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دعاسلاماظعروسكطامنأحوضوبلصّفتُلاةيثحبلاتايبدلأا:ثحبلافادهأ
يفلافطلأاىدلدعاسلاروسكطامنأديدحتىلإةساردلاهذهفدهت.لافطلأاىدل
.ةيدوعسلاةيبرعلاةكلمملا

نمتاباصلإاجلاعلزكرميفةيعجرملاةساردلاهذهتيرجأ:ثحبلاقرط
نماوناعنيذلااماع١٨رمعىتحىضرملاةساردلاتنمضت.لولأاىوتسملا
ىلعلوصحلامت.٢٠١٥ىلإ٢٠٠٧نمةرتفلاللاخدعاسلاماظعروسك
مادختسابروسكلاديدحتمتامك،ةيبطلاتافلملانمىضرمللةيفارغوميدلاتانايبلا
،ةرمتسملاتاريغتملليرايعملافارحنلااطسوتممادختساو.ةيدايتعلااةعشلأا
.ةيعونلاتاريغتمللةيوئملابسنلاوتاددرتلاتمدختساامنيب

اماع١.٢نيبمهرامعأتحوارت؛اضيرم٣١٨ةساردلاهذهتنمضت:جئاتنلا
ناك.)اماع٤.٥٦±يرايعملافارحنلاا١٠.٤٢طسوتملا(اماع١٨ىلإ
ىلعأثانلإاتناك.اماع١٢˃٪٥٣.١ناكو،)٪٨٠.٨(روكذلانممهمظعم
ناكو.اماع١٢≥ةعومجملابةنراقملاباماع١٢˃ةعومجملايفريبكلكشب
١٢˃مهرامعانيذلا)٪٨١.١(ىضرملامظعمدنعةباصلإاةيلآوهطوقسلا
ةيئاصحإةللادتاذاقورفكانهنكيمل.اماع١٢≥ةعومجملابةنراقملاباماع
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نكاملأارثكأدعاسلاىصقألجس.رسكلاناكميفنيتيرمعلانيتئفلاةنراقمدنع
.)٪٣٤.٢(دعاسلالدجنمىصقلأاثلثلاباعوبتم،)٪٤٧.٨(روسكللاعويش

ريثكيفاهيلعروثعلامتيوروكذلايفةداعدعاسلاروسكثدحت:تاجاتنتسلاا
ةيصاقلاروسكلادعت.ةساردلانسيفلافطلألةيرمعلاةئفلايفنايحلأانم
رثكلأاةيللآاوهطوقسلا.ةساردلاهذهيفاعويشرثكلأاناكملادنزلاةمظعل
اهيفيضقييتلانكاملأايفةملاسلاتاءارجإذاختإبجيوةباصلإلاعويش
.مهتطشنأنايحلأانمريثكيفلافطلأا

روسك؛ةلوفطلاتاباصإ؛لافطلأاروسك؛ةئبولأاملع:ةيحاتفملاتاملكلا
رسكلا؛يصاقلادنزلا؛دعاسلا

Abstract

Objectives: The current literature does not clearly elab-

orate the pattern of paediatric forearm fractures. This

study aims to identify patterns of paediatric forearm

fractures in KSA.

Methods: This retrospective study was conducted in a

level I trauma centre. The study population comprised

patients up to 18 years of age who presented with forearm

fractures between 2007 and 2015. The demographic data

of the recruited patients were obtained from medical files,

and fractures were identified using plain films. Mean and

standard deviations were used for continuous variables,

whereas frequencies and percentages were used for cate-

gorical variables.
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Results: This study included 318 patients, ranging in age

from 1.2 to 18 years (average: 10.42 � 4.56 years). The

majority were boys (80.8%) and 53.1% were <12 years of

age. Girls were significantly more prevalent in the <12-

year-old group than in the �12-year-old group

(p < 0.001). A fall was the mechanism of injury in the

majority of patients (82.1%) in the <12-year-old group

compared with the �12-year-old group (p < 0.001).

There was no statistically significant difference in fracture

site between the two age groups. The distal forearm was

the most common site fractured (47.8%), followed by the

distal third of the forearm diaphysis (34.2%).

Conclusion: Forearm fractures are commonly seen in

school-age boys. The distal radius is the most commonly

fractured site reported in this study. A fall was the most

commonmechanism of injury, and safety measures should

be implemented in places where children frequently gather.

Keywords: Childhood fractures; Childhood injuries; Distal

radius; Epidemiology; Forearm fractures; Fracture

� 2018 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Fractures in children are commonly encountered by physi-
cians, and they are more common than other injuries.1,2

Forearm fractures account for 25% of all childhood injuries.3

Some authors believe that forearm fractures account for 30e
50% of all paediatric fractures.5e9 Several studies have found
that boys are more prone to forearm fractures,2e4 and the

risk of fracture among children under 16 years of age has
been reported to be 42% in boys and 27% in girls.3 Most
forearm injuries are due to falls.9 The distal radius is one of

the most common fracture sites.1,10,11 Forearm fractures can
be classified according to the anatomical location (distal,
middle, and proximal), the bones involved (radius, ulna, or
both radius and ulna), or the presence or absence of

radioulnar joint involvement.11 Fractures of both the radius
and ulna are more common than isolated radial or ulnar
shaft fractures.11 The isolated ulnar shaft was found to be the

least common fracture location.11

The aim of this study was to evaluate the pattern of
forearm fractures in children aged up to 18 years in a level I

trauma centre and to identify differences between children
aged �12 and < 12 years, in terms of sex, fracture location,
side of fracture, and mechanism of injury.

Materials and Methods

This records-based cross-sectional study was conducted at
King Abdulaziz Medical City (KAMC), a teaching tertiary-
care hospital and level I trauma centre in the capital city of
KSA, Riyadh. It is located near a highway and covers the

east region; complicated trauma cases in the city and in small
cities nearby are referred to KAMC. Moreover, it is
considered a national referral centre for trauma, with

approximately 45 paediatric trauma cases per month. It has a
total bed capacity of 1501. The estimated annual paediatric
cases were approximately 130,000 in 2014. Subjects included

children aged up to 18 years who presented with forearm
fractures between January 2007 and December 2015. All
forearm shaft (diaphysis) and distal forearm fractures,

including metaphysis and physis fractures, were included in
the study, as well as cases with ipsilateral radioulnar joint
involvement (Monteggia or Galeazzi fracture-dislocation).
Olecranon, radial head, and ulnar head fractures and path-

ological fractures were excluded. X-ray films (read by two
senior authors) were retrieved from medical records. De-
mographic data and mechanism of injury were obtained

from their medical files. Fractures were classified on the basis
of their anatomical location: distal forearm (metaphysis and
diaphysealemetaphyseal junction) and forearm shaft (distal

third, middle third, and proximal third). The results were
analysed for two age groups: those �12 years of age, when
children are usually more active and gender preferences in
activities start to appear, and those <12 years of age. SPSS

software (Version 21.0, IBMCorp., Armonk, NY, USA) was
used for data analysis. Descriptive analyses were carried out
in terms of frequencies and percentages for categorical var-

iables and mean and standard deviation for continuous
variables. Statistical differences between groups were tested
using the chi-square test. A p-value <0.05 was considered

statistically significant.
Results

This study included 318 patients, with age range from 1.2

to 18 years (average: 10.42 � 4.56 years). Of these, 257
(80.82%) were males, and 61 (19.18%) were females. The
average age of male patients was 11.28� 4.4 years, compared
to 7 � 3.6 years for female patients, with statistical signifi-

cance (p ¼ 0.01). A total of 149 (46.9%) patients were in the
�12-year-old group and 169 (53.1%) were in the <12-year-
old group. Most female patients were <12 years old, and

most male patients were �12 years old, and this difference
was statistically significant (p < 0.001) (Table 1). A fall was
the most common mechanism of injury in our population,

accounting for 267 fractures (83.96%). Fractures caused by
a direct blow/hit including motor vehicle accidents (MVAs)
occurred in 51 cases (16.04%). Fall-related injuries were
more common in younger children than in older children,

whereas direct hit injuries were more common in children
�12 years old than in children <12 years old, and this dif-
ference was statistically significant (p < 0.001). There was no

statistically significant difference between younger and older
children regarding fracture location, anatomical involve-
ment, or side (Table 1). Isolated ulnar shaft fractures were

observed only in the younger age group (p ¼ 0.04). There
were 3 Monteggia fracture-dislocations, and all were found
in the younger age group. Galeazzi fracture-dislocation was

found in 11 patients; 4 were <12 years old and 7 were �12
years old.

The distal forearm was the most prevalent site fractured
(48.11%, n¼ 153), followed by fractures in the distal third of

the forearm shaft (34.28%, n ¼ 109). Fractures in the middle

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1: General characteristics of forearm fractures.

Age (years) p value

<12 �12

Number % Number %

Sex Female 54 32.0 7 4.7% <0.001

Male 115 68.0 142 95.3%

Side of fracture Left 90 53.3 94 63.1% 0.05

Right 79 46.7 53 35.6%

Bilateral 0 0.0 2 1.3%

Mechanism of injury Fall 155 91.7 112 75.2% <0.001

Direct hita 14 8.3 37 24.8%

Type of fracture Distal radius 81 47.9 72 48.3% 0.31

Distal 1/3 of shaft 53 31.4 56 37.6%

Middle 1/3 of shaft 31 18.3 20 13.4%

Proximal 1/3 of shaft 4 2.4 1 0.7%

Single vs. both bones Radius 99 58.6 90 60.4% 0.04

Both bones 63 37.3 59 39.6%

Ulna 7 4.1 0 0.0%

Galeazzi 4 36.4 7 63.6% 0.25

Monteggia 3 100 0 0.0% 0.37

a Including MVA injuries.

Table 3: Mechanism of injury in relation to site of fracture or

bone involvement.

Fracture site Direct hitb

(n ¼ 51)

Fall (n ¼ 267) p value

Distal forearm

(n ¼ 153)

14.4% (n ¼ 22) 85.6% (n ¼ 131) 0.63

Distal third of

shaft (n ¼ 109)

17.4% (n ¼ 19) 82.6% (n ¼ 90)

Middle third of

shaft (n ¼ 51)

17.6% (n ¼ 9) 82.4% (n ¼ 42)

Proximal third of

shaft (n ¼ 5)

20% (n ¼ 1) 80% (n ¼ 4)

Patterns of paediatric forearm fractures 329
third of the forearm shaft occurred in 16.04% (n ¼ 51), and

fractures in the proximal third the forearm shaft occurred in
1.57% (n ¼ 5) (Table 2).

Direct hit injuries accounted for 14.4% (n ¼ 22) of distal

forearm fractures, 17.4% (n ¼ 19) of distal third of forearm
shaft fractures, 17.6% (n ¼ 9) of middle third of forearm
shaft fractures, and 20% (n¼ 1) of proximal third of forearm

shaft fractures, with no statistically significant difference
(p ¼ 0.63). Statistical significance (p ¼ 0.02) was found when
we compared direct hit injuries involving a single bone
(15.8% (n ¼ 31)) with those involving both the radius and

ulna (16.4% (n ¼ 20)) (Table 3).
Single bone

involvementa

(n ¼ 196)

15.8% (n ¼ 31) 84.18% (n ¼ 165) 0.02

Both bones

involvement

(n ¼ 122)

16.4% (n ¼ 20) 83.6% (n ¼ 102)

a Radius or Ulna.
b Including MVA injuries.
Discussion

Forearm fractures account for 30e50% of all paediatric
fractures.6e9 Distal radial fractures have been reported to be
the most common fractures affecting children.11,12 Forearm
fractures in paediatrics have a high cost.13 The incidence of

distal radial fractures in children appears to be rising, but
it is difficult to explain the exact cause of this steady
increase over the past 40 years.13e15 Some studies suggest

that this could be the result of an overall increase in
childhood participation in sports-related activities.2,13,14,16
Table 2: Site distribution of forearm fractures.

Site Radius Ulna Both

Distal Forearm 48.11%

(n ¼ 153)

48.11%

(n ¼ 153)

e e

Distal Third of Shaft

34.28% (n ¼ 109)

25.7%

(n ¼ 28)

e 74.3%

(n ¼ 81)

Middle Third of Shaft

16.04% (n ¼ 51)

15.7%

(n ¼ 8)

7.84%

(n ¼ 4)

76.47%

(n ¼ 39)

Proximal Third of Shaft

1.57% (n ¼ 5)

e 60%

(n ¼ 3)

40%

(n ¼ 2)

Total 100% (n ¼ 318)
The rate of surgical treatment has increased during the last

decade.15 Age is an important factor for remodelling
potential as the remodelling potential decreases with
age.17,18 A satisfactory functional outcome was found

following closed reduction for the treatment of forearm
fractures in children aged 4e12 years.19 In this study, the
distal forearm and specifically the distal radius was the

most common fracture site found. Ryan et al.2

demonstrated a statistically significant difference between
the incidence rates of distal forearm fractures in boys and

girls, with 64% of all fractures occurring in boys. Other
studies have shown similar results.14,15,20,21 The risk of
forearm fractures at age <16 years has been shown to be
42% among boys compared to 27% among girls.3 In our

study population, fractures occurred more often in boys
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(80.82%) than in girls (19.18%), and our boy:girl ratio was
4.2:1. When comparing children <12 years old to those

�12 years old, we found that most females were in the
younger age group, while most males were in the older age
group, with a statistically significant difference (p < 0.001).

This finding implies that boys tend to experience fractures
at an older age than girls, which is similar to the findings
of other studies.2,13 Ryan et al.2 found that the average age

of presentation in male patients was 9 � 3.9 years,
compared to 7.3 � 3.9 years in female patients, with
statistical significance. Valerio22 found that the average age
of male patients was 12 years, compared to 9 years in

female patients. Similarly, we found that the average age of
male patients was 11.28 � 4.4 years, compared to 7 � 3.6
years in female patients, with statistical significance

(p ¼ 0.01). This might be because of the type of physical
activity (mainly sports) that boys are usually engaged in.
Hedström et al.10 found that the peak incidence of forearm

fractures occurred at 11e12 years of age in girls and 13e14
years of age in boys. We could not specify the activity a
child was participating in because of incomplete
documentation, but school-age children and teenagers may

be more susceptible to injury from being pushed or by falling
from playground equipment in schools or public places.23,24

The most common mechanism of injury is a fall, with studies

showing approximately 80% of injuries occurring in this
manner.2,25 In our population, fall-related injuries were the
most common cause of fractures as well (83.96%), as falls

can occur during sports-related activities, especially while
running without caution, and were more common in boys.26

In our study, a direct hit, including MVA injuries, caused 51

fractures (16.04%). Ryan et al.2 found that direct trauma
caused 10% of forearm fractures, which is less than what
we found. Bilateral fractures were rare in our study
population (0.63% n ¼ 2) and were exclusively due to

MVAs; both patients were �12 years old. When comparing
children <12 years old to those �12 years old, we found
that most direct hit and MVA patients were older children,

and most fall-related injuries occurred in younger children,
and this difference was statistically significant (p < 0.001).
Direct-hit (including MVA) injuries, were found in 16.4% of

combined radius and ulna cases compared to 15.8% of single
bone cases, with statistical significance (p ¼ 0.02). Safety
measures in playgrounds, streets, and cars must be imple-

mented to decrease the possible risks leading to injuries.
Hussain et al.4 found that proximal forearm fractures were
commonly seen in children aged <6 years, whereas middle
and distal forearm fractures were commonly seen in older

children. In our study, proximal third of shaft fractures
were mostly seen in children <12 years old (n ¼ 4, 80%).

Sferopoulos27 studied 1167 patients with distal forearm

fractures over a period of 27 years and found 433 (37%)
physeal fractures. We found 30 physeal fractures of the
distal radius, accounting for 9.43% of all forearm

fractures. Most cases were Salter-Harris28 type 2 fractures
(83.33%), which is similar to the finding of Cannata et al.29

Diaphyseal fractures of both the radius and ulna were
divided into the proximal, middle, and distal thirds. Among

all shaft fractures in this study, fractures of the distal third of
both the radial and ulnar shafts were found to be the most
common among all shaft fractures. Grabala et al.11 reviewed
1668 cases of forearm fractures, classified them depending on

the location of the fracture, and found 126 (7.55%) radial
shaft fractures. In our study, isolated radial shaft fractures
accounted for 30 (9.43%) cases, with the distal third

(n ¼ 21, 6.6%) being more common than the middle third
(n ¼ 9, 2.83%). Grabala et al.11 also found that the least
prevalent location among fractures was the isolated ulnar

shaft, accounting for around 3% of all cases. Similarly, we
found 7 (4.1%) cases involving the isolated middle shaft of
the ulna in our study, and this least prevalent site was
found only in the younger age group (<12 years old).

Monteggia fracture-dislocation accounted for approxi-
mately 1e2% of all forearm fractures.30 We identified only 3
Monteggia fracture-dislocations, accounting for around 1%

of all fractures, and all were young children. Eberl et al.31

reviewed 198 patients with displaced fractures of the radius
or both bones of the forearm and identified 26 (13%)

Galeazzi fracture-dislocation cases. By comparison, we
identified considerably fewer Galeazzi fracture-dislocations
(n ¼ 11, 3.46%).

Limitations

Because of the study design, we could not specify some
variables such as the dexterity of the child or the activity and
environment in which the injury occurred. Treatment

methods were not mentioned since not all cases were treated
in our institute due to lack of eligibility. Involving more
centres for a larger study population was difficult to achieve
because of differences in record keeping and hospital pol-

icies. As this was a hospital-based study, the true prevalence
of forearm fractures in children could not be determined;
however, a larger study involving most centres in a particular

area may be helpful in that respect.

Conclusion

Forearm fractures are common injuries in children,

especially in boys. They are more frequent in older children
and teenagers. The distal radius is the most common site of
fracture and includes the distal metaphysis-diaphysis and

physis. A fall is the most common mechanism of injury, and
safety measures should be implemented in places where
children frequently gather.
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