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Abstract
The main objective was to investigate whether children aged 9–15 years at baseline were more likely to experience an incident
event of spinal pain after experiencing lower extremity pain. Children’s musculoskeletal pain was monitored by weekly mobile
phone text message responses from parents, indicatingwhether the child had spinal pain, lower extremity pain, or upper extremity
pain the preceding week. Data were analyzed using mixed effect logistic regression models and cox regression models. The
association between an incident event of spinal pain and LE pain the preceding weeks increased with increasing observation
period and was statistically significant for 12 and 20 weeks (OR = 1.34 (95% CI 1.05 to 1.70) and OR = 1.39 (95% CI 1.11 to
1.75), respectively). We found that the likelihood increased in children with more frequent or longer duration of lower extremity
pain. The reversed relationship was investigated as well, and we also found a positive association between spinal pain and a
subsequent incidence event of lower extremity pain, but less pronounced.

Conclusion: Children were more likely to experience an incident event of spinal pain after experiencing lower extremity pain.
The likelihood increased in children with more frequent or longer duration of lower extremity pain.

What is Known:
• Both spinal pain and lower extremity pain often start early in life and is common already in adolescence.

What is New:
• Children were more likely to experience an incident event of spinal pain after experiencing LE pain.
• The likelihood increased in children with more frequent or longer duration of LE pain
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Introduction

Spinal pain often starts early and is common already in ado-
lescence [1, 6, 20], and therefore knowledge about risk factors
and predictors should be explored in childhood. Spinal pain
has been associated with physical activity [2], overweight
[24], widespread pain [18], and most of all, a previous episode
of spinal pain [27, 30].

In children, lower extremity (LE) pain is more common
than spinal pain [9, 25] with ankle and foot pain being the
most common pain sites in young children [12, 16, 31], while
knee problems become more prevalent during adolescence
[21, 25]. Recently, it has been shown that the prevalence of
LE pain decreases from the age of 11 [13], whereas the prev-
alence of spinal pain increases from about the same age [6,
20]. We therefore hypothesize that LE pain in young children
may predispose the child for subsequent spinal pain. This
might be due to pain-induced changes in movement patterns,
which could lead to altered biomechanical loading in other
regions and thereby cause compensatory pain. Thus potential-
ly, a change in the kinetic chain between the LEs and the spine
could lead to spinal pain, and indeed indications of an associ-
ation between LE pain and later spinal pain have been found
previously [23, 26].

However, the presence of co-occurring musculoskeletal
pain is fairly common, also in children [8, 14, 15, 25], and
it is well known that pain in one site is a strong predictor
for pain elsewhere. Several theories have been explored to
explain this phenomenon. A relationship between physical
factors, such as overweight or physical activity, and de-
velopment of spinal pain has high face validity, but the
exact nature of such associations remains unclear [19].
Other possible explanations have been proposed, and
some examples are (1) central sensitization caused by
long-term pain in which altered signaling in the central
nervous system amplifies the overall pain perception
[22]; (2) several psychological factors have been shown
to predict musculoskeletal pain in children [5, 7, 28]; and
(3) hypermobility has been proposed as an explanation for
spreading of pain sites in girls [8]. However, common for
these potential explanations is that they would be expect-
ed to affect a potential relationship between pain sites
equally in both directions.

To test the hypothesis that LE may increase the risk of
subsequent spinal pain, we investigated whether children were
more likely to experience an incident event of spinal pain after
experiencing LE pain in the preceding weeks and to which
degree a potential association depended on the frequency of
LE pain prior to the spinal pain. Furthermore, to test whether a
potential association was bidirectional, we also estimated the
reverse relationship: whether spinal pain would lead to subse-
quent LE pain and to which degree a potential association
depended on the frequency of prior spinal pain.

Materials and methods

Setting

This was a prospective school-based cohort study nested with-
in the Childhood Health, Activity and Motor Performance
School Study (CHAMPS study-DK). The CHAMPS study-
DK was a dynamic cohort study; thus, children could enter
and leave the study at any time during the study period. The
main purpose of the CHAMPS study-DK was to evaluate the
effect of extra physical education on general childhood health.
Schools were divided into two groups: intervention schools
received six lessons of physical education per week, whereas
control schools received two lessons per week. The CHAMPS
study-DK is described in detail elsewhere [32]. In this paper,
only information with regard to spinal and lower extremity
pain will be analyzed.

Study population

There is evidence that the frequency of spinal pain increase
with age [4, 6, 10, 20]. To obtain a satisfying frequency of
spinal pain, only data from the last 2 years of the study period
(from August 2012 to June 2014) was used in this study. In
August 2012, the included pupils attended fourth to eighth
grades in 13 out of 17 public primary schools in the munici-
pality of Svendborg, Denmark. This municipality has 58,000
inhabitants and is comparable to the rest of Denmark in terms
of age, sex, and income, but has a slightly higher unemploy-
ment rate (5.3% versus 4.5%) [29]. In Svendborg, 84% of the
children attend public schools, which therefore represent all
socioeconomic levels.

Data collection

Registration of MSK pain was conducted by weekly mobile
phone text message responses (SMS responses) from parents.
Every week, parents received the following mobile phone text
message question (SMS question): BHas [name of the child]
had any pain during the past week in: 1-Neck or back; 2-
Shoulder, arm or hand; 3-Hip, leg or foot; 4-No, [name of
the child] did not have any pain.^ It was possible to report
more than one pain area. If parents did not reply, they received
reminders twice with an interval of 48 h. The SMS question
was sent out every week except for 6 weeks during the sum-
mer holidays (July and August) and 1 week during the
Christmas holidays. If parents texted a B1,^ B2,^ and/or B3^
for the MSK pain question, they were telephoned within
5 days by a member of the clinical team, consisting of licensed
and experienced chiropractors and physiotherapists. A stan-
dardized interview was performed about the nature of their
child’s pain, including information about location and dura-
tion of pain and mode of onset.
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Variables of interest

Explanatory variables were LE pain the preceding weeks de-
fined as at least one episode with LE pain within the preceding
1, 2, 4, 8, 12, or 20 weeks, and spinal pain the preceding
weeks defined as at least one episode with spinal pain within
the preceding 1, 2, 4, 8, 12, or 20 weeks.

Outcome variables were an incident event of spinal pain
defined as spinal pain after at least 20 weeks without spinal
pain, and an incident event of LE pain defined as LE pain after
at least 20 weeks without LE pain. Confounders were age
(August 2012) and sex.

Statistical analyses

Children were included in the final analyses, if SMS responses
were available in at least 85% of the weeks from August 2012
to June 2014, excluding the summer holiday of 2013.
Potential differences in demographics were tested both be-
tween participants and non-participants (children that either
refused to participate or never answered the invitation), and
between the study sample and children excluded due to low
response rate. For non-participants, sex could be determined
from the names, but no other information was available.

Analyses were performed at the level of the single
weeks. The outcome measurement used in the primary
analysis was an incident event of spinal pain, defined as
spinal pain after at least 20 weeks without spinal pain.
Data included in the analyses were collected from August
2012 until June 2014, and included outcome measurements
from January 2013 to June 2013, and from January 2014 to
June 2014, to ensure that history of spinal pain of the last
20 weeks in each child was not disrupted by the summer
holiday period. Thus, from January 2013 to June 2013 and
from January 2014 to June 2014, we considered the prob-
ability to experience an incident event of spinal pain in
dependence of LE pain within the preceding 1, 2, 4, 8,
12, or 20 weeks. The association between this exposure
and the occurrence of an incident event of spinal pain was
described by odds ratios (ORs) with 95% confidence inter-
val (CI), obtained from a mixed effect logistic regression
with child as a random effect, adjusted for age and sex.

Next, we explored the proportion of weeks with LE pain as
a risk factor for incident events of spinal pain using two ap-
proaches. First, information about the proportion of weeks
with LE pain during the preceding 20 weeks was calculated,
and for each week, children were categorized into three
groups: No LE pain within the preceding 20 weeks, LE pain
1–50% of the weeks, LE pain > 50% of the weeks. Again,
associations were expressed by OR with 95% CI obtained
from a mixed effect logistic regression model with child as a
random effect. Trends were assessed by considering the three
categories as a continuous covariate coded as 1, 2, and 3.

We then performed a time-to-event analysis to investigate
whether the time to experience an incident event of spinal pain
(event of interest) depended on the proportion of weeks with
LE pain prior to the beginning of analysis. We considered two
starting times: January 1, 2013, and January 1, 2014, and
combined the analyses. Children with spinal pain within
20 weeks prior to each start date were excluded from the
analysis. Children were categorized into three groups based
on proportion of weeks with LE pain 20 weeks prior to the
start date: No LE pain within the preceding 20 weeks LE pain
1–50% of the weeks, LE pain > 50% of the weeks. Kaplan–
Meier curves were used to visualize the time until an incident
event of spinal pain. Differences between the curves were
expressed as Hazard ratios with 95% CIs based on a Cox
model, adjusted for sex and age. Again, test for trend was
included. Clustering due to using children potentially
experiencing more than one event was taken into account by
using robust standard errors.

All analyses were repeated stratified by sex.
Missing SMS responses were imputed as Bno pain.^ To

estimate the impact of this decision, we performed a sensitiv-
ity analysis. Missing SMS responses were imputed as the
same value as the previous week’s SMS response.

Finally, all analyses were repeated in an identical way, but
in the reversed direction. Here, we explored whether the prob-
ability to experience an incident event of LE pain, depended
on the presence of spinal pain or the proportion of weeks with
spinal pain the preceding weeks. Difference in effect estimates
between the primary and reversed analyses was assessed by
fitting the two models simultaneously and using robust stan-
dard errors taking the clustering within children into account.

STATA 15.0 (StataCorp, College Station, TX, USA) was
used for analyses, significance level was set at 0.05.

Availability of data andmaterialsData are available only upon
request from the CHAMPS study-DK Steering Committee
due to legal and ethical restrictions. Interested parties may
contact Dr. Niels Wedderkopp (nwedderkopp@health.sdu.dk)

Table 1 Overview of participants from a cohort of Danish school
children; CHAMPS study-DK

Age, August 2012 Boys, n (%) Girls, n (%) Total n (%)
490 (48.0) 530 (52.0) 1020 (100.0)

9 29 (41.4) 41 (58.6) 70 (6.9)

10 90 (41.5) 127 (58.5) 217 (21.3)

11 114 (49.1) 118 (50.9) 232 (22.8)

12 120 (55.0) 98 (45.0) 218 (21.4)

13 86 (46.2) 100 (53.8) 186 (18.2)

14–15 51 (52.6) 46 (47.4) 97 (9.5)

Mean age (SD) 11.6 (SD 1.4) 11.4 (SD 1.4) 11.5 (SD 1.4)
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and the following information will be required at the time of
application: a description of how the data will be used, secure-
ly managed, and permanently deleted.

Results

Study sample

From 2011 to 2014, 1917 children were invited to the
CHAMPS study-DK and 1465 (76%) accepted participation.
From August 2012 to June 2014, 1346 children were included
in the study; however, 326 were subsequently excluded due to
low SMS compliance, which left 1020 children for the final
analyses. There was no significant difference in relation to
sex, neither between participants and non-participants nor be-
tween compliers and non-compliers. Non-compliers were
slightly older than compliers (11.7 years of age versus
11.5 years of age, p = 0.03).

Children were 9–15 years (mean age 11.5 years). The ma-
jority were girls (Table 1).

In total, parents of the 1020 children delivered 99,856 SMS
responses fromAugust 2012 to June 2014. The majority of the
SMS responses was Bno pain^ (76.0%), 9.2% was missing, of
which 6.1% represented the summer holiday. The most com-
monly reported pain site was ‘LE pain,^ which was reported
9548 times (9.6%).

Is LE pain within the preceding weeks associated
with an incident event of spinal pain?

In the primary analysis, the total number of incident events of
spinal pain was 301. The association between an incident event
of spinal pain and LE pain the preceding weeks increased with
increasing observation period and was statistically significant
for 12 and 20 weeks (OR = 1.34 (95% CI 1.05 to 1.70) and
OR = 1.39 (95% CI 1.11 to 1.75), respectively) (Table 2).

Using information about the proportion of weeks with LE
pain during the preceding 20 weeks, we found that children
with more frequent or longer duration of LE pain were more
likely to experience an incident event of spinal pain than chil-
dren with less LE pain (Table 3).

Table 3 Age- and sex-adjusted associations, including confidence intervals (CI), between incident events of spinal pain and proportion of weeks with
lower extremity pain within the preceding 20 weeks, and the reversed association; from a cohort of Danish school children

Primary analyses: outcome spinal pain1 Reversed analyses: outcome
lower extremity pain2

p value for the difference between
primary and reversed analyses

Proportion of weeks with
lower extremity pain

Odds ratio
(95% CI)

Proportion of weeks
with spinal pain

Odds ratio
(95% CI)

0% 1.00 0% 1.00

1–50% 1.35 (1.06 to 1.72) 1–50% 1.15 (0.90 to 1.45) 0.29

51–100% 1.59 (1.04 to 2.43) 51–100% 0.94 (0.51 to 1.72) 0.11

Trend 1.30 (1.10 to 1.54) 1.07 (0.91–1.26) 0.09

1 Is lower extremity pain within the preceding weeks associated with an incident event of spinal pain?
2 Is spinal pain within the preceding weeks associated with an incident event of lower extremity pain?

Table 2 Age- and sex-adjusted
associations, including
confidence intervals (CI),
between incident events of spinal
pain and lower extremity pain the
preceding weeks, and the
reversed association; from a
cohort of Danish school children.
Reference is children without
lower extremity1 or spinal pain2

Primary analyses: outcome spinal pain1 Reversed analyses: outcome lower
extremity pain2

p value for the difference
between primary and
reversed analyses

Lower extremity
pain within the
preceding

Odds ratio (95%
CI)

Spinal pain
within the
preceding:

Odds ratio (95%
CI)

1 week 0.87 (0.58 to 1.31) 1 week 1.26 (0.84 to 1.87) 0.19

2 weeks 0.93 (0.65 to 1.33) 2 weeks 1.14 (0.79 to 1.65) 0.41

4 weeks 1.11 (0.82 to 1.49) 4 weeks 1.18 (0.86 to 1.62) 0.75

8 weeks 1.23 (0.94 to 1.59) 8 weeks 1.09 (0.82 to 1.44) 0.50

12 weeks 1.34 (1.05 to 1.70) 12 weeks 1.15 (0.89 to 1.47) 0.34

20 weeks 1.39 (1.11 to 1.75) 20 weeks 1.12 (0.89 to 1.40) 0.14

1 Is lower extremity pain within the preceding weeks associated with an incident event of spinal pain?
2 Is spinal pain within the preceding weeks associated with an incident event of lower extremity pain?
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In the time-to-event analysis, 198 and 197 children were
excluded due to report of spinal pain from August 2012 to
December 2012 and from August 2013 to December 2013,
respectively. In total, 822 children for 2013 and 823 for 2014
were used in the time-to-event analysis representing 251 inci-
dent events of spinal pain in 234 children. The Kaplan–Meyer
plot illustrated that the probability to experience an incident
event of spinal pain was higher for the children with LE pain
than in the children without LE pain (Fig. 1a).

In the Cox regression analyses, children with LE pain
were 1.70 times (95% CI 1.33 to 2.19) more likely to ex-
perience an incident event of spinal pain than children
without LE pain. Children with a more frequent or longer
duration of LE pain were more likely to experience an
incident event of spinal pain than children without LE pain
(Table 4). Thus, also the time-to-event analysis indicated
that the likelihood increased in children with more frequent
or longer duration of LE pain.

Fig. 1 Kaplan–Meier plot
illustrating the a probability to
experience an incident event of
spinal pain in dependence of
proportion of weeks with lower
extremity pain 20 weeks prior to
the start of analysis and b
probability to experience an
incident event of LE pain in
dependence of proportion of
weeks with spinal pain 20 weeks
prior to the start of analysis. LE
lower extremity

Eur J Pediatr (2018) 177:1803–1810 1807



Is spinal pain within the preceding weeks associated
with an incident event of LE pain?

In the reversed analysis, the total number of incident events of
LE pain was 458. We found a positive, but not statistically
significant, association between spinal pain the preceding
20 weeks and the likelihood to experience an incident event
of LE pain (Table 2). The number of weeks with spinal pain
during the preceding 20 weeks did not seem to influence the
risk of an incident event of LE pain (Table 3).

The time-to-event analysis included 590 children for 2013
and 618 children for 2014, representing 308 incident events of
LE pain in 282 children. The Kaplan–Meyer plot illustrated
that children with spinal pain experienced more incident
events of LE pain than children without spinal pain (Fig. 1b).

Children with spinal pain were 1.44 (95% CI 1.09 to 1.90)
timesmore likely to experience an incident event of LE pain than
children without spinal pain; however, we did not find that chil-
dren with more frequent or longer duration of spinal pain were
more likely to experience an incident event of LE pain (Table 4).

None of the differences between the primary and the re-
versed analyses were significant.

Sex differences

When the primary analyses were stratified for sex, the patterns
and associations were accentuated for the girls. In the stratified
reversed analyses, there was no evidence of associations for
the girls, and some associations for the boys, but without
trends in relation to time or frequency of spinal pain.
However, it should be noted that the cell sizes for children
with pain in more than half of the weeks were small, and the
estimates therefore potentially imprecise (Table 5).

Sensitivity analysis

Similar results were found, when missing SMS responses
were imputed as the same value as the previous week’s SMS
response (Supplementary File 1).

Discussion

We found that children were more likely to experience an
incident event of spinal pain after experiencing LE pain 12
or 20 weeks prior to the spinal pain and this likelihood in-
creased in children with more frequent or longer duration of
LE pain. In the reverse analysis, we also found a positive
association between spinal pain and the likelihood to experi-
ence an incident event of LE pain, but this was less pro-
nounced and there were no patterns in relation to timing or
amount of prior spinal pain. The association was more pro-
nounced in girls than in boys. Several factors could explain
this finding, e.g., higher muscle strength and endurance in
boys than girls [11], or sex-related differences in types of
physical activity or in psychological reactions to pain.
However, it could be a chance finding since cell sizes are small
in the reversed analysis. This is supported by the fact that there
was no evidence of association in the reversed analysis, which
does not correlate with existing literature showing that more
girls than boys experience multisite pain [14, 25].

The primary analysis showed that the risk of spinal pain in-
creased with the amount of LE pain preceding spinal pain.
Likewise, significant associations with spinal pain were only seen
after more than eight weeks indicating a certain latency period.
Since this was not the case in the reversed analysis, this may
support the hypothesis of alterations of loading in the development
of spinal pain, e.g., certain duration of LE pain may lead to com-
pensatory pain in the spine, possibly due to changes in the kinetic
chain. Recently, a similar pattern (increased risk of low back pain
in case of LE pain) was found in American soldiers [26].

These findings highlight the importance of a clinical histo-
ry and examination of the complete MSK system, i.e., chil-
dren with spinal pain should also receive a thorough exami-
nation of the LEs and vice versa.

Mobile phone text messages are known to be a practical
and user-friendly method of data collection [3, 17]. In this
study, few responded with pain in more than one region. It is
unknown if parents were reluctant to report more than one
pain site, in which case, the SMS responses may not illustrate

Table 4 Age- and sex-adjusted associations, including confidence intervals (CI), between incident events of spinal pain and proportion of reported
lower extremity pain 20 weeks prior to analyses, and the reversed association. From a cohort of Danish school children

Primary analysis: outcome spinal pain 1 Reversed analysis: outcome lower extremity pain2 p value for the difference between
primary and reversed analyses

Proportion of weeks with
lower extremity pain1

n Hazard ratio
(95% CI)

Proportion of weeks with
lower extremity pain2

n Hazard ratio
(95% CI)

0% 1008 1.00 0% 1006 1.00

1–50% 515 1.62 (1.24 to 2.11) 1–50% 168 1.42 (1.06 to 1.92) 0.51

51–100% 122 2.07 (1.34 to 3.20) 51–100% 34 1.51 (0.82 to 1.78) 0.40

Trend 1645 1.48 (1.24 to 1.89) 1208 1.32 (1.06 to 1.65) 0.38

1 Is lower extremity pain within the preceding weeks associated with an incident event of spinal pain?
2 Is spinal pain within the preceding weeks associated with an incident event of lower extremity pain?
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the complete picture of MSK pain. Likewise, parents may
have been reluctant to report a shift in region of pain and
therefore observe the child for a week or two before reporting
a new pain episode, and this could add to the lack of associ-
ation when considering LE pain in the past few weeks.

Major strengths include the large prospective population-
based cohort, the high response rate and the short recall period.
This study confirms that some individuals are more prone to
experienceMSK pain than others, and that pain might spread to
other areas of the body, but not in a completely haphazard way.
Furthermore, these pain patterns tend to start early in life, and
thus highlights the importance of development of prevention
strategies and effective treatment for MSK pain early in life.

Conclusion

Children were more likely to experience an incident event of
spinal pain after experiencing LE pain. The likelihood in-
creased in children with more frequent or longer duration of
LE pain, and was more pronounced in girls than in boys. In the
reversed analyses, we also found a positive association be-
tween spinal pain and incidence events of lower extremity
pain, but this was less pronounced. This paper confirms that
attention to the entire musculoskeletal system is required to
understand the course and development of spinal pain.
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