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Abstract

Purpose Non-specific spinal pain can occur at all ages and current evidence suggests that pediatric non-specific spinal pain
is predictive for adult spinal conditions. A 5-year long, prospective cohort study was conducted to identify the lifestyle and
environmental factors leading to non-specific spinal pain in childhood.

Materials and methods Data were collected from school children aged 7-16 years, who were randomly selected from three
different geographic regions in Hungary. The risk factors were measured with a newly developed patient-reported question-
naire (PRQ). The quality of the instrument was assessed by the reliability with the test—retest method. Test (N = 952) and
validity (N = 897) datasets were randomly formed. Risk factors were identified with uni- and multivariate logistic regression
models and the predictive performance of the final model was evaluated using the receiver operating characteristic (ROC)
method.

Results The final model was built up by seven risk factors for spinal pain for days; age > 12 years, learning or watching
TV for more than 2 h/day, uncomfortable school-desk, sleeping problems, general discomfort and positive familiar medical
history (x> = 101.07; df = 8; p < 0.001). The probabilistic performance was confirmed with ROC analysis on the test and
validation cohorts (AUC = 0.76; 0.71). A simplified risk scoring system showed increasing possibility for non-specific spinal
pain depending on the number of the identified risk factors (y> = 65.0; df = 4; p < 0.001).

Conclusion Seven significant risk factors of non-specific spinal pain in childhood were identified using the new, easy to use
and reliable PRQ which makes it possible to stratify the children according to their individual risk.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Introduction
Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-018-5516-1) contains . .. . ..
supplementary material, which is available to authorized users. Spinal pain is common in most modern societies thereby
increasing overall healthcare costs. Neck pain and low back
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quality of life. Low back pain (LBP) is also referred to as a
“western epidemic” that primarily affects the working age
population [2].

The most recent review on the epidemiologic aspect of
LBP reported a point prevalence of LBP up to 58.1% in the
adult population [3]. Life-time prevalence of LBP is over
70% in the industrialized countries [4] and that of neck pain
(NP) is similarly high: 22-70% [5, 6], with most of the cases
classified as non-specific.

Recently published data show that the epidemiologic fea-
tures of pediatric spinal pain are almost as high as seen in
the adult population [7]. Judging from these studies, it is
clear that NP and LBP may well start in early childhood
and at the end of adolescence their prevalence is likely to
reach the prevalence rate in adulthood [4, 8]. Aartun et al.
found that mild, infrequent neck, mid back and low back
pain are common in children aged 11-15 and after a 2-year
follow-up, regardless of location, a clear progression of the
condition is apparent [9]. A Danish study showed that 8% of
all 13-year-olds sought healthcare and this number rises to
34% by the age of 15 [8]. Jones et al. [10] interviewed 500
schoolchildren aged between 10 and 16 years and found that
13% of the investigated group experienced disabling recur-
rent low back pain, 23.1% needed medical care, 26.2% had
been absent from school, and 30.8% experienced diminished
physical activity. Typically, pain intensity is lower compared
with adult LBP intensity and it also lasts for a shorter time
[11]. Hestbaek et al. [12] conducted a large population-based
study on twins and found a clear correlation between back
pain in childhood/adolescence and low back pain in adult-
hood. Based on these findings, adult non-specific low back
pain primary prevention measures should be advocated in
childhood or adolescence [13, 14].

To identify those children at risk, the likely risk fac-
tors for non-specific spinal pain need to be determined and
assessed. Although the risk factors in adulthood are well
investigated, they cannot automatically be applied to chil-
dren. Moreover, there is also a lack of standardized, vali-
dated, patient-reported questionnaires (PRQ) that can be
applied to pediatric spinal conditions and their risk factors.

The majority of studies on this issue use a self-developed
questionnaire to investigate the risk factors of spinal pain
development, but generally speaking the reliability or valid-
ity of such questionnaires is not reported. This is probably
why there is an inconsistency in previously published stud-
ies concerning the risk factors for spinal pain in children
[15-17]. Comparison of multicenter data is not possible, and
the carrying out of prospective studies is also encumbered
by the absence of validated gold standard PRQs.

The rationale for a new questionnaire was identified
from the literature. We, therefore, aimed at—and succeeded
in—developing and validating a multivariate probabilistic
model PRQ capable of measuring non-specific spinal pain
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prevalence in childhood and the possible environmental fac-
tors leading to this condition.

Materials and methods
Questionnaire development

The three-stage method for questionnaire development pub-
lished by Wilson and Cleary was followed (1. conceptual
model-conceptualisation, 2. development, 3. testing) [18].
With the participation of physiotherapists, school teachers,
a rheumatologist, a prevention expert and spine surgeons
an expert group was formed to select the possible risk fac-
tors based on a careful literature review. The items of the
questionnaire were drafted and finalized after several itera-
tion cycles among the group members. The final consen-
sus version of the PRQ is registered in Hungarian language
and consists of 20 items divided into three sections. Sec-
tion 1 contains the questions about the physical activity
and mechanical load in terms of lifestyle factors (sports
activity level, time spent in front of TV and computer, type
and whether the school bag is perceived as heavy, physical
comfort of the school environment, sleeping disturbances).
Section 2 covers non-specific spinal pain prevalence, the
child’s health care seeking behaviour and general well-
being. Section 3 is addressed to the parents whether they or
a family member have had any type of spinal disorder and
finally, they give their written consent. Considering the age
and reading comprehension of the target group the parents
were advised to supervise or help the children during the
completion of the PRQ. No missing item was accepted for
the questionnaire.

Subjects/study population

The schools participating in the study were selected from
three different geographic regions of the country represent-
ing a general population sample. The research protocol was
designed and implemented regarding the Helsinki Declara-
tion on human subjects testing and the study was approved
by the Scientific and Research Ethics Committee of the
Medical Research Council (431/P1/2007).

A random subgroup of children in fifth and sixth grades
filled out the questionnaire at home two times with 1-week
interval to assess the reliability. A larger group of school-
children were recruited into a 5-year long prospective study
between 2009 and 2014 in six elementary schools. Second to
eight graders have completed the questionnaire, most of the
students twice in a 3-year interval. All subjects were healthy
volunteers without any known disabling musculoskeletal
or other chronic disease or functional limitation. The test
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(N =952) and the validity datasets (N = 897) were generated
by the random selection of the participant school—classes.

Statistical analysis
Reliability

For testing the reliability, the test-retest method was used.
Particularly, in this study the questionnaire was refilled
1 week after the first completion. Given the nominal type of
data in the newly developed PRQ, kappa statistic was cho-
sen for the analysis [19]. As a measure of reliability, kappa
value should be statistically significant and as proposed by
Landis and Koch [20] values below 0.4 were interpreted as
poor, 0.41-0.75 as fair to good, and 0.75-1 were interpreted
as excellent agreement.

Risk factor analysis and model validation

The prospective study data was analysed by uni- and mul-
tivariate logistic regression models to identify significant
risk factors for non-specific pediatric spinal pain. Stepwise
multivariate logistic regression model was built from the
test cohort data by entering all the variables with p < 0.1
in univariate analyses. Multicollinearity was assessed with
Spearman’s rank correlation (» > 0.8). The predictive per-
formance of the final multivariate model was calculated
and validated applying the receiver operating characteris-
tics (ROC) method. The association between the simplified

risk scoring system and spinal pain probability was analysed
using Chi-Square test. Sample size for the psychometric
analyses was determined based on recommendations in the
literature [19, 21]. All statistical analyses were performed
with IBM SPSS 20.0 software and p values of less than 0.05
were considered significant.

Results

The testing phase was performed through a pilot study
including 30 children. Their answers and remarks were ana-
lysed and the PRQ was finalized by the final expert group
discussion (Suppl. Material 1).

Test-retest study

A total of 146 children fully completed the PRQ twice in
1-week interval. The mean age was 10.73 + 0.8 years and
the gender distribution were 53% boys (n = 78) and 47%
girls (n = 68). Results of the reliability analysis are shown
on Table 1. In Sect. 1, the item about the “transportation to
school” achieved the highest kappa value (x = 0.95), while
the question about “how tiring carrying the school bag is”
showed the least reliability (x = 0.39). “Missing days’ from
school because of any health problem” (x = 0.75) and “spi-
nal pain for days” (x = 0.8) in sect. 2 proved to be highly
reliable among the items about the spinal pain. The ques-
tions about the location of the pain did not perform so well,

Table 1 Results of the

T N Item Content Kappa value
reliability analysis
1 Transportation type to school (car, bus or by foot) 0.95
2 Hours spent studying/day 0.61
3 Hours spent watching TV weekday/weekend 0.65/0.76
4 Hours spent using the computer weekday/weekend 0.76/0.81
5 Type of gym class 0.6
6 Regular sport activities 0.82
7 Type of school bag 1
8 Weight of school bag perceived 0.63
9 How tiring is it to carry the school bag 0.39
10 How comfortable is the school desk 0.74
11 How well does the child sleep 0.74
12 General well being 0.52
13 Missing days from school because of any health problem 0.75
14 Low back pain in the last month 0.23
15 Back pain in the last month 0.39
16 Neck pain in the last month 0.43
17 Spinal pain for days 0.8
18 Missed school because of spinal pain Insuff. number
19 Doctor visit because of spinal pain 0
20 Spinal pain among first degree relatives/second degree relatives 0.74/0.84
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all these items’ kappa value was below 0.75. The questions
about “missing school because of spinal pain” and “doctor’s
visit because of spinal pain” could not be evaluated in the
test—retest cohort because of the insufficient number of posi-
tive answers. The analysis of Sect. 3, the item about family
spinal pain history achieved a good to excellent agreement
(k =0.74 and 0.84).

Prevalence of back pain

Age and gender distribution were similar in the test and the
validation dataset (11.8 + 1.8 vs. 11.0 + 1.8 years old and
48 vs. 45% boys). The highly reliable “spinal pain for days”
item was dichotomised for prevalence analysis purposes.
The descriptive analysis showed (Table 2) a “spinal pain
for days” prevalence of 12.9% in the full cohort. Out of the
children 19.4% had experienced non-specific low back pain,
24.9% back pain, 25% neck pain in the last month and 4.1%
had already visited a doctor because of spinal pain.

Risk factors for non-specific spinal pain

Further analyses were performed using the “spinal pain for
days” item as the dependent variable which was the most
reliable symptom feature. To develop a simplified multivari-
ate risk estimation model, the categorical variables of the
PRQ were dichotomized based on the deeper analysis of
the results of the first run of univariate logistic regression
models. The dichotomized variables were analysed again in
univariate models and variables with p < 0.1 entered into the
multivariate model (Table 3). The final multivariate predic-
tive model (X2 = 101.07; df = 8; p < 0.001) achieved by
logistic regression analysis was built up by seven risk fac-
tors. A good prediction power of the multivariate probabilis-
tic model was confirmed on the test and validation cohort for
“spinal pain for days” (AUC = 0.76 and 0.71, respectively)
(Fig. 1a, b).

A simplified risk scoring system was developed based
on the number of the above-mentioned risk factors. In the
total cohort, children having one risk factor had a possibil-
ity of 8.5% to suffer from “spinal pain for days” while the

risk for that was 50% in the case of four or more risk factors
(X2 =65.0; df=4; p <0.001) (Fig. 2).

Discussion

Seven risk factors for significant pediatric non-specific spi-
nal pain have been identified and validated in this large-scale
cohort study. Older age, time spent with learning or watch-
ing TV, uncomfortable school desk, sleeping problems,
general discomfort and positive familiar medical history
are associated with “spinal pain for days” in schoolchildren.
Risk factors can be divided into environmental or lifestyle
and biological aspects.

The most plausible biological risk factor is age and gen-
der. Consistent with the evidence we found that the chance
of experiencing any kind of “spinal pain for days” and health
care seeking behaviour increases with age [8, 22, 23]. To
convert age into an easily identifiable risk factor and feasi-
ble for the postliminary analysis, age was dichotomised into
older or younger than 12 years old following and support-
ing the findings of Trevelyan et al. [24] who published that
children older than 12 years had an increased risk for the
development of spinal pain. Gender was not significantly
associated with spinal pain for days in our uni- or multi-
variate models which corresponds with the findings of
several publications investigating the relationship between
prevalence rates of spinal pain and sex [22, 25, 26]. On the
contrary Balague et al. and MacDonald et al. reported that
female gender is associated with LBP [14, 17, 27]. Kovacs
et al. [17] published a population based study investigating
LBP in adolescents and adults and one of their key findings
was that gender related risks increase with age, other authors
found female gender to be a predictor for spinal pain but
only in the cases of more severe and frequent LBP or having
pain in more than one spinal area [11, 28]. The mean age in
our longitudinal cohort was younger than in these published
studies and we did not differentiate between the intensity of
spinal pain, therefore, a careful comparison should be made
between the results.

Table 2 Prevalence of spinal
pain symptoms

Test cohort (N = 952) Valid-
ity cohort
(N =897)
Low back pain (last month) 190 (20.1%) 164 (18.5%)

Back pain (last month)
Neck pain (last month)
Spinal pain (for days)

Missing school because of spinal pain

Doctor’s visit because of spinal pain

228 (24.1%)
233 (24.6%)

227 (25.6%)
224 (25.3%)

127 (13.4%) 109 (12.4%)
23 (2.4%) 13 (1.5%)
40 (4.3%) 34 (3.8%)
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Table 3 Results of univariate and multivariate logistic regression analyses on pediatric spinal pain for days
Variables Univariate regression Multivariate logistic regression

B Wald OR (95% CI) P B Wald OR (95% CI) p
Older age than 12 years 043 4.95 1.54(1.05-2.26) 0.026 049 4.74 1.63(1.05-2.53) 0.03
Sex 021 146 1.23(0.84-1.79) 0.283
Transportation by vehicle —0.04 0.03 0.97(0.65-1.44) 0.864
Afternoon learning more than 2 h/day 0.65 7.52 1.91(1.20-3.02) 0.008 0.60 4.62 1.82(1.05-3.22) 0.032
Watching TV more than 2 h on weekdays 0.63 553 1.87(1.11-3.17) 0.025
Watching TV more than 2 h/day on the weekend 0.69 12.53 1.99(1.36-2.91) <0.001 0.95 17.01 2.59(1.65-4.05) < 0.001
Computer use more than 2 h on weekdays 0.30 0.71 1.36 (0.67-2.76) 0.415
Computer use more than 2 h/day on the weekend —0.10 0.20 0.91 (0.59-1.39) 0.657
Excused from gym class 0.54 216 1.72(0.84-3.53) 0.161
No sport activity 051 6.63 1.66(1.13-2.44) 0.011
Asymmetric school bag 0.51 503 1.67(1.07-2.61) 0.03
Heavy school bag 025 0.79 1.28(0.74-2.20) 0.364
Carrying school bag is tiring 0.78 10.79 2.18(1.37-3.48) 0.002
Uncomfortable school desk 1.79 52.14 5.96 (3.67-9.68) < 0.001 1.66 34.27 5.27(3.03-9.18) < 0.001
Frequent sleeping problems 0.79 16.68 2.20(1.51-3.20) <0.001 133 7.62 3.79(1.33-2.83) 0.006
General discomfort 0.95 22.14 2.58 (1.74-3.83) < 0.001 0.57 5.33 1.76(1.09-2.85) < 0.001
Frequent missing from school 0.68 4.23 1.97(1.03-3.77) 0.0502
Spinal disorder among relatives 0.72 13.14 2.06 (1.40-3.05) <0.001 0.64 8.11 1.90(1.33-2.83) 0.004

Risk factors identified in univariate regression in italic and the risk factors in bold were entered in the multivariate regression model; beta coef-
ficients (B), Wald statistics, odds ratios (OR) and its 95% confidence intervals (CI) as well as p values are represented

Prolonged time in seated position is widely suggested
to be associated with back pain [23, 29] as it is assumed
that the structural changes of the intervertebral disc are the
underlying mechanism of the development of chronic low
back pain [30]. Our study confirmed this concern about
the negative impact of the increased amount of time spent
in sitting during everyday activities such as watching TV
or studying for more than 2 h a day. However, surprisingly
computer use of more than 2 h a day did not increase the
possibility of spinal pain in our risk assessment model. It
could be explained by having an ergonomically seen better
environment and seating position compared to watching
TV or studying from a book. The tendency of sedentary
lifestyle increases with age and in our investigation chil-
dren over 12 years of age spent significantly longer times
seated (y* = 32.1; df=35; p < 0.001) compared to the
younger population. As a result of recent technological
innovations, it is possible, that the growing use of tablets
and mobile phones thereby the time spent overall per day
in seated position increases compared to previous genera-
tions and for future studies this could be a major aspect
that cannot be overlooked especially if we consider the
typical posture most of these activities are carried out.
Sitting position at school can be also associated with the
development of spinal pain according to our and others’
finding, that uncomfortable school desk increases the risk
for back pain or health care seeking behaviour [31, 32],

although the Hungarian educational setting is ergonomi-
cally seen the most favourable because the sitting direction
in relation of the teacher is faced frontal [32].

Carrying heavy objects, carrying school backpacks and
transportation to/from school by car were found significant
factors in recent publications [23, 32]. Watson et al. [33]
found that 94% of the children who were suffering from back
pain experienced some disability, with the most common
reports being difficulty carrying schoolbags. Asymmet-
ric types of schoolbags and “carrying schoolbag is tiring”
were significantly associated with spinal pain for days in
our univariate models, but were not entered into the final
multivariate regression model. On the other hand, in the
reliability analysis the question ‘how tiring is to carry the
schoolbag is’ scored poorly which could be explained by
the day to day difference of the weight of the schoolbag
(strongly dependent on the classes the child has to attend).
In a subsequent analysis, the weight of the back pack played
a significant role for LBP (X2 =21.84; df=2;p <0.001),
BP (x> = 23.69; df=2;p <0.001) and for NP (%> = 16.83;
df = 2; p < 0.001) which can be explained by the type of
mechanical load the spine likely suffers from while carry-
ing a back pack. The type of transportation played a role
for LBP, the children who were transported to school by
car were more likely to have LBP (3> = 21.77; df = 2;
p < 0.001), however, it was not associated with the clinical
relevant spinal pain in our model. This observation could
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Fig. 1 ROC analysis for having ‘spinal pain for days’ in the test (a)
and validity cohort (b)

be associated with the increased time spent seated and the
decrease of the amount of physical activity per day.
General discomfort and sleeping problems increased the
risk of clinical spinal pain in the present study, similarly to
the findings of Wirth et al. They investigated more than 400
adolescents and found that sleep disorder is a significant
predictor for pain in more than one spinal area and also a
trend for frequent pain [11]. Adverse psychological factors
such as distress or dissatisfaction caused by the educational
system and pre-existing somatic pain can also can increases
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the risk of musculoskeletal symptoms, especially LBP in
children who initially were pain free [16, 34]. The effect of
parents’ spinal pain conditions in terms of the behavioural
and biological consideration on the potential development
of pediatric spinal pain has been expansively researched in
the last decade. Our analysis reinforces the recent results that
low back pain in one or both parents may lead to spinal pain
in childhood [35] and these children are at increased risk of
developing a chronic pain condition in adulthood [36]. Chil-
dren whose parents or relatives have had any type of spinal
pain were more likely to suffer from NP, BP, LBP and spinal
pain of any type in the present study. These children were
also at higher risk to take sick leave caused by spinal pain
and showed a greater extent of health care seeking behav-
iour (x* = 190.35; df=2; p < 0.001; > = 281.73; df = 2;
p < 0.001). The exact roles of the possible genetic and
behavioural factors as well as the effective mitigation strat-
egies of these “familiar” risks need further investigations.
The study has got some possible limitations. Age limit
for the questionnaire was not defined and tested. Generally,
children in the age of 8-9 years old are able to read and write
alone but it does not mean that young children are ready to
fill out a PRQ by themselves. There can be also a difference
among countries because of the different schooling systems,
therefore, each system needs to identify the age limit of these
types of questionnaires which primarily target children. We
generally advised the children to fill out the questionnaire
themselves with the supervision of their parents; therefore,
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there is a chance of possible bias in terms of parental influ-
ence on the given answers. Pain intensity scale which is an
important progression modality, therefore, also crucial factor
in the prognosis of the disease, however, it was not included
in our PRQ by the reason that our main purpose was the
development of a risk scoring tool and the initiation of pri-
mary prevention actions for non-specific spinal pain. Time
spent seated was investigated and identified as an important
factor for non-specific spinal pain but the quality as in pos-
tural disturbance was not explored in our analysis. Another
limitation of our study is that the risk assessment scoring
system has not yet been externally validated.

In conclusion, a new PRQ that is capable to identify the
children who are at greater risk of experiencing non-specific
spinal pain was developed and validated on a large sample
size prospective cohort study and by that it is filling a gap
in the primary prevention actions for adult low back pain.
Our study allowed us to determine and validate a number
of risk factors that can lead to the development of pediatric
spinal pain. Having a highly reliable dependent variable in
the center of the risk assessment model gives a great value
to our results compared to previous investigations which do
not consider the reliability issues of each spinal area. The
risk scoring system is a reliable and easily applied tool for
everyday preventative actions and we highly suggest the use
of it in school healthcare systems.
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