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Abstract
Background
Although injuries to the upper extremity are most costly, the picture of the upper
extremity injury problem remains incomplete. This study is the ﬁrst to describes
the incidence, severity and mechanisms of all upper extremity injuries in young
Danish children.
Methods
A 2.5-year observational prospective cohort study, was conducted to record
upper extremity injuries in 1,048 children between the age of 6 and 12. Data
were weekly collected by sending a text message.
Results
176 upper extremity injuries were reported (128 acute injuries). Of the acute
upper extremity injuries; 55% were diagnosed to be a sprain, 47% of injuries
occurred in the hand/wrist and 53% of cases were caused by a fall. When
corrected for exposure to physical activity, this resulted in an acute upper
extremity injury incidence density of 0.18 per 1,000 hours of physical activity. The
odds of sustaining an upper extremity injury was higher in the older children (HR
1.84; 95%CI: 1.10 – 3.09), a tendency was found suggesting that girls are at
increased acute upper extremity risk compared to boys (HR 1.40; 95%CI: 0.97 –
2.04).
Conclusions
The ﬁndings that most injuries occur after a fall, that injury risk increases over
age and that girls seem to be at increased injury risk provides essential
information to guide future childhood injury prevention initiatives.

Introduction
The positive health effects of appropriate levels of physical activity in children
1
are numerous . Yet, only 30‐40% of young people living in western countries
2
appear to be sufficiently active . These figures are alarming, especially since
physical inactivity is recognized as one of the leading causes of chronic disease in
3
later life. Not surprisingly, physical activity has moved up the health agenda . An
often overlooked negative consequence of increased levels of physical activity is
the increase in the number of associated injuries. Injuries are not only a personal
burden to the child, but also a cause for children to lose their enthusiasm for
4
participation in physical activity . In addition, injuries pose a large burden on
public health, because of the associated costs of medical treatment. In this
respect, upper extremity injuries are of special concern since costs associated
with this type of injury have been reported to be over four times as high
5
compared to lower extremity injuries .
6;7

Much research has been done on upper extremity injuries in specific sports .
Consequently, it has been suggested that most upper extremity injuries in
7
children occur during sports . Children under 12 years of age, however, spend a
8;9
lot of their active time in unorganized physical activities . Previous research has
shown that the number of upper extremity injuries is especially high during these
8;9
unorganized physical activities . It consequently seems likely that primarily
focussing on sports related upper extremity injuries does not provide a complete
overview of the upper extremity injury problem in youth.
10

According to the sequence of injury prevention , the development of an injury
prevention program starts with identifying the injury in terms of incidence and
severity, and a description of factors and mechanisms that play a part in the
occurrence of an injury. Such a clear description is, unfortunately, not yet
available for upper extremity injuries in children. As stated, upper extremity
injuries have mainly been described in a sport‐specific setting. Those studies that
did study upper extremity injuries outside a sports‐specific setting have, until
6;7
now, concentrated on upper extremity fractures alone . The focus on fractures,
however, is an incomplete explanation of the injury problem (The tip‐of‐the‐
11
iceberg‐phenomenon ). The present study was conducted to provide a more
complete picture of the upper extremity injury problem in children. The aim of
this study was, therefore, to describe the incidence, severity and mechanisms of
all upper extremity injuries in 6 to 12 year old Danish children.
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Methods
Design & Participants
Children were recruited from ten public schools that participated in the CHAMPS
Study‐DK (for more details on this study, please refer to the publication of
12
Wedderkopp et al., 2012 ). In short, the CHAMPS Study‐DK was a study
performed alongside the implementation of ‘sports schools’ in Svendborg,
13
Denmark, a “Natural experiment” . At sports schools, the physical education
(PE) was increased to at least 4.5 hours per week, while control schools
maintained the norm PE (1.5 hours per week). The sports schools volunteered to
participate in the Svendborg project, and the municipality provided matched
control schools. Pupils from pre‐school to fourth grade were eligible for the
study. From sports schools 687 children (90%) participated in the injury
registration, from regular schools 521 children (71%) were enrolled. Children
new to the school during the 2.5 year follow‐up could enter the study. Ethics
committee approval was obtained before the start of the project ID S20080047.
Written informed consent was obtained from the children’s parent. Prior to
every clinical examination, both child and parent gave verbal consent.
Participation in the project was voluntary with the option to withdraw at any
time.
SMS‐track – injury registration
Upper extremity injuries were registered by using an online SMS‐track system.
14
The injury registration has been described in detail elsewhere . In short, parents
would receive a text message on their mobile phone on Sunday asking them if
their child had been in musculoskeletal pain during the last week. Parents that
reported pain in their child were called on Monday by the research team to
check if the pain persisted. If this was the case, children were scheduled for
examination by a clinician. All injuries were clinically diagnosed according to the
15
International Classification of Diseases (ICD‐10) . Medical files were collected of
children who had been medically treated elsewhere. Injuries were not recorded
during the six weeks summer holidays (July/August).
Measurement of physical activity
Physical activity of children was objectively assessed between November 2009 to
January 2010 using an Actigraphy GT3X accelerometer (Pensacola, Florida, USA).
Children were asked to wear the accelerometer for 7 consecutive days. Activity
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data of a child were only included for further analysis if a total of 10 hours of
activity was recorded for at least 4 days. The cut‐off points defined by Evenson
16
et al. (2008) were used to calculate time being sedentary and time spent in
moderate to vigorous physical activity (MVPA). Time spend in MVPA was
assumed to represent the MVPA in the children in general, the mean daily
minutes of MVPA were extrapolated over the total study period.
Participation in organized sports was self‐reported by the parents on a weekly
basis. Parents were asked about the number of times and the type of sports their
child had participated in during the last week by a text message on their mobile
phone. The time participating in different sports per training or match typically
8
varies from 30 minutes to 90 minutes in 6 to12 year old Danish children . Every
single reported sport participation was therefore considered as 60 minutes of
sport participation. Time spent in PE was known to the researchers. The time
spent being physically active in leisure time was then calculated as the total
MVPA extrapolated over the study period minus the exposure to sports and PE.
Statistical analysis
The injury incidence densities (IID), defined as the number of injuries per 1,000
hours of exposure to physical activity, was calculated for acute injuries. Overuse
injuries are characterized by tissue damage as a result of repetitive demands
over the course of time, hypothetically caused by an accumulation of different
17
types of activities . For the upper extremity, this could also include loading that
18
is not associated with physical activity: for example playing video games .
Secondly, the absence of an actual injury event makes it impossible to measure
exposure for overuse injuries. IID was therefore only calculated for acute upper
extremity injuries.
IID’s, and corresponding 95% confidence intervals (CI), were calculated for
several subgroups: 1) physical activity behaviours (leisure time physical activity,
PE and Sports); 2) gender; 3) age (6 to 8 year old and 9 to 12 year old); 4) body
weight status (based on body mass index); 5) minutes of MVPA (4 quartiles); 6)
minutes of sedentary time (4 quartiles).
Subgroups presenting potential risk factors for acute upper extremity injuries
were identified based on 95%CI of IID’s. That is, when differences between
subgroups were larger than the 95%CI. For these subgroups, hazard ratios (HR)
and 95%CI were estimated. A marginal Cox regression model was constructed,
which accounted for possible repeated occurrence of an injury (STATA 12.0,
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19

StataCorp, College Station, Texas, USA) . The Log likelihood Ratio test of a
multilevel mixed effects Poisson regression analysis was used to assess whether
20
correction for clustering was necessary .
Results
Participants
All schools were gradually included in the program within 8 months after
baseline. The average participation time of the children was 90.2 weeks (range 1‐
113 weeks). During the study, some children dropped out because they moved
to another municipality or changed schools. On the other hand, children who
changed to one of the project schools during the course of the study were
enrolled in the study. Only 15 children dropped out for other reasons. Analysis of
missing data did not reveal differences for age, gender, school type and leisure
time sports. Complete data was available for 1,048 children.
Description of sustained injuries
Of all reported injuries (n=1229) a total of 176 was to the upper extremities, 48
of which were overuse injuries (27%). The majority of the overuse injuries was
soft tissue injuries (70%). For acute injuries, the injury that was diagnosed most
often was a sprain (55% of cases, Table 3.1). Other frequently reported injuries
were fractures (23% of cases) and contusions (20% of cases). Strains and other
lesions were seldom diagnosed (<3% of cases). The hand and wrist were the
most commonly injured upper extremity parts (together they accounted for 47%
of cases), followed by injuries to the fingers (28% of cases). The shoulder, elbow
and forearm were injured in 25% of all cases. The mechanism that was most
frequently reported to have caused an injury was a fall (53% of cases). Contact
with a ball caused 19% of the acute upper extremity injuries. The mechanism
was unknown in 16% of cases, usually because the files of injuries treated at a
hospital did not include this information.
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Table 3.1: Description of acute upper extremity injuries in 6 to 12 year old Danish
children (total=128).
Number of injuries

%

29
70
25
3
1

23
55
20
2
1

17
15
60
36

13
12
47
28

68
24
7
3
6
20

53
19
5
2
5
16

Type of injury
Fracture
Sprain
Contusion
Strain
Other Lesions
Location of injury
Shoulder
Elbow‐forearm
Hand‐wrist
Fingers
Injury mechanism
Fall
Ball
Collision with object/person
Stuck
Other
Unknown

When correcting for physical activity exposure, the Danish children in this cohort
sustained 0.18 acute upper extremity injuries per 1,000 hours physical activity
(95%CI 0.15 – 0.21). Most injuries occurred during leisure time physical activities
(51%). Participation in sports was, however, shown to be significantly more risky
when exposure times were taken into account (0.50 vs. 0.17 injuries per 1,000
hours of exposure, Table 3.2). Nine acute upper extremity injuries occurred
during PE classes, corresponding with 0.04 injuries per 1,000 hours of PE
participation (95%CI 0.01 – 0.07).
Determinants for acute upper extremity injuries
The calculated IID are displayed in Table 3.2. The results in this Table show that
girls sustained more acute upper extremity injuries than boys. When IID was
calculated for two age groups (e.g. 6 to 8 year old and 9 to 12 year old children),
the risk of an acute upper extremity injury was highest in the older age category.
Table 3.2 further shows that injury risk was increased for children with low levels
of MVPA. On the other hand, the more time children spend in sedentary
behaviours the higher their risk of sustaining an acute upper extremity injury.
The last risk factor, bodyweight status, did not increase acute upper extremity
injury risk.
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Table 3.2: Injury incidence densities of acute upper extremity injuries in 6‐12
year old Danish children.
N injuries
Injury incidence
density
total
128
0.18
Physical activity modality
Leisure time physical activity
65
0.17
Physical education
9
0.04
Sports
45
0.50
Unknown setting
9
‐
Gender
Girls
80
0.31
Boys
48
0.16
Age
6‐8 years
24
0.07
9‐12 years
104
0.47
a
Bodyweight status (BMI)
b
19
0.33
Overweight
Normal weight
105
0.23
Minutes of MVPA
Q1 (<279)
37
0.35
Q2 (279<340)
37
0.25
Q3 (340<418)
30
0.16
Q4 (≥419)
24
0.10
Minutes of sedentary time
Q1 (<3057)
26
0.17
Q2 (3057<3395)
22
0.15
Q3 (3395<3718)
37
0.27
Q4 (≥3719)
43
0.38
CI=confidence interval; BMI=body mass index, MVPA=moderate to vigorous physical activity
a
61 children did not have complete BMI data;
b
32
Age‐ and gender specific cut‐offs points according to IOTF/Cole et al. (2000) ;

95%CI
[0.15 – 0.21]
[0.13 – 0.21]
[0.01 – 0.07]
[0.35 – 0.64]

[0.24 – 0.38]
[0.12 – 0.21]
[0.04 – 0.10]
[0.38 – 0.56]
[0.18 – 0.48]
[0.18 – 0.27]
[0.24 – 0.46]
[0.17 – 0.33]
[0.10 – 0.22]
[0.06 – 0.14]
[0.11 – 0.24]
[0.09 – 0.21]
[0.18 – 0.36]
[0.27 – 0.49]

The potential risk factors; gender, age, MVPA and sedentary time, were assessed
using a marginal Cox regression analysis. Since the multilevel mixed effects
Poisson regression analysis showed that the Log‐likelihood Ratio test was not
significant, no correction for cluster effects was necessary. Results of the
marginal Cox regression analysis, displayed in Table 3.3, showed that only age
was a predictor of acute upper extremity injury risk with 9‐12 year old children
being at increased injury risk compared to 6 to 8 year olds (HR 1.84; 95%CI 1.10
– 3.09). For gender, a tendency was found suggesting that girls are at increased
upper extremity injury risk compared to boys (HR 1.40; 95%CI 0.97 – 2.04).
MVPA and sedentary behaviour did not predict acute upper extremity injury risk.
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Table 3.3: Results of the multivariate Cox regression analyses.
Hazard ratio
Gender
Boy
Girl
Age
6‐8 yrs
9‐12 yrs
Minutes of MVPA
Q1 (<279)
Q2 (279<340)
Q3 (340<418)
Q4 (≥419)
Minutes of sedentary time
Q1 (<3057)
Q2 (3057<3395)
Q3 (3395<3718)
Q4 (≥3719)
MVPA=moderate to vigorous physical activity

95% confidence interval

1
1.40

0.97 ‐ 2.04

1
1.84

1.10 ‐ 3.09

1
1.24
1.39
0.85

0.75 ‐ 2.04
0.82 ‐ 2.35
0.46 ‐ 1.56

1
0.79
1.20
1.28

0.44 ‐ 1.40
0.70 ‐ 2.05
0.73 ‐ 2.22

Discussion
In this 2.5 years follow‐up study, upper extremity injuries were weekly recorded
in 1,048 primary school aged Danish children. A total of 176 upper extremity
injuries were reported during the study period; 128 of these injuries had an
acute onset (73%). When corrected for exposure to physical activity, this
resulted in an acute upper extremity IID of 0.18 per 1,000 hours of physical
activity.
Description of injuries
To our knowledge this is the first study that describes the aetiology of and risk
factors for upper extremity injuries in children. Previous research has focussed
8;9;21
and specifically on upper extremity
on overall injuries in young children
22;23
fractures in children and adolescents , or on upper extremity injuries in a
6;7
sports setting . Since the characteristics of these studies are very different from
the current studies, caution is warranted when comparing study results.
In studies on overall injuries, the lower extremity is reported to be the body
8;9;21
. Reported overall fracture rates, however,
region that is most often injured
8;9;21
, which is considerably lower than the 23% fracture rate
vary from 10 to 16%
in this study. This suggests that the risk of sustaining an upper extremity fracture
is relatively high. Which was confirmed by epidemiological emergency
24;25
of paediatric fractures to occur in the
department studies that reported 70%
upper extremity. The reported fracture locations within the upper extremity vary
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from the distribution found in the current study. The most often fractured body
22;23
part was reported to be the forearm , while almost half of all injuries in the
current study were sustained at the hand or wrist. This difference could be
caused by the fact that carpal bones remain predominately cartilaginous until
22;23
late childhood . A similar injury mechanism that would not result in an injury
in the adult wrist or hand could cause an injury in a child.
The main focus of previous studies has been on upper extremity fractures,
probably because this type of injury is considered to be the most severe in
medical terms. The burden to a child, however, is arguably larger in case of a
sprain, since the pain resulting from a sprain usually has a longer duration than
the pain resulting from a fracture. In the current study, 55% of injuries were
diagnosed as a sprain. As mentioned before, pain could cause a child to lose
4
enthusiasm to participate in physical activity . The finding that so many upper
extremity injuries occur in young children is, therefore, an important finding to
guide future injury prevention strategies in young children.
Although not scientifically proven in numbers, a fall is usually recognized as the
22;23
leading injury mechanism in upper extremity fractures . This was also true in
the current study, with over 50% of injuries occurring after a fall. Another
important injury risk factor that was recognized in the current study was a
collision with a ball.
Determinants for acute upper extremity injuries
In our cohort of Danish primary school‐aged children, four risk factors for acute
upper extremity injury were identified, based on IID and corresponding 95%CI’s:
age, gender, minutes of physical activity per week and minutes spend sedentary
per week. However, when the risk factors were statistically tested with a Cox
proportional hazard model, only increasing age was associated with a higher HR;
Children aged 9 to 12 years were 84% more likely to sustain an injury than their 6
to 8 year old peers. This increasing injury risk is in accordance with findings in
26
27;28
overall injury risk as well as in sports‐related injury risk .
For gender, a tendency (p=0.08) was found suggesting that young girls have a
40% higher risk of sustaining an acute upper extremity injury than boys. The
available literature is conflicting regarding injury risk differences for gender. In a
Dutch cohort of 10 to 12 year old children, girls were reported to have a 60%
26
higher overall injury risk compared to boys . In a younger Swiss cohort (7 to 9
21
year old children), no gender differences for injury risk were found . In
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paediatric fracture research it is well documented that peak incidences are
22;29
reported at different ages for boys (14 years) and girls (11 years) . Therefore,
to rule out a potential difference in injury risk for boys and girls, the current data
were checked for a gender*age interaction effect. No such interaction could be
reported.
Although large differences in IID were described for both the physical activity
and the sedentary behaviour quartiles, no differences could be reported when
data were statistically tested by means of a Cox proportional hazard model. A
potential bias in the data was recognized after an eyeball of the raw data. Girls
represented 76% of the children within the lowest physical activity quartile,
while the highest quartile consisted of 78% of boys (not so for the sedentary
behaviour quartiles). As for age; the proportion of young children was larger in
the highest physical activity quartile (41% vs 29% in the lowest quartile). This
difference was larger for the sedentary behaviour quartiles, where there were
relatively few young children within the highest quartile (24% vs 55% in the
lowest quartile). This skewed distribution of gender and age over the physical
activity and sedentary behaviour quartiles potentially has influenced the IID.
Strengths and Limitations
A major strength of the current study is that injuries were registered on a weekly
basis with an average follow‐up of 2.5 years. Furthermore, not only injuries were
reported, but parents also responded when their child did not report any pain in
the previous week. Since the response rate was high, the possibility that a parent
forgot to report an injury was low. Asking parents if their child had been in pain,
instead of asking them if their child had sustained an injury, also increased the
odds of diagnosing overuse injuries. These type of injuries do not have an acute
onset and may not have been reported by the parents. The use of accelerometer
to objectively assess physical activity and sedentary behaviour is another
strength of the current study. It is well documented that self‐reported physical
30;31
activity usually overestimates the time spent being active . Another strength
of the present study is that a medical professional assessed all children who had
complained about pain. As a result, the diagnosis of the injury is more valid.
One of the limitations of the study was the lack of information on time loss in
school and sport related to the injuries. Instead parents were asked if their child
had been in pain the previous week; although a broken arm is unlikely to cause
pain after one week, physical activity participation is likely to still be hampered.
Another limitation of this study is that physical activity and sedentary time were
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assessed once during the 2.5 year follow‐up. These data, obtained during
autumn/winter, were then extrapolated to the entire follow‐up for each
individual child. Because children are generally more active during summer time,
this might have caused an underestimation of the actual time spent being active.
Also, the validity of the use of both objectively assessed physical activity
measures and subjective assessment of sports and PE participation is unclear. A
final limitation was that no text messages were send to the parents during the 6
week summer holiday period.
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