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ABSTRACT  

Rossi, Marleena Katariina 
Back Pain in Youth – Occurrence and Risk Factors  
Jyväskylä: University of Jyväskylä, 2020, 118 p. 
(JYU Dissertations 
ISSN 2489-9003; 233) 
ISBN 978-951-39-8184-6 
 
 
Research shows that a majority of people will experience back pain (BP) during their 
lifetime. Low back pain (LBP) in youth has a tendency of increasing the odds for LBP in 
adulthood, and it is commonly concurrent with other musculoskeletal (MSK) complaints, 
but also other factors such as sleep problems, reduction of physical activity and school 
absenteeism. Some studies have suggested that youth taking part in sports are at increased 
risk for LBP. Therefore, the main objective of this thesis was to investigate the prevalence 
of BP in youth and explore the association between LBP incidence and plausible risk 
factors in youth basketball and floorball players. 

The prevalence of back pain (BP) was first investigated in youth based on their 
participation in organized sports club activities. Twenty-four percent of boys and 35% of 
girls reported BP. BP was associated with other musculoskeletal complaints. In boys, being 
a sports club member the odds for LBP were increased compared to non-members. On the 
other hand, frequent neck and shoulder pain (NSP) was less common among sports club 
members than it was among non-members.  

In addition, BP prevalence, incidence and risk factors for LBP were investigated in 
youth basketball and floorball players using a prospective design. At the beginning of 
every study year, the players participated in baseline tests that measured muscle strength 
and flexibility, general joint hypermobility, ground reaction force (GRF) during vertical 
drop jump and movement control during movement tests. During the follow-up of one to 
three years, individual training and game hours and back pain resulting in at least 24-hour 
time-loss were recorded. 

 We found that, LBP was common among young team sport players: 45% and 64% 
of basketball and floorball players reported having experienced LBP, respectively. The 
onset of the symptoms seemed to be mostly gradual without any identifiable trauma and 
LBP was most prevalent during the playing season. The longitudinal analysis revealed 
that 13% of the players reported time-loss LBP during the follow-up with median time-
loss of 14 days. The incidence of BP was 0.4 per 1,000 hours of training and games. In the 
risk factor analyses, we found an association between hip-pelvic control during single-leg 
vertical drop landing and LBP. We did not observe a similar association in standing knee 
lift test and hip-pelvic control. No associations were found between LBP and impact force 
of landing, lower extremity maximal strength nor flexibility or hypermobility.  

LBP is a common complaint among youth and youth athletes and is concomitant 
with other MSK complaints. LBP hampers sports participation in youth athletes. 
Decreased hip-pelvic control in single-leg landing task was associated with increased risk 
for LBP incidence in youth floorball and basketball players. In the future, the association 
between movement and position control and LBP incidence in youth athletes should be 
investigated further using prospective and intervention designs.  

 
Keywords: Back pain, Youth athlete, Sports injury, Epidemiology, Risk factors, Sports 
participation  
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Tutkimusten mukaan suurin osa kokee elämänsä aikana selkäkipuja. Alaselkäkivut 
nuoruudessa altistavat alaselkäkivuille aikuisuudessa ja esiintyvät usein yhdessä 
muiden tuki- ja liikuntaelin (TULE) vaivojen kanssa. Alaselkäkivut on yhdistetty myös 
muun muassa uniongelmiin, fyysisen aktiivisuuden määrän vähentymiseen ja koulu-
poissaoloihin. Joidenkin tutkimusten mukaan urheiluun osallistuminen altistaa 
alaselkäkivuille. Tämän tutkimuksen tavoitteena oli tutkia selkäkipujen yleisyyttä 
suomalaisilla nuorilla ja selvittää mahdollisten riskitekijöiden yhteyttä alaselkäkipujen 
ilmaantuvuuteen nuorilla koripallon ja salibandyn pelaajilla. 

Ensin selkäkipujen yleisyyttä selvitettiin urheiluseuratoimintaan osallistuvilla ja 
ei-osallistuvilla nuorilla. Kaksikymmentäneljä prosenttia pojista ja 35 % tytöistä raportoi 
selkäkipuja edellisen kolmen kuukauden aikana. Selkäkivut olivat yhteydessä muihin 
TULE-vaivoihin. Pojilla urheiluseurassa harrastaminen lisäsi selkäkipujen todennäköi-
syyttä, mutta toisaalta urheiluseurassa liikkuvilla nuorilla oli harvemmin toistuvia 
niska- ja hartiaseudunkipuja.  

Tämän jälkeen selvitettiin seurantatutkimuksella selkäkipujen yleisyyttä, ilmaan-
tuvuutta ja alaselkäkipujen riskitekijöitä nuorilla koripallon ja salibandyn pelaajilla. 
Jokaisen tutkimusvuoden alussa pelaajat osallistuivat laajoihin alkutesteihin, joissa 
mitattiin lihasvoimaa ja -venyvyyttä, nivelten yliliikkuvuutta, törmäysvoimaa kahden 
jalan pudotushypyn alastulossa sekä liikkeen hallintaa liiketesteissä. Seurannan aikana 
kerättiin yksilölliset tiedot harjoittelu- ja pelimääristä sekä vähintään vuorokauden 
poissaolon harjoituksista aiheuttaneista selkäkivuista.  

Neljälläkymmenelläviidellä prosentilla koripallon pelaajista ja 64 % salibandyn-
pelaajista oli joskus ollut selkäkipuja. Tyypillisesti selkäkivut olivat alkaneet hitaasti 
ilman edeltävää traumaa ja niitä koettiin eniten kilpapelikaudella. Seurannan aikana  
13% pelaajista raportoi selkäkipuja, jotka estivät täysipainoisen osallistumisen harjoi-
tuksiin ja peleihin (mediaani poissaolo oli 14 päivää).  Selkäkipujen ilmaantuvuus oli 
yhteensä 0.4 tuhatta harjoitus- ja pelituntia kohden. Riskitekijäanalyyseissä havaittiin 
yhteys selkäkipujen ja lonkan ja lantion hallinnan välillä yhden jalan alastulossa. 
Vastaavaa yhteyttä ei todettu seisten tehdyssä polvennostotestissä. Yhteyttä ei myös-
kään havaittu alaselkäkipujen ja alastulon aiheuttaman iskun suuruuden, alaraajojen 
maksimilihasvoiman, lihasvenyvyyden tai liikkuvuuden välillä.  

Alaselkäkivut olivat yleisiä jo nuorilla ja ne esiintyivät usein yhdessä muiden 
TULE-vaivojen kanssa. Alaselkäkivut häiritsivät myös nuorten urheilijoiden harjoittelua. 
Heikompi lonkan ja lantion hallinta dynaamisessa liiketestissä lisäsi riskiä alaselkä-
kivuille nuorilla salibandyn ja koripallon pelaajilla. Tulevaisuudessa nuorten urheili-
joiden asennon- ja liikkeenhallinnan yhteyttä selkäkipuihin kannattaa tutkia lisää 
seuranta- ja interventiotutkimusten avulla. 
 
Asiasanat: Selkäkipu, nuori urheilija, urheiluvamma, epidemiologia, riskitekijät, urhei-
luun osallistuminen  
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Back pain (BP) is an expensive public health problem and results in serious 
economic burden. The majority of people will have BP at some point in their life 
(Lemeunier et al. 2012). A systematic review, including 150 studies from all over 
the world, reported a mean lifetime prevalence of low back pain (LBP) is 
40%(Hoy et al. 2012), but the prevalence is higher in western high-income 
countries. In Finland, the Health 2011 -study reported that in 30- to 40-year-olds 
the prevalence of BP during the past 30 days is 35% among males and 37% among 
females (Viikari-Juntura et al. 2012). Among adults, the one-month prevalence of 
activity-limiting LBP lasting for at least one day has been estimated to be 
23%(Hoy et al. 2012). Furthermore, in Finland back diseases, including BP, were 
responsible for sickness benefit expenditure of approximately 97 million euros 
and over 1.7 million days of covered illness in year 2017 (Statistical Yearbook of 
the Social Insurance Institution 2017). BP itself caused approximately 34 million 
euros of sickness benefit expenditure and 614,000 covered days of illness 
(Statistical Yearbook of the Social Insurance Institution 2017). 

Even though BP is most common among middle aged and older 
populations, it is not uncommon among younger populations either (Hoy et al. 
2012). A meta-analysis focusing on younger populations reported mean lifetime 
and one-month LBP prevalence of 39.9% (range 8.6% to 64.8%) and 18.3% (range 
2.5% to 39.8%), respectively, based on cross-sectional studies in children and 
youth (Calvo-Muñoz et al. 2013). 

BP in youth has been linked with activity reduction (Szpalski et al. 2002, 
Staes et al. 2003), sleep problems (Auvinen et al. 2010), school absenteeism 
(Wedderkopp et al. 2001, Szpalski et al. 2002, Hangai et al. 2010, Coenen et al. 
2017), as well as increased risk for future BP (Kjaer et al. 2011, Smith et al. 2017, 
Coenen et al. 2017). For example, 12% of children and youth reported having 
stayed at home and over 20% had reduced their physical activity (PA) due to LBP 
in a Danish study by Wedderkopp et al. (2001). In addition, work or school 
absence due to BP in youth seems to increase the likelihood of work absence later 
in life (Coenen et al. 2018). 

Therefore, it is essential to study BP and aim to decrease the incidence and 
recurrence of BP in youth. An appropriate context for this are sports clubs with 
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one of their objectives being health promotion. In Finland, participation in sports 
club activities among youth has increased during the last decades (Husu et al. 
2011, p. 22). Half of 9- to 15-year-olds are active participants in organized sports 
club activities and an additional 11% take part occasionally (Mononen et al. 2016). 
Even though participation decreases during youth, and is at its lowest in 15-year-
olds, still almost half (48%) take part (Mononen et al. 2016). 

Although PA is the recommended treatment for LBP in adult population 
(Foster et al. 2018), the burden of BP affects physically active youth as well. Sato 
et al. (2011) reported a higher lifetime prevalence of LBP and a higher perceived 
limitation due to LBP among youth taking part in sports activities. In children, 
LBP incidence is higher in organized sports compared to other physical activity 
when adjusted with hours of activity (Franz et al. 2016). Moreover, a Finnish 
study reported a higher incidence of LBP among youth athletes: 44% of the 
athletes reported activity-limiting LBP during a three-year follow-up compared 
to 18% of the non-athletes (Kujala et al. 1996). In addition, sport is the leading 
cause of injury overall among youth (Parkkari et al. 2016). 

The purpose of this doctoral thesis is to further explore the association 
between sports participation and LBP and to investigate the burden and risk 
factors of LBP in youth athletes. 

1.1 Sports-related injuries 

In Finland, half of adolescents between 11- and 15 years of age have been injured 
at least once during the preceding year while participating in PA in organized 
sports, PA during school hours or leisure time activities (Parkkari et al. 2016). 
Most of the reported injuries occurred during organized sports: 49% of youth 
sports club participants had been injured (Parkkari et al. 2016). In Canada, 30% 
to 40% of youth (age range 11–18 years) seek medical consultation due to sports-
related injury annually (Emery et al. 2006, Emery & Tyreman 2009). Thus, it is 
warranted to investigate predisposing factors for sports-related injuries and pain. 

According to the van Mechelen model, there are four steps in sports injury 
research aiming at injury prevention (van Mechelen et al. 1992) (Figure 1). In the 
first step, when the occurrence and severity of an injury are of interest, prevalence 
and incidence are often reported. Prevalence describes the proportion of cases (N 
or %) in the population of interest at a particular time (Bonita et al. 2006, p. 18) 
(commonness). Incidence describes the rate of new cases occurring in the 
population of interest during a defined period (Bonita et al. 2006, p. 18) 
(occurrence). In the second step, factors and mechanisms that are associated with 
the new injuries are analysed. In the third step, measures that are based on 
previous steps are introduced with aim to decrease the incidence and/or severity 
of the injuries. In the final step the effect of the intervention is evaluated by going 
back to the first step (van Mechelen et al. 1992). 
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FIGURE 1  Traditional model of sports injury prevention research (Adapted from van Mechelen 
et al. 1992). 

In sports injury studies, injury is often defined as any physical complaint 
sustained by an athlete that results from participation in a sport, irrespective of 
the need for medical attention or time-loss from participating in training or 
games/competitions (Fuller et al. 2006). It is also common to use ‘time-loss’ and 
‘medical injury’ definitions as criteria for a recordable injury in order to notice 
injuries that result in disability and are considered ‘substantial injuries’. Time-
loss injuries are injuries that result in an athlete being unable to fully participate 
in normal training or games/competitions (Fuller et al. 2006), that is, they result 
in some level of disability. This means that the player might be able to participate 
in training but needs to modify the training due to their pain or injury. For 
example, perform upper body strength training instead of lower body strength 
training because of a leg injury. If the athlete consults medical personnel due to 
their injury, it is then called a medical injury (Fuller et al. 2006). 

1) establish the extent and 
severity of injury

2) establish the aetiology 
of the injury 

3) introduce preventive 
measures based on 

findings from previous 
steps

4) assess the effect of the 
preventive measures 

(assess the extent of the 
injury once again)



 

The International Association for the Study of Pain defines pain as ‘an unpleasant 
sensory and emotional experience associated with actual or potential tissue 
damage or described in terms of such damage (Merskey & Bogduk 1994). Pain 
may be related to a tissue injury, but tissue injury can also occur without pain. 
For example, a change in mechanical, chemical or thermal state activates nerve 
terminals in muscles and joints (nociceptive pain). Nociception, that is, the 
encoding and processing of stimulus that is potentially harmful can also happen 
without pain, for example situations where an injury situation in not painful and 
the pain is felt later. Pain can also occur without nociception. Pain is modulated 
throughout the central nervous system and psychosocial factors, such as sleep 
quality, stress and anxiety, might affect the functioning of theses receptors, 
lowering, for example, the threshold for receptor activation. On the other hand, 
the functioning of these receptors may change due to some other unknown 
reason without tissue injury (Hainline et al. 2017). 

BP is often classified into groups based on pain location: neck, upper back 
pain, lower back pain (for example Wedderkopp et al. 2003, Aartun et al. 2014). 
In research, BP and LBP are often defined in terms of duration of symptoms (for 
at least one day, one week, at least 30 days within the past six months, etc.), 
timeframe describing when the symptoms have occurred (past week, past three 
months, past six months, past 12 months or ever/in a lifetime) and sometimes 
additional refinements are used, such as the need for medical consultation, 
disability produced by pain and so on (see for example Hoy et al. 2012). All in all, 
the inconsistency between definitions can make comparisons and summarizing 
findings between studies difficult. 

A consensus approach towards the definition of LBP was made in 2008 by 
28 experts in BP research using the Delphi method (Dionne et al. 2008). They 
suggested standards to make future comparisons between BP studies possible. 
The standardized definitions produced in the study were ‘minimal definition’ 
and ‘optimal definition’. The minimal definition included the area of pain 
(drawing with low back area shaded when possible) and disability, meaning 
whether the pain limited usual activities or changed daily routines. The optimal 
definition added to the minimal definition by assessing the presence of sciatica 

2 BACK PAIN  
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(pain that goes down the leg above or under the knee) and included a mention of 
exclusion of pain due to menstruation or feverish illness. The optimal LBP 
definition also included frequency, duration of symptoms and severity, which 
was described as intensity of pain using numerical scale. A time frame of four 
weeks was agreed on for both minimal and optimal definitions (Dionne et al. 
2008). Despite the aim of the consensus approach, the BP definitions and 
timeframe used in studies are heterogeneous.  

According to the definition of a sports injury by Fuller et al. (2006), BP 
resulting from sports participation is regarded as a sports injury located in the 
back area, that is, a back injury. However, BP is a symptom that has several 
possible contributing factors and for most BP, the origin of pain remains 
unknown because often it is not possible to identify a specific nociceptive cause 
(Hartvigsen et al. 2018). Therefore, throughout this thesis, the term ‘back pain’ is 
used instead of ‘back injury’ or ‘spine injury’. 

2.1 General overview of back pain in youth 

The overall lifetime prevalence of BP, including thoracic spine and neck, has been 
reported to be 60% among girls and 78% among boys in youth (13 to 16 years) 
(Wirth et al. 2013) and even as high as 88% among 14- to 15-year-olds (Aartun et 
al. 2014). Thoracic spine pain seems to be common already in childhood and LBP 
becomes more common in early adolescence (Wedderkopp et al. 2001, Kjaer et al. 
2011). A systematic review summarized previous cross-sectional studies 
investigating LBP prevalence in youth (Calvo-Muñoz et al. 2013). A mean lifetime 
and one-month LBP prevalence was reported to range from 8.6% to 64.8% and 2.5% 
to 39.8%, respectively (Calvo-Muñoz et al. 2013). 

As can be seen from Table 1, the prevalence rates among youth and young 
adults under 21 years differ considerably depending on BP location (lumbar, 
thoracic, neck, all together), definition (disabling, activity limiting, any BP, time-
loss) and time-period used as well as frequency and duration of symptoms. 

When considering longitudinal studies without prospective data collection, 
there is also a case of recall bias, especially when using prevalence rates in the far 
history. For that reason, among younger population a maximum of 12-month 
recall prevalence has been recommended (Hestbaek et al. 2006, Milanese & 
Grimmer-Somers 2010). 

It has been shown consistently within previous studies that prevalence 
(Table 1) of LBP increases with age (Poussa et al. 2005, Hestbaek et al. 2006, Kjaer 
et al. 2011, Sano et al. 2015, Coenen et al. 2017). For instance, a Danish study 
noticed an increase in one-month prevalence of LBP from 22% in 12- to 14-year-
olds to 36% in 15- to 17-year-olds (Kjaer et al. 2011). 

Increased occurrence with age has also been seen among athletic population 
(Finch et al. 2010, Shah et al. 2014, Rössler et al. 2016). Rössler et al. (2016) 
observed that 11- to 12-year-old soccer players had over three times (OR 3.22, 95% 
CI 0.34 to 30.97) higher odds for back complaints than 9- to 10-year-old players 
did. However, it should be noted that a significant increase in odds with 
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increasing age is not often seen with a short time-interval (Feldman et al. 2001, 
Greene et al. 2001) and that the increases become subtler with age (Hestbaek et 
al. 2006, Grimmer et al. 2006, Coenen et al. 2017). 

The majority of longitudinal studies recorded incidence retrospectively 
(Table 2). This type of data collection does not take into account incidents of LBP 
occurring between baseline and follow-up outside the defined period. For 
example, in a Finnish study the follow-up lasted from age 16 to age 19 and the 
LBP incident was recorded if LBP during the preceding six-months was reported 
every follow-up year (Mikkonen et al. 2013). Then all LBP incidents following 
baseline and before the last six-months before the follow-up questionnaire are 
not considered and therefore do not describe the true number of new incidents. 
We could identify only one longitudinal study, the Danish CHAMPS study 
(Franz et al. 2014, Franz et al. 2016), using prospective BP data collection in 
children (6 to 12 years), but none in youth. 

The results regarding the sex difference in LBP prevalence are inconsistent. 
Some studies have found that girls report more LBP than boys do (van Gessel et 
al. 2011, Mikkonen et al. 2016, Coenen et al. 2017, Smith et al. 2017), some studies 
found similar prevalence in boys and girls (Kujala et al. 1996, Feldman et al. 2001, 
Greene et al. 2001, Poussa et al. 2005, Müller et al. 2016) and some studies state 
that men/boys have a higher risk of LBP (Clarsen et al. 2015). 

Franz et al. (2014) noticed no difference between LBP prevalence between 
boys and girls between 6 and 12 years, but it seemed that sex difference might 
develop at older age. Grimmer et al. (2006) noticed in Australian youths, that the 
‘trend line’ for recent LBP incidence (new cases) was different for boys and girls. 
They noticed that the incidence decreased in girls and increased in boys from age 
13 and speculated it was due to differences in puberty timing between the sexes. 

In young adult athletes a Norwegian study noticed that in a multivariate 
analysis adjusted for sporting group (but not for training volume), young women 
were at decreased risk for substantial LBP and a trend towards decreased risk for 
all LBP was also seen (Clarsen et al. 2015). On the other hand, a German study 
reported, in a similar age sample (age range 16.1 to 25.7, n = 1,424), that in both 
elite athletes and a physically active control group, young women reported 
significantly more LBP than men did, but again the analyses were not adjusted 
for training volume (Fett et al. 2017). 
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TABLE 1  Longitudinal studies reporting back pain prevalence at baseline and follow-up among young general population. 

Study  Period prevalence (%) 
Author Sample 

(n) 
LBP definition Age (group) Lifetime One-

year 
Six 

months 
One-

month 
One-week Point 

Sjolie et al. 
(2004)  

n = 88 LBP as pain or ache in the 
low back during the preced-
ing year (female/male) 

14 to 16 66 (74/60)  
    

n = 85 17 to 19 67 (78/57)  
    

Grimmer et al. 
(2006) 

n = 434 LBP experienced in the previ-
ous week (female/male) 

13 
    

7.1 (8.2/7.2) 
 

n = 315 14 
    

12.7 (15.3/10.3)  
n = 300 15 

    
15.3 (22.8/11.9)  

n = 244 16 
    

17.3 (22.7/15.8)  
n = 174 17 

    
16.7 (26.1/10.5)  

Hestbaek et al. 
(2006) 

n = 6,540 LBP for more than zero days 
during the previous year 
(Persistent LBP: LBP for more 
than 30 days during the pre-
vious year) 

12 to 15 
 

16 (2) 
    

 
16 to 19 

 
40 (7) 

    

 20 to 22  50 (10)      
20 to 23 

 
36 (10) 

    
 

24 to 27 
 

38 (9) 
    

 
28 to 30 

 
43 (11) 

    

Auvinen et al. 
(2009) 

n = 
970/770 

Pain or aching during the last 
6 months in low back area 
(female/male) 

16 
  

42.8/31.4  
  

n = 
960/760 

18 
  

56.4/41.3  
  

Kjaer et al. 
(2011) 

n = 484 BP was defined overall and 
specifically in the three spinal 
regions as having reported 
pain within the past month. 

12 to 14 
   

28.0 
  

n = 443 15 to 17 
   

48.0 
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n = 484 LBP pain within the past 
month 

12 to 14 22.0 
n = 443 15 to 17 36.0 

Mikkonen et al. 
(2013) 

LBP during past six-months 
(female/male) 

16 48/36 
18 63/47 
19 61/49 

Aartun et al. 
(2014) 

n = 1,291 Spinal pain was defined as 
pain in any of the three loca-
tions, i.e. lumbar, thoracic, 
neck 

11 to 13 89.0 35.9 16.9 
n = 1,064 13 to 15 88.8 48.5 22.9 

n = 1,291 LBP (female/male) 11 to 13 48.5/40.8 13.2/9.9 59/42 
n = 1,064 13 to 15 58.5/45.7 21.7/18.4 81/59 

Sano et al. 
(2015) 

n = 4,597 Subjective LBP 9 10.1 2.8 
n = 5,449 10 14.8 3.7 
n = 5,408 11 17.2 5.2 
n = 5,754 12 20.5 7.2 
n = 5,588 13 24.2 9.2 
n = 5,800 14 24.7 9.0 

Coenen et al. 
(2017) 

n = 1,050 LBP during preceding one-
month (Medical LBP) 

17 32 (12) 
n = 1,112 20 45 (15) 
n = 1,033 22 45 (22) 

LBP, low back pain; BP, back pain 
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TABLE 2 Longitudinal studies reporting incidence of new back pain complaints 
among young general population (12-year-old or older). 

Author Follow-up period and sta-
tus at baseline 

Age1 Incidence 
(percentage of all exposed) 

Brattberg et al. 
(1994) 

Follow-up: Two-years 
Status: Symptom free 

8, 11 
and 13 

Two-year cumulative inci-
dence (95% CI) 
Age 8 to 10 16% (9 to 22) 
Age 11 to 13 22% (16 to 29) 
Age 13 to 15 22% (15 to 30) 

Nissinen et al. 
(1994) 

Follow-up: One-year 
Status: No history of LBP 
prior to baseline 

12.8 One-year incidence 
Age 13.8:  
female 18.4%, male 16.9% 

Feldman et al. 
(2001) 

Follow-up: 12-months 
Status: No LBP at least 
once a week within past 
six-months at baseline 

13.8 LBP at least once a week 
within six-months: (12-month 
cumulative incidence) 17.2% 

Jones et al. 
(2003) 

Follow-up: One-year 
Status: Free of LBP at base-
line 

11 to 
14 

New-onset one-month LBP 
prevalence 
Age 12: 12.5% 
Age 15: 24.1% 

Poussa et al. 
(2005) 

Follow-up: Eight-years 
Status: No BP that oc-
curred on eight or more 
days during the past year 
at baseline 

14 BP lifetime cumulative inci-
dence 
Age 14:  
female 18.4%, male 16.9% 
Age 22: 
female 78.9%, male 78.4%   

Grimmer et al. 
(2006) 

Follow-up: Five-years 
Status: No LBP experi-
enced in the previous 
week at baseline, LBP ex-
perienced in the previous 
week 

13 LBP experienced in the previ-
ous week 
Age 14:  
female 13.2%, male 9.5%  
Age 15:  
female 9.4%, male 5.2%  
Age 16:  
female 8.3%, male 7.4%  
Age 17:  
female 8.7%,  male 6.7%  

El-Metwally et al. 
(2007)  

Follow-up: One-year 
Status: No musculoskele-
tal pain at baseline  

10.8 LBP three-month incidence 
Age 11.8: close to 2% 

Follow-up: Two-years 
Status: No LBP during 
past six-months at baseline 

16 Six-month LBP prevalence 
Age 18:  
female: 46%, male: 32% 

LBP, low back pain; BP, back pain. 1 Age at baseline. 

2.1.1 Prevalence and incidence of back pain in youth athletes 

BP prevalence has been reported to be higher among young adult elite athletes 
compared to active controls (Fett et al. 2017). LBP prevalence has also been shown 
to be higher in youth sport participants (Kujala et al. 1996, Auvinen et al. 2008, 
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to be higher in youth sport participants (Kujala et al. 1996, Auvinen et al. 2008, 
Hangai et al. 2010, Hoskins et al. 2010, Jonasson et al. 2011, Sato et al. 2011) than 
it is in the general population. Yet not all studies have found similar results 
regarding the link between sports participation and higher LBP prevalence 
(Wedderkopp et al. 2003, Diepenmaat et al. 2006, Mogensen et al. 2007, Tunås et 
al. 2014). One factor affecting the conflicting results might be that self-reported 
PA levels in youth may not be that reliable (Wedderkopp et al. 2003). 

There is evidence that some sports might be associated with a higher 
incidence of BP than other sports are. For instance, there seems to be a trend 
towards a higher incidence of LBP in contact sports than in non-contact sports 
(Greene et al. 2001, Junge et al. 2004). In addition, studies analysing youth sports 
suggest that the contribution of LBP to the total injury burden differs between 
sports. Among team sports, such as soccer, volleyball, basketball, field hockey, 
handball and netball, the percentage of new BP complaints out of all injuries 
range approximately from 1% to 15% (Hopper & Elliott 1993, Gomez et al. 1996, 
Hickey et al. 1997, Messina et al. 1999, Peterson et al. 2000, Junge et al. 2004, Le 
Gall et al. 2006, Timpka et al. 2008, Rishiraj et al. 2009, Aoki et al. 2010, Clausen 
et al. 2014, Shah et al. 2014, Bere et al. 2015, Rössler et al. 2016, von Rosen et al. 
2018a). There seems to be a slightly higher relative burden in cricket (13% to 43%) 
(Finch et al. 2010, Martin et al. 2017), gymnastics (13% to 16%)(Caine et al. 2003, 
Cupisti et al. 2007), among power athletes (including jumpers, throwers, and 
athletes competing in combined athletic events) 25%, and endurance skiing 
(16%)(von Rosen et al. 2018a), for example. However, comparison is difficult with 
studies using different measures and definitions. A recent systematic review 
pooled data from studies using the same data collection and focusing on adult 
athletes. It reported that lifetime prevalence and one-year prevalence range 
between 46% to 65% and 35% to 63%, respectively, but again the differences 
between studies were difficult to analyse due to differences in methodologies 
(Trompeter et al. 2017). 

Sports injuries located in the trunk and back area account for 6% to 16% of 
all game and practice injuries, respectively, in many team sports (Agel et al. 2007a, 
Agel et al. 2007b, Agel et al. 2007c, Dick et al. 2007a, Dick et al. 2007b, Dick et al. 
2007d) In cross-sectional retrospective studies among youth team sport players, 
the 12-month prevalence of LBP has been reported to range from 47% to 64% (van 
Hilst et al. 2015, Grosdent et al. 2016) (Table 3). The difference between reported 
prevalence rates is likely to be due to different definitions of LBP (time-loss vs. 
any BP, traumatic vs. non-traumatic), different sports included (field hockey vs. 
soccer), difference in age and playing level of the athletes as well as differences 
in data recording. 

Prospective studies investigating BP in youth sport are outlined in Table 4. 
To our knowledge there are no prospective studies reporting BP data in youth 
floorball players and only a few in youth basketball players (Gomez et al. 1996, 
Hickey et al. 1997, Messina et al. 1999, Meeuwisse et al. 2003). Therefore, BP 
reported in team sports with similarities to basketball and floorball, like running 
spurts with sudden turns and stops and frequent jumps and landings, are also 
reviewed to acquire a sense of the previous research and knowledge caps. These 
sports include player contact during the play, but do not emphasize it as in full 
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contact sports like lacrosse, rugby, and American as well as Australian-rules 
football. 

Within youth team sports, the overall incidence of time-loss back 
complaints per 1,000 training and game hours ranges from 0.1 to 0.7 (Table 4) and 
the proportion of injured out of all exposed players ranges from 8% to 13% (Table 
4). Back complaints comprised 3% to 42% out of all injuries (Table 4). For younger 
players, the incidence (BP requiring medical attention) seems to be lower, 0.006i 
to 0.02i per 1,000 training and game hours in 7- to 12-year-olds compared to 0.25 
per 1,000 training and game hours in 14- to 18-year-olds (Gomez et al. 1996, 
Rössler et al. 2016). 

According to prospective investigations, BP comprises approximately 5% 
to 6% out of the total injury burden in youth basketball (Gomez et al. 1996, 
Messina et al. 1999, Meeuwisse et al. 2003). Hickey et al. (1997) performed a 
retrospective investigation using medical records and noticed that within sports 
injuries requiring physician consultation, the percentage of back complaints was 
slightly higher (11.7%). Moreover, repeated cross-sectional studies investigating 
collegiate basketball have reported that trunk and back complaints constituted 
approximately 7% to 11% of game injuries and 10% to 14% of practice injuries in 
college basketball (Agel et al. 2007b, Dick et al. 2007a). Meeuwisse et al. (2003) 
reported an incidence of 0.21 per 1,000 athlete exposure (AE) for low back and 
pelvis pain resulting in less than seven days lost from training and games, and 
0.02 per 1,000 AE for low back and pelvis pain that resulted in longer time-loss 
among college-aged basketball players. Incidences of 0.18 (Messina et al. 1999) 
and 0.25 per 1,000 training and game hours ii (Gomez et al. 1996) have been 
reported for back complaints resulting in time-loss or medical consultation 
among 14- to 18-year-old boys and girls, respectively. The average time-loss from 
participation was 5 days (Meeuwisse et al. 2003) and no difference between boys 
and girls was found (Messina et al. 1999). 

Hickey et al. (1997) reported that within medical sports injuries, the 
percentage of traumatic onset BP complaints were 54%. Cumps et al. (2007) 
studied older players (age range: 15.1 to 36.5 years) and noticed that there was 
no difference between the occurrence of non-traumatic and traumatic onset back 
complaints (non-traumatic 0.6/1,000 hours, 95% CI 0.3 to 0.9; traumatic 0.6/1,000 
hours, 95% CI 0.3 to 0.9). They included traumatic injuries requiring medical 
treatment and resulted in one-day time-loss and non-traumatic injuries that were 
present during or after basketball participation and lasted three basketball-active 
days. No data on the relative prevalence of non-traumatic and traumatic back 
complaints that do not result in time-loss or medical consultation were found. 

No studies investigating BP among youth floorball players were found. 
Pasanen et al. (2008) investigated floorball injuries in young adults using 
prospective data collection and concluded that half of the reported back 
complaints (n = 7) had non-traumatic gradual onset and half (n = 7) had acute 
traumatic onset. They also reported that the low back was the fourth most 

i  Calculated based on information provided in the research report (mean player-hours 
based on team exposure hours and number of injuries) 

ii  Calculated based on information provided in the research report (exposure and number 
of injuries) 
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commonly injured body part, with 8% of the total injury burden. Clarsen et al. 
(2015) investigated the weekly prevalence of LBP in a prospective study with 
floorball, volleyball and handball players with a mean age of approximately 21 
years. They reported that non-traumatic LBP was more common among floorball 
players than among handball or volleyball players, with an average 7-day 
prevalence of LBP among floorball players was 29% (95% CI 25 to 33) and 3% (95% CI 
1 to 4) for substantial LBP. Their generalized estimating equations (GEE) analysis 
(adjusted for age, sex, years of participation, height and weight) revealed a trend 
towards floorball players having nearly two-times (OR 1.90, 95% CI, 0.77 to 4.68; 
OR 1.98, 95% CI 0.83 to 4.63) higher odds for any LBP complaints compared to 
handball or volleyball players, respectively. However, when they investigated 
substantial complaints (i.e. complaints that resulted in moderate or severe 
reductions in training volume or performance, or not able to participate), there 
was a trend towards floorball players having lower odds than volleyball (OR 0.52, 
95% CI 0.14 to 1.92) and handball (OR 0.94, 95% CI 0.26 to 3.39) players. Even 
though the average prevalence of substantial LBP among floorball players was 
low, the impact of LBP among floorball players is high (adjusted cumulative 
severity score 7.65) (Clarsen et al. 2013). 

The majority of the studies did not state the onset of the symptoms (Hopper 
& Elliott 1993, Messina et al. 1999, Junge et al. 2004, Le Gall et al. 2006, Rishiraj et 
al. 2009), or reported only traumatic onset injuries (Soligard et al. 2012, Shah et 
al. 2014). However, it seems that at least in young soccer players BP complaints 
related to overuse and complaints without known tissue injury were more 
common compared to acute onset BP (Peterson et al. 2000, Aoki et al. 2010). By 
contrast, Clausen et al. (2014) observed more traumatic onset LBP complaints 
resulting in time-loss among 15- to 18-year-old female soccer players (U18 teams). 

Possible reasons for the conflicting results are related to injury definition, 
sport, level of play, injury reporting and sex. For example, Aoki et al. (2010) 
reported only complaints that resulted in a one-week absence, compared to Shah 
et al. (2014) with a minimum of 48-hour absence. Peterson et al. (2000) and Aoki 
et al. (2010) failed to confirm whether players were boys or girls or both. In one 
study the injuries were self-reported (Clausen et al. 2014) and in two studies 
recorded by coaching staff or medical personnel (Peterson et al. 2000, Aoki et al. 
2010). It has also been shown that lower-level youth players acquire more 
traumatic onset injuries than higher level youth players (Peterson et al. 2000). 
Therefore, one can speculate that players in the Clausen et al. (2014) study were 
possibly less skilled. 

In young adult floorball players, an equal number of acute traumatic and 
non-traumatic onset BP complaints have been reported and 43% of the acute 
traumatic complaints resulted from non-contact situations (Pasanen et al. 2008). 
Yet in youth soccer players player contact was associated with a majority of the 
reported traumatic onset BP complaints (Shah et al. 2014). 
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TABLE 3  Cross-sectional/retrospective studies reporting prevalence of back complaints among youth team sport players.  

Study Design Sample size,  
age and sport 

Back complaint definition and area Percentage (%) of all injuries Percentage (%) of all 
exposed athletes 

Hopper & 
Elliott  
(1993) 

Retrospective n = 78+75  
Age: U21, U16  
Sex: not reported  
Sport: netball 

Pain and some degree of dysfunction in 
the back 
Recorded by team/medical personnel 
 

 
 

U16 8.7%  
U21 12.8% 
 
(over 21 years 11.8%)  

Agel et al. 
(2007b)  

Repeated cross-
sectional 16-year 
period  

n = average 40 
schools/year 
Age: college  
Sex: girls  
Sport: basketball 

Medical injury + time-loss 
 
(Injury to trunk or back area, Low back 
muscle-tendon strain injuries) 

Trunk/back injury 
Game injuries: 7.4%  
Practice injuries: 10.4% 
 
Low back muscle-tendon strain  
Game injuries: 1.3%  
Practice injuries: 2.9%  

 

Agel et al. 
(2007c)  

Cross-sectional 
15-year period  

n = average 40 
schools/year 
Age: college  
Sex: girls  
Sport: volleyball 

Medical injury + time-loss 
 
(Injury to trunk or back area, Low back 
muscle-tendon strain injuries, Lower 
back ligament sprain) 

Trunk/back injury 
Game injuries: 10.8%  
Practice injuries: 17.4%  
 
Low back muscle-tendon strain 
with over 10 d time-loss 
Game injuries: 4.8% 
 
Low back muscle-tendon strain 
injury 
Practice injuries: 7.9%  
 
Low back ligament sprain  
Practice injuries: 1.8%  
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Dick et al. 
(2007a) 

Repeated cross-
sectional 16-year 
period 

n = average 40 
schools/year 
Age: college 
Sex: boys  
Sport: basketball 

Medical injury + time-loss 

(Injury to trunk or back area, Low back 
muscle-tendon strain injuries) 

Trunk/back injury 
Game injuries: 11.4% 
Practice injuries: 13.5% 

Low back muscle-tendon strain 
Game injuries: 2.2%  
Practice injuries: 3.6%  

Dick et al. 
(2007b) 

Repeated cross-
sectional 15-year 
period  

n = average 40 
schools/year 
Age: college  
Sex: girls  
Sport: field hockey 

Medical injury + time-loss 

(Injury to trunk or back area, Low back 
muscle-tendon strain injuries) 

Trunk/back injury 
Game injuries: 16.2%  
Practice injuries: 7.1% 

Low back Muscle-tendon strain 
Game injuries: 2.1% 
Practice injuries: 5.2%  

Dick et al. 
(2007c) 

Repeated cross-
sectional 15-year 
period 

n = average 40 
schools/year 
Age: college 
Sex: girls 
Sport: soccer 

Medical injury + time-loss 

(Injury to trunk or back area, Low back 
muscle-tendon strain injuries) 

Trunk/back injury 
Game injuries: 8.4% 
Practice injuries: 13.2% 

Low back muscle-tendon strain 
Game injuries: 1.3%  
Practice injuries: 1.6%  

Dick et al. 
(2007d) 

Repeated cross-
sectional 16-year 
period  

n = average 40 
schools/year 
Age: college  
Sex: boys  
Sport: baseball 

Medical injury + time-loss 

(Injury to trunk or back area, Low back 
muscle-tendon strain injuries) 

Trunk/back injury 
Game injuries: 8.3%  
Practice injuries: 11.5% 

Low back muscle-tendon strain 
Game injuries: 1.8%  
 Practice injuries: 4.2% 
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van Hilst et 
al. (2015) 

Cross-sectional n = 236  
Age: 14 to 25 years  
Sex: both (soccer only 
male) 
Sport: field hockey, soccer  

Any LBP, LBP that hampered perfor-
mance, medical  
(during preceding 12-months) 

 Any LBP 
Field hockey:  
67% in female  
33% in male  
(Overall 56%) 
Soccer (male):  64%  
 
LBP (hampering) 
Field hockey: 22% in 
female 
0% in male 
Soccer (male): 7% 
 
Medical LBP 
Field hockey:  
63% in female 
57% in male 
Soccer (male): 83% 

Souza et al. 
(2015) 

Cross-sectional n = 188  
Age: 11 to 17 years 
Sex: boys  
Sport: soccer  

Medical injury + time-loss (recorded 
from clinical records) (LBP) 

 16.1% 

Grosdent et 
al. (2016) 

Cross-sectional n = 43  
Age: mean 18.2 ± 1.4 years  
Sex: boys  
Sport: soccer (elite)   

Two-day time-loss (LBP during the pre-
vious 12-months) 

 47%   
 

Noll et al. 
(2017) 

Cross-sectional  n = 251 but only 104 in-
cluded as only these re-
ported BP  
Age: 14 to 20 years  
Sex: both  
Sport: handball, soccer, 
basketball, volleyball 

BP during preceding three-months    41.3%  
 
7.6% experienced BP 
4 or more times per 
week. 

LBP, low back pain; BP, back pain; AE, athlete exposure 
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TABLE 4 Longitudinal studies reporting incidence/prevalence of back complaints among youth team sport players. 

Author Study design and fol-
low-up time 

Age, sample size, sport, pain area and in-
jury recording 

Incidence per training and 
match hours 

Percentage (%) out 
of all injuries 

Injured play-
ers/all exposed 

players 
Hopper & El-
liot (1993) 

Longitudinal (tourna-
ment) 

n = 78+75 (+ open group over 21) 
Age: U21 and U16  
Sex: not reported 
Sport: netball 

Back  
Disability with pain and some degree of 
dysfunction 
Recorded by team/medical personnel 

13.5% 

Gomez et al. 
(1996) 

Prospective cohort 
study, one season fol-
low-up 

Age: 14 to 18 years 
Sample size: n = 890 
Sex: girls 
Sport: high school basketball 

Back 
Time-loss or medical consultation. Weekly 
recorded by team trainer (team exposure 
collected, and total hours calculated using 
average player number) 

Approximately 0.25/1,000 hours1  6% 

Hickey et al. 
(1997) 

Retrospective based on 
medical records, six-
years  

Age: mean age 16.8 years 
Sample size: n = 49 (72 athlete-years) 
Sex: girls 
Sport: basketball 

Lower back 
Medical records (physician consultation) 
(not just new injuries) 

11.7% 
(10.1% out of trau-
matic injuries, 14.3% 
out of non-trau-
matic)  
(not just new inju-
ries) 
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Messina et 
al. (1999)  
 
 

Prospective Age: 14 to 18 years  
Sample size: n = 973  
Sex: boys  
Sport: basketball 
 
Back  
Time-loss or medical injury 
Recorded by (team/medical personnel) 

0.18/1,000 player hours1   
0.03/athlete season 
  
(Girls: 0.22/1,000 player hours1) 

6%  
(Girls: 6%) 

 

Peterson et 
al. (2000) 

Prospective study, one-
year follow-up 

Age: 16 to 18 years and 14 to 16 years (in-
cluded also adult players) 
Sample size: n = 264 (-134 excluded due to 
missing data) 
Sex: not reported 
Sport: soccer 
 
Lower back 
Weekly physician examination and injury 
recording, injury defined as any tissue dam-
age caused by football, complaints meant no 
tissue damage 
Complaint= no recognized injury 
 

High level  
16 to 18 years: 0.57/1,000 hours1 
14 to 16 years: 0.47/1,000 hours1 
low level  
16 to 18 years: 2.1/1,000 hours1 
14 to 16 years: 2.4/1,000 hours1 
 
When calculated using avg. train-
ing and game hours the estimate 
incidences were higher in low 
level players and younger play-
ers.  
 

In all age groups 
5.7% 

36.7% com-
plaints 
10.2% com-
plaints and in-
jury 
26.5% com-
plaints, but no 
injury 
 
Complaints, but 
no injury:  
16 to 18 years:  
high level 
18.8%  
low level 40.9%  
14 to 16 years: 
high level 
14.3% 
low level 34.8%  
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Meeuwisse 
et al. (2003) 

Prospective cohort 
study, two-year follow-
up 

Age: College (age not specified) 
Sample size: n = 142 
Sex: boys 
Sport: basketball 

Lower back 
Time-loss (one or partial session) 
Recorded daily by (team/medical person-
nel) 

LBI resulting in less than 7 ses-
sions missed (n = 9): 
0.21 /1,000 AE 

LBI resulting in 7 sessions or 
more (n = 1): 
0.02/1,000 AE. 

Junge et al. 
(2004) 

Prospective cohort 
study, one season fol-
low-up 

Age: 14 to 18 years  
Sample size: n = 145 (soccer) n = 123 (rugby)  
Sex: boys  
Sport: rugby, soccer 

Thoracic and lower back 
Any injury 
Weekly recording by medical personnel 
Individual hours recorded 

Soccer: 1.82/1,000 hours  
Rugby: 2.47/1,000 hours 

Soccer: 6.5% 
Rugby: 5% 

Le Gall et al. 
(2006) 

Prospective observa-
tional cohort study, data 
collected during 10-sea-
sons, player follow-up 
three-years 

Age: U14 U15 U16 
Sample size: n = 528 
Sex: boys 
Sport: soccer 

Back 
Time-loss (at least 48 -hours) 
Recorded by (team/medical personnel) 

0.05/1,000 AE1  

(108 back injuries/237,600 hours) 

9.4% 

U14 n = 29, 6.9% 
U15 n = 35, 9.7% 
U16 n = 44, 11.9% 
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Timpka et al. 
(2008)  

Prospective cohort 
study, 48-months fol-
low-up 

Age: 13 to 16 years 
Sample size: n = 1,800  
Sex: boys  
Sport: Soccer (community-level) 
 
Lower back 
Time-loss (Any injury occurring during soc-
cer games that resulted in one or more of the 
following: medical attention, the inability to 
complete the game, or missing a subsequent 
soccer session) 
Recorded by (team/medical personnel) 

 7%  
 

 

Rishiraj et al. 
(2009)  
 

Longitudinal (training 
camp), five years?  

n = 75  
Age: mean age 18 years 
Sex: girls  
Sport: field hockey 
 
Lower back 
Medical and time-loss injury 
AE recorded 

Approximately 10.0/1,000 AE 
(exact value not reported) 

14%  

Aoki et al. 
(2010) 

Case-controlled pro-
spective study, 
one-year follow-up 

Age: 12 to 17 years  
Sample size: n = 322 (301).  
Sex: not reported.  
Sport: soccer 
 
Natural turf: n = 212 
Artificial turf: n = 89 
 
Back/lower back 
Time-loss injuries (one-week) 
Daily recording 

Non-traumatic:  
Back  
Artificial turf: 1.08/1,000 player 
hours (95% CI 0.78 to 1.47) 
 
Natural turf: 0.67/1,000 player 
hours (95% CI 0.49 to 0.89) 

Traumatic: 
NT: Low back con-
tusion/Sprain 14.1% 
AT: Back contu-
sion/Sprain 15.4% 
 
Non-traumatic 
(‘chronic’) back:  
Natural turf: 33.3% 
Artificial turf: 42.3%  
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Moller et al. 
(2012) 

Prospective cohort 
study, 31-wk follow-up 

Age: U16 and U18 
Sample size: u16 n = 194, U18 n = 152 
Sex: both  
Sport: handball 

Lower back 
Time-loss 
Prospective registration of injuries and ex-
posure hours by SMS messages+ structured 
interview 

U18: Non-traumatic gradual 
0.1/1,000 AE (0.03 to 0.4) 
Traumatic acute 0.1/1,000 AE 
(0.03 to 0.4) 
U16: Non-traumatic gradual 
0.2/1,000 AE (0.04 to 0.4) 
Traumatic acute 0.2/1,000 AE 
(0.04 to 0.4) 

Soligard et 
al. (2012) 

Prospective cohort 
study, Norway cup 2005 
to 2008, one-week tour-
nament 

Age: 13 to 19 years  
Sample size: 
7,848 matches; 5,491 (70%) played by boys 
and 2,357 (30%) by girls 
Sex: both 
Sport: soccer 

Back 
Any acute traumatic injury/pain sustained 
during tournament week 
Recorded by team/medical personnel 

Artificial turf: 3.1/1,000 match 
hours (SD 0.7)  
Natural turf: 1.3/1,000 match 
hours (SD 0.2)  

Clausen et al. 
(2014) 

Descriptive epidemiol-
ogy study and cohort 
study 

Age: 15 to 18 years 
Sample size: n = 498  
Sex: girls 
Sport: soccer 

Lower back 
Any injury or pain (time-loss/no time loss) 
Self-report 

Time-loss injuries: 
Acute traumatic 0.7/1,000 hours 
(0.4 to 1.2) 

Non-traumatic gradual onset 
0.4/1,000 hours (0.2 to 0.9) 

Acute traumatic 
7% (95% CI 4 to 10) 

Non-traumatic 
gradual onset 
4% (95% CI 2 to 6) 
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Shah et al. 
(2014) 

Descriptive epidemiol-
ogy study, prospective 
five seasons follow-up 

Age: 9 to 16 years 
Sample size: n = 12,306  
Sex: not reported 
Sport: soccer 
 
Lower back 
Time-loss (at least 48 -hours) 
Recorded daily by team/medical personnel 

 3.0% 
 

 

Bere et al. 
(2015)  

Prospective four-year 
data (from FIVB tourna-
ments) 

Age: U18 U19 U20 U21 and U23  
Sample size: not reported  
Sex: not reported 
Sport: volleyball 
 
Lower back  
Medical injury 
Recorded by team/medical personnel 

 Boys: 6.7%  
Girls: 4.5% 

 

Clarsen et al. 
(2015) 

Longitudinal, 13-weeks 
follow-up 

 n = 65 
Age: U19  
Sex: both  
Sports: volleyball  
 
Lower back 
Self-report (Weekly recording verified after 
13-weeks) 
All physical complaints + time-loss 

  Weekly preva-
lence average  
Any LBP 
14% (95% CI 11 
to 16)  
 
Time-loss LBP 
1% (95% CI 1 to 
2) 

Rössler et al. 
(2016) 

Descriptive epidemiol-
ogy study, prospective 
two seasons follow-up 

Age: 7 to 12 years 
Sample size: 6038 player seasons  
Sex: both 
Sport: soccer 
 
Lower back 
Time-loss (at least partial session)/medical 
injury 
Recorded daily by team/medical personnel) 

9 to 10 years: 0.4/player-season1 

and 0.006/1,000 training and 
game hours1 
11 to 12 years: 1.48/player-sea-
son1 and 0.02/1,000 training and 
game hours1 
 
7 to 8 years: 0 

1%  
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von Rosen et 
al. (2018a)  

Prospective cohort 
study, one-year follow-
up 
 

Age: 15 to 19 years 
Sample size: n = 284  
Sex: both  
Sport: elite athletes from sport high schools 
 
Lower back 
Time-loss injury 
Self-report by weekly questionnaire (OS-
TRC) 

 11.7%  
 
(Thoracic spine: 
2.8%) 
 
 

Female: 13%  
Male: 10%  
 
Power athletes: 
25%  
Endurance ski-
ing: 16.2%  
Sprint: 12.9% 
Handball: 7.8% 
Endurance run-
ning: 2.9%  

1 Calculated based on LBP incidence and training and/or match hours reported in the original articles  
AE, athletic exposure; LBP, low back pain; LB, low back; LBI, low back injury. 

  



2.1.2 Consequences of back pain among youth 

LBP has a fluctuating nature (Hestbaek et al. 2006, Kjaer et al. 2017), with 
variations in pain status over time. In young adult athletes, non-traumatic sports 
injuries were investigated by plotting weekly prevalence data over time for a 
period of 13 weeks (Clarsen et al. 2015). The study showed how the prevalence 
of LBP complaints increased and decreased during the study period among the 
athletes. 

A need for consultation with medical personnel seems to be low among 
youth, but it increases with age. Mikkonen et al. (2016) reported the prevalence 
of LBP during the preceding six months to be 44% and 31% among 16-year-old 
girls and boys, respectively, and only 5% of both had consulted medical 
personnel due to LBP. In an Australian study the percentage of youth seeking 
professional advice or treatment due to their LBP increased significantly with age 
(12% at age 17, 15% at age 20 and 22% at age 22)(Coenen et al. 2017). 

In addition, disability due to LBP seems to increase with age. Coenen et al. 
(2017) found that absence from work or school, interference with normal daily 
activities and recreational PA due to LBP increased significantly with age. At age 
17, LBP had resulted in absence from school or work in 17%, interfered with 
normal activities in 12% and hampered with recreational physical activities in 
14%. They also noticed that by age 22, 10% reported LBP causing absence from 
school or work, one in four felt that LBP interfered with normal activities and 
hampered recreational physical activities (Figure 2).  

FIGURE 2  Consequences of low back pain increase with age (Data adapted from Coe-
nen et al. 2017. Age 17 (n = 1,050), age 20 (n = 1,112) and age 22 (n = 1,033)). 

In a Danish study, including 481 children and 325 youth, 39% reported BP within 
preceding month and 38% of the youth reported at least one consequence. In 
other words, the LBP they experienced, resulted in medical consultation, reduced 
physical activities or missing school (Wedderkopp et al. 2001). 

Pain severity score and LBP-related daily activity limitations have been 
shown to be associated with seeking professional advice due to LBP (Staes et al. 
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2003, Tiira et al. 2012). A Belgian study showed that youth who report pain they 
would like to seek help for report higher mean pain score than youth who feel no 
need for medical consultation (VAS 6.7 vs 4.2) (Staes et al. 2003). They also 
noticed that almost one fifth (18%) of youth with LBP reported to have reduced 
or stopped sport activities due to their LBP. The perception of pain severity and 
negative effect, which reflects a predominance of negative feelings, was 
associated with the decision to reduce sports and leisure-time activities (Staes et 
al. 2003). 

Among youth athletes, pain that interferes with training may have a 
negative effect on mood, sleep and identity (von Rosen et al. 2018b). LBP affects 
performance (Taimela & Kujala 1992, Nadler et al. 2002b) and deficits in lumbo-
pelvic neuromuscular function may linger even after symptoms have resolved 
(Cholewicki et al. 2002). 

In a Dutch study, 22% of female field hockey players felt that BP hampered 
their performance (van Hilst et al. 2015). The study also reported that in youth 
field hockey, soccer and speed skating athletes, 40% to 83% of the athletes 
consulted medical professional due to their BP (van Hilst et al. 2015), which is 
more than double compared to what was reported by an Australian study among 
same age general population (Coenen et al. 2017). The Dutch study also found 
that in field hockey players the satisfaction of the players with their own 
performance and satisfaction with the coaching staff was associated with LBP 
(van Hilst et al. 2015). 

2.1.3 Spinal pathologies and association with low back pain 

A cross-sectional study by Kjaer et al. (2005) investigated the one-month 
prevalence of LBP and magnetic resonance imaging (MRI) findings and plausible 
associations between structural findings and LBP in 12- to 14-year-old (n = 439) 
Danes. They observed that LBP that had resulted in seeking care was associated 
with abnormal MRI findings. However, radiological changes are also common in 
asymptomatic youth, so structural changes cannot always be shown to be the 
cause for the pain symptoms (Kjaer et al. 2005). 

Kjaer et al. (2005) noticed that a majority of the youth had ‘abnormal’ 
findings and the most prevalent findings were disc related. Other findings 
included nerve root compromise (13%), Modic changes (< 1%), spondylolisthesis 
(anterolisthesis) (3%) and endplate changes in relation to disc (6%). 

Radiological changes have been reported to be more common among the 
athletic population (Hangai et al. 2009). However, it is not clear which activities 
are detrimental. Schroeder et al. (2016) investigated the prevalence of structural 
abnormalities in youth who had visited sports medicine or orthopaedic clinic and 
had MRI scan taken. According to Schroeder et al. (2016) 55% of the youth 
investigated, had abnormal findings and athletes had significantly more than 
non-athletes, 67% vs 40%, respectively. They noticed that the prevalence of 
spondylolysis was higher in athletes, compared to non-athletes, but no difference 
in disc related abnormalities. Furthermore, they were unable to find differences 
between athletes taking part in hyperextension sports and non-athletes nor 
between non-athletes and rotation-related sports participants (Schroeder et al. 
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2016). In contrast, Takatalo et al. (2017) reported that swimming and running at 
least twice a week is associated with lumbar disk degeneration among youth and 
young adults. On the other hand, running has also been regarded as beneficial to 
disk health (Belavý et al. 2016).  

There is some evidence that disc-related changes (Kjaer et al. 2005, Takatalo 
et al. 2012) and, in girls, spondylolisthesis/spondylolysis (Kjaer et al. 2005) are 
somewhat related to LBP. However, disc-related changes and other structural 
abnormalities are also seen among asymptomatic subjects (Takatalo et al. 2012) 
and, for instance, abnormal findings among youth does not necessarily increase 
the risk for LBP in adulthood more than in youth without abnormal findings 
(Harreby et al. 1995). Furthermore, Videman et al. (1995) reported no difference 
in BP prevalence in adulthood, between former athletes and controls in general, 
even though radiological changes in former athletes were common. They 
observed, for instance, that ball game athletes seemed to have significantly lower 
odds for LBP than did the controls (OR 0.6, 95% CI 0.440 to 0.82).  

Shah et al. (2014) analysed traumatic onset time-loss injuries among 41 
English youth soccer professional academies and prospectively collected sport-
related injury data. Players were between 8 and 19 years of age. During the data 
collection, 310 LBP complaints were recorded. The most common injury 
diagnoses in the low back area were LBP (49.4%), low back strain (15.2%), 
spondylolysis/spondylolisthesis (5.8%), muscular contusion (3.5%), and tissue 
bruising (3.9%). So-called ‘other diagnosis’ was recorded for 4.5% of the recorded 
complaints and for 6.8% no diagnosis was recorded at all. According to Shah et 
al. (Shah et al. 2014) fractures were not common among this population. However, 
systematic radiological investigations were not used and therefore there is a 
possibility of underreporting pathologies such as spondylolysis and 
spondylolisthesis because they are sometimes asymptomatic.  

2.2 The potential risk factors for low back pain in youth 

In addition to the prevalence of LBP increasing with age, there are several other 
factors suggested to be associated with LBP in the general population. These 
factors include, but are not limited to, the lifestyle, psychosocial and physical 
factors listed in Table 5, which presents risk factors investigated in a prospective 
manner. In general, in youth MSK pain has been associated with smoking, 
overweight, poor mental health and sleep problems (Kamper et al. 2006). 

2.2.1 Intrinsic risk factors 

There is evidence that some health and wellbeing factors such as psychosocial 
factors and distress (Feldman et al. 2001, Szpalski et al. 2002, Jones et al. 2003, 
Mustard et al. 2005, Hestbaek et al. 2008, Mikkonen et al. 2016, Smith et al. 2017), 
other pain and somatic complaints (Jones et al. 2003, Hestbaek et al. 2006, Coenen 
et al. 2017, Smith et al. 2017), and lifestyle factors such as smoking (Feldman et al. 
1999, Feldman et al. 2001, Mustard et al. 2005, Mikkonen et al. 2008) are likely to 
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be associated with LBP in youth. Psychosomatic symptoms, such as headache 
and tiredness, have been associated also with future MSK pain in children and 
youth (El-Metwally et al. 2007). 

Family history of BP is also likely to be associated with LBP (Balagué et al. 
1999, Ferreira et al. 2013). Yet it is still unclear whether height, weight, BMI, 
posture, sitting and screen time are associated with BP or not (Kamper et al. 2017). 
Ferreira et al. (2013) suggested that there might be genetic and family history–
related moderators affecting the association between LBP, obesity and smoking. 

The participation in competitive or high-level sport and its relationship 
with LBP incidence has been discussed and the results are inconsistent (Kamper 
et al. 2017). The association between PA and LBP will be discussed in more detail 
in section 2.2.2.  

Supplementary Table 1 lists longitudinal cohort studies investigating risk 
factors for BP and LBP in youth athletes. Nearly consistently longitudinal studies 
state that previous injury to the low back or a history of BP is a significant risk 
factor for future LBP in youth athletes (Greene et al. 2001, Meeuwisse et al. 2003, 
Cholewicki et al. 2005, Hjelm et al. 2012). This relationship between a history of 
LBP and future LBP has also been seen in the youth general population (Kamper 
et al. 2017). For instance, in youth basketball players the risk for LBP during 
follow-up was over three times higher if the player had a history of previous LBP 
complaints (RR 3.65, 95% CI 1.06 to 12.52) (Meeuwisse et al. 2003). 

In the youth general population, it has been shown, quite consistently, that 
reduced muscle endurance of trunk extensors is weakly associated LBP, but the 
studies are cross-sectional and limited in number (n = 3)(Potthoff et al. 2018). 
Furthermore, it seems that the predictive value of isometric endurance of the 
back extensors, measured with the Sorensen test, is low (Aartun et al. 2016b). 
Preliminary results among rowers showed that back muscle endurance is 
associated with LBP also in youth athletes (significantly lower in rowers with 
LBP than without LBP) (Perich et al. 2006). The relationship between trunk flexor 
strength and endurance are conflicting in youth general population (Potthoff et 
al. 2018), but in youth tennis players performance in trunk flexor strength test (sit 
ups) did not predispose for future LBP (Hjelm et al. 2012). Thus, there is no strong 
evidence that trunk flexor or extensor strength is associated with future LBP, but 
that people with LBP may show reduced muscle strength compared to people 
without LBP. 

There is also inconsistency in the association between trunk mobility and 
LBP in the youth general population (Potthoff et al. 2018). In addition, a 
prospective study by Aartun et al. (2016b) reported no significant risk factors in 
trunk flexibility measures such as Schober’s test, intersegmental spine joint 
mobility or fingertip-to-floor distance test nor with decreased cervical ROM. 
However, among youth athletes – specifically ice hockey and soccer players, 
figure skaters and gymnasts – decreased lumbar ROM to either flexion or 
extension seems to be a plausible risk factor for LBP (Kujala et al. 1994). Kujala et 
al. (1994) investigated flexibility and joint range of motion among sports 
participants in a prospective setting and it could be speculated that in sports that 
include flexion or extension of the lumbar spine or both, decreased range of 
mobility increases the susceptibility to strain and overloading in the back and 
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over time might lead to pain. Hjelm et al. (2012) studied tennis players and 
noticed that larger cervical spine lateral flexion ROM to the dominant side 
decreased the odds for LBP during the follow-up, suggesting that impairment 
upper in the kinetic chain might increase the odds for future impairment lower 
in the kinetic chain. 

Among adults with prolonged LBP, impairments in gluteal muscle function, 
for example hip abductor strength, have been reported (Kankaanpää et al. 1998, 
Leinonen et al. 2000, Kendall et al. 2010). Potthoff et al. (2018) also concluded that 
there is an association between lower extremity muscle function (reduced muscle 
strength and endurance) and LBP in the youth general population. In a small 
cohort of adult runners (n = 18), decreased quadriceps strength was observed 
with LBP, but interestingly no difference in hip extensor or abductor strength 
(Cai et al. 2017). In youth athletes girls reporting LBP, or a lower extremity injury 
had larger hip extensor strength asymmetry, but no difference in hip abductor 
asymmetry (Nadler et al. 2000). Interestingly, Ng et al. (2015) found in youth 
rowers that pain and disability decreased, and lower extremity muscle 
endurance increased after cognitive functioning therapy. These results might 
suggest some kind of an association between lower extremity and LBP. However, 
prospective studies investigating lower extremity strength and LBP are lacking. 

Furthermore, there are also several other studies suggesting that there is an 
association between lower extremity function and LBP. Studies have shown an 
association between lower extremity injuries or pain complaints and LBP in 
active individuals (Nadler et al. 1998, Seay et al. 2018, Yabe et al. 2019) and in 
children (Fuglkjær et al. 2018). According to a systematic review, there is also 
some evidence of an association between lower extremity injuries and 
neuromuscular function of the trunk (De Blaiser et al. 2018). Neuromuscular 
impairments of the trunk and hip complex have also been associated with LBP, 
but the changes observed are inconsistent and causality cannot be determined 
(van Dieën et al. 2019). 

Cholewicki et al. (2005) and Silfies at al. (2007) examined the association 
between LBP and the function of the neuromuscular system prospectively in 
youth athletes. Silfies et al. (2007) was unable to find a significant difference in 
trunk repositioning error in the transverse plane between university varsity 
athletes who did or did not report LBP during the follow-up period. Cholewicki 
et al. (2005) examined whether there was a difference in trunk muscle reflex 
responses in varsity athletes sustaining LBP or staying pain-free. They found that 
every millisecond delay in muscle response latency to unexpected quick force 
release isometric trunk exertions increased the odds for LBI by 2% to 3%, 
meaning that if it took longer to relax from the isometric contraction when the 
load was suddenly released the risk for LBP was increased. These results suggest 
that changes in neuromuscular control might also predispose for LBP in athletes. 

Potthoff et al. (2018) concluded that there is limited importance of 
hamstrings flexibility in relation to LBP in youth general population. In 
longitudinal studies, not included in the systematic review, knee extensors 
flexibility was associated with higher prevalence of LBP among youth (Feldman 
et al. 2001, Kanchanomai et al. 2015). Feldman et al. (2001) also reported 
association between decreased Hamstring flexibility and LBP. In contrast, two 
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studies on youth athletes (Kujala et al. 1994, Hjelm et al. 2012) and one study in 
youth general population (Kanchanomai et al. 2015) did not find an association 
between hamstring flexibility and LBP incidence. 

Furthermore, regarding the link between lower extremity and LBP, 
Rosenhagen et al. (2018) analysed whether lower extremity alignment 
(varus/valgus), measured during neutral standing position, is associated with 
persistent LBP in team sport players (n = 54). They noticed that 42% of players 
with knee misalignment and 17% of players without knee misalignment 
developed persistent LBP during the follow up. 

2.2.2 Extrinsic risk factors 

Foster et al. (2018) concluded that in adults there is moderate to low evidence that 
exercise is effective in LBP prevention, but no studies among youth and children 
so far. In a prospective population-based cohort study among 19- to 21-year-old 
men (military conscripts), moderate PA and a good level of fitness were found to 
protect the subjects from LBP (Taanila et al. 2012). However, the reports on the 
association between LBP and PA are not consistent (Heneweer et al. 2011). In 
prospective studies, PA has been shown on to either increase (Jones et al. 2003, 
Smith et al. 2017) or decrease (Wedderkopp et al. 2009) the risk for LBP or not to 
have a significant association at all (Aartun et al. 2016a, Smith et al. 2017). 
According to a very recent systematic review the relationship between PA and 
LBP leans towards PA being associated with increased risk for LBP in youth 
when the level of PA is high (Calvo-Muñoz et al. 2018). However, the association 
between LBP and PA might also differ in different samples. For example, in 
young marine trainees, a history of less physical training increased the risk for 
LBP during the marine training course (Monnier et al. 2019). This suggests that 
the amount of optimal PA might depend on the other loads placed on the 
individual. 

It has been also previously suggested that the relationship between LBP and 
PA is U-shaped (Jones & Macfarlane 2005). Wedderkopp et al. (2009) compared 
objectively measured PA in 9-year-old children and noticed that children with 
the lowest levels of PA were four times more likely to have LBP three years later 
than the children with the highest levels of PA. Furthermore, Franz et al. (2017) 
observed a tendency towards a protective relationship between the amount of 
moderate intensity PA and BP as well as an increased risk for LBP with light or 
vigorous intensity PA (Franz et al. 2017). The same study groups also observed 
in their earlier study that the incidence of LBP per 1,000 hours of activity was 
highest in organized sports compared to physical education lessons and leisure 
time PA, even though the number of BP complaints was highest during leisure 
time PA (Franz et al. 2016). Furthermore, a recent systematic review stated that 
there is a lack of good quality studies investigating treatment and prevention in 
youth, but exercise is likely to be effective (Kamper et al. 2017). 

In addition to PA intensity and frequency, the association of PA and LBP 
might be related to type of PA. There is evidence that there is an association 
between organized sports and LBP (Kujala et al. 1996, Auvinen et al. 2008, Hangai 
et al. 2010, Jonasson et al. 2011) and in younger children the risk for LBP is 
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increased in organized sports (Franz et al. 2016). The risk for LBP seems to be 
higher also in contact sports compared to sports without any particular aim for 
contact during play (Greene et al. 2001, Junge et al. 2004). Junge et al. (2004), for 
example, reported a BP injury incidence ratio of 0.7 in youth soccer and rugby 
players, indicating that soccer players had fewer BP complaints compared to 
rugby (Incidence: rugby 2.47/1,000 hours and soccer 1.82/1,000 hours.  

Seasonal and within game variations in LBP risk have been shown, with 
prevalence increasing after training pauses and during the second half of games 
(Shah et al. 2014). The increase in LBP after training pauses might be associated 
with spikes in training load (training volume + subjective exertion). In general, 
higher training volume has been associated with increased prevalence of sports 
injuries (Emery & Tyreman 2009). In a cross-sectional Dutch study, self-reported 
higher training hours were associated with LBP in field hockey but not in speed 
skating or soccer (van Hilst et al. 2015). Hjelm et al. (2012) found significant 
association between LBP and playing tennis for more than six hours per week. In 
prospective studies among athletic populations, no association between training 
volume and LBP was found (Kujala et al. 1996, Alricsson & Werner 2006, Müller 
et al. 2016). Aoki et al. (2010) also failed to find an association when looking at 
players training on artificial turf and natural turf together, but when looking at 
only players training mostly on artificial turf, they noticed that an increase in 
weekly and yearly training hours slightly increased the odds for LBP. It should 
be noted that performance factors affect the tolerance of training load (Malone et 
al. 2019), which very likely affects the relationship between LBP incidence and 
training volume. 

There is also evidence from soccer that turf type is associated with LBP 
incidence. Turf type was investigated in two studies and both concluded that the 
incidence of BP was likely to be higher on artificial turf compared to natural turf 
(Aoki et al. 2010, Soligard et al. 2012). To our knowledge, the association between 
BP and playing surface has not been studied in team sports played indoors.  
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TABLE 5  Longitudinal studies investigating risk factors for low back pain in youth 

general population. 
 

Association  
Studies where an association was 

found (yes) 
Studies where no association was 

found (no) 
Physical activity  Jones et al. 2003, Wedderkopp et al. 

2009, Franz et al. 2016, Franz et al. 
2017, Smith et al. 2017 

Aartun et al. 2016a 

Puberty Janssens et al. 2011 Smith et al. 2017 
Growth spurt Feldman et al. 2001, Poussa et al. 

2005 
Jones et al. 2003, Alricsson & 
Werner 2006 

Height Jones & Macfarlane 2009 Jones et al. 2003, Poussa et al. 
2005 

BMI Balagué et al. 2010, Kountouris et 
al. 2012, Mikkonen et al. 2013, Sano 
et al. 2015 

Nissinen et al. 1994, Feldman et 
al. 2001, Jones et al. 2003, Alrics-
son & Werner 2006, Jones & 
Macfarlane 2009 

Weight Szpalski et al. 2002, Cholewicki et 
al. 2005, Aoki et al. 2010 

Jones et al. 2003, Poussa et al. 
2005, Jones & Macfarlane 2009, 
Aoki et al. 2010, Kountouris et al. 
2012, Müller et al. 2016 

Posture Nissinen et al. 1994, Smith et al. 
2017, Rosenhagen et al. 2018 

Poussa et al. 2005, Aartun et al. 
2016b 

Screen time 
 

Jones et al. 2003, Smith et al. 2017 
Previous LBP  Kjaer et al. 2011, Coenen et al. 2017, 

Smith et al. 2017 

 

Other MSK pain 
and somatic com-
plaints 

Vikat et al. 2000, Jones et al. 2003, 
Hestbaek et al. 2006, Coenen et al. 
2017, Smith et al. 2017 

Smith et al. 2017 

Smoking Feldman et al. 1999, Feldman et al. 
2001, Mustard et al. 2005, Mikko-
nen et al. 2008 

 

Sleep Auvinen et al. 2010 
 

Psychosocial factors 
and socioeconomic 
background  

Feldman et al. 2001, Szpalski et al. 
2002, Jones et al. 2003, Mustard et 
al. 2005, Hestbaek et al. 2008, Mik-
konen et al. 2016, Smith et al. 2017 

 

Family history of 
BP  

Balagué et al. 2010 
 

Flexibility/ROM Kujala et al. 1994, Feldman et al. 
2001, Hjelm et al. 2012, Kan-
chanomai et al. 2015 

Kujala et al. 1994, Feldman et al. 
2001, Jones & Macfarlane 2009, 
Hjelm et al. 2012, Kanchanomai 
et al. 2015, Aartun et al. 2016b 

Muscle strength/en-
durance 

 Smith et al. 2017 Feldman et al. 2001, Hjelm et 
al.2012, Aartun et al. 2016b, Smith 
et al. 2017 

BP, back pain; BMI, body mass index; MSK; musculoskeletal, ROM; range of motion 
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2.3 Rationale for this thesis 

LBP is not uncommon in youth whether they are physically active or not. LBP is 
negatively associated with other factors in life, such as sleep and school (Szpalski 
et al. 2002, Auvinen et al. 2010) and may have longstanding consequences 
(Hestbaek et al. 2006, Coenen et al. 2018). The prevalence of LBP increases with 
age and therefore focus on prevention and management at a young age is 
supported. There is some evidence that participation in organized sports might 
be associated with higher prevalence in LBP among youth. Sato et al. (2011), for 
instance, reported higher perceived limitation due to LBP among youth taking 
part in organized sports activities. As Hill et al. (2010) stated already in the title 
of their review, risk factors for LBP among youth are rarely validated across 
samples and conditions. Identifying risk factors is however important in order to 
be able to propose and study effective methods for prevention. 

 According to the van Mechelen model, we first need to identify the size of 
the problem. After reviewing the literature, the size of the problem that LBP 
introduces seems to somewhat differ between sports disciplines. There is an 
imbalance between the different types of sports, the lack of studies within in 
some sports such as floorball and basketball, and the existence of more studies 
conducted in, for example, soccer.  

To be able to prescribe effective measures, one needs to identify factors that 
predispose to injuries and complaints. Several factors have been associated with 
LBP, such as movement control, trunk and lower extremity strength, flexibility 
and joint ROM, but the results are inconsistent, often assessed using cross-
sectional design and rarely validated across samples. A lack of prospective risk 
factor studies, especially studies among physically active youth taking account 
of the time spent on doing the activity, was identified.  

There is some evidence that lower extremity alignment (Rosenhagen et al. 
2018), muscle performance (Potthoff et al. 2018) and lower extremity pain and 
injuries (Nadler et al. 1999, Fuglkjær et al. 2018, Seay et al. 2018, Yabe et al. 2019) 
are associated with LBP. This implies that impairments lower in the kinetic chain 
might be associated with BP complaints at some level and should be investigated 
further, especially in athletes spending time in weight-bearing activities such as 
running and jumping. Association between flexibility and lower extremity 
strength also requires further investigation, especially within youth athletic 
populations.



 

The focal point of this thesis is positioned within the first two initiatives of the 
van Mechelen model (van Mechelen et al. 1992): determine the size of the 
problem and identify the risk factors. Therefore, the main purpose of the thesis 
was to investigate the occurrence of BP in the youth athlete population and 
identify what factors predispose for LBP in youth basketball and floorball players.  
 

 
The following aims were addressed in the five studies: 
 

I. To determine the prevalence, frequency and severity of LBP and NSP and 
to explore the associations between LBP and NSP with the health and health 
behaviours in youth, paying special attention to participation in organized 
sports. 
 

II. To assess the prevalence and associated factors of LBP in youth female and 
male basketball and floorball players.  
 

III. To investigate the incidence of BP and examine flexibility and strength as 
risk factors for LBP in youth female and male basketball and floorball 
players. 
 

IV. To investigate kinetic and kinematic factors as risk factors for LBP in youth 
female and male basketball and floorball players in dynamic movement 
tasks. 
 

V. To determine the association between pelvic kinematics during standing 
knee lift in youth female and male basketball and floorball players.

3 PURPOSE OF THE THESIS 



 

This thesis consists of five original articles (studies) and is part of two larger 
projects: the multi-institutional Finnish Health Promoting Sports Club study 
(FHPSC) and Predictors of Lower Extremity Injuries in Team Sports study 
(PROFITS) carried out at the UKK Institute, Tampere, Finland. The 
methodologies used in the five studies included in the thesis are summarized in 
Table 6. 
  

4 RESEARCH METHODS 
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TABLE 6 Methodologies of original studies included in the thesis. 

Study I Study II Study III Study IV Study V 

Design Retrospective, cross-sectional Prospective 

Data col-
lection 

Web-based 
questionnaire 

Questionnaire Questionnaire, baseline tests (i.e. physi-
cal/performance tests), structured injury 
questionnaire, game and training hour re-
cording 

Outcome 
measures 

NSP and LBP 
within pre-
ceding three-
months, LBP 
prevalence 
(lifetime, one 
week) 

LBP BP and LBP 
incidence per 
1,000 player 
years and 
game and 
training 
hours. Poten-
tial risk fac-
tors: Ham-
strings flexi-
bility, Thomas 
test (quadri-
ceps and iliop-
soas flexibil-
ity), general-
ised joint hy-
permobility, 1-
RM leg press, 
isometric hip 
abduction 
strength. 

LBP and 
potential 
risk factors: 
dynamic 
balance, 
knee 
frontal 
plane pro-
jection an-
gle, hip-
pelvic 
frontal 
plane 
movement, 
landing 
kinematics 
and kinet-
ics. 

LBP and 
potential 
risk fac-
tors: sagit-
tal and 
frontal 
plane pel-
vic kine-
matics 
during 
standing 
knee lift 
test. 

Sample 
size 

n = 962 sports 
club mem-
bers 
 n = 675 non-
members 

n = 401 n = 396/383 n = 383 n = 258 

Data 
origin 

FHPSC PROFITS 

NSP; Neck- and shoulder pain, LBP; low back pain; BP, back pain; FHPSC, Finnish Health 
Promoting Sports club study; PROFITS, Predictors of Lower Extremity Injuries in Team 
Sports study; RM, repetition maximum. 
Sports club members= sport club participants 
Non-members=not actively participating in organized sport club activities 

4.1 Study design and subjects 

A retrospective design was used to investigate the prevalence of BP and neck and 
shoulder pain (NSP) in Finnish youth (14- to 16-years-old), and compare youth 
based on their participation in organized sports in Study I. As shown in Figure 3, 
2,074 pupils from the school-based sample and 1,889 athletes from the sports club 
sample were invited to participate in the study. A total of 1,637 youth were 
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included in the analyses; 675 participants were analysed as ‘non-members’ and 
962 as (sports club) ‘members’. Membership in organized sports club was based 
on the question ‘Are you a current member of a sports club?’ (‘no / yes / yes, but 
I don’t participate in training provided by the club’). Subjects that provided 
inconsistent or inconclusive information concerning gender and/or age or sports 
club membership were excluded. 

FIGURE 3  Participant flow of sports club members (active organized sports club partici-
pants) and non-members (youth who are not participating in organized sport 
club activities) (study I).  

An open cohort design was applied to study BP prevalence, incidence and 
risk factors for LBP in youth basketball and floorball players (studies II to V). For 
the retrospective analyses (study II) 401 players were included; 118 players in 
2011, 82 players in 2012, and 201 players in 2013. From the players participating 
in the baseline questionnaire (n = 401), 98.6% (n = 396) also participated in the 
prospective follow-up: 261 for one study year, 80 for two study years and 55 for 
three study years (study III). In study V, the follow-up was 12 months (2013 to 
2014) (Figure 4). 

Players who had an ongoing acute injury affecting the baseline test 
participation or no complete baseline test data were excluded from risk factor 
analyses. Data from all players entering the follow-up was included in the 
analyses for the time they participated. 

Sports club 
sample 
n=1,889 

School-based 
sample 
n=2,074 

Answered both 
questionnaires 

 n=609  
(participation rate 32%) 

Excluded due 
to inconsistent 
or inconclusive 

answers 
n=12 

Members 
n=594 

Non-members 
n=3 

Answered both 
questionnaires 

n=1,189  
(participation rate 57%) 

Excluded due 
to inconsistent 
or inconclusive 

answers 
n=149 

Members 
n=368 

Non-members 
n=672 

Non-members 
in total 
n=675 

Members in 
total 

n=962 



FIGURE 4  Participant flow (studies II to V).

20 teams invited (2011 to 2014) 

2 teams declined 

403 players agreed to participate 

Study 2: Retrospective 
analysis 

Excluded for not 
having played 

during the previous 
season 
n  = 2 

37 players declined 

18 teams agreed to participate 

401 players included in 
analyses  

Study 3: Descriptive analyses 

Excluded for not 
taking part in the 

follow-up  
n  = 7 

396 players participated in 
follow-up 

Excluded for not 
participating in 
baseline tests 

n  = 13 

Study 3 and 4: Risk 
factor analyses 

 383 players 
participated in follow-
up and baseline test(s) 258 players participated in follow-up and 

knee lift test 

Excluded (n  = 61): 
-Players with no test data for SKL test

n  = 49 
-Did not participate in the follow-up

n  = 8 
-Participated in baseline test with an

ongoing injury 
 n  = 4 

Study 5:  
12-month follow-up (2013 to 2014) 

319 players participated 

48 
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4.2 Outcomes and data collection 

The primary outcomes investigated were BP (study III), LBP (studies I to V) and 
NSP (study I). The outcome definitions are summarized in Table 7. BP and LBP 
definition in studies III and V was based on time-loss sports injury definition by 
Fuller et al. (2006). In the consensus statement, a time-loss sports injury is defined 
as ‘an injury that results in a player being unable to take a full part in future 
training or match play’. The severity of LBP was expressed as time lost in days 
from training and playing.  

TABLE 7  Summary of operational definitions of outcomes. 

Outcomes Pain definition  
LBP (three-months) (study I) 
 

Ache or pain in lower back more than once 
a month 

Frequent LBP (three-months) (study I) Ache or pain in low back at least once a 
week 

NSP (three-months) (study I) Ache or pain in neck and shoulders more 
than once a month 

Frequent NSP (three-months) (study I) 
 

Ache or pain in neck and shoulders at least 
once a week 

LBP (seven days, 12-months) (study I, 
II) 
 

Ache, pain or discomfort of lumbar region 
with or without radiation to one or both 
legs (sciatica)(Kuorinka et al. 1987)  

BP (incidence) (study III, IV) 
LBP (incidence) (study III, IV, V) 
Thoracic spine pain (incidence) (study 
III) 

Pain in the upper and/or lower back area 
that resulted in at least 24-hour time-loss 
from full participation in the team training 
and playing 

LBP, low back pain; NSP, neck- and shoulder pain; BP, back pain 

 

4.2.1 Questionnaires 

4.2.1.1 Health behaviour and musculoskeletal health surveys for sports 
club members and non-members (study I) 

The sports club members and non-members filled in two online surveys 
(presented in an online supplement in the original article) (study I). The first 
survey focused on self-reported health behaviours such as screen time and 
overall PA. The sports club members also answered additional questions 
regarding their training. The second questionnaire focused on injuries and the 
musculoskeletal health and included more specific questions regarding LBP. The 
questions used were compiled from previously validated questions in other 
studies like the Health Behaviour in School-aged Children (HBSC) study 
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(Pasanen et al. 2008, Kokko 2010, Kokko et al. 2011, Currie & Alemán-Díaz 2015) 
and the standardized Nordic questionnaire of musculoskeletal symptoms 
(Kuorinka et al. 1987) (Table 8). 

4.2.1.2 Background questionnaire for youth floorball and basketball 
players (studies II to V) 

The youth basketball and floorball players filled in a background questionnaire 
during the same days as baseline tests were performed (tests described in chapter 
4.2.2) at the UKK Institute over one day at the beginning of every follow-up year 
(May–April 2011, May–April 2012 and May–April 2013)(studies II to V). The 
questionnaire covered the following demographics: age, sex, dominant leg, diet, 
alcohol and nicotine use (snus and smoking), menstrual history, chronic illnesses, 
medication use, family history of musculoskeletal disorders, playing years, 
playing position and level, previous injuries, BP history, and training and playing 
history during the previous year. Questions about LBP were based on 
Standardized Nordic questionnaire of musculoskeletal symptoms and its 
modified version for athletes (Kuorinka et al. 1987, Bahr et al. 2004) (Table 8). 
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TABLE 8  The low back pain questions based on the standardized Nordic questionnaire 

of musculoskeletal symptoms (study I) and its modified version for athletes 
(studies II to V). 

THE LBP QUESTIONS BASED ON THE STANDARDIZED NORDIC QUESTIONNAIRE 
OF MUSCULOSKELETAL SYMPTOMS   
Have you ever experienced problems in your low back? (area illustrated by a picture) 
(no/yes) 
Have you ever had surgery because of LBP? (no/yes) 
Have you ever had radiating LBP?” (no/yes) 
Have you ever had sleeping difficulties because of LBP? (no/yes how often?) 
Have you had LBP during the previous seven days? (no/yes) 
Have you experienced low back pain that has required consultation or treatments by a 
physician physiotherapist or chiropractor in the previous 12 months? (no/yes) 
How did your LBP symptoms occur? suddenly (after an injury)/ gradually (without a 
sudden injury)/ or both 
Have you used pain killers (NSAID) for your low back? (no/yes) 
 
QUESTIONS IN THE MODIFIED VERSION FOR ATHLETES  
Have you ever experienced LBP? 
Have you ever had surgery because of LBP? 
Have you ever had radiating LBP? 
Have you ever had sleeping difficulties because of LBP? 
How many days have you had LBP during the past 12 months: none, 1 to 7 days, 8 to 30 
days, >30 days but not daily, daily? 
Have you had LBP during the previous 7 days? 
Have you been examined or treated for LBP by medical personnel in the previous 12 
months? 
How did your LBP symptoms occur: sudden, gradual, both? 
How many days of practicing have you missed because of LBP during the past 12 
months: none, 1 to 7 days, 8 to 30 days, >30 days? 
How many matches have you missed because of LBP during the past 12 months: none, 1 
to 3 matches, 4 to 10 matches, >10 matches? 
Have you had LBP during the following parts of the previous season: basic training pe-
riod, competitive season, off-season? 
Have you had LBP as result of body contacts in training or playing? 
Have you experienced LBP during the following training: sport-specific training, strength 
training, plyometric training, other training? 
LBP, low back pain; NSAID, Nonsteroidal anti-inflammatory drug. 

4.2.2 Baseline tests (studies III to V) 

The floorball and basketball players took part in baseline tests and 
anthropometric measurements, performed over one day, at the beginning of 
every study year they participated. The tests are briefly described below and in 
more detail in the original articles. 

4.2.2.1 Strength tests (study III) 

Supine isometric hip abduction strength test was used to measure maximal hip 
abductor strength. During maximal isometric hip abduction test the player was 
lying on their back with their pelvis and other leg stabilized with a belt. The 
measurement was taken approximately two centimetres proximal to lateral 
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malleolus using a hand-held dynamometer (Hydraulic Push-Pull Dynamometer, 
Baseline® Evaluation Instruments, White Plains, NY, USA). With the hip straight 
and in neutral rotation, the athlete abducted the leg against the fixed resistance 
for two seconds as hard as they could. The test performance included two trials 
per leg with 10 seconds rest between trials. The best result was used from both 
legs to calculate the side-to-side difference: Hip abduction strength asymmetry= 
MAX (left, right) - MIN (left, right). The test has shown to have good reliability in 
athletic population with ICC 0.84 (0.65–0.92). However, there is a possibility of 
intertester bias related to sex(Thorborg et al. 2013). 

One repetitions maximum (1RM) of leg press was performed to measure 
lower extremity extension strength (Nilstad et al. 2014). The players performed a 
standardized warm up (5 min bike ergometer and warm up sets in leg press 
machine) prior to test. The test was performed with the player in a seated leg 
press machine (Technogym®, Gambettola, Italy) with straight legs and 
performed a squat to 80° knee flexion and back to starting position. The test 
started from 80 to 100 kg. After each successful trial the weights were increased 
by 10 to 30 kg (Olympic Iron Weight Plates, Leiko Oy, Tampere, Finland) for the 
next attempt and until 1RM level was reached. The recovery period between the 
attempts was two minutes. In a valid trial, the knees were bent to 80° before the 
athlete pressed the weight platform back up. 

4.2.2.2 Flexibility tests (study III) 

A standardized passive knee extension test was used to measure hamstring 
flexibility. In the hamstring flexibility test the players were lying on their back 
with their pelvis and the non-tested leg was stabilized using belts. The hip of the 
testing leg was fixed at 120° flexion with a belt and the athlete prevented further 
hip flexion by pressing distally against the femur with both hands. The knee was 
passively extended with standardised 8 kg of force (a fish scale, Salter Super 
Samson, Taylor Precision Products Inc., Illinois, USA) and the knee angle 
achieved was measured with a goniometer (HiRes, Baseline® Evaluation 
Instruments, White Plains, NY, USA). A side-to-side difference was calculated as 
follows: Hamstring asymmetry=MAX (left, right) - MIN (left, right). The inter-rater 
and test-retest reliabilities have been reported to be high (both ICC scores ranging 
between 0.88 to 0.97) when the point of measurement is standardised (Gnat et al. 
2010). 

A modified Thomas test was used to measure the flexibility of hip flexors 
and knee extensors. The player lay on their back on an examination table with 
buttocks on the edge of the table and held one leg close to their chest with hip in 
maximal flexion. The opposite leg was relaxed and the angle of hip relative to 
horizontal (Bubble Inclinometer, Baseline® Evaluation Instruments, White Plains, 
NY, USA) and flexion of the knee (starting point with knee straight at 0°) (HiRes 
goniometer, Baseline® Evaluation Instruments, White Plains, NY, USA). The 
inter-rater reliability of Thomas test has been shown to be good to excellent (hip 
flexor ICC 0.92, 95% CI 0.79 to 0.92; Quadriceps ICC 0.90, 95% CI 0.72 to 
0.96)(Gabbe et al. 2004). Test-retest has been shown to vary from moderate to 
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good (ICC from 0.69 to 0.75, 95% CI ranging from 0.29 to 0.95) to excellent (ICC 
0.91 to 0.94)(Harvey 1998). 

Generalised joint laxity (Beighton-Horan index (Boyle et al. 2003)) was used 
to measure general joint hypermobility. The measurement was performed in a 
standing position and excessive joint laxity was measured from the trunk, the 
fifth fingers, thumbs, elbows and knees using a goniometer. This measurement 
has been shown to have excellent intra- and inter-rater reliability with rho values 
of 0.86 and 0.87, respectively (Boyle et al. 2003). 

4.2.2.3 Dynamic movement tests (kinetics/kinematics) (studies IV and V) 

4.2.2.3.1 Two-dimensional movement test  

An SLVDJ test was performed to test frontal plane hip-pelvic alignment using 
two-dimensional (2D) movement analysis. The players performed a 
standardized warm-up that included 2 x 8 repetitions of two-legged squats, and 
2 x 5 repetitions of two-legged jumps, with 30 seconds of recovery between sets. 
The warm-up was performed just before the test prior to SLVDJ test and an 
SLVDJ test followed immediately after no separate warm-up was needed. 

During a valid SLVDJ test performance, the player stood in front of the 
video camera (Sony® Digital HD Video Camera Recorder HXR-NX70E, Sony 
Corporation, Tokyo, Japan), on a 10-cm box. Using one leg, the player dropped 
off the box and landed on one leg. Immediately after landing, the player 
performed a maximal jump straight up with the same leg. An overhead goal was 
used for maximum effort (Ford et al. 2005). The test was performed three times 
and trials with jumping from the box instead of dropping, leg touching the 
ground or falling/clear loss of balance, were considered invalid. The test started 
with the right leg. 

During data preparation, the frontal plane knee and pelvic angles were 
estimated by a physiotherapist by marking the ankle, knee and hip joint centres, 
and ASIS in the still video image (Java-based software ImageJ, National Institutes 
of Health) at the point of maximum knee flexion during drop landing. 

The femur-pelvic angle (FPA) was calculated as the angle between femur and 
pelvis, a smaller angle indicating increased femur adduction and/or pelvic drop. 
FPA was calculated from the intersection of a line created by the left and right 
anterior superior iliac spines (ASIS) and knee joint centre. The measured angles 
are described in Figure 5. Two-dimensional femur-pelvic angle has demonstrated 
good intertester as well as within- and between-day reliability in single-leg 
landing tasks (ICC ranging between 0.72 to 0.89)(Herrington et al. 2017). The 
femur-pelvic angle measured in 2D (also known as hip adduction) has shown 
good correlation with 3D measurements in a single-leg landing task (r = 0.62, p = 
0.013)(Herrington et al. 2017). 
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FIGURE 5  Angles measured in single-leg vertical drop jump (SLVDJ) test using a still 
video image. 

4.2.2.3.2 Three-dimensional movement tests 

Three-dimensional (3D) motion analysis and two force plates were used to test 
the kinetics and kinematics during double-leg vertical drop jump (VDJ) and 
standing knee lift test (SKL). The 3D motion analysis comprised of eight cameras 
(Vicon T40, Oxford, UK), 16 lower body markers (Plug-In Gait, Vicon, Oxford, 
UK) and two force plates (AMTI, Watertown, Massachusetts) where data were 
recorded synchronously at 300 frames per second (fps) and 1,500 Hz, respectively. 

Sixteen reflective markers were placed by two physiotherapists on 
anatomical landmarks on the lower extremities on both sides (ASIS, PSIS, lateral 
thigh, lateral knee, lateral tibia, lateral malleolus, and over shoe on second 
metatarsal and calcaneus) according to Vicon Nexus Plug-in Gait lower body 
model. One physiotherapist was in charge of placing the markers during each 
year. After the markers were placed the player performed a standardised warm-
up with a bike ergometer for five minutes. A static calibration trial was 
performed before actual testing. 

VDJ was used to test landing kinematics and impact of landing (vGRF). 
During the VDJ test performance, the player stood on a 30-cm box, dropped off 
the box and landed symmetrically on both feet on the force plates. Immediately 
after landing the player jumped as high as possible. An overhead goal was used 
for maximum effort (Ford et al. 2005) and the player was instructed to try to touch 
the goal with his/her head. Three valid trials were collected. The trials were 
accepted if the entire foot landed on the force plate and the markers stayed tightly 
on the athlete’s skin throughout the task. 

A standing knee lift (SKL) test was used to assess hip and pelvic stability. 
The SKL test is a modified Trendelenburg test and is often used as a clinical 
screening test for LBP patients. During the test the players stood with their feet 
20 cm apart (standardized using a 20-cm-wide wooden block), one foot on each 
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force plate and arms by theirs sides. The players were instructed to lift one knee 
twice by flexing their hip and knee and holding the position for a few seconds. 
The player was instructed to lift the front thigh to horizontal and the height was 
estimated by the tester. The test started with the player lifting the dominant leg 
followed by the non-dominant leg. The leg dominance was determined by asking 
which leg their preferred kicking leg was (left/right/both or do not know). 
During an invalid trial the hip angle was below 45° or the standing foot was 
moved. All the kinetic measurements were performed from foot lift to foot 
contact, that is, the period when the vertical ground reaction force on the force 
plate was lower than a threshold of 25 N. Two trials with both legs were 
performed and the mean of the two trials was calculated for the right and left leg. 

Vicon Nexus Plug-in Gait model was used for the analyses. More precise 
description of the 3D data preparation and analysis can be reviewed in the 
original articles IV and V. From VDJ the following variables were calculated: 
peak vGRF (absolute and normalized by bodyweight) and vGRF asymmetry 
(side-to-side difference). 

The primary kinematic factor investigated in the SKL test was sagittal plane 
pelvic tilt and the following predefined variables were calculated: peak pelvic 
anterior tilt and peak pelvic posterior tilt. For the sub-analysis, a secondary 
independent factor investigated was frontal plane pelvic obliquity, which was 
calculated as an angle relative to the horizontal with negative values indicating a 
CL pelvic drop and positive values a CL pelvic hike (i.e. pelvic rise). For all 
investigated risk factors, a mean of two trials was calculated for the right and left 
legs. The variables from the 3D analysis are described in Table 9.
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TABLE 9  Description of kinetic and kinematic variables from vertical drop jump (VDJ) and standing knee lift (SKL) tests (studies IV and V). 

VARIABLES DESCRIPTION INTERPRETATION OF VALUES 

VDJ   
vGRF Three trials from both legs were averaged and the side 

with the larger value was chosen for analyses as peak 
vGRF. Normalized by body weight. 

Higher value denotes higher relative impact dur-
ing first landing in VDJ. 

vGRF asymmetry Calculated as MAX (left, right)-MIN (left, right) from the 
vGRF measure 

Higher value denotes higher difference between 
left and right leg.  

SKL   
Primary independent variables   
Peak pelvic anterior tilt Maximal point of anterior tilt in relation to global vertical 

line during the knee lift (mean of two trials). 
Positive value = Pelvic tilts anteriorly. 
Negative value = Pelvis tilts posteriorly (ASIS 
superior to PSIS).  Peak pelvic posterior tilt Maximal point of posterior tilt in relation to global verti-

cal line during the knee lift (mean of two trials). 
Secondary independent variables   
Pelvic obliquity: peak contrala-
teral drop angle  

Angle between the horizontal and the line between the 
left and right ASIS, when the contralateral pelvic ASIS is 
at its lowest point during the knee lift (mean of two tri-
als). 

Negative value = contralateral pelvic drop (ASIS 
drops below horizontal line).  
Positive value = contralateral pelvic hike (ASIS 
stays above horizontal line). 

Pelvic obliquity: peak contrala-
teral hike angle 

Angle between the horizontal and the line between left 
and right ASIS, when the contralateral pelvic ASIS is at 
its highest point during the knee lift (mean of two trials). 

 

VDJ: vertical drop jump; SKL: standing knee lift; vGRF: vertical ground reaction force; CL: contralateral; ASIS: anterior spina iliaca superior; 
PSIS: posterior spina iliaca superior 
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4.2.3  Injury and exposure recording (studies III to V) 

Sports injury registration was in line with the consensus statement by Fuller et al. 
(2006). LBP was registered if a physical complaint resulted in time lost from 
normal training or games for at least 24 hours and the symptoms occurred during 
or after a scheduled team practice or game. During the follow-up, injuries 
registered weekly by team personnel and verified by one of the five study 
physicians. A study physician contacted the teams once a week to acquire 
information about new injuries and to interview the players using a structured 
injury questionnaire (Table 10). 

BP resulting from a specific and identifiable event such as falling was 
referred to as acute traumatic BP. BP without single identifiable event was 
referred as non-traumatic gradual onset BP often described also as an overuse 
injury. Situations where acute traumatic BP occurred were categorized as 
‘contact’, ‘indirect contact’, and ‘non-contact’ injuries (Olsen et al. 2004). A 
contact injury was defined as an injury sustained by the injured body region 
because of direct contact with another player or object, such as a stick. An indirect 
contact injury was defined as an injury occurring without direct contact to the 
injured body region, for example, a body check to an area other than the back. A 
non-contact injury was defined as an injury occurring without any contact with 
another player or object. All BP resulting from direct contact during the three-
year follow-up (n = 8) were excluded from this study. These included coccyx 
fracture (n = 2), sacrum contusion (n = 1), upper back contusion (n = 1), and lower 
back contusion (n = 4). 

During the follow-up, all individual athlete training and game hours were 
collected by the coach and handed over to the investigators monthly. 
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TABLE 10  The structured injury questionnaire used by the study physicians to collect 
injury data (study III to V). 

1. Date of injury
2. Where did the injury occur? (in official game / friendly game / sports specific training
/ conditioning training / other)

Questions for game injury: 
Playing position 
Game period 
Time of game period 

3. Surface (wooden / artificial / other specify)
4. Injured body part
5. Injured body side (right / left / both / not applicable)
6. Type of injury
7. Onset of injury (acute / overuse)
8. New / recurrent injury

Question for recurrent injury: Specify date of return to full participation from the 
previous injury. 

9. Use of protective or supportive equipment (no/yes specify)
10. Was the injury caused by contact or collision? (no / yes contact with another player /
yes contact with the ball stick or other object)

Question for contact injury: Direct contact to the injured body part / indirect 
contact. 

11. Describe the injury situation
12. Existing video material of the injury situation (no / yes)
13. Where the injury was treated
14. Medical investigations (MRI / ultrasound / other specify)
15. Diagnosis
16. Orthopaedic operations due to the injury (no / yes specify)
17. Time-loss from training (number of days)
18. Time-loss from games (number of games)
19. Time-loss from school/work (number of days)
20. Previous menstruation (date)
21. Direct costs of the injury

4.3 Statistical methods 

Descriptive and inferential statistics used in the five original studies are 
summarized in Table 11. Only the first BP per location (upper back or lower back) 
during the follow-up was included in the incidence calculations. 

4.3.1 Associations (studies I and II) 

The multilevel modelling failed to give additional information and therefore 
binary logistic regression analyses were applied (study I). The analyses were 
adjusted by age, sex, BMI, chronic diseases, smoking and school attainment level 
(i.e. school grade average) and analysis was made separately for health, health 
behaviour and training variables. In the analyses of health and health behaviour, 
the variables were entered in the model simultaneously. In the analyses for 
training variables, separate analyses were conducted for all variables. 
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Multivariate associations with LBP and risk factors in floorball and 
basketball players were assessed using a generalized linear mixed model (GLMM) 
with binomial family and log-link function. To control the random effects 
associated with the team, the analyses were adjusted by team (study II). Odds 
ratios (OR) were reported with 95% confidence intervals (95% CIs). 

4.3.1.1 Risk factor analyses (studies III to V) 

Cox’s proportional hazard models with mixed effects were used to investigate 
the associations between baseline characteristics and time-loss LBP incidence. 
Analyses were performed separately for gradual onset non-traumatic LBP and 
any LBP (studies III and IV), the latter also including acute traumatic onset LBP. 
The incidence of acute traumatic LBP was low and therefore no separate analyses 
were performed. In addition, risk factors analyses were not stratified by sport or 
sex. For players reporting more than one LBP period following baseline testing, 
only the first was included in the risk factor analysis. 

Measurements for quadriceps and iliopsoas flexibility started during the 
second study year so players who had LBP in the first study (2011–2012) year or 
participated only during the first study year, were excluded from the analyses 
for these two variables (n = 41). Time-varying variables were used in the Cox 
analyses (study III), when data from several years was available. If a player 
participated in the injury follow-up for several years but had only valid results 
from part of the participation years, the last valid result was imputed to where 
the test result was missing, assuming non-temporal nature of the variable. 

A few different methods for covariate selection were used. The first method 
was that age, sex, BMI, nicotine use, family history of LBP, starting age in the 
sport, participation in other sports, and LBP during the previous 12-months, as 
reported in the baseline, were initially entered into the model but only variables 
with a p value close to .20 or less were entered in the final model (study III). In 
studies IV and V, the number of confounders in the model was based on the 
number of events in the analysis (Peduzzi et al. 1995, Peduzzi et al. 1996) and 
only the most significant variables were included as confounding factors, and 
these were LBP during the previous 12 months and leg dominance with two 
categories; ‘dominant leg right or left’ and ‘don’t know or both’. 

The sports club was used in all models as a random effect. Monthly training 
and game hours, from the start of the follow-up until the first LBP or the end of 
follow-up were included in the models. The results were presented as hazard 
ratios (HR) and reported with 95% CIs. 
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TABLE 11  Summary of statistics used (studies I to IV). 

Descriptive statistics Inferential statistics  Software 

Study 
I 

Frequency (n), percentage 
(%), mean, standard devia-
tion (SD)  

Generalized linear mixed 
model with binomial family 
and log-link function, t-test, 
Pearson’s chi-square  

SPSS for Windows 
version 21.0 

Study 
II 

Binary logistic regression, t-
test, Pearson’s chi-square 

IBM SPSS Statis-
tics (v. 22.0)  

Study 
III 

Mean, median, standard de-
viation (SD) and 95% confi-
dence intervals (CI).  
Incidence: number of in-
jured players per 1,000 ath-
lete-years and per 1,000 
game and training hours 

Pearson’s chi-square, t-
test/Mann-Whitney test, 
Cox’s proportional hazard 
models with mixed effects. 

IBM SPSS Statis-
tics (v. 23-24.0), R 
(v 3.1.2; R Founda-
tion for Statistical 
Computing) pack-
age coxme (Ther-
neau 2015, R Core 
Team 2016)  

Study 
IV 

Mean, median, standard de-
viation (SD) and 95% confi-
dence intervals (CI)   

Pearson’s chi-square, t-
test/Mann-Whitney test, 
Cox’s proportional hazard 
models with mixed effects 
and time-varying variables. 

Study 
V 

Mean, median, standard de-
viation (SD) and 95% confi-
dence intervals (CI)   
Incidence: number of in-
jured players per 1,000 ath-
lete-years and per 1,000 
game and training hours 

Pearson’s chi-square, t-
test/Mann-Whitney test, 
Cox’s proportional hazard 
models with mixed effects. 

4.4 Ethical considerations 

This thesis, and the five original studies it includes, are part of two larger study 
projects. Both projects have obtained ethics approval before the start of the 
studies. The FHSPC study from Ethics Committee of Health Care District of 
Central Finland, Jyväskylä (record number 23U/2012) and the PROFITS study 
from the Ethics Committee of the Pirkanmaa Hospital District, Tampere (ETL-
code R10169). 

Both studies were carried out in conformance with the Declaration of 
Helsinki. All subjects signed a written informed consent form (also from a parent 
or guardian if the subject was under the age of 18 years) and participated of their 
free will. All participants were notified that they had a right to refuse to 
participate and withdraw from the study at any time.



 

5.1 Demographics of the sports club members and non-members 
(study I) 

A total of 1,637 youth sports club members and non-members were included in 
the analyses and the subject demographics are outlined in Table 12. Among 
sports club members, the mean training hours per week during training season 
was 8.1 (SD 4.5) hours in girls and 9.2 (SD 5.1) hours in boys. During competition 
season, the training hours per week in girls and boys were 8.3 (SD 4.7) hours and 
9.0 (SD 5.0) hours, respectively. 
  

5 RESULTS  
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TABLE 12  Subject characteristics by sports club participation and sex (n = 1,637) (study 

I). 

 Male (n = 772) Female (n = 865) 

Variable Member 
 

Non-
member p value1 Member Non-

member p value1 

Age, (mean (SD)) 15.5 (1) 15.5 (0) 0.643 15.5 (1) 15.5 (0) 0.880 
Weight, kg, (mean (SD)) 64.0 (9.9) 65.5 (11.2) 0.991 57.1 (7.9) 57.2 (11.6) 0.793 

Height, cm, (mean (SD)) 174.7 (7.5) 174.7 (8.8) 0.051 166.3 (6.0) 164.5 (6.0) < 0.001 
BMI, (mean (SD)) 20.9 (2) 21.5 (4) < 0.05 20.6 (2) 21.1 (4) < 0.05 
Menarche, % (n = 819) - - 

 
92.8 97.5 < 0.001 

Chronic disease2, % 30.4 26.4 0.242 30.1 29.4 0.818 
Regular medication3, % 23.5 18.6 0.113 29.0 33.2 0.189 
NSAID use previous month, % 59.6 46.1 < 0.001 75.0 73.7 0.655 
Special diet4, % 8.0 5.7 0.245 17.2 18.0 0.754 
Dietary supplements use5, % 67.3 36.8 < 0.001 70.1 57.2 < 0.001 
No Smoking, % 94.5 81.4 < 0.001 92.6 73.9 < 0.001 
Screen time6, (mean (SD)) 4.6 (4) 6.4 (5) < 0.001 3.6 (2) 5.6 (5) < 0.001 
Leisure time PA7, 8, %  

  
< 0.001 

  
< 0.001 

Approx.  < 30 min/wk 0.8 15.4 
 

0.9 18.5 
 

Approx. 1–3 hours/wk 16.3 53.9 
 

14.9 56.9 
 

Approx. 4-6 hours/wk or more 82.9 30.7 
 

84.2 24.6 
 

‘Member’, sport club member; ‘Non-member’, not active participant in sport club activities; 
NSAID, nonsteroidal anti-inflammatory drug. 
1 p value for difference between members and non-members of sports clubs. 
2 Allergy, asthma, diabetes, epilepsy, heart condition etc. 
3 Contraceptives or other hormonal medication, allergy, asthma, insulin, epilepsy, or heart or 
blood pressure medication. 
4 Vegetarian, low carb, lactose free, dairy free, gluten free or other special diet. 
5 For example, vitamins, protein supplements, amino acid supplements, creatine. 
6 TV, computer, computer/console games, phone and tablet use. 
7 Male n = 770, female n = 863, total n = 1,633. 
8 Intensity: breathlessness and sweating. 

5.2 Demographics of basketball and floorball players (studies II 
to V) 

The baseline demographics of the basketball and floorball players are outlined in 
Table 13. A total of 586 athlete-years and 134,849 practice and game hours were 
recorded during the three-year follow-up. The age range of the players was 12 to 
21 years on the day they entered the study.
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TABLE 13  Baseline subject characteristics by sport and sex (studies II to IV). 

 STUDY II: Retrospective STUDY III: Incidence STUDY III and IV: Risk factor analyses STUDY V: Risk factor analy-
sis with 12-month follow-up 

 

Bas-
ket-
ball 
(n = 
207) 

Floorball 
(n = 194)  

Basket-
ball 
(n = 
203) 

Floor-
ball 
(n = 
193) 

 All 
(n = 396) 

Basket-
ball 
(n = 
199) 

Floor-
ball 
(n = 
184) 

 All 
(n = 838) 

Basket-
ball 
(n = 
128) 

Floor-
ball 
(n = 
130) 

 

 Mean 
(SD) 

Mean 
(SD) 

p 
value 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Me-
dian 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Me-
dian 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Age (years)    
All 14.9 

(1.6) 16.8 (1.6) £ 
0.001 

14.9 
(1.6) 

16.8 
(1.6) £0.001 16.0 15.8 

(1.9) 
14.9 
(1.6) 

16.7 
(1.6) 

£ 
0.001 16.0 15.7 

(1.8)   £0.001 

Female 14.6 
(1.6) 16.6 (2.0)  14.6 

(1.6) 
16.5 
(1.9)    14.6 

(1.6) 
16.5 
(1.9)    14.4 

(1.3) 
17.3 
(1.8)  

Male 15.2 
(1.6) 16.9 (1.3)  15.2 

(1.6) 
16.9 
(1.3)    15.2 

(1.6) 
16.8 
(1.2)    15.1 

(1.8) 
16.9 
(1.3)  

Height (cm)    
All 173.8 

(9.9) 173.5 (8.6) 0.777 173.8 
(9.8) 

173.5 
(8.6) 0.774 173.5 173.7 

(9.2) 
173.7 
(9.7) 

173.2 
(8.5) 0.576 173.5 173.5 

(9.1)   0.633 

Female 168.9 
(6.7) 166.5(5.7)  168.4 

(6.5) 
166.6 
(5.7)    168.4 

(6.6) 
166.6 
(5.7)    168.5 

(6.5) 
167.0 
(6.0)  

Male 179.3 
(9.4) 178.6 (6.5)  179.3 

(9.5) 
178.6 
(6.5)    179.1 

(9.4) 
178.3 
(6.5)    179.2 

(10.3) 
177.3 
(6.0)  

Weight (kg)    
All 64.9 

(12.2) 66.5 (9.5) 0.148 64.8 
(12.1) 

66.4 
(9.3) 0.078 64.7 65.6 

(10.8) 
64.8 

(12.0) 
65.9 
(9.0) 0.187 64.5 65.4 

(10.7)   0.087 

Female 61.1 
(9.9) 61.2 (7.5)  60.9 

(9.4) 
61.2 
(7.5)    61.1 

(9.4) 
61.1 
(7.4)    60.9 

(8.6) 
62.3 
(7.6)  

Male 68.9 
(13.2) 70.4 (8.9)  68.9 

(13.2) 
70.1 
(8.7)    68.7 

(13.1) 
69.6 
(8.4)    68.2 

(13.8) 
69.2 
(8.6)  

BMI    
All 21.4 

(3.0) 22.0 (2.5) 0.016 21.4 
(3.0) 

22.0 
(2.4) £0.001 21.4 21.7 

(2.7) 
21.4 
(3.0) 

21.9 
(2.4) 0.021 21.4 21.7 

(2.7)   0.003 

Female 21.5 
(2.9) 22.1 (2.6)  21.4 

(2.9) 
22.1 
(2.6)    21.5 

(2.8) 
22.0 
(2.5)    21.4 

(2.7) 
22.3 
(2.5)  
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 STUDY II: Retrospective STUDY III: Incidence STUDY III and IV: Risk factor analyses STUDY V: Risk factor analy-
sis with 12-month follow-up 

 

Bas-
ket-
ball 
(n = 
207) 

Floorball 
(n = 194)  

Basket-
ball 
(n = 
203) 

Floor-
ball 
(n = 
193) 

 All 
(n = 396) 

Basket-
ball 
(n = 
199) 

Floor-
ball 
(n = 
184) 

 All 
(n = 838) 

Basket-
ball 
(n = 
128) 

Floor-
ball 
(n = 
130) 

 

 Mean 
(SD) 

Mean 
(SD) 

p 
value 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Me-
dian 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Me-
dian 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

p 
value 

Male 21.3 
(3.1) 22.0 (2.4)  21.3 

(3.1) 
22.0 
(2.3)    21.3 

(3.1) 
21.9 
(2.3)    21.0 

(3.0) 
21.9 
(2.2)  

Playing years    
All 6.9 

(2.9) 7.7 (3.1) 0.007 6.9 (2.9) 7.7 (3.0) 0.013 7.0 7.3 
(3.0) 6.9 (2.9) 7.6 (3.0) 0.012 7.0 7.2 

(3.0)   £0.001 

Female 6.5 
(2.6) 6.1 (2.6)  6.5 (2.6) 6.2 (2.6)    6.5 (2.6) 6.2 (2.6)    6.6 (2.5) 7.2 (2.5)  

Male 7.3 
(3.2) 8.9 (3.0)  7.3 (3.2) 8.7 (2.8)    7.3 (3.2) 8.7 (2.8)    6.8 (3.0) 8.8 (3.0)  

Training hours per week (mean SD) Team practice hours per season (mean SD) Team practice hours per season (mean SD)    
All 9.3 

(3.1) 9.9 (4.0) 0.085 215.1 
(102.9) 

236.0 
(114.1) 0.093 229.6 225.3 

(108.9) 
215.8 

(103.0) 
240.8 

(113.9) 0.038 232.4 227.8 
(109.0)   0.010 

Female 8.9 
(3.0) 9.1 (3.1)  179.4 

(77.7) 
221.5 
(88.7)    182.1 

(77.0) 
220.8 
(90.6)    170.9 

(73.4) 
231.7 

(106.4)  

Male 9.8 
(3.2) 10.6 (4.4)  252.0 

(112.7) 
246.6 

(128.9)    249.9 
(114.4) 

256.1 
(127.3)    246.8 

(134.6) 
257.7 

(133.5)  

Games per season (mean SD) Game hours per season1 (mean SD) Game hours per season1 (mean SD)    
All 35.5 

(16.4) 36.7 (15.2) 0.450 6.7 (4.6) 9.7 (6.7) £0.001 7.5 8.2 
(5.9) 6.8 (4.6) 9.8 (6.7) £ 

0.001 7.5 8.2 
(5.9)   £0.001 

Female 38.1 
(17.5) 35.7 (15.0)  7.2 (4.9) 9.1 (6.5)    7.2 (4.9) 9.0 (6.6)    7.6 (4.7) 10.7 

(7.4)  

Male 32.7 
(14.8) 37.4 (15.4)  6.3 (4.2) 10.1 

(6.8)    6.3 (4.3) 10.4 
(6.7)    7.5 (3.9) 10.0 

(6.9)  

p values shown refer to the t-test/Mann-Whitney test between sports groups 
1Active playing time in games during the season.         
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5.3 Prevalence of low back pain (studies I to II) 

The prevalence of self-reported LBP during the preceding three-months ranged 
from 24.5% to 35.0% and the prevalence of self-reported NSP ranged from 27.3% 
to 52.9% in boys and girls, respectively (study I). The prevalence of LBP and NSP 
in non-members compared to sports club members can be seen in Table 14. 

When looking more closely at youth basketball and floorball players (study 
II), over half (54.6%) of the youth floorball and basketball players reported to 
have had LBP at some point in their lifetime. Floorball players reported 
significantly more LBP compared to basketball players, as can be seen in Table 
14. 

The majority of players with a history of LBP reported that the onset was 
gradual (Figure 6). Several players reported that the LBP symptoms occurred 
during sports-specific training or playing (16% of basketball players and 26% of 
floorball players). Many players also perceived that LBP symptoms appeared 
during strength training (12% of basketball players and 17% of floorball players). 

FIGURE 6   Onset of reported low back pain (LBP) (study II). 

No LBP
36 %

Gradual 
onset LBP

52 %

Acute 
Onset LBP

7 %

Both 
(gradual 

and acute)
5 %
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TABLE 14  Responses to the low back pain and neck- and shoulder pain questions (studies I to II). 

 Study I  Study II  
Male (n = 772) 

  
Female (n = 865)  Team sport players (n = 401) 

Variable Member Non-member p value1 
 

Member Non-member p value1  Basketball  
(n = 207) 

Floorball  
(n = 194) 

p value2 

 n % n % 
  

n % n % 
 

 n % n %  
Lifetime prevalence 259 52.7 122 43.4 < 0.02 

 
284 60.3 246 62.4 0.520  94 45.4 125 64.4 < 0.001 

LBP previous 12 
months 

            92 44.4 120 61.9 0.001 

LBP3 138 28.1 51 18.1 0.020 
 

160 34.0 143 36.3 0.475  - - - - - 
Frequent LBP4 30 6.1 12 4.3 0.278 

 
51 10.8 44 11.2 0.874  - - - - - 

LBP during the last 
seven days5 

100 38.6 39 32.0 0.209 
 

123 43.3 110 44.7 0.745  41 19.8 54 27.8 0.059 

NSP6 130 26.5 81 28.8 0.481  222 47.1 236 59.9 < 0.001  - - - - - 
Frequent NSP7 19 3.9 23 8.2 < 0.02  67 14.2 104 26.4 < 0.001  - - - - - 
1 p value for difference between members and non-members of sports clubs 
2 p value for difference between sports 
3 Low back pain more than once a month 
4 Low back pain at least once a week 
5 Study I: Male n = 381 Female n = 530 
6 Neck and shoulder pain more than once a month 
7 Neck and shoulder pain at least once a week 
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5.4 Incidence and onset of back pain resulting in time-loss (study 
III) 

During the follow-up (586 player-years) we recorded BP in 13% of all players (n 
= 396) (study III). The incidence of BP in floorball and basketball players was 87 
per 1,000 athlete-years and 0.4 per 1,000 hours of training and games (Figure 7). 
The incidence of non-traumatic gradual onset BP was higher than acute traumatic 
onset BP (Figure 7). The incidence was higher in girls compared to boys and in 
younger players compared to older players (Figure 7). Of the non-traumatic BP 
that was reported, 61% (n = 27) was reported to be recurrent. Nearly all pain 
complaints (90%, n = 43) were located in the lower back and posterior pelvis area. 

Most of the acute traumatic BP occurred in non-contact situations (n = 14, 
82%). The most reported situation leading to acute traumatic BP was landing 
from a jump or a sudden/unexpected movement (59%, n = 10). The majority (76%, 
n = 12) of acute traumatic BP occurred during practice mostly during 
conditioning training.  

When looking at the follow-up period of 2013 to 2014 (study V), 36 LBP 
episodes were recorded in 35 players (n = 3 excluded direct contact injuries). The 
incidence of first-time LBP during the 12-month follow-up was 0.5 per 1,000 
hours of training and games. 
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FIGURE 7  Incidence of low back pain (LBP) by onset type (A) and by sex and age group 
(B). Presented as incidence per 1,000 training and game hours (study III) 
‘Younger’ are youth aged 12 to 15 and ‘older’ are youth aged 16 to 21. 

5.4.1 Consequences of low back pain (studies I to III) 

The results showed that among boys, sports club members sought medical 
assistance due to their LBP significantly more often than non-members (25.9% vs. 
5.7%, p < 0.001) and used significantly more NSAIDs due to LBP (38.2% vs. 20.5%, 
p < 0.002) (study I). In team sport players (study II), the prevalence of medical 
injuries was quite low (12% of all reported LBP). Youth reporting for sleeping 
problems due to LBP ranged between 6 and 18% (studies I and II). 

Nearly one fifth of basketball and floorball players had missed training due 
to LBP during the preceding 12-months (15.5% in basketball and 21.1% in 
floorball) (study II). Furthermore, when looking at the days lost due to LBP based 
on results from prospective follow-up study (study III), we noticed that nearly 
half of the non-traumatic LBP complaints resulting in time-loss lead to over 29 
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days off normal training, when close to 50% of traumatic onset LBP resulted in 
seven days or less time-loss (Figure 8). 

 

 

FIGURE 8  Days lost due to acute traumatic onset back pain (A) and gradual non-trau-
matic onset back (B) (study III). 

5.5 Risk factors for low back pain  

In youth sports club members and non-members, we observed significant 
associations between LBP and self-reported health and health-related behaviours 
presented in Table 15, but interestingly not with self-reported leisure time PA 
(study I). Odds ratios with 95% CIs are presented in the original article (study I).  

Among youth floorball and basketball players (study II), we found that the 
odds for LBP in players with a family history of musculoskeletal disorders was 
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double (OR 2.02, 95% CI 1.22 to 3.34) compared to players with no family history 
of LBP (study II). 

TABLE 15  Summary of associations between low back pain and self-reported health 
and health behaviour in youth (study I and II). 

FACTORS ASSOCIATED WITH LBP FACTORS NOT ASSOCIATED WITH LBP 
HEALTH 

MSK pain in other locations1 (+) 
Family history of MSK disorders (+) 

Chronic diseases5 

BMI 
 

HEALTH BEHAVIOUR 
Smoking (+) 
Alcohol use2 (+) 
Screen time4 (+) 
Organized sports participation (+) 
Training hours3 (+) 
Number of competitions or games3 (+) 
Number of rest days (-)  

Self-reported leisure time PA6 

Active playing/practicing years   

LBP, low back pain; MSK, musculoskeletal; PA, physical activity; BMI, body mass index. 
(-) Decreased odds  
(+) Increased odds 
1 Neck, upper back, upper limb, lower limb 
2 At least or more often than 2–3 x month 

3 Only in male (during previous 12 months) 
4 Calculated per additional hour of screen time (i.e.TV, computer, computer/console 
games, phone, tablet use. 
5 Allergy, asthma, diabetes, epilepsy, heart condition etc. 
6 Intensity: breathlessness and sweating reference category ‘Approx.  < 30 min/wk’ 

5.5.1 Prospective risk factor analyses (studies III to V) 

In the prospective risk factor analyses, the follow-up time was one year for 66% 
(n = 254) of the players, two years for 20% (n = 75) and three years for 14% (n = 
54), except for study V, where the follow-up period 2013 to 2014 was examined. 
Of the 383 players, 54% (n = 205) reported no history of LBP at baseline, 11% (n = 
48) sustained LBP during the follow up and 35% of them (n = 17) had not had BP 
prior to the study.  

5.5.1.1 Muscle strength and flexibility (study III) 

We found no association between LBP and investigated lower extremity muscle 
strength variables nor were there flexibility factors in the Cox analyses (Figure 9; 
for the unadjusted analyses, see Supplementary Table 2). Note, however, that the 
results between the original article and this dissertation differ slightly. This is 
because players with ongoing acute injury were not excluded from the first 
analysis if they participated despite their injury. The new analyses were 
performed and players with acute ongoing injury were excluded (leg press n = 
25, hip abduction n = 17). 
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FIGURE 9  The adjusted hazard ratios from adjusted Cox analyses on strength and flexi-
bility variables (study III). Any low back pain (LBP) includes traumatic acute 
onset and non-traumatic gradual onset low back pain. 

5.5.1.2 Kinetics and kinematics in dynamic movement tasks (studies IV 
and V) 

Kinetics and kinematics were investigated in the SLVDJ, VDJ and SKL tests. Table 
16 shows the unadjusted and adjusted results from Cox regression analyses for 
the VDJ test separately for all LBP and non-traumatic onset LBP. According to 
our results, neither peak vGRF nor side-to-side asymmetry in vGRF during VDJ 
landing were associated with LBP. 

 Figure 10 reports the results from the SLVDJ test (unadjusted analyses and 
analyses with categorical variables can be found in the original article). We found 
increased risk for LBP in the players with decreased FPA during SLVDJ when 
landing on their right leg, a one-degree decrease in FPA increased the risk for 
LBP 1.9-fold. The analysis using categorical variables showed that players with 
80 degrees of FPA or less during right leg landing had 2.2 times higher risk for 
LBP during the follow-up than did players with more than 80 degrees of FPA. 
There was no statistically significant association between risk for LBP and FPA 
during left leg landing from a drop jump. 
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Table 17 shows the adjusted and unadjusted hazard ratios between LBP and 
pelvic kinematic variables from the SKL test. We observed no statistically 
significant associations between LBP and hip-pelvic kinematics during the SKL 
test. Interestingly, the sample presented only a small number of players (n = 40) 
with actual pelvic drop and the maximum pelvic drop was -3.5 degrees. 
Therefore, the variable was analysed also as a categorical variable (No pelvic 
drop = CL pelvic drop values at zero or higher, Small pelvic drop = CL pelvic 
drop values smaller than zero). The results showed no significant difference in 
risk between players with or without pelvic drop (small pelvic drop vs. no pelvic 
drop: left leg HR 0.86, 95% CI 0.41 to 3.31, right leg HR 1.61, 95% CI 0.70 to 3.74, 
adjusted with history of LBP). 
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TABLE 16  The unadjusted and adjusted hazard ratios for any low back pain (including 

traumatic acute onset and non-traumatic gradual onset low back pain) and 
separately for non-traumatic gradual onset low back pain based on Cox re-
gression analyses (study IV). 

 Univariate Adjusted 
 HR 95% CI p value HR 95% CI p value 
Continuous risk factor variables1 
All LBP       
Peak vGRF, N/Kg 1.03 (0.97 to 1.11) 0.340 1.03 (0.96 to 1.11) 0.380 
Absolute Peak vGRF, N 1.00 (1.00 to 1.00) 0.760 1.00 (1.00 to 1.00) 0.870 
Peak vGRF asymmetry, 
N/Kg 1.00 (0.85 to 1.18) 0.990 1.00 (0.85 to 1.18) 0.990 

Absolute Peak vGRF asym-
metry, N 1.00 (1.00 to 1.00) 0.970 1.00 (1.00 to 1.00) 0.940 

Gradual onset non-traumatic LBP 
Peak vGRF, N/Kg 1.00 (1.00 to 1.00) 0.610 1.00 (1.00 to 1.00) 0.690 
Absolute Peak vGRF, N 1.04 (0.96 to 1.12) 0.370 1.03 (0.96 to 1.12) 0.420 
Peak vGRF asymmetry, 
N/Kg 1.03 (0.87 to 1.23) 0.720 1.02 (0.86 to 1.22) 0.810 

Absolute Peak vGRF asym-
metry, N 1.00 (1.00 to 1.00) 0.710 1.00 (1.00 to 1.00) 0.790 

Dichotomous risk factor variables2 (high vs. low) 

All LBP       
Peak vGRF3, N/Kg 1.92 (1.00 to 3.68) 0.051 1.83 (0.95 to 3.51) 0.070 
Absolute Peak vGRF4, N 0.99 (0.53 to 1.83) 0.960 0.94 (0.51 to 1.76) 0.860 
Peak vGRF asymmetry5, 
N/Kg  1.23 (0.66 to 2.30) 0.510 1.22 (0.65 to 2.27) 0.530 

Absolute Peak vGRF asym-
metry6, N 1.21 (0.65 to 2.25) 0.550 1.20 (0.64 to 2.23) 0.580 

Gradual onset non-traumatic LBP  
Peak vGRF3, N/Kg 1.47 (0.73 to 2.98) 0.610 1.41 (0.69 to 2.86) 0.340 
Absolute Peak vGRF4, N 0.98 (0.49 to 1.97) 0.370 0.94 (0.47 to 1.88) 0.850 
Peak vGRF asymmetry5, 
N/Kg 1.31 (0.65 to 2.64) 0.720 1.30 (0.64 to 2.61) 0.470 

Absolute Peak vGRF asym-
metry6, N 1.28 (0.64 to 2.58) 0.710 1.26 (0.63 to 2.54) 0.510 

HR, Hazard ratio; CI, confidence interval; LBP, low back pain; vGRF, vertical ground re-
action force; N, Newton. 
1 Adjusted with history of LBP, leg dominance and nicotine use 
2 All LBP: Adjusted with history of LBP and leg dominance. Gradual onset LBP: Adjusted 
with history of LBP. 
3 Peak vGRF high >= 18.5, low < 18.5 
4 Absolute Peak vGRF high >= 1191.0, low < 1191.0 
5 Peak vGRF asymmetry high >= 1.6, low < 1.6 
6 Absolute Peak vGRF asymmetry high >= 103.3, low < 103.3 
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FIGURE 10  The adjusted hazard ratios (HR) and confidence intervals (CIs) from Cox 
mixed-effect analyses with incidence of low back pain (LBP) as outcome and 
femur-pelvic angle (FPA) as independent factors. Adjusted with history of 
LBP and leg dominance.  HR calculated per one-degree decrease. 
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TABLE 17  The unadjusted and adjusted hazard ratios (HR) and confidence intervals 

(CIs) from Cox analyses with incidence of low back pain as outcome and pel-
vic tilt and obliquity as independent factors (study V). 

  Unadjusted Adjusted1 
  Primary variables HR   95% CI HR   95% CI 
Left leg     
 Peak pelvic anterior tilt 1.00 (0.92, 1.09) 0.99 (0.91, 1.07) 
 Peak pelvic posterior tilt 0.98 (0.93, 1.05) 0.99 (0.93, 1.06) 
Right leg     
 Peak pelvic anterior tilt 0.98 (0.90, 1.07) 0.97 (0.89, 1.05) 
 Peak pelvic posterior tilt 0.99 (0.94, 1.06) 1.01 (0.95, 1.07) 
 Secondary variables      
Left leg     
 Peak contralateral hike angle2 0.98 (0.89, 1.09) 0.98 (0.88, 1.09) 
 Peak contralateral drop angle 1.01 (0.85, 1.18) 0.98 (0.83, 1.16) 
Right leg     
 Peak contralateral hike angle2 0.94 (0.85, 1.04) 0.93 (0.84, 1.04) 
 Peak contralateral drop angle 1.08 (0.90, 1.28) 1.08 (0.90, 1.29) 
HR, hazard ratio; CI, confidence interval. 
1 Adjusted with history of low back pain (LBP) and leg dominance (unilateral leg domi-
nance/bilateral leg dominance).  
2 HR converted so that one-unit increase is interpreted as more pelvic hike 
 



This thesis consisted of five original articles and used two datasets. Retrospective 
as well as prospective methods were applied. The main objective of this thesis 
was to assess the prevalence and incidence as well as the factors associated with 
LBP in youth basketball and floorball players. 

6.1 The prevalence and incidence of LBP in youth 

In general, girls reported recent LBP more often than boys did, which is 
consistent with several previous studies (Kamper et al. 2017). There was no 
significant difference in LBP prevalence in girls when comparing sports club 
members and non-members. Among boys, however, sports club members 
reported more LBP within the preceding three months and sought medical 
assistance due to LBP more often than non-members did. Interestingly, sports 
club members reported less frequent NSP compared to non-members. This result 
is supported by findings from the Norwegian Young-HUNT study, where they 
found that moderate PA was associated with decreased odds for NSP, compared 
to high or low level of PA in adolescents (Guddal et al. 2017). 

We noticed that girls reported having more problems with sleeping due to 
LBP compared to boys. Yet girls participating in sports clubs seemed to have 
fewer problems with sleeping due to LBP compared to non-members did. 
However, a higher prevalence of sleep problems perceived to be due to LBP in 
non-members may be related to also other factors than sports participation status. 
According to Lund et al. (2010), perceived stress had stronger association 
between poor sleep in college age students (17- to 24-year-olds) compared to 
exercise frequency. In addition, not participating in sports has been associated 
with more mental health problems and stress (Eime et al. 2013, Jewett et al. 2014). 
However, disturbed sleep has also been associated with LBP in longitudinal 
settings (Auvinen et al. 2010), suggesting it might play some part in LBP 
development. Daytime tiredness and difficulties in falling asleep has been shown 

6 DISCUSSION 
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to be associated with non-traumatic onset MSK pain in children in general (El-
Metwally et al. 2007). 

Previous studies have found BP to be associated with somatic complaints 
or pain symptoms elsewhere in the musculoskeletal system (Jones et al. 2003, 
Hestbaek et al. 2006, Jonasson et al. 2011, Coenen et al. 2017, Smith et al. 2017). 
Jonasson et al. (2011) reported a strong correlation between hip pain and BP 
among athletes (age range 10 to 41 years). Holden et al. (2018) noted that youth 
with a median of two pain sites had a higher risk for reporting LBP. Pain in one 
part of the back is also associated with pain in other parts of the back (Jonasson 
et al. 2011). Our results are in line with previous research as we saw increased 
odds for LBP, when pain was reported elsewhere in the body (extremities and/or 
other parts of the back). These results may reflect spreading of pain or association 
between LBP and decline in health in general (Ferreira et al. 2013). 

We observed an association between reporting LBP and higher screen time 
in youth. Yet, according to longitudinal studies, screen time is not a significant 
risk factor for LBP in youth (Jones et al. 2003, Smith et al. 2017). Baiden et al. (2019) 
found that excessive screen time is associated with insufficient sleep, which may 
explain, at least in part, our finding of an association between screen time and 
LBP. We did not find an association between LBP and self-reported time spent in 
leisure-time PA. However, the result might be affected by PA reduction due to 
LBP as the study was cross-sectional. In addition, it has been stated that self-
reported PA level is not a reliable method when investigating association of PA 
and LBP in youth population (Wedderkopp et al. 2003). Self-reported PA may 
result in overestimation in time spent in high intensity PA and underestimation 
of time spent in moderate intensity PA (Wedderkopp et al. 2003). 

When assessing the prevalence of LBP in youth floorball and basketball 
players specifically, using retrospective data from the baseline questionnaire, we 
found that LBP was common in youth basketball and floorball players. Of 
basketball and floorball players, 44% and 62%, respectively, reported having had 
LBP during the previous year. Nearly a fifth of the floorball and basketball 
players reported having missed training during the last 12 months due to LBP, 
meaning the LBP resulted in some level of disability. Among the general youth 
population, a fourth felt that LBP interfered with normal activities and hampered 
recreational physical activities (Coenen et al. 2017). 

In summary, the prevalence of LBP varies across samples. Aartun et al. 
(2014) reported that 22% in 13- to 15-year-old girls and 18% in boys reported LBP 
during the previous week. According to our results, one-week prevalence in non-
members and sports club members ranged from 32% to 45%, respectively. In 
contrast, in youth floorball and basketball players it ranged from 20% to 28%. 
There is no obvious explanation for this difference as the LBP question was the 
same in both queries. The most likely reason is the timing of the questionnaires: 
the middle of the competition season for sports club members and after the 
competition season in basketball and floorball players. We could also speculate 
that prevalence in youth floorball and basketball players was lower because most 
of the players play at a high level in the two sports. Playing level has been shown 
to be associated with LBP (Peterson et al. 2000). Furthermore, among non-
members and sports club members, there are several sports that are believed to 
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place a higher demand on the back, the level of participation is likely to be more 
varied and more different sports clubs were included. 

The most common self-reported situation leading to LBP in floorball and 
basketball players was sport-specific training and playing, with strength training 
coming second. The perceived predisposing factors are close to what youth field 
hockey and soccer players, speed skaters (van Hilst et al. 2015) and varsity 
athletes (Greene et al. 2001) have reported: bended playing posture, dribbling, 
sprinting, twisting and turning, strength training, artificial turf and, in skating, 
endurance training. However, it should be noted that the reported situations 
leading to LBP are the perceptions of the players. It could be that BP beliefs 
influence the perceptions of LBP origin. For example, there is no strong evidence 
that strength training is a risk factor for LBP (Trompeter et al. 2017). Strength 
training has been shown to decrease the risk for sports injuries in general, yet 
mostly lower extremity injuries have been studied so far (Lauersen et al. 2018). 
Furthermore, in adults with LBP, high load lifting exercises (deadlift) resulted in 
similar decrease in pain or disability as low load movement control exercises 
(Michaelson et al. 2016), suggesting that high-load strength training might not 
constitute a risk factor for LBP per se. 

In our cross-sectional study among floorball and basketball players, LBP 
was reported to have occurred most often during competitive playing season. We 
also found that in boys participating in organized sports the number of rest days 
slightly decreased the odds for LBP, while an increase in training hours slightly 
increased the odds. Shah et al. (2014) noticed that in youth soccer players’ 
prevalence of LBP was higher after brakes. In rowers, LBP prevalence has also 
been reported to vary throughout the season and be strongly associated with the 
volume of training (Shah et al. 2014, Newlands et al. 2015). Increased prevalence 
in youth soccer players has been noticed also during games after the second half. 
These results would suggest that finding optimal training and progression 
should be of interest when trying to decrease the burden of LBP among youth 
athletes. 

Our cross-sectional analyses suggested that LBP is not an uncommon 
complaint among youth floorball and basketball players. The results also 
suggested that floorball players might be predisposed to higher odds for LBP. 
We investigated this further using prospective data and discovered that 13% of 
the floorball and basketball players missed training or games due to BP during 
the follow-up. The incidence per training and game hours was slightly higher in 
basketball players compared to floorball with a risk ratio of 1.12 (95% CI 0.64 to 
1.97), which is surprising because floorball players were older (16.8 vs. 15.9, p < 
0.001). This can be explained with the fact that incidence was higher in younger 
players (15 or younger vs. 16 or older; IRR 1.75, 95% CI 0.99 to 3.08). This seems 
to go hand in hand with previous studies where the prevalence shown to be 
higher among older, but first-time incidence is higher among younger 
populations. Our results are also in line with Peterson et al. (2000), who noticed 
that in soccer players, lower playing level and younger age increased the risk of 
BP. At the baseline, 51.4% of the players reported having had LBP during the 
previous year. Therefore, the incidence reported in this study is not a true 
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incidence as it does not truly represent the first LBP occurrence in many of the 
players. 

LBP incidence of 0.25 per 1,000 training and game hoursi has been reported 
in youth female basketball players (Gomez et al. 1996) compared to 0.39 per 1,000 
training and game hours reported in our study. On the other hand, LBP incidence 
of 0.18 per 1,000 hours of training and gamesi) has been reported in youth male 
basketball players (Messina et al. 1999), but the incidence was higher in our study 
(0.34 per 1,000 training and game hours in boys). The difference between studies 
might be related to differences in recording the exposure. Gomez et al. (1996) and 
Messina et al. (1999) did not take account of variable exposure hours in every 
player. We, on the other hand, recorded training and game hours individually 
for every player. The previous studies are also older, and it is likely that the sport 
of basketball has evolved during the past 15 years. Our results indicate that the 
incidence per 1,000 training and game hours was higher in girls compared to boys 
and higher than what previous studies have reported within basketball. Still, the 
results from previous studies show the same trend as our results: more LBP 
incidents reported in girls than in boys (0.25 vs 0.18 per 1,000 training and game 
hoursi) (Messina et al. 1999). Regarding floorball, to our knowledge there are no 
studies reporting LBP incident to compare our findings to. 

Our finding that LBP may be more prevalent in youth participating in 
organized sports is in line with previous findings that show increased risk of LBP 
in children participating in sports compared to other PA (i.e. leisure time PA and 
school PA classes), when adjusted with hours of activity (Franz et al. 2017). 
Organized sports participation has been reported to increase odds for LBP also 
in youth (Kujala et al. 1997, Sato et al. 2011). The reason why sports participation 
was associated with increased odds of LBP in boys, but not in girls might be 
related to boys participating more frequently in contact sports. 

The possible reasons why athletes report LBP as often or sometimes even 
more often than non-athletes are numerous. For example, training in the athletes 
may be more homogeneous than PA in youth not taking part in organized sports. 
Repetitive twisting and bending to end-range during sports specific training 
might predispose for LBP pain in some sports, when performed over the 
threshold of the tissue. This again underlines the importance of optimal loading 
and progression to build up the resilience of the back and the player to adapt to 
the demands of the sport. Being a competitive athlete and possibly part of a team 
might also affect the psychosocial factors (e.g. stress and anxiety) that have been 
associated with LBP risk. Youth athletes may also be inactive during their leisure 
time. We noticed that 16% of the sports club participants did not reach the weekly 
PA recommendations. According to another study, three-quarters of Finnish 
children and youth aged 11 to 15 (Aira et al. 2013, p.15, Liukkonen et al. 2014) 
and even one third of sports club members in the Nordic countries do not meet 
the recommended level of PA (Eiosdottir et al. 2008). Therefore, it could be 
speculated that youth athletes are not ready for the intense bouts of training 
when they have been so inactive during their leisure time. 

 
i Calculated based on exposure hours and LBP incidents reported in the study (inci-
dents/hours) 
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6.2 Risk factors for low back pain in youth floorball and basket-
ball players 

In summary, our risk factor analyses suggest that lower extremity muscle 
flexibility, general hypermobility, lower extremity strength, and strength 
asymmetry, nor forces produced by landing were not statistically associated with 
the incidence of LBP in youth basketball and floorball players as measured in this 
study. We did find that decreased hip-pelvic control during single-leg landing 
increases the risk for LBP, but increased hip-pelvic movement during standing 
knee lift does not. This does not, however, mean that these factors are irrelevant 
in LBP development in youth in general. 

6.2.1 Hip-pelvic kinematics and forces produced during landing 

Lumbo-pelvic function is an essential part of successful athletic performance 
(Kibler et al. 2006). Low back and pelvis are part of a kinetic chain, where 
movement (or the lack of movement) of one segment affects the kinetic chain up 
and down. However, investigation into movement patterns and LBP in youth 
sport is essential and currently lacking (O'Sullivan et al. 2017). 

Previous research has suggested that there might be an association between 
lower extremity injuries (LEI) and BP (Zazulak et al. 2007, Seay et al. 2018). 
Furthermore, decreased lower extremity control in a single leg decline squat task 
has been reported as a risk factor for LBP in youth cricket players (Bayne et al. 
2016) and a cross-sectional study with adults described a relationship between 
frontal plane knee movement during a functional step-down task and LBP 
(Hernandez et al. 2017). Higher risk of BP has also been observed in children with 
history of lower extremity pain (Fuglkjær et al. 2018). Thus, it has been speculated 
that lower extremity kinematics or shared risk factors might explain the 
association between LEI and LBP (Seay et al. 2018). On the other hand, impaired 
lumbo-pelvic control has been shown to be associated with LBP (Dankaerts et al. 
2006, Dankaerts et al. 2009, Astfalck et al. 2010b) and different lumbo-pelvic 
movement patterns have been identified in youth athletes with LBP compared to 
those without (Roussel et al. 2009, Campbell et al. 2014, Ng et al. 2015, Grosdent 
et al. 2016). For example, increased risk for LEI and LBP in dancers with impaired 
movement control of the lumbo-pelvic area in two movement control tests has 
been reported (Roussel et al. 2009). In addition, Chaudhari et al. (2014) observed 
increased odds for time-loss sports injury in baseball pitchers with larger sagittal 
plane lumbo-pelvic movement during a single leg raise test in standing. 
Therefore, we hypothesized that hip-pelvic kinematics might be associated with 
future LBP in youth floorball and basketball players. 

We did not find an association between LBP incidence and sagittal plane 
pelvic tilt or frontal plane pelvic obliquity in youth basketball and floorball 
players during the 12-month follow-up. However, our results showed a small 
increase in risk (8%) for LBP with one-degree decrease in right-leg FPA during 
SLVDJ landing. There was a two-fold increase in risk among players with less 
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than 80 degrees of FPA during right-leg landing than among players with more 
than 80 degrees of FPA. This association was not seen when the test was 
performed with the left side. This might be associated with the fact that the 
starting leg was not randomized, and the test was started with the right leg. 
Therefore, by the time they performed the test with their left leg, the players were 
more accustomed to the test. 

Our hypothesis was that decreased hip-pelvic control might increase the 
risk for LBP by increasing the load and strain in the low back. The association 
between hip-pelvic control and LBP might be associated with compensatory 
movements produced by hip-pelvic control impairment during the landing to 
maintain balance, such as hip hike or trunk lateral flexion. Repeated trunk lateral 
flexion has been associated with increased LBP incidents in youth cricket players 
(Bayne et al. 2016). The performance in SLVDJ, which is more dynamic and 
ballistic than SKL, might be more relevant in basketball as well as floorball 
players performing a lot of running and dribbling, turning and twisting, passing 
and shooting and, specifically in basketball players, jumping and landing. We 
also observed that actual pelvic drop during the SKL test was not common 
among the young floorball and basketball players. 

Association between postural and movement control factors have been 
observed when LBP has been divided into groups based on pain provocation 
patterns, but not when LBP has been considered as a homogenous symptom 
(Dankaerts et al. 2006, Dankaerts et al. 2009, Astfalck et al. 2010a, Astfalck et al. 
2010b). Therefore, it would be interesting to continue the research and assess 
whether increased anterior pelvic tilt is associated with future extension-related 
LBP, for example.  

When looking from a wider perspective, for example the risk factors studies 
investigating the association between lower extremity movement control and 
anterior cruciate ligament (ACL) injuries have also reported inconsistent results 
(Hewett et al. 2005, Krosshaug et al. 2016, Sharir et al. 2016, Leppänen et al. 2017). 
This is even though the lower extremity movement control, specifically dynamic 
knee valgus, has been shown to be the most common injury mechanism for ACL 
injury (Olsen et al. 2004, Krosshaug et al. 2007, Koga et al. 2010). Presumably, this 
and previous studies investigating risk factors for sports injuries may have found 
only few or no associations between movement control and injury risk, is due to 
the assumption of stable risk factors, as suggested by Meeuwisse et al. (2007). In 
fact, a large part of protective factors and risk factors can change over time.  Every 
time when the player steps on the field, the set of his/her protecting and 
predisposing factors are different (see e.g. A dynamic, recursive model of 
etiology in sport injury by Meeuwisse et al. 2007).  

In elite basketball teams, players have been reported to perform an average 
of 70 jumps and 3.4 kilometres of running per game, with jump landings 
producing higher forces, especially in the vertical direction (McClay et al. 1994). 
Landing produces GRFs that also affect the lumbar spine (Seay et al. 2008) and 
potentially could predispose for BP. Müller et al. (2017) did not notice any 
difference in vGRF in youth basketball and floorball players with or without 
recent LBP. However, to our knowledge association between vGRF produced by 
drop jump landing and LBP have not been previously studied in a prospective 
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setting. Our results revealed that in youth basketball and floorball players, peak 
vertical GRFs measured in VDJ landing did not increase the risk of LBP. 

6.2.2 Muscle strength 

Cross-sectional studies have reported decreased lower extremity strength (knee 
extensor weakness (Bernard et al. 2008), decreased squat endurance (Astfalck et 
al. 2010a) and reduced lower extremity power (jump test) (Perry et al. 2009) in 
youth with LBP. In addition, gluteal muscles, which also function as pelvis 
stabilisers (Grimaldi 2011), have shown to have impaired function in people with 
LBP (Kankaanpää et al. 1998, Leinonen et al. 2000). 

We investigated the association between LBP and lower extremity maximal 
strength and side-to-side asymmetry of hip abductors in youth basketball and 
floorball players. Our results showed no significant association between lower 
extremity extension strength during leg press and LBP incidence. In addition, 
there was no difference in hip abductor strength asymmetry in youth basketball 
and floorball players with and without future LBP, when measured with 
isometric maximal hip abduction in supine. Nadler et al. (2000) was also unable 
to find a relationship between hip abductor strength asymmetry and LBP in 
youth athletes. Therefore, it seems unlikely that in youth basketball and floorball 
players, the lower extremity strength itself would predispose for future LBP. It 
has been shown that level of strength does not always correlate with movement 
impairment associated with the function of the muscle. For example, hip 
abductors function as pelvic stabilizers, but pelvic drop during walking or during 
the Trendelenburg test does not always correlate with hip abductor strength 
(Kendall et al. 2010). 

6.2.3 Flexibility 

General joint hypermobility has been shown to be associated with impaired 
proprioception and muscle performance in children (Fatoye et al. 2009) and 
increases the risk for recurrent MSK pain in preadolescents (El-Metwally et al. 
2004). Aartun et al. (2016b) found an association between Beighton scores greater 
than or equal to six and frequent LBP in youth (OR 3.38; 95% CI 1.14 to 10.1), but 
also observed that predictive validity was poor. In contrast, our prospective 
investigation in youth basketball and floorball players did not find joint 
hypermobility measured with the Beighton-Horan index to be associated with 
LBP. Our results are though in line with a cross-sectional study by Tobias et al. 
(2013) who did not find an association between BP and general hypermobility in 
youth general population. The inconsistency between the results may be 
explained by difference in LBP definitions (we investigated time-loss LBP and 
Aartun et al. (2016b) frequent LBP), different study settings, sports clubs vs. 
school, or more likely by the different cut-offs used. Aartun et al. (2016b) used 
the stricter cut-off recommended by Morris et al. (2016). 

We were unable to identify any significant risk factors for LBP among the 
investigated muscle flexibility tests. Our results contradict previous findings to 
some extent as, for example, hamstring flexibility has been associated with LBP 
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in youth (Feldman et al. 2001). On the other hand, our results are supported by 
previous research in youth athletes (Kujala et al. 1994, Hjelm et al. 2012) and in 
youth general population (Kanchanomai et al. 2015). Aartun et al. (2016b) also 
reported no association between posterior chain flexibility and frequent LBP. 
Thus, we would conclude that there is likely no strong association between 
hamstring flexibility and LBP incidence in youth floorball and basketball players. 

Kujala et al. (1994) reported that hip flexor tightness might predispose 
athletes to LBP. This is not what we found in our results, nor did Hjelm et al. 
(2012) find this among youth tennis players. Increased risk for LBP was observed 
in the youth general population with decreased quadriceps flexibility (Feldman 
et al. 2001, Kanchanomai et al. 2015). We, however, did not find such association 
in youth basketball and floorball players. The results may differ due to different 
definitions of LBP, but also different tests, sports and settings. 

6.3 Methodological considerations 

6.3.1 Internal validity 

There are some strengths and limitations to this thesis and the original studies 
included. One of the strengths is the relatively large sample sizes. To our 
knowledge, we conducted one of the largest prospective studies assessing risk 
factors for BP in youth team sport players. Among floorball and basketball 
players high participation and response rate in the baseline questionnaire (84% 
of all invited players participated in the study and all of them completed the 
questionnaire) is also a clear strength. The questionnaires were completed during 
the same day the basketball and floorball players participated in the baseline tests 
and study personnel could check the answers and ask the players to return to the 
questionnaire if answers were missing or incomplete. 

One limitation in studies with retrospective design is the recall bias. For 
example, we used self-reported PA levels and training volumes in a few analyses 
that were reported retrospectively. Self-reported PA levels have been shown to 
be unreliable in the youth population (Wedderkopp et al. 2003). 

Another clear strength was that individual training and game hours were 
recorded in the prospective parts of this study and included in the risk factor 
analyses. In addition, due to individual training and game hour recording, we 
were able to report incidence of BP in relation to exposure hours, which has not 
been reported previously in floorball players and only by few studies among 
youth basketball players (Gomez et al. 1996, Messina et al. 1999, Meeuwisse et al. 
2003). Even though we adjusted for prospectively recorded individual training 
and game hours in the risk factor analyses, we assumed the loading during 
training and games was similar from hour to hour and game to game in every 
player and both sports. Yet, for instance, external loading from an hour of 
strength training might be different from an hour of sport-specific training. In 
addition, a subjective feeling of loading was not recorded or adjusted for. 
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Specific questions about LBP were based on widely used Standardized 
Nordic questionnaire of musculoskeletal symptoms (Kuorinka et al. 1987) and its 
modified version for athletes (Bahr et al. 2004). The standardized Nordic 
questionnaire has been shown to be a valid tool for identifying individuals with 
LBP in occupational settings (Takekawa et al. 2015). In addition, the reliability of 
most of the baseline tests has been shown to be from moderate to excellent as 
described in the methods section. 

However, in cohort studies with a follow-up, the investigated factors may 
change over time. Especially in cohorts with active youth who are still growing 
as well as exposed to various stimuli due to their training (Meeuwisse et al. 2007). 
According to dynamic sports injury prevention model (Meeuwisse et al. 2007), 
exposure to repeated movement may produce an increased risk of injury through 
tissue changes (Byrne et al. 2004) that result in, for example, decreased 
proprioception. It may also decrease injury risk through adaptation, such as an 
increase in strength and range of motion. In other words, during the follow-up, 
before the possible event, they have matured, which in turn might affect their 
muscle flexibility; they might have gotten stronger as a training adaptation or 
they might have suffered a lower extremity injury that impaired their 
performance in single-leg tasks, for example. In addition, BP has been shown to 
produce changes in the lumbo-pelvic muscle function even after the pain has 
resolved. Therefore, the risk for further injuries may have increased after a BP 
episode. 

In the risk factor analyses, we first used the first baseline test performance, 
even if the player had performed the test in the beginning of every study year. 
As this does not account for the temporal nature of physical abilities, we 
introduced time-varying risk factors into the following risk factor analyses. 
Because not all players participated as many times, we had to assume a non-
temporal nature of test performance for some players. Even when using time-
varying variables, the tests were performed only once a year. 

Individual training and game hours recorded is a strength of this study, but 
the lack of psychosocial factors such as mood and internal training load, that is, 
self-perceived exertion due to training, is a limitation. Internal training load has 
been shown to be associated with sports injury risk in general among youth 
female soccer players (Watson et al. 2017). Longitudinal studies among youth 
people have shown psychosocial and socioeconomic factors are associated with 
LBP incidents (see e.g. Feldman et al. 2001, Szpalski et al. 2002, Jones et al. 2003, 
Hestbaek et al. 2008, Mikkonen et al. 2016, Smith et al. 2017). Pain is a subjective 
phenomenon and stressful life-events, anxiety and quality of sleep may affect the 
function of pain receptors and lower the activation threshold. On the other hand, 
the functioning of the receptors may change for some unknown reason without 
any specific tissue-related or neuropathic reason. Furthermore, even if sports 
participation has been associated with fewer mental health problems, that does 
not make athletes immune to these difficulties. 
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6.3.2 External validity 

Sports club members and non-members are very likely to describe the situation 
in Finland among the same age range population as the data collection was 
nation-wide. It is also possible to extent the results to school and sport settings. 
The sports covered the ten most played sports among youth and therefore this 
part of the study represents the sports participants of the same age, however it 
should be remembered that some sports are very likely to be more predisposed 
for BP complaints than another for sport specific reasons as well as differences in 
training cultures. The percentage of youth participation in both questionnaires 
was low among sports club members (32%) and moderate (58%) among school 
setting and therefore caution in interpreting and generalizing the results should 
be used. 

The results based on the youth floorball and basketball players are likely to 
describe floorball players and basketball players of the same age and playing 
level, at least in Finland. However, it is possible that participating sports clubs 
and teams may be more interested in sports injury prevention in general and may 
therefore differ from clubs and teams that refused to participate in terms of 
training programming and contents of training, for example. Actions were taken 
to enhance adequate reporting of background information and injuries, resulting 
in a high response rate and low drop-out rate. 

Players with an existing injury at the baseline were excluded from risk 
factor analyses, even though some players participated in baseline tests despite 
their injury. Some injuries and pain complaints, however, were considered as the 
normal state for a youth athlete, such as Osgood-Schlatter knee pain (Fouasson-
Chailloux et al. 2019), as the players continued to train and play despite the pain. 
A limitation of this study is that we did not systematically record which acute 
injury at the time of baseline testing was affecting the participation of the athlete 
and during data preparation we had to use our clinical expertise and notes from 
the test records to decide if the injury affected the test performance or not. The 
successful participation rate in baseline tests ranged from 74% to 100%. Therefore, 
when interpreting and extending the results from tests with a lower participation 
rate, it should be noted that players with an injury or the inability to perform the 
test correctly might be at increased risk for LBP and their absence from the 
analyses could very likely affect the results. 

Approximately one fifth of players participating in baseline tests reported 
having had recent LBP (ache or pain or discomfort in the lumbar area, during the 
past seven days): first study year 26%, second year 17%, and third year 20%. 
These players reported LBP also within the past 12 months and we chose to use 
‘LBP within the past 12 months’ as an adjusting factor in the risk factor analyses. 
If we had excluded all players with recent LBP, it would have affected the 
generalizability of the results as minor BP complaints are common in athletic 
population of young adults and youth and do not often lead to absence from 
sport, as shown by, for example, Clarsen et al. (2015). 
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6.3.3 General statistical considerations 

Power calculation was performed for the PROFITS study, where the main 
outcome was lower extremity injuries. Even though the sample size was 
impressive in this prospective cohort study, the number of events per covariate 
was low in some analyses, which can lead to reduced statistical power. Bahr & 
Holme (2003) stated that one would need 30 to 40 events to detect moderate to 
strong associations and more than 200 events for small to moderate associations. 
Based on this it is possible that we could have missed some small to moderate 
risk factors and even moderate to strong associations if using only first-time LBP. 

In some cases, the association between a risk factor and an event is not linear. 
However, categorizing continuous variables leads to loss of information as well 
as deficient adjustments of the confounding factors, which may reduce statistical 
power even further (Naggara et al. 2011). Therefore, we chose to use mostly 
continuous variables in our analyses. 

Regarding missing data in risk factor analyses, we chose not to impute data, 
but those without a test result were not included in the risk factor analyses. In 
the Cox analyses with time-varying variables, we used the most recent test result 
prior to injury. The data in our sample were not missing purely by random. 
Instead, data were often missing from injured players, players were not able to 
perform a valid number of trials due to poor movement skills, or they performed 
in a way that markers were not shown in the 2D analyses. Therefore, multiple 
imputation was not used. According to Sterne et al. (2009), bias in analyses based 
on multiple imputation may be as big as or bigger than the bias in analyses of 
complete cases.



 

• Back complaints are common already in youth, whether they participate 
in organized sports activities or not. However, sports club participation 
seems to increase the odds for low back pain (LBP) and decrease the 
odds for neck and shoulder pain. 

• LBP in youth is also associated with other musculoskeletal complaints. 
• Approximately half of the youth basketball and floorball players had ex-

perienced LBP during the preceding year. During the 12-month follow-
up, approximately 13% of the players reported LBP that prevented the 
player from fully participating in normal training and games for at least 
one day, with a median of 14 days of time loss. The majority of these 
LBP complaints are reoccurring and likely result in more time loss. 

• LBP in youth is often associated with other musculoskeletal complaints. 
Prevention of LBP in youth is therefore warranted for promotion of 
health in general. 

• The majority of the back pain in youth seems to have a gradual non-
traumatic onset.  

• The majority of acute traumatic onset back pain was associated with a 
sudden or unexpected movement or landing. The impact of landing was 
not associated with the risk for LBP, but we found a small association 
between LBP and hip-pelvic control during single-leg landing. 

• Lower extremity extension strength and hip abductor asymmetry nor 
general joint hypermobility, lower extremity muscle flexibility or hip-
pelvic control during knee lift were not predictors of LBP in youth floor-
ball and basketball players. 

• There are several modifiers that we were not able to adjust for that might 
have an effect on the association between the risk factor and LBP. In ad-
dition, the risk factors were tested only once a year and may have 
changed during the follow-up prior to LBP development. Future studies 
investigating predisposing factors for LBP in youth are needed

7 CONCLUSIONS  



Based on this study, one cannot state that, for example, improving hip-pelvic 
control will lead to a reduction of BP incidents among youth basketball and 
floorball players. Nor can one state that lower extremity strength, strength 
symmetry or muscle flexibility or general joint mobility are irrelevant factors in 
LBP prevention among youth floorball and basketball players. One can conclude 
that BP and LBP are common even though the complaints do not always result 
in time lost from organized sport activities. The majority of time-loss LBP 
episodes reoccur, thus resulting in more time-loss. Being injured has been shown 
to have an effect on the performance (Taimela & Kujala 1992) and mood of 
players (von Rosen et al. 2018b), suggesting that time-loss from the sport is not 
the only thing resulting from sports injuries. 

To draw from this study and the previous literature reviewed at the 
beginning of the thesis, it is difficult to find risk factors that can be validated 
among different samples and back pain conditions. In the future, when 
investigating LBP in athletes, injury recording as suggested by Clarsen et al. (2013) 
should be adapted. In addition, measurements of risk factors should be 
performed more frequently to get a clearer picture of changes throughout the 
follow-up. In addition, it would also be beneficial to collect individual PA 
exposure hours in team sports in addition to team-based training exposure hours, 
as suggested by Hägglund et al. (2010). In the future, it would be essential to learn 
how to identify youth athletes with a risk for prolonged and disabling LBP. 

It is likely that prevention of LBP in youth floorball and basketball players 
should include versatile training that prepares the player for the specific 
demands of the sport and takes account of the player as an individual. For 
example, BP has been strongly associated with psychosocial factors in previous 
studies. Stress, among other things, is a risk factor for LBP becoming a long-term 
complaint among athletes (Heidari et al. 2016). Therefore, in future studies and 
health promotion efforts among youth athletes researchers might also consider 
monitoring subjective ratings of wellbeing and perceived training load, such as 
RPE, as suggested previously by Watson et al. (2017). It is not realistic to assume 
that physical and mental loading outside of sport does not affect the risk of pain 
complaints perceived to be related to sports. The most common LBP onset 

8 FUTURE PERSPECTIVES 
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reported was non-traumatic gradual onset LBP. Yet, based on this study, we 
cannot conclude that these non-traumatic onset LBP episodes were solely due to 
overuse or whether the symptoms are related to other factors associated with 
pain. 

Roussel et al. (2009) observed that dancers with impaired lumbo-pelvic 
control were at increased risk for future LBP and lower extremity injuries. In this 
current study, we observed a small association between hip-pelvic control during 
landing task and LBP in youth basketball and floorball players. We also observed 
that many of the acute traumatic onset LBP complaints were associated with 
sudden and unexpected movement or jumping and landing. Therefore, it might 
be beneficial to pay some attention to these situations as part of the training. 
Intervention focusing in lower extremity alignment during jumping and landing 
has been shown promise in reducing lower extremity injuries (Aerts et al. 2013) 
and interventions including proper technical correction and feedback to produce 
changes to landing kinetics and kinematics (Monajati et al. 2016). Neuromuscular 
training interventions performed as warm-ups have also been shown to reduce 
the number of sports injuries in general, but also decreased incidence rate ratio 
of LBP within the intervention group (RR 0.11, 95% CI 0.01 to 0.91, p value 0.040) 
among youth soccer players (Soligard et al. 2008). Therefore, even though the 
effectiveness of these interventions in reducing BP specifically is still largely 
unknown and requires further investigation, implementation of these types of 
interventions might be beneficial. 
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SUPPLEMENTS 

SUPPLEMENT TABLE 1 Longitudinal studies investigating associations between potential risk factors and back complaints in youth athletes 

STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Kujala et al. 
(1996) 

Prospective, case-
control, 2- to 3-year 
follow-up  
 
 

Age: 10.3 to 13.3 
Sample size: n = 65 athletes, n = 
33 non-athletes 
Sex: both 
Sport: ice hockey, soccer, gym-
nastic, figure skating 

Injury definition: LBP interfering with school-
work or leisure activities for at least a one-week 
period  
 
Injury recording: Questionnaire + all the subjects 
with prolonged LBP problems were examined 
by a physician 

LBP: 
Sports participation + 
Sex –  
 
New MRI abnormalities: 
Acute back injury + 
(higher prevalence in girls 
with LB injury 
without acute back injury) 
Training – 
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Kujala et al. 
(1997)  

Prospective study, 
three-years follow-
up  
No previous severe 
LBP 

Age: 10.3 to 13.3  
Sample size: n = 65 athletes, n = 
33 non-athletes 
Sex: both 
Sport: ice hockey, soccer, gym-
nastic, figure skating 

Injury definition:  LBP interfering with school or 
leisure activities for at least one-week period  
 
Injury and AE recording: Injuries and exposure 
recorded with questionnaires at baseline 2nd 
and 3th yr.  

Boys:  
Maximal lumbar flexion 
mobility +  
Sports participation - 
Lower segment lumbar 
mobility - 
Maximal lumbar extension 
mobility -  
Weight - 
 

Girls:  
Lower segment lumbar 
mobility +  
Maximal lumbar extension 
mobility +  
Weight + 
Maximal lumbar flexion 
mobility - 
Sports participation - 

Nadler et al. 
(1998)  

Prospective study, 
one-year follow-up 
 
 

Age: college (age not specified) 
Sample size: n = 275  
Sex: both 
Sport: varsity athletes 

Injury definition: LBP that required treatment.   
 
Injury registration: Athletic trainer recorded if 
any athlete required treatment for LBP during 
the follow-up. 

Sex + (girls vs boys 15 vs 
6%, p=0.048) 
LE impairment (majority 
of participants with LBP 
had also LE impairment, 
58 vs 42%, p=0.001) 
Leg length asymmetry – 
Hip flexor flexibility –  
History of LBP –  
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Greene et al. 
(2001)  

Prospective study, 
one-year follow-up 
 

Age: mean 19 (SD 1) 
Sample size: n = 679 
Sex: both 
Sport: university varsity athletes 
from 30 sport disciplines 

Injury definition: LBP that caused an athlete to 
miss or not participate fully in at least three 
practice sessions or competitions and that re-
sulted in a visit to a sports physician (at the uni-
versity sports clinic) 
 
Injury recording: by the sports physician during 
the visit.  

LBP at baseline + (RR 6.5).  
History of LBI/LBP (RR 
3.1).  
 
Satisfaction with coach -
Satisfaction with team-
mates –  
Age – 
Sex –  
Sport -  

Nadler et al. 
(2002a)  

Prospective, inter-
vention 

Age: college (age not specified) 
Sample size: 1st year: n = 164, 
2nd year: n = 236, 3th year: n = 
225  
Sex: not reported 
Sport: various sports  

Injury definition: LBP that required treatment.   
Injury registration: Athletic trainer recorded if 
any athlete required treatment for LBP during 
the follow-up. 

Hip abduction strength + 
(in girls)  

Meeuwisse 
et al. (2003)  

Prospective cohort 
study, two-years 
follow-up 
 
 

Age: college (age not specified) 
Sample size: n = 142 
Sex: boys  
Sport: basketball 

Injury definition: Any injury resulting in one or 
more complete or partial sessions of time loss.  
 

Injury and AE registration: individual participa-
tion, exposure, and any injury data recorded 
daily on standardized form by team/student 
therapists 

 History of LBP/LBI + (RR 
3.65 95% CI 1.06 to 12.52) 

Cholewicki 
et al. (2005)  

Prospective obser-
vational study, 2—
3-year follow-up 
 
  

Age: mean 19.4  
Sample size: n = 292  
Sex: both 
Sport: college varsity athletes 

Injury definition: LBP resulting in 3 days’ time 
lost from practice or competitions, and a visit to 
a sports physician or athletic trainer. 
 

Injury recording:  
Athletes were asked to contact the PI in case of 
LBI occurred during the follow-up (regularly 
scheduled electronic mailings to study partici-
pants inquiring if they had had LBI)  

Longer mean latencies + 
(Every millisecond delay 
in muscle response latency 
increased the odds for LBI 
by 2 to 3% (95% CI 1.02 to 
1.03) 
 

History of LBI + (OR 2.8)   
 

Weight + (OR 1.03) 
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Alricsson & 
Werner 
(2006) 

Prospective, 5-year 
follow-up 
 
 

Age: mean 13.6 (0.9) 
Sample size: n = 15  
Sex: both  
Sport: elite cross-country skiing 

Injury definition: Based on questions about LBP 
related to X-country skiing 
 

Injury recording: no 

Difference between tho-
racic kyphosis and lumbar 
lordosis + (18 deg. vs. 10 
deg.) 
 

Participation in other 
sports + (sig. more in LBP 
developers) 
 

Growth –  
Kyphosis –  
Lordosis – 
Training hours –  
BMI –  

Reeves et al. 
(2006)  

Experimental, pro-
spective, two- to 
three-year follow-
up 
 

Age: boys 19.9 (3.1) girls 19.4 (1.0) 
Sample size: n = 242 
Sex: both 
Sport: varsity athletes 

Injury definition: LBI was defined as any LBP 
significant enough to cause an athlete to miss 
three days of training and/or competition. 
 
Injury registration: Not described 

Thoracic-lumbar muscle 
activation 
imbalance – 
 

Silfies et al. 
(2007) 

Prospective cohort 
study, 2- to 3-year 
follow-up. 
 
 
 

Age: college age (approx. 19) 
Sample size: n = 292 
Sex: not reported 
Sport: university varsity athletes 

Injury definition: LBP that caused the athlete to 
seek medical attention (physician, athletic 
trainer, or physical therapist) and to miss at least 
3 days of participating in their sport or training 
routine   
 
Injury registration: Self-reported through regular 
electronic mailings. Verified with training room 
and team physician records. 

Lumbar spine propriocep-
tion -  
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Aoki et al. 
(2010) 

Case-controlled 
prospective study, 
one-year follow-up 
 
 
 

Age: 12 to 17  
Sample size: n = 322 
Sex: not reported 
Sport: soccer 
 
LBP  
 
Groups (playing on artificial turf 
(AT) or natural turf (NT) 80% of 
the time):  
Artificial turf  
Natural turf 
 
 

Injury registration: Medically diagnosed acute 
injuries and non-traumatic overuse pain were 
recorded daily by team health care staff. 
 
Injury definition: Acute injury or overuse pain 
complaint that resulted in absence from train-
ing/matches for at least 1 week 

Both groups together:  
Age –  
Height –  
Weight –  
Playing experience – 
Training hours -  
 

AT group:  
Training hours + (OR 1.02, 
95% CI 1.01 to 1.02).  
Age + (OR 0.50, 95% CI 
0.439 to 0.721) 
Height + (OR 0.59, 95% CI 
0.442 to 0.779) 
Training hours per year+ 
(OR 1.21, 95% CI 1.019 to 
1.444)  
 

Incidence rate ratios 
(IRRs): 
AT versus the NT group 
1.62 (95% CI, 1.06-2.48) 
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Hjelm et al. 
(2012)  

Prospective cohort 
study, two-years 
follow-up 
 
model (univari-
ate/multivariate) 
 

Age: 12 to 18  
Sample size: n = 55 (10 dropouts)  
Sex: both 
Sport: tennis (sport club setting) 

Injury definition: An injury resulting in inability 
to participate in regular tennis training or play-
ing matches during at least one occasion (a time 
loss injury).  
 
Injury recording: Player informed the PI about 
injuries 
 
AE recording: Player informed PI if changes in 
normal training amounts 
 
PI contacted the players every 3 months to se-
cure correct info on exposure and injuries. When 
injured the PI did the clinical examination, when 
possible. 

Increase in training hours 
(>6 hours/wk) + (OR 1.3, 
95% CI 1.3 to 99.6).  
 
History of LBI + (OR 4.7, 
95% CI 1.1 -20.5) 
 
Decreased neck ROM + 
(lateral flexion) (OR 0.8, 
95% CI 0.7-1.0) 
 
Joint laxity –  
Balance/postural stability 
–  
Flexibility –  
Strength – 
Agility –  
ROM (other than neck) –  

Kountouris 
et al. (2012)  

Prospective cohort 
study 

Age: 12 to 17  
Sample size: n = 38  
Sex: boys  
Sport: cricket fast bowlers 
 
LBI (soft tissue or bone stress in-
jury) 

Injury definition: Musculoskeletal lumbar spine 
injuries based on MRI 
 
Injury recording:  At baseline reported no LBP or 
spine injury.  If player reported LBP physician 
performed clinical examination and radiological 
investigation. 

Age – 
Height – 
Weight – 
BMI + (back bone stress 
injury) 
QL asymmetry – 
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Soligard et 
al. (2012) 

Prospective cohort 
study, Norway cup 
2005 to 2008, one-
week tournament 
 
 
 

Age: 13 to 19  
Sample size: 
7,848 matches; 70% played by 
boys and 30% by girls 
Sex: both 
Sport: soccer 

Injury definition: Any injury, painful condition, 
or physical complaint sustained by a player in a 
Norway Cup match, irrespective of the need for 
medical attention or time loss from football ac-
tivities  
 
Injury registration: Coaches recorded injuries 
that occurred during matches. 

Turf type + (AT vs. NT RR 
2.23 (1.33-3.72) (AT: OR 
1.92, 95% CI 1.10 to 3.36))  

Shah et al. 
(2014)  

Descriptive epide-
miology study, 
prospective, five 
seasons 

Age: 9 to 16  
Sample size: n = 12,306  
Sex: not reported 
Sport: soccer 

Injury definition: complaint resulting in absence 
from participating in full training and matches 
for 48 hours or longer. Moderate injuries were 
defined as an 8- to 28-day absence, and severe 
injuries as an absence 28 days, as classified by 
the UEFA model for defining injury severity. 
 
Injury registration: Medical personnel recorded 
injuries. 

Season phase + (more 
prevalent after brakes) 
Game phase + (more prev-
alent in second half)  
 
Age + (higher in older) 
Player contact + (majority 
of injuries through con-
tact) 
 
Player position –  
Competitive vs. non-com-
petitive play –  

Müller et al. 
(2016) 

Prospective,1- to 2-
year follow up  
 
 

Age: mean 13.2 (1.4)  
Sample size: n = 321  
Sex: both  
Sport: elite athletes from sports 
schools 

Injury definition: acute pain present at the time 
of answering the questionnaire and/or during 
the 7 days prior to the examination. Pain was as-
sessed 
with a 5-step face scale (face 1–2 = no pain; face 
3–5 = pain). Faces 3 to 5 were considered as LBP. 
 
Injury registration: no prospective registration, 
point/7-day prevalence of back pain at follow-
up 

Sport type –  
Sex –  
Age –  
Weight –  
Height – 
Training hours per week – 
Training year –  
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STUDY  STUDY DESIGN  AGE, SAMPLE SIZE, SEX AND 
SPORT 

BACK PAIN DEFINITION AND REGISTRA-
TION DURING FOLLOW-UP 

ASSOCIATIONS (OR; 
RR; T-TEST, HR) 

Rössler et al. 
(2016)  
 

Descriptive epide-
miology study, 
prospective two 
seasons follow-up 
 
 

Age: 7 to 12  
Sample size: 6,038 player seasons 
(season 1, n = 51 and n = 845; sea-
son 
2, n = 61 and n = 846) 
Sex: boys & girls 
Sport: soccer 

Injury definition: Any physical complaint sus-
tained during a scheduled training session or 
match play resulting in at least 1 of the follow-
ing: (1) inability to complete the current match 
or training session, (2) absence from subsequent 
training sessions or matches, and (3) injury re-
quiring medical attention 
 
Injury and AE registration:  Injury and exposure 
data recorded by coaches through an internet-
based platform.  

 Age + 

Rosenhagen 
et al. (2018)  

Prospective obser-
vational (case-con-
trol) study, seven-
year follow-up 
 
 

Age: 12 to 18  
Sample size: n = 789, 
Subjects with knee misalignment, 
irrespective of genu valgum or 
varum, were 2:1-matched with 
controls, using age, gender and 
sport as criteria therefore only 64 
were analysed. No previous back 
impairments. 
Sex: not reported  
Sport: various youth team sports 

Injury definition: CLBP if persistent pain for >13 
weeks including (at least one) painful episode(s) 
in the past two weeks and for at least half of the 
time of the previous 12 months, in single or mul-
tiple episodes  
 
Injury registration:  
After 7 years 
 
AE registration: Actual sport and exercise en-
gagement was recorded according to the FITT-
principle (frequency, intensity, time, type) 

Knee misalignment + (OR 
3.4, 95% CI: 1.1–10.8)  

RR, risk ratio; HR, Hazards ratio; OR, odds ratio; LBP, low back pain; LBI, low back injury; PI, principal investigator; QL, quadratus lumborum; BMI, 
body mass index; AT, artificial turf; NT, natural turf; ROM, range of motion. 
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SUPPLEMENT TABLE 2 Unadjusted and adjusted Cox analyses on strength and flexibility variables. Analysis corrected after original article was 

published, therefore values slightly differ from original article (study III) 

  Unadjusted Adjusted 
Any LBP n (incidents) HR 95% CI p value HR 95% CI p value 

Leg press 1RM   358 (44) 0.99 (0.99, 1.00) 0.640 0.99 (0.99, 1.00) 0.470 

Hip Abduction strength asymmetry  366 (47) 0.87 (0.67, 1.14) 0.330 0.89 (0.68, 1.18) 0.430 
Iliopsoas flexibility  342 (42) 1.00 (0.97, 1.04) 0.850 0.99 (0.96, 1.03) 0.750 
Quadriceps flexibility 342 (42) 1.01 (0.98, 1.04) 0.460 1.01 (0.98, 1.04) 0.440 
Hamstring flexibility   382 (48) 0.99 (0.97, 1.01) 0.400 0.99 (0.97, 1.01) 0.360 
Hamstring flexibility asymmetry 382 (48) 1.01 (0.96, 1.07) 0.600 1.01 (0.96, 1.07) 0.710 
Laxity index a  
(Hyperflexibility as reference) 383 (48) 1.14 (0.55, 2.35) 0.720 1.15 (0.55, 2.41) 0.700 

Non-traumatic LBP        
Leg press 1RM  358 (36) 0.99 (0.99, 1.00) 0.430 0.99 (0.99, 1.00) 0.250 
Hip Abduction strength asymmetry 366 (39) 0.87 (0.65, 1.17) 0.380 0.89 (0.66, 1.21) 0.460 
Iliopsoas flexibility 342 (35) 1.00 (0.97, 1.04) 0.940 0.99 (0.96, 1.03) 0.790 
Quadriceps flexibility 342 (35) 1.01 (0.97, 1.04) 0.800 1.01 (0.97, 1.04) 0.650 
Hamstring flexibility  382 (39) 0.99 (0.97, 1.01) 0.530 0.99 (0.97, 1.01) 0.540 
Hamstring flexibility asymmetry 382 (39) 1.02 (0.97, 1.09) 0.400 1.02 (0.96, 1.09) 0.480 
Laxity index 1  

(Hyperflexibility as reference) 383 (39) 1.06 (0.47, 2.42) 0.880 0.95 (0.41, 2.20) 0.910 

HR; Hazards Ratio, CI; Confidence interval, LBP; low back pain, 1RM; one-repetition maximum 
1 Beighton-Horan Laxity index: Normal range 0-3, hyperflexibility 4-9 
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Abstract

Background: The objective of this study was to investigate the prevalence of self-reported low back pain (LBP) and
neck and shoulder pain (NSP), and the related factors in members and non-members of adolescents’ sports clubs.

Methods: This cross-sectional study was based on surveys of 14–16-year-olds as a part of the Finnish Health Promoting
Sports Club (FHPSC) Study. The surveys on self-reported health behaviours, injuries, and musculoskeletal health were
conducted among sports club members (n = 962) and non-members (n = 675). Binary logistic regression analysis was
applied to study the associations between dependent variables of LBP and NSP, and the independent factors.

Results: The prevalence of LBP during the preceding 3 months was 35.0 % in girls and 24.5 % in boys (p < 0.05 for sex
difference). The prevalence of NSP was 55.9 % in girls and 27.3 % in boys (p < 0.001 for sex difference). Being a sports
club member increased the odds for LBP in boys (odds ratio [OR] 2.35, 95 % CI 1.48–3.72). On the other hand, sports
club participation was associated with lower odds of frequent NSP in girls (OR 0.52, 95 % CI 0.33–0.82). No associations
were found between other leisure-time physical activity and LBP or NSP. Higher screen time (computer games, TV/DVD,
phone, Internet) during leisure-time increased the odds of NSP in boys and LBP in boys and girls.

Conclusions: In this study, self-reported LBP and NSP were already relatively common among adolescents. Girls have a
higher risk for reporting LBP and NSP. Measures that are more effective in the prevention of LBP in male sports club
members are needed. Excessive screen time is weakly associated with LBP and NSP, which should be taken into
account in health promotion among adolescents.

Keywords: Neck and shoulder pain, Low back pain, Adolescence, Sports club participation, Prevalence

Background
Back problems are a major public health problem. In
Finland in 2013, back diseases were responsible for a
sickness benefit expenditure of approximately 118 mil-
lion euros, and they caused over two million days of cov-
ered illness [1]. Backache itself caused approximately
787,000 covered days of illness [1]. Low back pain (LBP)

is relatively common already among adolescents [2]. Neck
and shoulder pain (NSP) has been studied less, especially
among adolescent athletes [2–4], but the prevalence of
NSP seems to have increased during the 21st century [3].
The prevalence of LBP increases with age [5, 6]. Among
15–16-years-olds, LBP prevalence has been reported to be
32 % in boys and 45 % in girls [7]. Five per cent of those
aged 15–16 years (n = 7344) sought medical assistance
due to their LBP symptoms [7]. LBP in adolescence has a
tendency of increasing the probability of LBP also in
adulthood [8], and it is commonly concurrent with other
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musculoskeletal pain [9]. Therefore, it is important to
identify risk populations and to effect the early prevention
of LBP and NSP. Some studies have already investigated
the differences in LBP between adolescent athletes and
non-athletes [10, 11]. Physical activity as a risk factor has
been studied previously [10, 12–14]. However, the results
remain inconclusive.
This study is a part of a multidisciplinary and multi-

institutional study (the Finnish Health Promoting Sports
Club (FHPSC)) [15] where the overall aim is to investigate
the effects of sports club participation and the activity of
health promotion within sports clubs on adolescent
health. Therefore, the specific objectives of this study were
to determine the prevalence, frequency, and severity of
LBP and NSP in the 14–16-year-old population. We also
explored the associations between LBP and NSP with the
health and health behaviour of adolescents, paying special
attention to participation in organized sports (sports club
membership).

Methods
This study is part of the Finnish Health Promoting Sports
Club (FHPSC) study conducted in Finland by the Univer-
sity of Jyväskylä in conjunction with six sports medicine
centres and the UKK institute [15]. This cross-sectional
study was based on surveys among 14–16-year-olds, and
it was carried out in accordance with the Declaration of
Helsinki. The adolescents were notified that they have a
right to refuse to participate and withdraw their consent
later without giving a reason. A written consent from both
a guardian and the adolescent him/herself for the pre-

participation screening were obtained for participants
under the age of 16. Ethical approval was received from
the Ethics Committee of Health Care District of Central
Finland (record number 23U/2012). All permission papers
included detailed information of the study.

Data collection
In order to obtain a nationally representative sample of the
most popular sports for youths, a total of two hundred and
forty youth sports clubs from the ten most popular sports
disciplines in Finland (basketball, cross-country skiing,
floorball, football, gymnastics, ice-hockey, orienteering,
skating, swimming, and track and field) were targeted.
Twenty-four clubs were selected from each sport for the
sample and 154 youth sports clubs out of 240 participated
(64 %) in the FHPSC study. Data was collected in the mid-
dle of the main competition season from January to May
2013 for winter sports, and from August to December 2013
for summer sports. In total, 1889 sports club participants
were invited to participate in two separate internet ques-
tionnaires (Fig. 1.). From the sports clubs 609 adolescents
completed both questionnaires.
In order to compare the health behaviours and health sta-

tus of youths participating in organized sports clubs (club
members) to non-participating youths (non-members), the
second sample included in this study was a group of
secondary school children aged 14–16. The schools were
collated from each district where the sports medicine cen-
tres were located, including nearby rural areas. School-based
data was collected in two portions following the sports
clubs’ data collection timeframe (100 schools participated).

Fig. 1 Study sample
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In total, 2074 pupils were asked to participate in the
study during the normal school day and 1189 com-
pleted both questionnaires.
Members of the school-based sample were asked about

their sports club participation (“At the moment are you a
member of a sports club?” “no/yes/yes, but I don’t partici-
pate to training provided by the club”) and those who re-
ported being members of a sports club were treated as
sports club members (n = 368) in the following analyses.
Three subjects from the sports club sample were analysed
as non-members as they reported not participating in
sports club activities (answered no to the question “Are you
participating in sports club activities?” “yes/no”). Subjects
that provided inconsistent or inconclusive concerning gen-
der and/or age or sports club membership were excluded
(n = 12 from sports club sample and n = 149 from school-
based sample). In total, 962 sports club members (368 from
school-based sample and 594 from sports club sample) and
675 non-members were included (n = 1637) (Fig. 1.).

Surveys
Two surveys were conducted (see Additional files 1 and 2).
The first focused on the health behaviours of the adoles-
cents, including self-evaluated overall physical activity. The
questions included for example: “How many hours on a
regular school day you spend your time sitting with one of
the following devices? (TV, video/DVD, computer, console
games, tablet/phone)” and “Outside school hours: How
many hours do you usually do physical activity so that you
sweat and get out of breath?”. Unlike the questionnaire for
non-members, the questionnaire for sports club members in-
cluded some extra questions on training characteristics, such
as active playing/practicing years (at least 2 times a week),
training frequency, duration and number of rest days during
training and competition seasons, as well as number of com-
petitions. The second questionnaire focused on injuries and
the musculoskeletal health of the adolescents. The questions
used in these questionnaires were compiled from previously
validated questions in other studies, like the Health Behav-
iour in School-aged Children (HBSC) study [16–20].

Outcomes
The main dependent outcomes were NSP and LBP within
the preceding 3 months. The questions in the questionnaire
were “How often have you had the following symptoms in
the preceding 3 months?” Answer options included “aches
or pain in the neck and shoulders” and “aches or pain in
the low back” daily, more than once a week, approximately
once a week, 2–3 times a month, approximately once a
month, and less than once a month or not at all. Two
dependent variables were formed for both LBP and NSP.
These were LBP (low back pain more than once a month)
and frequent LBP (low back pain at least once a week), and
NSP (neck and shoulder pain more than once a month)

and frequent NSP (neck and shoulder pain at least once a
week). Questions that were more specifically about LBP
were based on the standardized Nordic questionnaire of
musculoskeletal symptoms [21]. LBP was defined as “an
ache, pain, or discomfort of the lumbar region with or with-
out radiation to one or both legs (sciatica).” The questions
in the questionnaire included:

� “Have you ever experienced problems in your low
back?” (area illustrated by a picture) (no/yes)

� “Have you ever had surgery because of LBP?” (no/yes)
� “Have you ever had radiating LBP?” (no/yes)
� “Have you ever had sleeping difficulties because of

LBP?”(no/yes, how often?)
� “Have you had LBP during the previous 7 days?”

(no/yes)
� “Have you experienced low back pain that has

required consultation or treatments by a physician,
physiotherapist, or chiropractor in the previous
12 months?” (no/yes)

� “How did your LBP symptoms occur?” suddenly (after
an injury)/gradually (without a sudden injury)/or both

� “Have you used pain killers (NSAID) for your low
back?” (no/yes)

Statistical methods
IBM SPSS Statistics (v. 22.0) was used to carry out all ana-
lyses. Sample size was power calculated by Stata 11.0 using
data of Kokko et al. [18]. Differences between the groups
were assessed using crosstabs and the chi-square test (and
t-test when appropriate). The subject characteristics are
presented for girls and boys, and sports club members and
non-members separately as means ± SDs and percentages.
Low back pain and neck and shoulder pain prevalence are
expressed as a number and percentage of members and
non-members separately for girls and boys. As multilevel
modelling failed to give additional information, binary lo-
gistic regression analysis was applied to study the associa-
tions between the dependent variables of LBP (low back
pain) and NSP (neck and shoulder pain) and the independ-
ent factors. Binary logistic regression analyses were ad-
justed by age, sex, BMI, chronic diseases, smoking, and
school attainment level (i.e. school grade average). The bin-
ary logistic regression analyses were conducted separately
for health, health behaviour and training variables. In the
analyses for the health and health behaviour the variables
were entered into the model simultaneously. In the ana-
lyses for training variables separate analyses were con-
ducted for all variables. Odds ratios are reported with 95 %
confidence intervals. P-value, 0.05 was regarded significant.

Results
The significant differences in background characteristics
between sports club members and non-members are
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highlighted in Table 1. There were more girls who had
already had menarche among non-members than members
(97.5 % vs 92.7 %, p < 0.001). The use of dietary supple-
ments and pain killers (NSAIDs) was more frequent among
sports club members. They were physically more active in
their leisure time than non-members and had shorter daily
screen time ((mean) 4.1 vs 5.9 h/day, p < 0.001).

Low back pain
The prevalence of self-reported LBP during the preced-
ing 3 months was 35.0 % in all girls (n = 865) and 24.5 %
in all boys (n = 772) (p < 0.001 for sex difference) girls
being more likely to have frequent LBP than boys (OR
2.33 95 % CI 1.58–3.45). No differences between sports
club members and non-members were found in girls for
LBP (Table 2). However, the prevalence of LBP during
the preceding 3 months was significantly higher in male
sports club members than in non-members (28.1 % vs
18.1 %, p < 0.02) (Table 2).
Among boys, sports club members sought medical as-

sistance due to their LBP significantly more often than
non-members did (25.9 % vs 5.7 % respectively, p < 0.001).
They also used significantly more NSAIDs due to LBP
(Table 3). Among girls, non-members had more sleeping
difficulties due to LBP compared to members (11.6 % vs
17.9 %, p < 0.05) (Table 3). However, LBP that radiated to
the lower extremities was more common in female

sports club members than in non-members (23.2 % vs
15.0 %, p < 0.05).

Neck and shoulder pain
The prevalence of self-reported NSP was higher in girls
(52.9 %) than in boys (27.3 %) (p < 0.001 for sex differ-
ence). In addition, the prevalence of frequent NSP was
higher in girls than in boys (19.8 % vs 5.4 %, p < 0.001
for sex difference). Girls were more likely to have fre-
quent NSP than boys (OR 4.44 95 % CI 3.08–6.40). As
shown in Table 4, among girls, non-members had a
higher prevalence of NSP than sports club members
(59.9 % vs 47.1 %, p < 0.001). The prevalence of frequent
NSP during the preceding 3 months was higher in non-
members for both girls and boys (Table 4).

Risk factors for low back pain
Adjusted odds ratios regarding health (Table 5), health
behaviour (Table 6), and training characteristics (Table 7)
are shown in the tables. LBP was associated with report-
ing neck, thoracic spine, and lower limb pain in boys
and girls, and it was also associated with upper limb
pain in boys. Higher screen time, as calculated per add-
itional hour of screen time (computer games, TV/DVD,
phone, Internet) during leisure time, increased the odds
slightly for LBP in boys (OR 1.07, 95 % CI 1.01–1.12)
and girls (OR 1.06, 95 % CI 1.01–1.10, Table 6). For girls,

Table 1 Subject characteristics by sports club participation and gender

Boys (n = 772) Girls (n = 865) Total (n = 1637)

Variable Member Non-member P-value* Member Non-member P-value* Member Non-member P-value*

Age, mean (SD) 15.5(1) 15.5(0) 0.643 15.5(1) 15.5(0) 0.880 15.5(1) 15.5(1) 0.839

BMI, mean (SD) 20.9(2) 21.5(4) <0.05 20.6(2) 21.1(4) <0.05 20.7(2) 21.3(4) <0.002

Menarche,% (n = 882) - - 92.8 % 97.5 % <0.001 - - -

Chronic disease,a% 30.4 % 26.4 % 0.242 30.1 % 29.4 % 0.818 30.2 % 28.1 % 0.358

Regular medication,b% 23.5 % 18.6 % 0.113 29.0 % 33.2 % 0.189 26.2 % 27.1 % 0.680

NSAID use, previous month,% 59.6 % 46.1 % <0.001 75.0 % 73.7 % 0.655 67.2% 62.2% <0.05

Special diet,c% 8.0 % 5.7 % 0.245 17.2 % 18.0 % 0.754 12.5 % 12.9 % 0.804

Dietary supplements use,d% 67.3% 36.8% <0.001 70.1% 57.2% <0.001 68.7% 48.7% <0.001

No Smoking, % 94.5% 81.4% <0.001 92.6% 73.9% <0.001 93.6% 77.0% <0.001

Screen time,e mean (SD) 4.6(4) 6.4(5) <0.001 3.6(2) 5.6(5) <0.001 4.1(3) 5.9(5) <0.001

Leisure time PA, f, g % <0.001 <0.001 <0.001

Approx. <30 min/week 0.8 % 15.4 % 0.9 % 18.5 % 0.8 % 17.2 %

Approx. 1–3 h/week 16.3 % 53.9 % 14.9 % 56.9 % 15.6 % 55.6 %

Approx. 4–6 h/week or more 82.9 % 30.7 % 84.2 % 24.6 % 83.5 % 27.2 %

Statistically significant findings are indicated in bold
*p-value for difference between members and non-members of sports clubs
aAllergy, asthma, diabetes, epilepsy, heart condition, etc.
bContraceptives or other hormonal medication, allergy, asthma, insulin, epilepsy, or heart or blood pressure medication
cVegetarian, low carb, lactose free, dairy free, gluten free, or other special diet
dFor example, vitamins, protein supplements, amino acid supplements, creatine
eTV, computer, computer/console games, phone, tablet use
fBoys n = 770, girls n = 863, total n = 1633
gIntensity: breathlessness and sweating
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screen time exceeding 4 h/day increased the odds for
LBP by 1.46 (95 % CI 1.08–1.95). Associations were not
found between leisure-time physical activity and LBP or
frequent LBP (Table 6). However, in boys, sports club
membership was associated with LBP (OR 2.35, 95 % CI
1.48–3.72). Furthermore, the odds for frequent LBP was
higher in male sports club members than in non-
members (OR 2.73 95 % CI 1.17–6.34) (Table 6). LBP

was associated with smoking in both boys and girls, and
with alcohol use in boys (Table 6).
Among boys, the training hours during the training

season, the number of competitions/games during the
preceding 12 months increased the odds of having LBP
as calculated per additional hour of training (Table 7).
More rest days during the competition season decreased
the odds of having LBP in boys and girls, and more rest

Table 2 Prevalence of LBP in members and non-members of sports clubs

Boys (n = 772) Girls (n = 865)

Variable Category Member Non-member P-value* Member Non-member P-value*

n % n % n % n %

Lifetime prevalence Yes 259 52.7 122 43.4 <0.02 284 60.3 246 62.4 0.520

No 232 47.3 159 56.6 187 39.7 148 37.6

LBPa Yes 138 28.1 51 18.1 0.02 160 34.0 143 36.3 0.475

No 353 71.9 230 81.9 311 66.0 251 63.7

Frequent LBPb Yes 30 6.1 12 4.3 0.278 51 10.8 44 11.2 0.874

No 461 93.9 269 95.7 420 89.2 350 88.8

LBP during the last seven daysc Yes 100 38.6 39 32.0 0.209 123 43.3 110 44.7 0.745

No 159 61.4 83 68.0 161 56.7 136 55.3

Statistically significant results are indicated in bold
*p-value for difference between members and non-members of sports clubs
aLBP more than once a month
b LBP at least once a week
cBoys n = 381, girls n = 530

Table 3 Characteristics of LBP in members and non-members of sports clubs

Boys (n = 381) Girls (n = 530)

Variables Category Member Non-member P-value* Member Non-member P-value*

n % n % n % n %

LBP that has demanded medical
assistance in the previous 12 monthsa

Yes 67 25.9 7 5.7 <0.001 47 16.5 31 12.6 0.201

No 192 74.1 115 94.3 237 83.5 215 87.4

NSAID use due to LBP symptoms Yes 99 38.2 25 20.5 <0.002 111 39.1 112 45.5 0.134

No 160 61.8 97 79.5 173 60.9 134 54.5

Sleeping difficulties due to LBP Yes 13 5.0 7 5.7 0.769 33 11.6 44 17.9 <0.05

No 246 95.0 115 94.3 251 88.4 202 82.1

Radiating LBPb Yes 57 22.0 19 15.6 0.143 66 23.2 37 15.0 <0.02

No 202 78.0 103 84.4 218 76.8 209 85.0

Operation due to your LBP Yes 2 0.8 0 0.0 0.330 1 0.4 1 0.4 0.919

No 257 99.2 122 100.0 283 99.6 245 99.6

LBP origin 0.413 0.653

Acutec 46 17.8 17 13.9 23 8.1 22 8.9

Overused 185 71.4 95 77.9 239 84.2 200 81.3

Both 28 10.8 10 8.2 22 7.7 24 9.8

Statistically significant results are indicated in bold
*p-value for difference between members and non-members of sports clubs
a From a physician, physiotherapist, or chiropractor
bLBP that radiates to the lower extremities (buttocks, thigh, knee, lower leg, or foot)
c After injury to low back
d Slowly without injury
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days during the training season decreased the odds of
having LBP in boys.

Risk factors for neck and shoulder pain
Adjusted odds ratios of health (Table 8), health behav-
iour (Table 9), and training characteristics (Table 10) are
shown in the tables. The odds for self-reported NSP
were increased by having chronic disease(s) (OR 1.85,
95 % CI 1.23–2.80 for boys and OR 1.49, 95 % CI 1.05–
2.10 for girls), and also with reporting low back, thoracic
spine, and upper limb pain (Table 8).
Higher screen time, as calculated per additional hour of

screen time (computer games, TV/DVD, phone, Internet)
during leisure time, slightly increased the odds of NSP in
boys, as presented in Table 9 (OR 1.05, 95 % CI 1.00–1.10).
For girls, the increased odds were not statistically signifi-
cant (also shown in Table 9). However, analysis also de-
tected a significant increase in the odds for NSP among

girls when screen time exceeded 4 h/day (OR 1.39, 95 % CI
1.05–1.85). Smoking increased the odds of NSP (OR 1.65,
95 % CI 1.04–2.59, Table 9) in girls. Sports club member-
ship was associated with a lower risk for frequent NSP in
girls (OR 0.52, 95 % CI 0.33–0.82). Associations were not
found between NSP and training characteristics (Table 10)
other than an additional year of active playing/practicing
slightly increased the odds of NSP in girls (OR 1.07, 95 %
CI 1.00–1.14).

Discussion
In this multidisciplinary multicenter study, we investi-
gated the prevalence of self-reported low back pain and
neck and shoulder pain, and the related factors in mem-
bers and non-members of adolescents’ sports clubs. Our
findings show that self-reported low back pain (LBP)
and neck and shoulder pain (NSP) are already common
among adolescents. Girls seem to be at a higher risk for

Table 4 Prevalence of NSP in members and non-members of sports clubs

Boys (n = 772) Girls (n = 865)

Variables Category Member Non-member P-value* Member Non-member P-value*

n % n % n % n %

NSPa Yes 130 26.5 81 28.8 0.481 222 47.1 236 59.9 <0.001

No 361 73.5 200 71.2 249 52.9 158 40.1

Frequent NSPb Yes 19 3.9 23 8.2 <0.02 67 14.2 104 26.4 <0.001

No 472 96.1 258 91.8 404 85.8 290 73.6

Statistically significant results are indicated in bold
*p-value for difference between members and non-members of sports clubs
aNSP more than once a month
bNSP at least once a week

Table 5 Associations between LBP and health variables in 14 to 16 year old Finnish adolescents

LBPa Frequent LBPb

Variables Category Boys (n = 768) Girls (n = 856) Boys (n = 768) Girls (n = 856)

ORc 95 % CI ORc 95 % CI ORc 95 % CI ORc 95 % CI

Chronic diseasesd No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 0.71 (0.44–1.13) 1.36 (0.95–1.96) 0.72 (0.34–1.55) 1.38 (0.84–2.25)

BMI 1.04 (0.97–1.11) 0.96 (0.91–1.02) 1.14 (0.44–2.99) 1.01 (0.94–1.09)

Neck pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 1.83 (1.13–2.96) 2.13 (1.47–3.09) 1.65 (0.72–3.77) 1.74 (0.91–3.33)

Thoracic spine pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 9.39 (5.39–16.34) 6.31 (4.15–9.59) 2.88 (1.22–6.82) 4.49 (2.61–7.74)

Upper limb pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 1.87 (1.02–3.44) 1.41 (0.90–2.12) 0.77 (0.26–2.27) 1.95 (1.12–3.40)

Lower limb pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 1.74 (1.02–2.96) 1.53 (1.03–2.27) 1.52 (0.61–3.76) 1.42 (0.82–2.46)

Statistically significant results are indicated in bold
aLBP more than once a month during the last 3 months
bLBP at least once a week during the last 3 months
cBinary logistic regression was used and all variables were included in the same model. Analyses were adjusted by age, BMI, chronic diseases, smoking, school
attainment level
dAllergy, asthma, diabetes, epilepsy, heart condition, etc.
eAt least once a month
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reporting LBP and NSP. Our results also suggest that
the prevalence of LBP is higher in boys who participate
in organized sports club activities. On the other hand,
sports club members seem to suffer NSP less frequently
than non-members do in general.
The strength of this study was the representative sample

of adolescents, who were aged 14–16 years and from differ-
ent regions and sizes of municipality. The sports club sam-
ple comprised the ten most popular sports in Finland.
Organized sports clubs are the main setting for leisure-time
physical activity in adolescents, especially in the Nordic
countries. In Finland, nearly half (46 %) of children and ad-
olescents aged 10–16 years take part in organized sports
club activities [22]. Due to their wide reach and the infor-
mal educational nature, sports clubs offer a potential setting
for health promotion [23]. However, even though sports
clubs are positively oriented towards the idea of health

promotion, the clubs’ practices have been shown to be lim-
ited and directed mainly towards sports performance and
less towards other areas of health [24].
It is a common belief that those who participate in

sports club activities automatically have a more physically
active and healthy lifestyle than non-members. Research
findings on these issues are, however, inconsistent. Three
quarters of the general population of Finnish children and
adolescents aged 11–15 [22, 25] and one third of sports
club members in the Nordic countries do not meet the
recommended level of physical activity [26–28]. In the
present study, sports club members were significantly
more active than non-members; nevertheless, 16 % of the
members reported only approximately 1–3 h of leisure
time activity per week.
We found a 49.5 % lifetime prevalence of self-reported

LBP in boys, and the same prevalence for girls was 61.3 %,

Table 6 Associations between LBP and health behaviour variables in 14 to 16 year old Finnish adolescents

LBPa Frequent LBPb

Variables Category Boys (n = 768) Girls (n = 856) Boys (n = 768) Girls (n = 856)

ORc 95 % CI ORc 95 % CI ORc 95 % CI ORc 95 % CI

Screen timed 1.07 (1.01–1.12) 1.06 (1.01–1.10) 1.04 (0.99–1.10) 1.03 (0.99–1.09)

Leisure time PAe Approx. <30 min/week 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Approx. 1–3 h/week 1.38 (0.58–3.29) 1.31 (0.74–2.31) 2.04 (0.40–10.27) 0.79 (0.35–1.79)

Approx.4-6 h/week or more 1.56 (0.63–3.82) 1.75 (0.95–3.23) 1.11 (0.20–6.10) 1.20 (0.50–2.85)

Sports club membership No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 2.35 (1.48–3.72) 0.97 (0.67–1.42) 2.73 (1.17–6.34) 0.99 (0.56–1.76)

Use of alcohol <1x month 1 (referent) 1 (referent) 1 (referent) 1 (referent)

1 x month 1.15 (0.59–2.22) 1.40 (0.77–2.55) 1.39 (0.45–4.29) 1.63 (0.76–3.50)

≥2–3 x month 2.25 (1.04–4.90) 1.17 (0.61–2.25) 2.73 (0.87–8.60) 0.57 (0.19–1.75)

Smoking No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 2.32 (1.29–4.19) 1.96 (1.26–3.04) 1.42 (0.53–3.78) 1.46 (0.78–2.76)

Statistically significant results are indicated in bold
aLBP more than once a month during the last 3 months
bLBP at least once a week during the last 3 months
cBinary logistic regression was used and all variables were included in the same model. Analyses were adjusted by age, BMI, chronic diseases, smoking, school
attainment level
dTV, computer, computer/console games, phone, tablet use, OR calculated per additional hour of screen time
e Intensity: breathlessness and sweating

Table 7 Associations between LBP and training characteristics in 14 to 16 year old sports club members

Boys Girls

Training Characteristics ORa 95 % CI ORa 95 % CI

Active playing/practicing years (boys n = 488, girls n = 465) 1.05 (0.97–1.13) 1.07 (1.00–1.14)

Training hours per week during training season (boys n = 486, girls n = 463) 1.05 (1.01–1.09) 1.01 (0.96–1.05)

Training hours per week during competition season (boys n = 482, girls n = 448) 1.03 (0.99–1.08) 1.03 (0.99–1.08)

Number of competitions/games during previous 12 months (boys n = 485, girls n = 462) 1.01 (1.00–1.02) 1.00 (0.98–1.01)

Number of rest days during training season (boys n = 483, girls n = 461) 0.78 (0.65–0.94) 0.96 (0.83–1.11)

Number of rest days during competition season (boys n = 480, girls n = 459) 0.79 (0.66–0.94) 0.84 (0.72–1.00)

Statistically significant results are indicated in bold
aAll training variables analysed in separate models. Adjusted by age, BMI, chronic diseases, smoking, school attainment level
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which is in line with the findings of Harreby at al. [29],
who investigated the risk factors of LBP in a cohort of
1389 Danish children aged 12–16 years (49.8 % in boys
and 67.4 % in girls) and had similar definition of LBP as
our study. Van Gent et al. [30] reported 3-month preva-
lence of LBP in adolescents aged 12–14 years (n = 745) as
53.8 % for girls and 39.4 % for boys. In the present study,
the prevalence of frequent LBP was in line with the results

of severe LBP in the study Van Gent et al. [30] (11.0 % vs
9.5 % in girls and 5.4 % vs 4.5 % in boys, respectively). Van
Gent et al. [30] defined LBP complaints severe if they
bothered the children daily, demanded medication use or
affected normal functioning, which is somewhat different
than in our study. In our study LBP was defined as”ache
or pain in the low back” and frequent LBP was reported to
occur at least once a week.

Table 8 Associations between NSP and health variables in 14 to 16 year old Finnish adolescents

NSPa Frequent NSPb

Variables Category Boys (n = 768) Girls (n = 856) Boys (n = 768) Girls (n = 856)

ORc 95 % CI ORc 95 % CI ORc 95 % CI ORc 95 % CI

Chronic diseasesd No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 1.85 (1.23–2.80) 1.49 (1.05–2.10) 1.00 (0.46–2.18) 1.21 (0.81–1.79)

BMI 1.03 (0.97–1.10) 1.03 (0.97–1.08) 1.02 (0.91–1.15) 1.07 (1.01–1.13)

Low back pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 1.88 (1.16–3.03) 2.15 (1.48–3.11) 1.84 (0.73–4.66) 1.88 (1.22–2.91)

Thoracic spine pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 3.53 (1.97–6.33) 4.87 (2.92–8.11) 4.91 (1.94–12.42) 3.87 (2.48–6.06)

Upper limb pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 6.47 (3.73–11.23) 4.00 (2.39–6.61) 1.00 (0.35–2.88) 1.94 (1.21–3.10)

Lower limb pain No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yese 1.39 (0.83–2.33) 1.44 (0.98–2.12) 0.65 (0.23–1.88) 1.07 (0.68–1.68)

Statistically significant results are indicated in bold
aNSP more than once a month during the last 3 months
bNSP at least once a week during the last 3 months
cBinary logistic regression was used and all variables were included in the same model. Analyses were adjusted by age, BMI, chronic diseases, smoking, school
attainment level
dAllergy, asthma, diabetes, epilepsy, heart condition, etc.
eAt least once a month

Table 9 Associations between NSP and health behaviour variables in 14 to 16 year old Finnish adolescents

NSPa Frequent NSPb

Variables Category Boys (n = 768) Girls (n = 856) Boys (n = 768) Girls (n = 856)

ORc 95 % CI ORc 95 % CI ORc 95 % CI ORc 95 % CI

Screen timed 1.05 (1.00–1.10) 1.03 (0.98–1.07) 1.03 (0.98–1.09) 1.02 (0.98–1.06)

Leisure time PAe Approx. <30 min/week 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Approx. 1–3 h/week 0.81 (0.40–1.65) 1.37 (0.80–2.33) 1.94 (0.53–7.11) 1.29 (0.69–2.39)

Approx. 4–6 h/week or more 0.79 (0.37–1.66) 1.07 (0.60–1.90) 1.27 (0.31–5.15) 1.23 (0.62–2.41)

Sports club membership No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 1.09 (0.72–1.65) 0.76 (0.53–1.10) 0.64 (0.30–1.37) 0.52 (0.33–0.82)

Use of alcohol <1 x month 1 (referent) 1 (referent) 1 (referent) 1 (referent)

1 x month 1.70 (0.91–3.17) 1.84 (0.97–3.49) 1.46 (0.47–4.54) 1.34 (0.68–2.62)

≥2–3 x month 2.75 (1.29–5.83) 1.52 (0.77–2.99) 2.73 (0.92–8.09) 0.96 (0.45–2.06)

Smoking No 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Yes 1.36 (0.76–2.43) 1.65 (1.04–2.59) 1.56 (0.61–3.98) 1.42 (0.87–2.32)

Statistically significant results are indicated in bold
aNSP more than once a month during the last 3 months
bNSP at least once a week during the last 3 months
cBinary logistic regression was used and all variables were included in the same model. Analyses were adjusted by age, BMI, chronic diseases, smoking, school
attainment level
dTV, computer, computer/console games, phone, tablet use, OR calculated per additional hour of screen time
eIntensity: breathlessness and sweating
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Van Gent et al. [30] reported that among 12–14-years-
old, the prevalence of severe NSP is 6.5 % for girls and
5.0 % for boys. Diepenmaat et al. [13] reported that among
12–16-year-olds, the prevalence of frequent NSP (more
than 4 days a month) is 14.2 % for girls and 8.7 % for boys.
Myrtveit et al. [31] reported that among 18-year-olds,
weekly NSP was suffered by 28 % of girls and 11 % of boys.
Similarly, Ståhl et al. [4] found a 19 % prevalence of weekly
neck pain among of 13–16-year-old boys and girls. Our
findings on the prevalence of frequent NSP are in line with
these previous findings. However, the prevalence of NSP
in girls was higher in our sample compared to previous
studies [13, 30].
It has been suggested that the relationship between

LBP and physical activity is U-shaped [32]. Some studies
have found that as the intensity or amount of physical
activity increases, so does the risk of LBP in the adoles-
cents [7, 10, 12, 33]. Some studies have not been able to
find an association between physical activity and LBP
[13, 14, 30, 34] or the development of neck and upper
limb/shoulder pain [13, 35–38]. In a recent prospective
population-based cohort study among 19–21-year-old
men, moderate physical activity and a good fitness level
were found to protect the subjects from LBP [39]. Physical
activity has been reported to be associated with a reduced
risk for NSP [31]. Wedderkopp and et al. [36] did not no-
tice significant increases in the odds of neck pain when
they compared physical activity (low, mid, high) measured
objectively with an accelerometer in 9-year-old children.
However, they noticed that 9-year-old children with the
lowest levels of physical activity were four times more
likely to have low back pain 3 years later than the children
with the highest levels of physical activity [36].
Mogensen et al. [34] investigated the difference of the

1-month prevalence of low back pain and neck pain in
adolescents (12–13-years-old) participating in sports and
those who did not take part in any sport. They found no
difference between the groups for LBP (40 % vs 39 %) or
neck pain (13 % vs 11 %). Even though we did not find
statistically significant associations between self-reported

leisure-time physical activity and LBP or NSP in the
present study, we did find a significantly higher prevalence
of LBP in male sports club members and a higher preva-
lence of NSP in non-members in general. According to a
prospective study, athletes participating in sports club ac-
tivities at least twice a week reported significantly more
LBP than non-athletes (n = 116, age range 10.3–13.3) [40].
The higher prevalence of LBP in boys who are sports club
members might be due to the higher volume and intensity
of exercise. The increased prevalence of LBP in male
sports club members might be due to insufficient recov-
ery, as suggested by our finding on the association be-
tween LBP and the number of rest days.
In the present study, the majority of the subjects –

both members and non-members – reported the origin
of LBP to be overuse, and the results are in line with
previous reports within athletic and general populations
[11, 40–43]. In addition, previous results [4, 44] on con-
comitant pain being more common than single LBP or
single NSP are supported by our findings.
With regard to gender, our results are in line with pre-

vious results. In general, girls are at a higher risk for de-
veloping LBP [2, 3, 9, 29] and NSP [2–4, 9, 30, 31].
However, the recent meta-analysis of LBP in children
and adolescents by Calvo-Muñoz et al. [5] and the study
by Schmidt et al. [45] – who studied the prevalence of
LBP in adolescent athletes – found no association be-
tween gender and LBP. We found that the girls’ odds of
having frequent LBP and frequent NSP were 2.33- (95 %
CI 1.58–3.45) and 4.45-times (95 % CI 3.08–6.40) higher
than the boys’ odds.
Interestingly our results showed a trend towards self-

reported LBP being more common in non-members in
girls, contrary what was seen among the boys. This might
simply be a consequence of boys participating more fre-
quently in sports with higher spinal loads (flexion and ro-
tation), such as ice hockey and football. We found higher
prevalence of frequent NSP in non-members. In relation
to previous studies that have found frequent computer-
related activities to increase the risk of NSP and LBP in

Table 10 Associations between NSP and training characteristics in 14 to 16 year old sports club members

Boys Girls

Training Characteristics ORa 95 % CI ORa 95 % CI

Active playing/practicing years (boys n = 488, girls n = 465) 0.94 (0.87–1.01) 1.07 (1.00–1.14)

Training hours per week during training season (boys n = 486, girls n = 463) 1.00 (0.96–1.04) 0.98 (0.94–1.02)

Training hours per week during competition season (boys n = 482, girls n = 448) 0.98 (0.93–1.02) 1.00 (0.96–1.04)

Number of competitions/games during previous 12 months (boys n = 485, girls n = 462) 1.00 (0.99–1.00) 1.00 (0.99–1.01)

Number of rest days during training season (boys n = 483, girls n = 461) 1.10 (0.92–1.30) 1.05 (0.91–1.21)

Number of rest days during competition season (boys n = 480, girls n = 459) 1.15 (0.96–1.37) 0.96 (0.83–1.10)

Statistically significant results are indicated in bold
aAll training variables analysed in separate models. Adjusted by age, BMI, chronic diseases, smoking, school attainment level
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adolescents [2] it could be speculated that the increased
prevalence in the present study may be at least partly as-
sociated with the higher screen time reported by the non-
members. On the other hand, NSP has also been associ-
ated with depressive symptoms and stress in a study
where computer use was not found to be significantly as-
sociated with NSP or LBP [13].
It could be expected that when the amount of rest and

recovery time decreases, the incidence in overuse injuries
in particular increases. High frequency of training and lack
of rest days are possible risk factors that sports clubs can
control and thus modify the predisposing factors for injur-
ies. In this study, no significant associations between train-
ing exposure hours per week and LBP were found in girls,
which is in accordance with findings of the study by Tunas
et al. [11]. However, we found a negative association be-
tween LBP and rest days and a positive association between
LBP and number of competitions, and training hours in
males. The number of rest days was also associated with
LBP in girls, the association being negative. Schmidt et al.
[45] found a statistically significant trend towards an in-
creased prevalence of LBP in those athletes who were train-
ing the most. Ristolainen et al. [46] found that elite athletes
(aged 15–35) with less than two rest days per week during
the training season were more than five times more likely
to report an overuse injury (95 % CI 1.89–14.06, P = 0.001).
It is therefore important at the sports club-level to tackle
the challenge of how to minimize the possibility of overload
and to decrease the incidence of overuse injuries.
There are some limitations in the present study that

must be acknowledged. Due to the cross-sectional design
of the study, one must be cautious in drawing conclusions,
especially concerning causality –that is, to differentiate the
associated factors as predisposing factors or simply conse-
quences. For example, pain may have affected training fre-
quency or duration and influenced the physical activity or
inactivity of the study subjects. In addition, there is a pos-
sible recall bias as with retrospective designs, the ability of
the subject to remember and report the information cor-
rectly is a potential issue. The validity of the surveys was
not studied; however, the questionnaires used in these sur-
veys were compiled from previously validated questions in
other similar studies of school-aged adolescents [16–20].
Also psychosocial factors have been shown to be asso-

ciated with LBP and NSP in adolescents [44, 47]. The
lacking of these variables as potential confounders could
have influenced the results of this study as screen time
has been shown to be associated with symptoms of de-
pression and anxiety in adolescent [48].

Conclusions
Self-reported low back pain and neck and shoulder pain
are common among 14–16-year-olds. The prevalence of
LBP was higher in male sports club members and the

prevalence of NSP was higher among non-members in
general. It also seems that higher screen time is weakly
associated with musculoskeletal symptoms of the back,
neck, and shoulder regions among adolescents.
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1 |  INTRODUCTION

Lifetime occurrence of back pain has been reported to range 

between 47% and 90% in the adult athlete population and 

most frequently pain occurs in the low back.1 Back pain, es-

pecially in the low back (LBP), is also common in the young 

athlete population.2-4 For example, Van Hilst et al3 reported

33%- 64% annual prevalence in field hockey, 64% in football 

and Schmidt et al.4 A total of 57% in athletes participating in

various sports.

In Finland, half of all children and adolescents take 

part in organized sports club activities, floorball and bas-

ketball being among the most popular sports.5 Basketball

has approximately 450 million players around the world.6

Floorball, also called innebandy, indoor bandy, and uni-

hockey, is a popular sport in Scandinavia and some European 

countries such as the Czech Republic and Switzerland. 

Floorball, has nearly 310 000 licenced players and the num-

ber is still growing.7 Both sports include sprinting; sudden

turns, stops, and landings; and dual tasking in terms of 

handling a ball while moving. In addition, both sports in-

clude rotational movements and asymmetrical manoeuvers. 

Furthermore, the stance is similar, with the knees and hips 

being bent. In floorball, the playing position also often in-

cludes trunk flexion and rotation and asymmetrical positions 

due to the use of a stick. According to our previous report, 
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annual prevalence of LBP in young basketball and floorball 

players ranges from 44% up to 62%.8

Back pain, especially LBP, has long- term consequences.9

It is also known to be associated with other musculo- skeletal 

complaints10 and neuromuscular impairments in the low back 

and pelvic area.11 It is not entirely clear whether these im-

pairments are the cause or the effect of LBP. Nevertheless, 

these impairments have been reported to predispose athletes 

to lower extremity injuries.12 A history of back pain has also

been reported to decrease performance13 and a previous back

injury is reported to be associated with new changes seen in 

imagining studies in the lower back in young athletes.14

To our knowledge, prospective studies investigating the in-

cidence and risk factors for back pain in young athletes under 

21 years of age are limited. To develop effective preventive 

methods, the magnitude and causes behind the problem need 

to be established.15 Therefore, the primary aim of this study

was to investigate the incidence of back pain among young 

floorball and basketball players in Finland. The secondary 

aim was to explore possible risk factors for low back pain 

(LBP) and especially for non- traumatic LBP.

2 |  MATERIALS AND METHODS

2.1 | Design and participants
This study is part of the large PROFITS- study (Predictors 

of Lower Extremity Injuries in Team Sports) carried out in 

Finland between 2011 and 2015. More detailed information 

on the PROFITS-  study is described elsewhere.16 Briefly,

from the Tampere City district in Finland, 10 basketball 

and 10 floorball teams were invited from six sports clubs. 

Nine basketball teams and nine floorball teams agreed to 

participate. The flow diagram of teams and players can 

be seen in Figure 1. Altogether, 396 young basketball and 

floorball players took part (mean age 15.8 ± 1.9 years.). 

The baseline characteristics of the subjects are presented in 

Table 1 and S1. The players entered the study in the April- 

May of 2011, 2012 or 2013 (Figure S1). A total of 261 

players were observed prospectively for one study year, 80 

for two study years and 55 for three study years. A total 

of 586 athlete- years and 134 849 training and game hours 

(athlete exposure; AE) were recorded during the follow- up 

(2011- 2014).

2.2 | Baseline questionnaire and tests
At baseline, the players performed physical tests and 

completed a baseline questionnaire at the UKK Institute, 

Tampere, Finland. The baseline questionnaire covered 

the following demographics: age, sex, dominant leg, diet, 

alcohol and nicotine use, menstrual history, chronic ill-

nesses, medication use, family history of musculo- skeletal 

disorders, playing years, playing position and level, previ-

ous injuries, back pain history (Standardized Nordic ques-

tionnaire of musculo- skeletal symptoms/modified version 

for athletes)17,18 and training and playing history during

the previous 12 months. The Physical tests were performed 

at the UKK Institute over 1 day. The tests included an-

thropometric measurements; hamstring, quadriceps, and 

iliopsoas extensibility; generalized joint laxity (Beighton- 

Horan index); isometric hip abduction strength; and a one 

repetition maximum (1RM) of the leg press. The tests are 

described in detail in Data S1 and in the study protocol.16

All AE (games and training) was collected for each player 

by the coaches.

2.3 | Back pain definitions and
data collection
Fuller et al’s consensus statement for sports injury definitions 

and data collection is widely used in sports injury research19

and in this study, the definition of back pain was based on 

it. Thus, back pain was defined as pain in the upper and/or 

lower back area, that prevented the player from fully partici-

pating in the team training and playing during the following 

24 hours. Severity was expressed as time lost from training 

and playing. Back pain was registered if it occurred during or 

after scheduled team practice or game. During the follow- up, 

back pain was registered weekly and verified by one of the 

five study physicians. A study physician contacted the teams 

once a week to gain information about new back complaints 

and to interview the players.

A structured injury questionnaire (Data S2) was used to 

register back pain including the location, cause, type, time 

of onset and suspected mechanism (acute traumatic vs non- 

traumatic), as recommended by Fuller et al.19 Back pain re-

sulting from a specific and identifiable event, such as falling, 

was referred as acute traumatic back pain. Back pain without 

single identifiable event was referred as non- traumatic back 

F I G U R E  1  Flow of players in the study (aExcluded due to not

being official members of the team)
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pain. Situations where acute traumatic back pain occurred 

were categorized as “contact”, “indirect contact”, and “non- 

contact” injuries.20 A contact injury was defined as an injury

sustained by the injured body region because of direct con-

tact with another player or object. An indirect contact and 

non- contact injury was defined as occurring without direct 

contact to the injured body region. All back pain resulting 

from direct contact (n = 8) were excluded from this study. 

These included coccyx fracture (n = 2), sacrum contusion 

(n = 1), upper back contusion (n = 1), and lower back con-

tusion (n = 4). The reason for the exclusion was that it was 

considered unlikely that the risk factors investigated in this 

study are associated with direct contact injury, such as a blow 

to the back with a stick.

2.4 | Ethics approval
Informed consent was collected from each player (and par-

ent or guardian if the player was under 18 years of age) in 

writing. The study was approved by the Ethics Committee 

of Pirkanmaa Hospital District (ETL- code R10169) before 

the start of the study, and it was carried out in accordance 

with the Declaration of Helsinki and the guidelines for good 

scientific practice.

Variables Basketball Floorball P- value

Total

Median Mean

Age, y (mean, (SD))

All 14.9 (1.6) 16.8 (1.6) ≤.001 16.0 15.8 (1.9)

Female 14.6 (1.6) 16.5 (1.9)

Male 15.2 (1.6) 16.9 (1.3)

Height, cm (mean, SD)

All 173.8 (9.8) 173.5 (8.6) .774 173.5 173.7 (9.2)

Female 168.4 (6.5) 166.6 (5.7)

Male 179.3 (9.5) 178.6 (6.5)

Weight, kg (mean, SD)

All 64.8 (12.1) 66.4 (9.3) .078 64.7 65.6 (10.8)

Female 60.9 (9.4) 61.2 (7.5)

Male 68.9 (13.2) 70.1 (8.7)

BMI (mean, SD)

All 21.4 (3.0) 22.0 (2.4) ≤.001 21.4 21.7 (2.7)

Female 21.4 (2.9) 22.1 (2.6)

Male 21.3 (3.1) 22.0 (2.3)

Playing years (mean, SD)

All 6.9 (2.9) 7.7 (3.0) .013 7.0 7.3 (3.0)

Female 6.5 (2.6) 6.2 (2.6)

Male 7.3 (3.2) 8.7 (2.8)

Training hoursa (mean, SD)

All 215.1 (102.9) 236.0 (114.1) .093 229.6 225.3 

(108.9)

Female 179.4 (77.7) 221.5 (88.7)

Male 252.0 (112.7) 246.6 (128.9)

Game hoursb (mean, SD)

All 6.7 (4.6) 9.7 (6.7) ≤.001 7.5 8.2 (5.9)

Female 7.2 (4.9) 9.1 (6.5)

Male 6.3 (4.2) 10.1 (6.8)

Boys: basketball n = 100, floorball n = 111; Girls: basketball n = 103, floorball n = 82.
*P- values shown refer to the t test/Mann- Whitney test between sports groups.
aTeam practice hours/season.
bActive playing time in games during the season.

T A B L E  1  Baseline characteristics 

(n = 396)
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2.5 | Statistical methods
IBM SPSS Statistics (v. 23- 24.0) was used to carry out de-

scriptive statistical analyses. Differences between the baseline 

characteristics of the groups were assessed using crosstabs 

and the Chi- square test (and the t test/Mann- Whitney test

when appropriate), and the results are reported as the mean, 

standard deviation (SD), and 95% confidence intervals (95% 

CI). The baseline was the first year the player took part in the 

study, leading to the follow- up being 1- 3 years, depending 

on the player. The primary outcome was back pain, including 

both acute traumatic and non- traumatic onset back pain that 

resulted in time lost from training and/or games. The inci-

dence of back pain was expressed as the number of injured 

players per 1000 athlete- years and per 1000 hours of AE.

Cox’s proportional hazard models with mixed effects 

were used to investigate the associations between baseline 

characteristics and low back pain, except for iliopsoas and 

quadriceps extensibility. Measurements for quadriceps and 

iliopsoas extensibility started during the second study year, 

so players who had low back pain in the first study year were 

excluded from the analyses for these two variables. Analyses 

were performed separately for non- traumatic low back pain 

(ntLBP) and all low back pain (aLBP) the latter also includ-

ing acute traumatic low back pain. For players reporting more 

than one LBP period following baseline testing, only the first 

was included in the risk factor analysis. The sports club was 

used in all models as a random effect. Monthly exposure 

time, including all training and games, from the start of the 

follow- up until the first LBP or the end of follow- up was in-

cluded in the models. Age, sex, BMI, nicotine use, family 

history of LBP, starting age in the sport, participation in other 

sports, and LBP during the previous 12 months, as reported 

in the baseline were initially entered to the model, but only 

variables with a P- value close to .20 or less were entered

into the final model. R (v 3.1.2; R Foundation for Statistical 

Computing)21 package coxme22 was used for the risk factor

analyses. The results are presented as hazard ratios (HR) and 

reported with 95% CIs.

3 |  RESULTS

3.1 | Back pain incidence and onset
mechanisms
During the follow- up, back pain was reported 61 times by 51 

players (13%). The incidence of back pain in floorball and 

basketball players was 87 per 1000 athlete- years and 0.4 per 

1000 hours of AE. The incidence of back pain by sport is 

shown in Table 2. Acute traumatic back pain was reported 

17 (27%) times and non- traumatic back pain 44 (73%) times.

The incidence of non- traumatic back pain was 75 per 

1000 athlete- years (0.3 per 1000 hours of AE) in floorball T
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players and 61 per 1000 (0.3 per 1000 hours of AE) in bas-

ketball players. Of the non- traumatic back pain, 61% (n = 27) 

was reported to be recurrent. Most of the non- traumatic back 

pain (77%) was classified as non- specific, and 98% (n = 43) 

located in the lumbar- pelvic area. Of the non- traumatic back 

pain, nearly half (46%) in floorball and 35% in basketball re-

sulted in more than 29 days of absence from normal training 

(Figure 2).

Most of the acute traumatic back pain occurred in non- 

contact situations (n = 14, 82%), with only three (17%) re-

sulting from indirect contact. Of the acute traumatic back 

pain, 24% (n = 4) was classified as muscle- tendon injuries, 

such as a spasm or strain. The most reported situations (59%, 

n = 10) leading to acute traumatic back pain were landing 

from a jump or sudden/unexpected movement. The majority 

(76%, n = 12) of acute traumatic back pain occurred during 

practice, mostly during conditioning training.

3.2 | Risk factors for low back pain
Thirty- nine non- traumatic LBP and nine acute traumatic 

LBP were included in the risk factor analysis. The hazard ra-

tios for the Cox’s Regression models are shown in Table 3. 

Hamstring extensibility (P = .540 for ntLBP, P = .360

for aLBP), extensibility asymmetry (P = . 430 for ntLBP,

P = .650 for aLBP), quadriceps (P = .640 for ntLBP,

P = .430 for aLBP) and iliopsoas extensibility (P = .790 for

ntLBP, P = .760 for LBP), and general joint hypermobil-

ity (P = .890 for ntLBP, P = .720 for aLBP) were not sta-

tistically significantly associated with LBP. Furthermore, 

no association between LBP and lower extremity strength 

measures were found in these young basketball and floorball 

players (Leg press 1RM P = .240 for ntLBP, P = .450 for

aLBP; isometric hip abduction strength asymmetry P = .310

for ntLBP, P = .340 for aLBP).

4 |  DISCUSSION

This study showed that the incidence of time- loss back pain 

in floorball and basketball players was 87 per 1000 athlete- 

years (0.4 per 1000 hours of AE). The incidence of non- 

traumatic back pain was 75 per 1000 athlete- years (0.3 per 

1000 hours of AE) in floorball players and 61 per 1000 (0.4 

per 1000 hours of AE) in basketball players. Nearly, half of 

the non- traumatic back pain resulted in more than 29 days 

missed from normal training and more than half were re-

ported to be recurrent. No significant associations were ob-

served between LBP and generalized joint mobility, lower 

extremity muscle extensibility, leg extension strength (leg 

press 1 RM) or hip abduction strength asymmetry.

The definition of back pain used in this study excluded 

minor back complaints that did not prevent participation in 

normal training during the following 24 hours. Therefore, it 

is likely that the prevalence and incidence of any back com-

plaints in this population are even higher. In fact, in the base-

line questionnaire, the players were asked about any low back 

complaints and 53% of the players reported low back pain 

during the preceding 12 months. In addition, in our previous 

cross- sectional study, we found an annual prevalence of any 

back pain as high as 44% in basketball players and 62% in 

floorball players,8 which is in line with previous studies.3,18

Van Hilst et al3 found the prevalence of LBP to be 54%- 66%

in young speed skaters, 33%- 64% in field hockey players and 

64% in football players. Bahr et al18 reported prevalence rates

of 63% among skiers, 55% among rowers, and 50% among 

orienteers. The recurrence rate in this study was similar to 

that previously reported in young athletes.3 Van Hilst et al re-

ported the recurrence of LBP being 50%- 60%.3 Non- traumatic 

back pain was also more severe in terms of time lost from 

normal training. Nearly, half of the injured players were not 

able to participate in normal training for 29 days or longer. 

F I G U R E  2  Severity of the non- traumatic (left) and acute traumatic (right) back pain (results given as percentage (%) of all back pain 

according to time- loss days)
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Considering the recurrence and severity of the reported back 

pain, it is therefore unsurprising that it has been argued LBP 

has a detrimental effect on athletic performance.13

In cross- sectional studies focusing on athletic populations, 

LBP has been reported to be associated with the function of 

the trunk and pelvis muscles,23,24 as well as spinal move-

ments during walking and running.25 Hip muscle strength

and asymmetry have been reported to be associated with 

other lower extremity injuries.26,27 However, it is unclear if

the deficits in neuromuscular function in the lumbar–pelvic 

area are the cause or effect of back complaints. In the pro-

spective setting, we did not find lower extremity strength or 

hip abduction strength asymmetry to be a risk factor for time- 

loss low back pain in young athletes. Pain has been shown to 

inhibit maximal voluntary muscle force in experimental stud-

ies28 and the results of this current study indicate that deficits

in neuromuscular function in the lumbar- pelvic area might be 

more of an effect than a cause of LBP.

General joint hypermobility in children has been asso-

ciated with decreased proprioception and muscle perfor-

mance,29 and therefore, it could be hypothesized to be a

possible risk factor for back complaints. Previous studies 

have not found an association between back pain and general 

hypermobility in adults,30,31 and according to our results, it

is not a risk factor for back pain in young athletes either. 

Hamstring extensibility has been found to be associated 

with LBP in adolescents.32 Nevertheless, only a few stud-

ies have investigated the association between hamstring33,34

and quadriceps33 extensibility and LBP prospectively in the

adolescent population. Only one of the two studies found a 

significant association between hamstring extensibility and 

LBP. According to our results, hamstring extensibility is not 

associated with the incidence of LBP in young athletes, and 

the result supports the findings of a previous study involv-

ing young athletes.34 We also noticed that neither iliopsoas

nor quadriceps extensibility were associated with the inci-

dence of LBP in young athletes. Similar findings regarding 

the quadriceps in young people have been reported previ-

ously Feldman et al,33 but contrary findings have also been

reported by Kanachanomai et al.35 The difference between

the findings could be due to the differing definitions of LBP, 

and/or the different measurements used. Kanachanomai 

et al35 measured hamstring extensibility using the active

knee extension test. Feldman et al33 used the knee extension

test in a similar manner as we did in our study, but they failed 

to mention if active knee extension was used or if the end- 

point of the knee extension was determined by the subjective 

feeling of a stretch or a standardized pulling force.

There are some strengths and limitations to this study. To 

our knowledge, this study is among the largest prospective 

studies assessing risk factors for back pain in young athletes. 

However, in cohort studies with a follow- up, the investigated 

factors may change over time, especially in cohorts with 

young people. Thirty- nine of the first low back pain periods 

occurred during the players’ first study year, eight during the 

second year, and one during the third study year, meaning 

that in most cases (81%), the time between the baseline test 

and the first low back pain period was 1 year or less. The 

lack of inclusion of psychosocial factors in the LBP risk fac-

tors is a limitation, as they have been shown to be associated 

with LBP in young people36 and LBP becoming chronic in

athletes.37 In addition, we were unaware of the time spent in

everyday physical activity or inactivity by the athletes out-

side their sport or the training characteristics of other sports 

they might play. For example, screen time has been shown by 

Rossi et al2 and Hakala et al38 to be associated with LBP. In

addition, we did run the analysis with players without previ-

ous history of back pain. However, the number of events was 

too small for complicated models. The analysis of the sub- 

group, without any adjusting factors, did not find significant 

risk factors for LBP. Therefore, in the final analysis we de-

cided not to exclude players with previous back complaints, 

but we adjusted for previous LBP in the risk factor analysis. 

As we did not find predisposing factors for back pain, the pro-

longed back pain could be associated with anatomic changes 

in the growing spine due to high loading. These changes may 

include vertebral end plate and ring apophysis changes14 and

posterior vertebral arch stress fractures.39 However, our study

protocol did not include systematic imaging studies to find 

out the possible structural reasons for back pain.

In summary, back pain seems to result in considerable 

time- loss from training and competing among young bas-

ketball and floorball players, and the pain tends to reoccur. 

According to this 3- year prospective follow- up study, lower 

extremity extensibility, general hypermobility, lower extrem-

ity strength, and hip abduction strength asymmetry are not 

associated with the incidence of time- loss low back pain in 

young basketball and floorball players.

5 |  PERSPECTIVE

As measured in this study, the investigated factors cannot be 

used to assess the risk for low back pain in young team ball 

game players. However, the association between low back 

pain and functional tests assessing neutral zone control and 

neuromuscular movement control of the low back and pelvis 

area require further studies.
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Abstract

Background: Prospective studies investigating risk factors for low back pain (LBP) in youth athletes are limited. The
aim of this prospective study was to investigate the association between hip-pelvic kinematics and vertical ground
reaction force (vGRF) during landing tasks and LBP in youth floorball and basketball players.

Methods: Three-hundred-and-eighty-three Finnish youth female and male floorball and basketball players (mean
age 15.7 ± 1.8) participated and were followed up on for 3 years. At the beginning of every study year the players
were tested with a single-leg vertical drop jump (SLVDJ) and a vertical drop jump (VDJ). Hip-pelvic kinematics,
measured as femur-pelvic angle (FPA) during SLVDJ landing, and peak vGRF and side-to-side asymmetry of vGRF
during VDJ landing were the investigated risk factors. Individual exposure time and LBP resulting in time-loss were
recorded during the follow-up. Cox’s proportional hazard models with mixed effects and time-varying risk factors
were used for analysis.

Results: We found an increase in the risk for LBP in players with decreased FPA during SLVDJ landing. There was a
small increase in risk for LBP with a one-degree decrease in right leg FPA during SLVDJ landing (HR 1.09, 95% CI
1.02 to 1.17, per one-degree decrease of FPA). Our results showed no significant relationship between risk for LBP
and left leg FPA (HR 1.04, 95% CI 0.97 to 1.11, per one-degree decrease of FPA), vGRF (HR 1.83, 95% CI 0.95 to 3.51)
or vGRF side-to-side difference (HR 1.22, 95% CI 0.65 to 2.27) during landing tasks.

Conclusions: Our results suggest that there is an association between hip-pelvic kinematics and future LBP.
However, we did not find an association between LBP and vGRF. In the future, the association between hip-pelvic
kinematics and LBP occurrence should be investigated further with cohort and intervention studies to verify the
results from this investigation.

Level of evidence: Prognosis, level 1b.
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Key points
Findings Based on the results of this study, peak vGRF
is a poor risk factor for LBP in youth team sport players.
Hip-pelvic kinematics are associated with increased risk
for LBP; smaller angle between the femur and pelvis in-
creases the risk for all LBP and non-traumatic gradual
onset LBP.
Implications One cannot discriminate players with fu-

ture LBP based on the femur-pelvic angle during SLVDJ
landing alone. The association between hip-pelvic kine-
matics and other movement patterns, such as trunk
kinematics, and risk for LBP in athletes merits further
investigations.
Caution The data recording and statistical analyses in

this study did not take into account the temporal nature
of physical abilities during the follow-up nor did it in-
clude psychosocial factors. Statistical power might not
have been enough to reveal small to moderate associa-
tions. The results should be verified by future cohort
and intervention studies.

Background
Back pain is common among youth athletes [1]. Our pre-
vious findings show that nearly half of floorball players
(45%) and 64% of basketball players have had LBP during
the preceding 12months [2]. Furthermore, lower extrem-
ity injuries (LEI) resulting in time loss are common among
these players [3]. Association between LEI and back pain
has been suggested by previous research [4–6]. It has been
speculated that changes in lower extremity function after
an injury, or shared risk factors, might explain the associ-
ation between LEI and LBP and that plausible mecha-
nisms behind this relationship should be investigated [5].
Sports injury studies have investigated the association be-
tween LEI and lower extremity kinetics and kinematics,
such as ground reaction forces and lower extremity move-
ment patterns, but they have not considered how these
factors might contribute to the cause of LBP.
Previous studies investigating intrinsic risk factors for

LBP in youth have focused mostly on lower extremity and
trunk muscle strength and endurance, flexibility and an-
thropometric measures [1, 7]. Prospective investigations
into association between LBP and movement patterns in
youth athletes are scarce [8] and most of the previous
studies investigating back pain in athletes have been
largely cross-sectional [9].
It has been stated that the trunk, including lumbo–pel-

vic–hip complex, is the central point of kinetic chains of
most sports activities and essential in decreasing back
injuries [10]. Furthermore, it has been suggested that for
the functional evaluation of the trunk and lumbo–pel-
vic–hip complex, dynamic hip-pelvic movement patterns
should be investigated [10]. Previous research has identi-
fied differences between youth athletes with and without

LBP on lumbo–pelvic–hip complex movement patterns
[11–14] and an association between LBP and frontal
plane hip-pelvic movement patterns has been observed
in single-leg dynamic tasks in youth cricket players [15]
and in adults with LBP [16].
Basketball and floorball (an indoor team ball sport that

resembles floor hockey) are sports that include running,
sudden direction changes and stops. In addition, basket-
ball players perform lots of jumping and landing [17].
These movements produce large ground reaction forces
(GRF) [18, 19] that transfer to the lumbar spine and thus
may pre-dispose players to LBP. Yet, to our knowledge,
the association between LBP and peak vGRF nor
lumbo–pelvic–hip complex movement patterns, using
kinematic measures, have not been investigated in youth
floorball and basketball players.
The aim of this exploratory prospective study was to

investigate if hip-pelvic kinematics, measured as femur-
pelvic angle (FPA), and peak vGRF during landing tasks,
are associated with LBP incidence in a large cohort of
youth basketball and floorball players. The prospective
design and consideration of the individual training and
game exposure hours adds to the novelty value of this
study. The hypotheses were that [1] decreased FPA in
frontal plane during single-leg vertical drop jump
(SLVDJ) landing and [2] higher or asymmetric peak
vGRF during vertical drop jump (VDJ) landing increase
the risk for LBP plausibly due to increased load and
strain in the lumbo-pelvic area.

Methods
Study design and data collection
This study is part of the large Finnish PROFITS study
(Predictors of Lower Extremity Injuries in Team Sports)
carried out between 2011 and 2015 [20] and the descrip-
tive results regarding LBP have been reported already in
previous reports [1, 2]. This study was approved by the
Ethics Committee of the Pirkanmaa Hospital District
(ETL-code R10169) and carried out in accordance with
the Declaration of Helsinki and the guidelines for good
scientific practice. Written informed consent was ac-
quired from the participants (and a legal guardian if the
player was under 18 years old).
Ten female and male basketball and 10 floorball teams

were recruited from six sports clubs in Tampere,
Finland. Players older than 21 and younger than 12 at
baseline were excluded. Data were collected at baseline
in April or May of 2011, 2012, or 2013 as the player en-
tered the study, and at the beginning of each study year
in which the player participated. The players were
followed prospectively for up to 3 years. Data from all
players entering the follow-up were included in the ana-
lyses for the time they participated.
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The baseline questionnaire covered the following
demographics: age, sex, dominant leg, nicotine use, fam-
ily history of musculoskeletal disorders, and training and
playing history during the previous 12months.
The players’ history of back pain was recorded using the

Standardized Nordic questionnaire of musculoskeletal
symptoms (modified version for athletes) [21, 22]. History
of previous LBP was determined based on the question:
How many days have you had LBP during the past 12
months: ‘none’ (recorded as no LBP history), ‘1 to 7 days’,
‘8 to 30 days’, ‘>30 days but not daily’ and ‘daily’ (recorded
as a history of LBP). The questionnaire has been validated
among adults [23]. The baseline questionnaire was com-
pleted during the same day as the baseline tests.
The baseline tests were performed at the UKK Institute

over 1 day at the beginning of every follow-up year. The
test procedures are outlined in more detail in previous re-
ports [20, 24–29] and Table 1 and only briefly described
below. Players with an ongoing injury at the time of the
baseline test and players who did not have a valid number
of test trials were excluded from the risk factor analyses.
The SLVDJ was used to investigate hip-pelvic kinematics.

In the SLVDJ the player dropped off from a 10-cm box
followed by a maximal vertical jump. Hip-pelvic angles
were estimated from a still video image by an investigator
using Java-based software (ImageJ, National Institutes of
Health), and FPA, outlined in Fig. 1, was chosen for risk
factor analysis. The FPA measured in a similar, but not
identical 2D single-leg landing task has shown good correl-
ation with 3D measurements [31]. Using the same methods
as this study, Stensrud et al. observed moderate to excellent
reliability when they measured lower extremity kinematics
during the SLVDJ (ICC range = 0.58–0.89) [26].
The VDJ was used to investigate the vGRF during

landing. During a valid VDJ test the player stood on the
30-cm box, dropped off the box and immediately after
landing the player performed a maximal vertical jump.
Absolute and weight adjusted peak vGRF and side-to-
side asymmetry were investigated as potential risk fac-
tors. The same methodology has been used previously
by, for example, Nilstad et al., Mok et al. and Krosshaug
et al. [27–29]. They also demonstrated good to excellent
reliability for peak vGRF measure in athletes (ICC
range = 0.60–0.91) [28, 29].

Injury and sport exposure registration
The primary outcomes were traumatic and non-traumatic
LBP. LBP was defined as pain in the lower back area that
prevented the player from taking full part in team prac-
tices and games for at least 24 h. LBP that resulted from a
specific identifiable event, such as falling, was referred to
as acute traumatic LBP. Non-traumatic LBP had gradual
onset, without an identifiable event of trauma. Acute trau-
matic LBP events were categorised as “contact”, “indirect

contact”, and “non-contact” [32]. A contact injury was de-
fined as an injury sustained by the injured body region be-
cause of direct contact with another player or object and
were excluded from this investigation. An indirect contact
and non-contact injury were defined as occurring without
direct contact to the injured body region.
Once a week one of the two study physicians con-

tacted the teams to interview the injured players. A
structured injury questionnaire (Supplementary Table 1)

Table 1 Description of selected baseline tests and the
investigated variables

SINGLE-LEG VERTICAL DROP JUMP (SLVDJ)

Preparation Small pieces of sports tape were placed on the left and
right side of the upper anterior iliac tubercle (ASIS) and tuberositas
tibiae.

Equipment A high-definition digital camera (Sony® Digital HD Video
Camera Recorder HXR-NX70E, Sony Corporation, Tokyo, JAPAN).

Warm up No separate warm-up was performed, as the SLVDJ immedi-
ately followed a previous test (not included in this study). One practice
trial on each leg was allowed.

Test performance During the test the player stood in front of the
video camera, on a 10-cm box. Using one leg, the player dropped off
the box and landed on one leg. Immediately after landing, the player
performed a maximal jump straight up with the same leg. (The test was
performed three times.) An overhead goal was used for maximum effort
[30] and the test started with the right leg. Trials with jumping, a leg
touching the ground or falling/clear loss of balance, were considered in-
valid. Two valid trials was considered acceptable.

Measurements/Calculations The frontal plane knee and pelvic angles
were estimated by a physiotherapist by marking the knee joint centre
and ASIS in the still image captured from a video. Joint angles were
estimated at the point of maximum knee flexion during initial landing.
Femur-pelvic angle (FPA) described the angle between the femur and
pelvis and was calculated from the intersection of a line created by ASIS
and the knee joint centre. A smaller angle indicates increased femur
adduction and/or pelvic drop.

VERTICAL DROP JUMP (VDJ):

Preparation A static calibration trial was performed.

Equipment The 3D motion analysis consisted of eight cameras (Vicon
T40, Oxford, UK), 16 lower body markers (Plug-In Gait, Vicon, Oxford, UK)
and two force plates (AMTI, Watertown, Massachusetts) where data were
recorded synchronously at 300 fps and 1500 Hz. A 30-cm box was used.

Warm up Players performed a standardised warm-up (5 min of cycling)
before testing. One practice trial was allowed.

Test performance The player stood on the 30-cm box, dropped off the
box and landed symmetrically on both feet on the force plates. Immedi-
ately after landing the player jumped as high as possible. An overhead
goal was used for maximum effort [30] and the player tried to touch
the goal with their head. Three valid trials were collected. The trials were
accepted if the entire foot landed on the force plate and the markers
stayed tightly on the athlete’s skin throughout the task.

Measurements/Calculations Vicon Nexus Plug-in Gait model was used
for the analyses. Peak vGRF and vGRF asymmetry were investigated as
potential risk factors. Three trials from both legs were averaged and the
side with the larger value was chosen for analyses as peak vGRF. Peak
vGRF was normalized by bodyweight. The vGRF asymmetry was calcu-
lated as the difference between the right and left legs. GRF was filtered
using a fourth-order Butterworth filter with cutoff frequencies of 15 Hz
and the landing phase was defined as the period when the unfiltered
ground reaction force exceeded 20 N.
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was used to register the injury/pain location, cause, type,
time of onset and the suspected mechanism (acute trau-
matic vs. non-traumatic gradual onset) based on recom-
mendations of Fuller et al. [33]. During the follow-up,
the coaches collected all hours in games and team prac-
tices for each player on a monthly basis. Individual prac-
tice performed outside the scheduled team events was
not included in the exposure data.

Statistical methods
IBM SPSS Statistics (v. 23–24.0) and Chi-square test and
the t-test (Mann-Whitney test when appropriate) were used
for descriptive statistical analyses and the results were re-
ported as the mean and standard deviation (SD). Cox’s pro-
portional hazard models with mixed-effects were used to
investigate the associations between potential risk factors
and LBP (yes/no). This method accounts for the sports ex-
posure and variance in follow-up time between the players.
Mixed effects were used to account for the sports club as a
random effect. Time-dependent variables were used, when
possible, due to the tendency of changes in investigated var-
iables over time. The individual game and practice hours
from the start of the follow-up until the first event (LBP) or
the end of follow-up (if no event) were included in analyses.
For players reporting more than one LBP after the baseline,
only the first was included. Data from all eligible players en-
tering the follow-up were included in the analyses for the
time they participated.
R (v 3.1.2; R Foundation for Statistical Computing [34])

package coxme [35] was used for the risk factor analyses.
Univariate analyses were followed by multivariable analyses,

where the number of adjusting variables was dependent on
the number of events (10 per variable) included in the ana-
lysis, as recommended by Peduzzi et al. [36, 37]. The
adjusting variables were selected from the following factors:
age, sex, BMI, nicotine use, leg dominance, family history of
LBP, and history of LBP. Leg dominance was used as a
two-category variable: the categories ‘left’ and ‘right‘ were
merged into ‘unilateral leg dominance’ and the category
‘don’t know/both’ into ‘bi-lateral/unknown leg dominance’.
The adjusting factors were selected by dropping factors
from the model one by one, based on their statistical signifi-
cance. Only nicotine use, a history of LBP and leg domin-
ance showed a statistically significant association with LBP.
The analyses were performed using continuous and dichot-
omized variables. Variables were dichotomized into ‘high’
and ‘low’ using the median. The results are presented as
hazard ratios (HR), 95% CIs and p-values. The player was
considered as the unit of analysis, but in unilateral tasks the
right and left sides were investigated separately.

Results
Nine teams of both sports agreed to participate (Fig. 2),
with a mean follow-up time of 16.5 months (range 1 to
36months). Player demographics and baseline test re-
sults from each study year are presented in Table 2.
There were some differences between the players in-
cluded and excluded from the tests (Supplementary
Table 2). For example, more male players and heavier
players were excluded from the SLVDJ test due to on-
going injuries and for not having a valid test result. The
players excluded from the VDJ test were older and heav-
ier than those that were included.
During the follow-up, altogether 566 athlete-years

were recorded. Fifty-four percent of players (n = 205) re-
ported no history of LBP at baseline. Of the 383 players,
13% (n = 48) sustained LBP during the follow up, 35% of
them (n = 17) had not had back pain prior to the study.
Half of the players developing LBP during the follow-up

Fig. 1 Femur-pelvic angle (FPA) measured from the still-video image
in single-leg vertical drop jump (SLVDJ) test

Fig. 2 Study participant flow

Rossi et al. BMC Musculoskeletal Disorders          (2020) 21:350 Page 4 of 10



Table 2 Baseline characteristics, baseline test results, and practice and game exposure during the follow up for players with and
without LBP

LBP
during
follow-
up

Study year 2011–2012 Study year 2012–2013 Study year 2013–2014

n Mean SD P
value

n Mean SD P
value

n Mean SD P
value

Age, years No 106 16.2 1.7 0.009 138 16.7 2.0 0.659 266 16.1 2.0 0.109

Yes 6 18.0 1.5 10 16.3 2.2 32 15.5 2.0

Sex, % 100 20.3 5.2 0.743 128 19.3 4.4 0.569 228 18.8 3.9 0.043

Female No 80 95.2 85 92.4 107 88.4

Yes 4 4.8 7 7.6 14 11.6

Male No 26 92.9 53 94.6 159 89.8

Yes 2 7.1 3 5.4 18 10.2

Height, cm No 106 170.4 8.5 0.138 138 173.2 9.1 0.609 259 174.2 9.4 0.929

Yes 6 175.8 10.9 10 171.7 10.1 32 174.1 7.7

Weight, kg No 106 63.8 9.8 0.646 138 66.9 10.5 0.124 259 66.3 11.0 0.598

Yes 6 67.3 12.4 10 62.1 8.4 32 65.1 9.0

BMI No 106 21.9 2.6 0.776 138 22.2 2.6 0.140 259 21.8 2.8 0.633

Yes 6 21.6 2.0 10 21.0 1.6 32 21.4 2.1

Sport, %

Basketball No 58 96.7 0.307 58 96.7 0.717 133 88.1 0.504

Yes 2 66.7 2 3.3 18 11.9

Floorball No 48 92.3 80 90.9 133 90.5

Yes 4 7.7 8 9.1 14 9.5

Nicotine use, %

No No 103 94.5 0.676 134 93.7 0.230 257 89.9 0.103

Yes 6 5.5 9 6.3 29 10.1

Yes No 3 100.0 4 80.0 9 75.0

Yes 0 0.0 1 20.0 3 25.0

Peak vGRF, N/kg No 100 20.3 5.2 0.743 128 19.3 4.4 0.569 228 18.8 3.9 0.043

Yes 5 19.7 4.2 6 18.0 3.7 29 20.2 4.2

Absolute Peak vGRF, N No 100 1289.1 392.3 0.774 128 1269.1 357.4 0.224 228 1216.7 321.3 0.122

Yes 5 1316.5 345.5 6 1077.4 118.5 29 1298.2 308.7

Peak vGRF asymmetry, N/kg No 100 2.5 2.0 0.584 128 2.0 1.8 0.464 228 2.1 1.8 0.641

Yes 5 2.1 2.0 6 2.4 1.8 29 2.1 2.0

Absolute Peak vGRF asymmetry, N No 100 161.2 131.6 0.662 128 131.1 123.4 0.572 228 133.6 119.4 0.735

Yes 5 143.5 144.3 6 143.1 95.9 29 132.9 125.8

Left leg femur-pelvic angle, degrees No 85 80.9 4.5 0.375 103 79.9 4.4 0.303 202 80.5 5.0 0.740

Yes 6 78.9 5.4 7 79.1 7.2 20 80.1 5.3

Right leg femur-pelvic angle, degrees No 91 77.5 4.9 0.905 95 76.9 4.5 0.587 199 77.1 4.7 0.033

Yes 6 77.6 5.4 7 75.6 5.4 22 74.6 4.9

Team practice hours during the follow-up, mean
hours

No 106 238.1 104.5 0.341 138 201.1 89.4 0.356 266 229.0 114.6 0.923

Yes 6 279.6 77.7 10 227.8 60.2 32 227.0 101.5

Game hours during the follow-up, mean hours No 106 7.1 6.0 0.597 138 8.4 5.8 0.247 266 9.1 6.0 0.240

Yes 6 5.8 4.8 10 10.6 4.8 32 7.8 4.4

vGRF vertical ground reaction force, N newton, cm centimetres, kg kilograms, LBP low back pain, SD standard deviation
Statistically significant results are indicated with bold
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were females (52%, n = 25). Fifty-four percent of floor-
ball players and 46% of basketball players had LBP dur-
ing the follow-up. Most of the players who developed
back pain during the follow up did so during their first
follow-up year (81%) and only one player was followed
for 3 years before developing LBP. LBP incidence was
addressed in a previous publication [1].

Risk factor analyses
Our results showed that the players who had a
smaller FPA during SLVDJ when landing on their
right leg were at increased risk for all LBP and for
gradual onset non-traumatic LBP (Table 3). The ana-
lysis using dichotomous risk factors showed that
players with 80° FPA or less during right leg landing,
had 2.2 times higher risk for LBP during the follow-
up, than players with more than 80° FPA. There was
no statistically significant association between risk for
LBP and FPA during left leg landing from the SLVDJ.
In the third study year, mean peak vGRF was sig-

nificantly higher in players who developed LBP during
the follow-up (20.2 vs. 18.8 N/kg, p-value 0.033), but
no significant differences were observed between pre-
vious study years (Table 2). The Cox risk factor ana-
lyses showed no association between peak vGRF
measures and LBP incidence in young floorball and
basketball players (Table 4).

Discussion
The aim of this study was to investigate whether hip-
pelvic kinematics and peak vGRF during landing tasks
were associated with LBP incidence in youth floorball
and basketball players. The first hypothesis was that the
movement pattern, where the FPA is decreased during
SLVDJ landing due to increased movement of the hip in
the direction of adduction and contralateral pelvis drop
might predispose for LBP. The second hypothesis was
that players with higher or asymmetric peak vGRF dur-
ing VDJ landing are at increased risk for LBP. Contrary
to our second hypothesis, we did not find a statistically
significant association between LBP and peak vGRF.
However, our results suggested that there is an associ-
ation between hip-pelvic kinematics and LBP.
The lumbo-pelvic function is an essential part of suc-

cessful athletic performance [10]. According to a con-
ceptual framework of the kinetic chain [38], a decreased
or increased movement somewhere in the kinetic chain
is compensated for elsewhere along the chain. This has
also been suggested by Garci et al. (2015), who observed
that a change in frontal plane knee kinematics resulted
in changes higher in the kinetic chain [39]. It has also
been shown that stability in inferior segments, such as
the lower leg, is significantly correlated with superior
segments, such as pelvis and back, and therefore trunk
stability may be dependent on the stability of lower seg-
ments [40]. Thus, based on the kinetic chain theory it

Table 3 Cox regression analysis results for femur-pelvic angle (FPA) during single-leg vertical drop jump

Continuous variablesb,c Univariate Adjusted

HR 95% CI P value HR 95% CI P value

All LBP

Femur-pelvic angle, left side (a) 1.04 (0.97 to 1.11) 0.240 1.04 (0.97 to 1.11) 0.310

Femur-pelvic angle, right side (a) 1.09 (1.02 to 1.17) 0.011 1.09 (1.02 to 1.17) 0.014

Gradual onset non-traumatic LBP

Femur-pelvic angle, left side (a) 1.04 (0.96 to 1.11) 0.370 1.03 (0.95 to 1.11) 0.480

Femur-pelvic angle, right side (a) 1.10 (1.02 to 1.18) 0.013 1.09 (1.01 to 1.18) 0.021

Dichotomous variables d

All LBP

Femur-pelvic angle, left side (low vs high) 1.80 (0.91 to 3.57) 0.094 1.86 (0.94 to 3.71) 0.076

Femur-pelvic angle, right side (low vs high) 2.15 (1.10 to 4.21) 0.026 2.19 (1.12 to 4.30) 0.023

Gradual onset non-traumatic LBP

Femur-pelvic angle, left side (low vs high) 1.72 (0.79 to 3.73) 0.170 1.80 (0.83 to 3.90) 0.140

Femur-pelvic angle, right side (low vs high) 2.25 (1.07 to 4.72) 0.033 2.30 (1.09 to 4.84) 0.028

HR Hazard ratio, CI confidence interval, all LBP acute traumatic and gradual non-traumatic low back pain
a degrees
bAdjusted with history of LBP, leg dominance
c HR calculated per one-degree decrease
dAdjusted with history of LBP
Femur-pelvic angle, left side high > = 80.0°, low< 80.0°
Femur-pelvic angle, right side high > = 76.3°, low< 76.3°
Statistically significant results are indicated with bold
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could be hypothesised that the decreased FPA may result
in movement compensations and increased load and
strain up and down the kinetic chain, that is in the
lumbo-pelvic area as well as in the knee and lower leg.
The association of trunk, pelvis and hip kinematics in re-
lation to lower extremity complaints has been discussed
[41] and previous research suggests that dysfunction dis-
tal to the injury site can be associated with future injury
occurrence [42, 43].
Our results showed a small increase in risk (8%) for LBP

with a one-degree decrease in the right leg FPA during the
SLVDJ landing. This means a 2.2-fold increase in risk in
players with less than 80° FPA during the right leg landing,
compared to the players with more than 80° FPA. How-
ever, no association was detected between the left leg FPA
and the risk of LBP. The difference between the right and
left leg results might be due to the test procedure where
the starting leg was not randomized, that is, the test was

always started with the right leg. Another explanation may
be the fact that in most players the right leg was their
dominant (kicking) leg and the left leg was their support-
ing leg. This may explain why the left side was more stable
during the SLVDJ. Our results are in line with previous
studies suggesting that hip-pelvic kinematics are associ-
ated with injuries in athletes [11, 44, 45]. For example,
findings from Bayne et al. indicated that increased knee
valgus and hip adduction movements might result in in-
creased repetitive compensatory movements from the pel-
vis and trunk [45]. Frontal hip-pelvic kinematics have
been linked with trunk kinematics, for example increased
trunk lateral lean, during single-leg tasks [46]. Gluteal
muscle dysfunction has been associated with LBP [47],
and it could be speculated that gluteal muscle dysfunction
could result in inability to control the movement of the
hip-pelvic complex during single-leg landing. In addition,
the hip-pelvic movement pattern observed in this study

Table 4 Association between peak vGRF measures and injury risk for all LBP and gradual onset non-traumatic LBP

Univariate Adjusted

HR 95% CI P value HR95% CI P value

Continuous variablesa

All LBP

Peak vGRF, N/Kg 1.03 (0.97 to 1.11) 0.340 1.03 (0.96 to 1.11) 0.380

Absolute Peak vGRF, N 1.00 (1.00 to 1.00) 0.760 1.00 (1.00 to 1.00) 0.870

Peak vGRF asymmetry, N/Kg 1.00 (0.85 to 1.18) 0.990 1.00 (0.85 to 1.18) 0.990

Absolute Peak vGRF asymmetry, N 1.00 (1.00 to 1.00) 0.970 1.00 (1.00 to 1.00) 0.940

Gradual onset non-traumatic LBP

Peak vGRF, N/Kg 1.00 (1.00 to 1.00) 0.610 1.00 (1.00 to 1.00) 0.690

Absolute Peak vGRF, N 1.04 (0.96 to 1.12) 0.370 1.03 (0.96 to 1.12) 0.420

Peak vGRF asymmetry, N/Kg 1.03 (0.87 to 1.23) 0.720 1.02 (0.86 to 1.22) 0.810

Absolute Peak vGRF asymmetry, N 1.00 (1.00 to 1.00) 0.710 1.00 (1.00 to 1.00) 0.790

Dichotomous variables b (high vs. low)

All LBP

Peak vGRF, N/Kg 1.92 (1.00 to 3.68) 0.051 1.83 (0.95 to 3.51) 0.070

Absolute Peak vGRF, N 0.99 (0.53 to 1.83) 0.960 0.94 (0.51 to 1.76) 0.860

Peak vGRF asymmetry, N/Kg 1.23 (0.66 to 2.30) 0.510 1.22 (0.65 to 2.27) 0.530

Absolute Peak vGRF asymmetry, N 1.21 (0.65 to 2.25) 0.550 1.20 (0.64 to 2.23) 0.580

Gradual onset non-traumatic LBP

Peak vGRF, N/Kg 1.47 (0.73 to 2.98) 0.610 1.41 (0.69 to 2.86) 0.340

Absolute Peak vGRF, N 0.98 (0.49 to 1.97) 0.370 0.94 (0.47 to 1.88) 0.850

Peak vGRF asymmetry, N/Kg 1.31 (0.65 to 2.64) 0.720 1.30 (0.64 to 2.61) 0.470

Absolute Peak vGRF asymmetry, N 1.28 (0.64 to 2.58) 0.710 1.26 (0.63 to 2.54) 0.510

HR Hazard ratio, CI confidence interval, LBP low back pain, vGRF vertical ground reaction force, N Newton;
aAdjusted with history of LBP, leg dominance and nicotine use
b All LBP: Adjusted with history of LBP and leg dominance. Gradual onset LBP: Adjusted with history of LBP
Peak vGRF high > = 18.5, low< 18.5
Absolute Peak vGRF high > = 1191.0, low< 1191.0
Peak vGRF asymmetry high > = 1.6, low< 1.6
Absolute Peak vGRF asymmetry high > = 103.3, low< 103.3
Statistically significant results are indicated with bold
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might also be a compensatory movement resulting from
several other factors, such as decreased control of the
trunk over the pelvis or even control of the ankle. There-
fore, in future studies, it is important to study the kine-
matics of the entire kinetic chain and not just a part of it.
Our second hypothesis was that vGRFs that affect the

lumbar spine [19] could potentially predispose for back
pain. However, to our knowledge the association be-
tween peak vGRF and LBP incidence in youth athletes
has not been studied previously. According to our find-
ings, there was no association between LBP incidence
and peak vGRF or vGRF side-to-side asymmetry, mea-
sured in VDJ landing. In a cross-sectional investigation,
Müller et al. were also unable to find a difference in
vGRFs of youth athletes with and without LBP [48]. Fu-
ture studies should investigate if loading rate is associ-
ated with LBP, because it has been shown to be a
stronger risk factor for lower extremity injuries than
peak GRF [49].

Methodological considerations
The strengths of this study were the prospective design
and the methods of LBP and playing exposure registra-
tions. In addition, the sample size was relatively large.
The length of follow-up varied across the sample and
therefore we used Cox regression analysis. Cox regres-
sion analysis can adjust for variations in the amount of
sport participation (follow-up time). Yet, due to the rela-
tively low number of LBP events, we were unable to
stratify the analyses by sex. However, it seemed that sex
was not significantly associated with LBP in this sample.
Risk factors can change over time and therefore we

used time-varying variables in the Cox analysis, when
possible. In addition, over half (54.5%) of the players had
a history of LBP at the beginning of the study and 35%
(n = 17) of the LBP recorded during follow-up was first-
time LBP. We compensated for this by adjusting the risk
factor analyses with a history of LBP.
We should not overlook the fact that up to 25% of all

players participating (n = 383) were not included in the
risk factor analyses. In the SLVDJ 25% of the players and
in the VDJ 19% of the players had incomplete baseline
test data. The absence of these players might affect the
results of this study. We are also unaware whether
players refusing to participate differ from our sample.
Another limitation is that we did not test the reliability
of the selected tests during this study. However, the reli-
ability of vGRF measurements has been demonstrated
previously by Krosshaug and Mok and their colleagues
[28, 29]. Herrington and others demonstrated in a simi-
lar test that frontal plane FPA is a reliable measurement
[31]. One limitation is that in the SLVDJ test the starting
leg was not randomized. The players performed the test
first with the right leg and this might have had an effect

on the results. When performing the test with the left
leg, the players were more experienced.
The aetiology of LBP has been shown to be multifac-

torial [50], meaning that, in addition to external loading,
internal loading such as psychosocial stress should also
be recorded. The latter has been associated with the risk
of sports injuries in general [51]. There are also several
other risk factors that should be taken into account,
such as trunk muscle symmetry [52], in addition to ac-
knowledging the fact that risk factors are dynamic in na-
ture and change over time [53].

Conclusions
Our results suggested that there is an association be-
tween hip-pelvic kinematics and LBP, as measured in
this study. However, we did not find a statistically sig-
nificant association between LBP peak vGRF or side-to-
side asymmetry of vGRF during VDJ landing. In the fu-
ture, the association between hip-pelvic kinematics and
LBP incidence should be investigated further to verify
the results from this study.
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