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Abstract
Background Children are advised to engage in physical activity to improve health. However, recent
literature suggests an association between weight bearing activities, e.g. walking, and excessive joint
loading in lower limbs of children. Excessive stress in joints of children may lead to pain or even cause
injuries. The aim of this study was to investigate the relationship between pain, injury and physical
activity in children.Methods This study had a cross-sectional design. 112 children aged 8-12 yr. (68 with
normal weight, 38 with overweight or obesity) participated in the study. Moderate and vigorous physical
activity were assessed using accelerometry over 7 days. Questionnaires were used to report pain (over 7
days) and injuries (over 12 months). Linear regression and negative binomial models were used to
examine association between moderate activity, vigorous activity, and pain and injuries, respectively.
Models were adjusted for potential confounders. Effect modi�cation according to weight status was
explored.Results There was no association between moderate physical activity and pain (β=0.0004, 95%
CI -0.007 to 0.008; p=0.915) or between vigorous physical activity and pain (β=0.0069, 95% CI -0.08 to
0.22; p=0.354). Similarly, no association was found between moderate physical activity and injuries (Rate
Ratio [RR]=1.00, 95% CI 0.99 to 1.01; p=0.995) or vigorous physical activity and injuries (RR=1.00, 95% CI
0.99 to 1.02; p=0.798). There was no evidence that associations between physical activity and pain or
physical activity and injuries, respectively, differed according to weight status.Conclusions Although
paediatric obesity is linked to a higher incidence of pain and injuries in children, this study did not �nd
that moderate and vigorous physical activity are associated with pain or injuries in children, regardless of
their weight status.

Background
Children are advised to engage in 60 minutes of moderate-to-vigorous physical activity (MVPA) daily to
improve health [1]. Physical activity (PA) is a broad concept that is de�ned as any bodily movement
generated by skeletal muscle that results in energy expenditure [2]. Therefore, PA can be accumulated in
short bouts performed as part of the child’s daily routine. However, evidence shows that many children do
not achieve PA recommendations [3]. Pain and injuries may act as a barrier to participation in PA for
some children [4]. In particular, weight-bearing activities, such as walking and running that are habitually
performed, may result in pain and injury because of increased joint loading [5]. However, few studies have
examined if participation in PA is associated with pain and injuries in children.

 

Silva et al. found that self-reported time in moderate intensity PA (MPA) was associated with a higher
probability of reporting pain on neck, shoulders, low back, wrists, hips, knees and ankles/feet. The
authors also found that more time spent in vigorous intensity PA (VPA) was signi�cantly associated with
a higher probability of reporting pain on shoulders, mid back, knees and ankles/feet [6]. Conversely,
Swain et al. found that girls who reported reduced participation in MVPA were more likely to have back
pain, headache and stomach-ache [7]. Boys who reported reduced participation in MVPA were more likely
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to have stomach-ache or headache [7]. A third study found that frequent participation in MPA was
associated with lower odds of injury among boys, while frequent participation in VPA was associated
with higher odds of injury among girls [8].

 

While these studies suggest that PA may be positively or negatively associated with pain or injuries they
used subjective measures of PA, which likely are inaccurate at measuring duration and intensity of PA [9].
Only one study has examined the association between objectively measured PA and pain in children [10].
The authors found no association between PA intensities or sedentary behaviour and back pain cross-
sectionally or longitudinally. However, this study focused only on neck and back pain and did not look at
the association between MPA and pain, or VPA and pain separately. Finally, while one study found an
association between objectively assessed MVPA and injuries [11], the study assessed upper extremity
injuries only.

 

There are a lack of studies investigating if objectively MPA or VPA is associated with pain or injuries in
children. Further, although the association between PA, pain and injuries may be stronger among children
with overweight (OW) or obesity (OB) compared to those with normal weight, no study has examined this.
Thus, the present study aimed to investigate if MPA and VPA are associated with pain and injuries in
children and if these associations differ between children with and without OW and OB.

Methods
Study design

The study had a cross-sectional design. Data collection took place in London, England and occurred from
December of 2016 until March of 2017.

 

Participants

A convenience sample of children aged 8-12 years, was identi�ed from three schools in the London
Borough of Hillingdon, England, over 18 months. The three schools together had approximately 1,095
students enrolled aged 8 to 12 years. Head teachers sent participant information sheets and consent
forms to parents of potentially eligible children. Children returned consent forms signed by their parents
at the �rst assessment. In addition to parents, children also provided written assent. The present study
received ethical approval from the Department of Life Sciences Research Ethics Committee at Brunel
University London (reference number 2440-MHR-Mar/2016-2773-2). Children were excluded if they had a
disability or medical condition that prevented them from engaging in daily physical activities as assessed
using the Physical Activity Readiness Questionnaire (PAR-Q) [12].
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Procedure

Data were collected by a single researcher at schools where participants were recruited from. Data
collection occurred over two days: 1) on the �rst day, participants had the opportunity to ask questions
about the study and decline to participate, before accelerometers, PA diaries and instruction sheets about
accelerometer usage were distributed; 2) after seven days, the accelerometers and the PA diaries were
collected, anthropometric measurements were assessed, and questionnaires regarding pain, injury and
socioeconomic status were completed by the participant.

 

Body composition

Stature was measured to the nearest 0.1 cm using a calibrated stadiometer (Charder HM200P Portstad
Stadiometer) and body weight was assessed to the nearest 0.1 kg using a calibrated electronic weight
scale (Seca, Hamburg, Germany). BMI was calculated as weight (in kg) divided by stature (in m) squared.
Children were categorised as normal weight or OW/OB using the extended international (International
Obesity Task Force) BMI cut-offs for thinness, OW and OB  [13]. Circumferences of waist and hip were
collected using a Gulick anthropometric tape (Creative Health Products, Plymouth, USA). Measurements
of waist and hip circumferences were recorded to the nearest 0.1 cm. Waist circumference was measured
horizontally at the midpoint between the inferior border of the bottom rib and the top end of the iliac crest.
Hip circumference was measured around the broadest portion of the buttocks with the tape positioned
parallel to the �oor [14]. Body fat was assessed using skinfold measurement. Skinfold measurement of
the triceps and medial calf sites were collected on the right side of the body using a Harpenden Skinfold
Caliper (Country Technologies). Body fat of participants was estimated by the relative body fat for girls
and boys using speci�c equations proposed by Slaughter [15].

 

Socioeconomic status

Socioeconomic status of participants was assessed using the Family A�uence Scale [16]. The Family
A�uence Scale is a questionnaire developed speci�cally for young students and it aims to re�ect money
expenditure of a family [17]. The questionnaire was updated in 2008 and was found to be reliable and
suitable for students [16]. Essentially, the Family A�uence Scale explores socioeconomic inequalities by
classifying a set of items that re�ects a family’s assets and consumption. The questionnaire considers
items such as the number of cars that a family possesses, whether a child owns their own bedroom, the
number of times that their family went on holidays during the past 12 months and the number of
computers their family has. This questionnaire has been widely used in children [18, 19] and also in
research exploring the occurrence of injuries and PA [20, 21]. After children responded to the
questionnaire a factor score from zero to nine was attained, this score was then subsequently
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categorised into tertiles representing low, middle and high a�uence groups: 0 to 3 low, 4 to 6 middle and
7 to 9 high [16].

 

Assessment of injury

The de�nition of an injury is widely accepted as an “event that requires medical attention” [20–22]. In the
present study participants were asked to report injury events that required medical attention from a doctor
or a nurse over the past 12 months. The following question was asked: “During the past 12 months, how
many times were you injured and had to be treated by a doctor or nurse?” Injury in children has been
widely investigated using this question [21–23].

 

Assessment of pain

Paediatric pain has been previously described as a subjective issue and is commonly reported by healthy
children [24]. Participants were asked to self-report any pain or discomfort, of the whole body, that they
experienced over the seven days of testing using a visual analog scale from the validated Pediatric Pain
Questionnaire [25, 26]. This method consists of participants marking a point on a 100 mm horizontal line
with several faces representing “no pain” to “severe pain” [27]. Visual analog scales have been widely
recommended as the most appropriate method for assessing pain in children [28, 29]. It is the most
extensively validated method used for assessing pain in children and adolescents [30].

 

Accelerometry

PA was assessed using a triaxial ActiGraph wGT3X-BT accelerometer (Pensacola, USA). The ActiGraph
wGT3X-BT monitor is a small (4.6 cm x 3.3 cm x 1.5 cm) and light-weight device (19 g). The placement of
the PA monitor plays an important role when assessing PA. Participants were requested to wear the
accelerometer around their waist at the right hip[31] for all waking hours except when swimming,
showering or during other water activities.  Participants were asked to wear it for seven days. Participants
completed PA diaries indicating periods of times when they did not wear the accelerometer.

 

A 5-second epoch and sampling rate of 30 Hz was used in the present study as children tend to engage in
different intensities of PA in very short bursts, i.e. lasting less than 15 seconds [32]. The Actilife 6®
software was used to download and process all data recorded with the accelerometers. An upper limit of
20,000 counts per minute was established as a threshold to avoid spurious data or monitor failure [32,
33]. Non-wear time was de�ned as 60 minutes or more of consecutive zero counts. Minimum wear time
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was  at least three days of 500 minutes [34]. Cut-points were 3581 to 6129 counts per minute for MPA
[35] and ≥6130 counts per minute for VPA [35].

 

Statistical analysis

The distribution of variables was assessed using Q–Q (quantile-quantile) plots and histograms. Variables
that were normally distributed were described using means and standard deviations. Variables with
skewed distributions were described using medians and interquartile ranges. Categorical variables were
presented as frequencies and percentages. To examine whether there was any difference between the
number of pain episodes reported by children with and without OW/OB, an independent two-sample t-test
was performed. To examine whether there was any difference between injury incidence in children with
and without OW/OB, the Mann–Whitney U test was performed.

 

We examined associations between PA (MPA and VPA) and pain using linear regression models with pain
as the dependent variable. We examined associations between PA (MPA and VPA) and injuries using
negative binomial models. Negative binomial models were �tted instead of Poisson models as there was
evidence of overdispersion [36]. We �rstly �tted unadjusted models before adjusting for potential
confounding variables. Confounding variables have been de�ned in the literature as variables that affect
both the independent and dependent variable leading to false associations [37]. Potential confounding
variables were identi�ed based on the literature. These variables were age, socioeconomic status, sex,
waist, BMI, hip, and body fat. Additionally, injury was considered as a potential confounder of the
relationship between PA and pain.

 

After �tting unadjusted models, we included potential confounding variables one at a time to see how the
coe�cient changed with the inclusion of a potential confounder. We decided a priori that variables that
changed the coe�cient by more than 5% would be included in �nal models. From this exploratory
analysis, the coe�cient for PA or injuries, respectively, did not change by >5% when any potential
confounder was included. However, we included age, sex, socioeconomic status, injuries and OW/OB in
the adjusted linear regression model and age, sex, socioeconomic status and OW/OB in the adjusted
negative binomial model to demonstrate that adjusting for potential confounders had no impact on the
effect estimate. We did not include waist circumference, hip circumference and body fat percentage in
adjusted models as they were closely related to weight status and did not change the regression
coe�cients.  We additionally included MPA-by-OW/OB and VPA-by-OW/OB interaction terms, respectively,
in adjusted models to examine if the association between PA and pain and PA and injuries differed
according to weight status. Residual plots were examined following linear regressions to identify if
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assumptions of homoscedasticity, normality and linearity were violated. Statistical analyses were
performed using the statistical software STATA (StataCorp LLC, College Station, Texas, USA), version 13.

Results
Of the 1,095 students, aged 8 to 12 years, 114 children consented to participate. No child was excluded
from the study based on their response to the PAR-Q. Eight students were not included in the �nal
analyses, as they failed to record at least three days of PA. Therefore, 106 children were included in �nal
analyses. The characteristics of participants are described in Table 1. Mean (SD) MPA was 100.4 (49.8)
min/day. Mean (SD) VPA was 33.3 (24.7) min/day. Median (IQR) pain was 0 mm (3.0) (out of 100 mm)
and median (IQR) number of injuries was 0 (1.1).

 

Sixty-eight children (64.2%) had normal weight and 38 children (35.8%) had OW/OB. No difference in pain
was found between children with normal weight and OW/OB (mean [SD] 1.41 [1.91] vs 1.18 [1.77],
p=0.535) Similarly, no difference in number of injuries was found between children with normal weight
and OW/OB (median [IQR] 0 [0-5] vs 0 [0-6], p=0.504). With regards to MPA, no difference was found
between children with and without OW/OB (p=0.959). Likewise, no difference was found in VPA between
children with and without OW/OB (p=0.947).

 

Insert table 1 here

 

Association between PA and pain

Table 2 presents results for associations between PA and pain. There was no evidence that MPA was
associated with pain in children (β=0.0004, 95% CI -0.007 to 0.008; p=0.915) even after adjusting the
model for age, sex, socioeconomic status, OW/OB and injuries (β=-0.0005, 95% CI -0.008 to 0.007;
p=0.887). The association between MPA and pain did not differ according to weight status as evidenced
by the p-value for the MPA-by-OW/OB interaction term (p=0.909). There was no evidence that VPA was
associated with pain in children from unadjusted or adjusted analyses (adjusted β=0.0054, 95% CI -0.009
to 0.020; p=0.468). There was also no evidence that the association between VPA and pain differed
according to weight status (p=0.881).

 

Insert table 2 here
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Association between PA and injuries

Table 3 presents associations between MPA and VPA, respectively, and the incidence of injuries in
children. There was no association between MPA and the incidence of injuries (Rate Ratio (RR)=1.00, 95%
CI 0.99 to 1.01; p=0.995), even after adjustment for age, sex, socioeconomic status and OW/OB (adjusted
RR=1.00, 95% CI 0.99 to 1.01; p=0.995). There was also no evidence that the association between MPA
and injuries differed according to weight status (p=0.597). Finally, VPA was not associated with injuries in
children (RR=1.00, 95% CI 0.99 to 1.02; p=0.798), even after adjusting for potential confounders (RR=1.00,
95% CI 0.99 to 1.02; p=0.868). There was also no evidence that weight status modi�ed the association
between VPA and injuries (p=0.735).

 

Insert table 3 here

Discussion
The purpose of this study was to investigate the association between PA, pain and injuries in children. We
found that MPA and VPA were not associated with pain or injuries in children. The association between
PA and pain, and PA and injuries, respectively, also did not differ between children with and without
OW/OB.

 

This is the �rst study investigating if objectively measured moderate and vigorous PA are associated with
whole body pain and injuries. Two studies investigated the association between subjective PA intensity
and pain in children. Silva et al. [6] reported that more time spent in MPA was signi�cantly associated
with a higher probability of reporting pain on neck, shoulders, low back, wrists, hips, knees and
ankles/feet. While more time spent in VPA was signi�cantly associated with a higher probability of
reporting pain on shoulders, mid back, knees and ankles/feet. Swain et al. [7] found that reduced
participation in MVPA was associated with presence of back pain, headache and stomach-ache in girls
and also associated with combined headache and stomach-ache or headache in boys. Only one study
has investigated the association between objectively measured PA intensity and pain, speci�cally back
and neck pain, in children [10]. Similarly to �ndings of the present investigation, Aartun et al. [10] found
no association between PA and spinal pain cross-sectionally nor longitudinally in a sample of 906
children aged 11-15 years.

 

Lowry et al. [8] found that high frequency in self-reported MPA was associated with decreased odds of
injury among boys, and medium and high frequency in self-reported VPA were associated with injuries
among girls. Similarly to �ndings of the present study, Nauta et al. [11] found that objectively measured
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MVPA was not a predictor of acute upper extremity injury risk. However, this study did not separate
associations between MPA, VPA and injury.

 

No study has assessed if the association between PA and pain or the association between PA and
injuries differs according to the weight status of children. The literature shows that OW and OB are
related to musculoskeletal pain in children [38]. Although we hypothesised that children with OW/OB may
be more likely to experience pain during PA as a result of increased joint loading [39], the results of the
present study do not support this hypothesis. This is even after considering different intensities of PA. It
is possible that type of PA is associated with pain and injuries in children rather than intensity of PA. It is
also possible that an association between PA, pain and injuries exists among children with obesity rather
than OW. Our sample included only 5 children with obesity and thus we analysed children with OW and
OB as one group. Studies are needed to examine if PA type and intensity is associated with pain and
injuries among children with obesity.

 

There are limitations to this study that should be considered. Given the cross-sectional design it is not
possible to determine if current PA is associated with future pain or injuries. Also, pain was measured
over seven days. Measuring pain during or immediately after PA would allow examination between PA
and acute pain. Children were asked to recall injuries over the past 12 months, which may be di�cult to
recall and result in inaccurate estimates of the number of injuries experienced. A larger sample and
recruitment from a wider geographical area would allow better representation of the sample.

Conclusions
Findings from this study indicate that MPA and VPA are not associated with pain or injuries in children.
Our results also suggest that the association of PA with pain and injuries does not differ between children
with or without OW/OB.

Abbreviations
PA: physical activity; MVPA: moderate-to-vigorous physical activity; OB: obesity; OW: overweight; PAR-Q:
Physical Activity Readiness Questionnaire; SES: socioeconomic status; BMI: body mass index; MPA:
moderate physical activity; VPA: vigorous physical activity.
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  Normal weight n=68 OW/OB n=38 Total n=106

  Mean (SD) Mean (SD) Mean (SD)

Age (years) 10.4 1.3 10.4 1.1 10.4 1.2

Body mass (kg) 34.5 7.8 49.3 10.3 39.5 11.4

Stature (cm) 142.2 10.5 147.2 11.8 143.8 11.2

BMI (kg/m2) 16.9 2.1 22.5 8.6 18.8 3.4

Waist circumference (cm) 54.2 16.5 61.7 20.6 56.2 18.4

Hip circumference (cm) 62.0 19.5 68.0 23.4 63.5 21.3

Pain (over the past seven days)a 0.0 3.0 0.0 3.0 0.0 3.0

Injury (over the past 12 months)a 0.0 0.9 0.0 1.2 0.0 1.1

Body fat (%) 22.1 6.0 33.1 8.6 25.9 8.9

MPA (min/day) 100.6 48.4 100.1 53.0 100.4 49.8

VPA (min/day) 33.4 26.2 33.1 22.1 33.3 24.7

Socioeconomic status (%)            

     Low 13.9   11.9   13.2  

     Middle 54.2   40.5   49.1  

     High 31.9   47.6   37.7  

 a = Median and interquartile range. SD: Standard deviation. Pain score 0 to 10. Injury = Number of injuries
over the past 12 months.
OW/OB: Overweight/obesity.

 
 
Table 2 Unadjusted and adjusted associations between physical activity and pain in children.

  Unadjusted β 95% CI p Adjusteda β 95% CI p
MPA 0.0004 (-.007 to .008) 0.915 -0.0005 (-.008 to .007) 0.887
VPA 0.0069 (-.008 to .022) 0.354 0.0054 (-.009 to .020) 0.468
aAdjusted for age, sex, socioeconomic status, injury and overweight/obesity.
MPA: moderate physical activity; VPA: vigorous physical activity

 
 
Table 3 Unadjusted and adjusted associations between physical activity and number of injuries in the past 12
months in children.

  Unadjusted RR 95% CI p Adjusteda RR 95% CI p
MPA 1.00 (.99 to 1.01) 0.995 1.00 (.99 to 1.01) 0.995
VPA 1.00 (.99 to 1.02) 0.798 1.00 (.99 to 1.02) 0.868
aAdjusted for age, sex, socioeconomic status, and overweight/obesity.
MPA: moderate physical activity; VPA: vigorous physical activity


