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Abstract

Purpose Back pain affects people of all ages. This may be

associated with physical inactivity, and in the case of

physical activity in different domains, the relationship with

back pain is not clear in the literature. The aim of this study

was to estimate the prevalence of low back and neck pain

and investigate their association in different domains of

physical inactivity.

Methods 1011 randomly selected students participated in

this study. Neck and back pain were assessed using the

Nordic questionnaire, whereas the Baecke Physical

Activity questionnaire was used to measure physical

activity domains. Separate Binary Logistic Regression

models were performed to investigate the association of

physical activity domains with neck or back pain.

Results 17.4% of the students reported cervical pain, while

18.0% reported low back pain. Older adolescents had a

higher prevalence of cervical pain (24.4%) than younger

adolescents (11.9%) (p value \0.001), as well as lumbar

pain, being 25.1% in older adolescents and 12.4% in

younger (p value\0.001). Adolescents physically inactive

in the school environment were less likely to have pain in

the cervical region [OR 0.67 (0.44–0.99)] or back pain [OR

0.60 (0.40–0.91)]. Being inactive in occupational activities

was associated with cervical pain [OR 1.49 (1.06–2.10)].

Being inactive in the sports environment presented a

marginal relationship with pain in the cervical region [OR

1.41 (0.99–2.02)].

Conclusions The prevalence of neck and low back pain

was higher in older adolescents and physical inactivity in

the sporting context and occupational activities could be a

risk factor to increase the chances of back pain.

Keywords Back pain � Students � Physical inactivity �
Adolescent

Introduction

Spinal pain, including back and neck pain, is character-

ized by a multifactorial condition involving several risk

factors such as physiological, psychosocial, and sociode-

mographic aspects, besides comorbidities [1]. Low back

pain and neck pain are disabling musculoskeletal condi-

tions, commonly reported to interfere in the patient’s

daily activities [2]. The economic burden generated by

these musculoskeletal diseases is considered a worldwide

problem among the adult population [3]. Evidence shows

that the global prevalence of low back pain reaches 9.4%,

and the 1 year prevalence of neck pain ranges from 4.8 to

79.5% [4, 5].

Although back pain tends to increase with age, it has

also been reported by younger populations [6]. A recent

study demonstrated that the prevalence of low back pain

and neck pain in adolescents ranges from 19.5 to 56%,

which might be considered an important public health issue

[7]. Furthermore, Hakala et al. [8], in a study with 436

students, showed that 20.7% reported moderate/severe pain
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in the neck and shoulders, and 15.4% reported some

impairment in their daily activities due to low back pain.

Physical activity is well recognized to promote health

benefits in all age groups [9]. Relative to childhood and

adolescence, physical activity improves cardiovascular

parameters and bone mineral density, reduces obesity and

its risk factors, and increases the chances of being active in

adulthood [10].

Physical inactivity and back pain are both health prob-

lems that may persist throughout life [11]. In terms of

physical activity domains, there is evidence that children

and adolescents who use active transport, such as walking

and cycling, to go to school are less likely to have back

pain [12]. However, to our knowledge, the relationship

between back pain and physical activity domains among

adolescents is not clear in the literature, particularly

regarding sports activities outside the school environment.

Therefore, the objectives of this study were: (a) to deter-

mine the prevalence of low back and neck pain in ado-

lescents and; (b) to investigate whether neck and low back

pain are associated with physical inactivity domains (i.e.,

school environment, sports activities, and occupational

activities).

Methods

Sample selection and inclusion criteria

The city of Presidente Prudente has approximately 37,000

students enrolled in the public and private education sys-

tems. To recruit students from different geographical

locations of the city (i.e., north, south, east, west, and

central zone), we randomly selected a public school from

each area and invited all classes to participate in the study.

Due to the lack of private schools in each area, two private

schools were randomly selected that met the number of

students proportional to this segment.

To calculate the sample size, we used the back pain

prevalence rate of 20.7% [8] and the tolerable error was

set at 4%. Based on these parameters, the required

sample size for a simple random sampling design was

394 subjects. However, as this study was developed by

conglomerates, we adjusted the sample size using the

design correction factor of 2.0 which increased the

minimum sample size to 788 subjects. To account for

potential dropouts, we targeted the recruitment of an

additional 20% of the entire sample, giving a total of

946 subjects. To be considered eligible, the children and

adolescents were required to be between 10 and 17 years

of age, enrolled in public or private schools, and return

the consent form signed by a parent or guardian. The

study was approved by the Ethics and Research Com-

mittee of São Paulo State University (UNESP) (CAAE

21600613.4.0000.5402).

Back and neck pain

For the assessment of neck and back pain, we used the

Nordic questionnaire proposed by Kuorinka et al. [13].

This questionnaire demonstrates the occurrence of mus-

culoskeletal symptoms (including pain) in different body

segments (i.e., back, neck, low back, elbows, hands,

shoulders, hip/thigh, knees, and ankles/feet). The Nordic

questionnaire has been validated for adolescents, obtaining

moderate to high values (K = 0.57–1.00) [14]. Adolescents

who reported an episode of neck pain or low back pain in

the previous 7 days were classified as pain in the region

pointed out.

Anthropometry

The anthropometric measurements evaluated were: body

weight, height, and waist circumference. Body weight

was measured using a digital scale with a precision of

0.1 kg. Height was measured using a portable stadiome-

ter with an accuracy of 0.1 cm. From these two mea-

surements, the body mass index (BMI) was calculated by

dividing body weight by the square of the height. The

waist circumference was determined by measurements in

duplicate at the minimum circumference between the

iliac crest and the last rib, using a non-elastic tape in

millimeters. The final value of waist circumference was

determined by the mean value of the two measures. All

participants were measured barefoot and wearing light

clothes.

Habitual physical activity practice

Physical activity levels and its domains were assessed by

the Baecke Physical Activity Questionnaire [15]. This

instrument evaluates habitual physical activity through

three different domains: (i) physical activity at school; (ii)

occupational physical activity; (iii) and sports activities

outside school (related to sports practice). Total practice of

physical activity is determined by the sum of these three

domains. For each of the three domains and the total score

of the questionnaire, the final product given by the ques-

tionnaire is an undimensionless score. This instrument has

been translated and its psychometric properties tested in

Brazilian adolescents [16]. Adolescents located in the

lowest quartile (Q1) were considered physically inactive

for physical activity practice [17].
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Socioeconomic condition

To determine the economic condition of the families, the

‘‘Brazilian Criteria for Economic Classification’’ was

administered, established by the Brazilian Association of

Research Companies [18]. The participants completed the

questionnaire with the help of an appraiser considering the

level of education and presence and quantity of rooms and

possessions in the analyzed home (e.g., DVD players, PCs,

bathrooms, automobiles, motorcycles, washing machines,

laundry dryers, dishwashers, domestic servants, micro-

waves, refrigerators, and freezer). The questionnaire

establishes the following classifications for economic

condition: A1, A2, B1, B2, C1, C2, D, and E.

Statistical analysis

The characteristics of the sample variables are presented

using mean with standard deviation or frequencies with

proportions. Univariate analysis using the odds ratio was

calculated to determine the association between neck pain

and low back pain variables with physical activity in the

different domains, adjusted by gender, age, socioeco-

nomic status, and waist circumference. Statistically sig-

nificant associations followed the stepwise logistic

regression model (i.e., forward likelihood ratio) with the

adjusted odds ratio and 95% CI setted to express the

magnitude of the associations. To analyze the independent

variables, two tests were applied: the Omnibus Chi square

of model coefficients to verify if the set of variables

improved the prediction of the log odds; and the

Nagelkerke R2 to investigate if these variables could

explain a low sum of variance. Hosmer and Lemeshow

goodness-of-fit was used to understand if the observed

values were close to expected [19]. Statistical significance

was set at 5% and all analyses were performed using

SPSS version 15 (IBM SPSS�, Armonk, NY, USA).

Results

Of the 1011 adolescents included in this study, 176

(17.4%) reported pain in the cervical spine while 182

(18.0%) reported low back pain. There was no difference in

pain prevalence in the cervical or lumbar region reported

by adolescent males compared to females (Table 1). Older

adolescents (14–17 years) presented a higher prevalence of

cervical pain (24.4%) than younger adolescents (11.9%)

(p\ 0.001). Similarly, the prevalence of low back pain

was higher in older adolescents (25.1%) than younger

(12.4%) (p\ 0.001). Socioeconomic status was not asso-

ciated either with neck pain or low back pain. Furthermore,

abdominal obesity was not associated with neck pain, but

was associated with low back pain (p = 0.055). Table 1

presents the characteristics of the sample.

Physically inactive adolescents, when considering

physical activity at school, were 33% [OR 0.67

(0.44–0.99)] less likely to present with neck pain. Being

physically active in sport activities increased the chances of

having cervical pain by 65% in the unadjusted model;

however, this association became marginal after the

inclusion of confounding variables. Adolescents physically

inactive in occupational activities had approximately 50%

more chances of having neck pain (Table 2).

Table 3 shows that adolescents physically inactive in

school activities were less likely to present back pain than

active adolescents. There was no association between low

back pain and physical inactivity in sports. However,

adolescents inactive in occupational activities were more

likely to have low back pain [OR 1.43 (1.03–2.00)], and

this association became marginal after the adjustment for

abdominal obesity.

Discussion

Our findings demonstrate that in a sample of 1011 ado-

lescents, nearly a fifth reported having low back pain or

neck pain. Interestingly, the prevalence estimates of both

conditions were higher in older adolescents compared to

younger adolescents but similar across genders. Our anal-

yses also revealed that being inactive at school decreased

the chances of reporting neck pain and being inactive in the

context of occupational activities increased the chances of

reporting both low back pain and neck pain. These findings

suggest that the physical activity domains are associated

with common musculoskeletal complaints in adolescents.

The prevalence of low back pain and neck pain in this

study was higher in older adolescents, which is consistent

with the literature findings [11, 20]. Relative to back pain

and different domains of physical activity, teenagers

inactive at school were less likely to have cervical and

lumbar pain when compared to active teenagers. One of the

factors that might explain this association is the fact that

among the main physically demanding activities at school

is the weight of the backpacks that adolescents carry.

Dianat et al. [21] observed in a study of Iranian adolescents

aged 12–14 that the high weight of backpacks carried by

these young people was associated with neck pain. Hasel-

grove et al. [22] found that adolescents who carried heavier

backpacks had a higher prevalence of neck and low back

pain.

Accordingly, one of the variables to determine the

degree of physical activity in the school environment in

this study is the frequency which young people had to carry

loads. It was assumed that teenagers carrying less weight
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were less likely to have back pain, but at the same time

they had more chances of being classified as insufficiently

active in the instrument used in this study to evaluate the

different areas of physical activity, which can be consid-

ered a reverse causality. However, this instrument was

chosen because it has been validated for the Brazilian

adolescent population [16] and has demonstrated good

results after being tested against more sophisticated meth-

ods of evaluation of physical activity such as the doubly

labeled water [23].

The adolescents who were physically inactive in the

context of occupational activities had higher chances of

Table 1 Characteristics of the

sample
Boys (n = 454), mean (SD) Girls (n = 557), mean (SD) p value

Age (years) 12.9 (2.3) 13.3 (2.3) 0.002

Weight (kg) 49.8 (15.0) 50.4 (14.5) 0.506

Height (cm) 155.4 (13.4) 155.9 (12.1) 0.556

Waist circumference (cm) 68.8 (9.7) 68.0 (9.6) 0.181

Neck pain, n (%) 71 (15.7) 105 (18.9) 0.210

Low back pain, n (%) 71 (15.7) 111 (20.0) 0.093

Data are means (standard deviation) or frequencies (proportion)

Table 2 Association between cervical pain and physical activity domains

Neck pain

PA domains Unadjusted Adjusted: sex, age, socioeconomic level Adjusted: waist circumference

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

School PA

Active 1.00 – 1.00 – 1.00 –

Inactive 0.65 (0.43–0.97) 0.033 0.66 (0.45–0.99) 0.043 0.67 (0.44–0.99) 0.043

Sports PA

Active 1.00 – 1.00 – 1.00 –

Inactive 1.65 (1.17–2.34) 0.004 1.39 (0.97–2.00) 0.074 1.41 (0.99–2.02) 0.063

Occupational PA

Active 1.00 – 1.00 – 1.00 –

Inactive 1.54 (1.10–2.14) 0.018 1.50 (1.07–2.12) 0.026 1.49 (1.06–2.10) 0.021

p\ 0.05

Table 3 Association between low back pain and physical activity domains

Low back pain

PA domains Unadjusted Adjusted: sex, age, socioeconomic level Adjusted: waist circumference

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

School PA

Active 1.00 – 1.00 – 1.00 –

Inactive 0.61 (0.41–0.91) 0.017 0.63 (0.42–0.94) 0.023 0.60 (0.40–0.91) 0.014

Sports PA

Active 1.00 – 1.00 – 1.00 –

Inactive 1.37 (0.97–1.95) 0.074 1.13 (0.78–1.62) 0.509 1.14 (0.79–1.65) 0.458

Occupational PA

Active 1.00 – 1.00 – 1.00 –

Inactive 1.43 (1.03–2.00) 0.030 1.39 (0.99–1.95) 0.049 1.34 (0.96–1.89) 0.086

p\ 0.05
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presenting with neck and lumbar pain. Among the occu-

pational activities, the main activities were the forms of

displacement that teenagers used to go to school. In a study

of Skoffer and Foldspang [12], it was observed that ado-

lescents who used transport in which they sat were more

likely to have back pain. In addition to this relationship

between passive transport and students with back pain, it

was observed that behaviors that promote physical inac-

tivity, such as talking while standing still in school breaks

and time spent watching TV after the school period, are

associated with low back pain [12].

Being inactive in sports activities presented a greater

likelihood of having neck pain, but there was no statistical

significance when considering the lower back. In the study

by Lemos et al. [20], among all 770 students evaluated,

31.6% reported the occurrence of low back pain. However,

the authors did not stratify the sample into active and

inactive individuals, noting that the practice of sports

activities outside the school environment was not associ-

ated with the occurrence of low back pain. Nonetheless,

Balagué et al. [24] reported that adolescents, who were

involved in sports programs, had higher chances of the

occurrence of low back pain. Sitthipornvorakul et al. [25]

in a systematic review found no association between

physical activity and neck pain, and there is still conflict in

the literature when associating physical activity and low

back pain. In this context, the findings in the literature are

ambiguous, especially when relating the intensity of sports

activities with low back pain, as there are studies that

observed associations between sports activities and mus-

culoskeletal disorders and others that did not [12]. This

discrepancy exists, possibly, because of the different types

of sports evaluated, and the volume and intensity of prac-

tice by young people. Also in this sense, Auvinen et al. [26]

observed that both high levels of physical activity (more

than 6 h/week), and total hours in a sitting position (more

than 8 h/day) are independently associated with low back

pain.

In a recent longitudinal study, Artun et al. [27] observed

that moderate to vigorous physical activity was not asso-

ciated with spine pain (neck, mid back, and low back), but

10% of participants who performed a large proportion of

vigorous physical activities increased the risk of spinal pain

at the end of the follow-up. Intense activities may con-

tribute to inadequate posture or excessive load on the

musculature and may interfere with the reporting and

prevalence of back pain. However, practicing physical

activity seems to contribute to the prevention of back pain,

as shown by Wedderkopp et al. [28] in a three-year lon-

gitudinal study where physically active adolescents were

less likely to develop back pain. Similar findings were also

observed by Guddal et al. [29] who in a recent study with

Norwegian adolescents observed that the moderate level of

physical activity was associated with lower neck pain [OR

0.79 (95% CI 0.66–0.94)] and low back pain (OR 0.75

(95% CI 0.62–0.91)]. One of the possible reasons is that

physical activity performed at adequate intensities could

favor increases in the intercostal muscles; thus, adolescents

with stronger intercostal muscles would have fewer epi-

sodes of pain when compared to young people with lower

muscular strength in this region [30].

In relation to physical inactivity, this behavior has been

associated with an increase in sedentary behavior, such as

computer and television use [17]. Silva et al. [31] observed

in an epidemiological study that 31.8% of adolescents

using the computer had at least one symptom of muscu-

loskeletal pain. In a study of more than 500 Danish chil-

dren, an association was observed between a high number

of hours of TV or video use and low back pain. One of the

factors that could contribute to this is the high stationary

period which may contribute to changes in posture and

subsequently back pain [32].

This study has some limitations that should be consid-

ered in the interpretation of the results. First, the evalua-

tions were performed through self-reported questionnaires,

which may lead to overestimation or underestimation of the

results, as there is the possibility of reverse causality.

Therefore, further studies should be conducted using

objective methods to assess the physical activity levels of

adolescents. Second, it is noteworthy that the amount of

material weight that teenagers carried in school was not

assessed and this should be considered a limitation. Third,

this study had a cross-sectional design and, therefore, it is

not possible to infer cause and effect. Another limitation is

that we did not collect data on psychosomatic complaints

and maturation. There is evidence to suggest that these

factors may be associated with low back pain and cervical

pain in adolescents [33, 34].

Considering the main strengths of this study, we

emphasize the random selection of the sample and its

representativity in the analysis of different domains of

physical activity in a large number of adolescents. Another

strength is the analyses which controlled for possible

confounding factors that might be related to back pain,

such as sex and overweight in the adolescents evaluated

[21]. Further research in this area is still warranted, par-

ticularly longitudinal studies from childhood until youth.

Better understanding which factors are associated with

spinal pain allows the development of preventative strate-

gies. This is important considering that the majority of the

population have, or will have an episode of back pain at

some point in their life, which is a public health problem.

As practical implications, although physical activity pro-

motion in young people should be encouraged, it is nec-

essary to consider the care related to posture. Future studies

should investigate lifestyle habits and spinal motion in

2278 Eur Spine J (2017) 26:2274–2280
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relation to back pain, given that recent research using non-

invasive and non-radiation methods found that excessive

thoracic and limited lumbar range of motion were associ-

ated with back pain in teenagers [35].

In conclusion, our study found a high prevalence of neck

pain and low back pain in older adolescents. Furthermore,

physical inactivity in the sporting context and occupational

activities may be a risk factor to increase the chances of

back pain.

Compliance with ethical standards

Funding sources Catarina received a scholarship by the São Paulo

Research Foundation (FAPESP) Grant #2016/02258-3. The project

receives financial support from the National Counsel of Technologi-

cal and Scientific Development (CNPq) Grant #442395/2014-0

Conflict of interest None of the authors has any potential conflict of

interest.

References

1. Schaller A, Froboese I (2014) Movement coaching: study pro-

tocol of a randomized controlled trial evaluating effects on

physical activity and participation in low back pain patients.

BMC Musculoskelet Disord 15:391. doi:10.1186/1471-2474-15-

391

2. Johansson MS, Jensen Stochkendahl M, Hartvigsen J, Boyle E,

Cassidy JD (2017) Incidence and prognosis of mid-back pain in

the general population: a systematic review. Eur J Pain

21(1):20–28. doi:10.1002/ejp.884

3. Rottermund J, Knapik A, Saulicz E, Myśliwiec A, Saulicz M,
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