
www.e-epih.org    |  1

INTRODUCTION

According to the 2017 Global Burden of Disease study, low 
back pain (LBP) was ranked first among health issues in terms of 
years lived with disability (YLDs) [1]. It is also the second highest 
cause of YLDs among 15-19-year-old, accounting for more YLDs 
than other health problems, such as asthma, alcohol consump-
tion, drug use, and road traffic injury [2]. LBP is a prevalent con-
dition among school-age students, but it has not received suffi-
cient attention [3]. In developing countries such as Thailand, 
Zimbabwe, and Bosnia and Herzegovina, it was reported that 
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Measures
The questionnaires developed by Dianat et al. [7] and Hatami 

et al. [19] were used to gather information about demographic 
variables, leisure time (including age, sex, PA, cell phone use, 
computer use, computer games, watching TV), family history of 
LBP, school-related factors (information about convenience and 
comfort of the school furniture based on a modification of the 
Chair Feature Checklist), classroom design and amount of home-
work, and some information about the type of school bag used, 
how students carried their school bags, and the length of time 
spent carrying the school bag. These questionnaires have been 
shown to be adequately reliable and valid. Minor revisions were 
made according to experts’ opinions to adapt the items of the 
questionnaires for the population of the present study. The ques-
tionnaires were tested in a pilot study of 60 students. According to 
their comments, partial revisions were made to a number of items 
in the questionnaire to improve transparency and understanda-
bility. Additionally, the test-retest approach was used to assess the 
reliability of the questionnaire items using the kappa coefficient 
(ranging from 0.73 to 0.95) and the intraclass correlation coeffi-
cient (ranging from 0.85 to 0.98).

The Rapid Upper Limb Assessment (RULA) checklist, which is 
an observational method for measuring the risk of upper limb 
musculoskeletal disorders, was used to observe students’ postures. 
On this checklist, the observations were recorded as numerical 
scores. These scores were converted into final scores using the 
RULA scoring matrix, according to which the priority level of 
corrective steps was determined (level 1: a score of 1 or 2, indicat-
ing that a posture is acceptable if not maintained for a long period 
of time; level 2: a score of 3 or 4, indicating that further investiga-
tion is needed and changes may be required; level 3, a score of 5 
or 6, indicating that an investigation is needed and changes are 
required soon; and level 4, a score of 7 or higher, indicating that 
further investigation and immediate changes are required) [20]. 
The questionnaire’s reliability and validity were confirmed by 
Dianat & Salimi [21]. Each student’s posture was recorded by an 
observer using the RULA checklist to control for inter-observer 
variability. Inter-rater reliability was assessed at 2 different times, 
using a pilot study among 60 students in the current study. The 
Cronbach alpha coefficients for the upper arm, lower arm, wrist, 
neck, trunk, and leg were 0.79, 0.82, 0.78, 0.83, 0.84, and 0.86, re-
spectively, indicating an acceptable level of reliability.

The standard Strengths and Difficulties Questionnaire (SDQ) 
was used to measure psychosocial variables. This questionnaire 
uses a 5-factor structure to measure behavioral-emotional prob-
lems and prosocial behaviors in 4-17-year-old children. It also in-
volves 4 subscales related to difficulties (emotional problems, 
conduct problems, hyperactivity, and peer problems) along with a 
strengths measure (prosocial behaviors). This 25-item question-
naire was filled out by students’ parents. Each question was scored 
on a 3-point Likert scale as 0 (not true), 1 (somewhat true), and 2 
(certainly true). Each subscale had 5 questions and the theoretical 
range of the strengths and difficulties scores was 0-10 and 0-40, 

14.9%, 42.9%, and 16.0% of the student population suffered from 
back pain, respectively [4-6]. In 2015, it was found that 34.3% of 
Iranian students in the 11-14-year-old age group experienced 
LBP [7]. 

LBP is defined as pain between the costal margins and inferior 
gluteal folds, which is usually accompanied by painful motor re-
strictions and may be related with referral pain to the foot, but is 
not a result of direct trauma or systemic diseases such as neo-
plasms, infections, peripheral arterial disease, metabolic condi-
tions, or endocrine malfunction [8]. LBP can considerably restrict 
daily activities, such as attending school and gym or taking part in 
sports [9]. As LBP in adults may originate from childhood and 
adolescence experiences [10], recognizing it at young ages is nec-
essary for designing effective prevention and management strate-
gies [11]. 

Although previous studies have investigated a broad range of 
variables, including biological parameters (such as weight, muscle 
strength, or ergonomics), psychosocial factors (such as family and 
societal relationships or satisfaction with school), lifestyle-related 
variables (such as physical activities [PAs], watching TV, or com-
puter use), and posture, as potential causative factors of LBP in 
children and teenagers [11-16], inconsistent results have been re-
ported regarding these risk factors and their relationships with 
LBP in children and teenagers. Furthermore, studies that incor-
porate all the above factors in a single analysis are quite limited 
[6,7,17]. In addition, few studies have addressed the prevalence 
and risk factors of LBP in students at younger ages [6,16].

Therefore, this study, as a part of broader research project on 
musculoskeletal problems, from which results about neck and 
shoulder pain have previously been reported [18], was conducted 
with the purpose of assessing LBP prevalence and its potential 
risk factors among elementary-school students.

MATERIALS AND METHODS

Study design and setting
This cross-sectional study was conducted in Hamadan from 

early January 2018 to late March 2018. Hamadan is a city in the 
west of Iran with a population of 573,449 based on the Health 
Center statistics from 2018. 

Sampling/participants
The sample included 693 elementary-school students (7-12 

years old) and their parents. Multistage stratified cluster sampling 
was conducted. Hamadan has 2 educational areas (strata), accord-
ing to the divisions of the Hamadan Department of Education. In 
the first phase of sampling, a list was provided by the Department 
of Education and then 13 schools (clusters) were selected random-
ly from the above areas based on socioeconomic conditions. In 
the second phase, all 6 grades of each selected elementary-school 
(1 class from each grade) were considered, and finally students 
were selected randomly from each class.
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respectively. The total difficulty score was obtained from the 4 
subscales related to difficulties. According to the obtained scores, 
each subscale is divided into 3 categories (normal, borderline, and 
abnormal) [22]. The reliability and validity of the questionnaire 
have been reported to be acceptable [23].

A pre-shaded manikin picture to show areas of pain was used 
to measure the prevalence of LBP, with an accompanying ques-
tion reading “Have you experienced pain or discomfort in your 
back area for a day or more during the last month? (responses: 
yes/no)” [7,24]. Pain intensity was measured using a visual ana-
logue scale graded from 0 (no pain) to 10 (worst pain) [25]. All the 
questionnaires were filled out during interviews conducted by the 
principal researcher and the students’ posture was recorded by an 
ergonomic specialist.

Finally, the weights of students and their school bags were meas-
ured using a digital electronic scale (Beurer, Ulm, Germany) with 
a sensitivity of 100 g. Each participant’s standing height was meas-
ured using a portable stature meter (Yongkang Putai Hardware 
Factory, Yongkang, China). Each participant’s body mass index 
(BMI, kg/m2) was calculated and classified according to the 
World Health Organization (WHO) growth reference charts (2007) 
into 3 categories: healthy weight (healthy weight (5th-85th per-
centile), underweight (< 5th percentile), and overweight (≥ 85th 
percentile) [26].

LBP was considered as the outcome of interest (a binary re-
sponse variable). The independent/exposure variables that were 
included in the analytical models were the students’ demographic 
and PA/leisure activity characteristics (age, sex, BMI, hours per 
week playing sports, hours per day using a mobile/tablet, hours per 
day using a computer, hours per day playing games, hours per day 
watching TV); classroom furniture/layout design (seat height, 
seat backrest height, seat backrest inclination, seat backrest curva-
ture, seat depth, seat width, desk height, seat pan inclination, seat-
to-blackboard distance, classroom teacher placement, viewing the 
blackboard); amount of homework, position doing homework at 
home, history of accident or injury related to LBP, family history 
of LBP, school bag–related variables (type and weight of school 
bag, duration and method of carrying the school bag, method of 
travel to/from school); psychosocial factors (prosocial behavior, 
emotional symptoms, conduct problems, hyperactivity, peer 
problems, total difficulties), and RULA score.

Statistical analysis
Penalized logistic regression was utilized to select important 

correlates of LBP. We used the group smoothly-clipped absolute 
deviation (SCAD) penalty in the logistic regression model to select 
correlates and to measure the associations between LBP and de-
mographic characteristics and PA/leisure activity, school-related 
factors, psychosocial factors, and RULA scores. Briefly, this model 
is a shrinkage regression model that imposes an L1 penalty on the 
regression coefficients. The chi-square test also was used to ana-
lyze the data in this study. 

Stepwise logistic regression is the usual approach to select vari-

ables associated with a binary response; nevertheless, it suffers 
from some disadvantages, including instability of the selected 
variables and vulnerability to overfitting. Recently, penalized re-
gression models, in which a penalty term is attached to the likeli-
hood function and estimation and variable selection is done si-
multaneously, have shown promising results. Among the various 
penalties, the use of SCAD has been well established as a way to 
obtain reliable results [27]. 

The SCAD penalty is defined as follows:

In the above equation λ is the tuning parameter and its opti-
mum value should be obtained through cross-validation. In this 
study, we used a 10-fold cross-validation strategy. The value of λ 
with the smallest Bayesian information criterion was chosen as 
the optimum value. This method was repeated 1,000 times and 
the estimated coefficients were averaged over all repetitions. To 
estimate the standard errors of the coefficients, a bootstrap strate-
gy was used with 1,000 replications. Therefore, 1,000 samples (with 
replacement) were selected from the original data and then the 
standard errors of the coefficients were computed to calculate 
2-sided p-values. A significance level of 0.05 was adopted for all 
statistical analyses.

The adequacy of the final model was checked using the Hos-
mer & Lemeshow test, in which a p-value greater than 0.05 indi-
cates no evidence of poor fit [29].

The area under the receiver operating characteristic curve (AUC) 
was also used to check the predictive accuracy of the model. To 
do this, the data were divided randomly into 2 subsets (training 
and testing sets). The model was fitted to the training data and the 
AUC was obtained for the testing set. AUC values lie between 0.5 
and 1, where 0.5 denotes a bad classifier and 1 denotes an excel-
lent classifier. 

It should be noted that penalized logistic regression simultane-
ously considers all independent variables, including potential con-
founding variables, when selecting variables. Therefore, this mod-
el can control for the effect of potential confounding variables. In 
the current study, demographic characteristics, physical leisure 
activities, psychosocial factors, and family history of LBP among 
school students, which could serve as potential confounding vari-
ables, were entered into the model as independent variables. 

Ethics statement 
This study was approved by the Ethics Committee of Hamadan 

University of Medical Sciences (approval code: IR.UMSHA.REC. 
1396.641). Informed consent was obtained from the students and 
their parents.
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RESULTS

Low back pain among participants
In total, 26.6% of the students reported LBP during the last 

month. The intensity of LBP differed significantly (p= 0.001) be-
tween males (mean, 1.08; standard deviation [SD], 2.22) and fe-
males (mean, 1.79; SD, 3.06). However, there were no significant 
differences (p= 0.106) by sex with regard to absence from school 
due to LBP. 

The mean± SD age of the students’ was 9.70± 1.61 years, and 
their BMI was 17.68± 3.57 kg/m2 (Table 1). 

Risk factors for low back pain
Using the chi-square test (Table 2), the prevalence of LBP was 

found to be significantly higher in older students (31.8%, 
p= 0.001) and among female students (29.9%, p< 0.05). 

According to the penalized logistic regression analysis (Table 
3), the following factors had an significant relationship with LBP: 
older age (odds ratio [OR], 3.08; 95% confidence interval [CI], 
1.80 to 5.26; p<0.001), watching TV for more than 3 hours a day 
(OR, 2.62; 95% CI, 1.46 to 4.68; p<0.001), very short seat back-
rests (OR, 3.08; 95% CI, 1.61 to 5.90; p <0.001), excessively 
curved seat backrests (OR, 4.36; 95% CI, 2.08 to 9.13; p<0.001), 
very short desks (OR, 3.44; 95% CI, 1.61 to 7.35; p <0.001), a 
family history of LBP (OR, 2.49; 95% CI, 1.58 to 3.91; p<0.001), 
carrying a school bag on 1 shoulder (OR, 1.91; 95% CI, 1.03 to 
3.54; p<0.05), and RULA scores of 3 (OR, 2.26; 95% CI, 1.13 to 
4.50; p<0.05) or 4 (OR, 2.85; 95% CI, 1.37 to 5.91; p<0.01).

Model adequacy was confirmed by the Hosmer & Lemeshow 
test (χ2 = 5.165; degree of freedom [df]= 8; p= 0.740). Moreover, 
the predictive accuracy of the model using the selected variables 
shown in Table 3 was acceptable (AUC, 0.739) [29]. 

Table 1. Demographic characteristics, variables related to physical/
leisure activities, variables related to school bag use, and SDQ scores 
among the study participants

Variables n (%)  Mean±SD

Demographic
   Age (yr) 9.70±1.61
   Weight (kg) 35.88±16.85
   Height (cm) 136±16.32
   BMI (kg/m2) 17.68±3.57
Physical and leisure activities
   Playing sports  (hr/wk) 582 (84.0) 1.70±1.61
   Using a mobile device (hr/d) 530 (76.5) 0.81±1.07
   Using a computer (hr/d) 133 (19.2) 0.24±0.70
   Playing games (hr/d) 174 (25.1) 0.35±0.86
   Watching TV (hr/d) 673 (97.2) 2.07±1.58
School bag–related variables
   School bag weight (kg) - 3.60±0.74
   School bag as % of body weight - 11.4±3.6
   Time spent carrying school bag (min) - 13.7±13.4
   Type of school bag
   Backpack   676 (97.5) -
   Other (shoulder bag/wheels) 17 (2.5) -
   Method of carrying one’s school bag 
   Both shoulders 589 (85.5) -
   One shoulders 86 (12.4) -
   Other (by hands/wheels) 18 (2.6) -
   Method of travel to/from school      
   Car 261 (37.7) -
   Walking 347 (50.1) -
   Other 85 (12.3) -
SDQ scale

Total difficulties
   Normal 491 (70.9) -
   Borderline  99 (14.9) -
   Abnormal 103 (14.3) -
Emotional symptoms
   Normal 515 (74.3) -
   Borderline 57 (8.2) -
   Abnormal 121 (17.5) -
Conduct problems
   Normal 481 (69.4) -
   Borderline 96 (13.9) -
   Abnormal 116 (16.7) -
Hyperactivity 
   Normal 523 (75.5) -
   Borderline 70 (10.1) -
   Abnormal 100 (14.1) -
Peer problems       
   Normal 397 (57.3) -
   Borderline 144 (20.8) -
   Abnormal 152 (21.9) -
Prosocial behavior 
   Normal 655 (94.5) -
   Borderline 24 (3.5) -
   Abnormal 14 (2.0) -

SDQ, Strengths and Difficulties Questionnaire; SD, standard deviation; 
BMI, body mass index.

Table 2. Associations between low back pain (LBP) and demogra
phic characteristics

Characteristics
LBP

p-value1

Without With

Age (yr)  0.001
   <10 247 (79.9) 62 (20.1)
   ≥10 262 (68.2) 122 (31.8)
Sex 0.032
   Male 246 (77.4) 72  (22.6)
   Female 263 (70.1) 112 (29.9)
Body mass index (percentile) 0.880
   Healthy weight (5th-85th) 341 (73.0) 126 (27.0)
   Underweight (<5th) 34 (72.3) 13 (27.7)
   Overweight (≥85th) 134 (74.9) 45 (25.1)

Values are presented as number (%).
1Using the chi-square test.



Rezapur-Shahkolai F et al. : Risk factors for LBP among students

www.e-epih.org    |  5

DISCUSSION

The results of the current study showed that the prevalence of 
LBP among elementary students was 26.6%. Older age, watching 
TV for more than 3 hours a day, a family history of LBP, very short 
desks, very short seat backrests, excessively curved seat backrests, 

and carrying a school bag on 1 shoulder were independently re-
lated with LBP. RULA scores of 3 and 4 were also independently 
related with LBP.

In this study, LBP prevalence had a direct relationship with age. 
This finding aligns with previous studies [15,30-32]. It is likely 
that students have more homework as they become older and ad-

Table 3. Factors associated with LBP in the penalized logistic regression model

Variables Total With LBP OR (95% CI) p-value

Age (yr)
   <10   309 (44.6) 62 (20.1) 1.00 (reference) -
   ≥10 384 (55.4) 122 (31.8) 3.08 (1.80, 5.26) <0.001
Seat backrest height
   Just right  263 (38.0) 64 (24.3) 1.00 (reference) -
   Too low  121 (17.4) 44 (36.4)  3.08 (1.61, 5.90) <0.001
   Too high 309 (44.6) 76 (24.6)  1.11 (0.68, 1.82) 0.657
Seat backrest curvature
   Just right 367 (53.0) 76 (20.7) 1.00 (reference) -
   Too flat 78 (11.0) 26 (33.3) 2.33 (0.92, 5.88) 0.074
   Too curved 248 (36.0) 82 (33.1) 4.36 (2.08, 9.13) <0.001
Desk height
   Just right 169 (24.3) 35 (20.7) 1.00 (reference) -
   Too low 131 (19.0) 51 (38.9) 3.44 (1.61, 7.35) <0.001
   Too high 393 (56.7) 98 (24.9) 1.50 (0.77, 2.91) 0.228
Seat-to-(black) board distance
   Just right 146 (21.0) 46 (31.5) 1.00 (reference) -
   Too far 448 (64.8) 110 (24.6) 1.11 (0.53, 2.34) 0.771
   Too near 99 (14.2) 28 (28.3) 0.60 (0.31, 1.14) 0.121
History of accident or injury related to LBP
   No 631 (91.0) 174 (27.6) 1.00 (reference) -
   yes 62 (9.0) 10 (16.1) 0.52 (0.22, 1.24) 0.142
Family history of LBP
   No (reference category) 459 (66.2) 101 (22.0) 1.00 (reference) -
   yes 234 (33.8) 83 (35.5) 2.49 (1.58, 3.91) <0.001
Method of carrying one’s school bag 
   Both shoulders 589 (85.0) 144 (24.4) 1.00 (reference) -
   One shoulder 86 (12.4) 34 (39.5) 1.91 (1.03, 3.54)   0.039
   Other (by hands/wheels) 18 (2.6) 6 (33.3) 0.91 (0.12, 6.45) 0.927
RULA
   Level 1 99 (14.3) 18 (18.2) 1.00 (reference) -
   Level 2 112 (16.1) 13 (11.6) 0.53 (0.21, 1.33) 0.178
   Level 3 301 (43.5) 95 (31.6) 2.26 (1.13, 4.50)  0.020
   Level 4 181 (26.1) 58 (32.0) 2.85 (1.37, 5.91)  0.005
 Watching TV (hr/d) 
   <1 240 (34.7) 60 (25.0) 1.00 (reference) -
   1-3 257 (37.0) 50 (19.5) 0.85 (0.50, 1.44) 0.551
   >3 196 (28.3) 74 (37.8) 2.62 (1.46, 4.68) <0.001
Time spent carrying school bag (min/d)
   ≤20 560 (80.9) 140 (25.0) 1.00 (reference) -
   >20 133 (19.1) 44 (33.1) 1.66 (0.95, 2.89) 0.073

Values are presented as number (%).
LBP, low back pain; OR, odds ratio; CI, confidence interval; RULA, Rapid Upper Limb Assessment.
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vance to higher grades. Consequently, the weight of their school 
bags increases, and unsuitable ways of carrying school bags be-
come more common. These findings are supported by a study of 
school students in Iran that showed less PA among older students 
[33], although this tendency can be prevented by implementing 
appropriate interventions [34].

Among the demographic variables, the prevalence of LBP in 
girls was higher than in boys, which is similar to other studies 
[7,24]. Boys may have an inclination to underreport or worry less 
about this problem. Also, girls may engage in less PA than boys, 
making them more likely to have LBP [33,34].

The following school-related factors were significantly related 
to LBP: very short seat backrests, excessively curved seat back-
rests, and very short desks. Sitting at a very short desk causes stu-
dents to place their head in a forward position, placing the low 
back under pressure (load), which contributes to LBP [30]. It was 
found that when furniture 20 centimeters higher than usual was 
used for a 20-minute reading, lumbar flexion was reduced to a 
considerable degree (10° compared to 40°) [35]. The backrest be-
ing either too low or far back encourages students to lean back-
wards, so when they simultaneously perform an activity such as 
writing, the neck area is bent to a remarkable extent [30]. School 
furniture design contributes to musculoskeletal pain in students 
[30,36,37]. Two studies in Iran have confirmed the mismatch be-
tween school furniture and students’ anthropometric dimensions 
[38,39]. Some interventions can be recommended to reduce LBP 
due to improper class furniture, including ergonomic interven-
tions such as proper furniture design (desk height and seat back-
rest height) in proportion to students’ anthropometric dimen-
sions, training on how to sit properly on classroom furniture, and 
stretching exercises to prevent sitting for a long time [33,34]. 

In contrast, individual factors related to PA and leisure time (PA 
time, cell phone and computer use, and computer games) and 
BMI were not associated with LBP, which accords with other 
studies conducted by Diepenmaat et al. [24] in the Netherlands, 
Murphy et al. [30] in England, and Mohseni-Bandpei et al. [32] 
and Dianat et al. [7] in Iran. 

Watching TV for more than 3 hours a day had a significant re-
lationship with LBP. Studies have shown that watching TV in-
creases the risk of LBP [32,40]. The prevalence of LBP has been 
reported to exceed more than 50% among those who watched 
TV for more than 2 hours a day [41]. Similar findings have indi-
cated that the situation is aggravated when watching TV is accom-
panied by sitting in a relatively static position for a long time, un-
suitable sitting postures, and low levels of PA [42,43]. 

In this study, having a family history of LBP was a predictor of 
students’ LBP. The presence of such a complaint in children is rele-
vant to the history of similar complaints in their households [30]. 
The prevalence of LBP among children of whom one parent had 
this condition was 21%, while it was 24% among children of 
whom both parents had LBP; in contrast, the prevalence was only 
14% among children whose parents were both healthy (with re-
gard to LBP) [42]. 

RULA scores of 3 and 4 were significantly related with LBP. 
Studies have reported a significant relationship between bending 
and rotation of the low back and musculoskeletal pains (including 
LBP) in school-age children and adolescents. We must consider, 
however, that those mentioned studies used a different instru-
ment from present study (the portable ergonomic observation 
method) [44,45]. Students’ undesirable sitting positions in class, 
as well as listening, reading, and writing in different conditions, 
result in musculoskeletal pain, especially in their low back area. 
Unless this condition receives appropriate attention, it may be ac-
companied by irreparable complications and multiple spinal col-
umn problems in the long term [46]. Presenting the necessary in-
structions and corrective actions for this group of students is rec-
ommended to encourage them to adjust their sitting posture and 
to prevent subsequent related disorders.

In the present study, psychosocial factors were not found to be 
related to LBP. Previous studies have reported significant relation-
ships of psychological and psychosocial factors with musculoskel-
etal complaints in children and teenagers [7,16,47]. The reason 
for this finding may be that the SDQ questionnaires were self-re-
ported by the parents, potentially leading to inaccuracies that 
could have a negative impact on the study outcomes. 

Among the variables related to school bags investigated in this 
study, only carrying a school bag on 1 shoulder was related to LBP. 
Studies have shown that heavy school bags and improperly carry-
ing them for long periods of time may adversely affect children’s 
musculoskeletal system, not only resulting in fatigue and back 
pain, but also affecting the normal growth of the spine [48,49]. 
Therefore, recommending a suitable bag weight, producing safe 
bags, and informing students and their parents of the side effects 
of having heavy bags and carrying them improperly may be con-
venient interventions for solving school bag-related LBP problems.

The current study indicated a high prevalence of LBP among 
elementary-school students and identified some important risk 
factors, including demographic factors, leisure activities, class-
room furniture, manner of carrying a school bag, family history, 
and improper sitting postures. 

LBP may have negative consequences for both the physical 
performance and the social life of children and adolescents. LBP 
in childhood and adolescence has also been shown to be associat-
ed with LBP in adulthood. Therefore, recognizing these risk fac-
tors at an early age can help prevent LBP in adulthood, especially 
if more effective interventions are developed.

This study simultaneously considered all the factors analyzed in 
previous studies on LBP, which is a distinctive feature of this study 
that may be one of its strengths. In addition, few studies have ad-
dressed the prevalence and risk factors of LBP in younger stu-
dents. Another strength of this study is the combined use of indi-
vidual interviews and posture observations to investigate LBP 
prevalence and its risk factors among elementary students. 

Nonetheless, the study findings should be interpreted in light of 
some limitations. For instance, the cross-sectional design of the 
study makes it impossible to infer a causal relationship between 
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the 2 events. Another limitation is related to the validity and ac-
curacy of the data obtained from students’ and parents’ self-reports, 
which may be accompanied by under-reporting or over-reporting, 
although this approach is widely used for diagnosing LBPs and 
problems among children and teenagers [7,24]. It is also worth 
keeping in mind that not all the data were obtained from self-re-
ports; the data on students’ postures were recorded through ob-
servations by an ergonomic specialist and the students’ height and 
weight and the weight of their bags were directly measured by the 
principal researcher. 

In conclusion, risk factors such as older age, watching TV for 
more than 3 hours a day, having a family history of LBP, very short 
seat backrests, excessively curved seat backrests, very short desks, 
carrying one’s school bag on 1 shoulder and RULA scores of 3 
and 4 were associated with LBP, reflecting the multifactorial na-
ture of this condition. Therefore, multifaceted solutions and ways 
of making effective healthy changes should be considered for 
maintaining low back health. Recognizing vulnerable children 
and teenagers, developing interventions such as health education 
and promotion programs, and involving the educational system, 
teachers, parents, and the students themselves in interventions 
targeting health improvement are required. To develop interven-
tional programs, it is indispensable to investigate ways of improv-
ing schools and children’s ergonomic conditions, as well as con-
sidering ergonomic essentials at home and school for teenagers 
who are maturing and whose musculoskeletal system is forming.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this study.

FUNDING

This study was approved and financially supported by the Dep-
uty of Research and Technology of Hamadan University of Medi-
cal Sciences (No. 9611177279).

ACKNOWLEDGEMENTS

The authors would like to thank all participants of this study.

AUTHOR CONTRIBUTIONS

Conceptualization: FRS, EG, ID, AKS. Data curation: FRS, EG, 
LT. Formal analysis: LT. Funding acquisition: FRS. Methodology: 
FRS, EG, LT, ID. Project administration: FRS, EG. Writing – orig-
inal draft: FRS, EG. Writing – review & editing: FRS, EG, LT, ID, 
AKS, RH.

ORCID

Forouzan Rezapur-Shahkolai: https://orcid.org/0000-0001-5049-
1109; Elham Gheysvandi: https://orcid.org/0000-0002-9133-545X; 

Leili Tapak: https://orcid.org/0000-0002-4378-3143; Iman Dianat: 
https://orcid.org/0000-0001-6282-939X; Akram Karimi-Shahan-
jarini: https://orcid.org/0000-0002-2453-1389; Rashid Heidarimo-
ghadam: https://orcid.org/0000-0002-5711-0150

REFERENCES

1.	 GBD 2017 Disease and Injury Incidence and Prevalence Collab-
orators. Global, regional, and national incidence, prevalence, and 
years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990-2017: a systematic analysis for the 
Global Burden of Disease Study 2017. Lancet 2018;392:1789-1858. 

2.	 Kamper SJ, Henschke N, Hestbaek L, Dunn KM, Williams CM. 
Musculoskeletal pain in children and adolescents. Braz J Phys 
Ther 2016. doi: http://dx.doi.org/10.1590/bjpt-rbf.2014.0149.

3.	 MacDonald J, Stuart E, Rodenberg R. Musculoskeletal low back 
pain in school-aged children: a review. JAMA Pediatr 2017;171: 
280-287.

4.	 Keeratisiroj O, Siritaratiwat W. Prevalence of self-reported mus-
culoskeletal pain symptoms among school-age adolescents: age 
and sex differences. Scand J Pain 2018;18:273-280.

5.	 Chiwaridzo M, Naidoo N. Prevalence and associated characteris-
tics of recurrent non-specific low back pain in Zimbabwean ado-
lescents: a cross-sectional study. BMC Musculoskelet Disord 
2014;15:381.

6.	 Azabagic S, Spahic R, Pranjic N, Mulic M. Epidemiology of mus-
culoskeletal disorders in primary school children in Bosnia and 
Herzegovina. Mater Sociomed 2016;28:164-167.

7.	 Dianat I, Alipour A, Asghari Jafarabadi M. Prevalence and risk 
factors of low back pain among school age children in Iran. Health 
Promot Perspect 2017;7:223-229.

8.	 Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A 
systematic review of the global prevalence of low back pain. Ar-
thritis Rheum 2012;64:2028-2037.

9.	 Fritz JM, Clifford SN. Low back pain in adolescents: a compari-
son of clinical outcomes in sports participants and nonpartici-
pants. J Athl Train 2010;45:61-66.

10.	 Smith A, Beales D, O’Sullivan P, Bear N, Straker L. Low back pain 
with impact at 17 years of age is predicted by early adolescent risk 
factors from multiple domains: analysis of the Western Australi-
an Pregnancy Cohort (Raine) study. J Orthop Sports Phys Ther 
2017;47:752-762.

11.	 Dolphens M, Vansteelandt S, Cagnie B, Vleeming A, Nijs J, Van-
derstraeten G, et al. Multivariable modeling of factors associated 
with spinal pain in young adolescence. Eur Spine J 2016;25:2809-
2281.

12.	 Mikkonen P, Heikkala E, Paananen M, Remes J, Taimela S, Au-
vinen J, et al. Accumulation of psychosocial and lifestyle factors 
and risk of low back pain in adolescence: a cohort study. Eur Spine 
J 2016;25:635-642.

13.	 Picavet HS, Berentzen N, Scheuer N, Ostelo RW, Brunekreef B, 
Smit HA, et al. Musculoskeletal complaints while growing up from 
age 11 to age 14: the PIAMA birth cohort study. Pain 2016;157: 



Epidemiol Health 2020;42:e2020039

  |    www.e-epih.org  8

2826-2833.
14.	 Rosa BN, Furlanetto TS, Noll M, Sedrez JA, Schmit EF, Candotti 

CT. 4-year longitudinal study of the assessment of body posture, 
back pain, postural and life habits of schoolchildren. Motricidade 
2017;13:3-12.

15.	 Kaspiris A, Grivas TB, Zafiropoulou C, Vasiliadis E, Tsadira O. 
Nonspecific low back pain during childhood: a retrospective epi-
demiological study of risk factors. J Clin Rheumatol 2010;16:55-
60.

16.	 Trigueiro MJ, Massada L, Garganta R. Back pain in Portuguese 
schoolchildren: prevalence and risk factors. Eur J Public Health 
2013;23:499-503.

17.	 Szita J, Boja S, Szilagyi A, Somhegyi A, Varga PP, Lazary A. Risk 
factors of non-specific spinal pain in childhood. Eur Spine J 2018; 
27:1119-1126.

18.	 Gheysvandi E, Dianat I, Heidarimoghadam R, Tapak L, Karimi-
Shahanjarini A, Rezapur-Shahkolai F. Neck and shoulder pain 
among elementary school students: prevalence and its risk fac-
tors. BMC Public Health 2019;19:1299.

19.	 Hatami M, Taib MN, Jamaluddin R, Saad HA, Djazayery A, Cha
mari M, et al. Dietary factors as the major determinants of over-
weight and obesity among Iranian adolescents. A cross-sectional 
study. Appetite 2014;82:194-201.

20.	 McAtamney L, Nigel Corlett E. RULA: a survey method for the 
investigation of work-related upper limb disorders. Appl Ergon 
1993;24:91-99.

21.	 Dianat I, Salimi A. Working conditions of Iranian hand-sewn 
shoe workers and associations with musculoskeletal symptoms. 
Ergonomics 2014;57:602-611.

22.	 Goodman R. The Strengths and Difficulties Questionnaire: a re-
search note. J Child Psychol Psychiatry 1997;38:581-586.

23.	 Tehrani DM, Shahrivar Z, Pakbaz B, Rezaei A, Ahmadi F, Yafteh 
H. Validity of Farsi version of Strengths and Difficulties Question-
naire (SDQ). Adv Cogn Sci 2007;8:33-39 (Persian).

24.	 Diepenmaat AC, van der Wal MF, de Vet HC, Hirasing RA. Neck/ 
shoulder, low back, and arm pain in relation to computer use, phys-
ical activity, stress, and depression among Dutch adolescents. Pedi-
atrics 2006;117:412-416.

25.	 Huskisson EC. Measurement of pain. J Rheumatol 1982; 9: 768-9.
26.	 World Health Organization. The WHO child growth standards; 

2007 [cited 2020 Apr 1]. Available from: https://www.who.int/
childgrowth/standards/en/.

27.	 Arayeshgari M, Tapak L, Roshanaei G, Poorolajal J, Ghaleiha A. 
Application of group smoothly clipped absolute deviation meth-
od in identifying correlates of psychiatric distress among college 
students. BMC Psychiatry 2020;20:198.

28.	 Wang L, Chen G, Li H. Group SCAD regression analysis for mi-
croarray time course gene expression data. Bioinformatics 2007; 
23:1486-1494.

29.	 Agresti A. Categorical data analysis. Hoboken: John Wiley & Sons; 
2013, p. 165-192.

30.	 Murphy S, Buckle P, Stubbs D. A cross-sectional study of self-re-
ported back and neck pain among English schoolchildren and 

associated physical and psychological risk factors. Appl Ergon 
2007;38:797-804.

31.	 Yao W, Mai X, Luo C, Ai F, Chen Q. A cross-sectional survey of 
nonspecific low back pain among 2083 schoolchildren in China. 
Spine (Phila Pa 1976) 2011;36:1885-1890.

32.	 Mohseni-Bandpei MA, Bagheri-Nesami M, Shayesteh-Azar M. 
Nonspecific low back pain in 5000 Iranian school-age children. J 
Pediatr Orthop 2007;27:126-129.

33.	 Rostami-Moez M, Hazavehei SM, Karami M, Karimi-Shahan-
jarini A, Nazem F, Rezapur-Shahkolai F. Decline in physical ac-
tivity among Iranian girl students aged 10 to 16 and the related 
factors. Health Scope 2017;6:e62422. 

34.	 Rostami-Moez M, Rezapur-Shahkolai F, Hazavehei SM, Karami 
M, Karimi-Shahanjarini A, Nazem F. Effect of educational pro-
gram, based on PRECEDE and trans-theoretical models, on pre-
venting decline in regular physical activity and improving it among 
students. J Res Health Sci 2017;17:e00375.

35.	 Trevelyan FC, Legg SJ. Risk factors associated with back pain in 
New Zealand school children. Ergonomics 2011;54:257-262.

36.	 Trevelyan FC, Legg SJ. The prevalence and characteristics of back 
pain among school children in New Zealand. Ergonomics 2010; 
53:1455-1460.

37.	 Castellucci HI, Arezes PM, Molenbroek JF. Equations for defin-
ing the mismatch between students and school furniture: a sys-
tematic review. Int J Ind Ergon 2015;48:117-126.

38.	 Heidarimoghadam R, Motamedzade M, Roshanaei G, Ahmadi R. 
Match between school furniture dimensions and children’s an-
thropometric dimentions in male elementary schools. Iran J Er-
gon 2014;2:9-18 (Persian).

39.	 Heidarimoghadam R, Golmohammadi R, Roshanaei G, Zare R. 
Assessing the match between female primary students’ anthropo-
metric dimensions and furniture dimensions in Hamadan schools 
in 2013. J Health Saf Work 2015;5:47-56 (Persian).

40.	 Shehab DK, Al-Jarallah KF. Nonspecific low-back pain in Kuwaiti 
children and adolescents: associated factors. J Adolesc Health 2005; 
36:32-35.

41.	 Trevelyan FC, Legg SJ. Back pain in school children--where to 
from here? Appl Ergon 2006;37:45-54.

42.	 Balagué F, Nordin M, Skovron ML, Dutoit G, Yee A, Waldburger 
M. Non-specific low-back pain among schoolchildren: a field 
survey with analysis of some associated factors. J Spinal Disord 
1994;7:374-379.

43.	 Dianat I, Alipour A, Asgari Jafarabadi M. Risk factors for neck 
and shoulder pain among schoolchildren and adolescents. J Pae-
diatr Child Health 2018;54:20-27.

44.	 Murphy S, Buckle P, Stubbs D. Classroom posture and self-re-
ported back and neck pain in schoolchildren. Appl Ergon 2004; 
35:113-120.

45.	 Geldhof E, De Clercq D, De Bourdeaudhuij I, Cardon G. Class-
room postures of 8-12 year old children. Ergonomics 2007;50: 
1571-1581.

46.	 Ilbeigi S, Kabootari A, Afzalpour M, Farzaneh H. The relation-
ship between sitting posture and musculoskeletal pain in boy ele-



Rezapur-Shahkolai F et al. : Risk factors for LBP among students

www.e-epih.org    |  9

mentary school students. Iran J Ergon 2017;5:41-49 (Persian).
47.	 Viana MC, Lim CC, Garcia Pereira F, Aguilar-Gaxiola S, Alonso J, 

Bruffaerts R, et al. Previous mental disorders and subsequent on-
set of chronic back or neck pain: findings from 19 countries. J Pain 
2018;19:99-110. 

48.	 Mwaka ES, Munabi IG, Buwembo W, Kukkiriza J, Ochieng J. Mus-

culoskeletal pain and school bag use: a cross-sectional study among 
Ugandan pupils. BMC Res Notes 2014;7:222.

49.	 Skoffer B. Low back pain in 15- to 16-year-old children in relation 
to school furniture and carrying of the school bag. Spine (Phila 
Pa 1976) 2007;32:E713-E717.


