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ection One

FUNDAMENTALS OF PEDIATRIC
FRACTURE CARE

Epidemiology of Fractures
In Children

Brian K. Brighton and M ichaol VWialo

INTRODUCTION £ INTRODUCTION

INCIBENCE OF FRACTURES IW CHILDREN 2 Epidemiclogy 15 defined as the study of the distribution and
*{lassification Bias": Difficulties Defining Diseass 2 determinants of heslth and disease and the application of this
Patient Factors Thet Influencs Fracture Incidence and sdence to the control of diseases and other health problems.
Fracture Patterns 3 As sach, epidemiology 1s the comerstone of an evidence-based
The Im pact of Environmental Factors on approach to preventing disease and to optimizing treatrment
Fractures in Children & strategies. Varous epidemiologic methods incloding aurvellance
and descriptive studies can be used to investigate the distribution

ETIOLOGY OF FRACTURES [N CHILDREN & of frequency, pattemn, and burden of dissase wheras analyticl

methods can be used to stody the determinamts of diseaze. An
understanding of the epidermiology of pediatric trauma is 2 pre-
requisite for the timely evolution of optiroal care strategles, and
for the development of effective prevention strategies.

Thre= Broad Causes &
Sports-Related Activities &

EVOLYING EFIDEMIOLDGY OF FRACTURES IN CHILDREN 2 Injuries 1n children and adolescents represent a major public
Preventive Programe @ health challenge facing pediatric patients, families, and health
National Campaigns @ care providers worldwide. Given the wide-teaching impact that

pediatric musruloskeletal injury has on public health, an under-
EXPANDED OPPORTUNITIES TO EXAMINE THE standing of the epidermiology of pediatnc fractures provides an
EPIDEMIOLOEY OF PEDIATRIC TRAUMA @ oppoTiunity to maximize efforts aimed at prevention and opri-

mal treamment. Unintentional injuries are the leading cause of
ACKNOWLEDGMENT & death for children 1n the United St@ates. In 2013, the Cemters for

Disease Control and Prevention (CDC) reported over 10,000
deaths of children between the ages of 0 and 18 years caused by
unintentional injuries (http:#webappa.cde.gow'sasweb/ndpo!
morirate himl). Howewer, fatalities only represent a small portion

1
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2 SECTION DHE = Fundamentals of Pediatric Fracture Care

of the 1mpact wnintentional injuries have on children. There
were over 7.5 million nonfat@l wnintentional injuries o dul-
dren of the same age group in 2013 (http/fwebappaodc.gow
sasweb/ncipo/nfitates himl). Pediatric trauma often results in
temporary activity imitation, hospitalization, and sometimes
in permanent disabiliy’™ The Center of Disease Control's
Web-based Injury Statistics Query and Reporting System (COC
WISQARS™) estimates that nonfatal injuries Tequiring medi-
cal attention afected more than 8.3 malllon chaldren and ade-
lescents and resulted tn 524 billion tn medical care and work
loss costs (httpsy/wisqars.cde gov: B443/costT/). As the leading
cause of death and disability in children, pediatric trauma pres-
ents one of the largest challenges to the health of chaldren, as
well a5 an imporiant opportunity for posidve impact.

INCIDENCE OF FRACTURES IN CHILDREN

“CLASSIFICATION BIAS™: DIFFICULTIES
DEFINING DISEASE

Descriptive epidemiologic studies demand consistent informa-
tion about how we define and dassify a given disease state. This
152 challenge in pediatiic trauma, making it dificult to comparne
studies. An international study group has developed and per-
formed eatly validation of & standardized classification system
of pediatric fractures®* The authors of an agreement stady
found that with appropriate trainmg, the AQ Pediatnic Compre-
hemsive Classification of Lomg Bone Fractures (PCCF) system
could be used by experienced surgeons as a reliable classifica-
tion system for pediatic fracdures for future prospecdve stud-
1es (Fig. 1-11.%% In addition, follow-up studies have provided
wseful epidemiclogic reporting of pediatric long-bone fractures
using the AD PCCE

The inddence of pediatrc factures differs among pub-
lished series because of geographical, emwvironmental, gender,

1 Z i 4
Hamarus  RadusUo Femur Tk Fisuka

E = Epipiysis
4 J
5 _ LY Y
s M = Metaphysis ]
2= Gl Y e—
4 = Cielal - Walaphyse
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Figure 1-1. The AQ PCCF bar fracture classification with bone, seg-
mert, aod subssgment nomenclainee. (From Slonge TE Audige L
Fracture and dislocation classification compenchum for children: the
AQ Pedutric Comprehensive Clhassification of Long Bone Frachures
(PCCE). | Orthop Frauma. 2007,21(10 Suppl):5133-5150.)
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and age differenices. Eardy studies on the incidence of frachures
1o children formed a knowledge base about frachare healing in
children. Landin® 1983 report on 8,682 frachures remains a
landmark study on the meidence of Factures m children ™ He
teviewed the data on el fractures in children that occurmed tn
Malma, Sweden, over 30 years and examined the actors affect-
ng the mridence of children's Eractures. By studying teo popu-
lationys, 30 years apart, he determined that fracture patbems wene
changing and suggested reasons for such changes. His initial goal
was to establish data for preventve programs, so he focused on
fractures that produced dean, concise, concrete data. Lempesis
prowided the most recent update from Malmo, Sweden over the
years 2005 to 2006 and noted the previously meported declines
1o owerall fracture rate remained imchanged and may have been
related to a change in the reglon’s demographics. There was
howevera decrease in Inddence among gitls. The pediatric frac-
ture inddence durmg the period 2003 w 2006 was 1,832 per
10000 person-years (2,339 1o boysand 1,276 in gids), with an
1ge-adjusted boy-to-girl rato of 1.8 (1.6% to 2.1%).™

More recently, studies on the inddence of fracures in Edin-
burgh, Scotland m 2000, as reviewed by Bennie et al™ was
20.2 per 1,000 children annually A strmlar fracture Inddence
of 201/10,000 among childen and adolescents was reported in
northern Sweden bebween 1993 and 2007 with a 13% increase
during the years between 1998 and 2007. The authors also
reporied the accumulated risk of sustatning a fracture before the
age of 17 being 34%.* In landms senies from Malma, Sweden,
the chance of a child sustatning a fracture during childhood (birth
o age 16) was 42% for boys and 27% for girls. When consid-
eted on an annual bass, 2.1% of all the children (2.6% for boys;
1.7% for girks) sustained at Jeast one fracture each year These
fignares were for all frachare ypes and included those treated on
an inpatient basis and an outpatient basis. The overall chance
of fracture per year was 1.6% for both girds and boys in a sady
from England of both cutpatients and 1npatients by Worlock
and Stower. ' The chance of 2 child sustaining 3 fracture severe
enough to require inpatient treatment dunng the ficst 16 years
of ltfe 15 6.8%. " Thus, on an anmaal basis, 0.43% of the children
n an averape comrmmity will be adrmatted for a fractare-related
problemn during the year. The overall incidence and 1ifetime risk
of childrens fractures are summarized in Tablke 1-1.

Early reports of children's fractures grouped the areas frac-
tured together, and fractures were reported only as o the long
bone iowolved (e.p, radius, mmems, femur). More recent
teports have split fractures into the mone specific areas of the
long bone iovolved (e.g., the distal radios or the distal humemns).
In children, fractures in the upper extremity are much mone

TABLE 1-1. Overall Fraguency of Fracturag??- 246

Percentage of children sustamig at lesst coe Eracture Fom 0-18 yre
of age:

Boys, 42-60%

Gids, 27-40%

Pemeriage of children mstaming & fmoure w1 yr: 1.6-1. 1%

Armmal raie of Eracture in childhood: 12-2671, 000 persons
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TABLE 1-2. Incidence of Fractures in Long Bones

Eone =
HRadmsfulna o]
Humerus 11
Tibiafibuls 13
Femurr 3
Fram Joerin A, Loex ¥, Wicki B, o al. An epideninlagical eealuatian of prissi

Loy Bane feactore! o seiraspeciive cobeart siudy of 1716 pecenis fron iwo
Swan teriiary pednice honpiids. BMC Fediaic 2014143 14 & [ocria o al;
lizerner Bickled Cenieal 2014,

cormmon than those 1o the lower extrermty ™ Overall, the
tadius 15 the most commonly fractured long bone, followed by
the humenus. In the lower extremity, the tibia 1s more commonly
fractured than the femur (Table 1-23.%

The individual reports agree that the most common area
fractured in children 15 the distal radias. The next most com-
mom area iovolves the kand (phalanges and metacarpals), clav-
icle and distal humenas, #7404

Physeal Fractures

The tnadence of physeal injuries overall varied from 14.5% b0
1= high as 30% 1n the liteTature across vanous seples, ™ o ThEL e

Open Fractures

The overall reported inddence of open fradures in children has
changed over time eoging 1.5% to 2.6% in older semes™ett
w0 0.7% to 1% 1o recent reports.®** Regional trauma cemters
often see patients exposed t0 more sewere irauma, so there
may be a higher ncidence of open fractures In these patients.
The incidence of open fractures was 9% in a report of patients
admitted to an wrban trauma center.”

Despite the importance of understanding the epidemiol-
ogy of pediatric fractures, there are still significant gaps In oar
Imowledge base, and there 1s much work to be done. There are
several challenges to gatheting approprniate data in this area: nsk
factors for pediatric Injury are diverse and heterogeneous, prac-
tioe patterns vary across countres and even within coumtries,
and the available infrastructure to support data collection for
pediatric trauma is Ear from tdeal

PATIENT FACTORS THAT INFLUENCE FRACTURE
INCIDENCE AND FRACTURE PATTERNS

Age

Fracture incidence in ditldren increases with age. Age-specific
fracture patterns and locations are influrnced by mamy fackors
ncluding age-dependent activities and changing Intninsic bone
propertes. Startng with birth and extending to age 12, all the
majoT series that segregated patients by age hawe demonstrated
1 linear increase in the annual incidence of fractures with age
{Fig. 1-2) The peak age for fracture ocoarrence in glis isage 11
0 12 and for boys 1t 15 age 13 to 14, 18382000
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Figure 1-2. Inodecce of factures by age. Boys (M) peak at 13
years whereas girls (red) peak earher, at 12 years, and then decline.
{Reprmbed from Reomie 1, Court-Brown O, Mok [, etal The epide-
mialegy of Eractures in children. Enfury. 2007,38(81:013-022. Copy-
nght £ 2007 Elsevier Lid. With permission.)

Although there 15 2 high madenoe of injunes in children of
ages 1o 2, the incidence of fractares 15 low with most frachares
being related to acdidental or nonacddental trauma from oth-
ers. """ The anatomic areas most often fractured seem o be the
zame 1o the major seres, but these rates changs with age. Rennie
etal ™ demonstrated 10 their 2000 shudy from Edinburgh that the
madence of frachures increased and Eracture patterns changed
as children aged. Fraciure incidenoe oarves for each of the most
common fractures separated by gender were shown on s hasic
moidence curves smmilar to Landm’s tmtal work (Fig. 1-3.™
When Landin compared these varability patterns with the com-
mon etiologies, he found some comelation. For example, late-
peak fractures {distal forearm, phalanges, promimal humenas)
were dosely comelated with sports and equipment etiologles.
Emodal pattern fractures (clavicle, fermr, radioulnar, diaphyses)
showed an early incease from lower-energy trauma, then a late
peak in incidence caused by injury fom hgh- or moderate-en-
ety trauma Wkely caused by motor vehicle acodents (MVAS),
recreational activities, and contact sports in the adolescent popu-
lation. Eatly-peak fractures (supracondylar humeral Gactures are
1 classic example) were mainly caused by falls from high levels.

Gander

Gender differences can be seen across the inddence of injures,
location of injuries, and eticlogy of injurles across all age
groups. For all age groups, the overall ratio acmoss a number of
series of boys to girls which susteins a single fracture 15 about
1.5:] tan -t

In some areas, there is hrtle difference in the incidence of frac-
tures between boys and girls. For example, duning the fitst 2 years
of life, the overall inddence of mjuries and fractures In both gen-
ders 15 nearly equal. Dunng these fimst 2 years, the njury mates
for foreign-body ingestion, polsons, and bums have oo signifi-
cant gender differences. With activities in which there 15 a male
difference in particpation, such as with sports equipment and
bicycles, there s a marked increase in the incidence of inunes
m bovs. ™ The njury modence may not be caused by the mte
of exposur alone; behavior may be a major Bactor ™ For exam-
pl, one study found that the incidence of auto/pedestrian chald-
hood injudes peales in both sexes at ages 5 to 8. When the total
number of soeet crosangs per day was studied, both seses did so

equally. Despiee this equal exposure, boys had & bigher mmber of
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4 SECTION DHE = Fundamentals of Pediatric Fracture Care
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Figure 1-3. Varations of frecture patterns with age. The peak ages for the various fractute rpes occur in one of six
patterns. (Repricied From Reemie L, Caurt-Broon CM, Mok [Y, 2t ol The epidemiolegy of fracmres 1o chaldren. Injry.
Z007;38(Ex 913002, Copynght © 2007 Elsevier Led Wih permassion )
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mjuries. Thus, the difference in the rake between the seues begins
to develop a male predominance when behaviors change.

Socioaconomic and Cultural Differences

The inAdence of pediatric fracture vares in different geographic
sethings, sociosconomic dimates, and differing ethoicifies. Fao
studies from the United Kingdom looked at the relationship of
affluence to the incidence of fractures tn children and had differ-
ng, condusions. lyons et al.* found no difference in the fracture
ratesof children in affluent population groups compared to those
of children 1o nonaffluent families. Om the other hand, Stark
etal ™™ in Scotland foumd that the fracture rates in dhildren from
nonaffluent sodal groups were significantly higher than those in
affluent Bamilies. There are also contradictory results in the lit-
etature with regard to fracture nsk associated with living urban
versus rural settings.” ™ [o the United States, the increased 1ate
of pediatric femur fractures was influenced by adverse sociosco-
norric and sodiodemopraphic fractures.™ Wren et al. ™ in a large
prospectve cohort shadied the assocatiom of race and ethnicity
a5 a nsk factor for fracure o children end adolescents. They
fmd that Eracture rates were higher, regardless of sex, for white
children compared with all cther racial and ethnic groups.

Clinical Factors

In recent years there has bern an attention to a mambser of clin-
ically related Bciors in determining childrens fractures, such as
chestty, low bome mineral density (BMD), and low calcium and
vitamin O imtake. Obesity s an moreasing health problem tn chil-
dren and adolescents representing 3 complex interacion of host
factors, and s the most prevalent matritions] problem for chaldren
m the United States. In 2 retrospective chart rewiew, Taylor etal '™
noted that overweight diildren had a higher-reported incidence
of fractures and musouloskeletal complainis. Although Lecmard
et &l found increased BMD in obese adolescents, the lack of
physical activity often seen in obesity may in fact lead to mduced
musde mass, strength, and coorbinadom resulted 1o impaired
propricception, balance and mereased sk of faling and fractare.
In a tecent stdy, Valerio et al.™ confirmed 2 greater prevalence
of overwelght/obestty 10 childen and adolescents with a recent
fracure when compared o age- and gender-matebed fradure-free
children, and fmmd chesity rate was inoreased n pirls with upper
bmb fractures and girls and boys with lower lmb fradures

Low BMD and decreased bone mass are lmked o increased
fracture nisk 1n the adult populaton; however, m children, the
relatomship 1= less dear with 2 meta-analysis showing some asso-
cation between fracture risk and low EMD.Y In 2006, Clark
examined in a prospectve fashion the assodation bepween bone
mass and fracture risk in childhood. Cwer 6,000 children at 8.9
years of age were followed-up for 2 years and the study showed
an §9% increased nsk of fracture per standard deviation (500
decreas: in size-adjusted BMD. In a follow-up study of this
zame cohott, the risk of Gacture following slight or moderate o
spyeTe traurma was inversely related to bone size relative to body
size pethaps reflecang the determinants of volumetric BMD
such as cortical thickness on skeletal fragilicg®

Mutnitional Bctors may also play a mle 1o the incidence of
fractures in children.

LWEHIT -G _pddr-12indd B
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THE IMPACT OF ENVIRONMEMNTAL FACTORS
ON FRACTURES IN CHILDREN

Seazonal and Climatic Differences

Fractures are moTe common during the summer, when chil-
dren are out of school and exposed to more vigorous physical
activities. An analysis of seasonal vanation in many stdies
shows an increase In fractures in the warmer months of the
},m.D\.JD\Jﬁ'H.M:I!.IJ:I.LH

Children 1o colder chrmates, with toe and snow, ane exposed
to risks different from those of children lving in warmer cli-
mates. The exposure Gme to outdoor activities may be greater for
children who bve in dry and warm weather dimates. ™ The most
consistent climatic factor appears to be the oumber of hours of
sunshine. Masterson et al,*™* in a study from [eland, fommd a
strong positive correlation between monthly sunshine hours and
monthly fracture admissions. There was also a weak negatve
comelation with monthly rainfall. Oversll, the average mumber
of fractures 1n the summer was 1.3 times than that 1o the winter
In days with mote sunshine hours than average, the average frac-
ture admission Tate was 2.31Mday; on days with fewer sunshine
hours than average, the admission rate was 1.07/dey Pediatric
trauma should be viewed as o disease where thete are direct and
predictable relationships bepween exposuee and inddence.

11_rr|u of Day

The time of day in which children are most active seems to cor-
telate with the peak time for fracture oocumence. Seasonal varia-
tiom and geographic locadon seem b2 play a tole a5 o which time
during the day injury occurs (Fig, 1-4).% o a Swedish study, the
ncidence peaked between 2 Fd and 3 ma® wheneas in a study
out of Texas by Shank et al.,™ the hourly inaidence of fractures
formed a well-defined bell curve peaking at about 6 P

Hoimia Enviranmint

Fractures sustained 1n the home environment are defined as those
that oocur in the house and surroundmng vicinity. These generally
oorur in a Eirly sapervised environment and are mainly caused
by falls from fumitare, stairs, fenoes, and ees as well as from
mjunes sustained fom recreational eqapoment (trampolines and
home nmgle gyms). Falls can vary in severity from a simple El
while nmmning, o a Ell of great magmmde, sach as from a thind
stoTy window. In faling from heights, acdults often land on their
lower extremites, aconmting for the high number of lower-
extremity fracares, espedally the clcanens. Children tend o
fall head Brst, using the upper extremities to break the fall. This
acoounts for the larger number of skull and radial fradures in
children. Femoral fractures also are commen in children falling
from great heghts. In contrast to adults, spinal fractures are rare
m children who fall from great heights ™ In one study, children
{alling three stories or less all survived. Falls from the fifth or axth
flear resulted in 8 30% mortality rate. #2592

Intetestingly, a Swedish study showed that an increased ind-
dence of fractures in 3 home enviromment did not necessarily
correlate with the physical attributes or poor safety precautions
of the house ® Rather, it appears that a distaption of the fmily

GEA2ME E1BFW
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Figure 1-4. Dastribution of fracrures during time of day by summertime (green) and winierime (Hue). Density esti-
mates are compated using ker nel-smocthmg method with normal keroel fanction and suitble bandwidth. The x axis
represents the hours in ¥-hour mbervals theoughout the day (.e., O, midoght; 5, 3 o 10, 10 84; 15, 3 ra and 20,
8 yu), and the y mais represents the probabiley density thar & frascture woald accur ot amy given time of day (Redrawn
from Rendsharg PH, Gulbrandsen B Saliyte Benih [, et al. Fractures in choldren: emdemiclogy and actretty-specific

fmacture mies. [ Bone foont Surg Am. 1013;0%A:242.)

structure and presence of social handicaps (aloohobsm, welfane
Tecipients, etc.) are important 1isk Bactors for pediatmc fracture.

School Environmant

The supervised envimonments at school are generally safe, and
the overall annual rate of injury (total percentage of children
injured 1n @ single year) in the school environment ranges
from 2.8% to 16.3%.™ Most injuries ocour as a result of use of
playground or recreational equipment or participation in ath-
letic activity. True rates mey be higher because of inaccurate
reporting, especally of mild injuries. The anmual fracture rate
of schoal injuries is thought to be low. Of all injuries sustained
by children at school in a pear, only 3% to 10% involved frac-
res.™ In Worlock and Stowers series of children's fractures
from England, ™ *** only 20% occurred atschool. Most injuries
{33%) occuming in school are related to athletics and sporting
events,"" and Injunes are highest 10 the middle school chil-
dren, with one stady dting 8 20% facture rate in school-aged
children of those injured during physical education class.™

ETIOLOGY OF FRACTURES IN CHILDREN

THREE BROAD CALISES

Ercadly, fractures have three main cawses: accidentsl trauma,
nonaccldental traurmea (child abuse), and pathologic conditions.
Accidental trauma forms the largest etiologic group end cn
oOoOuT I 3 varety of settings, some often overlapping others.
Nonacddental trauma and fractures resuldng from pathologic
condidons are discussed 1n later chapters of this book.

SPORTS-RELATED ACTIVITIES

The last two decades have seen an increase In youth parbic-
ipation In organized athletic participation, espedally among

LWEHIT -G _pdar-12indd 4

younger children. Wood et al. stuched at the anoual Incidence
of sports-related fractures in children 10 o 19 years pre-
senting to hospitals in Edinburgh. The overall incidence was
3.6%1,000¢yT with males accounting for 7% of Gactures. Soc-
cer, Tugby, and skiing were responsible for nearly two-thirds of
the fractures among the 30 sporting activities that adolescents
participated in. Upper-extremnity fractures were by far the most
common injury acconmbing for 84% of all fractures with most
being low-energy tnjuries and few requinng operatve Inter-
ventton.™ A retrospective study over a l&-year time period
from an emergency department at 8 level 1 trauma center in the
Netherlands esamined sk factors for upper-esd remity injury
1o sports-related activities. Most injuries oocurred while play-
ng so0cer and upper-extremity injuries weTe most COMMON.
Rizk Eactors for injury were young age and playing individual
sporis, no-contact sports, or no-ball sports. Women were at
rizk in speed skeating, in-line slating, and baslketball, wheneas
men mostly were injured during skiing and snowboarding. ™

In the United States, football- and basketball-related inju-
Tles are common complaints presenting to pediatric emer-
gency departments, with fractures cooarring more frequently tn
football™ [n a S-ypear survey of the NEISS National Electronic
Injury Survelllance System (NEIS5)-All Injury Program, injury
tates ranged from 6.1 to 11 per 1,000 partidpantsiyear as age
mcreased, with fractures and dislocations accounting for neardy
0% of all injunes moeiving emergency wom evaluation ™

Recreational Activities and Devices

In addition to Increasing participation in spoTts, new activities
and devices™ have emetged that expose children to Increased
fracture nsk. Tradittonal activities such as skateboarding, roller
skating, alpine sports, and bicyding have taken on a new look
o the era of exireme sports where such activities now nvolve
high speeds and stunis. Maoy of these activities have safety
equipment avalable but that does not assure complismce.
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