicting disability at 6-month follow-up for persistent NP for girls (n=256) and boys 

(n=69).  

 Girls Boys 

Univariable linear regression Multivariable linear regression 
(R²=0.64) 

Univariable linear regression Multivariable linear regression 
(R²=0.48) 

Variables B-coefficient 
(95% CI) 

β p B-coefficient 
(95% CI) 

β p B-coefficient 
(95% CI) 

β p B-coefficient 
(95% CI) 

β p 

Age -0.05 
(-0.93; 0.83) 

-0.01 0.91    0.42 
(-0.69; 1.53) 

0.09 0.45  

BMI 0.11 
(-0.18; 0.40) 

0.05 0.46    0.13 
(-0.28; 0.53) 

0.08 0.54 

Number of 
pain sites 

1.63 
(1.07; 2.19) 

0.33 <0.001    0.77 
(0.02; 1.52) 

0.24 0.04 

NPRS 0.81 
(0.41;1.21) 

0.24 <0.001    0.32 
(-0.32;0.96) 

0.12 0.32 

FDI 0.70 
(0.59; 0.82) 

0.59 <0.001 0.51 
(0.38; 0.64) 

0.43 <0.001 0.41 
(0.15; 0.67) 

0.36 0.003 

IPAQ-A 0.002 
(0.001; 0.003) 

0.16 0.01    0.003 
(0.001; 0.004) 

0.38 0.001 0.002 
(0.001; 0.004) 

0.37 0.001 

DASS-C 0.24 
(0.18; 0.31) 

0.42 <0.001    0.16 
(0.02; 0.30) 

0.26 0.03  

BaSIQS 0.52 
(0.33; 0.71) 

0.32 <0.001    0.36 
(0.11; 0.60) 

0.33 0.01 

PCS 0.26 
(0.18; 0.34) 

0.36 <0.001    0.14 
(-0.01; 0.29) 

0.22 0.06 

TSK 0.36 
(0.22; 0.49) 

0.31 <0.001    0.23 
(0.03; 0.44) 

0.26 0.03 

CSES 0.43 
(0.26; 0.60) 

0.30 <0.001    0.21 
(-0.03; 0.41) 

0.23 0.05 

CSI 0.28 
(0.23; 0.34) 

0.53 <0.001 0.16 
(0.10; 0.22) 

0.29 <0.001 0.12 
(0.03; 0.22) 

0.32 0.01 0.12 
(0.03; 0.21) 

0.30 0.03 

B-coefficient, Unstandardized Regression Coefficient; β-coefficient, Standardized regression coefficient; BMI, Body Mass Index; NPRS, Numeric Pain Rating Scale; 

IPAQ, International Questionnaire of Physical Activity; FDI, Functional Disability Inventory; DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic 

Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, 

Central Sensitization Inventory 
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Table 36. Distribution of adolescents by the 25th, 50th, and 75th quartiles of the Central Sensitization Inventory baseline scores. 

 
CSI quartiles Persistent neck pain Recovered 

Total sample 

(n=334) 

Girls 

(n=265) 

Boys 

(n=69) 

Total sample 

(n=361) 

Girls 

(n=248) 

Boys 

(n=113) 

25% 18 points 

(n=87; 26.0%) 

21 points 

(n=71; 26.8%) 

13 points 

(n=17; 24.6%) 

13 points 

(n=90; 24.9%) 

17 points 

(n=65; 26.2%) 

9 points 

(n=29; 25.7%) 

25%-50% 19-28 points 

(n=88; 26.3%) 

22-29 points 

(n=63; 23.8%) 

14-20 points 

(n=18; 26.2%) 

14-23 points 

(n=98; 27.1%) 

18-27 points 

(n=62; 25.0%) 

10-16 points 

(n=31; 27.4%) 

50% -75% 29-38 points 

(n=82; 24.6%) 

30-39 points 

(n=65; 24.5%) 

21-30 points 

(n=17; 24.6%) 

24-33 points 

(n=83; 23.1%) 

28-36 points 

(n=59; 23.8%) 

17-24 points 

(n=26; 23.0%) 

75% >38 points 

(n=77; 23.1%) 

>39 points 

(n=66; 24.9%) 

>30 points 

(n=17; 24.6%) 

>33 points 

(n=90; 24.9%) 

>36 points 

(n=62; 25.0%) 

>24 points 

(n=27; 23.9%11) 

p-value (*)  0.01 0.18 0.11 p<0.001 0.09 0.14 

 

(*) Note: Pearson's chi-squared between persistent vs recovered group using the different cut-offs points of the central sensitization inventory established at the baseline 
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7. THE ONSET OF CHRONIC MUSCULOSKELETAL PAIN, INCLUDING NECK 

PAIN, IN HIGH SCHOOL ADOLESCENTS: ASSOCIATED FACTORS AND THE 

ROLE OF SYMPTOMS OF CENTRAL SENSITIZATION 

Based on the study from Andias, R. & Silva, AG. (2021). “The onset of chronic pain in 

high-school adolescents: associated factors and the role of symptoms of central 

sensitization”. Physical Therapy (submitted and revised). 

 

7.1. Introduction 

In previous Chapters 5 and 6, female sex, sleep, and self-reported symptoms of central 

sensitization were the factors that remained associated with the presence of chronic 

NP and its persistence at 6-month follow-up, in the multivariable analyses. Depression, 

anxiety and stress at baseline were also simultaneously associated with the presence 

of pain and its persistence at the 6-month follow-up in the univariable analyses. None 

of the other psychosocial variables were simultaneously associated with chronic NP 

and its persistence at the 6-month follow-up. Furthermore, female sex was 

simultaneously associated with the presence of back and limb pain in the multivariable 

analyses, and sleep, self-reported symptoms of central sensitization, depression, 

anxiety, and stress in the univariable analyses also for the presence of pain in these 

painful body sites. These similarities between baseline and follow-up, as well as 

between different painful body sites, reinforce the importance of considering these 

variables when exploring potential predictors of new onset of pain, which is the focus of 

this Chapter. Although the focus of this research project was on chronic NP, the 

percentage of adolescents without pain at baseline (Chapter 5) was very low (n=252; 

14.6%). Thus, we decided to include in this study all adolescents with a new onset of 

pain, independently of the painful body site, as we anticipated that the number of 
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adolescents with a new onset of chronic NP at 6-month follow-up would be small. 

Nevertheless, and considering that the main focus of this thesis is NP, we performed a 

sub-analysis for adolescents who reported a new onset of chronic NP at 6 months. 

The high percentage of adolescents with a new onset of chronic musculoskeletal pain, 

including NP reported in previous studies (El-Metwally, Salminen, Auvinen, Kautiainen, 

& Mikkelsson, 2004; Ståhl et al., 2008) highlight the need to explore its predisposing 

factors. In the study of El-Metwally (2004), of the 403 adolescents without 

musculoskeletal pain at baseline, 53.8% (n=217) reported a new onset of chronic 

musculoskeletal pain at a 1-year follow-up. For chronic NP, in particular, Stahl et al. 

(2008) found that of 769 adolescents without NP at baseline, 50% reported a new 

onset of chronic NP at a 4-year follow-up. A previous systematic review of the factors 

that are associated with the onset of musculoskeletal pain in childhood and 

adolescence found 10 studies (Huguet et al., 2016) and reported very low-quality 

evidence suggesting that being a female is a significant risk factor for                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

the new onset of pain, moderate-quality evidence for negative emotional symptoms, 

including depression, mental distress, and emotional functioning and high-quality 

evidence for low sociodemographic status (Huguet et al., 2016). Another systematic 

review assessing the evidence of sleep impairments as a risk factor for the onset of 

musculoskeletal pain in children and adolescents reported moderate evidence that 

sleep quality is not a risk factor for general musculoskeletal pain onset, but strong 

evidence that girls with poor sleep quality and daytime tiredness have a higher risk of 

NP onset (Andreucci et al., 2017). Similarly, Stahl et al. (2008) reported the link 

between sleep impairments and the onset of NP and highlighted that depressive mood 

also predicted the onset of weekly NP at a 4-year follow-up. Three more studies were 

found that related depression and anxiety to the onset of NP in adolescents (Feldman 

et al., 2002; Marja Mikkelsson et al., 1998; Siivola et al., 2004).  



 

139 

 

The role of central sensitization as a predictor of new onset of pain in adolescents has 

not been explored, but our results from Chapters 5 and 7 and previous evidence 

highlighting its contribution to both the transition from acute to chronic pain and the 

maintenance over time (Chimenti et al., 2018; Nijs et al., 2016) suggest that it might be 

relevant. Mayer et al. (2012) in the first validation of the Central Sensitization Inventory 

pointed out that considering the variability of the self-reported symptoms of central 

sensitization, it is likely that these symptoms may be present before pain, i.e., in 

asymptomatic individuals. Thus, this study aimed to explore whether sociodemographic 

characteristics, depression, anxiety and stress, sleep, and self-reported symptoms of 

central sensitization at baseline in asymptomatic adolescents were associated with 

new onset of chronic musculoskeletal pain at 6-month follow-up. A secondary objective 

was to explore the same associations for the group of adolescents with chronic NP. 

Understanding the factors that may predispose to the development of chronic 

musculoskeletal pain is of uttermost relevance to its prevention. 

7.2. Methods 

7.2.1. Study design and participants 

This is a longitudinal component of the study conducted in the 4 Portuguese secondary 

schools approved by the Council of Ethics and Deontology of the University of Aveiro. 

All participants who reported no musculoskeletal pain at baseline (Chapter 5), were 

assessed at 6-month follow-up and were included in this study. The absence of 

musculoskeletal pain at baseline was assessed using the adapted version of the Nordic 

Musculoskeletal Questionnaire (Mesquita et al., 2010), in which the time point of 

reference was changed from reporting pain in the last year to reporting pain in the last 

3 months, at least once a week. Adolescents were asked whether they reported pain in 

any of nine body segments both in the last 7 days and 3 months and had to report no 

pain at all to enter this study.  
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Measurement instruments 

At 6-month follow-up asymptomatic adolescents completed a similar online 

questionnaire and data collection was performed similarly as reported in chapter 5, also 

at school, and in the presence of the same researcher (RA). This questionnaire 

covered: sociodemographic data (age, sex, school year, and family situation, i.e., who 

they lived with), and self-reported weight and height, the Depression, Anxiety and 

Stress Scale for Children (Leal et al., 2009), the Basic Scale on Insomnia complaints 

and Quality of Sleep (Allen Gomes et al., 2015), and the Central Sensitization Inventory 

(Andias & Silva, 2020a; Mayer et al., 2012). The full description of these instruments 

can be found in Chapter 5.  

7.2.2. Categorization of participants 

At 6-month follow-up adolescents were categorized as: i) having acute pain if reporting 

pain in the last 7 days in at least one body site but reporting no pain in the last 3 

months; ii) having chronic pain if reporting pain in the last 3 months in at least one body 

site and as iii) asymptomatic if reporting no pain at all. Those with chronic NP were 

considered for the sub-analysis.  

7.3. Statistical analysis 

All statistical analyses were performed using SPSS Software, version 22.0. Descriptive 

characteristics of the sample were reported using means and standard deviation for 

continuous data, and frequencies and percentages for categorical data. Student’s t-

tests for continuous data and chi-square tests for categorical data were used to explore 

differences between subgroups of adolescents with and without pain. To determine 

possible factors associated with the onset of pain, independent logistic-regression 

analyses were used to explore univariable and multivariable associations between the 

dependent variable (new onset of pain vs no pain at 6 months) and the independent 
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variables at baseline (sex, age, BMI, family situation, physical activity, anxiety, 

depression, and stress, sleep, and self-reported symptoms of central sensitization). 

The enter method was used for the univariable analyses and p≤ 0.10 was required for 

variables to enter the multivariable model. A similar analysis was performed using the 

variable "new onset of NP vs no pain at 6 months" as the dependent variable. The 

variables that entered the models were also checked for multicollinearity using the VIF 

≤5 and the respective tolerance value (Marôco, 2014). For multivariable analysis, all 7 

logistic regression methods were tested, of which 6 showed consistent results. 

Considering the superior quality of adjustment (Nagelkerke R²) we chose to report the 

results based on the Forward LR. Chi-square tests were used to compare individual 

score items of the Central Sensitization Inventory at baseline between the groups with 

and without chronic pain at 6-month follow-up. The significance level was set at p<0.05 

for all statistical analyses.   

7.4. Results 

Of the 252 adolescents who reported no pain at baseline, 231 completed the 

assessment at 6-months follow-up (91.7% response rate). Of these, 127 (55.0%) 

reported no pain at 6-month follow-up, 16 (6.9%) reported pain in the last 7 days only 

(i.e. acute pain), and 88 (38.1%) reported a new onset of pain that had been present 

for at least 3 months (i.e., chronic pain). Of these 88 adolescents with chronic pain at 

follow-up, a subgroup of adolescents (n=29) specifically reported chronic NP. Due to 

the small size of the sample of adolescents with acute pain (n=16), this group was 

excluded from the analysis.  

A detailed characterization of adolescents with and without pain is presented in Table 

7.1. Baseline comparisons between the groups with new onset of pain and no pain at 

6-month follow-up showed that adolescents with pain were younger (p=0.02) and 

reported higher scores in the Central Sensitization Inventory (p=0.002) than 
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adolescents without pain (Table 37). The results also suggested a tendency for 

adolescents with pain to have lower sleep quality (p=0.05). No statistically significant 

between-group differences were found for depression, anxiety, and stress (p>0.05).  

The comparison between the subgroup with new onset of NP and without pain showed 

that adolescents with NP reported more self-reported symptoms of central sensitization 

compared to the group without pain at the baseline (Table 38). 

7.4.1. Distribution and number of painful body sites at 6-month follow-up 

At 6-month follow-up, of the 88 adolescents with chronic musculoskeletal pain, 29 

(33.0%) of the adolescents reported NP, (18) 20.5% reported back pain, and 41 

(46.5%) reported limb pain. Overall, 43 (48.9%) adolescents reported a single painful 

body site, 29 (33%) reported two painful body sites, 9 (10.1%) reported three painful 

body sites, and 7 (8.0%) reported more than 4 painful body sites. The mean±SD 

number of painful body sites was 1.81±1.04 (Table 39).  

7.4.2. Baseline factors associated with chronic pain at 6-month follow-up 

In the univariable analysis, being female (OR=2.69, p<0.05), reporting lower sleep 

quality (OR=1.07, p<0.10), and more self-reported symptoms of central sensitization 

(OR=1.05, p<0.05) were significantly associated with chronic pain at 6-month follow-up 

(Table 7.4). Being female (OR=2.34, 95%CI 1.28-4.27; p<0.05) and reporting more 

self-reported symptoms of central sensitization (OR=1.04, 95%CI 1.01-1.07; p<0.05) 

were the only factors that remained significantly associated with chronic pain at 6-

month follow-up. The Nagelkerke R² of the final multivariable model was 0.10. For all 

analyses, the value of VIF and the respective tolerance value was 1. 

For the subgroup with new onset of NP, reporting more self-reported symptoms of 

central sensitization (OR=1.04, 95%CI 1.00-1.09; p<0.05) was the only factor that 
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remained significantly associated with chronic pain at 6-month follow-up. The final 

multivariate model showed an Nagelkerke R² of 0.04 (Table 40). 

7.4.3. Between-group comparison of the individual items of the Central 

Sensitization Inventory 

Comparisons of the Central Sensitization Inventory items at baseline between the 

groups with and without pain at 6-month follow-up showed a statistically significant 

difference for items 16 (“I feel sad or depressed”), 22 (“My legs feel uncomfortable and 

restless when I am trying to go to sleep at night”), and 23 (“I have difficulty 

remembering things”), showing that a higher percentage of adolescents with chronic 

pain marked these items at baseline (Figure 18 and Table 41). 

 

Figure 18. Central Sensitization Inventory Items. 
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Item 1: I feel tired and unrefreshed when I wake from sleeping; Item 2: My muscles feel 

stiff and achy; Item 3: I have anxiety attacks; Item 4: I grind or clench my teeth; Item 5: 

I have problems with diarrhea and/or constipation; Item 6: I need help in performing my 

daily activities; Item 7: I am sensitive to bright lights; Item 8: I get tired very easily when 

I am Physically active; Item 9: I feel pain all over my body; Item 10: I have headaches; 

Item 11: I feel discomfort in my bladder and/or burning when I urinate; Item 12: I do not 

sleep well; Item 13: I have difficulty concentrating; Item 14: I have skin problems such 

as dryness, itchiness, or rashes; Item 15: Stress makes my physical symptoms get 

worse; Item 16: I feel sad or depressed; Item 17: I have low energy; Item 18: I have 

muscle tension in my neck and shoulders; Item 19: I have pain in my jaw; Item 20: 

Certain smells, such as perfumes, make me feel dizzy and nauseated; Item 21: I have 

to urinate frequently; Item 22: My legs feel uncomfortable and restless when I am trying 

to go to sleep at night; Item 23: I have difficulty remembering things; Item 24: I suffered 

trauma as a child; Item 25: I have pain in my pelvic area. 

7.5. Discussion 

This longitudinal study explored the baseline factors that were associated with the 

reporting of chronic pain at 6-month follow-up in 252 adolescents who were 

asymptomatic at baseline. From baseline to follow-up, 38.1% of the adolescents 

reported a new onset of chronic pain lasting at least 3 months. Other longitudinal 

studies in adolescents found lower percentages. Malmborg et al. (2019) in a high 

school sample of 169 adolescents aged 16 years found that 15.6% reported pain at a 

3-year follow-up. El-Metwally et al. (2007) reported that of 1113 preadolescents 

attending the third (mean age=9.8±0.4) and fifth (mean age=11.8±0.4) grade, 21.5% 

reported pain in at least one body site at 1-year follow-up. Although both studies have 

explored school communities like the present study, the use of different pain 

assessment questionnaires (e.g. pain questionnaires based on frequency and etiology 
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of pain) and longer periods of follow-up (e.g. as long as 3-year follow-up) might 

contribute to the differences found. In the present study, the most common painful body 

sites at 6-month follow-up were the neck (29.5%) followed by the lower back (28.4%), 

and the knees (21.6%). El-Metwally et al. (2007) also found in their study that the neck 

region was the most common painful body site. These findings are also in line with 

several prevalence studies that have suggested that chronic NP prevalence has been 

increasing in adolescents in the last decades (Hoftun et al., 2011; Stahl et al., 2014). 

 

In this study, female sex, sleep impairments, and self-reported symptoms of central 

sensitization were significantly associated with the onset of chronic pain in the 

univariable analysis. However, of these, only the female sex and self-reported 

symptoms of central sensitization remained significantly associated with the onset of 

chronic pain in the multivariable model. In the analysis of the subgroup of adolescents 

with chronic NP, the symptoms of central sensitization also remained associated with 

the new onset of NP. In the systematic review of Huguet et al. (2016) insufficient quality 

of evidence was reported for the relationship between female sex and the onset of 

chronic musculoskeletal pain, finding a significant association only in studies that 

addressed exclusively chronic pain, such as the present study. Studies in adults have 

reported that gender differences concerning pain may be strongly related to biological 

(e.g. genetic and hormonal differences) and psychosocial factors (e.g. pain-coping 

differences and parents' behavioral influences) (Boerner, Schinkel, & Chambers, 2015; 

Mogil, 2012). Despite the individual and subjective perceptions underlying the 

phenomenon of pain, few studies have also explored possible sex differences in 

response to pain in children and adolescents (Boerner, Birnie, Caes, Schinkel, & 

Chambers, 2014; Schmitz, Vierhaus, & Lohaus, 2013). For instance, Schmitz et al. 

(2013) explored pain tolerance and pain-coping in adolescents and found that girls 

aged 15 to 17 years old reported lower pain threshold and higher levels of 
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catastrophizing compared to boys of the same age, who in turn reported higher levels 

of self-efficacy. These differences between girls and boys may contribute to this 

increased risk of chronic pain associated with being a female.  

 

Previous studies reported an association of the psychological factors, such as 

depression and anxiety (Feldman et al., 2002; Marja Mikkelsson et al., 2008; Ståhl et 

al., 2008) and sleep impairments (Auvinen et al., 2010; El-Metwally et al., 2007) and 

the onset of chronic pain in adolescents. However, in this study, only self-reported 

symptoms of central sensitization assessed by the Central Sensitization Inventory 

emerged as a risk factor for the onset of chronic musculoskeletal pain and, specifically, 

of chronic NP. Looking at the total score of the Basic Scale on Insomnia complaints 

and Quality of Sleep (7.20±3.77 out of a maximum of 28 points), we verified that the 

mean score did not reach the cut-off of 9 used to distinguish good sleepers from poor 

sleepers, suggesting that, in general, adolescents reported good quality sleep. Also, in 

the present study, objective sleep quantity and daytime tiredness were not assessed. 

To our knowledge, no other study has investigated the association between self-

reported symptoms of central sensitization and the onset of chronic pain neither in 

adolescents nor in other age groups. Considering that central sensitization may reflect 

a state of generalized hypersensitivity to pain, but also to other stimuli unrelated to the 

musculoskeletal system (e.g. environmental and chemical stimuli, emotional distress, 

sleep problems, stress, mental load) these symptoms may be present in the absence 

of pain (Mayer et al., 2012; Nijs et al., 2014) and predispose to pain onset. Harte et al. 

(2018) reported the top-down central sensitization, in which the primary change may 

originate in supraspinal structures and does not require a nociceptive stimulus. 

According to these authors, in top-down central pain mechanisms, the onset of pain 

occurs at younger ages, predominantly following puberty, and among several 
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characteristics, the hypersensitivity to stimuli unrelated to pain is present (Harte et al., 

2018).   

Several mechanisms can be associated with the development and reinforcement of 

central sensitization. These mechanisms can be varied, ranging from neuronal 

hyperexcitability to increased activity of brain neuromatrix, which are influenced by 

cognitive-emotional factors and previous pain experiences (Neblett, 2018; Nijs et al., 

2016; Woolf, 2011). This neurosignature in the brain, which can be activated 

independently of sensory inputs, may also influence the experience of pain (Melzack, 

2001; Randy Neblett, 2018; Woolf, 2011). However, these findings have to be 

cautiously interpreted. Although there is no precise clinical test to assess central 

sensitization, quantitative sensory testing, e.g. pressure pain thresholds assessed with 

an algometer, should be used to semi-objectively reinforce central sensitization findings 

(Van Griensven, Schmid, Trendafilova, & Low, 2020). Moreover, a recent study in 

adults with shoulder pain reported a stronger association of the Central Sensitization 

Inventory with psychosocial measures than with quantitative sensory testing (Coronado 

& George, 2018), suggesting the need for a better understanding of the relationship 

between Central Sensitization Inventory and other measures suggestive of central 

sensitization.  

 

In this study, an additional analysis of the Central Sensitization Inventory was 

performed to understand which items of this inventory were most reported by 

adolescents that developed pain at 6-month follow-up. Between-group differences were 

found only for three out of 24 items, including item 16 (“I feel sad or depressed”), 

suggesting that symptoms of depression might precede chronic pain, contrary to what 

has been suggested in adults (Poole, White, Blake, Murphy, & Bramwell, 2009). 

However, the low score of the Depression, Anxiety, and Stress Scale (4.44 ± 6.03) in 

the group of adolescents with pain does not support this hypothesis. Comparison of the 
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present study with other studies is difficult due to differences in measurement 

instruments for depression and participants’ age ranges, but previous studies reported 

moderate-quality evidence suggesting that depression and mental distress were 

associated with the onset of chronic musculoskeletal pain (Huguet et al., 2016). Finally, 

the Nagelkerke R² of the multivariable model was 0.10 and 0.04 in the group of 

musculoskeletal pain and NP, respectively, suggesting that the ability of the female sex 

and Central Sensitization Inventory to explain pain at 6-month follow-up is small. As 

previously suggested, other factors such as the presence of other non-musculoskeletal 

pain conditions, e.g. headaches, and day-time tiredness (El-Metwally et al., 2007) and 

having parents with chronic pain (Palermo & Chambers, 2005), which have been 

associated with pain in adolescents, were not assessed in the present study, and might 

predispose to new onset of chronic pain.  

7.5.1. Clinical implications and future research 

This study findings cautiously suggest that the assessment of the nervous system 

hypersensitivity might have a role in identifying adolescents at risk of developing 

chronic pain. However, further studies are needed using more objective indicators of 

central sensitization. Considering the increasing prevalence of chronic musculoskeletal 

pain in adolescents, the results of this study highlight the importance of identifying risk 

factors for the onset of chronic pain and suggest that self-reported symptoms of central 

sensitization as a target for these interventions. The assessment and intervention in the 

school context may facilitate access to a greater number of adolescents. 

7.5.2. Strengths and limitations 

The main strengths of this study were its longitudinal approach and the wide set of 

variables included at the baseline and follow-up assessments. The fact that the study 

was performed in a school context, with adolescents from the community and from 



 

149 

 

different geographical areas, is also a positive aspect to highlight. To overcome a 

limitation frequently reported in the review of Huguet et al. (2016), this study only 

included adolescents with chronic pain at follow-up and adolescents who remained 

without pain. However, some limitations should be noted. The Central Sensitization 

Inventory was used to assess the symptoms associated with central sensitization. In 

this sense, the conclusions of this study were given as a reference to these symptoms. 

To extend these conclusions to the condition of central sensitization, more objective 

measures, such as pain thresholds or conditioned pain modulation, need to be used 

(Van Griensven et al., 2020). The time point of reference for pain in the Nordic 

Musculoskeletal Questionnaire was adapted from 12 months to 3 months to meet the 

current definition of chronic pain and minimize memory bias, although no additional 

validation was performed. The measurement instruments used were validated for 

adolescents with pain, but not for pain-free adolescents. Although their questions do 

not focus on pain, additional validation may be necessary for its application in pain-free 

adolescents. In this study, it was not identified the possible origin for the onset of pain, 

e.g. traumatic vs. non-traumatic, and its severity, and the predictors of pain might vary 

depending on pain origin (El-Metwally et al., 2007). Furthermore, the study focused on 

musculoskeletal pain, and other common types of pain (e.g. headache, abdominal or 

menstrual pain) were not assessed in this study and could have acted as confounders. 

Also, no measure on the pubertal status of the adolescents was used. However, the 

progression of pubertal development involves a set of biopsychosocial changes that 

can influence pain complaints and behavior of adolescents. The absence of pain at 

baseline was assessed for the last 3 months, however, recurrent pain episodes before 

that were not considered. The follow-up period for this study was relatively short.  
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7.6. Conclusions 

Being a female adolescent and reporting more symptoms in the Central Sensitization 

Inventory at baseline were associated with the onset of chronic musculoskeletal pain at 

6-month follow-up. Furthermore, symptoms of central sensitization also remained 

associated with the new onset of chronic NP. Future studies are needed to further 

explore the possible role of central sensitization in a new musculoskeletal pain onset.  
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Table 37. Characterization of the groups with and without pain at 6-month follow-up for baseline data.   

Variables No pain (n=127) With chronic 

musculoskeletal 

pain  

(n=88) 

 

p-value 

Sex Girls 30 (23.6%) 40 (45.5%) 0.001 

Boys 97 (76.4%) 48 (54.5%) 

Age (years)  16.60±1.08 16.22±1.22 0.02 

BMI (Kg/m2) 21.23±3.03 20.80±2.72 0.28 

Scholar level ᵅ 10th 30 (23.6%) 41 (46.6%) 0.002 

11th 46 (36.2%) 24 (27.3%) 

12th 51 (40.2%) 23 (26.1%) 

Family situation 

(Lives with…) 

Father and mother 81 (63.8%) 66 (75.0%) 0.34 

Mother 32 (25.2%) 15 (17.0%) 

Father 4 (3.1%) 3 (3.4%) 

Other 10 (7.9%) 4 (4.5%) 

DASS-C (0-63)  3.17±5.90 4.44±6.03 0.13 

BaSIQS (0-28) 6.14±3.90 7.20±3.77 0.05 

CSI (0-100) 9.22±9.11 13.34±10.12 0.002 

BMI, Body Mass Index; DASS-C, Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on 

Insomnia complaints and Quality of Sleep; CSI, Central Sensitization Inventory 

ᵅ Scholar level represent the different years of schooling in high school. 

 

 

Table 38. Characterization of the groups with and without NP at 6-month follow-up for baseline data. 

Variables No Pain (n=127) With Neck Pain 

(n=29) 

 

p-value 

Sex Girls 30 (23.6%)  12 (41.4%) 0.06 

Boys 97 (76.4%)  17 (58.6%) 

Age (years)  16.60±1.08 16.41±1.35 0.50 

BMI (Kg/m2) 21.23±3.03 21.25±2.38 0.97 

Scholar level ᵅ 10th 30 (23.6%)  14 (48.3%) 0.03 

11th 46 (36.2%) 6 (20.7%) 

12th 51 (40.2%) 9 (31.0%) 

Family situation 

(Lives with…) 

Father and mother 81 (63.8%) 23 (79.3%) 0.41 

Mother 32 (25.2%) 4 (13.8%) 

Father 4 (3.1%) 0 (0.0%) 

Other 10 (7.9%) 2 (6.9%) 

DASS-C (0-63)  3.17±5.90 5.21±7.50 0.18 

BaSIQS (0-28) 6.14±3.90 6.55±3.24 0.56 

CSI (0-100) 9.22±9.11 13.03±9.68 0.046 

BMI, Body Mass Index; IPAQ-A, International Questionnaire of Physical Activity for adolescents; DASS-C, 

Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of 

Sleep; CSI, Central Sensitization Inventory 

ᵅ Scholar level represent the different years of schooling in high school. 
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Table 39. Painful body sites at 6-month follow-up.  

Body area Musculoskeletal pain  

n (%)* 

Neck pain 

n (%)* 

Neck 29 (33.0) 29 (100) 

Shoulder 16 (18.2) 7 (24.1) 

Elbow 2 (2.3) 0 (0.0) 

Wrist 19 (21.6) 4 (13.8) 

Thoracic 5 (5.7) 1 (3.4) 

Lumbar 26 (29.5) 11 (37.9) 

Hip 17 (19.3) 2 (6.9) 

Knee 25 (28.4) 6 (20.7) 

Ankle 19 (21.6) 8 (27.6) 

Number of painful body sites 

(mean±SD) 

1.81±1.04 2.34±1.34 

*The percentages add up to more than 100% as participants could report more than one painful body site. 
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Table 40. Odds ratios and 95% confidence intervals for univariable and multivariable associations for 

the onset of musculoskeletal pain, and, particularly, NP.   

  Musculoskeletal pain (n=88) 

(R Nagelkerke=0.10) 

Neck pain (n=29) 

(R Nagelkerke=0.04) 

Variables  Univariable 

OR; CI95% 

Multivariable 

OR; CI95% 

Univariable 

OR; CI95% 

Multivariable 

OR; CI95% 

Gender Male 1 1 1  

Female 2.69; [1.50;4.84]** 2.34; [1.28;4.27]** 2.28; [0.98;5.31]* 

Age (years)  0.74; [0.58;0.95]**  0.86; [0.60;1.24] 

BMI (Kg/m2)  0.95; [0.86;1.04] 1.00; [0.87;1.15] 

Family 

Situation 

Both Parents 1 1 

Alternativeª 0.59; [0.32;1.07]* 0.46; [0.17;1.21] 

DASS-C  

(0-63) 

 1.04; [0.99;1.09] 1.05; [0.99;1.11] 

BaSIQS  

(0-28) 

 1.07; [1.00;1.15]* 1.03; [0.93;1.14] 

CSI  

(0-100) 

 1.05; [1.02;1.08]** 1.04; [1.01;1.07] ** 1.04; [1.00;1.09]** 1.04; [1.00;1.09]** 

*p < 0.1; ** p < 0.05 

ªLive only with mother, father or other. 

BMI, Body Mass Index; IPAQ-A, International Questionnaire of Physical Activity for adolescents; DASS-C, 

Depression, Anxiety and Stress Scale for Children; BaSIQS, Basic Scale on Insomnia complaints and Quality of 

Sleep; CSI, Central Sensitization Inventory 
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Table 41. Between-group comparison (no pain vs chronic musculoskeletal pain) of the items of the Central Sensitization Inventory. 

CSI item 

No pain Musculoskeletal pain p-value 

Never/Rarely Sometimes/Often Never/Rarely Sometimes/Often 

N (%) N (%) N (%) N (%) 

1. I feel unrefreshed when I wake up in the morning. 90 (70.9) 37 (29.1) 51 (58.0) 37 (42.0) 0.058 

2. My muscles feel stiff and achy. 108 (85.0) 19 (15.0) 75 (85.2) 13 (14.8) 1 

3. I have anxiety attacks. 117 (92.1) 10 (7.9) 80 (90.9) 8 (9.1) 0.81 

4. I grind or clench my teeth. 120 (94.5) 7 (5.5) 76 (86.4) 12 (13.6) 0.05 

5. I have problems with diarrhea and/or constipation. 121 (95.3) 6 (4.7) 83 (94.3) 5 (5.7) 1 

6. I need help in performing my daily activities. 127 (100.0) 0 (0.0) 87 (98.9) 1 (1.1) 0.41 

7. I am sensitive to bright lights. 110 (86.6) 17 (13.4) 73 (83.0) 15 (17.0) 0.56 

8. I get tired very easily when I am physically active. 113 (89.0) 14 (11.0) 82 (93.2) 6 (6.8) 0.35 

9. I feel pain all over my body. 124 (97.6) 3 (2.4) 82 (93.2) 6 (6.8) 0.17 

10. I have headaches. 112 (88.2) 15 (11.8) 70 (79.5) 18 (20.5) 0.12 

11. I feel discomfort in my bladder and/or burning when I urinate. 127 (100.0) 0 (0.0) 87 (98.9) 1 (1.1) 0.41 

12. I do not sleep well. 113 (89.0) 14 (11.0) 72 (81.8) 16 (18.2) 0.16 

13. I have difficulty concentrating. 90 (70.9) 37 (29.1) 55 (62.5) 33 (37.5) 0.24 

14. I have skin problems such as dryness. itchiness or rashes. 113 (89.0) 14 (11.0) 78 (88.6) 10 (11.4) 1 

15. Stress makes my physical symptoms get worse. 112 (88.2) 15 (11.8) 76 (86.4) 12 (13.6) 0.84 

16. I feel sad or depressed. 114 (89.8) 13 (10.2) 68 (77.3) 20 (22.7) 0.02 

17. I have low energy. 112 (88.2) 15 (11.8) 78 (88.6) 10 (11.4) 1 

18. I have muscle tension in my neck and shoulders. 123 (96.9) 4 (3.1) 84 (95.5) 4 (4.5) 0.72 

19. I have pain in my jaw. 125 (98.4) 2 (1.6) 87 (98.9) 1 (1.1) 1 

20. Certain smells. such as perfumes. make me feel dizzy and 

nauseated. 120 (94.5) 7 (5.5) 78 (88.6) 10 (11.4) 0.13 

21. I have to urinate frequently. 117 (92.1) 10 (7.9) 76 (86.4) 12 (13.6) 0.25 

22. My legs feel uncomfortable and restless when I am trying to go to 

sleep at night. 125 (98.4) 2 (1.6) 81 (92.0) 7 (8.0) 0.03 

23.I have difficulty remembering things. 116 (91.3) 11 (8.7) 69 (78.4) 19 (21.6) 0.01 

24. I suffered trauma as a child. 122 (96.1) 5 (3.9) 83 (94.3) 5 (5.7) 0.74 

25. I have pain in my pelvic area. 125 (98.4) 2 (1.6) 86 (97.7) 2 (2.3) 1 
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8. BLENDED-LEARNING PAIN NEUROSCIENCE EDUCATION AND EXERCISE 

IN HIGH SCHOOL STUDENTS WITH CHRONIC NECK PAIN - A RANDOMIZED 

CONTROLLED STUDY 

Based on the study from Andias, R., Sá-Couto, P. & Silva, AG. (2021). “Blended-

learning pain neuroscience education and exercise in high school students with chronic 

neck pain - a randomized controlled study”. Physical Therapy (submitted and revised). 

 

8.1. Introduction 

In Chapter 5 we found that 753 adolescents (43.5%) of a total of 1730 reported chronic 

NP, of which 334 (47.0%) reported persistent chronic NP at a 6-month follow-up 

(Chapter 6). Furthermore, of the 252 asymptomatic adolescents at baseline, 231 

(91.7%) completed the 6-month follow-up and 29 (12.6.0%) reported a new onset of 

NP (Chapter 7). These findings highlight the high prevalence of NP and its persistent 

nature and the need for school-based interventions directed at NP and its associated 

factors. These factors were investigated and described in Chapters 3 to 6 and self-

reported symptoms of central sensitization recurrently emerged as a relevant factor. 

However, other factors were reported as important, including psychosocial factors, 

sleep impairments, disability, and physical activity. In addition, Chapter 3 found limited 

evidence that adolescents with chronic NP have lower endurance of the deep neck 

muscles and very limited evidence that adolescents with NP have higher local and 

distant sensory pain thresholds than adolescents without NP. Therefore, both of these 

variables were assessed in this randomized controlled trial.  

 

In this Chapter 8 we designed an intervention that targets the identified factors found to 

be associated with chronic NP in the previous Chapters of this thesis and assessed its 
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effectiveness. The intervention is based on PNE and exercise. As previously explored 

in Chapter 2, PNE aims to make pain understandable, explaining that it is not a direct 

reflection of tissue damage, but a brain output resulting from various interactions at the 

level of biological, psychological, and social processes (Louw, Zimney, O’Hotto, et al., 

2016), promoting the reconceptualization of pain and maladaptive beliefs (Robins et al., 

2016). We are unable to find studies on PNE for adolescents with NP other than the 

pilot study from our team (Andias et al., 2018), which compared 4 weeks of PNE and 

exercise against no intervention and found a significant improvement in knowledge of 

pain neuroscience and endurance capacity of neck extensors, and a non-significant 

trend towards a higher decrease in pain intensity, catastrophizing and anxiety, and 

increased muscle endurance in the PNE and exercise group. Moreover, the 

adolescents that received the intervention reported PNE as  a facilitator of both pain 

reconceptualization and of a positive attitude towards exercise (Neto et al., 2018). 

Exercise is widely suggested in the literature as an intervention strategy to improve 

function in chronic NP (Blanpied et al., 2017; O’Riordan et al., 2014), but it is also 

recognized as a facilitator of the desensitization of the nervous system, commonly 

hyperexcitable and hypersensitive in chronic pain (Nijs et al., 2015).  

 

Considering the relevance of previously explored biopsychosocial factors, particularly 

self-reported symptoms of central sensitization, and the pilot study mentioned above, 

both modalities of intervention seem relevant to improve NP management and function 

in adolescents. Furthermore, a recent systematic review of Siddall (2021), concluded 

that combining PNE and exercise results in a greater reduction in pain intensity, 

disability, catastrophizing, and fear-of-movement compared to exercise only. However, 

this systematic review included studies in adults only and only one of the included 

studies was specific to adults with chronic NP (Matias et al., 2019). 
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Several strategies for applying PNE and exercise have been reported in the literature. 

More recently, Malfliet et al. (2018) highlighted the potential of blended-learning in a 

sample of adults with chronic spinal pain. Sangrar et al. (2019) defined the blended-

learning approach as a combination of face-to-face and online educational sessions 

using electronic devices or platforms, increasingly used as a method of healthcare 

education. Considering the potential benefits of digital solutions, such as WhatsApp, to 

provide accessible health information and its popularity and perceived usefulness 

among adolescents with chronic pain as an alternative to traditional face-to-face 

interventions (Beneitez, Nieto, Hernández, & Boixadós, 2020; Slater et al., 2016), a 

blended-learning strategy using WhatsApp was used for the present randomized 

controlled trial.  

 

Thus, the main aim of this study was to compare the effectiveness of exercise and PNE 

versus exercise only on pain intensity of high school adolescents with chronic 

idiopathic NP at post-intervention and 6-month follow-up. The secondary aims were to 

assess the effectiveness of both interventions on disability, sleep, catastrophizing, fear 

of movement, self-efficacy, neck, and scapular muscle endurance, pressure pain 

thresholds, and knowledge on pain neuroscience at post-intervention and 6-month 

follow-up. 

8.2. Methods 

8.2.1. Study design  

This randomized controlled trial was approved by the Council of Ethics and Deontology 

of the University of Aveiro and the trial protocol was registered at ClinicalTrials.gov 

(NCT04125901). The study was implemented as a two-arms intervention (a group of 

exercise versus a group of exercise plus PNE) with 3 assessment points: i) baseline, ii) 

1-week post-intervention and iii) 6 months post-intervention and designed in a blended-
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learning format with a combination of face-to-face sessions at schools and non-face-to-

face online sessions using WhatsApp (WhatsApp Inc. of Mountain View, California).  

8.2.2. Participants and randomization 

Two secondary schools in the council of Aveiro, Portugal, were contacted to authorize 

the invitation of their students to this study. The inclusion criteria for this study were i) 

aged between 15 and 18 years old, ii) having idiopathic NP pain for at least 3 months, 

defined as pain non-related to any known pathology or injury, felt at least once a week 

for the past 3 months and perceived anywhere between the superior nuchal line and 

the spinous process of T1 (Misailidou et al., 2010), iii) having NP intensity in the 

numeric pain rating scale equal or greater than 2 points and iv) not currently receiving 

any treatment for NP (except occasional painkillers). All students in each class were 

invited to participate in the screening for inclusion criteria by completing an initial 

questionnaire in a physical education class, which included four questions related to 

the 4 inclusion criteria previously defined. Students with pathology of the nervous or 

rheumatological systems were excluded. Those who met the criteria to participate in 

the study received a written explanation of the study procedures for them and their 

legal guardians to read. Those students who agreed to participate signed written 

informed consent. For those aged less than 18 years old, informed consent from the 

legal guardian was also required. After all informed consents have been collected, 

randomization was performed. A researcher not involved in participant recruitment and 

treatment (AGS) used an online software (Research Randomizer; 

https://www.randomizer.org/) to randomly allocate each participant to one of the two 

intervention groups. To minimize the contamination effect, the randomization process 

was performed by classes, so that all possible participants in a specific class were part 

of the same group, and by areas of knowledge (e.g., sciences, economics, humanities, 

arts) to minimize the potential effect of baseline biology knowledge on the acquisition or 
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predisposition for PNE. It was not possible to blind the physiotherapist who performed 

the intervention.  

8.2.3. Sample size 

Sample size calculations were performed using the formula of Kirkwood & Sterne 

(Kirkwood & Sterne, 2003) for comparison of two means and based on the following 

assumptions: power at 95%, alpha at 5% two-tailed, SD of 2.03, and a between-group 

difference to be detected of 1.39 (30% of the pain intensity of adolescents with an 

average Numeric Pain Rating Scale of 4.64). This resulted in 110 participants, which 

was added by a possible loss to follow-up of 15%. The recruitment target was 127 

participants. These values were based on the results obtained in the group of 

adolescents with chronic NP (n = 753) from the study reported in Chapter 5. 

8.2.4. Outcome measures 

At baseline, participants completed an online self-reported questionnaire that included 

sociodemographic information (sex, age, Body Mass Index, scholar level), pain 

characteristics, disability, sleep, catastrophizing, fear of movement, self-efficacy, 

symptoms of central sensitization, and knowledge on pain neuroscience. Also, 

participants were assessed for muscle function and PPT by a trained physiotherapist. 

The questionnaire was filled by the participants at baseline, post-intervention and at 6-

month follow-up, while the muscle tests and PPT measurements were performed only 

at baseline and post-intervention. Due to the worldwide SARS-CoV-2 pandemic, it was 

not possible to complete the muscle tests and PPT measurements for all participants 

and all the 3 moments of assessment. The assessment of the individual's perception of 

change was also assessed at post-intervention and 6-month follow-up using the 

Patient’s Global Impression of Change. A full description of each measurement 

instrument and test used is described below, except for the Functional Disability 
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Inventory, Basic Quality Self-Reported Quality of Sleep, Pain Catastrophizing Scale, 

Tampa Scale of Kinesiophobia, Child Self-Efficacy Scale, and Central Sensitization 

Inventory, which were described in Chapter 5.  

 

Characterization of pain 

Pain intensity at the moment was assessed using the Numeric Pain Rating Scale from 

0 (representing no pain) to 10 (representing the worst pain) (Castarlenas et al., 2017). 

Numeric Pain Rating Scale is valid in adolescents (Ruskin et al., 2014). For 

adolescents with chronic pain changes of 1 point on Numeric Pain Rating Scale have 

been suggested as clinically meaningful (Castarlenas et al., 2017). The duration of pain 

was also assessed at baseline with a closed question (How long have you had neck 

pain?). The frequency of pain in the last week was specified as i) never, ii) rarely (once 

a week), iii) occasionally (2 to 3 times a week), iv) frequently (more than 3 times a 

week), or v) always. 

 

Pain Neurophysiology Questionnaire of 12 items  

Knowledge of each participant about the mechanisms and assumptions of pain 

neuroscience was assessed using the Pain Neurophysiology Questionnaire (Neto et 

al., 2018). It is scored from 0 to 12 points and higher scores indicate greater knowledge 

of pain neuroscience (Catley, O’Connell, & Moseley, 2013). It has shown good 

psychometric properties (α=0.67) (Nogueira et al., 2018).  

 

Patient’s Global Impression of Change  

Perception of improvement associated with the intervention was assessed using the 

Patient’s Global Impression of Change. Participants were instructed to select on a 

scale from 1 (“No change or condition worsened”) to 7 (“Much better, and with a 

considerable improvement that made all the difference”) the statement that best 
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reflected the impact of the intervention on their condition (Domingues & Cruz, 2011; 

Dworkin et al., 2008). This is a valid instrument and a score of 5 or more is associated 

with a clinically significant improvement in the condition of participants (Domingues & 

Cruz, 2011; Hurst & Bolton, 2004). 

 

Deep Neck Flexor Endurance Test 

Participants were supine and gently flexed the upper cervical spine and moved their 

head away from the examiner’s hand, approximately 2.5 cm, while maintaining the 

upper cervical flexion. The loss of the test position led to the end of the test (Andias et 

al., 2018; Edmondston et al., 2008; Oliveira & Silva, 2016). The SEM and smallest 

detectable change (SDC) are 9.50s. and 26.3s. respectively (Oliveira & Silva, 2016).  

 

Cervical Extensor Endurance Test  

Participants were prone and positioned their head over the end of the plinth, initially 

supported by the examiner. A weight of 2kg was suspended from a headband placed 

on the participant’s head while the participant was asked to hold the cervical spine 

horizontal as measured by an inclinometer and the chin retracted. The loss of the test 

position in more than 5º or reaching the 5 minutes of the test led to the end of the test 

(Andias et al., 2018; Edmondston et al., 2008; Oliveira & Silva, 2016). The SEM and 

SDC in adolescents with NP are 45.45s. and 125.63s. respectively (Oliveira & Silva, 

2016). 

 

Scapular Muscle Endurance Test 

Participants were positioned facing a wall, with shoulders and elbows flexed at 90°, and 

no contact with the wall. An analogical dynamometer was placed between the 

participant’s hands, a ruler was held between their elbows, and scapulae were 

maintained in a neutral position. Participants were instructed to externally rotate the 
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shoulders to achieve a 1kg load and to maintain this force while also maintaining the 

test position. The loss of the ability to produce 1 kg force or of the test position led to 

the end of the test (Andias et al., 2018; Edmondston et al., 2008; Oliveira & Silva, 

2016). The SEM and SDC are 10.87s. and 30.1s. respectively, in adults with NP 

(Edmondston et al., 2008).   

For all muscle tests, participants first did a trial test and then performed each test twice 

with a 5-minute interval. The mean of these two measurements was used for statistical 

analysis. 

 

Pressure Pain Threshold  

PPT was assessed using a digital pressure algometer (JTECH Medical Industries, Salt 

Lake City, US) with a probe of 0.5 cm of diameter, applied perpendicular to the skin, at 

the right and left articular pillar of C5-C6 (approximately 1 cm lateral to the mid-

distance between the spinous processes of C5 and C6, which were identified by 

palpation) and at the right tibialis anterior (approximately 2.5 cm lateral and 5 cm 

inferior to the tibial tubercle), at a rate of approximately 3N/s up to a maximum of 60N 

with 30 seconds resting period between each measurement (Sá & Silva, 2017; Walton 

et al., 2011). In the presence of pain or discomfort at rest on the right tibialis, the left 

tibialis was used. The participant was instructed to say “stop” as soon as the pressure 

sensation changed to pain. The participant first tried the procedure in the thenar region 

of the hand, then 3 measurements were taken at each of the 3 body sites. 

8.2.5. Intervention – general information 

Each of the two groups had weekly contacts with a physiotherapist (RA) for 8 weeks in 

a blended-learning format. Three to 5 of these contacts were face-to-face sessions with 

up to 45 minutes duration that took place at the school, and for the remaining the 

WhatsApp was used to facilitate the communication and monitoring of participants. The 
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first two sessions were always face-to-face. For those receiving 5 face-to-face 

sessions, these were interspersed with WhatsApp sessions and those receiving 3 face-

to-face sessions had the 3rd and the 5th to 8th sessions via WhatsApp. The initial design 

of this study included 5 face-to-face sessions for all (Figure 8.1), but due to the 

worldwide SARS-CoV-2 pandemic and the closing of schools, while we were 

conducting the study, it had to be adapted. The face-to-face sessions at school were 

delivered in groups of 4 to 6 students usually from the same class. Face-to-face 

sessions were conducted by a physiotherapist (RA) with 5 years of experience in these 

programs. For the WhatsApp sessions, each group of participants shared a common 

WhatsApp account and was sent a 5-minute video showing how to perform the 

exercises for the respective session for both groups and activities on PNE for the 

exercise and PNE group. Also, WhatsApp allowed the exchange of weekly messages 

between the physiotherapist and participants. After the first two face-to-face sessions, 

illustrative pictures of the exercises performed in these sessions were also sent via 

WhatsApp to facilitate the performance of exercises at home. In the exercise plus PNE 

group, WhatsApp was also used for sharing PNE contents after each session. For both 

groups, two weekly reminders were sent at the beginning and end of the week, over 8 

weeks, to remember the need to perform the proposed exercises and activities. 

Participants were also encouraged to use WhatsApp to ask questions and clarify 

doubts with the physiotherapist and provide feedback about home exercises. The 

exchange of information with participants was informed by behavior change 

techniques, such as instruction on how to perform a behavior, goal setting, 

demonstration of the behavior, feedback on behavior, and self-monitoring of behavior 

(Hynynen et al., 2016). A more detailed description of the exercise and PNE content is 

provided below. 
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8.2.6. Exercise 

Both intervention groups performed the same exercises, but the number of sessions 

and the duration of the component of exercise varied. The exercise group performed 

exercises in all sessions (45 minutes exercise in face-to-face sessions), but the 

exercise plus PNE group begun exercises in the 2nd session. In this session, exercises 

were performed for 15 minutes and the time devoted to exercise increased up to 45 

minutes in session 8th. All exercise sessions included i) warm-up: global exercises and 

full range mobility exercises of the body and particularly of the neck and shoulder, ii) 

neuromuscular control, endurance and strength exercises including for the deep neck 

flexor and extensor muscles and scapular stabilizer muscles, using body-weight, elastic 

bands, and balls, and iii) cooling-down: stretching exercises for neck and shoulder 

muscles (Blanpied et al., 2017; O’Riordan et al., 2014). Please see Tables 42 to 44 for 

details on the exercise intervention. The training volume was adjusted by increasing 

the number of repetitions from 2-3 sets of 8-12 repetitions to 3-5 sets of 8-12 

repetitions, according to individual comfort. Participants were also instructed to work 

between the 4 (a little strong) and 6 (strong) effort levels of the Modified Borg Scale 

(Yildiz, Turgut, & Duzgun, 2018). There was a rest period of 1 minute between each 

series of exercises (Lloyd et al., 2014). During the exercise program, the principles of 

cognition-targeted exercise therapy were used, i.e., time-contingent exercises instead 

of a symptom-contingent exercise (Malfliet et al., 2017; Nijs et al., 2015). Participants 

were encouraged to perform exercises 2 to 3 times a week. 

8.2.7. Pain Neuroscience Education 

PNE was delivered to the exercise and PNE group only. Contents were in line with 

guidelines (Butler & Moseley, 2013; Louw & Puentedura, 2013) and previous studies in 

adolescents (Andias et al., 2018; Louw et al., 2018) and included the discussion of 

acute pain, the transition from acute to chronic pain, central sensitization, brain 
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plasticity, pain modulation and the importance of exercise, and the role of cognitions, 

emotions and sleep on pain. Pictures, diagrams, metaphors, and YouTube videos were 

used to facilitate the understanding of the concepts (Heathcote et al., 2019; Adriaan 

Louw, Puentedura, Diener, Zimney, & Cox, 2019; Adriaan Louw, Zimney, O’Hotto, et 

al., 2016). The 1st session was PNE only and lasted approximately 45-minutes. In the 

2nd session, there were 30-minutes of PNE and the remaining 15-minutes was 

exercise. In the following 4th and 6th sessions 15 minutes of each session were used to 

clarify doubts and emphasize PNE concepts and strategies. The 8th session included 

exercise only. At the end of the face-to-face PNE sessions, an online information 

leaflet, written exclusively for this study by the research team, was sent via WhatsApp 

with an illustrated summary of the session and activities to be performed at home. In 

the WhatsApp sessions, in addition to the video with the exercises, participants 

received activities on PNE, such as crosswords or a link to a YouTube video (e.g. 

"What Is Pain Video" of the IMGinDC channel and recommended by Heathcote et al., 

(2019). Figure 19 shows illustrative pictures of the spaces provided by schools for the 

intervention and Figure 20 a general diagram of the intervention program. Please see 

Table 43 and attachments for details on the exercise plus PNE intervention. 

    

Figure 19. Illustrative pictures of the spaces provided by schools for intervention. 
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 Figure 20. Illustrative diagram of the intervention program.  
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8.3. Data analysis 

Participants’ characteristics at baseline were summarized using descriptive statistics, 

including counts (n), and percentages (%) for categorical variables and mean and SD 

for continuous variables. Differences between groups (exercise versus exercise plus 

PNE) at baseline were explored using Student’s t-tests for continuous data and chi-

square tests for categorical data. Mann-Whitney tests were also performed when the 

normality of the data was not verified. However, nonparametric statistics corroborated 

the parametric, so, the parametric results were reported. The intention-to-treat principle 

was used in the data analysis. The main analyses, to assess the between-group 

differences in response to the interventions for variables pain intensity, disability, 

quality of sleep, catastrophizing, fear of movement, self-efficacy, symptoms of central 

sensitization, and knowledge on pain neuroscience were performed using random 

coefficient linear mixed models. The model included treatment (exercise versus 

exercise plus PNE), time (3 measurement points: i) baseline, ii) post-intervention and 

iii) 6-month follow-up), treatment by time and baseline values as fixed effects, and 

subject and time as a random effect, using an AR1 covariance structure. This model 

was selected because it obtained a better Akaike's Information Criterion (AIC) value. 

For the primary variable (pain intensity) and one of the secondary variables (disability) 

were performed a sensitivity analysis using the main analysis model: 1) without 

adjusting to the baseline values of the variable; 2) adjusting to sex, age, and Body 

Mass Index; and 3) using a complete-cases analysis. The residuals’ normality was 

verified by visual inspection of QQ plot. For the muscle tests and Pressure Pain 

Threshold, the same analysis model was used but only with 2-time assessment points 

(baseline and post-intervention). Furthermore, the analysis of these functional variables 

was performed only with data from participants (n=33) who were not interrupted by the 

mandatory confinement due to the SARS-CoV-2 pandemic. Effect sizes were 
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calculated between baseline to post-intervention and baseline to 6-month follow-up, in 

each of the intervention groups, using the Partial Eta Square (Partial eta²) calculated 

from a one-way repeated-measures ANOVA. Partial eta² was interpreted as a very high 

effect (>0.5), high effect (0.25-0.5), medium effect (0.05-0.25), and small effect (≤0.05) 

(Cohen, 1988). All data analyses were conducted using SPSS software, version 22.0. 

The significance level was set at p<0.05 for all statistical analyses. 

8.4. Results 

This study took place between September 2019 and October 2020. Of 203 adolescents 

screened for eligibility, 127 (62.6%) met the inclusion criteria and accepted to enter the 

study (Figure 21). After randomization, 59 participants were allocated to the exercise 

group and 68 participants were allocated to the exercise plus PNE group. Forty 

(67.8%) and 42 (61.8%) participants in the exercise-only group and the exercise plus 

PNE group, received 5 face-to-face intervention sessions, respectively. The response 

rate at post-intervention and after 6-month follow-up was 98.3% and 94.9% in the 

exercise group and 88.2% and 89.7% in the exercise plus PNE group. At baseline, no 

between-group differences were found for sociodemographic characteristics or 

outcome measures (Table 45).   
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Figure 21. CONSORT Flow Diagram.  

Assessed for eligibility (n=203) 

Excluded (n=76) 

   Not meeting inclusion criteria (n=21) 

   Declined to participate (n=55) 

   Other reasons (n=0) 

Analysed (n=59) 

6-months follow-up assessment 

Completed the assessment (n=56) 

Forgot appointment (n=2) 

Discontinued intervention (n=1) 

Exercise group (n=59) 

 Received allocated intervention (n=58) 

 Started other treatment after baseline 

assessment (n=1) 

6-months follow-up assessment 

Completed the assessment (n=61) 

Forgot appointment (n=4) 

Discontinued intervention (n=3) 

 

Exercise plus PNE group (n=68) 

 Received allocated intervention (n=65) 

 Discontinued intervention (n=3) 

Started other treatment (n=2) 

Withdrew from Physical Education class n=1) 

Analysed (n=68) 

 

 

Allocation 

1.2.  

Analysis 

Follow-up 

6-month 

 

Randomized (n=127) 

Enrollment 

1.1.  

Post-intervention assessment 

Completed the assessment (n=58) 

Discontinued intervention (n=1) 

Post-intervention assessment 
Completed the assessment (n=60) 
Forgot appointment (n=5) 
Discontinued intervention (n=3) 

Follow-up 

Post-Intervention 



 

170 

 

8.4.1. Pain intensity 

There was a significant decrease in pain intensity from baseline to post-intervention 

and from baseline to follow-up in both groups (F(2;242.65)=87.84; p<0.001), but no 

between-group differences (F(1;123.38)=0.69; p=0.41), nor interaction between time 

and groups (F(2;242.65)=0.23; p=0.79) (Tables 46 and 47; Figure 22). Sensitivity 

analyses performed for the primary outcome resulted in findings similar to the main 

analysis (Table 46). 

 

Figure 22. Predictive mean values for pain intensity, for both intervention groups. 

 

8.4.2. Disability 

There was a significant decrease in disability from baseline to post-intervention and 

from baseline to follow-up in both groups (F(2;414.88)=40.99; p<0.001), but no 

between-group differences (F(1;2616.03)=0.27; p=0.61), nor the interaction between 

time and groups (F(2;414.88)=2.51; p=0.08) (Tables 46 and 47; Figure 23). Sensitivity 

analyses performed for this secondary outcome resulted in findings similar to the main 

analysis (Table 46). 
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Figure 23. Predicted mean values for disability, for both intervention groups. 

 

8.4.3. Sleep, psychosocial variables and symptoms of central 

sensitization 

There was a significant improvement in quality of sleep (F(2;245.86)=3.25; p<0.05) and 

self-efficacy (F(2;416.11)=8.83; p<0.001), and a significant decrease in catastrophizing 

(F(2;392.19)=18.99; p<0.001), fear-of-movement (F(2;413.62)=24.13; p<0.001) and 

symptoms of central sensitization (F(2;407.67)=19.06; p<0.001), from baseline to post-

intervention and from baseline to follow-up in both groups, but no between-group 

differences, nor interaction between time and groups (Tables 47 and 48; Figure 24). 
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Figure 24. Predicted mean values for sleep (BaSIQS score), catastrophizing (PCS score), fear of 

movement (TSK score), self-efficacy (CSES score), and symptoms of central sensitization (CSI score), for 

both intervention groups. 
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8.4.4. Knowledge about pain neuroscience  

The exercise plus PNE group showed a significant increase in the knowledge about 

pain neuroscience (F(2;241.12)=48.23; p<0.001) compared to the exercise group from 

baseline to post-intervention and from baseline to follow-up (Tables 47 and 48). For 

this outcome, there was statistical differences between groups (F(1;121.10)=60.23; 

p<0.001) and also, the interaction between time and groups was significant 

(F(2;241.12)=35.17; p<0.001), favourable for the exercise plus PNE group (Figure 25). 

 

 

Figure 25. Predicted mean values for knowledge on pain neuroscience, for both 

intervention groups. 

 

8.4.5. Pressure Pain Threshold and muscle endurance 

There was a significant increase in PPT from baseline to post-intervention for the right 

pilar C5-C6 (F(1;64.60)=144.98; p<0.001), left articular pillar C5-C6 

(F(1;64.64)=175.30; p<0.001) and tibialis anterior (F(1;127.00)=119.24; p<0.001) in 

both groups, but a significant between group difference (F(1;63.38)=5.71; p<0.05) and 

its corresponding interaction between time and group (F(1;64.64)=7.43; p<0.05) only 

for the left articular pillar C5-C6, with the exercise group showing higher increases in 
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PPT. There was also a significant increase in neck flexors (F(1;64.64)=150.14; 

p<0.001), neck extensors (F(1;64.60)=190.64; p<0.001) and scapular stabilizers 

(F(1;64.63)=67.22; p<0.001) in both groups, but no between group differences, nor 

interaction between time and groups (Table 49; Figure 26 and 27). For both groups, the 

effect size was very high for all PPT and muscle tests (Partial eta²=1). 

  

 

 

Figure 26. Predicted mean values of the pressure pain thresholds.  
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Figure 27. Predicted mean values of the muscle endurance tests. 

 

8.4.6. Patient’s Global Impression of Change  

At post-intervention, 79.3% of the participants in the exercise group and 75% of the 

participants in the exercise plus PNE group reported being moderately better, better, or 

a great deal better. These percentages were similar at the 6-month follow-up (Table 

50). 

Supplementary Tables 51 and 52 show the unadjusted mean values (±SD) for each 

group at baseline, post-intervention, and 6-month follow-up. 
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8.5. Discussion 

This randomized controlled study is the first to compare the effectiveness of a blended-

learning intervention using exercise plus PNE versus exercise only in adolescents with 

NP. The findings suggest that both interventions reduce to a similar extend pain 

intensity, disability, catastrophizing, fear of movement, and symptoms of central 

sensitization and increase sleep quality, self-efficacy, PPT in the right articular pillar 

C5-C6 and tibialis anterior, and endurance of neck and scapulothoracic muscles, in the 

short term and at 6-month follow-up. Statistical differences between groups were found 

only for knowledge about pain neuroscience and PPT at the left articular pillar of C5-

C6. Furthermore, the gains at post-intervention were maintained at 6-month follow-up. 

 

In this study, baseline mean pain intensity was low, but the percentage of reduction 

was 47.4% and 50.6% in the exercise group and 41.5% and 48.8% in the exercise plus 

PNE group at post-intervention and at 6-month follow-up, respectively, suggesting that 

the statistically significant decreases in pain intensity were also clinically relevant. 

Andias et al. (2018) reported similar percentages of pain intensity reduction at post-

intervention in a group of adolescents with NP receiving exercise and PNE for 4 weeks. 

Pack et al. (2018) also found a decrease in the Numeric Pain Rating Scale of 50% in 

adolescents with a central sensitization syndrome treated with 4-weeks of PNE and 

gradual exposure activity. None of the studies found in adolescents conducted a follow-

up assessment. According to Hirschfeld et al. (2014), in adolescents with head, 

back/extremities, and abdominal chronic pain, changes of 1 point on Numeric Pain 

Rating Scale, or percent changes of 12.5%, should be considered clinically meaningful. 

Moreover, the high percentage of adolescents who reported a Patient’s Global 

Impression of Change score of 5 or more in the present study reinforces the clinical 

relevance of our results. 
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Regarding disability, the mean decrease from baseline to post-intervention and 6-

month follow-up was higher than the SEM of 2.50 but lower than the SDC of 6.93 

(Andias & Silva, 2019a), raising doubts regarding its clinical relevance. Similarly, the 

mean increase in self-efficacy from baseline to 6months (-2.07, 95% CI: -2.59; -1.55) in 

the exercise plus PNE group reached a value close to the SEM of 2.49 for the CSES 

(Andias & Silva, 2020b), but lower than the SDC of 6.9. However, at 6-month follow-up, 

there is a trend towards a continuing decrease in pain disability and an increase in self-

efficacy, particularly in the exercise plus PNE group as suggests the larger effect size. 

This might indicate that in the long-term this decrease in disability and the increase in 

self-efficacy might reach clinically relevant levels in this group. These findings might be 

related to the acquired knowledge of pain neuroscience. PNE aims to help individuals 

with pain to use their knowledge and set of strategies provided during PNE in pain self-

management, promoting the retraining of their relationship with pain, triggering 

changes in their behaviors, and breaking the vicious cycle of fear-avoidance pain over 

time (Robins et al., 2016). Previous studies in adults with chronic pain have reported a 

positive effect of PNE in reducing disability for up to 1-year follow-up (Beltran-Alacreu, 

López-de-Uralde-Villanueva, Fernández-Carnero, & La Touche, 2015; Werner, 

Storheim, Lochting, Wisloff, & Grotle, 2016). However, the long-term impact of PNE 

remains to be investigated in future studies with longer follow-ups.  

 

These study findings are also in line with previous studies on what refers to sleep 

quality, catastrophizing, and fear of movement. A systematic review synthesizing 

studies that assessed the influence of exercise on sleep concluded that exercise 

promotes increased sleep quality and duration (Dolezal, Neufeld, Boland, Martin, & 

Cooper, 2017). Andias et al. (2018) reported a decrease in catastrophizing from 

moderate catastrophizing (20.2 ± 10.3) to borderline low catastrophizing (14.1±11.2), 

after 4 weeks of exercise and PNE in adolescents with NP. Although no studies have 
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been found in adolescents for fear of movement, studies in adults with chronic 

musculoskeletal pain have reported a decrease with interventions based on exercise 

and PNE (Galan-Martin et al., 2020; Malfliet, Kregel, Meeus, Roussel, et al., 2018).  

 

Contrary to what we expected, both groups reduced catastrophizing and fear of 

movement levels, symptoms of central sensitization, and improved sleep, similarly. The 

low scores of these variables at baseline may have contributed to the absence of 

differences between groups. Previously, it has been reported that PNE may be more 

effective in patients with high self-reported symptoms of central sensitization (Malfliet, 

Kregel, Meeus, Danneels, et al., 2018). To our knowledge, there are no intervention 

studies that have assessed the impact of any intervention on the Central Sensitization 

Inventory scores in children or adolescents. The mean decrease in both groups was 

higher than the SEM of 4.15 points but did not reach the SDC of 11.50 points (Andias & 

Silva, 2020a).  

An increase in PPT of 15% has been reported as being clinically relevant in adults 

(Malfliet, Kregel, Coppieters, et al., 2018). To our knowledge, no values have been 

reported for adolescents, but both groups reached increases higher than 15%. Only 

one study, in children with abdominal pain, reported lower local pressure pain 

thresholds at 3-weeks after interventions of PNE and hypnotherapy (Pas et al., 2020). 

It should be noted that although statistical differences between groups were found for 

the PPT at the left articular pillar of C5-C6, considering that there were no differences 

for the contralateral side, a type I error may be present. Despite differences in the dose 

of exercise, both groups improved neck and scapular stabilizers’ muscle endurance to 

an extent that was higher than the SEM found in previous studies (Oliveira & Silva, 

2016), but lower than the SDC. For adults with NP, strength or endurance interventions 

need to be of a minimum 6-week duration, 2 to 3 times a week (Ferro Moura Franco et 

al., 2021). No indications were found for adolescents. Considering the blended-learning 



 

179 

 

format of the intervention, we were unable to control the adolescents' adherence to the 

exercise program at home. However, the increases were in line with a previous study in 

adolescents with NP with face-to-face sessions (Andias et al., 2018).  

8.5.1. Clinical implications 

Our findings support the design of interventions based on exercise or exercise plus 

PNE for the management of chronic NP in adolescents implemented at the school 

setting and using a blended-learning format. This was a low resource demanding 

intervention that can reach virtually all adolescents with NP as school attendance till 18 

years is compulsory. Furthermore, the results of this study also suggest that similar 

interventions might be implemented to other painful syndromes. 

8.5.2. Strengths, limitations, and further research 

Study strengths include the sample size and few dropouts from baseline to post-

intervention and follow-up. The results of the Neurophysiology Pain Questionnaire 

suggest that there was no contamination between groups regarding PNE. Some 

limitations should also be considered. The different number of face-to-face sessions 

within and between groups. However, as reported previously, it does not seem to have 

had a negative impact on results. Although depression, anxiety, and stress were also 

reported in Chapter 5 as being relevant to disability in adolescents with NP, which in 

turn was associated with disability at 6 months, the assessment of these variables was 

not included in this randomized controlled trial.  The reduced number of schools used is 

likely to have decreased the heterogeneity of students, so some caution is needed 

when generalizing the study results. The assessor was not blinded to the study group. 

However, we believe that this had a negligible impact on results, particularly for the 

patient-reported outcomes as data was collected through an online questionnaire 

administered in the absence of the assessor (at post-intervention and 6-month follow-
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up participants filled the questionnaires at home). Future research should consider 

comparing the impact of these two interventions for longer follow-up periods and into 

adulthood and for other painful conditions.   

8.6. Conclusion 

This study findings suggest that interventions based on exercise and exercise plus 

PNE, delivered at the school setting in a blended-learning format reduced pain 

intensity, disability, catastrophizing, fear of movement, symptoms of central 

sensitization and increased sleep quality, self-efficacy, PPTs, and endurance of neck 

and scapulothoracic muscles, at post-intervention and 6-month follow-up, in 

adolescents with NP. The addition of PNE to exercise seems to accentuate a trend 

towards the continued improvement of disability and self-efficacy from post-intervention 

to 6-month follow-up, but these differences were not significant. Future studies should 

compare these two interventions for longer follow-ups.  
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Table 42. Global structure of the exercise program.  

Exercise session Intensity In between sessions resources 

sent via WhatsApp 

Session 1 /week 1 (Face-to-face)   

-Initial presentation of the participants and introduction to the program 

-Explanation of the general benefits of exercise (e.g., promotion of functionality and sense of 

well-being) and Modified Borg Scale 

-Exercise program 

 

2-3 sets of 8-12 repetitions (with 

contraction times of 3-5 seconds)  

-Pictures of home exercises sent via 

WhatsApp 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 2 / week 2 (Face-to-face)   

-Exercise program 

-Final reminder that the next session is at home with the support of a video sent via WhatsApp. 

2-3 sets of 8-12 repetitions (with 

contraction times of 3-5 seconds) 

 

 

 

-Pictures of home exercises sent via 

WhatsApp 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 3 / week 3 (WhatsApp)   

-A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

-In the end, the video finished with some practical strategies for participants’ to include the 

exercises in their daily routines  

2-3 sets of 8-12 repetitions to 3-5 sets 

of 8-12 repetitions (with contraction 

time of at least 10 seconds) 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 4 / week 4 (Face-to-face or WhatsApp)   

Face to face 

-Exercise program, which finished with final relaxation 

-Final reminder that the next session is at home with the support of a video sent via WhatsApp. 

 

WhatsApp 

-A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

2-3 sets of 8-12 repetitions to 3-5 sets 

of 8-12 repetitions (with contraction 

time of at least 10 seconds) 

 

 

 

 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 5 / week 5 (WhatsApp)   

- A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

- In the end, the video finished with some general back mobility and stretching exercises for 

participants' daily routines 

3-5 sets of 8-12 repetitions (with 

contraction time of at least 10 

seconds) 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 
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Session 6 / week 6 (Face-to-face or WhatsApp)   

Face to face 

-Exercise program 

-Final reminder that the next session is at home with the support of a video sent via WhatsApp. 

WhatsApp 

- A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

3-5 sets of 8-12 repetitions (with 

contraction time of at least 10 

seconds) 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 7 / week 7 (WhatsApp)   

-A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

-In the end, the video finished with some practical strategies for participants’ to include the 

exercises in their daily routines  

3-5 sets of 8-12 repetitions (with 

contraction time of at least 10 

seconds) 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 

Session 8 / week 8 (Face-to-face or WhatsApp)   

Face to face 

-Final considerations of the program 

-Exercise program, which finished with final relaxation 

WhatsApp 

- A video with a maximum 5 minutes duration, in which the physiotherapist showed how to 

perform the exercises 

-Final considerations of the program 

3-5 sets of 8-12 repetitions (with 

contraction time of at least 10 

seconds) 

 

 

 

 

-Two weekly reminders, to reinforce 

the importance of performing 

exercises at home, via WhatsApp 
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Table 43. Detailed description of PNE topics, activities and materials.  
Session Type Topics Duration  

(minutes) 
Material/Strategies used (examples) 

1 In group  
at school 

Introduction to the program 5   

Assessment of patients' beliefs towards pain - Concept of 
"Pain is normal" 

5 Questions to participants 

Acute pain processing 10 Diagrams/ images/metaphors 
Video: https://www.youtube.com/watch?v=PMZdkac4YLk- 

Concept of chronic pain and the role of peripheral 
and central sensitization 

10 Diagrams/ images/metaphors 

Importance of the exercise 5 Scheme "Fear-avoidance cycle" 

Student perceptions about exercise 

Indications for home exercise session 1 and explanation of the use of Modified Borg Scale 5 Booklet online sent via WhatsApp ( 
Explanation of the video with instructions for home 
exercises 
Explanation of the diary of exercise 

Homework Activity 1: Participants were invited to explain the neck discomfort process, considering what 
they learned in the session. 
Activity 2: Perform the exercises at home 

  Activity 1 was sent via WhatsApp. 
A weekly reminder was sent for the exercise. 

2 In group  
at school 

Clarification of doubts and revision concepts 5   

Pain neuromatrix 5 Diagrams/ images 

Pain modulation: the role of cognitions in pain  
(depression, anxiety, stress, fear and catastrophizing) 

10 Images/ -"Lion metaphor" 

The role of the sleep  5   

Reinforcement of the importance of the self-efficacy and exercise 15 Booklet online sent via WhatsApp 

Exercise session 2   

Indications for session 3 in home 5 Diary of exercise 

Homework Activity 1: Participants were invited to explore their sleep routines. 
Activity 2: Perform the exercises at home 

  Activity 1 was sent via WhatsApp. 
A weekly reminder was sent for the exercise. 

3 Individual  
at home 

Exercise session 3  20 Video with instructions  
Diary of exercise 

Homework Activity 1: Participants were invited to view the video sent by the researchers via WhatsApp. 
Activity 2: Perform the exercises at home 

  Video "What Is Pain Video": 
https://www.youtube.com/watch?v=GF2xhUKxzxY 
A weekly reminder will be sent for the exercise. 

4 In group  
at school 

Clarification of doubts and revision concepts 5 Questions of the Pain Neurophysiology  
Questionnaire (version 12 items) 

https://www.youtube.com/watch?v=GF2xhUKxzxY
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Others strategies to help to control pain/retraining pain memories:   
relaxation/ breathing techniques, sleep strategies, emotional control, do things to stay 
positive 

10 Highlight strategies 

Exercise session 4 25 Booklet online sent via WhatsApp 
Diary of exercise 

Reinforcement of the importance of the exercise during the week 

Homework Activity 1: Participants were invited to comment the phrase "The pain in my neck is related to 
any changes that I have in my bones or muscles and so I can't move it" 
Activity 2:Perform the exercises at home 

  Activity 1 was sent via WhatsApp. 
A weekly reminder was sent for the exercise. 

5 Individual  
at home 

Exercise session 5 20 Video with instructions 
Diary of exercise 

Homework Activity 1: Participants were invited to answer 6 True / False questions about pain 
neuroscience on google docs 
Activity 2: Perform the exercises at home 

  Activity 1 was sent via WhatsApp. 
A weekly reminder was sent for the exercise. 

6 In group  
at school 

Clarification of doubts and highlights of neuroscience of pain 10 Questions of the Pain Neurophysiology  
Questionnaire 
Possibility to show part of the video "The mysterious 
science of pain" 

Exercise session 6 30 Diary of exercise 

Homework Activity 1: Participants were invited to found 6 cross words  
Activity 2: Perform the exercises at home 

  Activity 1 was sent via WhatsApp 
A weekly reminder was sent for the exercise. 

7 Individual  
at home 

Exercise session 7 20 Video with instructions 
Diary of exercise 

Homework Activity 1: Participants were invited to view the video sent by the researchers via WhatsApp. 
Activity 2: Perform the exercises at home 

  Video: https://www.youtube.com/watch?v=e9BhNbluM6M 
A weekly reminder was sent for the exercise. 

8 In group 
at school 

Exercise session 8 30   

Summary of key-points 10 Questions of the Pain Neurophysiology  
Questionnaire Program conclusion 

https://www.youtube.com/watch?v=e9BhNbluM6M
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Table 44. Brief description of the specific exercises included in each of the 3 parts of the exercise program (warm-up, neck, and shoulder exercises and cool-

down). 
 Exercises Intensity 

Example of exercises used across sessions for warm-up 

Global warm-up 
exercises 

• Jump rope (skipping rope interspersing support leg, double leg rope skipping, double leg rope skipping with higher 

speed, skipping rope with double leg while walking 10 meters) 

• Lateral and front jumping jacks 

• Partner wheelbarrow- 10-meter walk (*) 

• Walking back and forth with the upper limbs, in prone position, with a gymnastic ball under the hips region and both 

hands on the floor 

• Cat-cow spinal movement exercise 

• ROM neck exercises (flexion, extension, lateral flexion and rotation) and shoulder ROM exercises 

(elevation/depression, circumduction)  

2 sets of 10 reps 
(*) 2-3 sets  

Example of neck and shoulder specific exercises used across sessions 

Deep neck flexors Individual exercises 

• Students lying supine on a mattress were asked to perform craniocervical flexion and hold this position for a few 

seconds 

       Progression to:  

o While keeping craniocervical flexion raise the head from the mattress; 

o While keeping craniocervical flexion, raise the head from the mattress and perform diaphragmatic breathing; 

o While keeping craniocervical flexion, raise the head from the mattress and perform flexion and extension of 

each lower limb alternately; 

o While keeping craniocervical flexion, raise the head from the mattress and perform circumduction of each 

upper limb or pass an object from one hand to the other. 

• Students supine lying with both feet on the ground, the trunk/hip supported on a gymnastic ball and the neck 

unsupported were instructed to perform craniocervical flexion 

Progression to:  

o While keeping craniocervical flexion, perform flexion and extension of each upper limb alternately 

2-3 sets of 8-12 repetitions 

to 3-5 sets of 8-12 

repetitions 

 
Contraction times of 3-5 
seconds to contraction 
times of at least 10 
seconds 

Deep neck extensors Individual exercises 

• Craniocervical flexion-extension and rotation up to approximately 40º in a quadruped position  

• Students in a standing position, with head and back against a wall, were instructed to slowly walk forward while 

keeping the head against the wall  

• Similar to previous exercise but with a ball in between the students head and the wall  

• In a standing position, with shoulders and elbows at 90º flexion hold the theraband around the head and extend the 

2-3 sets of 8-12 repetitions 

to 3-5 sets of 8-12 

repetitions 

 
Contraction times of 3-5 
seconds to contraction 
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neck against theraband resistance times of at least 10 
seconds 

Scapular stabilizers Individual exercises 

• With both hands against the wall, elbows extended and shoulders at 90º flexion perform retraction and protraction of 

the shoulder girdle  

• Students in a standing position were instructed to hold a theraband in both hands, with elbows flexed at 90º and 

perform external rotation of both shoulders simultaneously 

• In a quadruped position, students were instructed to fix the theraband with one hand, while performing a horizontal 

shoulder abduction with the other against the theraband resistance 

• Push-ups on the wall 

       Progression to:  

o Push-ups on a table (body inclination of 45º) 

o Push-ups on the floor 

o Push-ups on the floor with lateral walking with both hands and feet 

o Push-ups on a gymnastic ball 

2-3 sets of 8-12 repetitions 

to 3-5 sets of 8-12 

repetitions 

 
Contraction times of 3-5 
seconds to contraction 
times of at least 10 
seconds 

Exercises targeting 
both neck and 
shoulder muscles 

Competition between pairs 

• Walking around the room with a book on the top of the head for as long as possible 

• Walking in pairs, back against back, holding a small ball in between the back of the heads, back straight and hips 

and knees flexed 

• Two students positioned themselves face-to-face in standing, with the trunk tilted forward, arms extended, were 

instructed to maintain a plank position using each others’ hands for support as long as possible 

• Two students were instructed to position themselves in a plank position with their hands on the floor, face-to-face, 

and alternately to raise one hand and touch each other's hands (competition between pairs) 

Individual exercises 

• Students lying down on a mattress in a prone position, shoulders at 90º abduction, elbows at 90º flexion, were 

instructed to raise the head, the upper limbs and the upper part of the trunk from the ground   

      Progression to:  

o raise the head, the upper limbs and the upper part of the trunk from the ground while semi-extend the 

elbows in front in a first phase, and fully extend the elbows in a second phase 

• Students lying down on a mattress in supine position, feet on the floor, hips and knees at 45º flexion, and head 

resting on a book, were instructed to perform craniocervical flexion and press their head against the book while 

performing circular movements with the upper limbs 

      Progression to:  

o While keeping craniocervical flexion and pressing the head against the book, perform scapular retraction 

2-3 sets of 8-12 repetitions 

to 3-5 sets of 8-12 

repetitions 

 
Contraction times of 3-5 
seconds to contraction 
times of at least 10 
seconds 
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and protraction with the shoulders at 90º flexion 

• Students in a prone position with both hands on the ground and the hips supported on a gymnastic ball, were 

instructed to perform craniocervical flexion-extension and rotation up to approximately 40º 

• Students lying down in a supine position, with lower feet on the floor and hip and knees at 45º flexion, head resting 

on a semi-empty ball and in craniocervical flexion, were instructed to perform a bridge or semi-bridge 

• Students in a standing position, facing a wall, holding a small ball with the front of the head against the wall and a 

theraband in both hands, with elbows flexed at 90º, were asked to perform external rotation of both shoulders while 

pressing the ball against the wall 

• Students in a standing position, with their back facing a wall, holding a small ball with the back of the head against 

the wall and with a theraband fixed on the foot and hand, were asked to perform shoulder abduction against 

theraband resistance while pressing the ball against the wall 

• Horizontal plank exercise 

      Progression to:  

o Horizontal plank with lower limb movement: abduction/adduction or knee and hip flexion/extension 

Cooling-down  

Stretching exercises • Neck stretching for anterior, posterior and lateral muscle groups (standing or sitting on a gymnastic ball) 

• Stretching for posterior muscles of the trunk and anterior, posterior and lateral muscle groups of the shoulders 

(standing or sitting on the gymnastic ball) 

3 sets of 20-30 seconds for 
each stretch 
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Table 45. Characterization of adolescents with chronic NP at baseline. 

Variables  Exercise group 

(N=59) 

Exercise plus PNE 

group (N=68) 

p 

Sex (N, %) Female  50 (84.7) 59 (86.8) 0.80 

Male 9 (15.3) 9 (13.2) 

Age (years) Mean (SD) 15.85 (2.35) 16.24 (1.17) 0.23 

BMI (Kg/m2) Mean (SD) 22.20 (3.39) 22.34 (4.55) 0.84 

Scholar level (N, 

%) 

10th  19 (32.2) 22 (32.4) 0.20 

11th  20 (33.9) 32 (47.1) 

12th  20 (33.9) 14 (20.6) 

Areas of 

knowledge 

Sciences 23 22 -- 

Economics 6 12 

Humanities 9 18 

Arts 21 14 

Informatics 0 2 

Pain duration (N, 

%) 

3 to 6 months 15 (25.4) 16 (23.5) 0.89 

6 months to 1 year 11 (18.6) 13 (19.1) 

1 to 2 years 20 (33.9) 21 (30.9) 

2 to 5 years 9 (15.3) 15 (22.1) 

> 5 years 4 (6.8) 3 (4.4) 

Pain frequency  

(N, %) 

Rarely 6 (10.2) 11 (16.2) 0.68 

Sometimes  30 (50.8) 31 (45.6) 

Often/Always 23 (39) 26 (38.3 

NPRS (0-10) Mean (SD) 4.41 (1.68) 4.60 (2.02) 0.56 

FDI (0-60) Mean (SD) 10.61 (6.22) 10.10 (6.86) 0.67 

BaSIQS (0-28) Mean (SD) 12.12 (4.75) 11.35 (4.53) 0.36 

PCS (0-52) Mean (SD) 13.42 (8.61) 13.53 (8.55) 0.95 

TSK (13-52) Mean (SD) 25.86 (5.67) 25.75 (5.43) 0.91 

CSES (7-35) Mean (SD) 17.34 (4.53) 17.03 (5.50) 0.73 

CSI (0-100) Mean (SD) 37.76 (12.38) 35.04 (13.29) 0.24 

NPQ (0-12) Mean (SD) 4.59 (1.79) 3.96 (1.84) 0.05 

PPT (N/cm2) 

Mean (SD) 

Right articular pillar C5/C6 21.19 (10.02) 21.02 (10.10) 0.92 

Left articular pillar C5/C6 19.12 (9.62) 19.59 (9.72) 0.78 

Tibialis anterior 37.98 (14.52) 38.43 (13.42) 0.86 

Endurance tests 

(seconds) 

Mean (SD) 

Neck flexors 10.48 (5.91) 10.19 (6.12) 0.78 

Neck extensors 117.27 (73.19) 115.90 (75.66) 0.92 

Scapular stabilizers 30.48 (20.23) 36.22 (27.70) 0.19 

SD, Standard Deviation; PNE, Pain Neuroscience Education; NPRS, Numeric Pain Rating Scale; FDI, 

Functional Disability Inventory; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, 

Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, 

Central Sensitization Inventory; NPQ, Neurophysiology of Pain Questionnaire; PPT, Pressure Pain 

Thresholds. 
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Table 46. Pain intensity and disability - estimated marginal means and sensitivity analysis. 

Variables 

Exercise group Exercise plus PNE group Statistical results 

Baseline 

(n=59) 

Mean (95% CI) 

Post-Intervention 

(n=58) 

Mean (95% CI) 

6Mo Follow-up 

(n=56) 

Mean (95% CI 

Baseline 

(n=68) 

Mean (95% CI 

Post-Intervention 

(n=60) 

Mean (95% CI 

6Mo Follow-up 

(n=61) 

Mean (95% CI 

 

NPRS* 

(0-10) 

4.43  

(4.03-4.84) 

2.33  

(1.91-2.74) 

2.19 

 (1.76-2.62) 

4.51  

(4.13-4.88) 

2.64 

(2.23-3.04) 

2.31 

(1.90-2.73) 

Group:p=0.41; Time:p<0.001 

Group*Time: p=0.79 

Baseline value: p<0.001 

Sensitivity 

analysisᵅ 

4.41  

(3.92-4.90) 

2.30  

(1.79-2.80) 

2.16  

(1.62-2.70) 

4.60  

(4.15-5.06) 

2.68 

(2.19-3.17) 

2.38 

(1.87-2.90) 

Group:p=0.35; Time:p<0.001 

Group*Time: p=0.86 

Sensitivity 

analysisᵇ 

4.31  

(3.85-4.77) 

2.20  

(1.74-2.66) 

2.06  

(1.58-2.53) 

4.37  

(3.93-4.80) 

2.50 

(2.04-2.95) 

2.17 

(1.70-2.64) 

Group:p=0.44; Time:p<0.001 

Group*Time: p=0.79 

Baseline value: p<0.001 

Sex: p=0.18; Age: p=0.90; BMI: 

p=0.97 

Sensitivity 

analysisᶜ 

4.40  

(4.00-4.80) 

2.27  

(1.87-2.68) 

2.15  

(1.72-2.57) 

4.38  

(3.99-4.77) 

2.55 

(2.15-2.95) 

2.27 

(1.86-2.69) 

Group:p=0.56; Time:p<0.001 

Group*Time: p=0.65 

Baseline value: p<0.001 

FDI* 

(0-60) 

10.41  

(9.30-11.52) 

7.16  

(6.03-8.28) 

6.97  

(5.79-8.15) 

10.30  

(9.27-11.34) 

7.78 

(6.68-8.88) 

5.53 

(4.40-6.66) 

Group:p=0.61; Time:p<0.001 

Group*Time: p=0.08 

Baseline value: p<0.001 

Sensitivity 

analysisᵅ 

10.61  

(8.96-12.26) 

7.36  

(5.68-9.03) 

7.13  

(5.34-8.92) 

10.10  

(8.57-11.64) 

7.60 

(5.98-9.21) 

5.37 

(3.66-7.08) 

Group:p=0.50; Time:p<0.001 

Group*Time: p=0.20 

Sensitivity 

analysisᵇ 

10.20  

(8.92-11.48) 

6.95  

(5.67-8.22) 

6.79  

(5.46-8.12) 

10.10  

(8.88-11.32) 

7.60 

(6.33-8.87) 

5.37 

(4.05-6.68) 

Group:p=0.63; Time:p<0.001 

Group*Time: p=0.08 

Baseline value: p<0.001 

Sex: p=0.55; Age: p=0.93; BMI: 

p=0.21 

Sensitivity 

analysisᶜ 

10.39  

(9.23-11.56) 

7.36  

(6.19-8.53) 

7.02  

(5.81-8.23) 

10.28  

(9.13-11.42) 

7.65 

(6.50-8.81) 

5.45 

(4.26-6.64) 

Group:p=0.47; Time:p<0.001 

Group*Time: p=0.13 

Baseline value: p<0.001 

CI, Confidence Interval; Mo, Months; PNE, Pain Neuroscience Education; NPRS; Numeric Pain Rating Scale; FDI, Functional Disability Inventory 

* Linear mixed model including treatment (exercise and exercise plus PNE), time (baseline, post-intervention and 6-month follow-up) and treatment x time as fixed effects, 

baseline as covariate (fixed effects), and subject and time as random effect. 
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ᵅ Linear mixed model including treatment (exercise and exercise plus PNE), time (baseline, post-intervention and 6-month follow-up) and treatment x time as fixed effects, and 

subject and time as random effect.   

ᵇ Linear mixed model including treatment (exercise and exercise plus PNE), time (baseline, post-intervention and 6-month follow-up) and treatment x time as fixed effects, 

baseline values, sex, age and Body Mass Index as covariate (fixed effects), and subject and time as random effect. 

ᶜ Complete-cases analysis based on linear mixed model analysis of data from those who completed all three assessments. Linear mixed model including treatment (exercise 

and exercise plus PNE), time (baseline, post-intervention and 6-month follow-up) and treatment x time as fixed effects, baseline values as covariate (fixed effects), and subject 

and time as random effect. 

 

Table 47. Values of partial eta square between baseline and post-intervention and between baseline and 6-month follow-up using the predictive values of the 

linear mixed model.  

Variables Exercise group Exercise plus PNE group 

 Baseline to 
Post-intervention 

Baseline to 
6Mo Follow-up 

Baseline to 
Post-intervention 

Baseline to 
6Mo Follow-up 

NPRS (0-10) 0.99 0.98 0.99 0.98 

FDI (0-60) 0.66 0.67 0.52 0.83 

BaSIQS (0-28) 0.71 0.52 0.39 0.51 

PCS (0-52) 0.98 0.99 0.99 0.99 

TSK (13-52) 0.41 0.56 0.57 0.61 

CSES (7-35) 0.32 0.18 0.22 0.49 

CSI (0-100) 1.00 1.00 1.00 1.00 

NPQ (0-12) 0.82 0.02 1.00 0.99 

Mo, Months; PNE, Pain Neuroscience Education; NPRS, Numeric Pain Rating Scale; FDI, Functional Disability Inventory; BaSIQS, Basic Scale on Insomnia complaints and 

Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory; NPQ, 

Neurophysiology of Pain Questionnaire.  
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Table 48. Sleep, psychosocial variables, symptoms of central sensitization and knowledge about pain neuroscience – estimated marginal means adjusted for 

the baseline values.  

Variables Exercise group Exercise plus PNE group Statistical results 

Baseline 
(n=59) 
Mean (95% CI) 

Post-Intervention 
(n=58) 
Mean (95% CI) 

6Mo Follow-up 
(n=56) 
Mean (95% CI) 

Baseline 
(n=68) 
Mean (95% CI) 

Post-Intervention 
(n=60) 
Mean (95% CI) 

6Mo Follow-up 
(n=61) 
Mean (95% CI) 

BaSIQS  
(0-28) 

11.73  
(11.07-12.40) 

11.00  
(10.31-11.68) 

10.98  
(10.26-11.70) 

11.62  
(11.00-12.24) 

11.23 
(10.56-11.90) 

10.97 
(10.28-11.66) 

Group: p=0.92; Time: p=0.04 
Group*Time: p=0.82 

PCS  
(0-52) 

13.46  
(12.07-14.85) 

11.67  
(10.25-13.08) 

9.66  
(8.21-11.11) 

13.49  
(12.20-14.78) 

10.99 
(9.61-12.38) 

9.57 
(8.18-10.96) 

Group:p=0.72; Time:p<0.001 
Group*Time: p=0.83 

TSK  
(13-52) 

25.87  
(24.85-26.89) 

24.05  
(23.02-25.08) 

23.29  
(22.20-24.37) 

25.85  
(24.90-26.80) 

23.48 
(22.47-24.49) 

22.76 
(21.73-23.80) 

Group:p=0.50; Time:p<0.001 
Group*Time: p=0.77 

CSES  
(7-35) 

17.17  
(16.22-18.12) 

15.69  
(14.73-16.65) 

16.15  
(15.14-17.17) 

17.09  
(16.20-17.98) 

16.01 
(15.07-16.95) 

15.02 
(14.05-15.98) 

Group:p=0.56; Time:p<0.001 
Group*Time: p=0.17 

CSI  
(0-100) 

36.47  
(34.53-38.40) 

32.13  
(30.18-34.09) 

30.68  
(28.69-32.67) 

36.05  
(34.25-37.85) 

32.92 
(31.00-34.83) 

30.64 
(28.73-32.55) 

Group:p=0.90; Time:p<0.001 
Group*Time: p=0.80 

NPQ  
(0-12) 

4.42  
(3.98-4.87) 

4.81  
(4.35-5.26) 

4.46  
(3.99-4.94) 

4.13  
(3.72-4.55) 

7.60 
(7.15-8.04) 

7.06 
(6.60-7.51) 

Group:p<0.001;Time:p<0.001 
Group*Time: p<0.001 

CI, Confidence Interval; Mo, Months; PNE, Pain Neuroscience Education; BaSIQS, Basic Scale on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; 

TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central Sensitization Inventory; NPQ, Neurophysiology of Pain Questionnaire.  
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Table 49. Muscle endurance tests and pressure pain thresholds – estimated marginal means for each group adjusted for the baseline values. 

Variables Exercise group Exercise plus PNE group 

Statistical results 
 Baseline  

(n=33) 
Mean (95% CI) 

Post-Intervention 
(n=33) 

Mean (95% CI) 

Baseline  
(n=33) 

Mean (95% CI) 

Post-Intervention 
(n=33) 

Mean (95% CI) 

PPT Right articular 
pillar C5C6 (N/cm2) 

21.18  
(18.92-23.43) 

36.14  
(33.85-38.43) 

21.17  
(18.91-23.43) 

32.29  
(30.00-34.58) 

Group: p=0.12; Time: p<0.001 
Group*Time: p=0.08 

PPT Left articular 
pillar C5C6 (N/cm2) 

19.78 
(17.73-21.83) 

35.36  
(33.28-37.45) 

19.79  
(17.74-21.84) 

30.05  
(27.96-32.14) 

Group: p=0.02; Time: p<0.001 
Group*Time: p=0.01 

PPT Tibialis anterior 
(N/cm2) 

37.70 
(35.18-40.23) 

52.59  
(50.07-55.12) 

37.89  
(35.36-40.41) 

50.87  
(48.35-53.40) 

Group: p=0.55; Time: p<0.001 
Group*Time: p=0.46 

Neck flexors 
endurance (seconds) 

9.62 
(6.53-12.72) 

27.22  
(24.08-30.37) 

9.66  
(6.57-12.76) 

28.07 
(24.92-31.22) 

Group: p=0.79; Time: p<0.001 
Group*Time: p=0.78 

Neck extensors 
endurance (seconds) 

98.24 
(83.10-113.37) 

207.90  
(192.54-223.26) 

100.11  
(84.97-115.25) 

189.93 
(174.57-205.29) 

Group: p=0.33; Time: p<0.001 
Group*Time: p=0.17 

Scapular stabilizers 
endurance (seconds) 

26.56 
(21.62-31.50) 

45.14 
(40.12-50.16) 

26.98  
(22.04-31.92) 

46.77 
(41.75-51.79) 

Group: p=0.71; Time: p<0.001 
Group*Time: p=0.80 

CI, Confidence Interval; PNE, Pain Neuroscience Education; PPT, Pressure Pain Thresholds 

Table 50. Patient Global Impression of Change scores.  

Patient Global Impression of Change  Exercise group Exercise plus PNE group 

 
Post-

intervention  
n=58 

 
Follow-up 

n=56 

 Post-
intervention  

n=60 

 
Follow-up 

n=61 

 

1. No change (or condition has got worse). 0 (0.0%) 

12 
(20.7%) 

1 (1.8%) 

11 
(19.6%) 

0 (0.0%) 
 

15 
(25.0%) 

 

0 (0.0%) 

18 
(29.6%) 

2. Almost the same, hardly any change at all. 1 (1.7%) 1 (1.8%) 2 (3.3%)  4 (6.6%) 

3. A little better, but no noticeable change. 4 (6.9%) 4 (7.1%) 7 (11.7%) 7 (11.5%) 

4. Somewhat better, but the change has not made any 
real difference. 

7 (12.1%) 5 (8.9%) 6 (10.0%) 7 (11.5%) 

5. Moderately better, and a slight but noticeable 
change. 

20 (34.5%) 

46 
(79.3%) 

17 (30.4%) 

45 
(80.4%) 

24 (40.0%) 

45 
(75.0%) 

15 (24.6%) 

43 
(70.5%) 

6. Better, and a definitive improvement that has made 
a real and worthwhile difference. 

22 (37.9%) 25 (44.6%) 18 (30.0%) 16 (26.2%) 

7. A great deal better, and a considerable 
improvement that has made all the difference. 

4 (6.9%) 3 (5.4%) 3 (5.0%) 12 (19.7%) 
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Table 51. Unadjusted means (SD) for all Patient Report Outcome Measures.  

Variables Exercise group Exercise and PNE group 

  Baseline  
(n=59) 
Mean (SD) 

Post-Intervention 
(n=58) 
Mean (SD) 

6Mo Follow-up  
(n=56) 
Mean (SD) 

Baseline  
(n=68) 
Mean (SD) 

Post-Intervention 

(n=60) 

Mean (SD) 

6Mo Follow-up 

(n=61) 

Mean (SD) 

NPRS (0-10) 4.41 (1.68) 2.29 (1.95) 2.16 (1.91) 4.60 (2.02) 2.58 (2.20) 2.31 (2.01) 

FDI (0-60) 10.61 (6.22) 7.36 (6.34) 7.21 (7.26) 10.10 (6.86) 7.58 (7.68) 5.36 (6.51) 

BaSIQS (0-28) 12.12 (4.75) 11.40 (5.38) 11.37 (5.75) 11.35 (4.53) 10.77 (4.01) 10.61 (3.55) 

PCS (0-52) 13.42 (8.61) 11.76 (8.88) 9.77 (7.48) 13.53 (8.55) 10.83 (9.43) 9.51 (8.54) 

TSK (13-52) 25.86 (5.67) 24.17 (5.81) 23.36 (6.23) 25.75 (5.43) 23.40 (6.13) 22.70 (5.62) 

CSES (7-35) 17.34 (4.53) 15.95 (5.34) 16.45 (5.36) 17.03 (5.50) 15.72 (5.18) 14.64 (5.37) 

CSI (0-100) 37.76 (12.38) 33.71 (13.24) 32.16 (13.27) 35.04 (13.29) 31.63 (13.88) 28.85 (14.45) 

NPQ (0-12) 4.59 (1.79) 4.98 (2.02) 4.64 (2.38) 3.96 (1.84) 7.45 (1.93) 6.92 (2.09) 

SD, Standard Deviation; M, Months; PNE, Pain Neuroscience Education; NPRS, Numeric Pain Rating Scale; FDI, Functional Disability Inventory; BaSIQS, Basic Scale 

on Insomnia complaints and Quality of Sleep; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale of Kinesiophobia; CSES, Child Self-Efficacy Scale; CSI, Central 

Sensitization Inventory; NPQ, Neurophysiology of Pain Questionnaire. 

 

 

Table 52. Unadjusted means (SD) for muscle endurance tests and pressure pain thresholds.  

Variables Exercise group Exercise plus PNE group 

Baseline 
(n=33) 
Mean (SD) 

Post-Intervention 
(n=33) 
Mean (SD) 

Baseline 
(n=33) 
Mean (SD) 

Post-Intervention 

(n=33) 

Mean (SD) 

PPT (N/cm2) 
 

Right articular pillar C5/C6  21.22 (10.42) 36.19 (14.78) 21.22 (10.42) 32.24 (10.72) 

Left articular pillar C5/C6 19.92 (9.90) 35.50 (15.55) 19.65 (10.53) 29.91 (11.54) 

Tibialis anterior 37.48 (14.42) 52.37 (10.92) 38.12 (14.61) 51.09 (9.35) 

Muscular tests 
(seconds) 
 

Neck flexors endurance  9.20 (5.20) 26.80 (12.19) 10.08 (5.55) 28.49 (14.95) 

Neck extensors endurance  89.01 (52.60) 198.67 (77.63) 109.34 (64.84) 199.16 (78.45) 

Scapular stabilizers Endurance 23.23 (13.16) 41.80 (24.16) 30.31 (20.59) 50.10 (26.30) 

SD, Standard Deviation; PNE, Pain Neuroscience Education; PPT, Pressure Pain Thresholds 



 

194 

 



 

195 

 

9. GENERAL DISCUSSION AND CONCLUSION 

 

To our knowledge, this research project was the first to systematically explore the 

association between a set of functional, psychosocial, and sleep impairments, and 

symptoms of central sensitization and current and future pain and disability in 

adolescents with chronic NP and to investigate the effectiveness of exercise plus PNE 

compared to exercise only. Studies investigating the presence of functional and 

psychosocial factors associated with chronic NP in adolescents are scarce. 

Furthermore, in a preliminary search (Chapter 2), we were unable to find studies that 

assessed fear of movement or self-reported symptoms of central sensitization in 

adolescents with chronic NP. The absence of a literature review that systematized 

functional, psychosocial, sleep, and central sensitization changes in adolescents with 

NP was the starting point for Chapters 3 and 4.  

 

The systematic review of studies comparing functional changes (Chapter 3) found a 

total of 10 studies, of which i) 5 out of 7 studies suggested that there are no differences 

in cervicothoracic posture between adolescents with and without NP, ii) 1 out of 3 

studies suggested that there are restrictions in neck movements in adolescents with 

NP compared to adolescents without NP, iii) a single study suggested that adolescents 

with NP have a higher joint repositioning error and higher pain sensitivity than 

asymptomatic adolescents and iv) a single study suggested that adolescents with NP 

have a lower endurance of the deep neck muscles than asymptomatic adolescents. To 

the best of our knowledge, since the conclusion of the systematic review on functional 

factors associated with NP (Chapter 3), one more study was published (Richards et al., 

2021). Results of this study reinforce the previous findings of Chapter 3, that neck 
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posture is not associated with NP in adolescents. Richards et al. (2021) re-evaluated 

the sample of 17-year-old adolescents with NP included in Richards et al. (2016), at 22 

years of age, and reported that sitting neck posture at 17 years is not a risk factor for 

having persistent pain at 22 years of age. Furthermore, postures categorized as more 

relaxed (slumped thorax/forward head) compared to upright postures might be 

protective for NP in girls. Female sex and the presence of NP at 17 years of age were 

the only factors suggested by Richards et al. (2021) as risk factors for chronic NP at 22 

years of age.  

 

The second systematic review (Chapter 4) with emphasis on psychosocial variables 

and sleep found 14 studies, of which i) a meta-analysis of 4 studies showed that 

depression was associated with increased odds of reporting NP, both in girls and boys, 

ii) 2 studies suggested that adolescents with NP have higher levels of anxiety than 

asymptomatic adolescents, iii) 2 studies suggested that adolescents with NP have 

higher levels of stress than asymptomatic adolescents, iv) a single study suggested 

that adolescents with NP have higher levels of catastrophizing than asymptomatic 

adolescents, v) a meta-analysis of 4 studies showed that sleep impairments were 

associated with increased odds of reporting NP, and vi) 1 out of 2 studies suggested 

that adolescents with NP have less self-efficacy than asymptomatic adolescents. No 

studies were found on fear of movement. Again, was repeated the search since the 

date of the conclusion of the collection of articles included in the systematic review of 

psychosocial factors and sleep associated with NP, and we found two recent studies 

that explored the variables depression and quality of sleep in adolescents with NP 

(Richards et al., 2021; Scarabottolo et al., 2020). Scarabottolo et al. (2020) in a cross-

sectional study found an association between poorer sleep quality and NP in girls 

(n=105) and boys (n=71), and these results reinforce the previous findings of Chapter 

4. Richard et. al. (2021) reported that depression at age 17 was not a risk factor for 



 

197 

 

persistent NP at age 22, contrary to the findings of the Chapter 4, in which depressive 

mood was reported to predict the occurrence of NP for up to 4 years follow-up in girls 

and boys with 10 and 12 years. The difference between the adolescents' ages in both 

studies may help to explain these differences, highlighting the importance of this 

variable at younger ages. 

 

Chapter 5 focused on the baseline characterization of adolescents with chronic NP, 

including sociodemographic data, physical activity, psychological factors (anxiety, 

depression, and stress, catastrophizing, fear of movement, self-efficacy), sleep, and 

self-reported symptoms of central sensitization, compared to adolescents without pain 

and adolescents with back (thoracic and/or lumbar) and/or limb (upper and/or lower 

limb) pain. The main findings of this Chapter were that: i) adolescents with chronic NP 

reported higher disability, anxiety, depression, and stress, catastrophizing, fear of 

movement, and self-reported symptoms of central sensitization, and lower sleep quality 

and self-efficacy than asymptomatic adolescents. Also, adolescents with neck and 

back pain reported similar levels of catastrophizing, self-efficacy, and sleep. Regarding 

factors associated with the presence of pain and disability at baseline, similarities but 

also differences were found between groups of adolescents with neck, back, and limb 

pain. Multivariable analyses showed that i) female sex remained as a factor associated 

with pain in the three groups, ii) self-reported symptoms of central sensitization and 

sleep impairments were associated with the increased odds of reporting neck and back 

pain, and iii) fear of movement was associated with higher odds of reporting pain in the 

back and limbs. As for disability, i) self-reported symptoms of central sensitization and 

lower levels of self-efficacy remained associated with disability in the group of 

adolescents with NP only, ii) higher levels of anxiety, depression, and stress remained 

associated with disability in the group of adolescents with NP, and also in the group of 

adolescents with back pain, iii) catastrophizing, number of painful body sites and sleep 
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remained associated with disability in the three groups, and iv) BMI and higher levels of 

fear of movement were associated with disability in the group of adolescents with limb 

pain. The similarity between the factors associated with NP and back pain might be 

partially explained by a similar origin of neck and back pain, often reported by 

adolescents as idiopathic, with no associated traumatic mechanism. This might also 

help explain the stronger relationship of psychosocial factors, sleep, and symptoms of 

central sensitization with neck and back pain as found in this study. 

 

The relevance of psychosocial factors, sleep, and self-reported symptoms of central 

sensitization in adolescents with chronic NP (Chapters 4 and 5), pointed to the need to 

explore their association with NP maintenance and disability (Chapter 6). For Chapter 

6, the sample of adolescents with chronic NP at baseline was divided into “persistent” 

or “recovered” at 6-month follow-up. Forty-seven percent of adolescents were 

categorized as having persistent NP at 6-month follow-up. The persistence of chronic 

NP in adolescents at 6-month follow-up was significantly associated with female sex 

and baseline self-reported symptoms of central sensitization in the multivariable 

analysis. Variables such as the number of painful body sites, depression, anxiety, and 

stress, and sleep were also significantly associated with NP persistence but only in the 

univariable analysis. Regarding disability, only disability and self-reported symptoms of 

central sensitization at baseline remained significantly associated with disability in 

adolescents with chronic NP at 6-month follow-up in the multivariable analysis. The 

results of this Chapter also suggest that there are differences in the factors associated 

with NP persistence at 6-month follow-up between boys and girls. The number of body 

sites with pain and sleep remained in the model for boys, but not for girls, while self-

reported symptoms of central sensitization remained in the model only for girls. For 

disability persistence at 6-month follow-up, self-reported symptoms of central 
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sensitization at baseline emerged as a relevant factor for both boys and girls, but 

physical activity was only significant for boys. 

 

Considering the lack of studies on factors associated with the new onset of chronic 

musculoskeletal pain, and specifically NP, in adolescents (as reported in Chapter 2), 

adolescents without pain at baseline were assessed at 6-month follow-up (Chapter 7). 

Multivariable analyses showed that i) female sex and self-reported symptoms of central 

sensitization remained significantly associated with the onset of chronic 

musculoskeletal pain in general and ii) self-reported symptoms of central sensitization 

also remained associated with the new onset of NP, showing that self-reported 

symptoms of central sensitization emerged again as a relevant factor for the new onset 

of pain in adolescents. 

 

Comparing the results of all the analyses performed in Chapters 5, 6, and 7 for the 

presence of NP, some aspects are important to emphasize. The high percentage of 

adolescents with NP at baseline and adolescents with persistent NP at 6-month follow-

up highlights the need for early assessment and management of NP in adolescents. 

For adolescents with chronic NP, self-reported symptoms of central sensitization 

emerged as a factor associated with both the presence of chronic NP and disability, as 

well as a predictor of its persistence at 6-month follow-up and of a new onset of pain at 

6-month follow-up. Although this research project is the first to include the assessment 

of self-reported symptoms of central sensitization in adolescents, this finding is in line 

with the results from Sá & Silva (2017), which suggested the possible presence of 

central sensitization mechanisms in adolescents with chronic NP assessed through the 

measurement of pressure pain thresholds at a point distant from the neck. In addition, 

being female seems to increase the odds of both reporting NP at baseline and 6-month 

follow-up. However, looking at the Nagelkerke R² of the logistic regression models for 
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the presence of NP at baseline and 6-month follow-up, the baseline model had a higher 

predictive value (Nagelkerke R²=0.31) compared to the persistence model of chronic 

NP at 6-month follow-up (Nagelkerke R² =0.04) and of new onset (Nagelkerke R² 

=0.04). These results suggest that other factors, not included in this analysis, may 

influence the persistence and new onset of NP such as the nature and history of 

adolescent’ pain, history of parents with chronic pain (Palermo & Chambers, 2005), or 

the quantity of sleep and weekly day tiredness (Pate et al., 2020). Moreover, it 

suggests that the relevance of factors associated with current pain and its maintenance 

or new onset is different. 

 

Similarly, results across Chapters 5 and 6 for disability show that at baseline it was 

associated with depression, anxiety and stress, sleep impairments, catastrophizing, 

self-efficacy, symptoms of central sensitization, and a higher number of painful body 

sites (Chapter 5). Furthermore, baseline disability was associated with disability at 6-

month follow-up along with self-reported symptoms of central sensitization (Chapter 6). 

These findings suggest that the assessment and intervention targeting psychosocial 

factors, sleep, and self-reported symptoms of central sensitization at baseline is key to 

minimize not only current but also future levels of disability.  

 

Furthermore, findings from Chapters 2 to 7 also highlighted the need for interventions 

targeting NP in adolescents. Therefore, the last study of this research project consisted 

of the design and assessment of the effectiveness of an intervention based on exercise 

plus PNE versus exercise only in adolescents with chronic NP. The results of this 

randomized controlled trial suggested that both interventions reduce to a similar extend 

pain intensity (primary outcome), disability, catastrophizing, fear of movement, and 

symptoms of central sensitization and increase sleep quality, self-efficacy, pressure 

pain thresholds, and endurance of the neck and scapulothoracic muscles (secondary 
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outcomes), at post-intervention and 6-month follow-up. As expected, the group of 

adolescents that performed exercise and PNE showed a significantly higher score in 

the Pain Neurophysiology Questionnaire compared to the group of adolescents that 

only performed exercise, both at post-intervention and 6-month follow-up. Despite the 

absence of statistically significant differences between the two groups, in the group of 

adolescents that received PNE, the decrease in disability and the increase in self-

efficacy maintain a trend towards improvement at 6-month follow-up more marked than 

in the group of adolescents that only performed exercise, and the differences were 

closer to the SDC of the Functional Disability Inventory and Children Self-Efficacy 

Scale. These results might suggest that there is potentially a greater impact of long-

term education on both variables, which requires further research. 

 

International recommendations for exercise in adults with chronic NP suggest that 

endurance and strength training interventions need to be of a minimum 6-week 

duration, 2 to 3 times a week (O’Riordan et al., 2014). Considering these 

recommendations, and in the absence of recommendations for adolescents, the 

program applied in our randomized controlled trial was designed with a duration of 8 

weeks, with a frequency of once a week in a blended-learning format. In addition to the 

exercise program sessions, adolescents were encouraged to perform the proposed 

exercises at least 2-3 more times a week. However, the study was interrupted by the 

worldwide SARS-CoV-2 pandemic, and this may have influenced the participation of 

some adolescents in the program considering that they suddenly needed to adapt to a 

new school, family, and social routine. According to recent studies in Portuguese 

adolescents, during confinement, the time available for physical activity was reduced 

(Francisco et al., 2020; Pombo, Luz, Rodrigues, Ferreira, & Cordovil, 2020; Pombo, 

Luz, Rodrigues, & Cordovil, 2021), and consequently, this may also have reduced the 

time allocated to perform the recommended exercises. Considering the blended-
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learning format of the intervention, and although we were unable to control the 

adolescents' adherence to the exercise program at home, confinement might also have 

contributed to adolescents' lack of adherence to the frequency of sessions per week. 

This factor may also help explain that SCD was not achieved in the muscle endurance 

tests from baseline to post-intervention and 6-month follow-up. Furthermore, 

confinement also had a negative psychosocial impact on adolescents (Branquinho, 

Kelly, Arevalo, Santos, & Matos, 2020), which may also have influenced the overall 

results of this study.  

 

In addition to the differences reported at post-intervention and 6-months follow-up in 

both groups, the effectiveness of both interventions for chronic NP management and 

their clinical impact on adolescents was highlighted in the Patient's Global Impression 

of Change Scale results. At post-intervention, 75% of the participants in the exercise 

plus PNE group and 79.3% of the participants in the exercise group reported being 

moderately better, better, or a great deal better and these percentages were similar at 

the 6-month follow-up, reinforcing that the impact of this intervention program is 

maintained over time, as well as its relevance for the treatment of adolescents with 

chronic NP as previously suggested in the pilot study from Andias et al. (2018) and 

Neto et al. (2018).  

9.1. Strengths, limitations, and future research 

Our research project was designed in view of the increasing prevalence of chronic NP 

in adolescents, but simultaneously due to the lack of characterization and intervention 

studies in this population. Overall, the strengths of this research project are the 

longitudinal approach, and the assessment of a wide set of variables seldom explored 

in previous studies with adolescents with chronic NP. The fact that the research project 

was performed in a school setting, with adolescents from the community and from 
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different geographical areas, is also a positive aspect to highlight. The methodology of 

the studies in this research project was also carefully designed, with a clear definition 

of the adolescents with and without chronic NP, the measurement instruments, and the 

study procedures. However, our findings should be analysed in light of some 

limitations.  

 

Throughout the development of both systematic reviews included in this research 

project, the points that required greater attention in interpreting the results were similar. 

In general, the studies included in the systematic reviews were very heterogeneous 

regarding the population, definition of NP, measurement instruments, and procedures, 

which may decrease the confidence in the findings. All included studies were classified 

as low to fair methodological quality, which reinforces the caution in our findings.  

 

The focus of this research project was on adolescents with chronic NP, which has been 

reported in the literature as having predominantly an idiopathic origin. However, in the 

characterization of adolescents in this research project, it was not assessed the cause 

or mechanisms of pain, which limited the comparison of NP against pain at other body 

sites (back and limb pain) in terms of the factors associated with the presence of pain 

and disability. Similarly, the structure of our characterization questionnaire did not allow 

to classify adolescents with regional vs widespread pain, and the factors associated 

with pain and disability in these two groups may be different. Thus, these aspects 

should be considered in future studies as well. In addition to the Nordic 

Musculoskeletal Questionnaire, no more questions were asked about non-

musculoskeletal pain (e.g. headache, abdominal or menstrual pain), which might have 

acted as confounders.  
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For Chapter 5, the sample was divided into 3 mutually exclusive groups, however, 

adolescents in each group had other painful body sites. This is likely to have impacted 

the number of painful body sites in each of the groups, as well as some of the 

characteristics and factors found in the analysis. The same happened in Chapter 6 

where those who reported being recovered from NP might still experience pain in other 

body regions. The online questionnaire containing the measurement instruments 

completed by the adolescents contained an open question for ranking pain according 

to their chief pain complaint, however, the absence of answers to this question by a 

high percentage of adolescents precluded its consideration in the statistical analysis. 

However, this could be a way for future studies to overcome this limitation. 

 

Regarding the measurement instruments, the Basic Scale on Insomnia complaints and 

Quality of Sleep was selected to assess difficulties with sleep onset and maintenance 

and the quality and depth of sleep in this thesis, but this scale did not include the 

assessment of the amount of sleep and/ or daytime tiredness which have also been 

reported as factors associated with the presence and maintenance of chronic pain in 

adolescents. Thus, further studies may explore the impact of these factors on 

adolescents with chronic NP as well. 

 

Although there is currently no gold standard for the assessment of central sensitization, 

the Central Sensitization Inventory is not a direct indicator of central sensitization but 

assesses a set of symptoms potentially associated with central sensitization. 

Therefore, other measures such as pain thresholds or conditioned pain modulation 

might be used to confirm our findings in adolescents with chronic NP. Chapter 7 also 

included the Central Sensitization Inventory to explore the impact of self-reported 

symptoms of central sensitization on new onset of pain in asymptomatic adolescents. 

However, studies found in the literature have focused on the assessment of symptoms 
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of central sensitization in different pain conditions and not specifically in asymptomatic 

individuals. Thus, the psychometric properties of its application in asymptomatic 

adolescents should be better explored. 

 

Furthermore, other factors not included in this research project, such as the parents' 

history of chronic pain, might be associated with pain. For that reason, the inclusion of 

these factors should be considered in future investigations (McKillop & Banez, 2016) 

and, if a positive association emerges, perhaps a simultaneously intervention with the 

parents might have an important contribution to the management of chronic NP in 

adolescents (Koechlin et al., 2020; Palermo, Kashikar-Zuck, Friedrichsdorf, & Powers, 

2019).  

 

Regarding the randomized controlled trial (Chapter 8), some limitations also need 

considering. The reduced number of schools used is likely to have decreased the 

heterogeneity of students, so some caution is needed when generalizing the results. 

Furthermore, the results of this randomized clinical trial suggest that both interventions 

explored are effective in adolescents with chronic NP, but future research should 

consider exploring whether PNE makes a difference in adolescents with chronic NP at 

longer follow-up periods and into adulthood, namely, for variables such as disability 

and self-efficacy. 

 

Future studies with longer longitudinal approaches are needed to further explore the 

findings reported in Chapters 5 to 8 and the impact of early screening and early 

interventions targeting psychosocial factors, disability, sleep, and self-reported 

symptoms of central sensitization, in preventing NP onset and its persistence over 

time. Early identification of the factors related to chronic NP and its persistence might 

guide physical therapists in designing appropriate management for this condition, 
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helping to reduce the consequences and burden of chronic NP at an early age. 

Harrison et al. (2019) recently suggested that intervention in children and adolescents 

with chronic pain complaints might be enhanced if the physiotherapist follows a risk 

screening instrument, such as the Pediatric Pain Screening Tool developed by Simons 

et al. (2015), which allows categorizing adolescents by risk levels for appropriate 

interventions. Therefore, future studies may consider the inclusion of this type of risk 

screening instrument. 

 

9.2. Clinical implications 

Our findings in this research project can inform clinical practice to maximize control and 

self-management of chronic NP by adolescents. We suggest the inclusion of the 

psychosocial factors, disability, physical activity, sleep, and self-reported symptoms of 

central sensitization in the assessment of adolescents with NP to inform treatment. The 

relevance that self-reported symptoms of central sensitization showed in this project 

with the association with both chronic NP and disability and its persistence at 6-month 

follow-up, highlights the need to assess it in adolescents with chronic NP and, to target 

it with early-stage interventions. Furthermore, its association with a new onset of NP 

emphasizes the need for its assessment also in asymptomatic adolescents, potentially 

informing preventive interventions in this population. We believe that a new vision for 

the treatment of chronic NP in children and adolescents is emerging, empowering them 

at an early stage with self-management and pain control strategies when they are 

asymptomatic. However, studies are needed to explore the effectiveness of preventive 

interventions in the short and long term, namely in decreasing NP prevalence. 

 

The multiple painful body sites and the similarities found between factors associated 

with the presence of NP and disability and pain and disability for other painful body 
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sites suggest that there could be a common intervention for pain, which can be 

adjusted according to the particularities of each group of adolescents with pain at 

specific body sites. 

 

We cautiously suggest that including posture and, particularly, head posture as part of 

the assessment and treatment of adolescents with NP is unlikely to be of relevance 

(Chapter 2).  

 

Finally, our findings support the application of interventions based on exercise or 

exercise plus PNE for the management of chronic NP in adolescents, using a blended-

learning format, and implemented at the school setting.  

9.3. Conclusion 

The assessment of adolescents with chronic NP at baseline should include 

psychosocial factors, disability, physical activity, sleep, and self-reported symptoms of 

central sensitization, considering its association with the persistence of NP and 

disability at 6-month follow-up. Sleep impairments and self-reported symptoms of 

central sensitization also emerged as relevant to the new onset of NP. These findings 

suggest that an early assessment of these factors might help prevent the persistence 

of NP and disability over time, but also its new onset. Furthermore, this research 

project suggests that interventions based on exercise and exercise plus PNE, 

administered at the school setting in a blended-learning format, are effective in 

decreasing pain intensity, disability, catastrophizing, fear of movement, symptoms of 

central sensitization and increasing sleep quality, self-efficacy, pressure pain 

thresholds, and muscle endurance, at post-intervention and 6-month follow-up, in 

adolescents with chronic NP. However, future studies should further explore the 

findings of this research project.  
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11. APPENDICES 

11.1. Appendix 1 

Layout of the online questionnaire used in the characterization studies and in the 

baseline, post-intervention, and 6-month follow-up assessment of the 

randomized controlled trial. 
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11.2. Appendix 2 

Inclusion criteria of the randomized controlled trial. 

“Dor cervical crónica idiopática em adolescentes do ensino secundário” 

Para conseguirmos perceber se tens dor ou não na região do pescoço, pedimos-te que 

respondas às duas questões que te colocamos a seguir. Lembra-te que a tua participação neste 

questionário é totalmente voluntária e se não quiseres preencher, poderás não o fazer sem 

dar qualquer justificação.  

Por favor, responde a cada uma das perguntas assinalando com um X a resposta que se aplica 

a ti ou indicando a informação solicitada. 

A.1 Dor 

A.1.1 Nos últimos 3 meses, tiveste dor ou 

desconforto na região do pescoço e sentiste essa dor 

ou desconforto pelo menos uma vez por semana?       

                                                        Sim [  ]         Não [  ] 

 

Se assinalaste “não” o questionário termina por aqui. Muito obrigada! 

A.1.2 Se assinalaste “sim” na resposta anterior, indica em baixo o valor que representa a 

intensidade da tua dor neste momento, sendo que 0 significa “Sem Dor” e 10 significa “Dor 

máxima” 

 

Se referiste dor no pescoço e assinalaste “sim” na primeira pergunta, preenche os teus dados 

abaixo: 

 

Nome:____________________________________________ 

Qual o teu ano de escolaridade? (assinala só uma opção) 

[  ] 10º ano 

[  ] 11º ano 

                                                                            [  ] 12ºano 

Qual a tua turma:_______ 

Código do Participante:                                                                    (a preencher pela investigadora) 

(Para destacar) 

Código do Participante:                                                                    (a preencher pela investigadora) 

Ano:______________ Turma:_______________ 
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11.3. Appendix 3 

Example guide to the first session of pain neuroscience education used in the 

randomized controlled trial. 

1ª SESSÃO  

 

Parte 1: Introdução do Programa de Educação 

- Apresentação das fisioterapeutas investigadoras e participantes;  

• Nome, idade, o que esperas do programa? 

• Eu sou a Rosa, sou Fisioterapeuta e estou a desenvolver este projeto 

no âmbito do meu doutoramento com a Prof. Dra. Anabela Silva. 

 

- Motivação breve para o programa;  

• Como já te dissemos, este programa vai ajudar-te a compreender 

melhor a tua dor, e poderá ajudar a melhorar a tua dor! Para isso 

construímos um programa de 8 sessões (5 presenciais aqui na escola e 

3 que vais poder ver e realizar em casa com os vídeos que 

construímos). Nas primeiras duas sessões vamos abordar alguns 

conceitos importantes para perceberes a tua dor e à medida que vamos 

avançando nas sessões, vamos introduzindo alguns exercícios para a 

tua dor no pescoço. Por isso esperamos que gostes destas 8 semanas! 

Para atingirmos os resultados do programa é muito importante a tua 

presença e participação em todas as sessões. Apenas conhecendo as 

tuas dúvidas e opiniões é que poderemos ajustar a informação ao que 

realmente é importante para ti! 

 

Objetivos da sessão 

-Breve apresentação e introdução ao programa; 

-Compreender a neurofisiologia básica e a origem da dor no sistema nervoso; 

-Compreender a evolução da dor aguda para a dor crónica e o papel dos mecanismos 

de sensitização periférica e central; 

-Introdução das estratégias para controlo da dor crónica: a importância do exercício. 
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Parte 2: Introdução aos conceitos  

1. A dor é normal! 

• Como estamos aqui hoje para falar sobre a vossa dor no pescoço, 

temos de perceber o que é a dor! Vocês sabem o que é a dor?  

• Como é que vocês acham que têm dor? É sempre um sinal de 

aviso? (2 minutos de discussão) 

(Deixar que os participantes respondam! O Ft faz pequenos apontamentos das 

respostas dadas (palavras-chave), para utilizarmos ao longo da sessão, e ir 

percebendo se eles acham que a dor é algo positivo ou negativo) 

Quando te magoas/lesionas, como por exemplo, torces um pé (Já alguém torceu um 

pé? Senão podemos dar outro exemplo, como queimar-se num fogão), vais sentir dor 

e vais provavelmente lembrar-te do incidente várias vezes e, talvez, para o resto da 

tua vida! Vais recontar a história em inúmeros encontros de amigos e familiares e, 

provavelmente, mudar a forma como eles pensam também. 

Imagina se não fosses avisado pelo corpo quando te magoavas! A dor alerta-te para 

retirares a parte do corpo do perigo. Quando fazes uma simples entorse, a dor 

impede-te de realizar alguns movimentos para não piorares, protegendo os teus 

tecidos de uma nova agressão. Conseguimos perceber assim que, a dor é normal e 

funciona como um sinal de alerta!  

Agora, para sentires dor, o teu sistema nervoso tem de estar a funcionar bem. O teu 

sistema nervoso é um sistema contínuo que funciona como um sistema de alarme - 

projetado para te avisar do perigo. Como falámos, no caso de torceres um pé, te 

queimares ou pisares um prego (ajustar de acordo com o que os participantes nos 

referirem no início da sessão), o teu pé começa a doer! Alertar-te para o perigo é 

normal, faz parte da nossa sobrevivência.  

(mostrar poster grande+ imagens) 

 

O sistema nervoso é constituído por vários neurónios, interligados entre si, que levam 

a informação da ameaça/perigo dos recetores especiais de perigo, nociceptores, 

(mecânicos, térmicos e químicos, classificados pela modalidade do estímulo ambiental 

ao qual responde ou é sensível) até à medula espinhal e ao cérebro, para este 

processar e enviar uma resposta ativando o sistema de alarme. No caso de queimares 

a mão, ele envia uma mensagem descendente pela rede do sistema nervoso, para 
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sentires dor e retirares a mão do lume (ver se eles no geral perceberam o circuito da 

dor: recetores→medula espinhal→cérebro (que deteta o que acontece na periferia, se 

está quente, frio, morno) 

Contudo, em cada um destes locais, acontecem pequenos fenómenos que permitem a 

transmissão da mensagem de perigo! Vamos agora então ver como tudo se processa 

em cada um destes!  

 

Processamento da dor (com o poster ir explicando o processamento normal da dor 

aguda após um estímulo externo e as estruturas que estão envolvidas e usar as 

pequenas imagens e legendas para ir construindo o esquema completo) 

1. Exemplo: Se queimares a mão, os recetores especiais da temperatura vão detetar 

o estímulo nocivo, transformá-lo em energia elétrica, e vão dar origem a diferentes 

mensagens no nosso sistema nervoso, dependendo da quantidade da estimulação do 

estímulo ambiental em causa;  

2. Se a quantidade de energia elétrica for suficiente para atingir o limiar (valor limite de 

estimulação), (exemplo: se eu estiver perto do fogo, vou sentir mais quente, mas não 

acontece nada. Agora, se eu me aproximar, permanecer e o tocar, vou sentir alguma 

coisa!) um potencial de ação vai ser produzido, os nervos ficam excitados e enviam 

uma mensagem, normalmente, de perigo! (se necessário, desenhar numa folha/no 

quadro o gráfico com a atividade do nervo, o tempo e o potencial de ação) 

3. Esta mensagem (sob a forma de potencias de ação) vai ser transportada ao longo 

dos teus neurónios, utilizando sinapses – abertura de portões (canais iónicos) na 

parede do nervo; 

4. A mensagem é enviada ao longo do nervo, que está em constante atividade elétrica, 

até à medula espinhal e só depois transmitida até ao cérebro, para ser interpretada; 

5. O cérebro envia mensagens pelos neurónios descendentes para a tua medula 

espinhal, que podem aumentar a informação nociceptiva (mensagens de perigo) que 

sobe pela tua medula espinhal.  

6. Assim, estes neurónios podem trazer respostas inibitórias (para diminuir a tua dor), 

excitatórias (aumentar a tua dor) ou para a manter. 

7. Em todo este processo, os teus nervos podem adaptar-se produzindo mais portões 

(canais iónicos) e aumentar o seu nível de excitação em repouso (ou seja, mais 

facilmente serão ativados).  

Quando o estímulo de perigo cessar, o normal é que corpo regresse à sua condição 

de repouso normal! 
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Paragem: Questionar os participantes se perceberam e o que perceberam! Pedir-lhes 

para explicar o processo com um exemplo.  

Atividade: Retirar as imagens e as legendas do poster e pedir aos alunos para as 

voltarem a colocar no local que acham correto de acordo com o que perceberam.  

Assim, como podes ver, é no cérebro que a dor é compreendida. Sem cérebro 

não havia dor!  

Consolidação de conhecimentos: mostrar vídeo do processamento normal da dor 

sem som! (https://www.youtube.com/watch?v=PMZdkac4YLk- ao mesmo tempo 

vamos fazendo nós a descrição do filme) 

E, numa primeira fase, como foste capaz de ver, a dor é boa, é útil! Contudo, quando 

se mantém como a vossa, deixa de ter utilidade!  

Mas então, porque é que a dor se manteve no vosso caso por tanto tempo? É isso que 

vamos tentar perceber agora! 

 

2. A evolução para a dor crónica 

 

Lançar algumas questões para perceber o que pensam da sua dor no pescoço:  

• Quando é que ela surge/surgiu? Em que momentos do dia-a-dia? 

• Sentes que surge quando estás mais nervoso ou agitado? 

• Que estratégias utilizas para aliviar essa dor? 

(Deixar que os participantes respondam! O Ft faz pequenos apontamentos numa 

folha/quadro das respostas dadas (palavras-chave)) 

 

À medida que vão respondendo às questões acima, levar os participantes a pensar em 

algumas situações onde existem diferentes perceções de dor:  

- Quando tiramos sangue e já temos dor ainda a enfermeira não espetou a agulha! 

Situações em que há dor, e não há lesão! 

- Quantas vezes estamos com dor de cabeça, e se nos distraímos, parece que ela 

diminui, e até mesmo desparece!  

-Quantas vezes nos lesionamos (ex. a praticar um desporto, a correr para chegar a 

algum local) e só passado algum tempo nos começa a doer (o nosso corpo numa 

primeira instância reage para nos defender de uma ameaça maior. Em função do 

contexto, a dor é variável) 

https://www.youtube.com/watch?v=PMZdkac4YLk-
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-O mesmo acontece com o vosso desconforto no pescoço e /ou ombros, existe uma 

dor sem lesão, ou uma lesão que não é diretamente proporcional à vossa dor! 

 

Explicação da dor crónica: No vosso caso, o desconforto no pescoço já surge há 

alguns dias, semanas e meses, e já afeta algumas das vossas atividades do dia-a-dia! 

Neste caso, ela já não é um sinal de alerta ou de lesão, contrariamente ao que 

falámos há pouco! Vamos então perceber a razão de ela permanecer! 

 

Desenvolvimento da dor crónica 

• Está presente há mais de 3 meses (ao contrário da dor aguda, ultrapassa já o 

tempo que o nosso corpo necessita para recuperar de uma lesão!) 

• Como persistiu, o sistema nervoso foi-se tornando cada vez mais especialista a 

transmiti-la e ocorreram um conjunto de alterações no teu sistema nervoso, 

tornando os teus recetores mais sensíveis à transmissão da mensagem de 

perigo: 

1. Na periferia vamos ter um aumento do número de canais iónicos (portões) 

nos recetores especiais da dor (nociceptores) e, portanto, vão ser mais a 

responder mais prontamente à mensagem de perigo (a energia necessária 

para os ativar também é mais baixa do que era anteriormente); 

2. A transmissão da mensagem de perigo ao longo do nervo vai ser muito 

mais eficaz, pois as sinapses (comunicação entre neurónios) também se 

estão a realizar de forma mais eficaz;  

3. Assim, a quantidade de informação que está a ascender ao cérebro, pela 

nossa medula espinhal (que a amplia), também é em maior e, portanto, o 

cérebro vai estar a constantemente ativo a tentar responder a estas 

mensagens de perigo (no cérebro, mais áreas vão estar ativadas e a 

responder à mensagem).   

(Nota: Se necessário usar o exemplo da queimadura em contacto com a água fria) 

• Com os nervos sensibilizados e a disparar facilmente, o sistema nervoso 

central e o teu cérebro não podem deixar de se interessar (excitando-se 

também), pois como já dissemos, o sistema nervoso, é um sistema contínuo. 

Mais uma vez - isto é normal. Assim sendo, para entenderes a tua dor agora, 

precisas entender o teu cérebro. 

• Ao longo do tempo foi-se criando uma memória de dor no teu cérebro, que 

tende a responder de forma mais exagerada aos estímulos de dor, diminuindo 
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a capacidade de enviar respostas que a consigam acalmar! Vamos perceber 

esta “memória” na próxima sessão e o papel que as nossas emoções e 

pensamentos podem ter na nossa perceção de dor! 

 

3. Relativamente à tua dor cervical e à importância do exercício  

Há algum movimento que vos causa mais desconforto quando movimentam o 

pescoço? (explorar as opiniões de todos os participantes) 

Por exemplo: Quando dobras (ou usar outro movimento relatado pelos participantes) o 

pescoço um pouco, dizes logo: "dói", mesmo que até às vezes seja só um desconforto 

mais pequeno. Porque tens medo de dobrar, os recetores especiais da dor e os nervos 

estão mais sensíveis e ativam-se com pouco estímulo. Por outro lado, o cérebro já 

está alerta porque tem a memória de que esse movimento(s) é doloroso! Neste caso, 

o cérebro vai interpretar esse movimento como uma ameaça, ativar mais áreas 

cerebrais e desencadear uma resposta dolorosa. Mas lembra-te, com o tempo que 

já decorreu, eles estão mais sensíveis do que o normal. 

Nota:  

Homúnculo 

Lembram-se de falarmos das pessoas que podem ter dor mesmo quando não têm 

uma parte do corpo? Isso acontece porque no nosso cérebro há uma representação 

de cada uma das partes do nosso corpo. Entre outras coisas, estes mapas permitem-

nos saber onde está cada uma das partes do nosso corpo. Por exemplo, se eu vos 

pedir para fechar os olhos e tocar com o dedo indicador no nariz, vocês conseguem. 

Nas pessoas que não têm dor cada parte do corpo está representada no cérebro de 

forma bem definida. Quando a dor afeta uma parte do corpo, a representação 

dessa parte do corpo no cérebro fica desfocada. Quanto mais desfocada, maior 

é a dor. Mexer a parte do corpo com dor ajuda a redefinir a representação dos 

segmentos corporais no nosso cérebro. Assim, é preciso mexer o nosso corpo, 

fazer exercício de forma gradual e progressiva. Compreender a dor também ajuda a 

redefinir as partes do corpo. Quando for muito doloroso ou difícil mover um segmento 

corporal, pode ajudar imaginar essa parte do corpo a mexer de forma lenta e gradual. 

Por exemplo, se pensarmos que os músicos e os atletas têm que repetir os 

movimentos vezes e vezes sem conta até serem muito bons no que estão a fazer, por 

isso percebemos a importância do exercício! 
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Agora percebes que, no teu caso, o desconforto que sentes não é um sinal de lesão 

ou dano nos tecidos. O teu pescoço pode estar doloroso, sensível ou mesmo com 

pouca força, mas não existir nenhuma lesão nos tecidos.  

Ligação com a prática de exercício: Desta forma, a prática de exercício físico é 

importante no alívio da dor crónica!  

• Mostrar e explicar esquema da Teoria do medo- evitamento 

O exercício ajuda o sistema nervoso a ficar menos sensível e ajuda o corpo a 

combater a dor. O exercício ajuda no aumento da produção dos nossos próprios 

analgésicos endógenos (ex. as endorfinas, os nossos próprios bem-u-rons). 

(Para consolidar esta ideia questionar os participantes como se sentem depois de 

dançar, jogar um jogo de futebol ou outro exercício que gostem). 

 

Agora, peço-te que faças o mesmo movimento que disseste que te incomodava, por 

exemplo, dobrar o teu pescoço para frente - recebes mensagens de perigo, mas as 

mensagens de perigo correm até ao cérebro, percorrem o mapa, mas não te sentes 

ameaçado por isso. Agora entendes que esta dor não te faz mal. O mapa ainda é 

percorrido, mas pode não haver dor, ou se existe, a dor é mais bem compreendida e, 

portanto, menos ameaçadora. Portanto, podes avançar dobrando gradualmente mais o 

teu pescoço. 

 

Resumo: No vosso caso, vocês desenvolveram um desconforto no pescoço que 

permanece há já algum tempo, e desenvolveu-se porque os vossos nervos tornaram-

se muito sensíveis, porque o vosso sistema nervoso é um grande sistema que 

funciona como um todo, e o "sistema" manteve-se acordado. A boa notícia é que nós 

podemos explicar isto e quanto mais vocês entenderem sobre isso, mais os vossos 

nervos se vão acalmar. 

É isto que vamos fazer ao longo destas sessões! Perceber como este desconforto 

surgiu e ao mesmo tempo realizar exercícios que vão ajudar a melhorar a tua condição 

e favorecer o alívio desse desconforto! 
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Finalizar a sessão com a questão: O que aprenderam de novo hoje? (para 

percebermos que mensagem lhes deixámos) 

• Explicar documento que será enviado com 3 exercícios para fazerem em casa 

durante a semana (exemplificar brevemente) 

• Explicar que irão receber os primeiros pontos-chave da sessão para 

relembrarem em casa com a correspondente atividade de casa (explicar). Pedir 

para trazerem na próxima sessão! 

 

Pictures used throughout the first PNE session:  
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Illustrations by Bianca Silva 
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11.4. Appendix 4 

Illustrative Brochure developed for the pain neuroscience education sessions of 

the randomized controlled trial by the research team. 
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11.5. Appendix 5 

Videos and pictures created for the exercise sessions of the randomized 

controlled trial by the research team. 

 

Session Video 

3 https://www.youtube.com/watch?v=QLrVCGxA_E0 

5 https://www.youtube.com/watch?v=gIbZbYOcyXc 

6 https://www.youtube.com/watch?v=C_QrOCLM0RE 

7 https://www.youtube.com/watch?v=xQETLmb1vOM 

8a (exercise group) https://www.youtube.com/watch?v=4_Tr7h8HvzI 

8b (exercise plus PNE group) https://www.youtube.com/watch?v=DrAFtMsfYqs 

 

 

https://www.youtube.com/watch?v=QLrVCGxA_E0
https://www.youtube.com/watch?v=gIbZbYOcyXc
https://www.youtube.com/watch?v=C_QrOCLM0RE
https://www.youtube.com/watch?v=xQETLmb1vOM
https://www.youtube.com/watch?v=4_Tr7h8HvzI
https://www.youtube.com/watch?v=DrAFtMsfYqs
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Other examples of exercise illustrations used 
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