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Abstract
Background The purpose of this study was to explore and
evaluate national trends and factors contributing to pediatric
wrist fractures.
Methods Over a 16-year period from January 1998 to
December 2013, we identified and reviewed patients aged
0–17 years old with the primary diagnosis of wrist fracture,
as evaluated in US EDs and chronicled by the National
Electronic Injury Surveillance System (NEISS) database of
the US Consumer Product Safety Commission. We conducted
descriptive epidemiologic, bivariate, and chi-square analyses.
Patients were categorized into age-defined subgroups and
further stratified by sex, race, location, and consumer
product/activity associated with injury.
Results There were 53,265 children evaluated in NEISS EDs
(national estimate, 1,908,904) with wrist fractures from 1998
to 2013. Mean age was 10.9 years, with 64 % males and 36 %
females. The most common locations of injury were place of
recreation/sports, home, and school. The top five consumer-
product-related injuries were associated with bicycles, foot-
ball, playground activities, basketball, and soccer. The highest
subgroup associations were with beds (0–12 months), stairs
(13–36 months), playgrounds (3–5 and 6–10 years), and
football (11–17 years). The greatest increase in fractures oc-
curred between ages 0–12 and 13–36 months, with the
second-largest increase between ages 3–5 and 6–10.
Conclusions It is essential to develop injury prevention and
safety strategies as well as identify individual risk factors for
fracture, including activity, sex, and key age transitions. Sur-
veillance is imperative to advance our understanding of these

fractures, and in the future may facilitate development of
research prediction tools to anticipate or prevent injury.
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Introduction

In childhood, trauma to the distal aspect of the upper extremity
is frequent, and pediatric wrist fractures (including distal
radius, ulna, and carpal bones) are commonly seen in the
emergency department (ED). Knowledge of the epidemiology
of fractures is valuable to development of safety and preven-
tion strategies. Cheng et al. [3] studied limb fracture patterns
in 3,350 children at one center from 1986 to 1990 and deter-
mined that the most common fracture was the distal radius
(almost 20 %).

Researching the conditions surrounding pediatric wrist
trauma is important to preventing and anticipating injuries.
Epidemiologic analyses provide us with knowledge regarding
which specific age groups are at higher risk for fracture. They
help identify hazardous environments, unsafe activities, and
other wrist injury risk factors. Once recognized, specific ac-
tions can be developed to improve health and well-being.
There have been few population-based studies on pediatric
wrist fractures, and those that have been performed have been
limited to a few emergency department settings, non-US
countries, or only analyzed trends over limited time periods
[4, 6, 11]. To our knowledge, this is the first nationally
representative epidemiologic study of pediatric wrist fractures
in US emergency departments.

In order to gain a nationally accurate and clearer under-
standing of the epidemiologic dynamics behind pediatric wrist
fractures, we elected to study ED visits across the USA over a
recent, extended time period, in order to analyze trends for
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these injuries. Several factors may play a role in determining
risk for fracture in children and adolescents, including envi-
ronment or surroundings, age, sex, race, activity, and time of
year. The purpose of this study was to explore and evaluate
US epidemiologic trends and factors contributing to wrist
fractures in children over the past 16 years.

Materials and Methods

National Electronic Injury Surveillance System

The United States Consumer Product Safety Commission
(CPSC) maintains a national probability sample of hospitals
in the US termed National Electronic Injury Surveillance
System (NEISS). Each NEISS-designated hospital collects
patient information for every emergency visit involving an
injury. There are approximately 100 hospitals selected as a
probability sample of the more than 5,000 US hospitals. Each
of these hospitals has a 24-hour ED with at least six beds, with
trained NEISS coordinators extracting pertinent data from ED
records and transcribing them into coded form using rules
described in a NEISS Coding Manual [9, 12]. Each case is
assigned one or two CPSC-specific product codes [9] that
designate what products or activities were involved at the time
of injury. From this sampling of hospitals, the national total
number of injuries treated in hospital EDs can be estimated.
This is performed by totaling the number of cases from all
NEISS EDs and then using a weighted multiplier based on the
size of the hospital and the number of hospitals similarly sized
across the country.

Utilization of NEISS

The NEISS database [13] was queried for all pediatric wrist
fractures (with body part designated as wrist, diagnosis as
fracture, and age 1 month to 17 years) from January 1, 1998
to December 31, 2013. We did not incorporate data prior to
1998 as CPSC updated the NEISS sample to reflect the current
distribution of US hospitals in 1997. In addition, earlier years
did not contain expanded information, including injuries
where no product was mentioned (for example, a fall on the
ground) and injuries related to products not collected (such as
motor vehicle collisions). In the current distribution, four
fifths of these hospitals represent hospital EDs of differing
sizes, and one fifth represent EDs from children’s hospitals.
The NEISS data set provided patient age, sex, race/ethnicity,
incident locale (school, place of recreation, home, public
property, or street or highway), disposition, product code
associated with injury, and a brief narrative description of
the incident. Data from all NEISS hospitals were included.
With the goal of analyzing wrist fractures in the pediatric

population, we excluded all patients who did not fulfill our
aforementioned criteria.

We categorized patients into age-defined subgroups (0–
12 months, 13–36 months, 3–5 years, 6–10 years, and 11–
17 years), and further stratified the groups with regard to sex,
race, location, and consumer product/activity associated with
injury. As the ages per group varied, we standardized the cases
by dividing the total number of wrist fractures per age group
by the total number of different ages per subgroup (e.g., 0–
12months divided by 1, 13–36months divided by 2, 3–5 years
divided by 3). We then calculated national estimates of pedi-
atric wrist fractures by multiplying the number of cases by an
averaged conversion factor (provided by NEISS) that was
associated with each subgroup. We also used provided dates
of injury (data only available for 2013) to group patients into
months in order to determine if there was any seasonal vari-
ation in incidence. We defined spring as beginning on March
1, summer on June 1, autumn on September 1, and winter on
December 1. Subsequently, we also calculated national esti-
mates for the number of fractures per season.

Data Analysis

We performed descriptive statistical analysis, facilitated by the
use of conventional mathematical software. We obtained
Pearson’s correlation coefficient to quantify the correlation
between each individual age group to the entire cohort fre-
quency trended throughout the 16-year period. We used a chi-
squared test to determine if there is a significant difference in
frequency distribution between sexes of each age subgroup.

Results

There were 53,265 children evaluated in NEISS EDs (national
estimate, 1,908,904) with wrist fractures during the 16-year
timespan from 1998 to 2013. Mean age was 10.9 (SD 3.8)
years, with 64 % males and 36 % females. The top consumer-
product-related injuries were associated with bicycles (10 %),
football (8 %), playground activities (8 %), basketball (6 %),
and soccer (5 %) (Table 1). The highest number of total wrist
fractures took place in the years 2000 (7.2 %), 2001 (7.2 %),
and 2002 (7.2 %), and the lowest in 2013 (4.5 %) and 2012
(4.7 %). The race distribution and most common locations of
injury were as described in Tables 2 and 3, respectively.
Concerning disposition, 97 % of pediatric patients were treat-
ed and released, or examined and released without treatment.
One percent were treated and transferred to other hospitals,
and 2 % were treated and admitted for hospitalization.

The highest associations by age subgroup were as de-
scribed in Table 4. In the 0–12-months group, 69 % of injuries
were located at home, with another 27 % with location not
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recorded. In contrast, only 15 % of injuries in the age 11–17-
years group were located at home, with 35 % occurring at
place of recreation or sports, 14 % at school, and 27 % at an
unspecified location. Race appeared consistent throughout the
stratified groups; however, it was often unrecorded.

When examining 16-year trends for the top five product
codes (Fig. 1), there has been a decline in the number of
bicycle- and basketball-related wrist fractures, while there
has been a rise in soccer-related wrist fractures. Football-
related wrist fractures displayed an upwards trend, with a
decline in recent years. Playground-related wrist fractures
have remained relatively unchanged overall. With each in-
crease in subgroup age, up to 6–10 years, there is an increase
in the number of fractures, irrespective of the year (Fig. 2).
There was not a statistically significant difference in number
of wrist fractures between the 6–10- and 11–17-years
subgroups.

The greatest increase in fractures occurred between ages 0–
12 and 13–36 months (1:3.8), with the second-largest increase
between ages 3–5 and 6–10 years (1:2.2). There was a dis-
proportionately higher number of females sustaining fractures
in all groups under age 11, with a higher number of males in
the 11–17 group (18 %, p<0.05). Only the 2013 NEISS data
contained specific dates of injury, and we used this informa-
tion to calculate national estimates for each season. We noted

that seasonal variations in frequency did occur, with the fewest
pediatric wrist fractures in the winter months (Table 5).

Discussion

It is essential to develop injury prevention and safety strategies
as well as identify individual risk factors for fracture, includ-
ing activity, sex, and key age transitions. Based on population
trends, it appears that as children age they are at higher risk for
sustaining wrist fractures, until approximately age 10. The age
11–17 subgroup displayed similar numbers of wrist fractures
when standardized and comparedwith the age 6–10 subgroup.
There are similarities with respect to the types of activities
resulting in wrist fracture for the 6–10 and 11–17 age sub-
groups, with 6 of the top 10 product/activity codes being the
same (see Tables 6 and 7).

Previous population-based assessments have shown that
the incidence of pediatric upper extremity fractures is increas-
ing. It has been suggested that the increase is due to increasing
sports participation and/or body weight [6, 15]. In 2003,
Khosla et al. [6] conducted a population study in Rochester,
Minnesota, and found a statistically significant increase in the
incidence of distal forearm fractures in children and adoles-
cents over the past 30 years. In 2010, Ryan et al. [11] studied
the epidemiology of pediatric forearm fractures in Washing-
ton, D.C., by evaluating patients seen at an urban pediatric
ED, and implicated falls from monkey bars and minor trauma
in the majority of fractures. A 2011 study in the Netherlands
by de Putter et al. [4] examined trends in children and adoles-
cents from 1997 to 2009, utilizing ED visit data from the
Dutch Injury Surveillance System (15 geographically distrib-
uted hospitals). They found a considerable number of

Table 1 Top 10 consumer-product-related pediatric wrist fractures
1998–2013

Product Percent

Bicycles 10.0

Football 8.4

Monkey bars, playground gyms, or other playground
climbing apparatus

8.1

Basketball 6.4

Soccer 5.3

Skateboards 4.6

In-line skating 4.0

Swings or swing sets 3.5

Roller skating 3.1

Stairs or steps 3.0

Table 2 Pediatric wrist fractures 1998–2013

Race Percent

White 48.0

Black/African American 11.0

Asian 0.3

American Indian/Alaska Native 0.1

Other 7.0

Not stated in ED record 27.0

Table 3 Most common
locations of injury Location Percent

Place of recreation or sports 28.0

Home 23.0

School 13.0

Street or highway 6.0

Other public property 3.0

Table 4 Most common wrist fracture associations by age subgroup

Age Association/product code

0–12 months Beds or bedframes (19 %)

13–36 months Stairs or steps (14 %)

3–5 years Playgrounds (25 %)

6–10 years Playgrounds (25 %)

11–17 years Football (14 %)
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pediatric wrist fractures attributable to sports (soccer and
gymnastics at school), with the strongest increase in the age
group 10 to 14 years.

Earlier studies have proposed that the differences in frac-
tures across pediatric age groups are due to variable individual
and lifestyle factors. One study [14] indicated that with in-
creasing age, the male/female ratio and time spent in sports
participation increased, while calcium intake and time spent in
sedentary behaviors decreased. There are many variables to
consider when determining what factors contribute to pediat-
ric wrist fractures, including elements influencing bone
strength as well as the susceptibility of the bone to outside
mechanical stresses.

Previous studies [1, 7, 8] have found that the incidence of
distal forearm fractures in children reaches a peak at or about
the time of the pubertal growth spurt. One explanation for this
observation is a transient increase in cortical porosity,
resulting from increased bone turnover due to increased cal-
cium demands at the time of greatest longitudinal bone growth
[10]. Peak bone mass accumulation lags behind peak bone
length. The dissociation of these growth curves may present

an interval of susceptibility to the mechanical challenges of
activities such as high impact sports.

High impact sports (such as football, soccer) appear na-
tionally to be highly associated with pediatric wrist fractures.
With increasing involvement in these sports, it is essential to
develop injury prevention and safety strategies as well as to
identify individual risk factors for fracture. Bicycle-related
wrist fractures have declined, which may be secondary to
public education and legislative efforts to promote protective
equipment such as helmets and extremity pads/guards. An-
other reason could be declining popularity in the sport of
bicycling.

The decrease in basketball- and football-related wrist frac-
tures likely result from a combination of advances in educa-
tion and training/injury prevention techniques, innovative
protective equipment, and sporting rule changes designed to
reduce injury. It is unclear why soccer-related wrist fractures
are rising. Hedström, et al. [5] noted an increase in overall
fractures due to soccer in Swedish males and females aged
10 years or more, and believed that the increase is due to higher
participation in organized soccer. The increase may be due to

Fig. 1 Top five product/activity
codes, 1998–2013

Fig. 2 Standardized number of
wrist fractures per age group,
1998–2013
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rising popularity of the sport in the USA. Information is not
available regarding how many of these children play the goal-
keeper position and may have sustained wrist fractures in the
act of “saving the ball,” as has been reported in literature [2].

The increase seen at age 5 may be attributable to
transitioning to school, while the increase at 12 months may
be ascribed to learning to ambulate. Conceivably, those age
groups may benefit from increased supervision. The sex dif-
ference in the oldest age group may be associated with pop-
ularity of high impact sports with males, and similar differ-
ences were seen in epidemiologic studies based in non-US
countries. It is unknown why there is a disproportionate
difference in females sustaining wrist fractures in all sub-
groups under age 11. Due to the number of confounding
variables, further investigation is necessary to identify the
underlying causes. These include differences in patterns of
physical activity, nutrition, calcium and vitamin D intake, or
genetic disparities. Perhaps there is a role for sex-specific
injury prevention strategy. Finally, the difference in fractures
between summer and winter months (2013 data) may be a
consequence of time off from school to participate in activities
or the weather itself being an impediment to outdoor play.

Limitations of the study include limitations of the database
itself. The foundation of the national database is contingent
upon ED surveillance data, which is dependent on NEISS
hospital coordinator reviews of ED records and selection of

those that meet inclusion criteria. In the database, all wrist
fracture diagnoses are bundled together. We do not know how
many of these were distal radius fractures and howmany were
scaphoid or other carpal bone fractures. The fractures are not
classified, and level of injury is not indicated (e.g., high-
energy fractures requiring reduction versus nondisplaced frac-
tures immobilized in a splint or cast). Another limitation is that
this study only analyzed those pediatric patients who present-
ed to the ED with wrist fractures. This excludes patients who
may have visited an urgent care facility or visited directly with
their primary care providers or hand and wrist specialists. In
addition, the NEISS database does not include any specific
geographic data regarding these fractures. Having this infor-
mation would help contribute to our knowledge database and
potentially target prevention strategies to high-risk regions of
the country. The NEISS database only began to collect spe-
cific dates of injury in 2013. We cannot definitively generalize
our conclusions regarding the seasonal variation in fractures
until more years of data are collected. Additionally, we do not
have data available regarding bone mineral density or
calcium/vitamin D intake. These factors play a role in the
strength of the bone and resistance to plastic deformation or
fracture.

Future investigations are needed to independently corrob-
orate our findings and minimize information bias. A future
study would benefit from incorporation of data from other
national databases. Despite the limitations, the NEISS data set
provides a nationally representative stratified probability sam-
ple of pediatric wrist fractures in the USA. The results of the
study have outlined many of the risk factors in the overall
pediatric population. They have also identified differences in
subgroups based on age, sex, and activity. Now that we have
characterized the disparities, specific investigative studies can
be performed as to the underlying causes for these wrist
fractures. In addition, with new yearly data, the trends can
bemonitored for further patterns and the success of prevention
techniques can be analyzed. Surveillance is imperative to
advance our understanding of the epidemiologic basis for

Table 5 Seasonal variation in pediatric wrist fractures in 2013

Season Estimated national pediatric
wrist fractures 2013

Spring (March 1–May 31) 25,823

Summer (June 1–August 31) 26,496

Autumn (September 1–November 30) 24,898

Winter (December 1–February 28) 18,089

Table 6 Top 10 consumer-product related pediatric wrist fractures age
6–10 years

Product Percent

Monkey bars, playground gyms, or other playground
climbing apparatus

14.9

Bicycles 11.0

Swings or swing sets 6.2

In-line skating 5.2

Roller skating 4.7

Soccer 4.2

Standup scooter, unpowered 4.1

Football 3.9

Slides or sliding boards 2.9

Trampolines 2.6

Table 7 Top 10
consumer-product-
related pediatric wrist
fractures age 11–17 years

Product Percent

Football 13.6

Bicycles 11.1

Basketball 10.8

Soccer 7.3

Skateboards 7.1

Snow boarding 5.3

In-line skating 4.2

Roller skating 2.7

Baseball 2.2

Standup scooter, unpowered 2.0
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wrist fractures in children, and in the future may facilitate
development of research prediction tools to help anticipate
or prevent injury.
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