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Aims

The aim of this study was to report a complete overview of both incidence, fracture dis-
tribution, mode of injury, and patient baseline demographics of paediatric distal forearm
fractures to identify age of risk and types of activities leading to injury.

Methods

Population-based cohort study with manual review of radiographs and charts. The primary
outcome measure was incidence of paediatric distal forearm fractures. The study was based
on an average at-risk population of 116,950. A total number of 4,316 patients sustained a dis-
tal forearm fracture in the study period. Females accounted for 1,910 of the fractures (44%)
and males accounted for 2,406 (56%).

Results

The overall incidence of paediatric distal forearm fractures was 738.1/100,000 persons/year
(95% confidence interval (Cl) 706/100,000 to 770/100,000). Female incidences peaked
with an incidence of 1,578.3/100,000 persons/year at age ten years. Male incidence peaked
at age 13 years, with an incidence of 1,704.3/100,000 persons/year. The most common frac-
ture type was a greenstick fracture to the radius (48%), and the most common modes of
injury were sports and falls from < 1 m. A small year-to-year variation was reported during
the five-year study period, but without any trends.

Conclusion
Results show that paediatric distal forearm fractures are very common throughout childhood
in both sexes, with almost 2% of males aged 13 years sustaining a forearm fracture each year.

Cite this article: Bone Jt Open 2022;3-6:XXX—XXX.

Keywords: Incidence, Mode of trauma, Pediatric, Distal forearm fracture

Introduction
Fracture of the distal forearm is a very
common injury in children and adoles-
cents, ® and constitutes 74% of all paedi-
atric fractures in the upper limb.* Despite
attention increasing worldwide towards
children’s safety during the last decades,’
studies have reported an unexplained
increase in incidence of paediatric distal
forearm fractures.”#101

Incidence of paediatric distal forearm
fractures has previously been investigated
in several studies reporting incidences
between  263.3/100,000 persons/year
and 801.0/100,000 persons/year.%81-16
However, most studies included a low
number of patients, only specific fracture

types (distal radius), and/or did not include
an accurate at-risk paediatric population,
making comparison and subgroup analysis
in regard to safety issues difficult.

Furthermore, most population-based
studies reporting on paediatric forearm
fractures lack information regarding frac-
ture classifications and/or information
concerning the trauma mechanism. The
reported change in children’s comorbidity
and change in activity towards a more inac-
tive lifestyle'” may all be factors resulting in
changes in the fracture incidence, trauma
mechanism, fracture classification, and/or
distribution of fractures among sexes and
paediatric age groups.
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At present, the reported incidence and epidemiology
of paediatric distal forearm fractures are inconsistent,
and the literature lacks a large-scale population-based
study of all distal forearm fractures, based on an accu-
rate at-risk population including all children and adoles-
cents, reporting fracture classifications and associated
mode of injury.

Such accurate data are essential to identify potential
safety issues and develop potential prevention strategies
to reduce the risk of distal forearm fractures in children.
Furthermore, accurate data is essential in the allocation
of healthcare resources in the emergency department
and may be a strong predictor in determining cost of
injury and associated consequences in society.

The aim of this study was to report a complete over-
view of both incidence, fracture distribution, mode of
injury, and patient baseline demographics of paediatric
distal forearm fractures to identify age of risk and types of
activities prone to injury.

Methods

The present study was a retrospective population-based
cohort study providing epidemiological data on distal
forearm fractures in children between 1 January 2013
and 31 December 2017. The study was performed in
the North Denmark Region served by Aalborg Univer-
sity Hospital (level 1 trauma centre) and five minor

1

LA

hospitals, representing all treatment facilities in the
region.

All contacts with healthcare providers are regis-
tered digitally in the Danish Patient Registry, alongside
updated medical charts, as required by Danish law. All
registrations are made and secured using a unique civil
registration number (CPR) that all residents of Denmark
are assigned at birth or on entry in to the country.' This
provides researchers with accurate data on all health-
related contact on both individual- and population-
based levels.

Included were children diagnosed with a distal
forearm fracture in the five-year study period identified
by the ICD-10 diagnosis:" DS525, DS525A, DS525B,
DS525C, DS528, DS528C, and DS529 (Figure 1). Patients
aged below 18 years and with open epiphyseal discs on
radiograph were included. All patients’ records were vali-
dated by manual review of their charts and radiographs.
Excluded were misclassified patients without a distal
forearm fracture, patients with closed epiphyseal discs,
and patients residing outside of North Denmark region.

Patient chart data regarding age, injury/fracture type,
and trauma mechanism were obtained. The trauma
mechanism was divided into low- and high-energy
trauma and mode of injury. Low-energy trauma includes
falls, bicycle/vehicle accident, sports, and being hit by an
object. High-energy trauma includes high-speed accident

i%
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Fig. 1

Included children with a distal forearm fracture. legends: a) greenstick fracture (no distinguishing between greenstick and torus fractures); b) complete radius
fracture; c) complete ulna fracture; d) complete radius and ulna fracture (antebrachium fracture); e) SH type 1; f) SH type 2; g) SH type 3; and h) SH type 4.
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Demographics
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Fig. 2
Average demographics of patients aged zero to 17 years during the study period.

(> 65 km/h), significant damage to vehicle (> 0.5 m defor-
mation), trapped in vehicle, getting hit by truck/train/
bus as a pedestrian/cyclist/driver, passenger collision by
other vehicle > 50 km/h, or falls from great height (> 2nd
floor or 4 m).

Radiographs (anteroposterior (AP) and side radio-
graph) were used for classifying all fractures and to
evaluate bone maturity (open/closed epiphyseal discs).
Fractures were classified as: a) Salter Harris type 1-V;% b)
greenstick fracture to the radius and/or ulna; c) fracture
through the radius with no epiphyseal contact; d) green-
stick fracture to both radius and ulna; €) combination of
fractures in both radius and ulna; and f) ulna fractures.

This study was conducted in accordance with the

ethical principles of the 1975 Declaration of Helsinki.?'
The study was approved by the Danish Data Protec-
tion Agency (J nr: 2020 to 158). The reporting of the
study complies with the Strengthening of the Reporting
of Observational Studies in Epidemiology (STROBE)
statement.??
Statistical analysis. Percentages and frequencies are giv-
en for categorial data. Incidences were calculated by
age, sex, and annual variation. Incidence was reported
by incidence/100,000/persons year, including 95% con-
fidence intervals (Cls). Incidence of age was reported by
one-year increments. Prevalence of fractures are given for
fracture classification, trauma mechanism, and monthly
variation. The statistical analysis was performed by Stata
16 (StataCorp, USA).

Results
The present study was based on an average population
of 116,950 people aged between zero and 17 years from
1 January 2013 to 31 December 2017 (Figure 2).

A total number of 4,316 patients sustained distal
forearm fractures in the study period. Females accounted

Table 1. Distribution of the study population: children with fractures
during the study period.

Variable Female, n (%) Male, n (%) Total, n (%)
Age, yrs

0 0 (0.0) 2 (0.0) 2 (0.0)

1 40 (0.9) 25(0.6) 65 (1.5)

2 28 (0.6) 35(0.8) 63 (1.5)

3 49 (1.1) 44 (1.0) 93(2.2)

4 58(1.3) 66 (1.5) 124 (2.9)

5 98 (2.3) 103 (2.4) 201 (4.7)

6 139 (3.2) 116 (2.7) 255(5.9)

7 163 (3.8) 137 (3.2) 300 (7.0)

8 175 (4.1) 162 (3.8) 337 (7.8)

9 211 (4.9) 188 (4.4) 399 (9.2)
10 256 (5.9) 206 (4.8) 462 (10.7)
1 224 (5.2) 263 (6.1) 487 (11.3)
12 201 (4.7) 289 (6.7) 490 (11.4)
13 142 (3.3) 297 (6.9) 439 (10.2)
14 75(1.7) 229 (5.3) 304 (7.0)
15 35(0.8) 138 (3.2) 173 (4.0)
16 11 (0.3) 76 (1.8) 87 (2.0)
17 5(0.1) 30(0.7) 35(0.8)
Total 1,910 (44.3) 2,406 (55.7) 4,316 (100.0)
Side
Right 795 (18.0) 1,039 (24.0) 1,834 (42.0)
Left 1,114 (26.0) 1,367 (32.0) 2,481 (57.0)
Both 1(0.0) 0 (0.0) 1(0.0)
Total 1,910 (44.0) 2,406 (56.0) 4,316 (100.0)
Other fractures
No 1,894 (44.0) 2,356 (55.0) 4,250 (98.0)
Another limb 8 (0.0) 31 (1.0) 39 (1.0)
Same limb 8 (0.0) 18 (0.0) 26 (1.0)
Missing data 0 (0.0) 1(0.0) 1(0.0)
Total 1,910 (44.0) 2,406 (56.0) 4,316 (100.0)

for 1,910 of the fractures (44%), and males accounted for
2,406 (56%) (Table ).
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Fig. 3
Incidence of fractures/100,000 persons/year for females, males, and in total.

Primary outcome. The overall incidence of distal forearm
fractures in children was 738.1/100,000 persons/year
(95% CI 706/100,000 to 770/100,000). Female incidence
was 672.4/100,000 persons/year (95% Cl 639/100,000
to 705/100,000) and male incidence was 800.2/100,000
persons/year (95% Cl 768/100,000 to 833/100,000).
Female incidences peaked between the ages of nine to
11 years, with the highest incidence of 1,578.3/100,000
persons/year at age ten years. Male incidence peaked
between age 11 to 13 years with the highest incidence
of 1,704.3/100,000 persons/year, at aged 13 years
(Figure 3).

Secondary outcomes. The sex-specific fracture classifi-
cations of forearm fractures in children are shown in
Table 1l. The most common paediatric distal fracture of
the forearm was a greenstick fracture to the radius rep-
resenting 48% of all fractures, followed by a Salter Harris
type | fracture,?® representing 17% of all fractures.

The modes of injury divided by sex are shown in
Table II. The most common modes of injury were sports,
represented by 39%, and falls from < 1 m, representing
34% of all cases.

A small year-to-year variation (< 10%) in incidence of
distal forearm fractures was observed between 2013 and
2017 with no apparent trend (Figure 4). The highest inci-
dence of 775.5/100,000 persons/year was observed in
2014 and the lowest incidence of 699.7/100,000 persons/
year was observed in 2017.

The monthly distribution of fractures is shown in
Figure 5. The highest frequency of paediatric distal
forearm fractures mainly occurred during the summer
months, representing 31% of all fractures, whereas the
winter months (December to February) represented only
17% of all fractures.

Remarkably few fractures occurred during July
compared to the other summer months (June and
August). July represented 6% of all fractures, half of the
fractures that occurred in June and August.

Discussion

This study presents a full epidemiological overview of
paediatric distal forearm fractures. The overall incidence
of paediatric distal forearm fractures was 738.1/100,000
persons/year. Female incidence was 672.4/100,000
persons/year, and male incidence was 800.2/100,000
persons/year. The most common fracture type was
a greenstick fracture to radius (48%), and the most
common modes of injury were sports and falls from <
1 m. Results show that paediatric distal forearm fractures
are very common throughout childhood in both sexes,
with almost 2% of males aged 13 years sustaining a
forearm fracture each year.

Incidence of paediatric distal forearm fractures has
been investigated in several studies, reporting incidences
between 393/100,000 persons/year and 801/100,000
persons/year.'>3'* Results from the present study show
comparable results to Park et al,’? reporting an overall
incidence of 801/100,000 persons/year from a large-scale
study. However, most studies available included low
number of patients, and/or did not include an accurate
at-risk paediatric population, making comparison to the
present study difficult. Furthermore, the present study is
the first study to report incidence based on a validated
paediatric population investigated by manual review of
all radiographs from the 4,316 fractures.

Both sexes showed a steady incline in incidences up to
the ages of nine to 13 years, followed by a declining inci-
dence. The highest female incidence was 1,140.6/100,000
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Table Il. Classification of fractures, mode on injury, and energy of trauma.

Male, n
Variable Female, n (‘%) (‘%) Total, n (‘%)
Fracture
classification
SH 1 (radius) 373 (8.6) 363 (8.4) 736(17.1)
SH lla (radius) 116 (2.7) 187 (4.3) 303 (7.0)
SH Ilb (radius) 21 (0.5) 32(0.7) 53(1.2)
SH Il (radius) 5(0.1) 109 15 (0.3)
0.2)
SH IV (radius) 2(0.0) 2(0.0) 4(0.1)
SH V (radius) 1(0.0) 2(0.0) 3(0.1)
Greenstick radius 958 (22.2) 1,109 (25.7) 2,067 (47.9)
Radius fracture* 101 (2.3) 218 (5.1) 319 (7.4)
Greenstick radius and 237 (5.5) 272 (6.3) 509 (11.8)
ulna
Antebrachium 78 (1.8) 177 (4.1)  255(5.9)
fracture
Ulna fracture 15(0.3) 23 (0.5) 38 (0.9)
Missing 3(0.1) 11 (0.3) 14 (0.3)
Total 1,910 (44.3) 2,406 4,316 (100.0)
(55.7)
Mode of injury
Other 56 (1.3) 66 (1.5) 122 (2.8)
Fall from > 1 m 257 298 555
Fall<1m 722 738 1460
Bicycle accident 125 159 284
Sports 687 1017 1704
Motor vehiclet 11 (0.3) 58 (1.3) 69 (1.6)
Hit by motor vehicle 2(0.0) 4(0.1) 6(0.1)
Hit by object 48 (1.1) 63(1.5) 111 (2.6)
Missing 2(0.0) 3(0.1) 5(0.1)
Total 1,910 (44.3) 2,406 4,316 (100.0)
(55.7)
Energy level
High 2(0.0) 8(0.2) 4(0.1)
Low 1,907 (44.2) 2,397 1,477 (34.2)
(55.5)
Missing 1(0.0) 1(0.0) 2(0.0)
Total 1,910 (44.3) 2,406 4,316 (100.0)
(55.7)

*Radius fracture with no epiphyseal contact.
TDriver or passenger.
SH, Salter Harris type fracture.

persons/year at age ten years. The highest male inci-
dence was 1,228.1/100,000 persons/year at age 13 years.
Observed peak incidences correspond well with findings
of other studies reporting peak incidences at age ten to
14 years.”®'2 This may be explained by children having
almost the same sporting activities in different parts
off the world, as well as the same bone-maturity and
strength due to similarities in diets and overall health in
the reported studies.

The most common fracture type was a greenstick frac-
ture to the radius, representing 48% followed by Salter
Harris type | fracture (17% of all paediatric distal frac-
tures). These findings are in line with Kramhoeft et al,”

reporting greenstick fractures in a paediatric population
as the most common fracture (48%). This indicates that
the distribution of children’s forearm fractures has not
changed significantly in the last two decades. However,
most studies available on paediatric distal forearm frac-
tures lack information from manually-reviewed frac-
ture classification, '>'*'> and more research is needed to
monitor the development of fracture distribution as a
result of a change in children’s behaviour.

The most common trauma mechanisms reported
were sports related injuries (39%) and falls < 1 m (34%).
These findings are supported by several authors, who
have reported organized sports and recreational activities
as the most common trauma mechanisms in paediatric
distal forearm fractures.””® Valid information regarding
mode of injury is an essential to identify types of activities
prone to injury.

Small annual and non-significant variations in inci-
dence of fracture (699.7/100,000 persons/year to
775.5/100,000 persons/year) were observed in the
present study. Results are comparable to Mamoowala
et al,> who reported no overall change in incidence of
paediatric distal radius fractures between 2007 and 2014.
In contrast, several authors have reported an increase
in incidence when comparing three or more histor-
ical decades. Furthermore, Khosla et al® reported an
increase in incidence in childhood distal forearm fractures
between 1969 to 1971 and 1989 to 1991, with a leveling
off in 1999 to 2001.

The season with the highest frequency of paediatric
distal forearm fractures was the summer period. The
lowest frequency occurred during the winter period
(December to February). These findings are supported by
several authors with generally a small variation between
studies.”?'? Such small variations may be explained by
seasonal differences between countries, schoolyear, and
overall cultural differences.

A remarkable drop in fracture frequencies was
observed in July. Many residents of North Denmark leave
the region during summer vacation in July, reducing the
number of residents in the region. We only included citi-
zens with residency in the region and not visiting tour-
ists. This might explain the remarkable drop in patients
with paediatric distal forearm fractures. Moreover, in July,
school and organized sports and many recreational activ-
ities are closed down as a consequence of summer vaca-
tion in Denmark.

Results from the present study are based on high-
quality data from the Danish National Patient Registry
(DNPR), whichis one of the oldest nationwide health regis-
tries in the world and is used extensively for research.®??
Reporting to the DNPR is mandatory by law in Denmark,
and the distribution of health resources is based to some
extent on the reporting to the DNPR. The DNPR contains
an overall high quality of data, and the positive predictive
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Monthly distribution of fractures.
value of orthopaedic diseases is reported to be 89% to persons/year. Female incidence was 672.4/100,000

91%.2 Another major strength is inclusion of an accurate
at-risk population used for calculations of incidence.’®
A further strength is the inclusion of all paediatric age
groups manually evaluated by bone maturity. A limita-
tion of our study is that medical charts and radiographs
were manually reviewed by several physicians, which
may result in differences in coding. However, a coding
manual and meetings between physicians to discuss
cases were initiated before study start to increase validity
and reliability of data. All physicians were employed at
the orthopaedic department and has the treatment of
childrens forearm fractures as part of employment. The
status of all physicians were postgraduate training.

In summary, this study showed the overall incidence
of paediatric distal forearm fractures to be 738.1/100,000

persons/year and male incidence was 800.2/100,000
persons/year. The most common fracture type was
a greenstick fracture to radius (48%), and the most
common modes of injury were sports and falls from <
1 m. Results show that paediatric distal forearm fractures
are very common throughout childhood in both sexes,
with almost 2% of males aged 13 years sustaining a
forearm fracture each year.

Take home message

- The overall incidence of pediatric distal forearm fractures
was 738.1/100,000 persons/year.

- Paediatric distal forearm fractures are very common

throughout childhood in both sexes, with almost 2% of males aged 13
years sustaining a forearm fracture each year.
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