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ABSTRACT

INTRODUCTION This observational study investigated the incidence of distal radius fractures in children, to determine whether
the rate is rising, the effect of seasonal variation on incidence and whether fracture type and rate of surgical intervention has
changed, to help in determining costs for secondary care and to aid resource allocation.
MATERIALS AND METHODS All paediatric patients(n = 6529) who sustained a distal radius fracture over an eight-year period
(2007–2014) were identified. Poisson regression modelling was used to identify change in trends.
RESULTS There was no change in distal radius fracture incidence, rate of surgical intervention (P = 0.36) or fracture type
(P = 0.70). Overall incidence was 337 fractures per 100,000 patient/years. The highest fracture incidence was seen in older
school boys (708 per 100,000 patient/years, P < 0.005). Overall fracture rate was lower in winter (P < 0.005). Incidence is
highest in summer and the main variation is related to season.
DISCUSSION These data can help to predict accurately the number of children presenting to the emergency department with
wrist fractures depending on the time of year.
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Introduction

Childhood fractures are common and are a significant
healthcare burden. Around 20–30% of children in the UK
will attend accident and emergency each year with an
injury.1,2 Some 9% of these injuries will be children with
fractures.3,4 Wrist fractures are the most common child-
hood fracture, with up to 25% of fractures affecting the
distal radius.5,6

Despite the magnitude of the problem there is minimal
evidence in the literature regarding the incidence and epi-
demiology of these fractures in the UK. Most studies do not
determine accurate incidence rates for the at-risk paediat-
ric population. Evidence from Scandinavia, Europe, Japan
and the United States has suggested that the incidence of
distal radius fracture in children is increasing,5,7–10 with
some studies also reporting an increase in the rate of sur-
gical intervention.11,12

An understanding of fracture epidemiology is vitally
important to assist in determining expected costs secon-
dary to injury and allocation of healthcare resources. Our
aim was to calculate accurate age and gender specific inci-
dence rates for children sustaining a distal radius fracture
in our region and determine whether the incidence is
increasing across our eight-year study period. Trends in

surgical intervention were also investigated. We attempted
to establish whether there was any annual, seasonal or
weekly trend in fracture incidence and review data of
the location where fractures are sustained to permit under-
standing of where preventative strategies may be
beneficial.

Materials and methods

Leicester General Hospital provides care to a population of
approximately one million people living in the city and the
surrounding counties. All children sustaining an orthopae-
dic injury within these areas are referred for review and
follow up at this centre, allowing comprehensive capture
of all such presentations within the resident population.

Details of all children presenting to the unit with a
radiographically confirmed fracture of the distal radius
(AO classification 23-M, 23r-M, 23u-M, 23-E, 23-rE)
between 1 January 2007 and 31 December 2014 were
recorded in an established hospital database.13 Data on
age, gender, anatomical site of injury and the location and
date of the injury were collected. Data were recorded for
all patients on initial presentation to the accident and
emergency department so included those discharged
straight from the department or who did not attend
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subsequent follow-up in the region. There are four minor
injury units in the region which refer children with frac-
tures to our unit. They are initially seen in the accident
and emergency department so would also be captured in
the database. The population at risk was identified by
obtaining the annual gender and age specific population
data for Leicester for 2007–14, inclusive, from the UK
National Office for Statistics. The total population at risk
was calculated by the addition of the numbers for the three
regions.

The patients were grouped according to their age into
toddlers (0–2 years), preschool (2–5 years), younger school
children (5–10 years) and older schoolchildren (10–16
years). Location of fracture, when recorded, was reported
as occurring at home, at school, in the street, in a public
place, in the workplace, during sporting activity, following
road traffic collision or other location. Location data were
available for 84% of fractures. As these data were incom-
plete, percentage of injury per location was calculated for
comparison rather than incidence rate.

Investigation of trends was performed in three ways:
> Comparison between 2007 and 2014 – 100 patients

were randomly identified from 2007, the first year in
the time period studied. They were compared with
another 100 patients from the last year studied, 2014.
Age, gender, rate of surgical intervention and type of
surgery were recorded. Radiographs were reviewed to
identify the anatomical location of the fracture.

> Biennial sampling – equal numbers of male and
female children were randomly selected from two-
year samples (2007/08, 2009/10, 2011/12, 2013/14)
according to age group stratification. The number of
children was chosen to sample approximately 10% of
each gender per age group: 20 toddlers (10 boys, 10
girls), 20 preschool children (10 boys, 10 girls), 40
young school children (20 boys, 20 girls) and 60 older

school children (30 boys, 30 girls). Fracture type, treat-
ment and surgical procedure, if required, were
recorded.

> Total sample – the full data set was analysed for trends
in age, location of injury, incidence per season, year
and day of week.

Radiographical analysis was carried out by two observ-
ers, a junior orthopaedic trainee and a senior orthopaedic
specialty registrar. Patients for sampling were identified
randomly using a computer program by an independent
observer.

Poisson regression modelling techniques were used to
investigate variation in overall trends. A model was con-
structed assessing variables against fracture incidence rate,
with an offset of the log of the population. This gives indi-
vidual P-values for each data item to demonstrate any sig-
nificant variation from expected along with magnitude and
direction of the change. The Kruskal–Wallis test was used
to compare non-parametric data and the Chi square test to
compare categorical data.

Results

During the study period the accident and emergency
department saw 6529 children aged 16 years or under with
a distal radius fracture. Overall incidence rate across the
eight-year study period was 337/100,000 children per year.
The male to female ratio was 64% : 36% (4012 : 2517;
Table 1).

Toddlers accounted for 3.8% (245/6529) of the study
group. Incidence rate was 82/100,000 children per year.
The incidence rate ratio (IRR) comparing girl toddlers with
boys was not significant (IRR 1.18, 95% confidence inter-
val, CI, 0.92–1.52). Of the children in the study, 9.6% (624/
6529) were of preschool age. The incidence rate for this
group was 160/100,000 children per year. Incidence was

Table 1 Total number of children per age group and gender presenting to the emergency department with a distal radius fracture
across the study period.

Age group Sex Year

2007/08 2009/10 2011/12 2013/14 Patients (n)

Toddler Male 30 25 34 26 115

Female 38 34 30 28 130

Preschool Male 66 67 78 77 288

Female 86 75 92 83 336

Younger school age Male 238 267 307 292 1104

Female 236 255 282 288 1061

Older school age Male 648 649 604 604 2505

Female 250 256 253 231 990

Totals 1592 1628 1680 1629 6529
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significantly higher for preschool boys (n = 176 boys, n =
144 girls, IRR 1.23, 95% CI 1.05–1.44). Younger school-aged
children accounted for 33.2% (2165/6529) of cases. The
incidence rate was 384/100,000 per year. There was no dif-
ference in incidence rates between boys and girls (boys
381, girls 387, IRR 1.01, 95% CI 0.933–1.104). Older school
children made up 53.5% (3495/6529) of the study group.
The incidence rate for this group was 509/100,000 children
per year with the rate for boys (n = 708) more than double
that of girls (n = 298, IRR 2.38, 95% CI 2.21–2.56).

Comparison between 2007 and 2014

Comparison of demographics, anatomical site of fracture
and treatment of 100 random patients from 2007 and 2014
revealed no difference in gender, age, fracture type, rate of
surgical intervention or type of surgery (Table 2).

Biennial sampling

There was no change in fracture type sustained across any
of the age groups over the study period. No obvious trend
was seen in rate of surgery across the sampled patients.
Surgery was rare in toddlers. Boys underwent more surgi-
cal procedures overall (boys n = 42, girls n = 24, P = 0.011;
Table 3).

Incidence

There was no overall change in incidence across the eight
years investigated (Fig 1). The only significant change in
incidence across all years, age groups and gender was a
higher than expected number of fractures in preschool
children (boys and girls combined) in 2011 (P = 0.0085).
There was no difference in the pattern of trends between
the age groups.

Seasonality

There was a significantly lower rate of fractures in winter
and higher rate in spring and summer for children in all
the age groups except toddlers (P <= 0.0001; Fig 2). There
was no change seen across the seasons for toddlers. Com-
paring the trends between the age groups showed signifi-
cant differences in the pattern of the trends between all
the age groups.

Days of the week

Older children suffered fewer fractures on Saturdays (P =
0.028) and Tuesdays (P = 0.023; Fig 3). When the results of
all ages were combined, fewer fractures were seen on Sat-
urdays (P = 0.014) but there were no other differences. The
other age groups showed no variability per day of the
week. Older children suffered fractures in a different pat-
tern compared with other age groups (P = 0.007). There

Table 2 Comparison of demographics, fracture type and
treatment method of 100 random patients from 2007 and
100 patients from 2014.

2007 2014 P-value

Patients (n) 100 100

Male : Female 62 : 38 61 : 39 0.84

Mean age (years) 9.8 (1.2–16.2) 10.0 (1.2–16.4) 0.71

Age group:

Toddler 7 1 0.09

Pre-school 4 9

Young school 36 37

Older school 53 53

Operated 22 26 0.36

MUA 17 21

Internal fixation 5: plate 3,
k-wire 1, fn 1

5: plate 2,
k-wire 3

Fracture type:

Physeal 13 10 0.70

Metaphyseal 73 78

Distal diaphyseal 14 12

fn, flexible nails; MUA, manipulation under anaesthesia.

Table 3 Number of surgical procedures performed in the age and gender specific sampled groups over the study period.

Age group Patients (n) Sex Patients requiring surgical intervention

2007/08 2009/10 2011/12 2013/14

Toddler 10 Male 0 0 1 1

10 Female 0 0 0 0

Preschool 10 Male 1 2 4 1

10 Female 0 0 1 1

Younger school age 20 Male 4 5 6 2

20 Female 2 2 1 5

Older school age 30 Male 5 2 2 6

30 Female 2 2 6 2
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was no difference in the trend pattern between the other
age groups.

Age

There was a significant change in the mean age across the
study years for all children combined (P = 0.04; mean age:
2007, 10.17 years, 2014, 9.92 years; Fig 4a). There was no
difference when boys and girls where investigated sepa-
rately, although the overall trend in boys suggested mean
age was falling (boys; P = 0.08, girls; P = 0.68; Fig 4b,c).
Further sub-analysis of all children by age group and gen-
der did not demonstrate any difference.

Location of injury

There was no change within any age group or gender in
the location that injury took place during the eight-year
study period. Significant differences were observed
between all age groups (Fig 5).

Discussion

In this study, we describe the epidemiology of paediatric
distal radius fractures in one unit in the UK. Gender and
age group specific incidence rates are reported. Age distri-
bution of patients was consistent with that previously
described.9,14 Similar to other studies, the majority of
patients were male. Fracture incidence did not increase
over the study period.

Overall incidence rate was 337 fractures per 100,000
patient years. UK data for comparison are scarce. Many
authors have reported results for different age ranges and
some include all forearm fractures (Table 4).15,16 Cooper et
al carried out a large study of over 80,000 children’s
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Figure 3 Incidence rate (100,000 children per year) by age
group per day of the week.
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fractures using the general practitioner research database
and noted an incidence rate of 393 per 100,000 patient
years, which is broadly comparable to our results.3 They
included all forearm fractures and patients up to the age of
18 years, which may explain the higher incidence. Other
UK studies also reported a higher incidence than we found.
In Glasgow, an incidence rate of 411 per 100,000 was seen
in children aged up to 12 years, although fractures of the
whole forearm were included.17 Lyons et al reported an
incidence of 1289 distal radius fractures per 100,000 chil-
dren aged up to 14 in South Wales.14 The authors acknowl-
edged that this rate was exceptionally high but were
unable to find an obvious cause. Social deprivation is
known to be associated with paediatric wrist fractures.18

Leicester is one of the least deprived regions, so this may
be a reason why our findings were lower than the other
UK studies.

We did not demonstrate an increase in fracture inci-
dence across our eight-year study period for total fractures
or any gender or age specific group studied. This is in con-
trast to a large number of studies from across the world. In
Finland, the incidence of paediatric forearm fractures
increased by 31% from 1983 to 2005.19 Four of five of these
fractures were of the distal radius. This was despite an
overall significant 18% decrease in all children’s fractures
during the same time period. These findings are similar to
others reported from Sweden, the United States and
Japan.5,7–10,20 Another Finnish study found a significant
increase in children being hospitalised due to fractures
from 1997 to 2006 with a 62% increase in surgery for fore-
arm fractures.21 De Putter et al investigated wrist fracture
trends in children and adolescents in Holland, a country
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with a similar climate to the UK, from 1997 to 2009.22 They
found a significant increase in fracture incidence for chil-
dren aged 5–9 years and 10–14 years, with the strongest
increase in the age group 10–14 years. This was thought to
be due to increased incidence rates during football and
gymnastics at school.

The reasons for a change in fracture incidence rate are
likely to be complex and multifactorial. Trampoline use
has risen considerably, with a concurrent rise in trampo-
line-related injuries.23 Other studies have suggested
increased fracture rates in Sweden may be due to a recent
increase in physical activity and participation in team
sports among Swedish children.24 Physical activity and
sporting activities increase fracture risk while a sedentary
lifestyle may protect against falls and injury.25 Therefore, a
high incidence of fracture may suggest an active, fit popu-
lation that is likely to remain healthy as adults. Conversely,
our stable fracture incidence may reflect a sedentary popu-
lation not engaged in vigorous activity.

Concerningly, paediatric wrist fractures have been shown
to be associated with low bone mineral density, often occur-
ring due to minor trauma.26,27 As with an adult wrist frac-
ture, a forearm fracture may be an indicator of poor bone
health in children.28 Activity levels, reduced calcium intake,
vitamin D deficiency and poor nutrition are likely to be con-
tributing factors. Increasing obesity is linked to poor mobi-
lity and balance, with overweight children sustaining higher
energy injuries even with falls at low heights.29

Age and gender differences in fracture incidence were
similar to those previously reported. Incidence rates were
highest in the older school age group (10–16 years), with
fractures being more common in boys.29,30 Fracture risk is
related to changes in bone mineral density during the
pubertal growth spurt. At this time, bones lengthen consid-
erably with comparatively small, slow increase in bone

mineral content.31 Behavioural changes and risk taking is
thought to explain the gender differences.32

Fracture incidence was highest in spring and summer
for children aged 2–16 years. There was no link with sea-
sonality for those aged 0–2 years. These findings are con-
sistent with other studies. Summer has previously been
shown to be the most common season for childhood inju-
ries, with the warmer weather encouraging outdoor activ-
ities.33 In the older school-age group, spring was the most
common season for fracture, but not significantly higher
than summer. Ryan et al studied 929 children with forearm
fractures in Washington DC and found that the rate of frac-
ture was highest in spring.26 They felt this might be due to
low vitamin D levels, which are lowest in spring and win-
ter. Our results may suggest a similar trend. Another rea-
son may be the harder pitches seen in spring towards the
end of the football and rugby seasons.

Patients attended hospital with a fracture less frequently
on a Saturday, with older school children also attending less
frequently on a Tuesday. The overall results were influ-
enced by the larger number of children in the younger and
older school-age groups. Our data were collected on attend-
ance to the emergency department and it is likely that chil-
dren with less severe fractures may not present until the
day after their injury if they initially try to self-treat or the
injury occurs in the evening. Fridays and Mondays are days
when sports are less likely to take place therefore fewer
patients may sustain injuries on these days and then present
on Saturday or Tuesday. There was a trend for higher inci-
dence rates on Sunday and Monday. These findings would
be consistent with sporting activities and injuries taking
place at the weekend with medical attention subsequently
being sought on Sunday and Monday.

In this large study of UK paediatric distal radius fracture
epidemiology we have investigated trends which provide

Table 4 comparison of published incidence rates (100,000 children per year) for paediatric forearm and distal radius fractures.

Study Location Incidence

rate

Fractures

(n)
Population at

risk (patient

years)

Study period

(years)

Age group Site

This study Leicester, UK 337 6529 1,937,656 8 0–16 distal radius

Park et al, 201320 South Korea 801 83472 10,000,000a 5 0–19 forearm

Bell et al, 201217 Glasgow, UK 411 439 106,772 1 0–12 forearm

Hedström et al, 20109 Sweden 591 393b 34,239c 14 0–19 distal radius

Randsborg et al, 200915 Norway 470 362 77,470 1 0–16 distal radius

Cooper et al, 20043 UK 393 25,271 7,000,000a 10 0–18 forearm

Brudvik et al, 200316 Norway 660 461 – 1 0–16 distal radius

Khosla et al, 20035 Rochester, US 373 469 – 3d 0–35 distal radius

Lyons et al, 199914 South Wales, UK 1289e 888 68,231 1 0–14 distal radius

a Approximation of annual at-risk population.
b Number of fractures from 2006–07 only.
c Mean annual at-risk population.
d results 1999–2001 shown; results also presented from four 3-year time periods from 1969 to 2001.
e Standardised fracture rate.
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helpful new evidence for healthcare planning and injury
prevention. Accurate incidence rates were calculated using
gender and age specific data for the relevant year of injury
from the UK Office for National Statistics. However, we rec-
ognise the limitations of our data. The retrospective nature
of analysis of prospectively collected data may predispose
to bias, although this should be limited. Other studies we
have compared our results with had longer study peri-
ods.5,7–10 The organisation of orthopaedic services within
our region should ensure comprehensive capture of frac-
tures within the study population and we therefore expect
our figures to be accurate.

Some children may have presented to their general
practitioner and been managed without referral or through
private healthcare. It is likely this would only be a small
number of children with minor fractures. The unit is not a
major trauma centre. The local major trauma centre
opened in 2012 so some seriously injured children with
distal radius fractures from our region may have been
treated there. We expect this number would be small and
it does not seem to have influenced the trends we identi-
fied. Our data collected detailing location of injury was
incomplete and we have therefore not studied this in
detail. We did not obtain information about the nature of
the injury or further patient characteristics such as ethnic-
ity or body mass index. We used sampling methods for
investigating surgery and fracture types. Radiographical
review of all patients in the study would have been
extremely time consuming and we believe our sample
sizes are large enough to produce meaningful results.

This study offers useful information regarding the epi-
demiology of paediatric distal radius fractures, which may
be of significant clinical value. In contrast to other studies
the rate of fractures is not increasing in our region. There
was no change seen in rate of surgery or fracture type.
The main variation in fracture incidence is related to sea-
son. These data can help to predict accurately the probable
number of children presenting to emergency departments
with wrist fractures at a particular time of year. This helps
to plan and use healthcare resources more efficiently and
target preventative strategies effectively.
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