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Abstract

Most studies on the prevalence of back pain have evaluated it in developed countries
(Human Development Index—HDI > 0.808), and their conclusions may not hold for devel-
oping countries. The aim of this study was to identify the prevalence of back pain in repre-
sentative Brazilian athletes from public high schools. This cross-sectional study was
performed during the state phase of the 2015 Jogos dos Institutos Federais (JIF), or Fed-
eral Institutes Games, in Brazil (HDI = 0.744), and it enrolled 251 athletes, 173 males and
78 females (14—20 years old). The dependent variable was back pain, and the independent
variables were demographic, socioeconomic, psychosocial, hereditary, exercise-level,
anthropometric, strength, behavioral, and postural factors. The prevalence ratio (PR) was
calculated using multivariable analysis according to the Poisson regression model (a =
0.05). The prevalence of back pain in the three months prior to the study was 43.7% (n =
104), and 26% of the athletes reported feeling back pain only once. Multivariable analysis
showed that back pain was associated with demographic (sex), psychosocial (loneliness
and loss of sleep in the previous year), hereditary (ethnicity, parental back pain), strength
(lumbar and hand forces), anthropometric (body mass index), behavioral (sleeping time
per night, reading and studying in bed, smoking habits in the previous month), and postural
(sitting posture while writing, while on a bench, and while using a computer) variables. Par-
ticipants who recorded higher levels of lumbar and manual forces reported a lower preva-
lence of back pain (PR < 0.79), whereas feeling lonely in the previous year, obesity, and
ethnicity exhibited the highest prevalence ratio (PR > 1.30). In conclusion, there is no asso-
ciation between exercise levels and back pain but there is an association between back
pain and non-exercise related variables.

Introduction

In global terms, back pain is a common complaint in industrialized societies, affecting between
54% and 90% of the adult population [1]. In Brazil, the 2014 National Health Survey,
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conducted by the Ministry of Health together with the Brazilian Institute of Geography and
Statistics, identified 27 million adults affected by chronic spinal diseases, which corresponds to
18.5% of the adult population [2].

In addition to being widespread among adults [3-6], back pain is also reported in children
and adolescents [7-9], frequently affecting more than 50% of Brazilian schoolchildren [10,11].
Although the relationship between the existence of back pain in adolescents and in adults is
well established and the presence of this disorder in adolescence increases its chronicity in
adulthood [12-14], in developing countries such as Brazil (Human Development Index—
HDI = 0.744), this health problem has been neglected and more research on it is needed [15].
Prevalence studies give an indication of the extent of such health problems in a specific popula-
tion, and they are useful as starting points for future epidemiological and intervention studies
designed to prevent and reduce the impacts of this health problem [16].

Back pain in adolescents is widely understood as having multiple causes, including physical,
behavioral, genetic, and psychosocial factors [17-19]. In addition, the increased prevalence of
back pain in adolescents may be related to their increasing level of participation in organized
sports [20,21]. To the best of our knowledge, the research on this issue in Brazil and South
America has focused on training and nutritional factors [22-26] and sport injuries [27-29]; no
studies have investigated the prevalence of back pain among Brazilian high school athletes or
high school athletes in other South American countries. Because most studies of back pain
prevalence have targeted developed countries (HDI > 0.808) [7,20,30], their conclusions may
not hold for developing countries [16,31].

A continental country, Brazil consists of regions with varying characteristics, and many ado-
lescent athletes do not live under optimal health and educational conditions [32]. A 2013 sur-
vey conducted in Brazil by the Sports Ministry revealed that 25% of the adolescent population
(15-19 years old) played sports and that 83.7% of this population did not receive any instruc-
tion for practice or did not have a coach [33]. Approximately 12% of all players—equivalent to
over 2.1 million athletes—participated in competitions annually [32]. Altogether, these data
reveal the precarious training conditions to which Brazilian adolescents are subjected, such as
lack of regular medical care, lack of proper nutrition, and inappropriate sporting equipment, a
fact that reinforces the need for prevalence studies of this population [34].

These concerns are relevant especially in view of the upcoming 2016 Olympic Games in Rio
de Janeiro, because athletic training is being strongly encouraged by the media and by federal
and state governmental agencies, such as the Sports Ministry and the Brazilian Olympic Com-
mittee. Participation in high school sports has been promoted by several public scholarships
and competitions [35,36]. These competitions are held annually and are a method of selecting
the best athletes for the sport clubs and Brazilian national teams.

In addition to the factors commonly studied in the literature, such as type of sport, gender,
and training intensity and frequency [30,37,38], it is necessary to evaluate the relationship
between back pain and factors such as strength and the asymmetric distribution of biomechan-
ical loads, which are fundamental aspects of sports performance and motor control [39]. We
investigated both these factors and certain health variables related to demographic, socioeco-
nomic, psychosocial, hereditary, behavioral, and postural factors.

The present study aims to contribute to a better understanding of back pain prevalence and
its related factors in high school athletes, providing the insights necessary to preventing it and
properly advising the athletes.

The objectives are:

1. To identify the prevalence of back pain in Brazilian athletes from public high schools;
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2. To measure the prevalence of possible associated variables such as: demographic, socioeco-
nomic, psychosocial, hereditary, exercise-level, anthropometric, strength, behavioral, and
postural factors;

3. To perform multivariable statistical analysis on these variables.

Methods

This cross-sectional study was performed during the state phase of the 2015 Jogos dos Institu-
tos Federais (JIF), or the Federal Institutes Games, in Brazil. A total of 361 athletes, represent-
ing 14 cities of the state of Goids, in the Brazilian Midwest, took part in the event. The athletes
were high school students regularly enrolled in federal institutes in the state of Goids, and they
were a representative sample of public high school students that regularly practice sports. The
JIF are organized annually, and the regional and national phases, for which the top-ranked ath-
letes are selected, follow the state phase.

The inclusion criteria for this study were as follows: 14-20 years old, no previous history of
musculoskeletal surgery, and participation in one of the following sport modalities: volleyball,
basketball, handball, or soccer. A total of 320 athletes met the inclusion criteria and were
invited to participate in this study. Of these athletes, 42 declined to participate and 27 were
injured. Consequently, the study enrolled 251 athletes, 173 males and 78 females (16.4 + 1.4
years old, 65.2 + 12.1 kg, 1.71 + 0.09 m). Table 1 presents the frequency and percentage of par-
ticipants according to sex and age.

The present study is in accordance with the Helsinki Declaration and was approved by the
Ethics Committee for Human Research of the Universidade Federal de Goids. The athletes
were allowed to leave the study at will and to opt out of any of our procedures. Prior to partici-
pation, the athletes, and their parents or guardians, in the case of minors, voluntarily signed an
informed consent form approved specifically for this study.

Questionnaires

To determine the prevalence of back pain and behavioral and postural habits, a self-adminis-
tered questionnaire entitled “Back Pain and Body Posture Evaluation Instrument” (BackPEI)
was used, which is a valid and reproducible questionnaire consisting of 21 closed questions
with a different version for each sex [40].

The questionnaire addressed the following issues: (1) back pain in the previous three
months (occurrence and frequency), (2) demographic factors (age and sex), (3) behavioral fac-
tors (reading/studying in bed; time spent watching television, using a computer, and sleeping

Table 1. Frequency and percentage of high school athletes categorized by sex and age.

Age Male Female Total

n (%) n (%) n (%)
14 7 (58.3) 5(41.7) 12 (100)
15 31 (54.4) 26 (45.6) 57 (100)
16 53 (70.7) 22 (29.3) 75 (100)
17 44 (80) 11 (20) 55 (100)
18 22 (78.6) 6 (21.4) 28 (100)
19 11 (68.8) 5(31.2) 16 (100)
20 5 (62.5) 3 (37.5) 8 (100)
Total 173 (68.9) 78 (31.1) 251 (100)

doi:10.1371/journal.pone.0150542.1001
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per day), (4) postural factors (sitting posture when writing, using a computer, and talking; pos-
ture when using a backpack; and sleeping position), (5) hereditary factors (occurrence of back
pain in parents), and (6) level of exercise practice (frequency, sport modality, competition).

The questions concerning sitting posture when writing, using a computer, and talking, as
well as the postures adopted when lifting an object from the floor and carrying school materials,
were illustrated with pictures of subjects performing those activities. For statistical analysis, only
one alternative was considered correct, whereas the remaining alternatives were grouped as
incorrect [40]. The reliability of the questionnaire was tested with 34 high school students who
did not participate in the study. A test-retest protocol with seven days interval was used, and
good and very good values [41] for all questions were verified (Kappa range: 0.704 to 0.944).

The Brazilian National School-Based Health Survey (PeNSE), a validated and reproducible
questionnaire [42,43], was used to assess the following factors: socioeconomic (“Do you cur-
rently have a job?”; answers: “yes” or “no”), psychosocial (“How frequently did you feel lonely
last year?”; “How frequently did you lose sleep last year due to something that concerned
you?”; “How frequently did you feel intimidated last month?”; answers: “never”, “rarely”,
“sometimes”, or “almost every day”), hereditary (“Choose your ethnicity”; answers: “White”,
“Black”, “Asian”, “Mulatto”, or “Indigenous”), and behavioral (“Did you smoke frequently last
month?”; “Did you consume alcohol frequently last month?”; answers: “yes” or “no”).

The questionnaire’s reliability was tested with 34 high school students who did not partici-
pate in the study, and again, good and very good values [41] for all questions were verified
(Kappa range: 0.701 to 0.841).

At the outset of the study, the researcher explained to the subjects as a group how both ques-
tionnaires should be answered. The subjects then answered the questionnaires individually.
The responses that the athletes gave were anonymous.

Anthropometry

Each athlete’s body mass and height were measured. Body mass index (BMI) (kg/m?) was cal-
culated by dividing the mass (kg) by the square height (m?). Athletes were classified according
to standard deviation (SD) of BMI Z-score as normal weight (—2SD < BMI Z-score < 1SD),
overweight (1SD < BMI Z-score < 2SD), or obese (BMI Z-score > 25SD), based on the World
Health Organization’s Growth Reference [44].

Manual and Lumbar Force

Manual and lumbar forces were evaluated using a manual force dynamometer (EMG SYSTEM,
TRF_MAN model) and a lumbar force dynamometer (EMG SYSTEM, TRE_ELMB model),
respectively (nominal capacity 200 kg, sensitivity 2 mV/V + 10%, error < 0.03%, input resis-
tance 405 (), output resistance 350 Q). Both dynamometers were calibrated before data collec-
tion and were adjusted according to the size of each athlete. The data were collected using a
signal conditioner with 16 channels and 100x amplification and an A/D converter with 16-bit
resolution.

For the collection of manual force data, the athlete sat with an elbow flexion of 90°, shoul-
ders adducted and neutrally rotated, forearm in neutral position, and wrist with a 10° extension
[45,46]. The manual force asymmetry index (MFAI) was calculated as follows (Eq 1):

(RMF — LMF)

MFAl = —— 2
(RMF + LMF)

X 100% (1)

where MFAI is the asymmetry index for manual force, RMF is the right manual force, and
LMEF is the left manual force.
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The athlete executed two valid trials of 5 s for right manual force, left manual force, and
lumbar force, and the largest value was computed. A resting period of 60 s between each trial
was allowed. Lumbar and manual forces were normalized by body weight (BW).

As with the questionnaires, the reliability of strength data was tested with 34 high school
students who did not participate in the study, and a high intraclass correlation coefficient
(ICC) for the manual force dynamometer (ICC = 0.974, 0.969 to 0.981) and lumbar force dyna-
mometer (ICC = 0.952, 0.939 to 0.962) was verified.

Weight Asymmetry

The weight distribution was evaluated with two force plates (Dual-Top AccuSway AMTI
model; 6 channels digital output, capacity 1112 N/136 Nm, sensitivity 0.67 uV/VN, natural fre-
quency 120 Hz). It was assessed while the athlete stood for 30 s with one foot on each force
plate, looking at a fixed point. The first 10 s were discarded, and the average weight under each
foot was calculated for the remaining 20 s. The weight asymmetry index (WAI) was calculated
using a custom-written MatLab code as shown in Eq 2:

(RFW — LEW)

WA= -~ 2
(REW -+ LEW)

x 100% (2)
where WAL is the weight asymmetry index, RFW is the average weight under the right foot,
and LFW is the average weight under the left foot.

Statistical Analysis

The athletes were grouped according to their age as follows: 14 years to 15 years and 11
months; 16 years to 17 years and 11 months; and 18 to 20 years. The data for lumbar force, the
MFALI and the WAI were divided into four groups according to quartiles.

Data were analyzed using descriptive statistics and the chi-squared test of association (bivar-
iate analysis) for the dependent variable “back pain”; the demographic, socioeconomic, psycho-
social, hereditary, exercise-level, anthropometric, strength, behavioral, and postural factors
were considered independent variables. For all analyses, sex and age were considered covari-
ates. The independent variables with a level of significance of p < 0.20 in the bivariate analysis
were included in a Poisson regression model with robust variance. The measure of effect was
the prevalence ratio with its respective 95% confidence intervals (Cls). All statistical analyses
were performed using the Statistical Package for the Social Sciences version 20.0, with the level
of significance set at o = 0.05.

Results

The prevalence of back pain in the three months prior to the study was 43.7% (n = 104). Thir-
teen athletes (5.2%) reported not know clearly if they had or not back pain (they chose the
alternative “I don’t know”), and 134 (51.1%) did not report back pain. The thirteen athletes
(n =8, corresponding 4.6% from all male athletes; n = 4, corresponding 5.1% from all female
athletes) were excluded from the sample not affecting the results (they presented similar
descriptive results that all included athletes).

Table 2 presents the descriptive data for the athletes” back pain frequency and limitations in
daily activities.

In total 33.7% of athletes experienced back pain one or more times per week. Most athletes
reported feeling back pain only once in the previous three months and once a month (42.3%),
with females reporting a higher frequency of back pain than males. Back pain imposed
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Table 2. Back pain frequency in the three months prior to the study and limitations when performing

daily activities (n = 104, 43.7% of total sample).

Variable

Frequency

Only once

Once a month

Once a week

Twice to three times per week
Four or more times per week
No answer

Limitations when performing daily activities
Yes

No

No answer

doi:10.1371/journal.pone.0150542.t002

Male
n (%)

18 (30)
11 (18.3)
9 (15)

5 (8.3)
0(0)

17 (28.4)

2 (3.3)
54 (90)
4(6.7)

Female
n (%)

9 (20.5)
6 (13.6)
9 (20.5)
6 (13.6)
6 (13.6)
8 (18.2)

7 (15.9)
36 (81.8)
1(2.3)

Total
n (%)

27 (26)
17 (16.3)
18 (17.3)
11 (10.6)
6 (5.8)
25 (24)

9 (8.7)
90 (86.5)
5 (4.8)

limitations when performing daily activities in 8.7% of the athletes, and this variable exhibited
greater frequency in female (15.9%) than in male athletes (3.3%).
Descriptive results from manual force, lumbar force, the MFAIL, and the WAI are presented

in Table 3.

Multivariable analysis revealed a significant association between back pain and demo-
graphic (sex), psychosocial (feeling lonely, loss of sleep due to a concerning issue), hereditary
(ethnicity, parents with back pain), anthropometric (BMI), strength (manual and lumbar
force), behavioral (time sleeping per night, reading/studying in bed, smoking habits) and pos-
tural (sitting posture when writing, using a computer, and talking) variables (Tables 4-7).

Table 3. Descriptive results from lumbar force, manual force, MFAI, and WAI.

Independent variable Male Female
Mean £ SD Mean £ SD

Lumbar force normalized by BW
14—15 years 1.78£0.38 1.17£0.28
16-17 years 1.63+0.33 1.16 £ 0.22
18-20 years 1.70 £ 0.31 1.16 £ 0.27
Manual force normalized by BW—right hand
14-15 years 0.63+0.13 0.44 £ 0.92
16-17 years 0.64 £0.12 0.42 £ 0.11
18-20 years 0.64 +0.13 0.43 +0.11
Manual force asymmetry index (%)
14-15 years 521+6.14 7.23+4.98
16-17 years 5.56 £ 3.65 6.58 £ 4.41
18-20 years 5.96 + 4.68 7.72 £ 3.97
Weight asymmetry index (%)
14-15 years 6.28 £ 5.70 5.91+3.74
16-17 years 6.85 + 6.38 5.66 + 4.38
18-20 years 7.67 £ 6.59 5.92 +8.25
doi:10.1371/journal.pone.0150542.t003
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Table 4. Association (x?) and prevalence ratio between back pain and independent variables (demographic, socioeconomic, and psychosocial).

Independent variable n (%) Back pain Prevalence ratio p?
n (%) (95% Cl)

Demographic
Sex (n = 238) 0.001°
Male 165 (69.3) 60 (36.4) 1
Female 73 (30.7) 44 (60.3) 1.17 (1.07-1.28)
Age (n = 238) 0.167
14-15 years 66 (27.7) 24 (36.4) 1
16-17 years 121 (50.9) 60 (49.6) 1.09 (0.98-1.21)
18-20 years 51 (21.4) 20 (39.2) 1.02 (0.89-1.16)
Socioeconomic
Work (n = 235) 0.912
Yes 28 (11.9) 12 (42.9) 1
No 207 (88.1) 91 (44) 1.01 (0.87-1.15)
Mother education (n = 221) 0.964
Basic education 52 (23.5) 24 (46.2) 1
High school 95 (40) 42 (44.2) 0.98 (0.87—1.10)
College 74 (33.5) 34 (45.9) 0.99 (0.88-1.12)
Father education (n = 206) 0.696
Basic education 92 (44.7) 45 (48.9) 1
High school 86 (41.7) 37 (43) 0.96 (0.86—1.06)
College 28 (13.6) 12 (42.9) 0.95 (0.82-1.11)
Psychosocial
Feeling lonely last year (n = 224) 0.002°
Never 69 (30.8) 25 (36.2) 1
Rarely 85 (38) 36 (42.4) 1.04 (0.93-1.16)
Sometimes 59 (26.3) 30 (50.8) 1.11 (0.98-1.16)
Almost every day 11 (4.9) 9 (81.8) 1.33 (1.14-1.55)
Loss of sleep last year (n = 223) 0.002°
Never 80 (35.9) 24 (30) 1
Rarely 84 (37.7) 39 (46.4) 1.12 (1.01-1.25)
Sometimes 46 (20.6) 28 (60.9) 1.23 (1.10-1.39)
Almost every day 13 (5.8) 8 (61.5) 1.24 (1.03-1.48)
Feeling intimidated last month (n = 228) 0.322
Never 130 (57) 53 (40.8) 1
Rarely 57 (25) 26 (45.6) 1.03 (0.92-1.15)
Sometimes 21 (9.2) 11 (52.4) 1.08 (0.92-1.26)
Almost every day 20 (8.8) 12 (60) 1.13 (0.98-1.31)
& Multivariable analysis. Wald chi-squared test.
b Significant association (o < 0.05).
doi:10.1371/journal.pone.0150542.1004

Discussion

In this cross-sectional study, we focused on identifying back pain prevalence in high school
athletes from Brazilian public schools.

The back pain prevalence in the three months prior to the study (43.7%) found in the stud-
ied population was similar to that found in studies of nonathlete students in Brazil (40%-60%).
Noll et al. [11] evaluated 833 students from the state of Rio Grande do Sul using the BackPEI
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Table 5. Association (x?) and prevalence ratio between back pain and independent variables (hereditary, anthropometry, and strength).

Independent variable n (%) Back pain Prevalence ratio p?
n (%) (95% Cl)
Hereditary
Ethnicity (n = 235) > 0.001°
White 72 (30.7) 29 (40.3) 1
Black 36 (15.3) 15 (41.7) 1.01 (0.87-1.16)
Asian 16 (6.8) 11 (68.8) 1.20 (1.02-1.41)
Mulatto 106 (45.1) 43 (40.6) 1.01 (0.90-1.11)
Indigenous 5(2.1) 5 (100) 1.42 (1.31-1.54)
Parents with back pain (n = 181) 0.002°
No 69 (38.1) 20 (29) 1
Yes 112 (61.9) 58 (51.8) 1.17 (1.06-1.31)
Anthropometry
Body mass index (n = 235) 0.002°
Normal weight 172 (73.2) 70 (40.7) 1
Overweight 56 (23.8) 28 (50) 1.06 (0.96-1.18)
Obese 7 (3) 6 (85.7) 1.32 (1.14-1.43)
Weight asymmetry index (n = 198) 0.754
1% Quartile—lowest 47 (23.7) 20 (42.6) 1
2" Quartile 49 (24.7) 23 (46.9) 1.03 (0.89-1.18)
3" Quartile 51 (25.8) 25 (49) 1.04 (0.91-1.19)
4™ Quartile—highest 51 (25.8) 20 (39.2) 0.97 (0.85-1.12)
Strength
Lumbar force normalized by BW (n = 235) >0.007°
1! Quartile—lowest 58 (24.7) 39 (67.2) 1
2" Quartile 61 (26) 25 (41) 0.84 (0.75-0.94)
3 Quartile 56 (23.8) 22 (39) 0.83 (0.74-0.93)
4™ Quartile—highest 60 (25.5) 18 (30) 0.77 (0.69-0.87)
Manual force of right hand normalized by BW (n = 235) >0.007°
1t Quartile—lowest 60 (25.5) 39 (65) 1
2" Quartile 56 (23.9) 26 (46.4) 0.88 (0.79-0.99)
3" Quartile 60 (25.5) 22 (36.7) 0.82 (0.74-0.93)
4™ Quartile—highest 59 (25.1) 17 (28.8) 0.78 (0.69-0.87)
Manual force asymmetry index (n = 235) 0.895
1°! Quartile—lowest 61 (26) 26 (42.6) 1
2" Quartile 56 (23.8) 23 (41.1) 0.99 (0.87-1.12)
3 Quartile 61 (26) 29 (47.5) 1.03 (0.91-1.16)
4™ Quartile—highest 57 (24.2) 26 (45.6) 1.02 (0.91-1.15)

& Multivariable analysis. Wald chi-squared test.
b Significant association (o < 0.05).

doi:10.1371/journal.pone.0150542.1005

questionnaire, and they found a back pain prevalence of 54.1% in the previous three months.
Two other recent studies, which evaluated back pain prevalence in Brazilian high school stu-
dents from the states of Rio de Janeiro [10] and Rio Grande do Sul [47], found a back pain
prevalence of 46.8% and 57%, respectively.

These rates of back pain prevalence are comparable to those found in developed countries
for both athletes and nonathletes. Schmidt et al. [30], in a study of 272 competitive athletes

PLOS ONE | DOI:10.1371/journal.pone.0150542 March 3,2016 8/16
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Table 6. Association (x?) and prevalence ratio between back pain and independent variable (exercise level and behavioral).

Independent variable n (%) Back pain Prevalence ratio p?
n (%) (95% Cl)
Exercise level
Physical exercise weekly frequency (n = 215) 0.888
1-2 days 75 (34.9) 33 (44) 1
3 or more days 140 (65.1) 63 (45) 1.01 (0.91-1.11)
Sport modality (n = 217) 0.234
Handball 34 (15.7) 19 (55.9) 1
Volleyball 57 (26.2) 27 (47.4) 0.94 (0.82-1.08)
Soccer 95 (43.8) 37 (38.9) 0.89 (0.78-1.01)
Basketball 31 (14.3) 11 (35.5) 0.86 (0.73-1.02)
Competition (n = 227) 0.142
Only 1 per year 109 (48) 53 (48.6) 1
2 or more per year 118 (52) 46 (39) 0.93 (0.85-1.02)
Behavioral
Time spent watching television per day (n = 219) 0.886
0-1 hours 138 (63) 59 (42.8) 1
2-3 hours 69 (31.5) 30 (43.5) 1.01 (0.91-1.11)
4 or more hours 12 (5.5) 6 (50) 1.05 (0.86—1.28)
Time spent using computer per day (n = 204) 0.56
0-1 hours 99 (48.5) 36 (36.4) 1
2 or more hours 105 (51.5) 52 (49.5) 1.09 (0.99-1.21)
Time sleeping per night (n = 236) 0.042°
0-7 hours 160 (67.8) 78 (48.8) 1
8-9 hours (adequate) 51 (21.6) 15 (29.4) 0.87 (0.78-0.97)
10 or more hours 25 (10.6) 10 (40) 0.94 (0.81-1.09)
Reading/studying in bed (n = 238) 0.042°
Yes 94 (39.5) 49 (52.1) 1
Sometimes 90 (37.8) 38 (42.2) 0.93 (0.84-1.03)
No 54 (22.7) 17 (31.5) 0.86 (0.77-0.97)
Smoking habits last month (n = 238) 0.028°
No 225 (94.5) 95 (42.2) 1
Yes 13 (5.5) 9 (69.2) 1.19 (1.01-1.38)
Alcohol consumption last month (n = 238) 0.101
No 162 (68.1) 65 (40.1) 1
Yes 76 (31.9) 39 (51.3) 1.08 (0.98-1.18)

& Multivariable analysis. Wald chi-squared test.
® Significant association (o < 0.05).

doi:10.1371/journal.pone.0150542.1006

from Germany aged 12 to 20 years, found a back pain prevalence of 57%. In Skofter’s [48]
study of the occurrence of pain in 546 students of both genders between 14 and 17 years of age
in a town in Denmark, 51.3% of the students reported having felt pain in the three months
prior to the study. Wirth et al. [7] evaluated 412 adolescents from Switzerland (10-16 years
old) using a questionnaire and physical examination and found a back pain prevalence of
44.4%.

Furthermore, our results indicated that female athletes (60.3%) presented a higher preva-
lence of back pain than male athletes (36.4%). Many studies corroborate this finding,
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Table 7. Association (x?) and prevalence ratio between back pain and independent variable (postural).

Independent variable n (%) Back pain Prevalence ratio p?
n (%) (95% CI)
Postural
Sleeping posture (n = 211) 0.481
Supine 22 (10.4) 7 (31.8) 1
Lateral decubitus 85 (40.3) 39 (45.9) 1.11 (0.94-1.31)
Prone 104 (49.3) 44 (42.3) 1.08 (0.91-1.26)
Sitting posture to write (n = 238) 0.017°
Recommended 16 (6.7) 3(18.8) 1
Not recommended 222 (93.3) 101 (45.5) 1.22 (1.03-1.44)
Sitting posture on a bench (n = 238) 0.001°
Recommended 21 (8.8) 3(14.3) 1
Not recommended 217 (91.2) 101 (46.5) 1.28 (1.11-1.47)
Sitting posture to use computer (n = 238) 0.001°
Recommended 40 (16.8) 8 (20) 1
Not recommended 198 (83.2) 96 (48.5) 1.23 (1.10-1.38)
Posture adopted to lift object from floor (n = 238) 0.221
Recommended 40 (16.8) 14 (35) 1
Not recommended 198 (83.2) 90 (45.5) 1.07 (0.95-1.21)
Means of carrying school supplies (n = 238) 0.362
Backpack 235 (98.7) 102 (43.4) 1
Another (briefcase, purse, or other) 3(1.3) 2 (66.7) 1.16 (0.84—1.61)
Method of carrying backpack (n = 238) 0.488
Recommended (both shoulders) 168 (70.6) 71 (42.3) 1
Not recommended 70 (29.4) 33 (47.1) 1.03 (0.94-1.13)

& Multivariable analysis. Wald chi-squared test.
® Significant association (o < 0.05).

doi:10.1371/journal.pone.0150542.1007

suggesting that female athletes have a higher predisposition for reporting back pain
[18,20,49,50]. A possible explanation for this result may be the earlier maturity of girls (includ-
ing hormonal changes during puberty) and their anatomical and functional characteristics
(shorter stature, lower muscle and bone density) when compared to boys [50]. Moreover, due
to social and educational factors, it may be more socially acceptable for women to reveal their
symptoms and feelings than it is for men. Finally, as Shan et al. [18] reported, boys have a
higher pain threshold than girls.

Similar results have been found in adults. Triki et al. [16] assessed back pain prevalence
among student athletes (18-24 years old) who engaged in various sport modalities in Tunisia
and found a significantly higher prevalence in female athletes than in male athletes. Legaults’
[37] results also indicate that female athletes presented a higher percentage of back injuries.

In the present study, approximately one-third of the athletes experienced back pain one or
more times per week, and this was more common among females (47.7%) than males (23.3%).
Furthermore, 8.7% of these athletes reported that back pain prevented them from performing
daily activities, and this limitation affected more female athletes. The same arguments dis-
cussed in the previous paragraphs may be able to explain the differences among male and
female athletes. On the other hand, Wirth et al. [7] reported that in the majority of subjects
investigated in their study, back pain did not result in any consequences. However, similar to
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the present study, 55 subjects (30.1%) stated that they changed something in their daily lives
due to their back pain, including taking pills, reducing their daily activities, or seeing a doctor.

A total of 26.8% of the athletes that participated in the present study were overweight or
obese, and a significant association between obese and back pain was found. This level of prev-
alence is similar to that seen in other countries (~25%) with a similar population [51]. These
weight characteristics may have a significant impact on the quality of life of these young people
and may contribute to ongoing health problems, including musculoskeletal pain and bone/
joint dysfunction in later life, and they may negatively influence aspects of motor performance,
such as muscle strength, balance, and walking [51,52].

No association was found between back pain and age or between back pain and socioeco-
nomic variables (work, parental education). In Brazil, a developing country, many adolescents
work in addition to attending school [53]. Our results showed that 11% of the athletes had
worked a job, but no association between this variable and back pain was found. However, we
did not investigate specific types of work or the weekly frequency with which students had
worked. Therefore, the influence of work on back pain and performance needs further study.

On the other hand, we found an association between back pain and psychosocial variables,
which can interfere with athletes’ quality of life, causing depressive symptoms and stress that
can in turn alter athletic performance [18]. Similarly, in a study with 1,446 students aged 11—
14, Watson et al. [54] found that low back pain was strongly associated with emotional prob-
lems, behavioral problems, and general somatic complaints.

Significant biological, emotional, intellectual, and social changes take place during adoles-
cence, and mental health problems are common in this age group [55]. There is an association
between stressful life events and athletic injury, and psychosocial variables are strongly related
to the development of pain and disability [56]. The psychosocial factors associated with back
pain and disability include anxiety, distress, depression, and self-perceived poor health
[39,56,57]. Similarly, Wirth et al. [7] showed that sleep disorders are one of the predictors of
pain in multiple spinal areas. Sleep disorders in childhood that occur along with certain psychi-
atric disorders can lead to anxiety/depression disorders later in life [7].

Another finding is the association between back pain and hereditary variables (ethnicity
and parents with back pain). In our study, athletes whose parents presented back pain had a
higher probability of presenting back pain when compared to other athletes. We speculated
that this association is due not only to genetic factors, but also to behavioral and/or psychoso-
cial factors [14,58]. We found that Asian and Indigenous athletes presented higher back pain
prevalence than other ethnic groups. However, because this association has been insufficiently
investigated and our sample size is relatively small, further studies are necessary to confirm it.

We did not find an association between back pain and exercise (weekly frequency, sport
modality, and competition). This result was unexpected, because several studies [16,29,39]
have demonstrated an association between certain sport modalities and increased rates of back
pain as well as a positive association between time spent practicing such modalities and
increased rates of back pain. Sato el al. [20] conducted a cross-sectional study using a question-
naire to determine the level of back pain in 43,630 children and adolescents in Japan. They
showed that the level of back pain was higher in athletes who spent a longer time participating
in sport activities, suggesting that sport activity is a possible back pain factor. Sato et al. [20]
also identified a significantly higher back pain prevalence for most popular sports, especially
volleyball, judo, gymnastics, golf, and rugby when compared to wrestling.

Similarly, Triki et al. [16] showed that the sport modalities associated with higher rates of
back pain prevalence were gymnastics, judo, handball, volleyball, and basketball. They hypoth-
esized that this was as a result of the fatigue caused by the long periods of time spent practicing
such activities. A recent study conducted by Noormohammadpour et al. [31] hypothesized that
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certain movements characteristic of these sport modalities, such as sudden and repetitive lum-
ber flexion, hyperextension, rotation, and axial load, are associated with a higher incidence of
pain among athletes. However, our results did not indicate any difference between handball,
volleyball, soccer, and basketball athletes in terms of back pain prevalence. These contradictory
results may be due to different levels of practice and training intensity between our sample and
the cited study’s sample and/or to the different methods of investigation used in these studies.

Although the ideas that any subject could accurately identify their own posture and that
there is one correct posture for everyone is controversial and contested in the current literature
[59,60], we found an association between back pain and postural variables (sitting posture
when writing, using a computer, and sitting on a bench). Students who usually sit with not rec-
ommended posture (forward trunk flexion, lack of lumbar support, and lack of forearm sup-
port) may be predisposed to higher levels of general discomfort [10,61-63]. Possible
explanations for this situation may be the increase in pressure on intervertebral discs [64],
which can (1) lead to disc malnutrition, (2) contribute to the development of general discom-
fort, such as pain, fatigue, and a spinal degenerative process, and (3) initiate mechanisms that
can endanger the integrity of the musculoskeletal system, such as an imbalance between the
passive, active, and neural systems responsible for the stability of the lumbopelvic region
[9,62]. Possibly, these factors may contribute to the significant association found in the present
study between back pain and not recommended sitting posture.

An association between these sitting postures and back pain was found in a similar study
[11]. When reading or studying in bed or when writing or using a computer with not recom-
mended posture (lordosed or kyphosed, overly arched or slouched), athletes may become vul-
nerable to increased intradiscal pressure [62,64] which, as previously discussed could
contribute to back pain.

Our results indicate that athletes with higher lumbar force had lower back pain prevalence.
Although our data are insufficient to support the hypothesis that this variable could be a pro-
tective factor, some studies suggest it. Sullivan et al. [65] showed that the activation of the
superficial lumbar multifidus, internal oblique, and thoracic erector spinal muscles is impor-
tant for trunk postural stabilization. Decreasing trunk muscle efficiency has been shown to
increase the load on the lumbar discs and ligaments, leaving the lumbopelvic region vulnerable
to strain, instability, or injury [65]. In other words, stronger lumbar muscles may decrease the
chance of developing back pain.

An association between smoking and back pain was found. Similarly, in a recent meta-analy-
sis, Shiri et al. [66] reported that current smokers have a higher prevalence and incidence of pain
than nonsmokers. The authors also showed that this association is stronger in adolescents than
in adults because the former may be more vulnerable to the adverse effects of smoking. A possible
explanation for this association is that smoking may lead to reduced perfusion and malnutrition
of the intervertebral discs and may increase the level of circulating proinflammatory cytokines,
which signal the central nervous system and thereby lead to an amplification of pain [66,67].

Limitations of the Study and Future Directions

Our findings should be interpreted with caution. Assessment by self-reported questionnaires
has certain limitations, such as response bias caused by acquiescence, socially desirable
responding, or extreme responding [37]. These types of response bias can lead to either overes-
timation or underestimation of a problem. Also it should be highlighted that BackPEI ques-
tionnaire as yet lacks thorough validity testing specifically with Brazilian athletes.

Although the use of the questionnaire with posture illustrations would be simpler in epide-
miological research as well as in clinical applications, the lack of self-consciousness especially
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in adolescence can limit the assessment of posture habits using such questionnaires. Also the
possibility of reverse causality needs to be raised—i.e. perhaps having back pain makes people
more likely to believe their posture is poorer rather than people with back pain having poorer
posture. Thus, the results should be interpreted carefully [10,40].

Furthermore, it is important to make clear that because this is a cross-sectional study, it
does not provide information about the nature of the development of pain and its associated
factors. In other words, no inferences about cause and effect can be made. Therefore, a longitu-
dinal exploration of these variables would be of interest [55,68]. Regarding the associated fac-
tors, it is important to identify them and to discuss the possibility that they are potential risk or
protective factors. Thus, future research should investigate these issues.

In conclusion, the prevalence of back pain in high school athletes in the three months prior
to the study was 43.7%—and this is in keeping with rates in developed countries and in non-
athletic populations. Furthermore, there is no association between exercise levels and back
pain but there is an association between back pain and non-exercise related variables and these
warrant further investigation.
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