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Associations of neck and shoulder pain with objectively measured physical activity and sedentary

time among school-aged children



ABSTRACT

BACKGROUND AND AIMS: The potential effects of physical activity and sedentary time on
children's increasing neck and shoulder pain are unclear. The aim of this cross-sectional study was
to evaluate the associations between objectively measured physical activity or sedentary time and
neck and shoulder pain in children.

METHODS: Children (n=905; 10-15 years old) filled in an electronic questionnaire during school
hours on the frequency of their neck and shoulder pain. Daytime moderate to vigorous physical
activity and sedentary time were measured objectively with an ActiGraph accelerometer. A
multinomial logistic regression was applied to study the associations. The results were adjusted for

age, gender, body mass index and bedtime.

RESULTS: Neck and shoulder pain experienced at least once a week was reported by 26.1% of
children. A higher proportion of boys (45.9%) than girls (24.2%) achieved at least 60 minutes of
moderate to vigorous physical activity/day (p<0.001). Girls were more sedentary than boys

(sedentary time 66.4% vs. 63.1%) (p<0.001). Higher moderate to vigorous physical activity time
was associated with a lower probability of experiencing neck and shoulder pain among boys, but

not among girls. No association was found between sedentary time and neck and shoulder pain.

CONCLUSIONS: A quarter of the girls and boys reported frequent neck and shoulder pain. Boys
achieved more moderate to vigorous physical activity than girls and higher moderate to vigorous
physical activity was associated with a lower probability of having neck and shoulder pain, but only
in boys.

IMPLICATIONS: Neck and shoulder pain is the most common musculoskeletal pain and its
prevalence is increasing. Preventing childhood pain is important, as neck and shoulder pain causes
restrictions in daily living and is persistent to adulthood. Our study showed, that boys with more

moderate to vigorous physical activity, had less weekly neck and shoulder pain symptoms. The



present results are an addition to the list of benefits of physical activity and are valuable to, for
example, healthcare personnel and teachers, who guide and teach children and adolescents. Families
can benefit from new knowledge when considering supportive parenting activities. Municipalities

can use the new information to design services for children or families.
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BACKGROUND

Neck and shoulder pain (NSP) can occur already in childhood. Children experience pain most
commonly in the neck and shoulder area (8, 22) and about 15-32% of children report experiencing
NSP at least once a week (11, 22, 23, 38). In addition, increases have been reported in pain rates in
children and in the lifetime pain prevalence of pain (11, 16, 22, 32, 35) and in the prevalence of

self-reported restrictions caused by pain (29).

A link between NSP and physical activity (PA) or sedentary time (ST) has also been proposed as
their relevance is commonly recognized in promoting health among youth (15, 34). However,
studies on the associations of PA or ST with pain alone have yielded conflicting findings. Cross-
sectional studies, in which PA has been measured with a questionnaire, have generally found no
association between PA and NSP among school-aged children (7, 19) or adolescents (27). One
study, however, reported that high-level PA tends to be associated with a higher prevalence of neck
pain in 15- to 16-year-old girls (3). Research on the associations between objectively measured PA
and NSP in school-aged children is particularly scarce. The associations of pain with objectively
measured PA have been explored in only a few cohort studies (1, 26, 39). None of these reported

separately on NSP.

Another factor underlying children's NSP may be the amount of time spent sedentary. According to
the Finnish recommendations, school-aged children should engage in moderate to vigorous physical
activity (MVPA) for at least one hour per day and avoid excessive ST (25). The amount of MVPA
tends to decrease from childhood to young adulthood and that of ST tends to increase (14, 26, 32,
39). In a questionnaire study conducted in Brazil, adolescents who reported more inactive choices

in their everyday life, were approximately 50% more likely to have neck pain (30). Sedentary



activities such as watching television and reading books were associated with neck, shoulder or
occipital pain in girls whereas playing or working with a computer was associated with neck or
occipital pain in boys (3). A recent Finnish study on NSP showed that a higher amount of
objectively measured ST was associated with a 13% higher prevalence of NSP at least once a week

among children who engaged in less than 60 minutes of MVPA per day (31).

Information on the role of PA and ST and the presence of childhood NSP is both limited and
conflicting, and calls for more research. Thus, the aim of this study was to investigate the possible
associations between NSP and objectively measured PA and ST in 10- to 15-year-old school-aged

children.

METHODS

Participants

In total, 970 children from nine schools in different parts of Finland were invited to participate in
the study. A questionnaire was filled in by 947 of these children. After excluding children who
reported NSP due to spinal injuries, the final sample of this cross-sectional study comprised 905 10-
to 15-year- old children (mean 12.5 years+ 1.3 years; 52.5% girls). Of this number, 684 (75.6%)
provided information on all the study variables. In accordance with the Declaration of Helsinki, a
written informed consent was obtained from all the children and their guardians before participation
in the study. The study setting was approved by the Ethics committee of the University of Jyvéskyla

(January 2012).

Instrument and procedure



In 2015, as part of the research related to the national “Finnish Schools on the move” program (17,
18, 36), the present participants filled in an electronic questionnaire during school hours in which
they rated their experience of NSP. They were asked the question: “How often have you had
symptoms in the last three months”? The question was followed by a list of body areas, such as
“neck or shoulder pain or ache” and five answer options: 1) almost daily, 2) more than once a week,
3) about once a week, 4) once a month, and 5) rare or never. The questionnaire included a picture of
the human body with named zones to ensure that the relevant regions of the body were understood
correctly. Participants could seek with the questionnaire from an adult in the classroom. For the
analysis, the prevalence of NSP was recoded into three categories; rare or never, about once a

month and at least once a week.

Participants were also asked to report if the pain originated from a trauma: “Have you injured any
of the above-mentioned and pictured pain areas during the last three months (for example as result
of falling, stumbling, breaching while doing sports, etc.)?”” Response options were “yes” or “no.” If
the answer was “yes,” they were asked to mark the injured body area on the menu with the help of
the body map. Children (n=42) with pain due to trauma in the spinal area were excluded from the

analysis.

Accelerometers are movement sensors that are feasible to be used in large scale studies and capable
of measuring time spent unmoved or at different PA intensities (20). In the current study, daytime
PA and ST were assessed with a hip-worn ActiGraph triaxial GT3X+ and wGT3X+ accelerometers
(ActiGraph, Pensacola, Florida, USA). Participants were instructed to wear the monitor on the right
hip during waking hours for seven full consecutive days, except while bathing or doing other water-
based activities. Applying Actilife software (version 6.11.7), data were collected in raw 30 Hz

acceleration, downloaded and converted to counts 15-second epochs. A customized Visual Basic



macro for Excel software was used for data reduction. Readings of >500 min/day on three days
(two valid weekdays and one weekend day) or more time measured between 7:00 and 23:00 were
required for a valid monitoring period (4). Periods of consecutive zero counts lasting 30 min were
defined as non-wear time (5). Over 20 000 counts per minute (cpm) data were excluded as spurious
accelerations (12). The cut-points proposed by Evenson et al. (2008) were used to calculate MVPA
(>2296 cpm) and ST (<100 cpm) (9). Accelerometer-based sedentary time was expressed as a
percentage of daily wear time. MVPA and ST were calculated as weighted averages of weekday
and weekend day averages (Total PA =[5 * average weekday PA + 2 * average weekend day

PA]/7).

Each participant’s weight and height were measured and used to calculate the body mass index
(BMI). A SECA 877 was used to measure body weight. Weight was measured twice to the nearest
0.1 kg. If the results between measurements differed by more than 0.2 kg, a third measurement was
made. The average of the two closest results was recorded in the measurement protocol. Height was
measured with a portable Charder HM 200P measuring instrument. The measurement was
performed twice. If the results between the measurements differed by more than 0.4 cm, a third
measurement was made. The average of the two closest results was recorded in the measurement
protocol. Bedtime was determined by the question “What time do you usually go to bed if you have
to go to the school next morning”? The answer was selected from a list of times specified in half

hour intervals.

Data analysis

Descriptive statistics were calculated by using SPSS 20.0 for Windows (SPSS Inc., Chicago, IL),
and all further analyses were conducted using Mplus statistical package (Version 7). The

descriptive statistics are presented as means and standard deviations or percentages (%).



Differences in study variables were tested using Student’s t-test or Pearson’s chi-squared test. To
study the association between objectively measured PA (MVPA) and ST on the prevalence of pain
in the neck and shoulders, multinomial logistic regression analysis was conducted. In the analysis,
the prevalence of NSP was treated as dependent variable and objectively measured MVVPA/ST as an
independent variable. Groups who had a) NSP at least once a week b) NSP about once a month
were compared to the group c) NSP experienced rarely or never that was used as a reference
category in the modeling. To examine whether the associations differed by gender and age,
interaction terms were tested for significance (three-way interaction gender x age x MVVPA/ST, and
all the lower order terms were included in the model). In addition, the model was adjusted for BMI,
bedtime and injuries (1=traumatic pain in spinal area, 0= no traumatic pain in spinal area). When a
significant interaction was observed, simple slopes for the association between MVVPA/ST and NSP

were examined.

The unequal probabilities of selection (by age and gender) were accounted for the modeling by
using sampling weights. The sampling weights were constructed by using information on the
general population structure obtained from Official Statistics of Finland (24). Model parameters
were estimated by using the full information maximum likelihood method with robust standard
errors (MLR). The method produces the estimates of the standard errors that are robust to non-
normality. Missing data were assumed to be missing at random (MAR). Because data were
clustered within schools and school classes, standard errors were calculated by using a special

feature of Mplus (TYPE=COMPLEX).

RESULTS



No differences were observed in the prevalence of NSP (p=0.271) or in the level of ST (p=0.227)
between participants with (n=684) and without complete data (n=905). However, participants with
incomplete data were more often boys (58.8% vs. 43.9%, p<0.001), were older (mean 12.9 years vs.
12.4 years, p<0.001), had a higher BMI (mean 19.3 vs. 18.7, p=0.020), a later bedtime (mean 3.4

vs. 2.9, p<0.001) and a higher level of PA (mean MVPA 60.5 min/day vs. 52.3 min/day, p=0.025).

NSP was experienced at least once a week by 26.1%, and once a month by 32.3% of the 905
children. No gender difference was found in the prevalence of NSP. The PA recommendations were
met by 33.8% of the children. A higher proportion of boys (45.9%) than girls (24.2%) reported
meeting the recommended 60 min of daily MVPA (p<0.001). On average, 64.9% of the wearing

time was ST. Girls were more sedentary (66.4%/day) than boys (63.1 %/day) (p<0.001).

Association between MVPA and NSP

The association between MVPA and NSP experienced at least once a week differed by gender (p =
0.020) (Table 2). Higher MVVPA time was associated with a lower probability of experiencing NSP
at least once a week among boys, but not among girls (boys, p = 0.031 and girls, p = 0.230; Figure
1). Among boys, the odds ratios for weekly NSP symptoms were 1.5% lower per one minute more
of MVPA (OR=0.99; 95% CI). For example, boys with 30 minutes more MVVPA had 36% lower
odds for experiencing weekly NSP symptoms (OR=0.64; 95% CI). MVPA was not associated with
NSP experienced once a month. Because the regression coefficient for the three-way interaction
term gender x age x MVVPA was not significant in the model of NSP (symptoms experienced at least
once a week: b =-0.005, se = 0.008, p = 0.538 and once a month: b =-0.003, se = 0.007, p = 0.710)

the term was not included in the final model.

Association between sedentary time and NSP



ST was not associated with NSP symptoms experienced at least once a week (Table 3). The three-
way interaction term gender x age x sedentary time was not significant in the model of NSP
(symptoms experienced at least once a week: b = 0.010, se = 0.028, p = 0.361 and once a month: b

=-0.010, se =0.020, p = 0.622) and hence was not included in the final model.

DISCUSSION

To our knowledge, this study is among the first to evaluate the association between objectively
measured PA, ST and NSP in children. The main finding was, that boys who engaged more in
MVPA had a lower prevalence of weekly NSP, while no such association was found among girls.
Boys with 30 minutes or more MVPA per day had a 36% lower likelihood of experiencing weekly
NSP symptoms than boys with less than 30 minutes of MVVPA per day. ST was not associated with

NSP in either in boys or girls in this study.

The present study supports earlier findings that children experience NSP rather often (6, 7, 32, 35,
37) and that their mean levels of PA are relatively low (12, 37). Weekly NSP symptoms were
reported by more than a quarter of the children. This is even more than reported by Husu et al.
(2016) for a sample of 10- to 14-year-old children: NSP was experienced at least weekly by 7.3% of
boys and in 14.0 % of girls (14). In our study, the number of children with MVPA below the
recommended 60 minutes daily was 66% and thus rather high. Only 24% of girls compared to 46%
of boys attained the recommended amount of MVPA. Similar results were obtained in other recent
Finnish studies, where on average one-third of participants met the PA guidelines (13, 14). One
study (13) found a gender gap similar the one observed in our study, in meeting the recommended

level physical activity.
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In our study, the boys with more MVPA seemed to experience less self-reported NSP. An
association between PA intensity and neck, mid-back or lower back pain in 6- to 12-year-old
children (n=1205) was found by Franz et al. in their longitudinal study (10). Shifting from
sedentary to moderate intensity activities tended to protect against spinal pain. On the other
hand, shifting from time spent in sedentary activities to vigorous physical activities was
associated with increased occurrences of spinal pain (10). In a Norwegian study, the most active
boys (mean 17.5 years) reported higher sum scores for neck, shoulder and upper back pain during
the previous four weeks than less active counterparts (27). The discrepancy in the results of these

studies may be explained by age and the method used to measure PA intensity.

To our knowledge, the current finding that higher level of objectively measured MVPA is
associated with lower probability of having NSP among boys has not been reported before. For
girls, other factors may be more dominant than PA in the prevention of NSP. For example,
symptoms of depression are associated with increased risk of NSP in both genders (7, 23, 33, 35,
38), and especially for girls, according to a study of Pollock et al. 2011 including 1258 14-year old

girls and boys (28).

Only a few studies have investigated ST and its associations with pain in children. In their cross-
sectional study, Siekkinen et al. (2016) found, that an increase of one percent in objectively
measured ST (mean eight minutes) was associated with a 13% higher prevalence of NSP
experienced at least once a week among children who engaged in less than 60 minutes of MVPA
per day (68.5%) (31). Another cross-sectional study reported that both prolonged sitting and a high
level of physical activity seem to be related to neck or occipital pain among adolescents (3).

However, in the current study, no association was observed between NSP and ST in children.

11



The strength of this study was the utilization of objective measurements of PA and ST with high
monitor wearing time. Objective measures are considered a more reliable method than self-reports,
especially in the case of children (2, 21). To increase the reliability of the study, the analysis was
restricted to children with at least 500min/day of accelerometer-wearing time (two valid weekdays
and one weekend day). This enabled us to gain a better picture of the actual activity of children. No
differences were observed in the prevalence of NSP or level of ST between the participants with

and those without complete data (data not shown).

It is possible that PA was underestimated in the study, as accelerometers could not be used in water-
related PA. Moreover, acceleration cannot be measured reliably during cycling. This leaves some
categories of PA out of the MVPA analyzed in this study. Further, the cross-sectional study design

does not allow causal conclusions to be drawn.

The results of this study partially support earlier findings that moderate intensity PA may protect
against the development of pain in children (10, 39). Because higher MVVPA was only associated
with a lower prevalence of NSP among boys, the results support the current recommendation for
health-related PA in boys (25). More research is needed on what or what kind of PA would be

associated with lower NSP on girls.

CONCLUSION

The results of this study indicate that NSP is common among school children. Boys who engaged in

more MVPA had a lower prevalence of weekly NSP; however, no such association was found

among girls. In conclusion, we would encourage boys who suffer from NSP or whose amount of

PA is less than recommended 60 minutes of PA per day to increase their MVPA.

12



IMPLICATIONS

NSP is the most common musculoskeletal pain and its prevalence is increasing. Preventing
childhood NSP is important, as NSP causes restrictions in daily living and is persistent to
adulthood. Our study showed, that boys with more MVVPA, had less weekly NSP symptoms. The
present results are an addition to the list of benefits of PA and are valuable to, for example,
healthcare personnel and teachers, who guide and teach children and adolescents. Families can
benefit from new knowledge when considering supportive parenting activities. Municipalities can

use the new information to design services for children or families.
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Table 1. Study variables for boys and girls combined and separately.

All Girls Boys

n=905 n=475 n=430 pt

Age, years

mean (SD) 125(1.3) 125(1.3) 125(1.2) 0.844
BMI n=852

mean (SD) 18.8(3.2) 19.0(3.2) 18.6(3.3) 0.038

Accelerometer measurements n=721

MVPA (min/day), mean (SD)  52.7 (21.7) 47.7 (18.5) 59.1(23.8) <0.001

< 60min/day, % 66.2 75.8 54.1

> 60min/day, % 33.8 24.2 45.9 <0.001
Sedentary time (%/day), 64.9(7.5) 66.4(7.0) 63.1(7.6) <0.001
mean (SD)
Wearing time (min/day), 770 (54) 773 (52) 765 (56) <0.001

mean (SD)
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Survey measurements n=905

NSP, %
Never 41.7 40.4 43.0
About once a month 32.3 31.2 335
At least once a week 26.1 28.4 23.5 0.240

Bedtime, range 1-7

mean (SD) 30(1.4) 30(14) 3.0(14)  0.680

Attention: BMI= Body mass index, NSP= Neck and shoulder pain, MVPA= Moderate to vigorous
physical activity. Bedtime answer options: 1 = No later than 21:00; 2 = 21:30; 3 = 22:00; 4 =
22:30; 5 =23:00; 6 = 23:30; 7 = 24:00 or later. ! p-value for gender difference (Student’s t-test or

Pearson’s chi-squared test).
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Table 2. Association between moderate to vigorous physical activity (MVPA) and neck and

shoulder pain. Results of multinomial logistic regression analyses.

Once a month vs. rare or never At least once a week vs. rare or never
b se P b se P
MVPA 0.007 0.005 0.214 -0.015 0.007 0.031
Gender * 0.163 0.195 0.403 0.421 0.185 0.023
Age 0.284 0.101 0.005 0.198 0.119 0.096
Body mass index -0.057 0.027 0.037 0.007 0.031 0.821
Bedtime 0.114 0.078 0.143 0.249 0.095 0.009
Gender x MVPA 0.000 0.009 0.963 0.024 0.010 0.020
Age x MVPA -0.005 0.004 0.123 0.003 0.004 0.484
Gender x Age -0.198 0.124 0.110 0.014 0.142 0.923

b, unstandardized regression coefficient; se, standard error. *0=boy, 1=girl.
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Table 3. Association between sedentary time (ST) and neck and shoulder pain. Results of

multinomial logistic regression analyses.

Once a month vs. rare or never

At least once a week vs. rare or

never
b se P b se P
ST -0.026 0.019 0.176 0.031 0.024 0.197
Gender* 0.074 0.191 0.701 0.424 0.179 0.018
Age 0.314 0.113 0.005 0.154 0.127 0.223
Body mass index -0.069 0.027 0.009 0.016 0.031 0.594
Bed time 0.119 0.077 0.125 0.238 0.094 0.012
Gender x ST 0.051 0.026 0.049 -0.031 0.035 0.384
Age x ST 0.010 0.010 0.287 -0.013 0.012 0.267
Gender x Age -0.307 0.138 0.026 0.046 0.158 0.772

b, unstandardized regression coefficient; se, standard error. *0=boy, 1=girl.
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Figure 1. Interaction between gender and moderate to vigorous physical activity (MVPA) on
probability of neck and shoulder pain (NSP) experienced at least once a week.

Note. The predicted probabilities were calculated based on the parameters of the multinomial
logistic regression model. NSP “rare or never” was treated as the reference category. The model
was controlled for age, body mass index, bed time and injuries in the spinal area. Vertical line

indicates the mean level of MVPA.
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