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ABSTRACT

Neck pain is a common health problem globally. In addition to individual 
suffering, it causes a huge burden on societies. Some evidence suggests that 
neck pain in adolescence predicts frequent neck symptoms also in adulthood. 
A steady increase in prevalence of frequent and persistent neck pain among 
Finnish adolescents was observed in the 1990s, which might predict an 
increasing amount of adults with chronic neck pain in the near future. Thus, 
better understanding neck pain in children and adolescents might provide 
further clues to the origins of adult neck pain, and help to plan and target 
needed prevention programs against chronic neck pain  in the whole population. 

The aim of this study was to fulfil the gaps of knowledge regarding neck pain 
in the early years of life by investigating the occurrence, co-occurrence, intensity, 
consequences, natural course, risk and prognostic factors, heritability, and 
secular trends of neck pain alone versus concomitant neck and low back pain in 
preadolescent to adolescent populations. Three different types of data were used: 1) 
A longitudinal data of 9 to 12-year-old Finnish schoolchildren (N=1268), with follow-
ups at baseline, and 1 and 4 years later, 2) cross-sectional data from 11-year-old 
Finnish twins (FinnTwin 12 baseline study, N=1797 pairs), and data from 8 cross-
sectional surveys between 1991 and 2011 among 12 to 18-year-old Finns (Adolescent 
Health and Lifestyle Surveys, N= 52 331). 

In the longitudinal study, of those without any musculoskeletal pain at 
baseline 21% reported neck pain at the 1-year follow-up, and 43% at the 4-year 
follow-up. Thus, the occurrence of neck pain increased with age. Neck pain had 
occurred more to girls (57%) than boys (29%) only at the 4-year follow-up. Thus, 
gender difference in prevalence of neck pain appeared first in midadolescence. 
Neck pain occurred more often together with other musculoskeletal pain(s) 
(most often with leg or other axial pain) than as a single pain (14% vs. 8% at 
the 1-year follow-up; 34% vs. 10% at the 4-year follow-up). The intensity of 
pain increased linearly (p<0.001) with the frequency of pain, thus, it seems 
that the frequency of neck pain pain reflects the intensity quite well. About 
a quarter of those that had experienced neck pain at the 4-year follow-up, 
had used painkillers, and reported some disability. However, severe disability 
was rare (4%). In majority (71%), the frequency of neck symptoms fluctuated 
between no, monthly and at least weekly pain during the follow- up. Thus, the 
natural course of neck pain from preadolescence to adolescence was mainly 
fluctuating. However, 5% reported frequent neck pain (symptoms at least once 
a week during the last 3 months) at baseline, and at both follow-ups indicating 
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a chronic type problem already at adolescence. Other musculoskeletal pains 
(only in girls) and/or psychosomatic symptoms at baseline predicted new onset 
of frequent neck pain during the 4-year follow-up. The same factors were found 
to predict a persistent course of symptoms from preadolescence to adolescence. 
Additionally, girls with frequent pain at baseline had 5.9 (compared 4.6 for 
boys) times more likely frequent symptoms also during the follow-up compared 
to those with no neck pain at baseline. Neither level of physical activity, nor 
joint hypermobility in preadolescence, was found to be a risk factor for neck 
pain in adolescence, nor had predicting value for the future course of neck pain. 

The results from the twin study showed substantial heritability (68%) for 
neck pain. In addition to genetic influence, unique environmental factors (e.g. 
personal hobbies) seem to play an important role in liability towards neck 
pain, while common environmental factors (e.g. home) were found to be less 
important. 

Repeated cross-sectional studies from 1991 to 2011 showed that neck pain 
has become increasingly common among Finnish adolescents. In 2011, nearly 
half of the Finnish 16 to 18-year-old girls, and fifth of the boys reported that 
they have had neck pain at least weekly during the last 6 months. A steady 
increase was observed in the prevalence of concomitant neck and low back 
pain over the last two decades (prevalence increased 2 to 3-fold), while the 
prevalence of neck pain alone increased only in the 1990s.

The results of this thesis strengthen the evidence that chronic neck pain 
might originate from the early years of life. Genetic and psychological factors 
seem to be important in the aetiology of adolescent neck pain. The possibility 
that common genetic factors influence both neck pain and symptoms of 
psychological distress requires investigation. In light of the current knowledge, 
school age children with neck pain and multiple other medically unexplained 
symptoms, and perhaps also chronic neck pain sufferers in the family, could 
be a good target group for future preventive interventions against chronic neck 
pain. However, before interventions, it should be explored whether single neck 
pain and neck pain co-occurring with other musculoskeletal pains are two 
distinct, partly overlapping, or consecutive phenomena with, at least partly, 
different underlying aetiologies.
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TIIVISTELMÄ

Niskakipu on yleinen maailmanlaajuinen terveysongelma. Se aiheuttaa yksilöille 
haittaa ja yhteiskunnalle epäsuoria suuria taloudellisia rasitteita.  On viitteitä 
siitä, että nuoruusiän niskaoireet ennustavat niskakipua aikuisiässä. Vähintään 
viikoittain niskakipua potevien suomalaisnuorten määrä lisääntyi tasaisesti 
koko 1990-luvun, minkä seurauksena aikuisiän kroonisesta niskakivusta 
kärsivien määrä tulee todennäköisesti tulevaisuudessa lisääntymään. 
Varhaisiän niskaoireilun syiden nykyistä parempi ymmärtäminen antaisi 
vinkkejä tehokkaiden ennaltaehkäisyohjelmien suunnittelemiseksi. 

Tämän tutkimuksen tarkoituksena oli tuottaa tietoa lasten ja nuorten 
niskakivusta, jota kansainvälisestikin on niukasti. Tutkimuksessa käytettiin 
kolmea erityyppistä suomalaisaineistoa: 1) 9–12-vuotiaiden koululaisten 
pitkittäisaineistoa (N=1268), jossa seuranta tapahtui tutkimuksen alussa, sekä 
1 ja 4 vuoden kuluttua, 2) 11-vuotiaiden kaksosten poikkileikkausaineistoa 
(Kaksosten kehitys ja terveys -tutkimus, N=1797 kaksosparia), 3) 
12–18-vuotiaiden kahdeksan poikkileikkauksen sarjaa vuosien 1991–2011 
välillä (Nuorten terveystapatutkimus, N=52 331). Näiden avulla selvitettiin 
niskakivun ilmaantumista, voimakkuutta, seurauksia, luonnollista kulkua, 
riski- ja ennustetekijöitä, periytyvyyttä sekä verrattiin yksittäisen niskakivun 
ja yhtäaikaisen niska- ja alaselkäkivun esiintyvyydessä tapahtuneita muutoksia 
viimeisen kahden vuosikymmenen aikana.

Seurantatutkimuksessa 21% alkutilanteessa kivuttomista koululaisista 
ilmoitti niskakipua 1-vuoden ja 43% 4-vuoden seurannassa eli niskakipuisten 
määrä lisääntyi iän myötä. Niskakivun yleisyydessä ei ollut eroa tyttöjen ja 
poikien välillä vasta kuin 4-vuoden seurantakyselyssä (57% tytöillä vs. 29% 
pojilla) eli sukupuolten välinen ero niskakivun esiintyvyydessä ilmaantui 
vasta murrosiässä. Niskakipu ilmaantui yleisemmin yhdessä muiden 
tuki- ja liikuntaelinkipujen (useimmiten alaraaja - tai selkäkivun) kanssa 
kuin yksittäisenä kipuna (14% vs. 8% 1-vuoden, ja 34% vs. 10% 4-vuoden 
seurannassa). Niskakivun voimakkuus lisääntyi lineaarisesti (p<0.001) 
niskakivun esiintymiskertojen kasvaessa. Neljäsosa niskakipuisista ilmoitti 
käyttäneensä kipulääkkeitä. Sama määrä ilmoitti jonkinasteista toimintakyvyn 
haittaa, tosin vaikea haitta oli harvinaista (4%). Niskakivun luonnollinen 
kulku alakouluiästä yläkouluikään oli suurimalla osalla (71%) aaltoileva siten, 
että niskakivun esiintymistiheys tutkimuksen alussa, 1-vuoden ja 4-vuoden 
seurannoissa vaihteli kivuttomuuden, noin kerran kuussa ja vähintään viikoittain 
esiintyvien oireiden välillä. Kuitenkin, 5% koululaisista ilmoitti kärsivänsä 
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vähintään kerran viikossa niskakivusta edeltäneen 3 kuukauden aikana kaikissa 
kolmessa seurantapisteessä viitaten kroonistyyppiseen niskakipuongelmaan 
jo nuoruusiässä. Niskakivun ilmaantumista seurannan aikana ennustivat 
lähtötilanteen vähintään viikoittaiset muut tuki- ja liikuntaelinkivut (vain 
tytöillä) sekä psykosomaattiset oireet. Nämä samat tekijät ennustivat kroonista 
niskakipua. Lisäksi, tytöillä , joilla oli lähtötilanteessa vähintään viikoittaisia 
niskaoireita, oli 5.9 (pojilla 4.6) kertainen riski vähintään viikoittaiselle 
niskakivulle seurannan aikana verrattuna niihin, joilla ei ollut niskaoireita 
tutkimuksen alussa. Liikunta-aktiivisuus ja nivelten yliliikkuvuus eivät 
vaikuttaneet niskakivun ilmaantumiseen eikä ennusteeseen. 

Kaksostutkimus osoitti, että yksilöiden väliset erot perimässä selittävät 
suurimman osan (68%) niskakivun esiintymisen vaihtelusta 11-vuotiailla 
kaksosilla. Perintötekijöiden lisäksi yksilöllisillä ympäristötekijöillä näyttäisi 
olevan merkitystä esimurrosikäisten niskakivussa (esim. henkilökohtaiset 
harrastukset). Sen sijaan yhteisellä ympäristöllä (esim. kotiolosuhteet) ei 
näyttäisi juurikaan olevan merkitystä 11-vuotiaiden niskakivussa. 

Toistetut valtakunnalliset poikkileikkaustutkimukset 1991-2011 osoittivat, 
että niskakipua potevien suomalaisnuorten määrä on jatkuvasti lisääntynyt. 
Vuonna 2011 lähes puolet 16–18-vuotiaista tytöistä ja viidesosa pojista ilmoitti 
poteneensa niskakipua vähintään kerran viikossa viimeisen puolen vuoden 
aikana. Yhtaikaa esiintyvän niska- ja alaselkäkivun esiintyminen lisääntyi 
tasaisesti viimeisen kahden vuosikymmenen aikana (yli 2–3 kertaiseksi), kun 
taas pelkän niskakivun esiintyminen lisääntyi vain 1990-luvulla.

Tämän väitöskirjatutkimuksen tulokset tukevat näyttöä siitä, että krooniset 
niskaoireet voivat alkaa jo nuoruusiässä. Geneettiset ja psykologiset tekijät 
näyttäisivät olevan tärkeitä nuoren niskakivun synnyssä. Niskakivulla ja 
psyykkistä stressiä heijastelevilla oireilla saattaa olla yhteistä geneettistä taustaa. 
Kouluikäiset lapset, joilla esiintyy niskakipua ja erilaisia lääketieteellisesti 
selittämättömiä oireita sekä kroonista niskakipua lähisuvussa, saattaisivat olla 
hyvä interventioiden kohderyhmä kroonisen niskakivun ehkäisemiseksi. Ennen 
interventioita tulisi kuitenkin tutkia, ovatko pelkkä niskakipu ja niskakipu, 
joka esiintyy samanaikaisesti muiden tuki- ja liikuntaelinkipujen kanssa täysin 
eri, osittain päällekkäiset vaiko toisiaan seuraavat ilmiöt, ja ovatko kipua 
aiheuttavat tekijät samoja.
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1. INTRODUCTION 

Epidemiology is the study of how disease is distributed in populations and the factors 
that influence or determine this distribution. Why does a disease develop in some 
people and not in others? The premise underlying epidemiology is that disease, 
illness, and ill health are not randomly distributed in human populations. Rather, 
each of us has certain characteristics that predispose us to, or protect us against, a 
variety of different diseases. These characteristics may be primarily genetic in origin 
or may be the result of exposure to certain environmental hazards. Perhaps most 
often, we are dealing with an interaction of genetic and environmental factors in 
the development of disease. (Gordis 2007)

Results from the Global Burden of Disease Study in 1990 and 2010 argue 
that musculoskeletal diseases are globally very common, and, also, important 
contributors to health loss in adults (Vos et al. 2012). Neck pain among other 
musculoskeletal diseases causes not only individual suffering, but also huge burden 
on health care, and indirect costs from losses of productivity (Davis et al. 2012). 
This calls for effective prevention.

A constant increase in prevalence of frequent and persistent neck pain was 
observed in the 1990s among adolescents (Hakala et al. 2002), perhaps predictive 
of an increasing number of adults with persistent symptoms in the future. Neck 
pain in adolescence has been associated with later neck pain and increased periods 
of work incapacity in adulthood (Siivola et al. 2004, Hertzberg 1985). Therefore, 
better understanding of neck pain in children and adolescents might help to create 
effective preventive programs to reduce the prevalence and future burden in adults. 

Despite the increased interest in musculoskeletal pain in childhood and 
adolescence over the last two decades, there are still major gaps in the literature 
regarding the epidemiology of neck pain in children and adolescents. The majority of 
previous studies have a cross-sectional design, and have been conducted among mid/
late adolescents. Studies, among children, preadolescents, and early adolescents are 
still scarce. 

The central idea of this study was to fill-in gaps of knowledge regarding the 
epidemiology and aetiology of neck pain in children and adolescents in order to 
build a comprehensive picture and understanding of this problem in the early years 
of life, to possibly identify subgroups in the population who are at higher risk, and 
to identify factors or characteristics, that put them at higher risk. These findings 
would hopefully help to plan and target effective prevention programs against neck 
pain in adolescents, and perhaps, also, in adults in the future. 
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2. REVIEW OF LITERATURE

2.1. CONCEPTS AND TERmINOLOgy 

A great variety of pain definitions, concepts, and terms are used in epidemiological 
pain research. Therefore, the ones used in this study are described and defined below.

2.1.1. NON-SPECIfIC NECk PAIN

Pain is always a subjective phenomenon. The International Association for the Study 
of Pain (IASP) defines pain as an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or described in terms of such 
damage. Furthermore, chronic pain is defined by the IASP as pain without apparent 
biological value that has persisted beyond the normal tissue healing time (usually 
taken to be 3 months, but this varies greatly depending on the type/origin of pain). 

This study investigates non-specific neck pain (NP) i.e. pain in the musculoskeletal 
system in the neck area (figure 1) without preceding trauma or underlying specific 
disease or pathology; for example such as rheumatoid arthritis or tumour. The 
used term “frequent NP” refers to NP that occurs with a frequency of at least once 
a week, and “persistent NP” refers to NP that has lasted at least for a consecutive 
3 months.  Pain is considered chronic, if it occurs in a frequency of at least once a 
week during the consecutive 3 months. 

Figure 1. Neck area (red). 
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2. REVIEW OF LITERATURE

This literature review mainly includes studies that have investigated NP and neck 
and shoulder pain (NSP) in children and adolescents. Studies that have considered 
NP only as part of spinal/general back/dorsal pain, or only as part of combined pain 
in two different areas of the spine (i.e. neck and upper back pain), have not been 
taken into account. Instead, studies that have investigated combined neck and/or 
shoulder pain have been included, mostly for the reason that the majority of these 
studies have been conducted in Finland, and the original question about NP (“niska- 
ja/tai hartiakipua”) has been posed in Finnish. The Finnish language refers to the 
anatomical area covered by the upper trapezius muscle. However, the word “niska” 
has been translated into neck, and the word “hartia” into shoulder, although pain 
in the shoulders (that would be “olkapääkipu” in Finnish) has not been asked. A 
corresponding word for “hartia” does not exist in the English language. Thus, these 
studies have actually investigated NP instead of NSP (Hakala et al. 2006, Siivola 
et al. 2004, Hakala et al. 2002, Härmä et al. 2002, Vikat et al. 2000, Niemi et al. 
1997, Niemi et al. 1996). 

2.1.2. PREADOLESCENT AND ADOLESCENT 

The term adolescence comes from the Latin word adolescere meaning “to grow up”. 
It is used to describe the transition stage between childhood and adulthood. In fact, 
there is no one scientific definition of adolescence or set age boundary. The time just 
before the onset of puberty is called preadolescence. The World Health Organization 
defines an adolescent as a person between 10 to 19 years of age (Goodburn and 
Ross 1995). Johnson (1989) divided adolescence into early, middle, and late periods, 
roughly grouped as 11–13, 14–15/17 and 18–19/21 years. 

In this study, under 9-year-olds are called children, 9 to 10-year-olds are 
considered as preadolescents, 11 to 12-year-olds are called early adolescents, 13 to 
16-year-olds midadolescents, and 17 to 18-year-olds late adolescents. 

2.1.3. TERmS 

Terms related to studies of basic epidemiology 

Co-occurrence refers to two or more concomitantly or concurrently occurring 
conditions in individuals. 

Cross-sectional study provides data from one time point. 
Disability means any restriction of ability to perform an activity within the range 

considered normal for a human being.
Incidence is a measure of the risk of developing a new condition within a specified 

period of time. Incidence is used, if the population has been free from the condition 
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in the beginning of the study, and the population has been truly followed through 
the whole follow-up time. Occurrence is used, if the follow-up covers only part of 
the follow-up time. 

Incidence/occurrence proportion (cumulative incidence/occurrence) is the 
number of new cases occurring within a specified time period divided by the size 
of the population initially at risk (%). 

Longitudinal/ follow-up /cohort study has data of the same population/cohort 
from two or more time points. 

Natural course is the course of a condition without any treatment or 
interventions. 

Odds ratio (OR) is a measure of association between an exposure (e.g. 
psychological distress) and an outcome (e.g. neck pain). The OR represents the 
relative (not exact level) odds that an outcome will occur given a particular exposure, 
compared to the odds of the outcome occurring in the absence of that exposure. It 
can also be used to determine whether a particular exposure is a risk factor for a 
particular outcome, and to compare the magnitude of various risk factors for the 
outcome. Relative risk (RR) is exact risk of an outcome relative to exposure. It is 
a ratio of the probability of the outcome occurring in the exposed group versus a 
non-exposed group. OR/RR= 1 means that probability of a condition/disease in 
an exposed group and a non-exposed group is the same i.e. the exposure does not 
affect the outcome; OR/RR>1 probability of an outcome is higher in an exposed 
group than in non-exposed group; OR<1 probability of an outcome is lower an 
exposed group than in non-exposed group. 

Prevalence is a measurement of all individuals affected by a particular disease 
or condition like neck pain at a particular time.  Prevalence proportion (%) is the 
proportion of a population found to have a condition. Period prevalence (%) is the 
proportion of a population that has the condition at some time during a given period 
(e.g. 12-month prevalence), and includes people who already have the condition 
at the start of the study period as well as those who acquire it during that period. 
Lifetime prevalence (%) is the proportion of a population that at some point in their 
life (up to the time of assessment) have experienced the condition. 

Prognosis is a prediction of the probable course and outcome of a condition. 
Prognostic factors are those, which, in people who already have the condition, 

influence the outcome. 
Risk factors are factors, which increase an individual’s probability for a condition/

disease compared to an individual without that factor or exposure to that factor. 
Modifiable risk factors (e.g. environmental factors such as level of physical activity) 
are those that can be altered/eliminated to decrease the probability of the outcome. 
Non-modifiable factors cannot be eliminated. 

Secular time/trend means changes over a long period of time; here changes in 
prevalence of neck pain over the last two decades.

(Porta 2008, Gordis 2007, Bonita et al. 2006)
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Terms related to studies of genetic epidemiology (twin studies)

Additive genetic variance (A) means individual differences caused by the 
independent effects of alleles or loci that “add up”. 

Allele is an alternative form of a gene at a locus. 
Classical twin study compares phenotypic resemblance of monozygotic and 

dizygotic twins reared together, and, thus, provides a method for estimating the 
contributions of genetic and environmental effects to phenotypic variance.  It also 
permits to test for age, cohort and sex differences in gene expression.

Correlation in twin studies is an index of resemblance that ranges from .00, 
indicating no resemblance to 1.00, indicating perfect resemblance.

Dizygotic (DZ) twins i.e. nonidentical twins are twin that have derived from two 
fertilized eggs, and on average share 50% of their segregating genes.

Equal environments assumption is the assumption in twin studies that 
environments are similar for identical i.e. MZ and nonidentical i.e. DZ twins. 

Genotype is the genetic constitution of an individual.
Heritability is a proportion of phenotypic differences among individuals that can 

be attributed to genetic differences in particular population. Broad-sense heritability 
involves all additive and nonadditive sources of genetic variance; whereas narrow-
sense heritability is limited to additive genetic variance (used in this study). 

Liability-threshold model is a model, which assumes that dichotomous disorders 
are due to underlying genetic liabilities that are distributed normally. The disorder 
appears only when a threshold of liability is exceeded.

Locus (plural loci) is the site (or place) of a specific gene on a chromosome.
Model fitting in quantitative genetics, a method to test the goodness of fit between 

a model of genetic and environmental relatedness and the observed data. Different 
models can be compared, and the best-fitting model is used to estimate genetic and 
environmental parameters. 

Monozygotic (MZ) twins i.e identical twins that are derived from one fertilized 
egg, and thus share 100% of their genes.

Nonadditive genetic variance (D) means that phenotypic variances are caused 
by the effects of: 1) different alleles at a locus that interact with other alleles (known 
as dominance genetic variance), and/or 2) different loci that interact with other 
loci (known as epistasis) 

Nonshared/ unique environmental variance (E) means that phenotypic variance 
results from environmental factors that are unique to each family member, and thus 
makes family members different from each other.

Phenotype is an observed characteristic of an individual that results from the 
combined effects of genotype and environment. 

Quantitative genetics is a theory of multiple-gene influence that, together 
with environmental variation, results in quantitative (continuous) distributions 
of phenotypes. 



21

Shared/ common environmental variance (C) means that phenotypic variance 
results from environmental factors that are common for family members, and thus 
this makes family members resemble each other. 

(Plomin et al. 2008, Boomsma et al. 2002)

2.2. PREvIOUS STUDIES Of NON-SPECIfIC NECk PAIN IN  
 ChILDREN AND ADOLESCENTS

2.2.1. PREvALENCE

Population based studies, with both cross-sectional and longitudinal designs, 
reporting lifetime or period prevalence of NP/NSP among children and adolescents 
have been collected into table 1. There are fewer studies that have also taken into 
account the duration and the frequency of NP/NSP. Studies that have reported 
prevalence proportions of frequent (pain at least once a month) and persistent 
(pain duration at least 3 months) NP/NSP i.e. chronic NP/NSP are presented in 
table 2. A systemic overview of the research literature on epidemiology of adolescent 
spinal pain concluded that the comparison of the studies is difficult due to great 
variety of different pain definitions and outcome measurements (Jeffries et al. 2007). 
However, some conclusions could be made: NP seems quite prevalent already at the 
youngest studied age groups; lifetime prevalence of 13% at the age of 6 to 9 (Wirth 
et al. 2013), and 1-month period prevalence of 8% at the age 8 to 10 (Wedderkopp 
et al. 2001). Prevalence of NP/NSP seems to be increasing with age (Auvinen et al. 
2009, Hakala et al. 2006, Siivola et al. 2004, Hakala et al. 2002, Vikat et al. 2000), 
even though the increasing trend was not statistically discernible in two longitudinal 
studies (Kjaer et al. 2011, Grimmer et al. 2006). NP with a frequency of at least once 
a week and persisting for at least 3 months (i.e. fulfilling the criteria for chronic 
pain) is surprisingly common (15%) already at the age of 9 to 12 (Mikkelsson et 
al. 1997a). A constant increase in prevalence of chronic NP was observed in the 
nineties among Finnish adolescents, especially among girls (Hakala et al. 2002), 
but after that the situation is unknown. In the majority of studies among mid/late 
adolescents, NP seems to be more prevalent among girls than boys. The results are 
conflicting regarding sex difference in younger age groups.



22

2. REVIEW OF LITERATURE

Table 1. Lifetime, period and point prevalence of non-specific neck pain (NP)/ neck and shoulder pain (NSP) in cross-sectional 
and longitudinal* studies with original population more than 500 among children and adolescents. 

References Population,
pain assessment method, 
year, country

Age 
 

Final sample 
size, response 
rate (%)

Pain definition, 
prevalence 
proportions among all, 
girls (♀), boys (♂) 

Lifetime prevalence

Haselgrove et al 
2008
Perry et al 2008
Straker et al 2008

Western Australian Pregnancy Cohort 
1989-91, 
on-line questionnaire at the research 
clinic, 2003-05, Australia

14 1202-1608 
(42-69)

NSP, 
47 – 49,
♀ 52 – 53, 
♂ 42 – 44

Wirth et al 2013 Schoolchildren, questionnaire (child + 
parent), 2012, Switzerland

6-16
6-9
10-12
13-16

808 (78)
332
271
205

NP, 12, ♀ 11, ♂ 12
NP, 13, ♀ 10, ♂ 15
NP, 8, ♀15, ♂ 7
NP, 9, ♀ 7, ♂ 13

12-month period prevalence

Siu et al 2009 1st to 7th year high school students, 
classroom questionnaire, 
2006, Hong Kong, China

Mean 
13.9 
(SD1.6)

3191 
(82)

Discomfort in neck, 
35

6-month period prevalence

Auvinen et al 2009* Subgroup of the Northern 
Finland Birth Cohort 1986, postal 
questionnaire, 2 evaluations at 
2003/05, Finland

16/18 1773 
(68/88) 

NP,
16-y: 40, ♀ 46, ♂ 33 
18-y: 57, ♀66, ♂ 47

3-month period prevalence

van Gent et al 2003 Secondary school students, 
questionnaire, 1998, the Netherlands

12-14 745 NSP, 
44, ♀53, ♂34

1-month period prevalence

Wedderkopp 
et al 2001

Schoolchildren, interview and 
pointing the location of spinal pain, 
1997-98, Denmark

8-10
14-16

806 
(75)

NP,
8-10-y: 9, ♀ 11, ♂ 6
14-16-y: 5, ♀ 6, ♂ 3

Murphy et al 2007 Secondary school students, 
classroom questionnaire, 2001, UK

11-14 679 
(97)

NP, 
27, ♀ 27, ♂ 26

Smith et al 2008 High school students, classroom 
questionnaire, 2006, South Africa

14-18 1073 NP,  
20, ♀ 20, ♂ 20

Siu et al 2009 see above Discomfort in neck, 13

Perry et al 2008
Straker et al 2008  
Heaps et al 2011
Pollock et al 2011

Western Australian Pregnancy Cohort 
1989-91, on-line questionnaire at the 
research clinic, 2003-05, Australia 

14 1258 – 1608 
(56 – 78)

NSP, 29, 
♀ 34-35, 
♂ 21-23

Kjaer et al 2011* Schoolchildren, interview and 
pointing the location of spinal pain, 
3 evaluations in 1997-2005, Denmark 

Mean
9.7/
13.1/  
15.7

 
479 (62)/
439 (57)/
442 (58)

NP,
9-y: 10, ♀ 11, ♂ 9
13-y: 7, ♀ 9, ♂ 5
15-y: 15, ♀18, ♂13

1-week period prevalence

Grimmer et al 2006* Cohort of secondary school students, 
questionnaire, yearly repeated 
measurements in 1999-2003, South 
Australia 

13/14/ 
15/
16/17

132 
(30)

NP in 1999-2003,
♀ 5/13/10/17/12
♂ 5/5/3/7/11

Siu et al 2009 see above Discomfort in neck, 10

Point prevalence

Straker et al 2008 see above NSP, 6, ♀ 5, ♂ 6
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Table 2. Prevalence of chronic type neck pain (NP)/ neck and shoulder pain (NSP) in cross-sectional and longitudinal* studies 
with original population more than 500 among preadolescents and adolescents.

References Population, 
pain assessment method, 
year, country

Age Final 
sample 
size, 
response 
rate (%)

Pain definition, 
prevalence proportions 
among all, girls ♀, boys ♂ 

Pain at least once a week during the last 3 months

Mikkelsson et al 1997a* Primary school children, 
classroom questionnaire,
baseline 1995, Finland

9-12 1756 
(83)

NP at least once a week,
15, ♀ 16, ♂ 14

Pain at least once a week during the last 6 months

Niemi et al 1996
Siivola et al 2004*

High school students, classroom/ 
postal inquiry, 1989-96, Finland

15-18/ 
22-25

714 (87)/
574 (66)

NSP at least once a week 
Baseline: 17, ♀ 21, ♂ 11
Follow-up: 28, ♀ 34, ♂ 19

Vikat et al 2000 General population, 
postal questionnaire,
1991, Finland

12-18 11276 (77) NSP about once a week, 
12-y: 5, ♀ 5, ♂ 4
14-y: 8, ♀ 10, ♂ 5
16-y: 12, ♀ 17, ♂ 7
18-y: 17, ♀ 22, ♂ 11
NSP almost daily, 
12-y: 2, ♀ 2, ♂ 1
14-y: 3, ♀ 4, ♂ 2
16-y: 5, ♀ 9, ♂ 1,
18-y: 9, ♀ 14, ♂ 4

Härmä et al 2002 Secondary school students, 
classroom questionnaire,
1997, Finland

15-16 17643 (87) NSP at least once a week,
10, ♀ 10, ♂ 9 

Hakala et al 2006 General population,
postal questionnaire 
2003, Finland

14
16
18

8810 
(68)

NSP about once a week, 
14-y: 11, ♀ 14, ♂ 8
16-y: 17, ♀ 22, ♂ 12
18-y: 20, ♀ 25, ♂ 14
NSP almost daily,
14-y: 6, ♀ 9, ♂ 3
16-y: 11, ♀ 16, ♂ 5,
18-y: 13, ♀ 20, ♂ 6

Other pain frequencies and durations

Smedbråten et al 1998 4th, 7th, 9th grade pupils, 
classroom questionnaire, 1993, 
Norway

10-15 569 
(86)

Having usually NP,
18, ♀ 23, ♂ 12
1/3 of those had weekly pain

Diepenmaat et al 2006 Schoolchildren, classroom 
questionnaire, 
2002-03, the Netherlands

12-16 4898 
(71)

NSP ≥ 4 days in the past 
month,
12, ♀ 14, ♂ 9

Perry et al 2008 Western Australian Pregnancy 
Cohort 1989-91, on-line 
questionnaire at the research 
clinic, 2003-05, Australia

14 1608
(69)

Chronic NSP i.e. pain at least 
3 months, 
8, ♀ 10, ♂ 7
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2.2.2. INCIDENCE 

Studies that have reported incidence/occurrence proportions for NP/UQMP (upper 
quadrant muscle pain) are presented in table 3. Again, there is great variety in the 
pain definitions used and in study periods. Only Ehrmann Feldman et al. (2002) 
have managed to investigate the true annual incidence of NP (10%) among originally 
pain-free secondary school students, since they asked about NP in a frequency of at 
least once a week during the 6 months at 6- and 12-months follow-up points. They 
did not, however, report incidence proportions by sex, although sex difference in 
prevalence proportions seems quite apparent at that age. Incidence/occurrence of 
NP is unknown in children to early adolescent populations. 

Table 3. Studies that have reported incidence/occurrence proportions of neck pain (NP)/ upper quadrant 
musculoskeletal pain (UQMP) in chronological order. 

Reference Population, pain 
assessment method at 
baseline/follow-up, years, 
country

Age at 
baseline/
follow-up

Follow-up 
sample 
size, 
response 
rate (%)

Definitions of pain and 
incidence/occurrence: 
incidence/occurrence 
proportions among all, 
girls ♀, and boys ♂

Ehrmann 
Feldman
et al 2002

Pain-free 7-9th grade 
students, questionnaire, 
1995-96, Canada

Mean 
13.8

345 
(62)

6/12 months incidence of 
NP at least once a week 
during 6 months: 11/9; 
Cumulative annual 
incidence of NP: 10; 
Cumulative annual 
incidence neck and upper 
limb pain: 28

Siivola 
et al 2004

Pain-free (no neck pain 
ever) high school students, 
classroom questionnaire/
postal inquiry, 1989/1996, 
Finland

15-18/
22-25

394 
(48)

6 months incidence of 
NP in any frequency at 
follow-up: 59

Poussa 
et al 2005

4th grade pupils, 
anthropometric 
measurements at baseline/
questionnaire at follow-up, 
1986/2008, Finland

11/22 430 
(40)

Lifetime cumulative 
incidence of any NP >8 
days during last year at 
follow-up: ♀ 78, ♂ 58

Grimmer 
et al 2006

Cohort of secondary school 
students, questionnaire, 
yearly repeated 
measurements in 1999- 
2003, South Australia 

13/14/
15/16/17

132 
(30)

Annual incidence of NP 
in the last week:
♀ 6/9/9/?,
♂ 11/4/4/4

Brink 
et al 2009

Pain-free 10th grade students 
working on desktop 
computers, questionnaire, 
2007, South-Africa

15-17 93 
(89)

3/6 months incidence 
of any UQMP during the 
preceding month: ♀ 3/10, 
♂ 12/14

2.2.3. CO-OCCURRENCE wITh OThER PAINS

Multi-site chronic musculoskeletal pain is more common than single-site chronic 
musculoskeletal pain in adults (Carnes et al. 2007). In follow-up studies among 
preadolescents and adolescents, pain became more generalised with increasing age 
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(El-Metwally et al. 2004, Auvinen et al. 2009). Co-occurrence of NP and headache 
in school-age children has been established well (Smith et al. 2008, Laimi et al. 
2007a, Murphy et al. 2007, Laurell et al. 2005, Anttila et al. 2001, Smedbråten et 
al. 1998). Attention has lately been drawn to the co-occurrence of NP with other 
musculoskeletal pain, especially with axial pain (Beales et al. 2012, Rees et al. 2011, 
Trevelyan and Legg 2010, Auvinen et al. 2009, Adamson et al. 2007). Table 4 
presents studies that compare the prevalence of single NP/NSP versus NP/NSP 
concurrent with other musculoskeletal pain. NP occurring with other musculoskeletal 
pain(s) seems to be more common than single NP. However, it remains unknown 
whether NP occurs first as a single pain and afterwards becomes more generalised, 
or whether these two types of NP, single NP and NP co-occurring with other pains, 
are two distinct phenomena with, at least partly different, underlying aetiologies. 

Table 4. Studies that have investigated the prevalence of single neck pain (NP)/ neck and shoulder pain 
(NSP) versus NP/NSP concomitant with other musculoskeletal pains (MSPs) in chronological order. SP 
means shoulder pain, UBP upper back pain, and LBP low back pain. 

References Population, pain 
assessment 
method, year, 
country

Age Final 
sample 
size, 
response 
rate (%)

Pain definition, 
prevalence proportions in all, 
girls ♀, and boys ♂

Mikkelsson 
et al 1997a* 

Primary school 
children, 
classroom 
questionnaire,
baseline 1995, 
Finland

9-12 1756
(83)

NP at least weekly in the last 3 months:
NP only 6
NP with other MSP(s) 9

Auvinen 
et al 
2009b*

Subgroup of 
the Northern 
Finland 
Birth Cohort 
1986, postal 
questionnaire, 
2 evaluations 
at 2003/05, 
Finland

16/18 1773
(68)

Any NP in the last 6 months at the age 
of 16/18:
NP only ♀ 3/2, ♂ 5/3
NP with other MSP(s) ♀ 48/71, ♂ 31/42
(most commonly with SP, LBP)

Trevelyan 
and Legg 
2010

Classroom 
questionnaire 
survey, 2002, 
New Zealand

11-14 245
(18)

Any NP in the last month:
NP only 11
NP and UBP 7
NP and LBP 10
NP, UBP and LBP 8

Rees 
et al 2011

Western 
Australian 
Pregnancy 
Cohort 1989-
91, on-line 
questionnaire 
at the research 
clinic in 2003-
05, Australia

14 1580
(98)

Any NSP in the last month:
NSP only ♀ 17, ♂ 14
Concomitant NSP and LBP ♀ 18, ♂ 9

 
* Longitudinal study
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2.2.4. INTENSITy AND CONSEqUENCES 

NP is common in school-age children, but only a few studies have attempted to 
investigate intensity, consequences, or clinical relevance of self-reported symptoms 
(table 5). None of these studies have investigated the intensity or the consequences 
in relation to frequency of NP. In cross-sectional studies by Siu et al. (2009), Perry 
et al. (2008), Murphy et al. (2007), and van Gent et al. (2003), and in a longitudinal 
study by Auvinen et al. (2010b), only a minority of those that had self-reported NP/
NSP had pain-induced disability, and even fewer had been in a medical consultation 
or treatment because of the pain. On the contrary, the prevalence of disabling NSP 
in the study by Kujala et al. (1999) was close to the overall prevalence of NP/NSP 
in adolescents. This conflicting finding might be explained by fact that they only 
asked about NP that had interfered with schoolwork or leisure activities during 
the previous year, whereas the other previously mentioned studies asked firstly 
about NP/NSP, and secondly, if NP/NSP caused disability or other consequences. 
Intensity of NP in adolescents has not been studied with any pain measurement 
tool such as the Visual Analogue Scale (VAS). Three cross-sectional studies have 
used pain rating scales mild, little/moderate, medium/severe, or a lot of pain, and 
the results seem quite similar: moderate symptoms are most common, and about 
10% are suffering from severe NP (Trevelyan and Legg 2010, Smith et al. 2008, 
Jacobs and Baker 2002). 
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Table 5. Studies that have investigated prevalence of neck pain (NP)/ neck and shoulder pain (NSP) with 
some consequences or severity of pain in preadolescent to adolescent populations in chronological order.

Reference 
 

Study population, age, final sample 
size, response rate (%), method, year, 
and place

Definition of NP/NSP with an 
explanation of studied consequence 
or severity: prevalence proportions 
among all, 
girls ♀, and boys ♂ 

Kujala et al 
1999

Schoolchildren, 10-17, 698 (?), 
classroom questionnaire, 1994, Finland

NSP interfering schoolwork/ leisure 
activities in the last year:
10-y: 13, ♀ 16, ♂ 9
14-y: 26, ♀ 29, ♂ 22
16-y: 20, ♀ 31, ♂ 12

Jacobs and 
Baker 2002

6th graders, 142, (?), questionnaire, US Severity of computer related NP in 
the last year: mild 4, moderate 19, 
severe 11

van Gent et al 
2003

Secondary school students, 12-14, 745 
(?), questionnaire, 1998, Netherlands

Daily NSP, or NSP induced medical 
consultation or disability in the last 3 
months: 6 ♀7, ♂5

Murphy et al 
2007

Secondary school students, 11-14, 679 
(97), classroom questionnaire, 2001, 
UK

Seeking treatment for NP in the last 
month: 2

Perry et al 
2008

Western Australian Pregnancy 
Cohort 1989-91, 14, 1608 (69), on-line 
questionnaire at the research clinic, 
2003-05, Australia

Lifetime diagnosed NSP: 7

Smith et al 
2009

High school students, 14-18, 1073 (?), 
classroom questionnaire, 
2006, South Africa

Severe NP in the last month: 12

Siu et al 
2009

1st to 7th year high school students, 
mean age 14, 3191 (82), classroom 
questionnaire, 2006, Hong Kong, 
China 

NP affecting daily living in the last 
year: 12
Seeking medical help for NP in the 
last year: 2 

Auvinen et al 
2010b*

Subgroup of the Northern Finland 
Birth Cohort 1986, 16-18, 1773 (68), 
postal questionnaire, 2 evaluations at 
2003/05, Finland

Seeking medical consultation for NP 
in the last 6-months:
16-y: 3, ♀ 4, ♂ 2
18-y: 2, ♀ 2, ♂ 2

Trevelyan and 
Legg 2010

Secondary school students, 11-14, 245 
(18), classroom questionnaire, 
2002, New Zealand

NP in the last month:
little 9, medium 18, a lot 9

 
*longitudinal study

2.2.5. PROgNOSIS

Brattberg (2004) found that low back pain and headache in childhood or 
adolescence predicted any pain in early adulthood. El-Metwally et al. (2004) 
reported that musculoskeletal pain in preadolescence predicted musculoskeletal 
pain in adolescence; those with single-site musculoskeletal pain at baseline had 
better prognosis than those with multi-site pain. However, prognostic studies of 
NP in children and adolescents are scarce. Hertzberg (1985) examined 302 16-year-
old schoolchildren in Norway, and found that muscle tenderness in any spinal 
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muscles (RR 2.4), and in the cervical muscles (RR 2.3) in adolescence predicted 
NP in early adulthood. This finding was supported by the study of Siivola et al. 
(2004): 59% of those with NP in mid/late adolescence had NP in early adulthood. In 
detailed analysis, NP in adolescence was, however, associated with NP in adulthood 
only in girls. Findings of the two studies conducted among younger age groups 
are conflicting. In a Finnish follow-up study of preadolescents, NP was the most 
persistent musculoskeletal pain: of those with NP at least once a week at baseline, 
52% had weekly NP also at 1-year follow-up (Mikkelsson et al. 1997a) and 48% at 
4-year follow-up (El-Metwally et al. 2004). On the contrary, in a Danish 4- and 
6-year follow-up study of 9-year-olds, only 1% reported any NP in all three occasions. 
However, NP at the previous survey predicted NP at the following survey (Kjaer et 
al. 2011). The natural course of NP from childhood to adolescence and to adulthood 
needs to be thoroughly investigated in order to find out whether lifelong chronic 
NP might have its’ origins already at school-age. 

2.2.6. POTENTIAL RISk fACTORS 

The aetiology of NP is most likely to be multifactorial. Potential risk factors for 
adolescent NP have largely been adopted from adult ones with some modifications. 
The results of previous studies are introduced below.  
 
2.2.6.1. Genotype

There is increasing evidence that genetic variation influences most of the human 
conditions (van Dongen et al. 2012). Genetic factors seem to play a role in adult 
NP (Hartvigsen et al. 2009, Fejer et al. 2006a, MacGregor et al. 2004), but the 
heritability of NP in children and adolescents has not been explored. Genetic factors 
may not only have a direct influence on NP, but also some of the detected associations 
(below) could be confounded by common genetic factors. 

2.2.6.2. Age, sex, and maturation

As discussed earlier (2.2.1), there is quite good consistency in that age and female 
sex are risk factors for NP, but the age at which the gender difference appears in 
NP is uncertain. Findings in the relationship between pubertal stage and NP are 
also inconsistent: In the study by Vikat et al. (2000) early puberty was associated 
with NSP, and late puberty protected against it, whereas Wedderkopp et al. (2005) 
found no link between NP and state of puberty. Further investigation in this field 
is required. 
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2.2.6.3. Structures and function of the cervical spine

All innervated structures in neck region are potential sources of pain (Bogduk 
2003). The relationship between NP and changes in structure and function of the 
cervical spine has not been thoroughly explored in children and adolescents. In the 
population-based study by Mikkelsson et al. (1996), general joint hypermobility 
was not a contributing factor to musculoskeletal pain in preadolescents, but the 
specific relationship between general joint hypermobility and NP remains unknown. 
Weber Hellstenius (2009) examined 10 to 13-year-olds (N=131) with and without 
NP and/or headache, and found that dysfunction in the lower cervical spine, but 
not in the upper cervical spine, was significantly more prevalent among those with 
NP and/or headache compared to those that were pain-free. Laimi et al. (2007b) 
compared degenerative changes of the cervical spine among 17-year-olds (N=47) 
with and without headache, and found that 67% of adolescents had disc degeneration 
in cervical MRI, mostly in the lower cervical spine, but disc degeneration did not 
contribute to headache. The possible contribution of disc degeneration to NP was 
not studied. Siivola et al. (2002) studied NP in young adults (N=31), and found 
that degenerative changes of the cervical spine were common in asymptomatic and 
symptomatic subjects. Upper cervical dysfunction was mostly symptom free. Disc 
herniation was the only abnormal finding that was significantly more common in 
symptomatic subjects. 

2.2.6.4. Body dimensions 

Obesity has been related to multiple health problems. Smith et al. (2011) showed that 
adolescents with ascending or constantly high BMI from childhood to adolescence 
had more often hyperlordotic or sway posture than neutral posture at age 14. The 
hypothesised relationships between NP and overweight relate not only to influences 
in altered posture, kinematics and spinal loading leading to muscle fatigue and 
early degeneration of musculoskeletal tissue, but possibly also to obesity-induced 
low-grade inflammation in adipose tissue (which replaces muscle tissue in obese 
people) (Ferrante 2007). The blood marker of low-grade inflammation called high 
sensitivity C reactive protein has been shown to associate with intensity of acute 
sciatic pain, but not to intensity of chronic back pain (Stürmer et al. 2005). In 
addition, weight may have a mediating effect on the other possible risk factors, 
such as level of physical activity, psychological factors, and insufficient quantity 
and quality of sleep (Auvinen 2010a).

In the majority of cross-sectional studies, height and weight have not been 
associated with NP (Deere et al. 2012, Perry et al. 2008, Niemi et al. 1996), whereas 
Murphy et al. (2004) found that NP was more prevalent among tall 11 to 14-year-olds, 
but the state of puberty was not assessed. In a study by Vikat et al. (2000), low BMI 
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(-5–15%, but not lower than-15%) was associated weakly with NP. In a longitudinal 
study by Ehrmann Feldman et al. (2002) among high school students in Montreal, 
height, weight or BMI had no impact on the development of neck/upper limb pain 
within the next 12 months. On the contrary, in a Finnish longitudinal study by Poussa 
et al. (2005), short stature at the age of 11 predicted the occurrence of NP at the age 
of 22, whereas weight did not. However, there are some methodological aspects to 
be considered: The height was measured at quite early state of adolescence, which 
probably means that most of the participants had not reached their final height 
yet. The state of puberty was not assessed. Also, the follow-up was quite long, the 
response proportion was only 40% (N=430), and the recall period for neck pain 
was quite long. The current results concerning the association between height and 
NP are inconsistent, but the association might appear only in the presence of a 
mediating factor, such as unsuitable school furniture leading to poor sitting postures 
in short or tall pupils. Murphy et al. (2007) studied 11 to 14-year-old schoolchildren 
with questionnaire and found that the use of school chairs that were perceived to 
be too low was associated with NP. 

2.2.6.5. Posture 

Head protraction has been reported to alter cervical spine kinematics (Edmondston 
et al. 2005), and may further create altered strain on spinal structures potentially 
leading to pain. Sitting lumbo-pelvic posture can alter activation of deep cervical 
flexors, and thus influence cervical spine posture and create neck pain (Falla et al. 
2007). 

Only two studies, both longitudinal, have explored the relationship between 
standing posture and NP. In the Finnish study by Poussa et al. (2005), the degree of 
trunk asymmetry, thoracic kyphosis, and lumbar lordosis at the age of 11 to 14 failed 
to predict the occurrence of NP in early adulthood. On the contrary, Hertzberg (1985) 
found that two or more posture deviations (not defined) in adolescence predicted 
NP in adulthood. Straker et al. (2008, 2009) observed and photographed sitting 
spinal postures in Australian adolescents at school, and found that sitting postures 
differed between genders, and slightly between those with or without NSP: Females 
sat in more erect and lordotic postures than males when looking straight ahead. 
Adolescents with chronic NSP had more flexed cervicothoracic posture, more erect 
trunk and more lumbar lordisis. These posture differences were not associated with 
NSP ever after controlling for sex. However, increased lumbar lordosis was weakly 
related to the presence of chronic NSP, but whether increased lumbar lordosis 
contributes to NSP or is a result of NSP remains unclear. In an observational study 
among 66 pupils, Murphy et al. (2004) found that prolonged static unbent sitting 
postures associated with NP in the previous week (Murphy et al. 2004). The possible 
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mechanism behind such pain could be due to non-maximal protracted isometric 
contractions especially in the paravertebral and cervical muscles and the shoulder 
girdle muscles as suggested by Grieco 1986. There is a need for further studies in this 
field (Prins et al. 2008). Presumably it is challenging to separate cause and effect. 

2.2.6.6. Schoolbags 

The hypothesised relationship between schoolbag weight/carriage and NP relates 
to altered postures, and pressure of the straps of bags on the shoulders muscles 
causing mechanical overloading of the tissues (Brackley et al. 2009, Smith et al. 
2006, Holewijn 1990). Most studies in this field have not differentiated NP from 
overall back pain. All studies that have investigated the possible contribution of heavy 
schoolbags specifically to NP have had cross-sectional design. Three of them found 
positive associations (Shamsoddini et al. 2010, Haselgrove et al. 2008, Whittfield 
et al. 2005), while one found no association (van Gent et al. 2003). Haselgrove 
et al. (2008) studied perceived schoolbag load (this takes into account personal 
characteristics such as strength and endurance), while the others measured the 
actual weight of the schoolbag. Those feeling that the schoolbag is heavy and feeling 
fatigue during carriage were 2 to 3 times more likely to have NP (Haselgrove et 
al. 2008). In addition, carrying a schoolbag for more than half an hour daily and 
taking an inactive transport (a car or bus) to school increased the odds of having NP 
(OR 1.47). In the light of current results, schoolbag weight influences NP. However, 
personal characteristic such as physical fitness and psychosocial factors, which 
are also possible risk factors for NP, may be influencing this association. Thus, 
longitudinal studies in more controlled settings are needed.

2.2.6.7. Physical activity, fitness, and sports

The hypothesised relationship between NP and physical activity is most likely 
multidimensional and complex. Auvinen et al. (2010a) has proposed the following: 
High levels of activity (competitive sports) have direct negative effects (e.g. injuries, 
over-loading of musculoskeletal tissue) leading to NP. Moderate physical activity has 
direct positive effects (e.g. increase in muscle strength and physical condition, better 
mental health and quality of sleep), which might protect against NP. Lack of physical 
activity, in turn, may lead to increase in weight and sedentary behaviour, insufficient 
quantity and quality of sleep, psychosocial and behavioural problems, which all are 
potential risk factors for NP. However, a recent systemic review concluded that based 
on two prospective cohort studies and four cross-sectional studies, there is strong 
evidence that level of physical activity does not associate with NP in schoolchildren 
(Sitthipornvorakul et al. 2011). On the other hand, associations have been found 
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between NP and different components of physical fitness (endurance, muscle 
strength, flexibility and motor control), which differ between boys and girls (Perry 
et al. 2008). In a longitudinal study among 12–17-year-olds, high endurance strength 
(measured with a 30 second sit up test) in women, and high flexibility (measured 
with a sit and reach test) in men protected against tension neck (pain or discomfort 
in the neck associated with muscle tightness in this area) at the age of 37 to 42 
(Mikkelsson et al. 2006). Also, there is some evidence from both cross-sectional 
and longitudinal studies to suggest that participating in sports involving dynamic 
loading of the upper extremities, such as badminton, tennis, baseball, cross-country 
skiing, and swimming could protect against NP (Auvinen et al. 2008, Siivola et al. 
2004, Niemi et al. 1996).

2.2.6.8. Sedentary activities

The suggested relation between excessive sitting (computer use, TV watching) and 
NP is also multidimensional and complex.  The majority of the studies with a cross-
sectional design have found an association between NP and computer usage (Siu 
et al. 2009, Smith et al. 2008, Auvinen et al. 2007, Hakala et al. 2006, Alexander 
and Currie 2004) with daily usage time exceeding 2–3 hours as threshold for pain 
(Hakala et al. 2006), while two found no association (Diepenmaat et al. 2006, van 
Gent et al. 2003). Additionally, computer exposure was not a predicting factor for 
new onset of UQMP within the next 6 months among 104 pain-free high school 
students (Brink et al. 2009), but this finding might be explained through limited 
exposure time.  The hypothesised relationship between computer use and NP has 
been related to an increase in repetitive movements and static postures causing 
localised muscle fatigue and pain (Hakala et al. 2006, Sjøgaard et al. 2000). Also, 
metal activity has been associated with activation of the muscles (Sjøgaard et 
al. 2000). On the other hand, heavy computer use may have negative effects on 
quantity and quality of sleep, and psychological wellbeing, both also risk factors 
for adolescent NP (see below). No association has been found between NP and TV 
watching (Diepenmaat et al. 2006, Hakala et al. 2006, van Gent et al. 2003) with 
one exception (Auvinen et al. 2007). Playing a musical instrument was not found 
to be a risk factor for the development of neck and upper limb pain among high 
school students in Canada (Ehrmann Feldman et al. 2002). 

2.2.6.9. Working

The results of the two studies that have investigated the role of working in 
adolescent NP, are consistent: NP was more prevalent among 10 to 17-year-olds 
(N=3269) working than non-working children in low-income areas in Pelotas, 
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Brazil (Fassa et al. 2005). An especially high prevalence of NP was found among 
those in manufacturing (43%), and domestic services (28%), compared to non-
workers (22%). These types of jobs expose adolescents to heavy workloads, awkward 
postures, and repetitive movements. Working after school was found to predict 
the new onset of NP within the next year among high-school students in Canada 
(Ehrmann Feldman et al. 2002). The latter finding implies that the relationship 
between working and NP is not only related to increased physical strain, but also 
to psychological distress. 

2.2.6.10. Psychosocial factors and sleep

The findings from cross-sectional studies among adolescents are consistent regarding 
the positive association between NP and mental health problems/ psychological 
distress/ psychosomatic symptoms, i.e. symptoms considered a manifestation to 
mental stress such as stomach ache, sleep difficulties, fatigue, and loss of appetite 
(Heaps et al. 2011, Pollock et al. 2011, Murphy et al. 2007, Diepenmaat et al. 2006, 
van Gent et al. 2003, Härmä et al. 2002, Vikat et al. 2000, Niemi et al. 1997). In 
the cross-sectional study by Vikat et al. (2000), having difficulties in talking about 
difficult matters with at least one parent, and being not enrolled to school were 
weakly associated with NSP, whereas family composition was not. Studies that 
have included several potential risk factors of NP, depression, and psychosomatic 
symptoms have shown the strongest associations with NP (Diepenmaat et al. 2006, 
van Gent et al. 2003, Vikat et al. 2000). Rees et al. (2011) reported that the experience 
of mental health problems, both externalizing (aggressive and rule-breaking 
behaviour) and internalizing (anxious, depressed, withdrawn), increased the risk 
for single NP, but remarkably more for comorbid NP and LBP. A systemic review 
by Prins et al. (2008), which included mainly cross-sectional studies conducted 
by the year 2007, concluded that it is evident that depression, mental distress, 
and psychosomatic complaints have an influence on the development of UQMP 
in children and adolescents. Findings from longitudinal studies, which have been 
conducted mainly among mid- and late adolescents, are also consistent with the 
previous findings with one exception: In the study by Ehrmann Feldman (2002), 
low mental health score predicted the new onset of NP within next year, whereas in 
the study by Brink et al. (2009), depression and anxiety were not predictors for the 
new onset of NP within the next six months. Psychosomatic symptoms, symptoms 
of fatigue, and sleep difficulties in adolescence predicted both new onset of any NP 
and frequent NP in early adulthood (Siivola et al. 2004). Insufficient quantity and 
quality of sleep at the age of 16 predicted NP two years later, but after adjustment 
for pain status, only in girls (Auvinen et al. 2010b). Additionally, sleep problems 
were associated with the change of NP to widespread pain among 9 to 12-year-olds 
at 1-year follow-up (Mikkelsson et al. 1999). 
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As noted, the relationship between symptoms of psychosocial distress, sleep, and 
NP in adolescents is quite well established, but the mechanisms are complex and not 
yet well understood. The results from adult twin studies suggest a common genetic 
background to NP and psychological distress, depression, and anxiety (MacGregor 
et al. 2004, Reichborn-Kjennerud et al. 2002). Other hypothesized mechanisms 
relate to prolonged elevated low muscle activity in the trapezius muscle, inhibition 
of muscle relaxation, activation of the sympathetic nervous system resulting in 
increased muscle tone, changes in pain-threshold, central sensitization, and low-
grade inflammation (Auvinen et al. 2010a, Okun et al. 2009, Ranjit et al. 2007, 
Stürmer et al. 2005, Sjøgaard et al. 2000, Marazziti et al. 1998).

2.2.6.11. Psychoactive substance use 

Holm and Nachenson (1988) showed that cigarette smoking reduced blood 
circulation around intervertebral discs leading to reduced nutrition intake, which 
potentially leads to early disc degeneration, and pain. Uei et al. (2006) studied rats, 
and detected that passive cigarette smoking changed in gene expression and leads 
to early degenerative changes in the intervertebral discs. Parental smoking (i.e. 
passive smoking) was found to be a risk factor for NP among 6 to 16-year-old Suisse 
schoolchildren (Wirth et al. 2013). Two studies have found positive associations (OR 
1.6 – 3.0) between daily smoking and NP in adolescents (Holmen et al. 2000, Vikat 
et al. 2000), while two others found no association (Heaps et al. 2011, van Gent 
et al. 2003). Heaps et al. (2011) found no association between NP and marijuana 
smoking, but alcohol use was associated with NP in girls. However, a longer exposure 
time might be needed for a positive association between substance use and NP to 
appear. Also, NP might not be caused directly by the substance itself, but could be 
more a result of a stressful life and psychological distress (themselves potential risk 
factors for NP) leading to substance use. 

2.2.6.12. Others

Perry et al. (2010) explored the association between nutrition and NP among 
Australian adolescents. Their results suggest that vitamin B12, cereals and meat 
consumption might have an association with NP. In the study by Vikat et al. (2000) 
catching a cold more than 3 times in the last half a year, and wearing glasses or 
contact lenses were weakly associated with NSP. 



35

2.2.7. INTERvENTIONS

Only a few attempts have been made to try to find effective interventions to reduce 
NP in schoolchildren. It has been noted that during lessons children often sit with 
static and poor trunk postures with back and neck flexed or rotated (Geldhof et al. 
2007a, Saarni et al. 2007a, Cardon et al. 2004, Murphy et al. 2004). Furthermore, 
adjustable ergonomically designed furniture has been shown to contribute to a more 
favourable sitting posture than conventional furniture (Saarni et al. 2007b, Koskelo 
et al. 2006, Marrschall et al. 1995).  However, findings from controlled interventions 
that have explored the effect of adjustable school furniture on NP in schoolchildren 
are conflicting: Saarni et al. (2009) conducted a controlled 26-month follow-up 
intervention among 12 to 14-year-old Finnish schoolchildren (23 in the intervention 
group had a school table with adjustable height and comfort curve for the body, 
and a saddle chair with adjustable height and wheels; 20 controls had conventional 
school furniture), but found no difference between groups in NP reporting. Linton et 
al. (1994) conducted randomised controlled 6-month follow-up of 10-year-olds (46 
in the intervention group, 21 in control group), and a found positive effect due to 
ergonomically designed furniture on NP when the outcome was dichotomous (yes/
no), but this disappeared after the frequency of NP was taken into account. They also 
noticed, that the pupils did not automatically sit properly in the ergonomic furniture, 
and this calls for proper instructions in sitting and adjusting the working stations. 
Koskelo (2006) conducted a controlled 2-year follow-up intervention study among 
16-year-old Finnish schoolchildren (15 in the intervention group had a school table 
with adjustable inclination and height, and a saddle chair with adjustable height; 
15 in the control group had conventional school furniture), and found significant 
decrease in self-reported NP in the intervention group compared to the control 
group. Cardon et al. (2004) compared 8-year-olds (25 from a “moving school” and 
22 from a traditional school), but found no difference in self-reported NP. Back pain 
education in elementary school at the age of 9 to 11 (randomized control study; 98 
in the intervention group, 101 in the control group) resulted in more favourable 
sitting and lifting postures with decreased prevalence of back and/or NP in a 2-year 
follow-up study among Flemish schoolchildren (Geldhof et al. 2007b). 

In conclusion, intervention studies regarding NP in children and adolescents 
are scarce, the number of participants in those studies has been limited, and they 
have mainly been aimed only at changing the sitting habits and position at school. 
Adjustable ergonomic school furniture seems to result in better sitting postures, but 
there is very little positive evidence for reducing NP. However, the preventive effect 
of ergonomic furniture on NP might appear after longer usage and in the long run. 
Also, since the leisure time activities involving computer use or other sitting activities 
has tremendously increased in the last 2 decades (Nelson et al. 2006), perhaps 
sitting in good trunk position only at school is not sufficient to achieve significant 
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effects. The results of back education at school also seem promising according to 
one study. All in all, further intervention studies, including those targeted against 
potential modifiable risk factors other than just posture, are needed. But, before that, 
it is essential to conduct further aetiological studies, preferably using longitudinal 
designs, in order to find consistency in suggested environmental risk factors, and 
also explore the role of genetic factors in the aetiology of adolescent NP. 
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3. AIMS OF THE STUDY

The aim of this study was to explore the occurrence, co-occurrence, risk factors, 
intensity, consequences, natural course, prognostic factors, heritability, and secular 
trends of neck pain in preadolescent to adolescent populations, specifically to answer 
to the following questions: 

 1. At what age does the sex difference in the prevalence of neck pain   
  occur? (I) 

 2. Does neck pain occur first as a single pain or with other    
  musculoskeletal pain(s) in originally musculoskeletal pain-free   
  preadolescents? (I) 

 3. How intense is neck pain, and does it cause any consequences in   
  adolescence? (I)

 4. What factors predict the occurrence of neck pain? (II)

 5. What is the natural course of neck pain from preadolescence to   
  adolescence? (II)

 6. Does neck pain become chronic already in adolescence? If yes, what are  
  the factors that predict chronicity? (II)

 7. Do genes play a role in the aetiology of neck pain in early adolescents?  
  (III)

 8. Has the observed steady increase in prevalence of neck pain in the   
  1990s among adolescents continued until today? Do time trends differ  
  between single neck pain and neck pain co-occurring with low back  
  pain? (IV)
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4. METHODS

This study consists of 3 different types of data (follow-up data, twin data, and data 
from 8 repeated cross-sectional studies) presented below in detail.  

4.1. STUDy DESIgNS, POPULATIONS AND SAmPLES

4.1.1.   4-yEAR fOLLOw-UP STUDy AmONg 9 TO 12-yEAR-OLD fINNISh SChOOL 
 ChILDREN (I,II)

In order to study occurrence, co-occurrence, intensity, consequences, prognosis, risk, 
and prognostic factors of NP, data from a prospective 4-year follow-up study among 
9 to 12-year-old primary school children in Lahti was used (El-Metwally et al. 2004, 
Mikkelsson et al. 1997a). All 21 primary schools in Lahti were invited to participate 
in the study, but two refused. The Steiner school, the hospital school, and schools 
for the handicapped were not invited to participate, because the methods used in 
the study were not suitable for them. The baseline data was collected in March 1995 
from all 3rd and 5th grade pupils attending to school at the day of survey. The initial 
baseline sample consisted of 1756 pupils representing 83% of all schoolchildren in 
these grades in Lahti; 867 3rd grade pupils with mean age 9.8 years (SD 0.3 (range 
9–10)), and 889 5th grade pupils with mean age 11.8 years (SD 0.3 (range 11–12). 

The pupils were re-evaluated after 1 (at 10 to 13-years of age, i.e. at 4th and 6th 
grade) and 4 years (at 13 to 1-years of age, i.e. at 7th and 9th grade), in March 1996 
and 1999. There were 488 dropouts (264 boys and 224 girls) during the follow-up 
due to absence from school on the survey day, changing schools, moving away, and 
refusal to participate. The dropouts did not differ from the participants in terms of 
age and NP frequency distribution at baseline. 

The final study population (II) consisted of 1268 (72%) schoolchildren (597 boys 
and 671 girls) with complete data at baseline and at both follow-ups excluding those 
with neck injury (N=4). The occurrence, co-occurrence, intensity and consequences 
of NP (I), were studied in a sub-population of 509 (29%) that consisted of those 
who reported having not at all, or only seldom, any musculoskeletal pain in the last 
3 months at baseline. Of these, 72% (N=366, 189 girls and 177 boys) participated 
in the whole follow-up. Among dropouts there were 52 girls and 91 boys, and 58% 
were in the 3rd grade and 42% in the 5th grade at the beginning of the study. 
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4.1.2. A CLASSICAL TwIN STUDy AmONg 11-yEAR-OLD fINNISh TwINS (III)

To determine the role of genetic and environmental factors in the aetiology of NP 
in early adolescents, the baseline data of an on-going longitudinal study of the 
FinnTwin 12 cohort was used (Kaksosten kehitys ja terveys –tutkimus; http://wiki.
helsinki.fi/display/twineng/Finntwin12). The FinnTwin 12 baseline data includes 
twins born in Finland from 1983 to 1987 (Kaprio et al. 2002, Kaprio et al. 1990). 
Twins were identified through Finland’s Central Population Registry. Families in 
which one or both co-twins lived apart from both biological parents, and families in 
which the Central Population Registry contained no residential address for a twin, 
implying that twin was in an institutional care, were excluded. The pain questions 
were included in the questionnaire only after the first year of data collection. Thus, 4 
of these 5 nationwide birth cohorts (i.e. twins born from 1984 to 1987) were included 
in this study. From 1996 to 1998, a total of 2,487 Finnish families with 11-year-old 
twins (median age 11.4 years, 95% CI 10.9–11.9 years) were sent an initial family 
questionnaire in August before the twins turned 12. The questionnaire included 
questions on the twins’ zygosity etc. The return of this family questionnaire (85%) 
was immediately followed by individual questionnaires to both parents and the two 
co-twins with a return envelope with prepaid postage. The response proportion 
among twins was 96%. The prevalence of NP was calculated in a population of 
3917 individual twins (1886 girls and 2031 boys) with complete data on NP. For 
pairwise analyses, 89 had to be dropped because of missing data on their co-twin, 
and in 117 cases, zygosity was either missing or ambiguous, and these pairs were 
excluded. The final sample consisted of 1797 twin pairs: 611 MZ, 598 same-sex DZ, 
588 opposite-sex DZ pairs.

4.1.3. REPEATED CROSS-SECTIONAL STUDIES fROm 1991 TO 2011 AmONg  
 12 TO 18-yEAR-OLD fINNS (Iv)

To investigate secular trends in NP alone versus concomitant neck and low back pain 
(NLBP), data from 8 consecutive cross-sectional surveys were used. The Adolescent 
Health and Lifestyle Survey (Nuorten terveystapatutkimus) is, since 1977, an on-
going nationwide monitoring system on adolescent health and lifestyle in Finland 
(Hakala et al. 2006, Hakala et al. 2002, Vikat et al. 2000). Data are collected by 
postal questionnaire every second year among 12, 14, 16, and 18-year-olds drawn 
from the nation’s Central Population Registry born on certain adjacent dates in 
July (mean age 12.6, 14.6, 16.6, and 18.6 years). Separate questions on neck and 
low back pain were included in the questionnaires in 1991, 1999, 2001, 2003, 2005, 
2007, 2009, and 2011 (earlier there was only one question about neck and/or low 
back pain). Data from all these years were used for this study. The questionnaires 



41

were always sent in February with a return envelope and prepaid postage. In 2009 
and 2011, the option of completing the questionnaire through the Internet, using 
a personal username and password, was provided. Two additional attempts were 
made to contact non-respondents; the first at the beginning of March, and the 
second at the beginning of April. Table 6 presents the number of respondents per 
sent questionnaire and the response proportion for each survey year by age and 
sex. Response proportions ranged between 75% in 1991 to 46% in 2011 with a 
mean percentage of 64% for all assessments combined. Response proportions were 
generally higher for girls than for boys regardless of age. 

Analysis of non-respondents

The possible effect of a decrease in response proportions on the prevalence of pain 
symptoms was investigated indirectly, since information from non-respondents 
was not available.  The pain prevalence data from responders was divided into 
three groups based on how promptly the questionnaire had been returned; after the 
original inquiry, after the first, or second re-inquiry. It was assumed that the later 

the person answered, the more they resembled a non-respondent. The years 1999, 
2003, and 2011 were used. The information was not available for 1991. Differences 
in prevalence proportions of NP and low back pain between the three respondent 
groups were small and not systematic over the years or over the age-sex groups. 

Table 6. Number of respondents for the questions of neck and low back pain per sent questionnaires (N) and response proportion 
(%) by survey year, age, and sex.  

Year

1991 1999 2001 2003 2005 2007 2009 2011 Total

Boys

12-14 y N
%

1559/2162
72

1583/2164
73

1533/2377
65

1447/2187
66

1420/2297
62

1136/2117
54

1010/2095
48

893/1959
43

10581/17358
61

16-18 y N
%

1867/2938
64

2194/3413
64

1613/2909
55

1561/2827
55

1443/2811
51

1205/2790
43

1205/2964
41

932/2977
31

12020/23629
51

Girls

12-14 y N
%

1691/2034
83

1685/2030
83

1831/2395
77

1626/2120
77

1560/2147
73

1402/2012
70

1313/1991
66

1073/1881
57

12527/16610
73

16-18 y N
%

2354/2833
83

2608/3226
81

2069/2679
77

2085/2729
76

1896/2663
71

1874/2670
70

1838/2870
64

1538/2846
54

16262/22516
72

Total 7471/9967
75

8070/10833
75

7046/10360
68

6719/9863
68

6319/9918
64

5617/9589
59

5516/9920
56

4566/9663
46

51044/80113
64
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4.2. mEASUREmENTS

4.2.1. PAIN (I-Iv)

4.2.1.1. Follow-up (I,II) and twin study (III)

A structured pain questionnaire developed by Mikkelsson et al. (1997b) was used in 
the follow-up study in order to investigate the occurrence, co-occurrence, risk factors, 
intensity, consequences, prognosis, and prognostic factors of NP. A part of this 
same pain questionnaire was also used in the classical twin study to investigate the 
heritability of NP. Musculoskeletal pains were assessed with site-specific questions 
in 7 different areas of the body (neck, upper limb, chest, lower limb, upper back, 
lower back, and buttocks). Adjacent to the pain questions, there was a manikin 
(front and back) divided into 7 different body parts analogous to the anatomic 
area of each question. Pain symptoms were asked during the preceding 3 months 
(since Christmas in the follow-up study, and since summer in the twin study) using 
a 5-level frequency classification: seldom or never/ once a month/ once a week/ 
more than once a week/ almost daily. This frequency classification was adopted 
from the questionnaire used to investigate health and health related behaviours in 
schoolchildren by the WHO (King et al. 1996). 

In addition, the intensity of musculoskeletal pain was investigated at the 4-year 
follow-up study with site-specific visual analogue scales (VAS) 0–100 mm. 

Test-retest reliability and concurrent validity 

Reliability investigations of the pain questionnaire had been performed in a 
subsample of 3rd and 5th grade (N=22 and N=17, respectively) pupils in Nastola, 
who filled in the questionnaire in the beginning, and in the end of the week 
(Mikkelsson et al. 1996). Test-retest reliability of the questionnaire in detecting those 
reporting pain at least once a week was excellent (ĸ=0.9). Concurrent validity of 
the questionnaire was investigated by comparing the results from the questionnaire 
with questionnaire-based interview among 31 and 25 (3rd and 5th grade pupils, 
respectively) in the same day. Observed agreement between questionnaire and 
interview was 86% with a Cohen’s Kappa (ĸ) of 0.67 (Mikkelsson et al. 1997b). 

4.2.1.2. Repeated cross-sectional studies (IV)

The Adolescent Health and Lifestyle questionnaire (Hakala et al. 2006, Hakala et 
al. 2002, Vikat et al. 2000) in 1991 to 2011 included the following two questions 
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on spinal pain, which were used in investigation of the secular trends in NP alone 
versus concomitant NLBP: “Have you had low back pain during the past 6 months?”, 
and “Have you had neck pain during the past 6 months?” In the latter question, the 
Finnish language “niska- tai hartiakipua” refers to the anatomical area including the 
neck spine, occiput, and other structures covered by the upper trapezius muscles. 
Neck and low back pain were asked in a 4-level frequency classification: seldom or 
not at all/ about once a month/ about once a week/ almost daily. 

Test-retest reliability 

Test-retest reliability of the questions for detecting those reporting pain at least 
once a week was evaluated earlier in a subsample of 14 to 16-year-olds (Hakala et 
al. 2006). This subsample (N=566) was drawn from the 2003 cohort by systemic 
sampling; the first was randomized, and after that every 5th entered. Four weeks 
after receiving the original study questionnaire, an identical questionnaire was sent 
to this subsample. Test-retest reliability of the questionnaire detecting those with 
pain at least once a week was satisfactory (ĸ= 0.56 for both neck and low back pain). 

4.2.2. DISAbILITy AND USE Of PAINkILLERS (I)

The use of painkillers and subjective pain-induced disability were evaluated in the 
follow-up study at the age of 13 to 16 (at the 4-year follow-up). Use of painkillers 
was asked dichotomously (yes/no). Disability index was calculated from positive 
responses to the following 5 statements (0–5/5): 
 1. Pain and aches disturb me when trying to fall asleep or during my sleep 
 2. Pain disturbs me when I’m sitting at school
 3. Pain disturbs me, if I walk more than 1 km
 4. Due to pain, I have difficulties in physical education class
 5. Pain and aches disturb my hobbies

4.2.3. OThER SymPTOmS (II)

Six other physical and psychological symptoms considered as psychosomatic 
symptoms (headache, abdominal pain, depressive mood, daytime tiredness, 
difficulty falling asleep, and waking up during the night) were asked in the follow-up 
study at baseline, and 1-, and 4-year follow-up. These symptoms were asked during 
the previous 3 months (since summer) in the same 5-level frequency categorization 
as for musculoskeletal pain symptoms described above. For analysis, symptoms 
appearing at least once a week were considered positive (sum score 0–6). 
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4.2.4. PhySICAL ACTIvITy (II)

The frequency of physical activity was also asked at all evaluation points in the 
follow-up study with a question “How often do you exercise vigorously for at least 
half an hour”? The response alternatives were not at all /1–2 times /3–4 times/ 
5–7 times per week. Based on the reported frequencies of physical activity, this 
variable was dichotomised: less or more than 3 times a week. 

4.2.5. JOINT hyPERmObILITy (II)

Joint hypermobility was assessed in the follow-up study at baseline by using the 
Beighton’s method (Beighton et al. 1973). The following measurements were 
performed by a specially trained nurse: A) passive dorsiflexion of the little fingers 
beyond 90°, B) passive apposition of the thumbs to the flexor aspects of the forearm, 
C) hyperextension of the elbows beyond 10°, D) hyperextension of the knees beyond 
10°, E) forward flexion of the trunk, with knees straight, so that the palms rest easily 
on the floor. One point was given for each positive test for each side of the body 
(tests A–D), and one point for a positive result in test E (Beighton score 0 to 9).  
The children were not allowed to stretch before the test. Based on the distribution 
of the results, Beighton score 6 was chosen as the cut-off point for hypermobility 
(Mikkelsson et al. 1996).

Reliability

The intra- and inter-observer (a nurse versus a specialized physician) reliability 
of the Beighton’s method had been tested earlier in a sub-sample (Mikkelsson et 
al. 1996). The intra-class correlation coefficient for intra-observer reliability was 
0.84 and for inter-observer reliability 0.80. Kappa agreements coefficients were 
respectively 0.75 and 0.78.  

4.2.6. ZygOSITy Of TwINS (III)

In order to study the relative role of genetic and environmental influence on NP in 
11-year-old twins, the zygosity of same-sex twin pairs was determined from their 
perceived similarity and confusability of appearance as separately reported by twins 
and their parents in mailed questionnaires (Goldsmith 1991, Sarna et al. 1978). In 
doubtful cases, confirmation of zygosity was enhanced by comparisons of school 
photographs and additional information obtained from twins´ mothers. Later, 
the zygosity of these twins has been determined by genetic markers with a great 
concordance between initial and final diagnosis (Knaapila et al. 2011). 
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4.3. PAIN DEfINITIONS

4.3.1. fOLLOw-UP STUDy (I,II)

The intensity of NP and the use of pain killers were investigated according to the 
5-level frequency categorization of NP. When the occurrence, risk factors, co-
occurrence, prognosis, and prognostic factors for NP were explored, pain frequencies 
‘once a week’, ‘more than once a week’, and ‘almost daily’ were merged and rephrased 
as ‘pain at least once a week’ to represent frequent pain. This was mainly due to the 
small number of respondents in each of these frequency categories. Thus, NP, as 
the main outcome variable, was considered in 3 frequency categories (none/ once 
a month/ at least once a week). Test-retest reliability in stability for this threefold 
NP classification over a week time-interval was tested in the same population and 
with the same method as Mikkelsson et al. 1996 (described under 4.2.1.1 Test-
retest reliability and concurrent validity) and found it excellent (ĸ=0.87). In the 
investigation of risk and prognostic factors for frequent NP, other musculoskeletal 
pains in the frequency of at least once a week were considered positive, and further 
grouped into four: upper limb, lower limb, chest, and back pain including upper 
and lower back and buttocks. 

4.3.2. TwIN STUDy (III)

The threefold NP classification described above was also used in the classical twin 
study to determine genetic and environmental influences on NP. 

4.3.3. REPEATED CROSS-SECTIONAL STUDIES (Iv)

When investigating the secular trends in NP alone versus concomitant NLBP, again, 
due to the small number of subjects reporting NP/LBP in a frequency of ‘about 
once a week’ and ‘daily ’, these categories were merged and rephrased as ‘NP/LBP 
pain for at least once a week’ representing persistent and frequent NP/LBP. NP/
LBP frequency categories ‘seldom or not at all’ and ‘about once a month’ were also 
merged and rephrased as ‘no or infrequent NP/LBP’. 
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4.4. STATISTICAL mEThODS

4.4.1. fOLLOw-UP STUDy (I,II)

Descriptive statistics are presented in frequencies and proportions (%), sometimes 
according to sex, with 95% confidence intervals (CI) of probabilities (Clopper-
Pearson method). The difference between genders was analysed by Pearson χ2 test 
or Fisher-Freeman-Halton test. The linearity between frequency of NP and use 
of painkillers was calculated by the Cochran-Armitage trend test. The association 
between NP frequency and intensity was analyses by analysis of variance. Association 
between NP and other variables (age, sex, chest pain, upper back pain, low back pain, 
upper limb pain, lower limb pain, headache, use of pain killers and disability) at 
the 4-year follow-up was explored by maximum-likelihood ordered logit estimation 
with forward stepwise procedure. Risk factors for frequent NP were explored by 
using generalizing estimating equations (GEE) models with an exchangeable 
correlation structure. This method can handle possible unknown correlations 
between outcomes.  The relationship between different baseline variables (back 
pain, chest pain, upper limb pain, lower limb pain, headache, abdominal pain, 
depressive mood, difficulties falling asleep, daytime tiredness, waking up during 
nights, joint hypermobility, highest level of physical activity) and three different 
courses of NP from preadolescence to adolescence was explored adjusting for age 
by using Cochran-Armitage trend-Test with Monte Carlo p-values with Hommel’s 
adjusted. 

4.4.2. TwIN STUDy (III)

Quantitative genetics assume that individual phenotype is a sum of genetic and 
environmental effects. Thus, corresponding phenotypic variance is assumed to result 
from genetic and environmental variances. Total amount of genetic variance is a sum 
of additive and non-additive/dominance variances. Total amount of environmental 
variance in twins reared together is a sum of common/shared (e.g. home, schools, 
neighbourhoods), and unique/non-shared (e.g. interaction with different peers, 
individual interests and hobbies) environmental variances (van Dongen et al. 2012, 
Posthuma et al. 2003, Boomsma et al. 2002)

Twin data provides an opportunity to estimate genetic (heritability) and 
environmental influence to a trait through comparison of the phenotypic resemblance 
of MZ and DZ twins. MZ twins derive from a single fertilized egg and, thus, share 
100% of their genes, i.e. have the same genomic sequence. MZ twin reared together 
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share also much of their environmental experience through childhood and early 
adolescence. Thus, resemblance between MZ twins is attributed to genetic and 
shared environmental factors. The extent to which MZ co-twins differ from one 
another is ascribed to unique, non-shared environmental factors, which also includes 
measurement error. DZ twins reared together share on average 50% of their genes, 
and much of their environmental experience, so resemblance between DZ twin 
pairs due to genetic influence is lower than in MZ pairs.  Difference between DZ 
co-twins is attributed to non-shared genetic influence and non-shared i.e unique 
environmental factors. (Posthuma et al. 2003, Boomsma et al. 2002)

Biometric modelling was used to estimate genetic and environmental 
contributions to the liability towards NP in 11-year-old Finnish twins. The 
FinnTwin 12 data, including twins reared together, allows modelling of four different 
parameters (ADCE-model): additive genetic (A), dominant genetic (D), common 
(C), and unique (E) environmental components. The influence of these components 
on the phenotype is given by parameters (a, d, c, e) that are equivalent to the 
standardized regression coefficients of the phenotype on the corresponding variance 
components A, D, C and E. The square of these parameters is an estimate of the 
proportion of variance due to each component. Models are fit based on different 
combinations of these parameters, but in this data including only twins reared 
together, C and D cannot be modelled together, thus following models remain 
possible: ACE, ADE, AE, and CE. Only two variance components A, and either C 
or D can be truly estimated; E gets its value from the equation A+C/D+E=100%. 
Since the data included twins of both sexes and opposite-sex twin pairs, additional 
hypotheses regarding sex-specific effects could be tested: Whether or not, 1) the 
magnitude of genetic and environmental effects on NP are the same for boys and 
girls, and 2) the same set of genes influence NP in boys and girls (Neale and Cardon, 
1992). 

The process of biometric modelling began with calculating the prevalence of NP, 
presented as prevalence proportions (%). Then, we tested some assumptions central 
to twin analyses, which confirmed that neither birth order of twins, zygosity nor sex 
has major effect on the distribution of NP frequency, thus all twins represent the 
same population. The similarity of co-twins for NP was quantitated by polychoric 
correlations using the liability threshold model. This model assumes that underlying 
liability in multifactorial diseases, such as NP, is continuous and normally distributed 
in the population. If the combined effects of genetic and environmental influences 
push an individual’s liability across a certain threshold level, the individual is 
affected (van Dongen et al. 2012, Falconer 1960). Our data (including twin pairs 
and trichotomous pain variable: no NP, NP once a month, NP at least once a week 
produces three by three contingency tables) provided an opportunity to test whether 
this assumed liability model holds for NP (i.e. whether less and more frequent neck 
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symptoms are the result of the same continuous process or perhaps two distinct 
phenomena with different underlying aetiologies). The underlying liability model 
was tested for bivariate normality in all twin pairs, and p was found to be insignificant 
(0.14), which meant that the model could not be rejected. Thus, non-occurrence of 
NP and frequent NP seems to be part of a same continuous process, with infrequent 
NP in between. 

After calculating the polychoric correlations, models were fitted to these 
polychoric correlations using weighted least squares, which is an asymptotically 
distribution–free procedure. Variance component estimation was then carried out 
using the Mx programme, which builds hierarchically nested structural equation 
models for multiple groups (scripts were available at the Genomeutwin-project 
Mx-libarary http://www.psy.vu.nl/mxbib/ at the time of analysis; corresponding 
scripts are now run in OpenMx (openmx.psyc.virginia.edu)). Chi-squared goodness-
of-fit statistics were used to choose the best-fitting model to the data. Proportions 
of variance components of the best-fitting model was computed with 95% CI. 

4.4.3. REPEATED CROSS-SECTIONAL STUDIES (Iv)

Descriptive statistics from eight cross-sectional studies are presented in prevalence 
proportions (%) with 95% CI. Statistical significance for the hypotheses of linearity 
was evaluated by using generalized linear models with appropriate distribution 
and link function. In the case of violation of the assumptions (non-normality), a 
bootstrap-type test was used. The prevalence of symptoms in 1991 was used as a 
reference in calculating the relative risks for neck pain in 1999 and in 2011.

4.5. EThICS

All three different studies follow the ethical principles of the Declaration of 
Helsinki; subjects/parents/families were informed of the aims, methods, voluntary 
participation, privacy, and confidentiality of the collected information. The study 
protocols were approved as follows: the follow-up study by the ethical committee 
of the health care centre of the city of Lahti, the FinnTwin 12 study by IRB of 
Indiana University, Bloomington and later in the ethical committee of Helsinki and 
Uusimaa hospital district, and the Adolescent Health and Lifestyle Survey by the 
ethical committee of the Department of Public Health of the University of Helsinki.
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5.1. OCCURRENCE AND SEx DIffERENCE (I)

Of 1756 9 to 12-year-olds, 366 (21%) were musculoskeletal pain-free at baseline. 
The occurrence proportions of NP by frequency at 1 and 4-year follow-ups are 
presented in table 7. No sex difference was found in the occurrence of NP at least 
once a month (p=0.23) at the first follow-up at the age of 10 to 13, but there was a 
pronounced difference at the age of 13 to 16 (p<0.001). Female compared to male 
sex was associated with an odds ratio (OR) for NP of 2.76 (CI 1.74 to 4.37) at the 
age of 13 to 16.

Table 7. Occurrence of neck pain among 366 (189 girls, 177 boys) originally pain-free 9 
to 12-year-olds at the 1 and 4-year follow-ups. 

Frequency of neck pain
At 1-year follow-up

 % (95% CI), N
At 4-year follow-up

% (95% CI), N

At least once a month*
All
Girls 
Boys

21.3 (17.2 to 25.9), 78
23.8 (18.3 to 30.3), 45
18.6 (13.6 to 25.0), 33

43.4 (38.8 to 48.7), 159
57.1 (49.8 to 64.3), 108
28.8 (22.3 to 36.1), 51 

At least once a week
All
Girls 
Boys

6.3 (4.0 to 9.3), 23
6.3 (3.3 to 10.8), 12
6.2 (3.1 to 10.8), 11

19.4 (15.5 to 23.8), 71
27.0 (20.8 to 33.9), 51
11.3 (7.0 to 16.9), 20

 
* Includes both pain frequency categories once a month and at least once week 

5.2. CO-OCCURRENCE wITh OThER mUSCULOSkELETAL  
 PAINS (I)

During the 4-year follow-up of baseline musculoskeletal pain-free 9–12-year-olds, 
NP occurred more often with other musculoskeletal pain(s) than as a single pain: 
at the 1-year follow-up, NP as a single musculoskeletal pain was reported by 7.6% 
(N=28), whereas 13.7% (N=50) reported NP and at least one other musculoskeletal 
pain.  The corresponding proportions (N) at the 4-year follow-up were 9.5% (N=35) 
versus 33.9% (N= 124). The most common other musculoskeletal pain was leg pain 
(co-occurrence in 46 to 59% of NP cases versus 17 to 28% occurrence among neck 
pain-free) in both NP once a month and at least once week frequency categories 
at both follow-ups. Other common co-occurring musculoskeletal pains were upper 
back pain (co-occurrence in 48% of NP cases versus 5% among neck pain-free), 



50

5. RESULTS

low back pain (respectively 52% versus 38%), and upper limb pain (respectively 
38% versus 21%) at the 4-year follow-up. Of all musculoskeletal pains, upper back 
pain [OR 3.97 (95% CI 2.72 to 5.80)], and leg pain [OR 1.75 (1.39 to 2.20)] were 
associated with NP at the 4-year follow-up.

5.3. INTENSITy AND CONSEqUENCES (I)

Pain intensity, disability, and use of painkillers were studied among those who 
were musculoskeletal pain-free at baseline and reported NP at least once a month 
at the 4-year follow-up (N= 159). Twenty-eight per cent (32% of girls, and 18% of 
boys, p=0.052) had used painkillers. The mean (SD) intensity of NP was VAS 35 
mm (SD 19) in girls and 29 mm (SD 20) in boys (p=0.085). Figure 2 shows how 
the intensity of NP (p<0.001 for liner trend) and the painkiller usage (p=0.054 
for linear trend) increased with the frequency of NP. The majority of those with 
occurred NP (74.6%) reported no subjective disability (disability index 0/5). Mild 
disability (1–2/5) was reported by 21.6%, and moderate to severe (3–5/5) by 3.8%.

Figure 2.  Mean (SD) intensity of neck pain (VAS, mm), and proportion (%) of pain killer users by frequency 
of neck pain at the age of 13 to 16 among those who were musculoskeletal pain-free at the age of 9 to 12.
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5.4. NATURAL COURSE Of NECk PAIN (II)

The natural course of NP from preadolescence to adolescence was explored in the 
whole cohort (N=1268). At baseline, 39% reported having NP at least once a month, 
and 15% at least once a week in the last 3 months. The corresponding proportions 
were 41%, and 18% at 1-year follow-up, and 59%, and 33% at 4-year follow-up. 
Figure 3 shows the changes in frequency of NP during the 1- and 4-year follow-up 
within the baseline NP frequency group. Overall, 304 (24%; 95% CI 22 to 27) of the 
whole cohort stayed pain-free from preadolescence to adolescence, 896 (71%; 95% 
CI 68 to 73) had fluctuating course (i.e. frequency of NP varied between no pain, 
once a month, at least once a week in 3 evaluation points), and 128 (5%, 95% CI 4 
to 6) reported frequent neck pain during the previous 3 months in all 3 evaluations 
referring to persistent, chronic type course.

Figure 3. Natural course of neck pain from preadolescence to adolescence within the three different neck 
pain frequency groups at baseline. Open bar stand for no neck pain, dotted bar for neck pain once a 
month, and black bar for neck pain at least once a week.
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5.5. fACTORS PREDICTINg OCCURRENCE Of fREqUENT  
 NECk PAIN (II)

Of 769 neck pain-free (other musculoskeletal pains possible) at baseline, 219 (28%) 
reported NP at least once a week either in one or in both follow-up points (e.g. at 
1- and 4-years). The occurrence of frequent NP increased during the follow-up 
time in both genders, but in risk factor analyses, age was a statistically discernible 
predictor of frequent NP only in girls. Additionally, having symptoms referring 
to psychological distress (headache, abdominal pain, depressive mood, daytime 
tiredness, difficulty falling asleep, and waking up during the night) in a frequency 
of at least once a week at baseline predicted the occurrence of frequent NP during 
the following 4 years. Similarly, musculoskeletal pain(s) at other body site(s) (upper 
limb, chest, lower limb, back e.g. pain in upper back, low back or buttocks area) 
predicted the new onset of NP, but only in girls (table 8).

5.6. fACTORS PREDICTINg ThE ChRONIC-TyPE COURSE Of  
 NECk PAIN fROm PREADOLESCENCE TO ADOLESCENCE  
 (II)

Frequent NP at baseline predicted persistent course of NP: girls reporting NP at 
least weekly at baseline were 5.9 (95% CI 4.0 to 8.7) times more likely to have 
NP at least weekly during the 4-year follow-up compared to girls without neck 
symptoms at baseline. The corresponding OR was 4.6 (95% CI 3.2 to 7.4) for boys. 
Additionally, having headache, abdominal pain, depressive mood, difficulties falling 
asleep, daytime tiredness, or waking up during the night (only in girls) predicted 
the persistent course of neck pain in both genders (p<0.001 for linearity from 
pain-free to fluctuating to persistent course when having the symptom at baseline 

Table 8. Baseline factors predicting the occurrence of neck pain at least once a week 
during the 4-year follow-up among 769 baseline neck pain-free 9 to 12-year old boys and 
girls. 

Predicting factor at baseline Boys
OR (95% CI)

Girls
OR (95% CI)

 Follow-up time in years  1.18 (1.09 – 1.28) 1.54 (1.43 – 1.65)
Age  1.05 (0.92 – 1.19)  1.13 (1.01 – 1.27)
Psychosomatic symptoms*  1.25 (1.11 – 1.41)  1.14 (1.03 – 1.26)
Other musculoskeletal pains**  1.21 (0.89 – 1.75)  1.42 (1.07 – 1.87)
Joint hypermobility (Beighton 6-9) 0.75 (0.40 – 1.39)  0.87 (0.56 – 1.40)
Being physically active > 3 times a week  0.98 (0.73 – 1.31)  1.17 (0.89 – 1.54)

* Sum of 1 to 6 psychosomatic symptoms at least once a week
** Sum of 1 to 4 musculoskeletal pains
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in a frequency of at least once a week). Having upper extremity, lower extremity, 
or back pain at baseline, also, predicted a persistent course of NP in boys, but only 
back pain predicted a persistent course in girls (p<0.001 for linearity from pain-free 
to fluctuating to persistent course when having the other musculoskeletal pain at 
baseline with a frequency of at least once a week). Joint hypermobility and level of 
physical activity were not related to the future course of NP.

5.7. hERITAbILITy Of NECk PAIN (III)

Heritability of NP was investigated among 11-year-old twins. The 3-month period 
prevalence of NP at least once a month was 38.3% (95% CI 36.5 to 40.0) and at 
least once a week was 16.3% (14.9 to 14.4) with no significant difference between 
genders (p=0.36) or zygosity (p=0.13). The similarity of co-twins regarding NP 
reporting is presented in table 9. Correlations were clearly higher within MZ pairs 
than DZ pairs, suggesting a strong genetic influence. Correlations did not differ 
significantly between MZ and DZ boys and girls, or between male DZ, female DZ, 
and opposite-sex pairs (p=0.37) indicating that there is probably no sex-specific 
genetic variation.

Table 9. Within-pair polychoric correlations in MZ and DZ  
twin pairs regarding neck pain.  

Zygosity Polychoric correlations
(95% CI)

Monozygotic
All
Girls
Boys

Dizygotic
All
Same sex girls
Same sex boys
Opposite sex 

  0.66 (0.59 – 0.73)
  0.72   (0.63 –    0.81)
  0.63 (0.52 –   0.73)

  0.38 (0.30 – 0.45)
  0.47 (0.33   –     0.61)
  0.42 (0.28 – 0.56)
  0.31     (0.20 – 0.42)

Since DZ correlations were greater than one-half of the MZ correlations, the ACE 
model is preferred over the ADE model as the initial model. Thus, biometric 
modelling (Table 10) began with ACE full sex-difference model, which allowed 
different prevalences, different A (additive genetic), C (shared environmental), and 
E (non-shared environmental) effects in boys and girls, and sex-specific genetic 
effects (Model I). In the next model (II), different A, C, and E effects were allowed 
in boys and girls, but the prevalences were restricted the same with no sex-specific 
genetic effect. The fit was further improved in the next model (III), in which only 
estimates for A, C, and E were allowed to differ in magnitude between boys and 
girls. This was chosen as the model against which the following models (IV–VI), in 
which it was attempted to drop one or more of the parameters, were compared. The 
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C could be dropped from the model, since it was non-significant (point estimate c2 
was less than 10%). The attempt to drop A or AC resulted in significant deterioration 
of the fit. Thus, the AE-model was chosen as the best-fitting model (the simplest 
possible model) to explain the variation in liability to NP in 11-year-old Finnish 
twins. The results obtained from the best-fitting model indicated that 68% (95% 
CI 62 to 74) of the variance in liability to NP could be attributed to genetic effects, 
and 32% (27 to 38) to unique environmental effects. This is in line with the MZ 
and DZ correlations of 0.66 and 0.38 in NP reporting. The MZ correlation is a close 
estimate of heritability, when shared environmental effects are absent. 

Table 10. Steps of biometric modelling in estimation of genetic and environmental contributions to the 
liability to non-specific neck pain in 11-year-old Finnish twins. Estimates for ACE with 95% confidence 
intervals were calculated from the two models that had the best fit to the data (III, IV).

Model χ2 df AIC Δχ2 Δdf P for 
change

Variance 
components 

(95% CI)

I ACE, no restrictions 47.93 31 -14.07

II ACEgirls, ACEboys 51.37 34 -16.63 3.44 3 0.33

III ACE equal for girls and boys 53.34 36 -18.66 1.97 2 0.37 A 0.57 (0.37 – 0.73)
C 0.09 (0.00 – 0.23)
E 0.34 (0.27 – 0.41)

IV AE 54.59 37 -19.41 1.25 1 0.26 A 0.68 (0.62 – 0.74)
E 0.32 (0.27 – 0.38)

V CE 82.46 37 8.46 29.12 1 <0.001

VI E 312.65 38 236.65 259.31 2 <0.001
 
Variance components A = additive genetic, C= common environmental, E = unique environmental component χ2= Chi-square goodness of fit, df=degrees of freedom, 

AIC = Akaike information criterion (χ2- 2 df)

5.8. SECULAR TRENDS IN NECk PAIN ALONE vERSUS  
 CONCOmITANT NECk AND LOw bACk PAIN (Iv)

Figures 4 and 5 illustrate secular trends in NP alone and concomitant NLBP from 
1991 to 2011 among 12 to 14-, and 16 to 18-year-old Finnish girls and boys (p for 
linearity was <0.001 in all 8 trends). The prevalence of NP alone increased from 
1991 to 1999/2001, after which it levelled off. The prevalence of concomitant NLBP 
increased steadily throughout the study period.  The prevalence of concomitant 
NLBP more than doubled among all boys, and 16 to 18-year-old girls, and more 
than tripled among 12 to 14-year-old girls from 1991 to 2011. 
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Figure 4. Secular trends in two different types of neck pain; neck pain alone (NP) and concomitant neck 
and low back pain (NLBP) from 1991 to 2011 in 12 to 14-, and in 16 to 18-year old girls. Prevalence proportions 
(%) with 95% confidence intervals in each survey year are shown in left.  The figure in the right shows the 
relative risks with 95% confidence intervals for neck pain in 1999, and in 2011 compared to 1991.
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Figure 5. Secular trends in two different types of neck pain; neck pain alone (NP) and concomitant neck 
and low back pain (NLBP) from 1991 to 2011 in 12-14, and in 16-18-year old boys. Prevalence proportions 
(%) with 95% confidence intervals in each survey year are shown in left.  The figure in the right shows the 
relative risks with 95% confidence intervals for neck pain in 1999, and in 2011 compared to 1991.
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6. DISCUSSION

6.1. mAIN fINDINgS

Non-specific NP in preadolescent to adolescent populations was investigated here, 
confirming that NP is common in 9 to 18-year-olds. In the 4-year follow-up study 
(Results 5.1–5.6), the prevalence increased with age: 3-month period prevalence 
was 39% at the age of 9 to 12, 41% at the age of 10 to 13, and 59% at the age of 
13 to 16.  NP became more common in girls than boys first in midadolescence. 
NP occurred for more often with other musculoskeletal pains, most often with 
leg or other axial pain, compared to a single pain for musculoskeletal pain-free 
preadolescents. The intensity of pain increased linearly with the frequency of pain, 
thus the frequency of NP pain seems to reflect the intensity quite well.  Use of 
painkillers became more common with increasing frequency of NP. Disability was 
found only in a minority, and severe disability was rare. The natural course of 
NP from preadolescence to adolescence seems to be fluctuating and self-limiting 
in the majority of cases. However, 5% seem to have a chronic-type course with 
frequent and persistent neck pain already at this age. Other musculoskeletal pains 
and/or psychosomatic symptoms at baseline predicted the new onset of NP and a 
chronic-type course from preadolescence to adolescence. Frequent NP at baseline 
also predicted a chronic course of symptoms. Neither level of physical activity nor 
joint hypermobility were risk factors for NP, nor were they related to its prognosis. 
According to the results of the classical twin study (Results 5.7), genetic (same in 
girls and boys) and unique environmental factors seem to play the most important 
roles in liability towards NP in early adolescence (68% heritability), while common 
environmental factors seem to be less important. Repeated cross-sectional studies 
from 1991 to 2011 (Results 5.8) showed that the prevalence of both NP alone and 
concomitant NLBP increased in the 1990s, after which the prevalence of NP alone 
has remained fairly stable, but the prevalence of concomitant NLBP has continued 
increasing until today.

6.2. mEThODOLOgICAL CONSIDERATIONS

The overall strength of this study is that it consisted of 3 different population 
based datasets (follow-up, twin, and repeated cross-sectional data), which provided 
extensive opportunities to investigate and fill gaps of knowledge concerning NP
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in preadolescents and adolescents. Pain is a subjective and multidimensional 
phenomenon. All data are based on self-reports of pain, which is a gold standard 
in pain research, also among children and adolescents (Goodman and McGrath 
1991). It has been shown that 11 to 16-year-olds can complete the self-report paper 
and internet questionnaires without difficulty (Goodman et al. 2003, Watson et al. 
2002, Watson et al. 2001).

6.2.1. fOLLOw-UP STUDy

The main strengths of the follow-up study are its longitudinal design, representative 
initial sample of 9 to 12-year-olds (83% of all 3rd and 5th grade pupils in Lahti), good 
response proportion (72%), and the use of a pain questionnaire with acceptable 
validity and reliability taking into account the location, extent, frequency, duration, 
and intensity of musculoskeletal pains (Goodman and McGrath 1991).

Sample

The baseline study population is a good representation of 9 to 12-year-olds in 
Finland, since all 9 to 12-year-olds are obliged to attend school. All 3rd and 5th 
grade pupils, except those in the special schools, from a town of 94 827 inhabitants 
(1995) were invited to participate.  The participation rate was good, an almost equal 
number of boys and girls participated at baseline, and the majority of pupils who 
did not participate came from 2 schools that refused to participate – it was not 
due to self-selection. 

Attrition of the original sample represents a potential threat of bias in longitudinal 
studies if those who drop out of the study are systematically different from those 
who remain in the study. As a result the remaining sample is not generalizable to the 
original population. Participation in this follow-up study was 72%, which is higher 
than in any of the previously conducted follow-up studies of longer than 1 year 
among children and adolescents. The only other prospective follow-up study among 
a similar age cohort investigating NP was conducted in Denmark with a response 
rate of 34% for the whole 4 and 6-year follow-up (Kjaer et al. 2011). Girls were 
slightly over-represented among the participants included in the analysis compared 
with those lost to follow-up. This could potentially affect the external validity of the 
study. However, in the whole dataset, participants and dropouts were similar in age 
and NP frequency distribution at baseline. Additionally, the analyses of risk and 
prognostic factors were performed separately in girls and boys. Thus, attrition bias 
is unlikely to be a major threat here. In the follow-up of musculoskeletal pain-free 
preadolescents, however, the role of potential selection bias is more difficult to assess, 
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since we selected a subgroup from the original sample. Girls were overrepresented, 
but also more 3rd than 5th grade pupils participated in the follow-up compared to 
the original sample. Female sex and age are known risk factors for NP, however 
no sex-difference in the occurrence of NP was found at the 1-year follow-up, but 
a significant difference was evident at the 4-year follow-up. If a major systematic 
error due to overrepresentation of females had occurred, we would have probably 
found the sex difference also at the 1-year follow-up.

Measurements

A pain questionnaire with good concurrent validity (agreement between the pain 
questionnaire and the pain questionnaire based interview) and excellent test-retest 
reliability in short period of time was used to assess NP and other musculoskeletal 
pains. Location, extent, frequency, duration, and intensity of pain (this only at the 
4-year follow-up) were asked (Goodman and McGrath 1991). Because the 3-month 
recall of pain was not tested with pain diaries, the construct validity, i.e. capability of 
the questionnaire to identify those with musculoskeletal pain (including frequency 
and duration of different pains), could not be assessed. One limitation of the study 
is that pain symptoms were asked only during the last 3 months in 3 different time 
points (partly follow-up), so “true” incidence or natural course could not be defined. 
On the other hand, limiting recall period to the previous 3 months with an easily 
identified starting point “since Christmas” minimized recall bias. The fluctuation 
due to seasonal variation of symptoms was precluded since the data collection at 
baseline and at both follow-ups was done at the same time of year (Takala et al. 1992). 

The intensity of musculoskeletal pain was investigated at the 4-year follow-up 
study with site specific visual analogue scales (VAS) 0–100 mm. VAS is a reliable 
and valid tool with minimal inherent bias for measuring pain already among children 
(McGrath, 1986).

The other physical and psychological symptoms (headache, abdominal pain, 
depressive mood, daytime tiredness, difficulty falling asleep, and waking up during 
the night) were asked in the same frequency categorisation as musculoskeletal pains 
during the last 3 months, which helps to distinguish those with more frequent 
and persistent symptoms from those with occasional symptoms. These different 
symptoms have only rarely been found as markers of underlying organic disease in 
children and adolescents, thus, are chiefly considered as expressions of psychological 
distress, often referred to as psychosomatic symptoms (Hjern et al. 2008, El-Sheikh 
et al. 2007, Tamminen et al. 1991, Aro 1987, Bury 1987). 

  Pain-induced disability was studied at the 4-year follow-up (Goodman and 
McGrath 1991), but it remains unknown whether reported disability was induced 
specifically by NP, or by some other co-occurred pains. This might have resulted 
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in the overestimation of disability among NP sufferers. On the other hand, the 
disability questions were not very specific regarding NP, which might have, in turn, 
resulted in the underestimation of NP induced disability. 

The level of physical activity was queried, instead of objectively measured for 
example with accelerometer, which has been found to weakly correlate with the level 
of physical activity in children (Wedderkopp et al. 2003). This would have notably 
increased the cost of the study, and perhaps also lowered the response proportion. 

Joint hypermobility was measured with the well-known Beighton’s method 
(Beighton 1973), which has been recommended in the diagnosis of the hypermobility 
syndrome (Grahame 2000). The intra- and inter-observer reliability of the test was 
investigated and found good. The same examiner performed all the tests. A cut-off 
point 6 was chosen for hypermobility (Mikkelsson et al. 1996), which is different from 
validated Beighton’s criteria with cut-off point 4 in adults (Grahame 2000). Children 
are, generally, more mobile in their joints than adults, and the cut-off point 6 was 
chosen on the distribution of the results, so that the prevalence of hypermobility 
syndrome falls between 5–10%, which was found in the general population 
(Mikkelsson et al. 1996).  The same cut-off point was recently recommended by 
Clinch et al. (2011) based on their results from a large sample of 14-year-olds.

6.2.2. TwIN STUDy

The classical twin study provided a cost-effective and robust method for estimating 
the heritability and relative role of genetic and environmental influences on NP 
in early adolescence (Nielsen et al. 2012). The main strengths of the study are its’ 
representative sample of 11-year-old Finnish twins, comprehensively ascertained 
twins’ zygosity, and use of the pain questionnaire with acceptable validity and 
reliability taking into account the location, extent, frequency, and duration of 
musculoskeletal pains (Goodman and McGrath 1991). 

Sample

All Finnish families with twins born in 1983–1987 were identified through the 
nation’s Central Population Registry, and invited to join the FinnTwin 12 baseline 
study. Four of these five consecutive twin birth cohorts (2487 families with twins) 
were included in this study, since pain items were not collected in the first year of 
data collection. About 85% responded to the initial family questionnaire. Personal 
questionnaires to parents and twins followed the initial family questionnaire, 
and 96% of all twins returned it. Reasons for non-participation have not been 
investigated. NP data was found from 3917 individual twins representing about 
79% of the cohort. The final study sample for pairwise analyses consisted of 1797 
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twin pairs representing 72% of all Finnish twins born in 1984–1987. Yet, despite 
the fairly representative sample, it can be questioned whether the results from 
twin populations can be generalized to singletons. However, no difference has been 
found between child/adolescent twins and singletons in studies of behavioural traits 
such as externalizing/internalizing problems (Robbers et al. 2010, Pulkkinen et al. 
2003), academic performance (Christensen et al. 2006), or personality (Johnson 
et al. 2002).

Measurements

The twins’ zygosity was ascertained in the study using a recommended method 
that has been validated against DNA markers (Gao et al. 2006, Christiansen et al. 
2003, Goldsmith 1991, Bønnelykke et al 1989, Sarna et al 1978). In 2006–2007, 
397 same-sex pairs from the FinnTwin 12 study enrolled in laboratory research, and 
zygosity was confirmed for 97% of the tested pairs with genetic markers. Questions 
relating to pain and 6 other symptoms were adopted from the pain questionnaire 
developed by Mikkelsson et al. (1997b), and have already been discussed above 
(6.2.1 under Measurements). 

Deriving the correct inference from the results of twin modelling requires 
that the central assumptions of the twin model are met, including the equal 
environments assumption, random mating, and the absence of gene-environmental 
interactions (Neale and Cardon 1992). The equal environments assumption means 
that environmentally caused similarity is roughly the same for both MZ and DZ 
twins reared in the same family. This assumption would be violated if MZ twins 
systematically experience more similar environments (related to NP) than DZ twins 
(Plomin et al. 2008). Such differences could be found in prenatal environments 
(the majority of MZ twins share the same chorion) resulting in greater birth weight 
differences in MZ twins than DZ twins. At least to my knowledge, the association 
between birth weight and NP has not been reported. The results reported here 
demonstrate that neither birth order of twins, zygosity, nor sex have a major effect 
on the distribution of NP frequency, suggesting that all twins included in this study 
represent the same population, and that the equal environments assumption also 
holds. In random mating, each individual, regardless of genotype or phenotype, has 
a theoretically equal chance of mating with any other individual. There is no reason 
to believe that spouses would choose one another on the basis of NP. Positive gene-
environmental interactions would increase estimates of the genetic components of 
variance, and in turn negative interactions would decrease them. However, we have 
no direct way of knowing which genetic effects act directly on the phenotype, and 
which result from the action of environmental variation caused initially by genetic 
differences (Neale and Cardon 1992).  
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Our findings suggested that shared environmental factors play at most a minor 
role in NP in early adolescence (C=9%; C was excluded from the final best-fitting 
model). However, a Type II error (a false negative result) might exist, and the effect 
of the shared environment might be bigger than found here. A larger sample size 
would have diminished the possibility of a type II error. 

6.2.3. REPEATED CROSS-SECTIONAL STUDIES

The Adolescent Health and Lifestyle Survey is a nationwide large-scale population 
survey repeated among 12-, 14-, 16-, and 18-year-old Finns the same way in every 
other year. Thus, the eight cross-sectional studies used here were fully comparable, 
and allowed an exploration of secular trends in NP in large samples of adolescents.

Samples

The major concern of this study is that the overall response proportion decreased 
gradually from 75% to 46% over the two study decades, giving concern over a possible 
influence of selection bias. A possible effect of non-respondents was investigated 
indirectly through the comparison of the 3 different groups of respondents as to 
how promptly they had returned the questionnaire (original, first re-inquiry, and 
second re-inquiry) in 3 of the survey years. It was assumed that the later the person 
answered, the more they resembled a non-respondent, but the differences between 
the 3 respondent groups were only small and not systematic arguing against selection 
bias. 

Measurements 

The frequency of NP and LBP pain were asked the same way and the same time of 
year in every survey year, thus the results over the two decades were comparable, and 
the fluctuation of pain symptoms due to seasonal variation need not be questioned 
(Takala et al. 1992). The recall period was 6 months, which is quite long especially 
taking into account the fluctuating natural course of NP in the majority of cases. This 
might have led to difficulties in frequency classifications of pain among respondents. 
The outcome variables, NP and LBP, were dichotomized in this study as infrequent 
versus frequent pain, which probably reflects the overall frequency of the pain 
symptoms over the last 6 months quite well. Another weakness of this study is that 
other musculoskeletal pains were not asked about, thus the prevalence of NP alone 
is not the same as prevalence of NP as a single musculoskeletal pain.  In addition, 
since pain in the upper back/thoracic spine was not queried, the NP alone group 
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is most likely to also contain those who have concomitant neck and upper back 
pain, and perhaps also those who have only upper back pain. It can be difficult to 
distinguish upper back pain from NP, especially when no pain mannequin was 
included alongside the pain questions. 

6.3. COmPARISONS, INTERPRETATIONS AND  
 RECOmmENDATIONS  

6.3.1. PREvALENCE, OCCURRENCE AND SEvERITy Of NECk PAIN 

The observed increase in the prevalence of frequent and persistent NP among 
adolescents in the 1990s (Hakala et al. 2002) has continued until today. The 
increase in the last 10 years, however, is explained by the increase in concomitant 
NLBP, whereas the prevalence of NP alone has remained quite stable after turn 
of the millennium. In the longitudinal study of 9 to 12-year-old schoolchildren the 
3-month period, prevalence was investigated at baseline, and after 1 and 4 years in 
the same cohort.  The 3-month period prevalence of NP for at least once a month 
was 39%, and for at least once a week was 15% at the age of 9 to 12 (Mikkelsson 
et al. 1997b), respectively 41% and 18% at the age of 10 to 13, and 59% and 33% 
at the age of 13 to 16. The corresponding occurrence proportions of NP among 
baseline (at the age of 9 to 12) musculoskeletal pain-free sub-cohort were 21% and 
6% at the age of 10 to 13, and 43% and 19% at the age of 13 to 16. These findings 
strengthen earlier findings that the prevalence of NP increases with age (Kjaer et 
al. 2011, Auvinen et al. 2009, Grimmer et al. 2006, Hakala et al. 2006, Siivola et al. 
2004, Hakala et al. 2002, Vikat et al. 2000). Our results are in line with the results 
of the only previous study that has also studied the 3-month period prevalence of 
NP (any NP 44% among 12 to 14-year-olds, the frequency of pain was not asked) 
taking into account that prevalence increases with age (van Gent et al. 2003). We 
found very similar prevalence proportions of NP in 9 to 12-year-old singletons, 
and in 11-year-old twins. Both studies were conducted in the mid nineties, among 
Finns, using the same pain questionnaire. Thus, these findings also strengthen the 
evidence that the results from the twin studies can be generalised to singletons. 

This is the first time, to my knowledge, that the intensity of NP has been 
investigated among adolescents using the VAS scale. The intensity of NP was found 
mild among those with infrequent NP. However, the intensity of NP increased 
linearly with the frequency of NP being moderate to severe among those with daily 
NP. Wirth et al. (2013) also used the VAS scale, but they studied the severity of 
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lifetime spinal pain (pain in neck, thoracic and/or lumbar spine) among 6 to 16-year-
olds, which was found to be moderate with only little increase with age (mean VAS 
from 37 to 45 mm; SD 18 to 19, range 5 to 100 mm).

6.3.2. gENDER DIffERENCE

The results from the follow-up study and the twin study elucidated the appearance 
of gender difference in NP: no gender difference was found in the prevalence of NP 
either among 9 to 12-, and 10 to 13-year-old schoolchildren or 11-year-old twins, 
whereas NP was clearly more common among girls than boys at the age of 13 to 
16. In the trend study, NP was more common among girls than boys at the age of 
12 to 14 and 16 to 18. These findings is consistent with earlier reports by Vikat et 
al. (2000), Grimmer et al. (2006) and Kjaer et al. (2011) suggesting that gender 
difference in prevalence of NP occurs first in midadolescence and continues through 
the lifespan (Fejer et al. 2006b). Thus, some aetiological factors of NP seem to be 
related to puberty, a period of life characterized with enormous hormonal and 
psychosocial changes.

The sex difference between girls and boys in prevalence of NP appearing around 
puberty might relate to differences in circulating sex hormones, such as androgens, 
oestrogen and progesterone, leading to gender differences, e.g. in the musculoskeletal 
system (Oksanen et al. 2007, 2008) and the perception of pain (Riley et al. 1999). 
Rhee et al. (2005) investigated the relationship between physical symptoms and 
pubertal status/timing of puberty. Musculoskeletal pains and headache were the 
most commonly reported symptoms among advanced pubertal status respondents. 
On-time developers were less likely to report physical symptoms when compared 
with advanced or late developers. Pubertal timing determined by individuals’ own 
perception was found to have a stronger relationship with physical symptoms than 
pubertal status, especially in girls. Adolescents, who mature at an average age, or 
late, tend to hold more positive body image and self-concept than do early maturing 
individuals who have been shown to be more vulnerable to psychological adjustment 
problems (Kaltiala-Heino et al. 2003, Ge et al. 1996). Psychological distress, in turn, 
has been shown to precede the onset of physical symptoms such as headache (Rhee et 
al. 2000), and NP (Siivola et al. 2004, Ehrmann Feldman et al. 2000). This evidence 
was further strengthened by the results of this thesis. Keogh and Eccleston (2006) 
studied sex differences in adolescent chronic pain and pain related- coping. Their 
results showed no sex differences in pain chronicity, but males and females differed 
in self-reported pain experiences (females reported higher pain), and in pain-coping 
strategies (females used more social support, positive statements, internalizing and 
catastrophizing, whereas males reported engaging in more behavioural distraction). 
Thus, the gender difference in prevalence of NP might be not only be understood 
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in the context of sex hormone induced physiologic changes, but also in context of 
psychosocial adjustment (Engel 1977).

6.3.3. CO-OCCURRENCE 

NP occurred significantly more often with other musculoskeletal pains than as a 
single pain during the 4-year follow-up of originally pain-free preadolescents. The 
most common other pains were leg and axial pain. NP became more extensive/
widespread with increasing age consistent with earlier findings (Auvinen et al. 
2009, Carnes et al. 2007, El-Metwally et al. 2004). However, it is not clear whether 
single NP and NP occurring with other pains are two distinct or partly overlapping 
phenomenon, or just far ends of a continuous process (discussed more in 6.3.5.). 
In the secular trend study, the prevalence of NP alone increased rapidly in the 
1990s, after which it levelled off. By contrast, the prevalence of concomitant NLBP 
has increased constantly over the past two decades. Yet, NP alone remained all the 
time more prevalent than concomitant NLBP in 12 to 18-year-old Finnish boys and 
girls. Thus, the results from the follow-up study and the trend study may seem 
contradictory, but it must be remembered that the other musculoskeletal pains were 
not asked about in the trend study, thus NP alone is not the same as NP as a single 
musculoskeletal pain. One previous cross-sectional study by Rees et al. (2011), also 
explored the prevalence of NSP alone versus NSP with axial pain without asking 
about other pains:  the 1-month period prevalence of NSP alone versus concomitant 
NLBP was 17/18% in girls, and 14/9% in boys. The corresponding proportions 
from our trend study (year 2003) were 18/5% and 8/3%, which are clearly lower, 
especially in concomitant NLBP. This could be explained by differences in the age 
groups studied (14 versus 12 to 14-year-olds), pain definitions (NSP vs NP), and 
the definitions of prevalence that were used (1-month period prevalence of any 
symptoms versus 6-month period prevalence of at least weekly symptoms). 

6.3.4. PROgNOSIS AND CONSEqUENCES

This is the first known study of the natural course of NP among preadolescents and 
adolescents. The natural course of symptoms was mainly fluctuating, but a subgroup 
of 5% existed with persistent, chronic type course from the age of 9 to 12 to the age 
of 13 to 16. This finding strengthens evidence that adult chronic NP problem might 
have its origins in childhood or in adolescence (Siivola et al. 2004, Brattberg 2004, 
Hertzberg, 1985). However, further longitudinal studies extending from childhood 
to adulthood with frequent follow-ups are still needed to prove this hypothesis. 
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Twenty-eight per cent of those with NP had used painkillers, and 26% reported 
disability, which in most of the cases was mild. It is uncertain, however, whether the 
reported disability was induced by NP or by some other pain or health condition. 
This warrants further in-depth investigations. Also, it remains unknown whether 
NP induced disability differs between those with single NP and NP occurring as 
part of multiple pains. According to these and earlier findings by Siu et al. (2009), 
Perry et al. (2008), Auvinen et al. (2010b), Murphy et al. (2007) and van Gent et 
al. (2003), it could be concluded that neck symptoms tend to fluctuate, and the 
impact on adolescents’ lives seems to be minor in the majority of cases. A small 
proportion of preadolescents and adolescents, however, seem to have persistent 
symptoms already by the age of 9 to 12, perhaps even earlier, and seek medical 
consultation and treatment for their NP, thus they are potential candidates for 
lifelong chronic NP patients.

6.3.5. RISk fACTORS

The finding that the level of physical activity was not a risk factor for NP in 
the preadolescent to adolescent population is in line with the previous reports 
(Sitthipornvorakul et al. 2011). In addition, the level of physical activity does not  
seem to affect the prognosis. The results were similar concerning joint  
hypermobility, and our finding was recently supported by another longitudinal 
study among adolescents (Tobias et al. 2013). 

A novel finding of this study was that genetic factors seem to play a major role 
in liability toward NP in early adolescence: the results of the twin study showed 
that 68% of variance in liability to NP could be attributed to genetic effects and the 
remaining 32%, to unique environmental effects. No evidence was found for sex-
specific genetic effects nor was there evidence of sex differences in the size of genetic 
effect at the age of 11. In comparison to corresponding adult results, it appears that 
the genetic contribution to NP declines with increasing age: a heritability of 35 to 
59% was found among 20 to 71-year-olds in Denmark and in the UK (Hartvigsen 
et al. 2009, Fejer et al. 2006a, MacGregor et al. 2004), and nearly 0% among 
70-year-olds and older in Denmark (Hartvigsen et al. 2005). Thus, it seems that 
individual differences in NP observed in young populations are strongly influenced 
genetically, and in adult and senior populations more environmentally. The finding 
of large genetic contribution for liability to NP in young populations might seem a 
bit disappointing from the preventive perspective, but while the structure of genes 
cannot be changed, their action and expression can be modified to prevent diseases. 
Also, genetic and environmental factors interact in diseases. Heritability estimates 
are time and place specific, thus, these results cannot be directly extrapolated to 
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other cultures and may change over the years, if environmental exposures, possibly 
influencing the trait, i.e. NP, change significantly. The FinnTwin 12 baseline data was 
collected in the mid 1990s. Such potential changes in environmental exposures from 
the mid 1990s until today include the observed decrease in physical activity, coupled 
with tremendous longitudinal and secular increases in leisure-time computer use 
around the turn of the century (Nelson et al. 2006). Furthermore, a secular increase 
has also been noted in psychosomatic or stress symptoms, and sleep disturbances 
in the last two decades (School Health Promotion Study 2011, Karvonen et al., 
2005, Pallesen et al. 2008) reflecting decreased psychological wellbeing among 
adolescents. 

Genetic factors may not only have direct influence on NP, but they might also 
have a mediating role. For example, conclusions about causality derived from the 
results of a prospective cohort study (in a population of singletons) might be seriously 
misleading, if  both dependent (NP) and independent variables (e.g. sleep difficulties) 
were caused by the same latent genetic variables. MacGregor et al. (2004) suggested 
that the observed association between NP and psychological distress in adult female 
twins was genetically mediated. This finding encourages similar investigations in 
younger twin populations, since an already recognised strong association between 
symptoms of psychological distress and NP was further strengthened by the result 
of the longitudinal study of this thesis: the markers of psychological distress were 
found to be risk factors for new onset of NP, and also predicted a more persistent 
course of symptoms from preadolescence to adolescence. 

As noted earlier (6.6.3), pain symptoms seem to cluster. In the follow-up study, 
frequent occurrence of other musculoskeletal pains in preadolescence predicted new 
onset of NP (only in girls), and a worse prognosis of NP from preadolescence to 
adolescence. A common underlying genetic factor for different musculoskeletal pain 
has been suggested in adults (Williams et al. 2010). This is hardly the situation in 
early adolescents, however, since in the FinnTwin 12 data set the estimate for genetic 
component for NP was quite high, but hardly detectable in LBP (El-Metwally et al. 
2008) and widespread pain (Mikkelsson et al. 2001). Nyman et al. (2011) compared 
genetic influence on NP alone to genetic influence on concomitant NLBP in adult 
twins and found that genetic factors play a much greater role in the occurrence of 
concomitant NLBP (60%) than for NP alone (24%). These findings imply that two 
different types of NP (regional versus more extensive pain) might exist, with at least 
partly different underlying aetiologies. Our finding of different secular trends in NP 
alone and concomitant NLBP in the last two decades further supports this hypothesis, 
and invites similar investigations among adolescent twins. It might be that regional 
NP, with more stable prevalence, at least over the last 10 years, is more influenced by 
genetic factors in adolescents, whereas concomitant NLBP with constant increasing 
prevalence, could be more related to contemporaneously changing environmental 
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risk factors (e.g. increase in computer use and sleep problems, decrease in level of 
physical activity and psychological wellbeing, as discussed above) for both NP and 
LBP (Auvinen et al. 2010b, Prins et al. 2008, Hakala et al. 2006, Diepenmaat et 
al. 2006, Siivola et al. 2004, Härmä et al., 2002, Szpalski et al. 2002). The results 
of the study by Rees et al. (2011) support this hypothesis: concomitant NLBP was 
associated significantly more with mental health problems than single NP and single 
LBP. It is also possible that the two types of NP overlap or come one after another. 
Mikkelsson et al. (1999) suggested that sleep problems might function as triggers 
to NP evolving into to widespread pain. Central nervous system malfunction and 
central sensitization might be involved in this process. Nevertheless, in the light 
of these new findings, it would be essential to explore whether single NP and NP 
concomitant with other musculoskeletal pains are truly separate entities, overlap, 
or occur consecutively. Also, potential risk factors for adolescent NP should be re-
investigated in relation to the extent of NP. 

In light of the current knowledge, school age children with NP and other multiple 
medically unexplained symptoms could be a good target group for preventive 
interventions against chronic NP. Although the results from the twin study cannot be 
applied directly to individuals, having chronic NP sufferers in a family could also be 
potential inclusion criteria for preventive interventions. However, a re-investigation 
into potential risk factors for regional NP and more extensive NP might give further 
clues for good targets and target groups for future interventions.
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Although, NP is common in adolescents and its prevalence has been constantly 
increasing in the last two decades, in the majority symptoms fluctuate and are 
self-limiting with no or minor consequences. However, a sub-population of 5% 
was identified in this study with a persistent course for NP from preadolescence to 
adolescence. Thus, the hypothesis that adult chronic NP has its origins in childhood 
or adolescence was further supported by this study. Nonetheless, prospective cohort 
studies extending from childhood to adulthood with frequent follow-up are needed 
to prove this hypothesis. Gender difference in the prevalence of NP seems to appear 
first in adolescence continuing through the lifespan. Thus, some aetiological factors 
of NP seem to be related to puberty.

For the first time ever, genetic factors were studied here and identified as 
risk factors for early adolescent NP. In fact, the contribution of genes seems 
to be quite substantial (heritability of 68%). The results from earlier studies of 
possible environmental risk factors for adolescent NP have been inconsistent, and 
the evidence has been fairly weak with one exception: the association between 
NP and psychological distress has been quite well established. This finding was 
further strengthened by the results of the follow-up study from preadolescence to 
adolescence: psychosomatic symptoms and/or other musculoskeletal pains were 
found to be risk factors for both new onset and persistent course of NP. However, 
a common genetic background for NP and psychological distress is possible and 
requires investigation. Nevertheless, in the light of the results of this study, school 
age children with NP and multiple other medically unexplained symptoms, and 
perhaps also chronic neck pain sufferers in the family, could be a good target group 
for future preventive interventions against chronic neck pain.

The finding that secular trends in NP alone and concomitant NLBP differed 
in the last 2 decades, coupled with findings from present and earlier twin studies 
of musculoskeletal pain in early adolescents and adults, suggests, at least partly, 
different underlying aetiologies for regional and more extensive NP. Before designing 
specific interventions, further exploration is needed as to whether single NP and NP 
concomitant with other musculoskeletal pains are truly separate entities, overlap or 
occur consecutively. Also, already identified genetic, psychological, and physical risk 
factors for adolescent NP should be re-investigated in relation to the extent of NP. 
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APPENDICES

Appendix 1. The pain questionnaires in the follow-up study: The first questionnaire 
was used at baseline, and at the 1-year follow-up. The question number 1 was also 
used in the twin study.  The second questionnaire was used at the 4-year follow-up. 

KOULULAISTEN KIPUTUTKIMUS
Kyselylomake 1995 ja 1996

1. MERKITSE X SOPIVAN VAIHTOEHDON KOHDALLE (vain yksi vaihtoehto 
jokaisen oireen kohdalle)! Mieti viime joulun jälkeistä aikaa tähän päivään asti. 
Kuinka usein sinulla on ollut seuraavia oireita viime joulun jälkeen (vartalon osat 
määritelty viereisissä kuvissa)?

Lähes 
päivittäin

Useammin 
kuin kerran 
viikossa

Noin 
kerran 
viikossa

Noin kerran 
kuukaudessa

Harvemmin 
tai ei 
koskaan

Niska-hartiakipua 
tai särkyä (A)

Yläraajojen kipua 
tai särkyä (B)

Rintakehän kipua 
tai särkyä (C)

Alaraajojen kipua 
tai särkyä (D)

-

Yläselän kipua tai 
särkyä (E)

Alaselän kipua tai 
särkyä (F)

Pakaroiden kipua 
tai särkyä (G)

Päänsärkyä

Vatsakipuja

Masentuneisuutta

Vaikeuksia päästä 
uneen

Väsymyksen 
tunnetta päivisin

Heräilemistä öisin
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2. KIPUPIIRROS. Väritä alla oleviin kuviin punaisella ne alueet, joissa sinulla on 
ollut kipua tai särkyä vähintään kerran kuukaudessa viime joulun jälkeen. Jos 
sinulla ei ole ollut kipuja, jätä kuva värittämättä kokonaan.

3. Oletko loukannut jonkin yllä väritetyn kipualueen (esim. kaatunut, kompastunut, 
loukannut urheilussa jne.)? Vastaa merkitsemällä X sopivan vaihtoehdon kohdalle.

� Ei

� Kyllä. Jos vastasit kyllä, ympäröi kuvasta kipualue sinisellä

4. Merkitse X, mikä on ollut totta sinun kohdallasi joulun jälkeen.

� Kivut ja säryt haittaavat nukahtamistani.
� Kipu tai särky häiritsee rauhallista yöuntani.
� Kipu haittaa istumistani koulutunnilla.
� Kipu haittaa, jos kävelen yli kilometrin.
� Kivun takia minulla on vaikeuksia liikuntatunnilla.
□ Kipu ja särky haittaavat vapaa-ajan harrastuksiani.

□ Minulla ei ole ollut kipuja.
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5. Oletko ollut kipujen tai särkyjen takia poissa koulusta? Vastaa merkitsemällä 
X sopivan vaihtoehdon kohdalle.

□ Ei
□ Kyllä. Montako päivää tänä lukukautena?

6. Merkitse X, jos väite on ollut totta sinun kohdallasi joulun jälkeen.

� Rasitus pahentaa kipuoireitani (esim. juoksu, luistelu, hiihto)                     
� Minulla on turvotuksen tunnetta käsissä tai jaloissa. 
� Nukun huonosti. 
� Tunnen itseni päivisinkin väsyneeksi. 
� Olen jännittynyt ja hermostunut. 
� Huonot säät pahentavat kipujani. 
� Käsissäni ja jaloissani on puutumisen tunnetta. 
� Hermostuminen pahentaa kipuoireitani. 
� Minulla on mahavaivoja (ilmavaivoja, ummetusta, ripulia). 
� Päätäni särkee.

7. Merkitse X sopivan vaihtoehdon kohdalle!

Olen harrastanut hengästymiseen johtavaa liikuntaa / urheilua jou-
lun jälkeen vähintään puoli tuntia kerrallaan

�  l -2 kertaa viikossa  
□ 3-4 kertaa viikossa 
□ 5-7 kertaa viikossa 
□ En harrasta liikuntaa tai urheilua lainkaan.

8. Onko sinulla jokin pitkäaikainen sairaus, jonka vuoksi käyt säännöllisesti 
lääkärin luona tai käytät sairauteesi jotain lääkettä?

□  Ei.

□ Kyllä. Mikä sairaus? __________________________
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Appendix 2. The pain questions in the Adolescent Health and Lifestyle Surveys 

1. Onko Sinulla viimeksi kuluneen PUOLEN VUODEN aikana ollut selän ala-
osan kipuja?

□ harvoin tai ei lainkaan
□ noin kerran kuussa
□ noin kerran viikossa
□ lähes joka päivä

2. Onko Sinulla viimeksi kuluneen PUOLEN VUODEN aikana ollut niska- tai
hartiakipuja?

□ harvoin tai ei lainkaan
□ noin kerran kuussa
□ noin kerran viikossa
□ lähes joka päivä
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