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ABSTRACT

The incidence of upper extremity fractures in children and adolescents and the surgical
management of these fractures is increasing. The first objective of this dissertation was
to determine the trend of the incidence of hospitalisation and treatment performed in
operating room of humeral shaft and distal humeral fractures in Finland between 1987 and
2010. In instable long-bone diaphyseal fractures, elastic stable intramedullary nailing is
currently the most commonly used operative fixation method. The second aim of the study
was to evaluate complications concerning both antebrachium and femoral shaft fractures
treated with titanium elastic nails (TENS).

The study of humeral shaft and distal humeral fractures included the entire (paediatric
and adolescent) population, aged 0-16 years and 0-18 years, respectively, in Finland.
The study period covered the 24-year period between 1987 and 2010. Patients treated in
outpatient-clinic or in emergency room without hospitalisation were not included. Data
for hospitalised patients with humeral shaft and distal humeral fractures were obtained
from the Nationwide Hospital Discharge Registry (NHDR) of Finland where information
is collected from all hospital categories (private, public, and other). The main outcome
variable of these studies was the number of hospitalised patients and managements
performed in operation room with a primary or secondary diagnosis of humeral shaft and
distal humeral fracture. The procedure codes included in these studies were reposition and
casting, reposition with osteosynthesis, and external fixation. As the physicians performed
the procedures in the operating room with the patient under anaesthesia, the procedures
were considered surgical treatment. To calculate the incidence of hospitalisation and
surgical management, the annual mid-year population census from the Official Statistic
of Finland, an electronic national population register. Statistical analyses were performed
using PASW ver.19.0 (SPSS, Chicago, IL). The incidence figures were thus the true results
concerning the entire paediatric and adolescent population of Finland rather than cohort-
based estimates during the study period; as such, 95% confidence intervals were not
calculated.

Duringthe24-yearstudy period, the incidence of hospitalisation or surgical management
of humeral shaft fractures remained stable. The incidence of hospitalisation increased only
amonggirls, from 3.3 per 100 000 person-years to 5.3 per 100 000 person-years. There were
nosignificant changesin treatment in either sex. In contrast, the incidence of hospitalisation



of distal humeral fractures increased markedly between 1987 and 2010 in both sexes. In
all children aged 0-12 years, the overall hospitalisation incidence increased 30%, with
girls aged 0—6 years having the highest increase, almost 3-fold. The incidence of operative
management, reposition with osteosynthesis, increased 5-fold in patients aged 0-6 years
and 2-fold in patients aged 7-12 years. As the incidence of operative management increased
in patients younger than 13 years, the incidence of reposition and casting i.e. conservative
treatment did not change during the 24 study years. The incidence of hospitalisation or
treatment methods did not change in patients older than 13 years.

The studies concerning complications of TENSs in antebrachium and femoral shaft
fractures included patients treated at the Tampere University Hospital during 5-year
study periods, from 1 January 2001 through 31 December 2005, and from 1 January 2003
through 31 December 2007. The data were collected from patient charts and radiographs
were obtained from the hospital archives. The study of antebrachium shaft fractures
included 35 consecutive patients treated with TENs and the study of femoral shaft fractures
included 32 consecutive patients treated with TENSs. Patient data and complications were
evaluated individually.

In femoral shaft fractures treated with TENS, all fractures united within 3 months. In
antebrachium shaft fractures, two patients had delayed bone union. The final functional
outcome of all fractures was eventually good. In 12 patients (34%), complications associated
with TENs were recorded. The complications were mostly related to technical errors, such
as skin irritation at the nail entry site when nails remained too prominent toward the skin
or fracture instability after inserting nails that were too thin. Two patients had a re-fracture
after both-bone fracture with the radius stabilised with TENs and the ulna stabilised with
a Kirschner wire or plate. A third patient returned to participating in sports earlier than
advised and sustained a re-fracture after another sport injury. In one patient, compartment
syndrome was recorded after nailing and the complication was considered major, although
the patient recovered without further surgical intervention. The complication rate of
femoral shaft fractures was 28%. Although all fractures united within three months, nine
(16%) patients complained of skin irritation and pain at the nail entry site and in four (12%)
patients the fracture was considered unstable immediately after nailing. All complications,
except one with too early return to sport, were related in inadequate technical performance.

In conclusion, the incidence of hospitalisation and surgical treatment of humeral
shaft fractures among children and adolescents remained stable between 1987 and
2010. In contrast, both the incidence of hospitalisation and operative management with
osteosynthesis of distal humeral fractures increased markedly during the same study
period, especially among girls less than seven years of age. The complication rates of
TENs were 34% in antebrachium fractures and 28% in femoral shaft fractures. In the
antebrachium fractures, all but one complication was considered minor. In femoral shaft
fractures, fracture instability after the operation in four patients was considered major. The
complications associated with TENs were mostly related to technical errors because the
biomechanical qualities of the method were not respected.



TIVISTELMA

Lasten ja nuorten murtumat ovat yleisia, joka kolmas saa murtuman ennen 17 ikivuotta.
Viimeisen viidentoista vuoden aikana yliraajamurtumien esiintyvyys Suomessa on kasva-
nut merkittavisti, vaikka murtumien kokonaisesiintyvyys on laskussa. My6s murtumien
hoito on muuttumassa yhi operatiivisemmaksi. Nima muutokset ovat nihtivissd myos
muissa maissa varsinkin olkavarren alaosan murtumien osalta. Pitkien luiden murtumien
hoidossa kiytetiin usein titaanisia taipuisia ydinnauloja (TEN-nauloja). Leikkaustekniik-
ka on periaatteiltaan yksinkertainen ja pitkdaikaiset hoitotulokset hyvid, vaikkakin toi-
menpiteeseen liittyy runsaasti komplikaatioita.

Tdmin tutkimuksen ensisijaisena tavoitteena oli selvittia lasten ja nuorten olkavarren
keskiosan ja alaosan sairaalahoitoon johtaneiden murtumien esiintyvyydessi tapahtuneita
muutoksia vuosien 1987 ja 2010 valisend aikana. Lisdksi selvitettiin niiden murtumien
hoidossa tapahtuneita muutoksia samalla ajanjaksolla. Tutkimuksen toisena tavoitteena
oli retrospektiivisesti selvittaa TEN-naulaukseen liittyvid komplikaatioita kyynarvarsi- ja
reisimurtumien hoidossa.

Suomalainen terveydenhuollon sekd kansallinen ettd kansainvilinen tilastointi perus-
tuu 1967 perustettuun hoitoilmoitusrekisteriin (HILMO-rekisteri). Rekisteriin keritdin
tietoa seki julkisten ettd yksityisten terveydenhuollon laitosten hoitamista potilaista. Re-
kisteri on lakisddteinen, ja sithen kirjautuvat tiedot potilaiden laitoshoidosta, erikoissairaa-
lan avohoidosta ja toimenpiteistd. Rekisteri ei kata potilaiden yksittaisia kiynteja terveys-
keskuksessa tai sairaalan ensiavussa.

Olkavarren keskiosan ja alaosan sairaalahoitoon johtaneiden murtumien esiintyvyys
sekd hoidossa tapahtuneet muutokset selvitettiin HILMO-rekisteriin perustuvien sih-
koisten tietokantojen avulla. Tutkimusta vastaava vieston miiri ja sukupuoli selvitettiin
Viestorekisterikeskuksen tilastoista.

TEN-naulaukseen liittyvid komplikaatioita selvitettiin retrospektiivisesti keraamalla
potilasaineisto kaikista Tampereen Yliopistollisessa Sairaalassa hoidetuista, alle 18 vuo-
tiaista, kyynérvarsi- ja reisimurtumapotilaista viiden vuoden ajalta, kyynirvarsimurtu-
mien osalta vuosien 2000-2005 ja reisimurtumien osalta vuosien 2003-2007 valiselta
ajalta. Viiden tutkimusvuoden aikana 35 potilaan kyynirvarren murtuma ja 32 potilaan
reisimurtuma hoidettiin TEN-naulalla. Potilaiden ik vaihteli kyynarvarsitutkimuksessa
S ja 17 ikdvuoden vililla, reisimurtumatutkimuksessa 5 ja 16 ikdvuoden valilla.



Olkavarren keskiosan murtumien kokonaisesiintyvyys (4,8 per 100 000) pysyi tasai-
sena koko 24 vuoden tutkimusajan. Poikien osalta murtumien esiintyvyys laski hiukan ja
tyttdjen osalta lisddntyi. Muutokset olivat kuitenkin niin vihiisid, ettd ne saattavat liittyd
myos normaaliin vuotuiseen muutokseen. Hoitomenetelmissa ei mydskdan havaittu muu-
toksia. Olkavarren alaosan sairaalahoitoon johtavien murtumien kokonaisesiintyvyys oli
5,6 per 10 000 24 vuoden ajanjaksona. Esiintyvyys lisddntyi tutkimusajanjaksona merkitta-
visti siten, ettd alle 13-vuotiaiden sairaalaan johtaneiden murtumien esiintyvyys lisiantyi
30 %. Huomionarvoista on, etti alle kouluikdisten tyttdjen murtumien osuus kolminker-
taistui. Leikkaushoidon esiintyvyys viisinkertaistui alle kouluikiisten ja kaksinkertaistui
alle 13-vuotiaiden lasten keskuudessa. Vanhemmassa ikdluokassa ei tapahtunut muutoksia
murtumien esiintyvyyden tai hoidon suhteen.

Kyynirvarren murtumissa 34 %:lla potilaista todettiin TEN-naulaukseen liittyva
komplikaatio. Komplikaatiot vaihtelivat naulan aiheuttamasta ihoarsytyksesta murtuman
leikkauksen jilkeiseen epavakauteen ja ohimenevain hermovammaan. Kahdella potilaalla
todettiin pitkittynyt luutuminen ja uusintamurtuma. Niiden komplikaatioiden arvioitiin
johtuvan leikkausmetodien yhdistelmisti; elastiseen naulaan oli yhdistetty joko levy tai
Kirshner-piikki (k-piikki). Vakavimmaksi komplikaatioksi arvioitiin yhdelld potilaalla to-
dettu leikkauksenjilkeinen aitiopainesyndrooma.

Kaikki tutkimuksessa olleet reisimurtumat luutuivat kolmessa kuukaudessa vaikka
komplikaatio todettiin 28 %:lla potilaista. Ongelmia aiheuttivat taivuttamattomat, liian
lahelle ihoa ja polvinivelti jatetyt naulat jotka drsyttivit ihoa ja hidastivat polven litkkeen
palautumista. Toisena ongelmana todettiin toimenpiteen jilkeen epavakaiksi jadneet mur-
tumat liian ohuita nauloja kiytettiessa.

Sekd kyynirvarsi- ettd reisi-murtumien osalta suurin osa komplikaatioista arvioitiin
johtuvan seki puutteellisesta leikkaustekniikasta ettd puutteellisesta TEN-naulauksen
biomekaniikan tuntemuksesta.
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ABBREVIATIONS AND DEFINITIONS

Antebrachium
Bryant traction
CT

Dealyed bone union
Diaphysis
ESIN

K-wire

MRI

ND/MD
NHDR

OTA

TEN

Volkmann’s contracture

Forearm

Lower limb traction frame supported by weight
Computed tomography

Fracture that has not healed in the expected time
Shaft of a long bone

Elastic Stable Inramedullary Nail

Kirschner wire

Magnetic resonance imaging

Nail/Medullary canal diameter

National Hospital Discharge Registry
Orthopaedic Trauma Association

Titanium elastic nail

Compartment syndrome



1 INTRODUCTION

One of three children sustains a fracture before their 17 birthday. At least one-third of
the fractures are located in the upper extremity, as forearm both-bone fractures account
for 6% of all fractures while fractures of the distal humerus account for 5% and those of
the humeral shaft account for 1% of all fractures in children. Lower extremity fractures are
more unusual than upper extremity fractures, and femoral fractures account for less than
2% of all fractures, although these fractures have remarkable impact on patients and family
life as they usually lead to hospitalisation and surgical treatment (McCartney et al. 1994,
Hedstrom et al. 2010).

The incidence of paediatric fractures in southern Finland is currently 163 per 10 000
in both sexes (Mayranpai et al. 2010). While the overall incidence of fractures has slightly
decreased, the incidence of upper extremity fractures has increased over 20% in the past 15
years (Helenius et al. 2009, Sinikumpu et al. 2013).

Along with the increasing incidence of upper extremity fractures, the incidence of
operative treatment has also increased. Improvements in instrumentation and imaging
technology, as well as rapid bone healing with minimal and temporal fixation, has increased
the tendency toward operative management. Social and financial pressures also contribute
to minimise hospitalisation (Flynn et al. 2003, Helenius et al. 2009, Eismann et al. 2013).
Still, most children’s fractures can be managed by closed reduction and casting. Humeral
shaft fractures are perhaps the easiest long-bone fractures to treat using conservative
methods, due to the remarkable remodelling potential of the humerus (Beaty 1992,
Franklin et al. 2014). Operative treatment, on the other hand, is favoured for unstable
diaphyseal antebrachium fractures as the complication rates in conservative treatment
are reported to be as high as 50% (Mann et al. 2003). Operative treatment is also widely
accepted for distal humeral fractures, especially supracondylar fractures where precise
anatomic reconstitution is demanded in the absence of significant remodelling (Buckvi¢ et
al. 2013). For children younger than school age with femoral diaphyseal fractures, traction
and spica casting is the method of choice. In older children, long-term immobilisation in
the hospital and home is not well tolerated and elastic stable intramedullary nailing has
taken precedence over the closed method in the past 20 years (Allen 1977, Flynn et al.
2004, Baldwin et al. 2011).

INCIDENCE OF HOSPITALISATION AND SURGICAL TREATMENT OF HUMERAL SHAFT 11
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Elastic stable intramedullary nailing has been applied since the 1970s and is now widely
used for unstable long-bone fractures in children. The advantages of intramedullary stable,
titanium nailing (TEN-nailing) include its minimal technical invasiveness and the ability
to maintain joint movement and muscle tone as well as normal circulation and fracture
stability Another advantage, especially in treating diaphyseal femoral fractures, is the
short-term hospitalisation, allowing for early return to school and everyday life. Although
TEN-nailing has several advantages, there are also various reported complications, mainly
associated with improper operative technique (Lascombes et al. 1990, Vransky et al. 2000
Barry and Paterson 2004, Jubel et al. 2005).

The aim of the present study was to determine the incidence of hospitalisation and
surgical treatment of diaphyseal and distal humeral fractures in children and adolescents
over the past 24 years in Finland. In addition, complications concerning antebrachium and
diaphyseal femoral TEN-nailing were analysed.

12 ANNE SALONEN



2 REVIEW OF THE LITERATURE

2.1 General aspects

Injuries are common during childhood as the incidence of recorded injuries is 25 per 100
each year. Almost one-third of these injuries are fractures (Landin 1983, Grossman 2000).
Thus, one out of three growing children will sustain a fracture before they reach 17 years of
age (Schneidt et al. 1995, Walsh et al. 1996, Cooper et al. 2004). The fracture pattern and
bone remodelling ability greatly differ between children and adults. The most important
difference is the presence of the growth plate. Growing bone is also porous and contains
a high amount of collagen and cartilage. Together, these qualities support rapid fracture
healing and remodelling. Ligamentous injuries in children are rare compared with adults
as growing bone has less tensile strength than ligaments, leading to fracture. Thirty percent
of fractures occur at the growth plate, which, although uncommon, can lead to damage of
the physis and subsequently to asymmetrical growth (Iannotti 1990, Mann and Rajmaira
1990, Frost et al. 2000).

The majority of fractures in children and adolescents occur in the upper extremity with
relative low injury energy. The most common injury mechanism is a fall, but the injury
energy increases with age. Although both girls and boys have the same kind of fracture
pattern, the fracture incidence is 1.2-fold higher among boys. In general, fractures are
managed without surgical intervention, and thus most patients are treated as outpatients
(Kopjar and Wickizer 1998, Goulding 2007).

The incidence of upper extremity fractures in children and adolescents has increased
by 24% in Finland during the past 15 years, although the overall incidence of fractures
decreased during the same period. At the same time, the incidence of surgical management
has also increased (Helenius et al. 2009, Miyrinpii et al. 2010).

2.2 Fracture healing of growing bone

Fractures can heal through primary or secondary bone formation mechanisms. The primary
pathway is based on anatomic reduction and rigid stabilisation, without a remodelling
phase. In fractures without rigid stabilisation, the bone is formed in three phases, including
inflammatory, reparative, and remodelling phases. The phases are the same in children and

INCIDENCE OF HOSPITALISATION AND SURGICAL TREATMENT OF HUMERAL SHAFT 13
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adults, but the remodelling phase is more extensive and physiologically active in children
(Wilkins 2005, Xian et al. 2010, Marsell and Einhorn 2011).

Immediately after trauma, bleeding occurs from the Haversian system in the maturing
diaphysis or from the metaphyseal vascular system. A haematoma is generated within 24
hours and contains bone marrow cells. The bleeding leads to an inflammatory response as
soft tissue around the fracture releases growth factors, cytokines, and prostaglandins into
the haematoma. The periosteum tears relatively easily in children, allowing the haematoma
to dissect along the diaphysis and metaphysis, thereby contributing new bone formation.
The inflammatory phase is usually completed after 7 days (Figure 1.). Inflammatory
molecules are, however, still needed later during the regeneration phase as they are involved
in eliminating the debris from the fracture site, which allows for the migration and invasion
of mesenchymal cells to the area (Gerstenfeld et al. 2003, Green et al. 2005 (A), Wilkins
2005, Schindeler et al. 2008, Xian et al. 2010). Avascular trabecular and cortical bone
induce multipotential mesenchymal stem cells in the surrounding soft tissue and bone
marrow to modulate osteogenic cells like chondrocytes and fibroblasts (Goldhaber et al.

1961).

Monocytes @ Mesenchymal cells

Macrophages * PDGF ——3 Neovascularisation

' Recruiment \ /
/ Platelets

Sv =

Coagualtion <¢«—— Hemorrhage
~ \ | / -
_ Cell necrosis _

//|\

Figure 1. Inflammatory phase. Inflammatory cells remove the depris. from the fracture site and together
with fibroblastic cells develop matrix that enables new bone formation.

The second phase, the reparative phase, includes soft callus (fibrocartilage) and hard callus
formation (Figure 2.). Osteogenic cells produce a semi-rigid soft callus that provides
a somewhat stable, avascular structure to the fracture. Callus formation begins 7 to 9
days after the trauma (Einhorn 1998, Wilkins 2005, Schindeler et al. 2008). Hard bone
formation requires revascularisation in the fracture site. After the soft callus is formed,
chondrocyte apoptosis and subsequent cartilaginous degeneration destroy and remove
extracellular matrices away from the fracture site. This allows for angiopoietin-dependent
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and vascular endothelial growth factor pathways to vascularise the soft callus (Tsidiris et al.
2007, Ai-Aql et al. 2008). After vascularisation, the hard callus is formed by chondrocyte
proliferation and extracellular matrix calcification. Peak production of the hard callus is
usually reached in 2 weeks. The reparative phase continues for up to 3 months (Einhorn

1998, Wilkins 2005).

Mesenchymal cells

Y —

+ Osteoblast
(L
Fibroblast

Collagen | and IlI
Chondrogenesis
Intramembranous
ossification
Endochondral
ossification

Figure 2. The mesenchymal cells are needed to release growth factors. These cells may differentiate into
osteoblasts that produce intramembranous bone.

Bone remodelling is the third and last phase of bone healing, and can last for years (Figure
3.). The remodelling phase is balanced between hard callus resorption by osteoclasts and
lamellar bone deposition by osteoblasts (Wendeberg 1961). The rate of remodelling is
dependent on patient age and fracture site. The metaphysis is an active remodelling area in
normal bone growth and 75% of angular remodelling originates from the physis. Angular
remodelling is based on increased growth on the concave side of the fracture. After the
long axis of the long-bone shaft becomes perpendicular to the physis, growth becomes
symmetrical again (Ryoppy and Karaharju 1974, Pauwels 1975, Wallace and Hoffman
1992). The diaphysis covers 25% of angulation remodelling. Remodelling requires
simultaneous pressure on the concave side and tension, with reabsorption on the convex

side redress the diaphysis (Wolf 1892, Wilkins 2005).

INCIDENCE OF HOSPITALISATION AND SURGICAL TREATMENT OF HUMERAL SHAFT 15
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Figure 3. Remodelling begins with resorption of mechanically inefficient portions of the callus.

The remodelling capacity is greatly dependent on patient age, injury energy and fracture
location. Remodelling is generally better in the upper extremities than in the lower
extremities. Proximal and diaphyseal humeral fractures have significant remodelling
ability. Anterior angulation up to 70° can remodel in children younger than 5 years (Beaty
1992, Gasco et al. 1997, Wilkins 2005). In diaphyseal antebrachial fractures, angulation
up to 15° and malrotation up to 45° can remodel in children younger than 8 years. In older
children and in proximal diaphyseal antebrachium fractures, the corresponding angles are
10° and 30°, respectively (Jones and Weiner 1999, Price 2010). Supracondylar fractures,
on the other hand, have very poor remodelling potential and anatomic reduction is thus
essential (Musgrave and Mendelson 2002, Buckvi¢ et al. 2013). Based on a study by
Kamegaya et al. (2012), the remodelling potential of diaphyseal femoral fractures is best
in children younger than 5 years, as remodelling of angular deformitiesis more efficient in
the coronal plane than in the sagittal plane. In children younger than 10 years, the angular
remodelling potential is 30% in the coronal plane and 20% for those in the sagittal plane.
In patients older than 10 years, the corresponding figures are less than 20%, respectively
(Kamegaya et al. 2012). The rotational correction in femoral shaft fractures is minimal in

all age groups (Davids 1994).

2.3 Incidence and aetiology of children’s fractures

The majority of paediatric fractures are sustained in the upper extremities, although the
incidence of single fractures varies annually and geographically (Table 1.). In a recent
Swedish study by Hedstrom et al. (2010), upper extremity fractures accounts up to 70%
of fractures while lower extremity are less common (Table 2.) (Hedstrém et al. 2010).
Fractures are more common in boys. Nearly 50% of boys sustain a fracture before turning
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17, compared with 30% of girls. The peak age for fractures is 4 years earlier in girls than
boys (10 years vs 14 years) (Landin 1983, Miyrinpii et al. 2010).

In southern Finland, the overall fracture incidence in children and adolescents younger
than 16 years increased from 159 per 10 000 to 196 per 10 000 between 1967 and 1983.
Since then the incidence has decreased almost 20% and the current incidence rate is 163
per 10 000 in southern Finland. The decrease has been similar in boys and girls. The
reported fracture pattern has changed because the incidence of hand and foot fractures
has decreased 39% and 48%, respectively, whereas that of upper extremity fractures has
increased up to 31% between 1983 and 2005 (Miyrinpai et al. 2010). In northern Finland,
the increasing trend of upper-extremity fractures is similar, and the reported incidence of
antebrachium fractures increased more than 4-fold between 2000 and 2009 (Sinikumpu et
al. 2013). Also in a Finnish nationwide population-based study of children and adolescents
younger than 18 years (Helenius et al. 2009), the incidence of upper-extremity fractures
resulting in hospitalisation increased 23% between 1997 and 2005. The trend seems so be
similar in Sweden where the incidence of children’s fractures almost doubled up to 212 per
10 000 between 1950s and 1970s (Landin 1983). Since then the overall children’s fracture
incidence has decreased 9% between 1993 and 1994 in southern Sweden, but increased 13%
between 1993 and 2007 in northern Sweden, respectively (Tiderius et al. 1999, Hedstrom
etal. 2010).

The most common injury mechanism is a fall, accounting for up to 70% of injuries.
Collisions, and school and traffic accidents are common in school-aged children and the
incidence of these injury mechanisms increases with age (Kopjar and Wickizer 1998,
Rennie et al. 2007).

Table 1. Overview of epidemiological studies describing children’s fractures.

Author Location Study period Age group Incidence per 10°
Cooper Great Britain 1988-1998 0-17 13.3
Brudvik Norway 1998 0-15 24.5
Kopjar Norway 1992-1995 0-12 12.8
Lyons Wales 1996 0-14 36.1
Rennie Scotland 2000 0-15 20.2
Landin Sweden 1950-1979 0-16 21.2
Tiderius Sweden 1993-1994 0-16 19.3
Hedstrém Sweden 1993-2007 0-19 201
Maasalu Estonia 2006 0-14 68.9
INCIDENCE OF HOSPITALISATION AND SURGICAL TREATMENT OF HUMERAL SHAFT 17
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Table 2. Distribution of the most common fracture site.

Fracture site Proportion (%)
Distal forearm 26
Clavicle "
Fingers 10
Metatarsals 5
Proximal forearm 3
Forearm shaft 3
Proximal humerus 3
Tibial/fibular shaft 3
Carpals 2
Femoral shaft 1
Humeral shaft 1

2.3.1 Incidence and aetiology of humeral shaft fractures

Humeral shaft fractures account for less than 2% of all children’s fractures, with an
incidence of 12 to 30 per 100 000 (Cheng and Shen 1993, Cheng et al. 1999). There are
two incidence peaks, one in children younger than 3 years and the other in children older
than 12 years. In large babies (birth weight over 4.5 kg), humeral fractures may occur as a
birth trauma when special manoeuvres are needed to bring the baby down when the arm
is positioned above the head (Weseley and Barenfeld 1969). In children less than 3 years of
age, child abuse must also be considered as a potential cause of fracture (King et al. 1988).
In children older than 12 years of age, the most common fracture mechanism is direct
trauma or rotational forces upon the humeral shaft caused by sport injuries (Caviglia et al.

2005).

2.3.2 Incidence and aetiology of distal humeral fractures

Supracondylar fractures are the most common fractures in the elbow region, comprising
up to 58% of elbow fractures and 5% of all children’s fractures. In the Danish population,
the annual incidence of supracondylar fractures in children younger than 15 years is 1.8 per
1000 (Houshian et al. 2001, Hedstrém et al. 2010). The peak incidence occurs in preschool
children, 5 to 6 years of age. Fractures can be classified as extension or flexion fractures
based on the injury mechanism. Extension fractures are the most common, accounting for
up to 99% of supracondylar fractures. These fractures are usually caused by a fall onto an
outstretched hand with the elbow in full extension. Flexion-type fractures are caused by a
fall onto the flexed elbow (Weise et al. 1997, Cheng et al. 2001, Houshian et al. 2001).
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Fractures of the lateral condyle account for up to 20% of distal humeral fractures and
are the second most frequent fractures of the elbow region after supracondylar fractures
(Beaty 2010, Tejwani et al. 2011). The peak incidence occurs in preschool-age children.
Injury is caused by a varus force with the elbow in extension. Often the fracture fragment is
avulsed with the lateral ligament and the extensor muscles (Jakob et al. 1975).

Fractures involving medial epicondylar epiphysis account for 14% of distal humeral
fractures. Compared with supracondylar and lateral condylar fractures, medial epicondylar
fractures have a later peak incidence, typically in children between 9 and 14 years of age.
The fracture is often (up to 50%) associated with dislocation of the elbow. In almost 20%
of fractures, the fracture fragment is incarcerated into the elbow joint (Bede et al. 1975).
Injuries also occur from direct trauma to the medial side of the elbow, avulsion of the flexor
muscles attaching to the medial side of elbow, or chronic stress (Smith 1950, Gottschack
etal. 2012).

2.3.3 Incidence and aetiology of antebrachium shaft fractures

Antebrachium shaft fractures represent 4% of all fractures in children with an incidence of
6.8 per 10 000 in the south Finnish population (Miyrinpid et al. 2010). The overall risk for
fracture increases up to 12 years of age. The risk decreases after age 12 among gitls, but not
among boys (Landin 1983). Antebrachium shaft fractures are the most common fractures
requiring surgical intervention (Greenbaum et al. 2001). The fracture is usually sustained
by a fall onto the outstretched upper extremity and fractures are often associated with the
use of a trampoline or monkey bars. The antebrachium fracture type is defined by the injury
force. The bone is more resistant to an axial force than to bending or rotation. A direct
lateral force to the arm can break a single bone, usually the ulna. Rotational force is present
in greenstick fractures or when the ulna and radius break at different levels. Longitudinal
forces bend the growing bone resulting in a bowing fracture. Hyperpronation is associated
with fractures on the dorsal side and hypersupination on the volar side (Evans 1951, Borden
1974, Carter and Spengler 1987, Crawford and Cionni 1984, Price and Mencio 2001).

2.3.4 Incidence and aetiology of femoral shaft fractures

Femoral shaft fractures are the most common fractures requiring hospitalisation, although
they account for less than 2% of all fractures. The incidence of femoral shaft fractures
reported by Heideken et al. (2011) in Sweden is 11.8 per 100 000, and it decreased by 42%
between 1987 and 2005. During that time, the length of hospitalisation also decreased
by 81%, from 26 days to 5 days. The fracture actiology varies between patients of different
ages. In children younger than 1 year of age, up to 80% of fractures may be caused by abuse.
In walking children, the most common cause of a femoral shaft fracture is a fall from a
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height of less than 1 meter. In older children, injuries leading to femoral shaft fractures
are usually high-energy as sport-related accidents are the most frequent cause of fracture in
children between 4 and 12 years of age and traffic accidents in adolescents older than 12
years of age (Beals and Tufts 1983, Kopjar and Wickizer 1998, Heideken etal. 2011). In low-
energy femoral shaft fractures among children older than 4 years, metabolic diseases like
osteogenesis imperfecta, various benign bone lesions, and neoplasms must be considered,
although they are very rare. Stress fractures may be diagnosed in children older than 4 years
with very active sport hobbies. These fractures, however, are very uncommon, representing
only 4% of femoral shaft and neck fractures (Burks and Sutherland 1984, Krettek et al.
1991, Nafei et al. 1992, Arkader and Dormans 2010).

2.4 Diagnostic aspects

241 Radiographic assessment

Adequate radiographic assessment of injuries is important to clarify fully the extent
of fractures and soft tissue injuries to evaluate the need for surgical intervention. Limb
radiographs should include at least of two views at 90° angles to one another and usually
both the proximal and distal joint of the bone of interest. In complex fractures 3-dimension
computed tomography (CT) models have expanded the ability to better define fracture
patterns. The disadvantage of CT is radiation dose, although in future ultra-low-dose CT
may provide effective dose of radiation equal to that of radiographs. Magnetic resonance
imaging (MRI) is radiation free alternative to CT. It provides diagnostic help in unclear
fracture suspicion. The disadvantage of MRI can be in some places it’s lesser availability
and need for sedation or anesthesia in young patients. (Musgrave and Mendelson 2002,
Moritz et al. 2012, Sutko and Oberc 2012, Henry 2013, Giizel et al. 2014, Schmutz et al.
2014.) Image intensifiers have greatly facilitated the reduction and internal stabilisation
of fractures with percutaneous management and have also reduced radiation exposure to
patients and theatre personnel (Keenan et al. 1996, Vitale 2010).

2.4.2 Classification of long-bone diaphyseal fractures

Diaphyseal long-bone fractures are classified by various systems. Fractures are considered
stable if the fragments are in apposition and at most exhibit axial deviation, but not
shortening. Greenstick fractures are an intermediate step between plastic deformity and
complete fracture as they are seen only in growing children. Long oblique fractures and
fractures with complete displacement and remarkable shortening are considered unstable.
One common fracture classification is based on the Orthopaedic Trauma Association
(OTA) committee. The different diaphyseal fractures are divided as simple, wedge, and

20 ANNE SALONEN



complex fractures (Figure 4. and 5.) (Miiller 1990, Casey and Moed 1996, Orthopaedic
Trauma Association 1996, Mulperi 1997).

Location: Diaphyseal (22)

Types: A Simple (22-A) B. Wedge (22-B) C. Complex (22-C)

Figure 4. The main types of diaphyseal antebrachial fractures according to OTA classification. (Reprinted
from J Pediatr Orthop vol 21 number 10, 2007 with permission of OTA.)

Diaphyseal segment (32)

\ d
ﬁﬂ gfgi
Types: A. Simple (32-A) B. Wedge (32-B) C. Complex (32-C)

Figure 5. The main types of diphyseal femoral fractures according to OTA classification. (Reprinted from J
Pediatr Orthop vol 21 number 10, 2007 with permission of OTA.)
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2.4.3 Classification of distal humeral fractures

Supracondylar fractures are often classified according to the Gartland system (Figure 6.)
(Gartland 1959). The original classification is extended to include Type IV fractures, which
are displaced into both extension and flexion. Type IV fractures are often diagnosed in
the operating room when reducing the fracture under an image intensifier. Collapse of
the medial column, i.c., the medial condyle, and loss of the Bauman angle is not a true
separate fracture type but can be diagnosed also in minimally displaced supracondylar

fractures. Without reduction, the collapse of the medial column can potentially lead to
varus deformity (Gartland 1959, De Boeck 1995, Leitch et al. 2006).

Figure 6. Supracondylar fractures according to Gartland classification. In type | the fracture is
undisplaced. In type Il the posterior hinge is displaced but there is posterior continuity. In the type Il there
is no posterior continuity.

Lateral condyle fractures are usually classified according to Milch or Wilkins. Milch
classification is based on anatomic fracture lines (Figure 7.). Wilkins classification is based
on dislocation: in type I fracture is undisplaced, in type II there is angulation and in type
III there is also lateral dislocation. As a modification to help deciding on the surgical
treatment in Milch type I, Badelon et al. (1988) divided stage I fractures as those with less
than 2 mm and those over 2 mm displacement. Surgical treatment is recommended for

those displaced more than 2 mm (Rutherford 1985, Badelon 1988, Wilkins 1991).
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Figure 7. The Milch classification. In type |, the fracture line passes through the trochleocapitellar groove.
In Type ll, fracture line passes through the trochlea.

There are various classifications for medial epicondyle fractures. A simple classification
divides fractures into acute or chronic. Acute fractures can be undisplaced, minimally or
significantly (more than 5 mm) displaced fractures, and fractures with entrapment of the
epicondylar fragment into the elbow joint with or without elbow dislocation (Figure 8.)
(Beaty and Kasser 2010).

Figure 8. The medial epicondyle fracture-line.

2.4.4 Classification of open fractures

Open fractures are usually high-energy injuries. The Gustilo-Anderson classification is
widely used and it has become the standard classifying system for open fractures (Table
3.). The purpose of the classification schema is to provide a prognostic framework that
guides antibiotic treatment, determine appropriate timing for soft tissue dépridement,
internal fixation etc. interventions (Gosselin 2004, Okike and Bhattacharya 2006, Kim
and Leopold 2012).
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Table 3. The Gustilo-Anderson classification.

Classification Description

Typel Puncture wound <1cm with minimal soft tissue injury.
Minimal wound contamination or muscle crushing.

Typell Wound >1cm

Moderate soft-tissue injury.

Soft tissue coverage of the bone is adequate.
Communication in fracture is minimal.

Type lll 3a Extensive soft tissue damage.
Massively contamined, severely comminuted or segmental fracture.
Soft tissue coverage of the bone is adequate.

Type lll 3b Extensive soft tissue damage with periosteal stripping and bone exposure.
Severely contaminated and comminutes fracture.
Flap coverage is required to provide soft tissue coverage.

Type lll 3¢ Associated with an arterial injury requiring repair for limb salvage.

2.5 Treatment modalities of extremity fractures in children and adolescents

The goal of fracture treatment is fracture stabilisation with non-operative or operative
management performed to ensure soft tissue protection, adequate reduction, and early range
of motion to prevent joint stiffness (Musgrave and Mendelson 2002). Several treatment
possibilities are available when choosing the best treatment for individual patients. Non-
operative management options include functional bracing, splinting, or casting as well
as traction and spica cast for femoral diaphyseal fractures. Commonly applied operative
management options include internal fixation with intramedullary elastic or stable
nailing, K-wire pinning, external fixation, and plating among others depending the site
of the fracture. Although conservative treatment has been traditionally the treatment of
choice, the use of surgical intervention has increased during the past 15 years. The same
trend is seen in adult upper extremity fractures. (Flynn et al. 2003, Cheng et al. 1999,
Helenius et al. 2009, Mattila et al. 2011, Huttunen et al. 2012, Eismann et al. 2013.)
Operative management at best gives optimal fracture alignment and stabilisation with the
opportunity to establish early joint movement. On the other hand, there is iatrogenic risk
of neurovascular or bone vascularity damage.

2.5.1 Management of humeral shaft fractures

The majority of humeral shaft fractures in children can be managed non-operatively by
splinting or casting, although sometimes angulation may be difficult to control. The
remodelling potential of the humerus is remarkable in patients younger than 5 years,
remodelling can resolve angulation up to 70° and children can tolerate residual anterior
angulation up to 40° (Beaty 1992). Thus, the functional outcome usually is good despite
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residual radiographic angulation (Figure 9.). Although conservative treatment has led to
good results, there is growing interest in stable intramedullary nailing, especially when
treating adolescents, for open or bilateral fractures or in cases of multiple traumas (Caviglia
2005, Lascombes et al. 2006, Fernendez et al. 2010 (A)).

Figure 9. Humeral shaft fracture in a 8-year-old girl treated conservative with plastic functional brace.

2.5.2 Management of distal humeral fractures

Supracondylar humerus fractures account for up to 30% of all limb fractures in pre-
school children, while medial epicondyle and lateral condyle fractures are very uncommon
(Beckman and Sullivan 1941, Cheng and Shen 1993, Cheng et al. 2001). Anatomical
reduction in distal humeral fractures, especially in supracondylar fractures is required
because of limited bone remodelling potential. Type I fractures can be managed by an
above-the-clbow cast with the elbow at 90° for approximately three weeks (Musgrave
and Mendelson 2002). The management of type II fractures is controversial. Although
Gartland II type fractures can be managed successfully with reduction, casting, and close
follow-up, percutaneous pinning is a popular method to secure stability. In Gartland type
[T and IV fractures, as well as loss of the medial column, operative treatment with pinning
is recommended (Figure 10.) (Wilkins 1990, Wilkins 1991, DeBoeck 1995, Foead et al.
2004, Mulpuri and Wilkins 2012, Spencer et al. 2012). The pinning procedure can be
performed usually with two crossed pins or with two lateral entry pins. Medial/lateral
pin entry proves most stable fixation (Brauer et al. 2007). Whether the pins are parallel
or divergent, the best fracture stability is achieved by separating the pins as far apart as
possible at the fracture site. Bloom et al. (2008) recommended intraoperative testing of
fracture stability and if the fracture is considered slightly unstable, a third lateral pin is
advised (Bloom et al. 2008). Open reduction is indicated in cases where closed reduction
fails or when the fracture is associated with dysvascular limb (Onder et al. 2009). A long-
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arm cast with elbow flexion of no more than 90°is recommended. After three weeks of
immobilisation, the cast and pins are removed, usually in the outpatient department
without anaesthesia (Musgrave and Mendelson 2002).

The overall complication rate in supracondylar fracture pinning is less than 10%.
Tatrogenic injury to the ulnar nerve occurs in 4% of patients with medial pins. To avoid
this complication, a mini-open technique is recommended. Even if the ulnar nerve is
not penetrated by the pin, a medial pin placed adjacent to a nerve can cause irritation or
even injury. This injury can be avoided by using two lateral pins although the fracture
stabilisation with this technique is not as good as with crossed pins (Rasool 1998, Skaggs
et al. 2001, Skaggs et al. 2004, Green et al. 2005, Brauer et al. 2007). Postoperative loss
of reduction leading to malunion, hyperextension, and cubitus varus are even more
uncommon complications, presenting in less than 2% of all complications (Pirone et al.
1988, Sankar et al. 2007). Pin track infections, myositis ossificans, and osteonecrosis have
been described after supracondylar fracture pinning, but these complications are also rare

(Spinner et al. 1995, Kim et al. 2002, Skaggs ct al. 2004).

Figure 10. A Gartland type Il supracondylar fracture in a 7-year-old boy treated with crossed K-wires.

The most common fracture locations in the distal humeral physis are the lateral condyle and
medial epicondyle, although they both are very uncommon. In lateral condyle fractures,
open reduction and fixation with pins or screws is recommended for Milch type IT and I1I
fractures (Figure 11.) (Rutherford 1985). In Milch type I fractures where the fracture is
displaced less than 2 mm, immobilisation without reduction with a long-arm cast with the
elbow in 60° to 90° flexion leads to a good functional outcome (Jakob et al. 1975).
Clinically significant complications concerning lateral condylar fractures are rare (Koh
et al. 2010). Delayed union, non-union, and osteonecrosis are associated with delayed or
missed diagnosis. True nonunion is rare because it is usually the result of a missed diagnosis
of a displaced fracture. Osteonecrosis has been reported in fractures treated with open
reduction and pinning when performed more than three weeks after the primary injury
(Blount 1955). After operative reduction, the most common complications are lateral
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condyle overgrowth and cubitus varus, but they hardly ever lead to functional abnormality

or reoperation (Koh et al. 2010).

Figure 11. Lateral condyle fracture in a 10-year-old boy treated with open reduction and K-wire fixation.

Nearly half of medial epicondylar fractures are associated with elbow dislocation. The
treatment of these fractures is controversial. In fractures with fragment incarceration
within the elbow joint, the fragment must be removed with manipulation or with open
reduction. Fracture displacement more than 5 mm and ulnar nerve dysfunction are
accepted indications for open reduction and fixation with a Kirschner wire (K-wire) or
screw (Figure 12.). Several studies, however, have reported excellent functional outcome
with only long-arm cast immobilisation without reduction (Berstein 1981, Hines et al.
1987, Wilson et al. 1988, Farsetti et al. 2001, El Andalussi et al. 2006).

Complications associated with medial epicondylar fractures include failure to recognise
incarcerated fracture fragment in the elbow joint. Mechanical blockade can lead to a loss
of elbow motion or result in ulnar nerve dysfunction when the ulnar nerve is compressed
between a bony fragment and the distal humeral cortex (Fairbanks and Buxton 1934).

Figure 12. A medial epicondylar fracture in a 10-year-old girl treated with open reduction and screw
fixation.
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2.5.3 Management of diaphyseal antebrachium fractures

The majority of children’s diaphyseal antebrachium fractures can be treated with closed
reduction and long-arm casting, although 16% of antebrachium fractures treated
conservatively are converted to operative procedures (Franklin et al. 2014). Operative
management is required in fractures with over 10° of angulation, loss of supination or
pronation, as well as in unstable or open fractures (Garg et al. 2008). The spontancous
recovery of malunion is poor in girls older than 8 years and in boys older than 10 years
old (Fuller and McCullough 1982). A variety of implants have been used for fixation of
forearm fractures. Open reduction and plate fixation is a well-reported procedure in both
children and adolescents. Plate fixation allows anatomic and stable correction without
rotational and angular abnormalities. It also allows early mobilisation to prevent joint
stiffness. Compression plates are recommend in re-fractures when in many cases the
intramedullary canal is full of old callus or bone septa from the previous fracture which
makes passage of intramedullary device difficult. (Creaseman et al. 1984, Price et al. 1990,
Ortega et al. 1996.) The large surgical exposure required for the procedure, however, may
result in disturbing scars and loss of motion when muscle fibrosis develops. Indications
for external fixation are extremely rare. These include extensive comminution, segmental
bone loss or grossly inadequate soft tissue coverage. (Putnam and Walsh 1993, Price 1994,
Lieber and Sommerfeldt 2011.) Intramedullary fixation with elastic stable intramedullary
nailing, K-wire, Rush rod, or Steinmann pins provides minimally invasive management
compared to plating. Especially, elastic stable titanium nailing has become an established
management option in Europe during the last three decades as both short and long-term
outcomes are frequently reported to be good (Figure 13.) (Lascombes et al. 1990, Vransky
et al. 2000, Barry and Paterson 2004, Jubel et al. 2005). The procedure is relatively simple
and safe as the implants are inserted into the intramedullary canal far from the fracture site
in order to avoid further soft tissue damage (Fernandez et al. 2009). Elastic stable nailing
also provides a good cosmetic outcome as implants are inserted through a small soft tissue
incision (Cullen et al. 1998). Although closed reduction and nail fixation aim for minimal
scarring, according to Yuan et al. (2004) conversion from a closed to an open procedure
should be considered if a closed reduction cannot be obtained with three attempts.
Functional outcome is equal in open and closed procedures (Yuan et al. 2004, Yalcinkaya
etal. 2010).

Elastic stable nailing is based on three-point stabilisation with opposite tension of
two parallel implants. In diaphyseal antebrachium fractures, tension forms between the
ulna and the radius when both bones are separately fixed (Lascombes et al. 2006, Garg
et al. 2008). The flexibility of nails allows minimal movement at the fracture site, which
facilitates callus formation (Huber et al. 1996). Elastic stable nails are also strong enough
to maintain satisfactory alignment, although rotational stability is based on the ability of
the periosteum to resist torsional stress, so there is no need for pre-bend the nails (Blaisier

and Salamon 1993, Price 2010).
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In antebrachium fractures, the diameter of the each inserted nail should be at least
40% of intramedullary canal (Schmittenbecher et al. 2000). The entry point of nails placed
in the radius is on the anterior or lateral side of the distal radius above the distal physis
while the entry point of nails placed in the ulna is in the proximal ulna (Lascombes et al.
2006). After insertion, the nails are cut and bent close to the bone, although the radial
nail should be prominent enough to prevent damage of the extensor pollicis longus (Weiss
and Mencio 2012). Cast immobilisation from four to six weeks after operative treatment is
recommended (Gargetal. 2008, Kangetal. 2011). Intramedullary nails are usually removed
under anaesthesia after complete bone union four to six months after the operation (Garg
etal. 2008).

Conservative treatment for unstable diaphyseal antebrachium fractures leads to
unsatisfactory outcome in up to 50% of patients (Mann et al. 2003). Elastic intramedullary
nailing provides excellent functional and cosmetic outcome, although complication rates
up to 25% are reported (Flynn et al. 2010, Antabak et al. 2013, Sinikumpu et al. 2013).
The majority of complications are associated with technical errors made by unexperienced
surgeons (Slongo 2005). Compartment syndrome might be the most severe complication
associated with intramedullary nailing. The reported rate of compartment syndrome
varies from 1.5% to 7% (Flynn et al. 2010, Martus et al. 2013). The rate of other severe
complications, such as lesions of the superficial radial nerve, delayed union, or non-union
is less than 2% (Lascombes et al. 1990, Cullen et al. 1998, Jubel et al. 2005, Fernandez et
al. 2009, Fernandez et al. 2010 (B)). Re-fractures after intramedullary fixation are reported
from 0.5% to 8.5% of cases (Lascombes et al. 1990, Schmittenbecher etal. 2000, Sinikumpu
et al. 2013). A less severe and the most common complication is skin irritation at the nail
entry site, which accounts for almost 90% of all complications. Although the complication

Figure 13. A displaced antebrachium fracture in 8-year-old boy treated with TENSs.
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is considered minor, it can potentially lead to skin infection and osteomyelitis (Lascombes

etal. 1990).

2.5.4 Management of femoral shaft fractures

Almost 70% of paediatric femoral fractures locate in the diaphyseal area (Blount 1955).
There are multiple treatment options for femoral diaphyseal fractures depending on the
patient age and individual circumstances (Table 4.) (Musgrave et al. 2002). Infants up
to six months of age rarely require a formal reduction as the periosteum is thick and the
remodelling potential is remarkable. The majority of infant femoral fractures are considered
stable and immobilisation with a Pavlik harness or von Rosen splint is commonly used.
Only in rare fractures with excessive shortening of more than 2 ¢m or failure to immediately
align the fracture is spica casting required because traction rarely is necessary (Stannard et
al. 1995, Morris et al. 2002). Deformity of up to 10° of varus or valgus, 15° of anterior or
posterior angulation, as well as shortening up to 15 mm is tolerated in patients younger
than six years of age because of the remarkable remodelling potential in this age group.

In children younger than six years, Bryant traction followed by delayed hip spica casting
orimmediate hip spica casting is usually the best treatment option. The advantages of a spica
cast include low cost, although the cast is applied under anaesthesia in the operating room
or sedation unit. The procedure is safe and offers an excellent outcome (Allen et al. 1977).
On the other hand, the spica cast treatment requires significant parental commitment and
participation for the patient care. During the six weeks immobilisation, patient hygiene,
transportation and home care is depended on parents or other care-giver help (Nafei et
al. 1992, Cox and Clarke 1997). Complications ontraction and hip spica casting are rare
but compartment syndrome has been reported in patients with both hip and knee in 90°
flexion. To avoid this complication it is advisable to avoid traction on a short leg cast, leaving
the foot out of the cast as well as to decrease the hip and knee flexion (Mubarak et al. 2006).

In school-aged children, the remodelling potential is lesser than in younger children.
Furthermore, long-term skeletal traction and subsequent treatment with a hip spica cast is
poorly tolerated (Flynn and Schwend 2004). External fixation allows rigid fixation of the
reduced fracture without physeal injury and without the need for knee immobilisation.
Implant removal is also easy. The disadvantages of the method include pin-tract infections,
risk for a subsequent fracture through previous pin sites, and quadriceps muscle fibrosis
around the pin tracts (Musgrave and Mendelson 2002).

In diaphyseal femoral fractures in patient with head-injury, multiple injuries or
with severe soft tissue injury and open fractures, external fixation can be considered.
Although elastic stable nail has decreased the use of external fixation as a primary device,
patients with necessitate intensive nurcing care benefits fast and stable fixation offered by
external fixation (Krettek et al. 1991, Bar-On et al. 1997, Tomaszewski and Gap 2014).
Complications concerning external fixation consist mostly of pin traction infections,
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scarring and re-fractures. In prospective randomized study by Bar-On et al. (1997) elastic
stable nail and external fixation was compared. In the study was found that early post-
operative recovery was similar but patients with elastic stable nail returned to school and
full activity earlier than patients treated with external fixation. Also the patient subjective
satisfaction for the treatment was higher in elastic stable nails group (Bar-On et al. 1997).

Comparing traction and hip spica cast as well as external fixation to stable elastic
intramedullary nailing, the nailing procedure provides many advantages (Morozetal. 2006,
Slongo et al. 2004). The elastic intramedullary nailing technique is minimally invasive. The
procedure offers early knee joint mobilisation to maintain muscle tone and reduce joint
stiffness. Hospitalisation duration is relatively short. In addition, psychological recovery is
accelerated by early resumption of functional activity, allowing for a rapid return to school
and ordinary family life (Parsch et al. 1997, Stans et al. 1999, Slongo ct al. 2004, Song ct
al. 2004).

The most common technique for elastic stable nail insertion is retrograde through a
small lateral and medial incision just above the distal femoral physis. Some orthopaedists,
however, prefer an antegrade technique with entry in the subtrochanteric area (Bourdalet
1996, Fricka etal. 2004). The primary limitation of elastic intramedullary nailing is the lack
of rigid fixation. To prevent fracture instability the nail/medullary canal diameter ratio of
the narrowest site of the medullary canal should be up to 80%, so each nail ND/MD ratio
should be 40% and both nails should be of the same size. The midportion of the nails at
the level of fracture site should bend to 30° before installing to further stabilise the fracture
(Ligier et al. 1988). The distal nail ends should be trimmed to 1 to 2 cm from the cortex and
applied close to the surface of the bone at the level of the physis to avoid nail end irritation
in the subcutis and skin (Parikh et al. 2012). Although eclastic intramedullary nailing is
popular, it’s disadvantages are hardware removal and complication rates as high as 60%
(Lascombes et al. 2006, Moroz et al. 2006, Parikh et al. 2012). The intramedullary nailing
(ESIN) provides best outcome for patients younger than 12 years and lighter than 50 kg
(Figure 14.). Most of the complications are due to poor patient selection and incorrect
operative technique (Ho et al. 2006, Moroz et al. 2006). The most common reported
complication is soft-tissue irritation at the nail entry site (Lascombes et al. 2006, Ho et
al. 2006, Moroz et al. 2006). Although nail prominence is inconvenient in soft tissue, it
can also result in more serious complications, such as skin breakdown and superficial or
deep soft tissue infection. The infection can also spread further into the bone, leading to
osteomyelitis and subsequently early implant removal with a risk of re-fracture (Flynn et al.
2001, Flynn et al. 2004). Up to 16% of reported complications concern fracture instability
(Ligier et al. 1988, Ho et al. 2006).

Children older than 12 years and especially adolescents with closed physis are frequently
treated as adults. Antegrade rigid intramedullary nails have the advantages of small skin
incision and stabile fixation without automatic hardware removal. The disadvantages of
adult type intramedullary nails include a potential injury to the proximal and distal physis
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as well as to the blood supply or avascular necrosis in patients with an open physis. In order
to avoid these iatrogenic complications, adolescent femoral nails are advisable for patients
older than 12 as the nail entry point is on the lateral side of trochanter (Musgrave and
Mendelson 2002, McNeill et al. 2011).

Standard compression plating with open reduction has only few indications while
submuscular bridge plating is used for unstable or comminuted fractures and fractures
with severe soft tissue injury (Ward et al. 1992, Kregor et al. 1993). The disadvantage of
plating in open reduction is the extensive dissection with periosteal stripping, which may
lead to overgrowth. In both open and submuscular plating, the locking screws can cold-
weld to the plate turning a simple implant removal into a difficult procedure (Kregor et al.
1993, Fyodorov et al. 1999).

Table 4. Aligning guidelines for diaphyseal femoral fractures.

Patient age Treatment method
0-2 years Pavlik harness, spica-cast, traction and spica cast
2-5 years Spica-cast, traction and spica-cast, external fixation (elastic stable intremedullary nail)
6-10 years Elastic stable intramedullary nalil, external fixation, plate fixation
10 years and older Elastic stable intramedullary nail, lateral femoral nail, rigid intramedullar nail, external fixation,
plate fixation

Figure 14. A femoral shaft fracture in a 10-year-old boy treated with TENS.

2.6 The Finnish National Hospital Discharge Registry

The Finnish National Hospital Discharge Registry (NHDR) is one of the oldest
individual level hospital discharge registers in the world. It was founded in 1967 and the
information is collected equally from all hospital categories (private, public, and other).
All institutions in Finland are obligated to collect and submit the data to the NHDR. All
hospitalised patients are included in the register. The NHDR contains data on patient age,
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sex, and domicile; length of hospital stay; primary and secondary diagnosis; and surgical
interventions performed during the hospital stay. It has been intensively used for research
purposes as its validity is excellent regarding both coverage and accuracy of the database
(Salmela and Koistinen 1987, Keskimiki and Aro 1991, Mattila et al. 2008, Sund 2012). A
limitation of the registry is that it is inadequate in the recording of subsidiary diagnosis as
well as secondary operations and other rarely used items (Sund 2012). This limitation does
not compromise the value of the data in NHDR, however, for use in studies that are not
otherwise feasible (Sund 2012).
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3 AIMS OF THE RESEARCH

The purpose of this thesis was to study certain clinically important aspects of upper
extremity fractures and elastic titanium intramedullary nailing. The specific aims of the
study were as follows:

1. To assess the incidence and changes of hospitalisation as well as the incidence of
surgery for humeral shaft fractures among persons 0 to 16 years of age in Finland
between 1987 and 2010.

2. To assess the incidence and changes of hospitalisation as well as the incidence of
surgery for distal humeral fractures among persons 0 to 18 years of age in Finland
between 1987 and 2010.

3. Tocritically assess the complications associated with antebrachium fractures treated
with TENs in Tampere University Hospital between 2001 and 2005.

4. To critically assess the complications associated with diaphyseal femoral fractures
treated with TENs in Tampere University Hospital between 2003 and 2007.
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4 MATERIALS AND METHODS

41 Patient data

This doctoral dissertation comprises four separate retrospective studies. The first two
studies explored changes in the incidence of hospitalisation and treatment performed in
operating room in cohorts of children and adolescents with a diaphyseal or a distal humeral
fracture during the past 24 years. The third and fourth studies evaluated complications
associated in antebrachium and diaphyseal femoral TEN-nailing. For this purpose, four
separate studies were performed and subsequently four different patient data sets were
studied.

411 Studyl

Study I was conducted to obtain population-based epidemiological data on humeral shaft
fractures. The study covered the entire paediatric and adolescent population (aged <17
years) of Finland duringa 24-year period, from 1 January 1987 through 31 December 2010.
Data from 1165 patients hospitalised for humeral shaft fractures were obtained from the
statutory, computer-based NHDR. A total of 585 procedures were performed in operating
room on these subjects. The mean age of the hospitalised children was 10.5 years (10.8 in
boys and 10.1 in girls).

412 Study Il

Study IT was conducted to obtain population-based epidemiological data on distal humeral
fractures. The study covered the entire paediatric and adolescent population (aged <19
years) of Finland duringa 24-year period, from 1 January 1987 through 31 December 2010.
A total of 12 585 patients were hospitalised with a main or secondary diagnosis of distal
humeral fracture. The total number of primary procedures performed in operating room to
treat these fractures was 5548. Boys comprised the majority of the patients (n=7487, 60%;
girls n=5098, 40%). The mean age of the hospitalised children was 10.5 years (10.8 in boys
and 10.1 in girls).
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41.3 Study Il

This retrospective series comprised 75 patients younger than 18 years of age with a main
diagnosis of antebrachium fracture in Tampere University Hospital during the five-year
study period, from 1 January 2001 through 31 December 2005. The data comprised patient
charts and radiographs and were collected from the hospital archives. The study included
35 consecutive patients treated with TEN-nailing. The age of the patients ranged from 5.2
years to 17.4 years, with a mean age of 12.3 years. The majority of patients, 20 (75%) were
boys. Sixteen (46%) of the injuries were sustained in a fall.

414 Study IV

This study group included patients younger than 18 years of age with a main diagnosis of
diaphyseal femoral fracture collected retrospectively from the electronic hospital registry of
Tampere University Hospital from 1 January 2003 through 31 December 2007. The data
comprised patient charts and radiographs and were collected from the hospital archives.
One hundred and two patients were treated as inpatients during the five-year study period.
The study included 32 consecutive patients younger than 16 years of age treated with TEN-
nailing. Of these patients, 22 (70%) were boys and 10 (30%) girls. The age of patients ranged
from 5 to 16, with mean age of 9 years for both boys and girls.

4.2 Methods

4.21 Studies!landll

To calculate the incidence of humeral shaft and distal humeral fractures leading to
hospitalisation the data were obtained from the NHDR. In study I, the main outcome
variable was the number of patients hospitalised with a main or secondary diagnosis of
humeral shaft fracture (ICD-9 codes 8122A and 8123A in 1987-1996 and ICD-10 code
$42.3 in 1997-2010). To calculate the incidence of treatment performed in operating
room, ICD-9 procedural codes 9123 (reposition and cast), 9126 (closed reposition and
osteosynthesis), and 9128 (open reduction and osteosynthesis) were included in the study.
During the study period the ICD-codes changed in 1997 and thereafter the corresponding
ICD-10 codes were NBJ41 (reposition and cast), and NBJ60 and NBJ40 (reposition and
osteosynthesis).

In study II, the main outcome variable was the number of patients hospitalised as
inpatients with a main diagnosis of distal humeral fracture (ICD-9 codes 8124A and
8125A in 1987-1996 and ICD-10 code S42.4 in 1997-2010). The procedure codes were
ICD-9 from 1987 to 1996 and ICD-10 from 1997 to 2010. The ICD-9 procedural codes
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included in the study were 9123 (reposition and cast), 9128 (closed or open reposition
and osteosynthesis), 9130 (external-fixation), and 9139 (other distal humeral fracture
operation). The corresponding ICD-10 codes were NBJ41 (reposition and cast), NBJ64
(reposition or reduction and osteosynthesis), NBJ70 (external-fixation), and NBJ91 (other
distal humeral fracture operation).

In both studies, the annual mid-year population was obtained from the Official
Statistics of Finland, an electronic national population register. Statistical analyses were
performed using PASW ver. 19.0 (SPSS, Chicago, IL). The incidence figures were thus the
true results concerning the entire adolescent population in Finland rather than cohort-
based estimates during the study period.

4.2.2 Studies Ill and IV

Study III comprised 35 children and adolescents with antebrachium fractures treated with
TEN-nailing at Tampere University Hospital in Finland during a five-year period from
1 January 2001 through 31 December 2005. The data were collected retrospectively by
searching for patients with a main diagnosis of antebrachium fracture and two operation
codes (NFJ60, NFJ64) from the electronic hospital registry. Study IV comprised 32
children younger than 18 years treated with TEN-nailing at Tampere University Hospital
in Finland during a five-year period from 1 January 2001 to 31 December 2005. The data
was collected from patients with a main diagnose of femoral diaphyseal fracture (§72.3)
and two operative codes (NFJ60, NFJ64).

In both studies the information obtained from patient files included patient age, sex,
weight, injury mechanism, and fracture type. Fractures were classified according to the
Orthopaedic Trauma Association and Gustilo-Anderson classifications. The surgical
technique for fixation and complications were recorded from pre- and postoperative X-rays
and patient records. To evaluate discomfort caused by the TEN, in femoral fractures
nail tip prominence was recorded as the maximum transverse distance measured from
the surface of the femur to the distal tip of the nail on the anterior-posterior or lateral
radiographs. For antebrachium fractures, patient reported discomfort at the TEN entry
site was recorded as a complication. The TEN/medullary canal diameter ratio and fracture
site movement between intra- and post-operative X-rays to evaluate fracture instability. The
fracture was considered unstable immediately after the operation if there was any movement
between intraoperative and post-operative X-rays. Fractures with later angulation were also
considered unstable. Statistical analysis was not performed because of the small number of
patients.
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5 RESULTS

This section reviews the main results of the four studies included in this thesis. Further
details are presented in the original articles.

51 Study |

The main outcome of this study was the stable incidence of humeral shaft fractures and
treatment performed in operating room during the 24-year study period. The overall
incidence of hospitalisation was 4.8 per 100 000 person-years. The incidence increased
only among girls from 3.3 per 100 000 person-years in 1987 to 5.3 per 100 000 person-
years in 2010 (Figure 15.). Although the increase was significant, it must be considered
that the total number of patients was small and the changes may be due to normal annual
variation. The incidence of treatment including reposition and casting or osteosynthesis
in the operating room remained low and stable (Figure 16.). A total of 585 procedures
were performed in operating room during the study period. The number of osteosynthesis
procedures was 323 and the overall incidence was 1.4 per 100 000 person-years (Figure 17.).
The incidence was lowest in patients younger than 6 years, with a mean of 0.5 per 100 000
person-years, and highest in patients aged 13 to 16 years, with a mean of 2.5 per 100 000
person-years. The total number of fractures treated with intramedullary nailing was 79 and
the incidence of procedure was 0.3 per 100 000 person-years.

A total of 262 patients were treated with closed reposition and casting with an overall
incidence of the procedure of 1.1 per 100 000 person-years. The highest incidence of closed
reposition and casting was in patients aged 7 to 12 years, with amean 1.3 per 100 000 person-
years (Figure 18.). A total of 580 (49%) patients were hospitalised without intervention in
operating room.
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Figure 15. The incidence of humeral shaft fractures among girls between 1987 and 2010.
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Figure 16. The annual incidence (1/100 000 person-years) of treatment performed in operating room

among all patients between 1987 and 2010.
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Figure 17. The annual incidence (1/100 000 person-years) of osteosynthesis in humeral shaft fractures
among girls and boys between 1987 and 2010.
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Figure 18. The annual incidence (1/100 000 person-years) of reposition and casting in humeral shaft
fractures among girls and boys between 1987 and 2010.
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5.2 Study I

The main outcome of this study was a significant increasing trend of hospitalisation and
operative treatment in patients with distal humeral fractures. The total number of patients
hospitalised due to a distal humeral fracture was 12 590 between 1987 and 2010. The
overall person-based hospitalisation incidence for distal humeral shaft fractures was 5.6
per 10 000. The incidence of hospitalisation increased most in children younger than 13
years of age, up to 30%, from 4.5 per 10 000 in 1987 to 5.8 per 10 000 in 2010 (Figure 19.).
In girls younger than seven years, the incidence of hospitalisation significantly increased
from 2.3 per 10 000 in 1987 to 6.4 per 10 000 in admissions. The same trend, although
not so marked, was detected in boys younger than seven years, whose respective admissions
figures increased from 3.7 per 10 000 to 6.8 per 10 000 (Figure 20.).

A total of 5548 procedures performed in operating room were recorded (Figure 21.). The
most common treatment method was reduction with osteosynthesis (n=4703) of which the
incidence increased markedly during the follow up period. The incidence of osteosynthesis
as a chosen treatment modality increased 5-fold in patients younger than 6 years and 2-fold
in patients 7 to 12 years of age. The absolute figures being 0.6 and 1.4, respectively, in 1987
and 3.0 and 3.4 in 10 000 in 2010 (Figure 22.). The incidence of reposition and casting
i.e. conservative treatment remained steady with the highest overall incidence being in
children younger than 7 years, 0.9 per 10 000. In children aged 7 to 12 years the incidence of
reposition and casting decreased slightly as the operative management with osteosynthesis
increased. In adolescents older than 13 years of age, there were no changes in the incidence
of hospitalisation or chosen treatment methods.
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Figure 19. The annual incidence of distal humeral fractures among girls between 1987 and 2010.
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Figure 20. The annual incidence of distal humeral fractures among boys between 1987 and 2010.
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Figure 21. The annual incidence (1/10 000 person-years) of treatment in operating room among all
patients between 1987 and 2010.
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Figure 22. The annual incidence of osteosynthesis among girls and boys between 1987 and 2010.

5.3 Study Il

In study III, we evaluated 35 consecutive patients with antebrachium fracture treated with
TEN-nailing and postoperative casting. Twenty-three (66%) fractures united without
any complications. Five (14%) patients had short-term and seven (20%) had long-term
problems during the follow up period (Table 5.). The complication rate was higher in
patients over 10 years of age. Complications were mostly associated with inadequate TEN-
nail technique, such as leaving the nail prominent toward the skin. In three patients, ulnar
nail prominence caused discomfort at the nail insertion site. In one case, the TEN was
not inside intramedullary canal after the operation. Fracture instability immediately after
operative treatment was noted in one patient and neurapraxia in three patients. In one
patient, compartment syndrome was recorded after the primary operation. In addition,
three re-fractures were recorded, in two cases the radius was fixed with TENs and the ulna
with K-wire or a plate. In one case, the patient returned to participating in sports earlier
than advised and sustained a fracture after an accident. All re-fractures were repaired with
plating. Even with the various complications, the long-term outcomes were good as all
fractures healed without residual functional impairment.
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Table 5. List of individual complications and timing of the notification of the forearm fractures treated with

TENSs.
Patient Pre-op Post-op 5 weeks 8 weeks 12 weeks Follow-up
number control
1 Median nerve | Median nerve Supination deficit, | Re-fracture
deficit neuropraxia delayed union
2 Nail discomfort
3 Supination
deficit
4 Ulnar nerve Compartment
deficit syndrome
5 Fracture
instability
6 Nail discomfort
7 Volar angulation,
nail discomfort
8 Nail discomfort Infection after
nail removal
9 Radial nerve
deficit
10 Ulnar nail
malposition
1" Non-union Re-fracture
12 Re-fracture

54 Study IV

In study IV, we retrospectively evaluated 32 consecutive patients with diaphyseal femoral
fracture treated with TEN-nailing. All fractures had united within three months of
injury. Nine (28%) patients reported a postoperative complication. Complications were
associated with nail prominence in five (16%) patients and instability in four (12%)
patients. In patients with nail prominence, the TEN-nail ends were unbent and 10 mm to
35 mm outside the cortex of the distal femur compared to patients without complications
(<10 mm). In patients with recorded fracture instability, the mean TEN-nail/medullary
canal diameter ratio was 46% (compared to 66% in patients without complications) and
movement between intra-operative and post-operative x-rays was observed. In addition,
periosteal callus formation was prolonged. In patients without complications the width
of the periosteal callus seen on a radiograph taken at 5 weeks after the TEN insertion was
almost twofold that of patients with complications.
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6 DISCUSSION

6.1 Incidence of hospitalisation for humeral
shaft and distal humeral fractures

In Studies I and II, we evaluated the incidence of hospitalisation and treatment methods
performed in operating room for humeral shaft and distal humeral fractures. The reported
incidence of upper extremity fractures is increasing, although the overall incidence of
fractures is decreasing (Chung and Spilson 2001, Helenius et al. 2009, Miyrinpii et al.
2010, Sinikumpu et al. 2013). Most of the fractures occurred in school-aged children.
Although the incidence of humeral shaft fractures has remained low during the past 24
years, the incidence of distal humeral fractures has increased markedly. The difference in
injury mechanism may partly explain the divergence in incidence. All but pathological
diaphyseal humeral fractures require a high-energy twisting or transverse force, as
the fractures are frequently associated with multiple traumas often related to traffic
accidents (Fisher 1958, Shaw et al. 1997, Tsai et al. 2009). In distal humeral fractures, the
injury mechanism is often a relatively low-energy fall from a playground object onto an
outstretched hand (Fransworth et al. 1998, Villarin et al. 1999, Loder 2008). In addition,
leisure-time physical activities like playing on the monkey bars, swings, and slides as
well as popularity of motor vehicles may lead to fractures, but especially jumping on a
trampoline has markedly increased the incidence of all paediatric injuries and particularly
supracondylar fractures (Smith 1998, Hurson et al. 2007, Klimek et al. 2013, Loder 2008,
Barr 2014, Loder et al. 2014). Based on a nationwide report by Loder et al. (2014) in the
United States, elbow region fractures caused by jumping on a trampoline most often occur
in children younger than 7 years of age with male predominance. In our population-based
studies, there was also male prominence, but interestingly the increase in both humeral
shaft and distal humeral fractures requiring hospitalisation mostly occurred in girls. In
distal humeral fractures, the increase was almost 3-fold in preschool gitls. In girls younger
than 17 years, there was a 1.5-fold increase in hospitalisation for humeral shaft fractures
while the incidence of these fractures decreased among boys of the same age. The same
trend has reported in Sweden by Tiderius et al. (1999) in forearm fractures. The increasing
fracture incidence in girls may be explained by the greater equality of sexes in northern
countries as girls participate in the same sports as boys with the same activity level, a trend
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that may be consistent with the increase in active female role models (as seen in cinema, and
toys and cartoons targeting girls).

6.2 Increasing incidence of operative managements
in distal humeral fractures

Although most clinical studies concerning children’s fractures do not support more
operative management, there is an increased interest toward operative management for
upper extremity fractures in children as well as in adults (Flynn et al. 2003, Helenius et al.
2009, Mattilaetal. 2011, Huttunen etal. 2012, Eismann et al. 2013). In our study, operative
management of distal humeral fractures had an increasing trend. During the 24-year study
period, the incidence of osteosynthesis increased 5-fold in patients younger than 6 years
and 2-fold in patients 7 to 12 years of age. Based on earlier studies of elbow-region fractures
in children, most distal humeral fractures are supracondylar fractures and the incidence of
supracondylar fractures is increasing (Beckman and Sullivan 1941, Hanlon and Estes 1954,
Weise et al. 1997, Laudenhauf et al. 2014, Loder et al. 2014). In our study, we assumed that
the changes in fracture treatment were related to supracondylar fractures as the diagnosis
and procedural codes of all distal humeral fractures are the same. Operative management
with pinning is reported to be a relatively safe procedure as complication rates after closed
or open reduction with an anterior approach and pinning are less than 5%. The operative
treatment is also cost and time effective method compared to conservative treatment.
(Khan et al. 2005, Bashyal et al. 2009, Ersan et al. 2009, Liu et al. 2011.) The functional
and cosmetic outcome in unstable (Gartland II and III) fractures is reported to be better
after operative treatment than after conservative management (Ong and Low 1996, Khan
et al. 2005). Although Spencer et al. (2012) reported good outcomes in Garland II type
fractures treated only with reposition, very close follow-up is needed to avoid complications
and the majority of authors recommend an operative approach as the remodelling potential
is limited after malunited supracondylar fractures (Persiani et al. 2012, Spencer et al.
2012, Buckvi¢ et al. 2013). The overall interest toward operative management and good
functional and cosmetic outcomes of operative reduction with relative low complication
rates without concern of reduction loss may explain the increasing operative rates. There is
also a socioeconomical aspect, as both parents and trauma clinics with limited economical
and time resources may have increased willingness to operate, as multiple follow-up visits
to the clinic are not needed.

In our study, there was no change in the operative treatment of patients older than 13
years of age as it is assumed that these patients are near adult age and will be treated over
time as adults.
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6.3 Low incidence of operative management in humeral shaft fractures

In contrast to increasing operative management of distal humeral fractures, there were
no changes in the fracture management of humeral shaft fractures, as the incidence of
all managements performed in operating room remained low and steady level. There is
increasing interest in intramedullary nailing in humeral shaft fractures as the method is
reported to produce an excellent outcome with early mobilisation and rapid pain reduction
without need for a cast (Zatti et al. 1998, Lascombes et al. 2006, Fernandez et al. 2010
(A), Garg et al. 2008, Gordon and Garg 2010). In the Finnish population, the incidence
of TEN-nailing remained very low as only 79 humeral shaft fractures were treated with
TEN-nailing during the 24-year study period. The remodelling potential of humeral
shaft fractures is remarkable and the remaining residual angulation is well tolerated in all
age groups (Beaty 1992). The good functional and cosmetic outcome without the risk of
iatrogenic operative complications may explain the unwillingness to change conservative
management to an operative approach.

6.4 Complications of TEN-nailing in diaphyseal
antebrachium and femoral shaft fractures

In Studies III and IV, we evaluated complications of TENs diaphyseal antebrachium and
femoral fractures. Elastic stable intramedullary nailing, utilizing TENs, has become a very
popular method for treating long-bone fractures in children as the short- and long-term
outcomes are generally good (Schmittenbecher et al. 2000, Garg et al. 2008, Fernandez et
al. 2009, Lieber and Sommerfeldt 2011). Although elastic stable intramedullary nailing is
a relatively simple and safe procedure, complications are reported in up to 16% of patients.
In diaphyseal antebrachium nailing, the most common complications are skin irritation or
infections at the nail insertion site, accounting for up to 90% of reported complications,
whereas transient nerve injuries, slight loss of reduction or motion, and delayed union, as
well as severe complications such as compartment syndrome and permanent nerve injuries
are observed less frequently (Cullen et al. 1998, Richter et al. 1998, Schmittenbecher et
al. 2000, Jubel et al. 2005, Lascombes et al. 2006, Flynn et al. 2010). In Study III, which
evaluated complications of diaphyseal antebrachium fractures in a relatively small paediatric
trauma centre, the total complication rate was 34%. One-half of the complications were
associated with inadequate surgical technique as one nail protruded, one nail was not in
the intramedullary canal, three patients suffered discomfort caused by nail prominence,
and one patient’s fracture was unstable after surgery. As reported by Lascombes et al.
(2006) and Weinberg et al. (2008), the principles of TEN-nailing are quite simple, but the
surgeon must be aware of the biomechanical aspects of the management, such as proper nail
size, and symmetry of the frame and orientation of the implants (Lascombes et al. 2006,
Weinberg et al. 2008). In Study III, patients with re-fracture were identified. In two cases,
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delayed union occurred in patients whose radius was nailed and the ulna fixed with a K-wire
or plate. These patients sustained a re-fracture, one of whom returned to participating in
sports too early. In our limited series, combined semi-rigid and rigid management led to
complications, probably due to the different biomechanical qualities of the devices. All but
one of the complications (return to participating in sports without permission), could have
been avoided by a better understanding of the TEN technique.

In Study IV, we evaluated the complications of TENSs for femoral shaft fractures.
According to Palmu et al. (2013) treatment of all femoral fractures in Finland has changed
from non-operative to more operative (Palmu et al. 2013). The advantages of TENs include
its minimal invasiveness and the ability for direct mobilisation to maintain joint movement
and muscle tone as well as normal circulation. Hospitalization is usually short term and
reduces the treatment cost compared to traditional treatments for traction and spica cast
(Heinrich et al. 1994, Mazda et al. 1997, Parsch et al. 1997, Flynn et al. 2001, Flynn et al.
2004, Hunter 2005). Although long term results in conservative treatment are good the
sosioecenomical pressure (home care, parents and hospital resources etc.) leads to choose
operative treatment instead of conservative treatment (Sanders et al. 2001, Palmu et al.
2010). Elastic titanium nailing is currently the most popular operative method for femoral
diaphyseal fractures in school-aged children, although complication rated as high as 60% is
reported (Flynn et al. 2001, Sanders et al. 2001, Palmu et al. 2010, Sink et al. 2010, Baldwin
et al. 2011). The severity of complications varies from temporary skin irritation at the nail
entry site to angular malalignmentleading to premature knee-joint arthritis. Majority of the
reported complications concern skin irritation at the nail entry site. These can potentially
lead to superficial skin infection or deep subcutaneous infection. Complications such as
delayed union, and angular and rotational malunion, are reported after inadequate fracture
stability. If spiral fracture is evaluated instable after two nails insertion, Kaiser et al. (2014)
recommends insertion of 3¢ nail. Although the principal idea of TENTs is tension between
two nails, it seems that the 3" nail increases significantly fracture stiffness and prevents
need of re-operation (Kaiser et al. 2014). With careful preoperative planning and clinical
examination during operation most of the complications are potentially avoidable. (Ligier
etal. 1988, Luchmann et al. 2003, Ho et al. 2006, Lascombes et al. 2006, Wall et al. 2008.)
Most problems arose from skin irritation caused by prominent nail ends at the fracture
entry site as reported also Flynn et al. 2001, Lascombes et al. 2006 and Baldwin et al. 2011.
The other notable complication was fracture instability due to the use of too-thin nails. The
instability problem is associated especially in patients heavier than 50kg and older than 10
years. The selection of proper nails size is essential as to prevent instability. The ND/MD
ratio should be 80% of the narrowest intramedullary canal diameter (Flynn and Schwend
2004). In our study there was no association of complications and surgeon experience
(resident/senior), time of surgery, or mode of reduction. In retrospective evaluation most of
the complications could have been avoided by more careful clinical practice. The selection
of wide enough nails and inadequate TEN-nailing techniques would probably prevent
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fracture instability and angular malalignment problems. At the end of the operation
nail ends should have inspected by clinical examination and prominent nails should have
been bend beside the bone to avoid skin irritation. To prevent long term complications,
examination direct after the operation and during follow-up by careful clinical examination
including skin inspection, knee mobilisation and radiographs is essential.

The most common complication, both in diaphyseal antebrachium and femoral
fractures, was skin irritation at the nail entry site. These complications could have been
avoided by inserting the TENs into the intramedullary canal which of course makes lateral
retrieval difficult. There is an active debate concerning the removal of implants overall
and especially removing TENs. While some authors still recommend routine removal of
implants, there are also new controversial recommendations (Flynn et al. 2001, Korhonen
et al. 2014). Based on a literature- and experience-based review by Korhonen et al. (2014),
routine TENs removal in children older than 8 years is not recommended, although the
decision must always be based on individual evaluation. The subject is controversial as the
future risks of unremoved TEN-nails are not known due to lack of long-term follow-up
studies. Removing an implant years after primary implantation requires a new surgery and
can be difficult or even impossible due to bone growth.
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7

CONCLUSIONS

The main findings of the present study can be summarised as follows:

50

1. The incidence of hospitalisation and management performed in operating room in

children and adolescents younger than 17 years of age with humeral shaft fractures
remained low between 1987 and 2010. There incidence of operative treatment was
slightly higher (1.4 per 100 000 person-year) than conservative treatment (1.1 per
100 000). There were no changes in management methods during the 24 years study
period. Although boys comprised the majority (62%) of patients, the incidence of
hospitalisation increased among gitls.

. The incidence of hospitalisation and operative treatment of distal humeral fractures

in children and adolescents aged 0-18 years of age increased between 1987 and
2010. The hospitalisation frequency increased 30% during the study period. Among
girls younger than 7 years, the hospitalisation incidence increased the most. The
incidence of operative reduction with osteosynthesis increased 5-fold in patients
younger than 7 years and 2-fold in patients aged 7-12. The incidence of reposition
and casting i.e. conservative treatment remained steady level, only among children
aged 7-12 years the incidence of conservative treatment decreased slightly.

. Postoperative complications concerning diaphyseal antebrachium and femoral

TENs are mostly considered minor, as the final clinical outcome is good. Most of
the complications are associated with inadequate technique.
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Abstract

Background Studies among children experiencing frac-
tures report an increasing trend toward operative manage-
ment. In the present study, we examined whether the same
trend has occurred for humeral shaft fractures in accor-
dance with increasing interest toward intramedullary nail-
ing and other operative treatments. The number, incidence
and treatment of all hospitalised 0- to 16-year-old patients
with humeral shaft fractures in Finland was assessed over a
recent 24-year period.

Method The study included the entire adolescent
(0-16 years) population in Finland during the 24-year
period from January 1, 1987, to December 31, 2010. Data
on hospitalised patients who sustained humeral shaft frac-
tures were obtained from the nationwide National Hospital
Discharge Register (NHDR) of Finland.

Results During the study period, there were a total of
1,165 hospitalisations with a main or secondary diagnosis
of humeral shaft fracture. The incidence of hospitalisation
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due to humeral shaft fractures was 4.8 per 100,000 person-
years. The incidence increased only slightly among girls
from 3.3 per 100,000 person-years in 1987 to 5.3 per
100,000 person-years in 2010. The incidence of reposition
and casting was 1.1 per 100,000 person-years and the
incidence of reposition with osteosynthesis, including
intramedullary nailing, was 1.4 per 100,000 person-years.
The specific incidence of intramedullary nailing remained
low with no signs of increased incidence, and the incidence
was 0.3 per 100,000 person-years. There were no signifi-
cant changes in the incidence of surgical treatment during
the 24-year study period.

Conclusion Despite an overall increasing trend toward
operative management of fractures in children, conserva-
tive management remains the treatment of choice for
humeral shaft fractures based on the low and steady inci-
dence of surgical treatment during the 24-year study per-
iod. In addition, the incidence of hospitalisation for
fractures remained low without a significant increase dur-
ing the study period.

Keywords Adolescent - Humeral shaft fracture -
Epidemiology - Incidence - Treatment

Introduction

Although humeral shaft fractures are relatively uncommon,
they occur in every age group. Two peaks in occurrence are
observed: in children under 3 years of age and in adoles-
cents over 12 years of age [1, 2]. In general, humeral shaft
fractures represent <10 % of humeral fractures in children
and 1-3 % of all fractures in children [1, 2]. The most
common fracture mechanism is direct trauma or rotational
forces upon the humeral shaft. In newborn babies (birth
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weight over 4.5 kg), humeral fractures are considered to be
due to birth trauma [3]. In children under 3 years of age,
child abuse must be considered a potential cause of fracture
[4]. In adolescents, most humeral shaft fractures are caused
by sporting injuries [5].

The majority of humeral shaft fractures in children
can be managed without surgery, although angulation
may be difficult to control. The remodelling potential of
the humerus is remarkable, and functional outcomes are
still good, despite radiographic angulation [1]. A frac-
tured humerus in children under 12 years of age can be
remodelled with up to 70° of anterior angulation, and
older children can tolerate anterior angulation of up to
30-40° in the upper arm [1]. The remodelling process
cannot correct a malaligned rotational deformity, how-
ever, which, in severe cases, may lead to functional
impairment in adolescents near adult age [6]. Surgical
indications are controversial, but open fractures, bilat-
eral fractures and fractures associated with multiple
trauma, as well as arterial injuries, some nerve injuries
and inadequate closed reduction, are considered indi-
cations for surgery [5]. Despite good results after con-
servative treatment, interest toward surgical stabilisation
in adolescents with elastic titanium nails has increased
[7, 8].

This study aimed to assess the incidence of surgery and
hospitalisation for humeral shaft fractures among children
0-16 years of age in Finland. We also describe whether the
trend toward surgical treatment changed during the study
period, between 1987 and 2010.

Materials, methods and statistical analysis

This study covered the entire paediatric and adolescent
population (aged <17 years) of Finland during a 24-year
period, from January 1, 1987, to December 31, 2010.
Humeral shaft fracture data were obtained from the
statutory, computer-based National Hospital Discharge
Register (NHDR) of Finland. The Finnish NHDR was
founded in 1967 and the information is collected equally
from all hospital categories (private, public and other).
The NHDR contains data on the age, sex and domicile of
the subject; length of hospital stay; primary and sec-
ondary diagnosis; and operations performed during the
hospital stay. The validity of the NHDR is excellent
regarding both coverage and accuracy of the database [9—
11].

The main outcome variable for this study was the
number of surgically treated patients hospitalised with a
main or secondary diagnosis of humeral shaft fracture
(ICD-9 codes 8122A and 8123A in 1987-1996 and ICD-10
code S42.3 in 1997-2010). During the study period, the

@ Springer

procedural codes changed. The procedure codes were ICD-
9 from 1987 through 1996 and ICD-10 from 1997 through
2010. The ICD-9 procedural codes included in the study
were 9123 (reposition and cast), 9126 (closed reposition
and osteosynthesis) and 9128 (open reduction and osteo-
synthesis). The corresponding ICD-10 codes were NBJ41
(reposition and cast), and NBJ60 and NBJ40 (reposition
and osteosynthesis).

For the purpose of analysing incidence trends during the
study period from 1987 to 2010, the ICD-10 procedure
codes were pooled with the ICD-9 codes. Treatment in the
operating room was categorised into two groups; reposition
with casting and reposition with osteosynthesis. Patients
were analysed in three groups according to age: 0-6 years,
7-12 years and 13-16. Due to the small number of events
in specific sex and age groups, operation-specific incidence
rates were pooled for boys and girls.

To calculate the incidence of humeral shaft fractures
leading to surgery and inpatient hospital treatment, the
annual mid-population was obtained from the Official
Statistics of Finland, an electronic national population
register [12]. Statistical analysis was performed using
PASW 19.0 (IBM SPSS, Chicago, IL, USA). The incidence
figures were, thus, the true results concerning the entire
adolescent population in Finland, rather than cohort-based
estimates during the study period, and, therefore, 95 %
confidence intervals were not calculated.

Results

A total of 1,165 hospitalisations for patients from 0 to
16 years of age with a main or secondary diagnosis of
humeral shaft fracture were registered during the 24-year
study period. Boys comprised the majority of patients
(62 %, n = 719). Surgical treatment was required in 585
(51 %) of the cases. The most common treatment method
was repositioning and osteosynthesis (55 %, n = 323),
including 79 fractures treated with intramedullary nailing
(eight cases in those aged 0-6 years, 28 in those aged
7-12 years and 43 in those aged 13-16 years). Closed
reposition and casting in surgery included 262 patients
(45 %). Pain relief and further evaluation by senior
paediatric orthopaedists was the reason for hospitalisa-
tion in 580 (49 %) of the cases in which no operations
were performed. The mean age of the hospitalised chil-
dren was 10.5 years (10.8 in boys and 10.1 in girls,
p = 0.003).

During the study period, the incidence of surgery did not
change. The incidence of repositioning and casting was 1.1
per 100,000 person-years during the 24-year study period
(Table 1). The incidence of repositioning and casting was
lowest in patients aged 13—16 years, with a mean of 0.9 per
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Table 1 Incidence of repositioning with casting per 100,000 person-
years among girls and boys aged 0-16 years between 1987 and 2010

0-6 years 7-12 years 13-16 years

1987 1.6 0.3 0.8
1988 0.7 0.8 1.2
1989 1.6 1.5 0.8
1990 0.9 1 1.9
1991 0.7 0.8 1.9
1992 1.1 1.3 1.1
1993 1.8 2 0.4
1994 1.5 1.8 12
1995 1.9 2.3 0.8
1996 2 24 1.5
1997 0.7 0.8 1.1
1998 0.9 1 1.5
1999 1.9 2 0.8
2000 1 1 0.8
2001 1.5 1.5 0

2002 0.7 0.8 0.8
2003 1.8 1.8 1.1
2004 1.5 1.6 0.8
2005 1.8 1.9 1.5
2006 0.5 0.6 0.4
2007 1.5 1.7 1.1
2008 0.2 0.3 0.8
2009 1 1.1 0.4
2010 0 0 0

100,000 person-years, and highest in patients aged
7-12 years, with a mean of 1.3 per 100,000 person-years.
The incidence increased slightly in the youngest study
group, those aged from O to 6 years, from 1.3 per 100,000
person-years between 1987 and 1997 to 1.7 per 100,000
person-years between 2000 and 2010. The corresponding
incidence was 1.2 per 100,000 person-years between 1987
and 1997 to 0.6 per 100,000 person-years between 2000
and 2010 in the oldest study group.

The incidence of repositioning and osteosynthesis was
1.4 per 100,000 person-years (Table 2). The incidence
was lowest in those aged 0—6 years, with a mean of 0.5
per 100,000 person-years, and highest in those aged
13-16 years, with a mean of 2.5 per 100,000 person-
years. The incidence of repositioning and osteosynthesis
increased slightly only in the oldest study group from 2.1
per 100,000 person-years between 1987 and 1997 to 2.6
per 100,000 person-years between 2000 and 2010. The
total number of fractures treated with intramedullary
nailing was 79. The incidence of intramedullary nailing
was 0.3 per 100,000 person-years. The incidence was
highest in patients aged 13-16 years (n = 43), with a
mean of 0.7 per 100,000 person-years. The highest

Table 2 Incidence of reposition with osteosynthesis per 100,000
person-years among girls and boys aged 10-16 years between 1987
and 2010

0-6 years 7-12 years 13-16 years

1987 0 0.8 2.5
1988 0.2 0.8 1.2
1989 0.2 1.8 24
1990 1.1 0.8 0.8
1991 0.2 1 2.7
1992 0 0.5 0.8
1993 04 0.8 1.9
1994 04 0.5 1.2
1995 0.7 1.6 3.1
1996 0.9 1.6 1.9
1997 1.1 1.3 3.8
1998 0.9 1 34
1999 0.5 0.8 1.9
2000 0.5 2 2.4
2001 0.2 1.5 2.8
2002 0.2 1.5 2.4
2003 0.8 1.3 2.7
2004 0.5 1.3 5

2005 0.5 2.4 34
2006 0.2 1.9 1.5
2007 0.5 1.1 2.6
2008 0.5 0.6 34
2009 0.7 0.9 2.7
2010 0.7 2.6 2.4

incidence, 1.4 per 100,000 person-years, occurred in
1997 in those aged 13-16 years, and after 1997, the
incidence decreased to 0.6 per 100,000 person-years
without any signs of an increase.

In the present study, the person-based incidence due to
the hospitalisation of humeral shaft fractures was 4.8 per
100,000 person-years (6.0 per 100,000 person-years in
boys and 3.7 per 100,000 person-years in girls). The
incidence increased among girls, from 3.3 per 100,000
person-years in 1987 to 5.3 per 100,000 person-years in
2010 (Table 3). In boys, the incidence of humeral shaft
fractures decreased slightly from 6.7 per 100,000 person-
years in 1987 to 5.9 per 100,000 person-years in 2010
(Table 4). The highest incidence of fractures was 9.6 per
100,000 person-years in boys aged 13-16 years. The
lowest fracture incidence was observed in girls aged 0-6
years (2.3 per 100,000 person-years).

The mean duration of hospital stay for the entire study
group was 2.6 days. The mean duration of hospital stay was
2.5 days for patients with reposition and casting, and
3.4 days for patients with reposition or reduction and
osteosynthesis.

@ Springer



146

J Child Orthop (2014) 8:143-148

Table 3 Incidence of humeral shaft fractures per 100,000 person-
years among girls aged 0-16-years from 1987 to 2010

Table 4 Incidence of humeral shaft fractures per 100,000 person-
years among boys aged 0-16 years from 1987 to 2010

0-6 years 7-12 years 13-16 years 0-6 years 7-12 years 13-16 years

1987 1.3 52 34 1987 2.6 5 12.3
1988 23 4.7 3.4 1988 6.2 1.5 8.8
1989 2.3 6.3 5.7 1989 22 5.5 7

1990 1.4 52 3.9 1990 3.6 35 7.5
1991 2.8 52 3.1 1991 2.7 6.5 12.6
1992 1.8 3.6 1.6 1992 1.8 5.1 7.5
1993 2.3 6.8 39 1993 22 4.5 6.8
1994 22 2.1 32 1994 6 5 8.3
1995 2.7 6.4 39 1995 43 5.1 8.2
1996 3.6 7.5 7.7 1996 43 6.2 11

1997 4.6 3.4 3.1 1997 44 6.7 19

1998 1.9 6.9 3.1 1998 0.9 4.6 11.7
1999 2.4 32 3.9 1999 1.8 6.5 13.5
2000 34 7.3 8.9 2000 2.8 3 6.9
2001 1.5 4.7 5.7 2001 2.3 4.5 3.9
2002 1 2 4 2002 0.9 6.5 54
2003 1.5 4.2 39 2003 4.4 6.1 8.3
2004 3.1 2.7 3.1 2004 25 9.2 14.2
2005 1.5 3.8 5.4 2005 39 6.3 14

2006 1 33 5.4 2006 1.9 6.4 5.1
2007 1.5 2.3 4.6 2007 4.8 9.3 12.6
2008 1.5 23 39 2008 1.9 22 7.4
2009 1.5 1.8 4.7 2009 0.9 5.6 9.1
2010 4.9 59 4.8 2010 32 6.2 8.5

Discussion and conclusions

The principal aim of the present study was to describe the
incidence and trends of operative treatment for humeral
shaft fractures among children and adolescents aged 0—-16
years in Finland between 1987 and 2010. The main finding
was that, despite the overall increase in surgical treatment
in children and adolescents, the incidence of surgery for
humeral shaft fractures remained low during the 24-year
study period. Also, the incidence of humeral shaft fractures
leading to hospitalisation remained low, with no significant
changes during the study period.

Based on the previous literature, approximately one-
third of children sustain at least one fracture before
17 years of age and the majority of the fractures occur in
the upper limbs [13—-15]. Antebrachium fractures represent
35 %, while humeral diaphyseal fractures represent less
than 1 % of all fractures [13—17]. According to Miyrdnpdi
et al. [18], the incidence of all fractures other than upper-
extremity fractures has decreased significantly over the
past two decades. Helenius and coworkers [19] recently
reported that the incidence of hospital-treated upper-
extremity fractures has increased by 23 % in Finland
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during the preceding 10 years. Based on our earlier study
(Salonen et al. [20]) and the present study, it seems that the
main reason for the increased incidence of hospital-treated
upper extremity fractures is distal humeral fractures.

The incidence of surgery remained low and steady
during our study period. Roughly half of the patients were
treated surgically by repositioning and casting or by oste-
osynthesis. Despite the increasing interest toward intra-
medullary nailing, its role in the management of humeral
shaft fractures has remained low in Finland. The highest
incidence of intramedullary nailing was 1.4 per 100,000
person-years and, interestingly, it did not increase during
the study period, although elastic medullary nailing was
recently suggested to be a good alternative to conservative
treatment [7, 8]. Fernandez et al. [8] reported 31 children
with traumatic humeral shaft fractures treated with elastic
stable intramedullary nailing. In their sample, five com-
plications occurred, all concerning the indication for sur-
gery or technical error (skin irritation, damage of the radial
nerve etc.) [8]. All patients and parents were satisfied with
the treatment and all children were able to return to their
sporting activities after treatment [8]. Zatti et al. [21]
reported 40 patients, 14 treated with elastic stable
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intramedullary nailing and 16 treated with AO plates. Both
groups had the same fracture healing time and functional
recovery, allowing for early motion. The surgical technique
of elastic nailing is simple, safe and rather atraumatic, and,
therefore, valid for routine use [21]. Gordon and Garg as
well as Slongo described indications and techniques for
flexible titanium intramedullary nailing. They both repor-
ted optimal results of fracture treatment provided the
indication is valid and the appropriate technique is used
[22, 23]. Although our study did not compare the results of
surgical and non-surgical treatment, conservative treatment
was most often used and there was no significant trend
toward an increase in surgical treatment.

The previously reported overall increasing incidence of
fractures may by due to changes in children’s activity
patterns over time. In addition, new leisure-time physical
activities, such as jumping on a trampoline, may increase
the fracture incidence [24]. Hurson et al. [24] reported a
dramatic increase in fractures and other trampoline-related
injuries in Ireland. A similar trend was reported in the
United States during the past 10-15 years [15].

In the present study, the incidence of hospitalised hum-
eral shaft fractures was 4.8 per 100,000 person-years. To our
knowledge, this is the first nationwide study to assess the
incidence of hospitalisation due to humeral shaft fractures in
children and adolescents. In our study, we observed a slight
increase in hospitalisation due to humeral shaft fractures
among girls. It must be considered, however, that humeral
shaft fractures are relatively uncommon and the observed
increase may have been due to annual normal variation. The
low and relatively stable incidence of humeral shaft frac-
tures can be accounted for by the injury mechanism. Shaft
fractures require a rather uncommon trauma mechanism
with twisting or transverse high-energy injury, which is
often associated with multiple traumas [25-27].

The mean age at injury onset was 10.1 years, and the
peak incidence occurred somewhat earlier in girls than in
boys. The majority of patients were boys. These results
correspond to those in previous reports [14]. The younger
age of girls may be explained by differences in the pubertal
growth of girls and boys. During the pubertal growth spurt,
there is a relative decrease in bone mineral density due to
bone expansion and insufficient mineralisation [28]. The
greater frequency of fractures in boys, on the other hand,
can be explained by differences in exposure time and in the
intensity of their leisure-time sporting activities. In addi-
tion, some humeral fractures might be due to violence,
which is more common among boys [29]. Boys’ violent
actions are connected to leisure-time activities as well as to
alcohol, and increase with age [29].

A strength of this study is the Finnish NHDR, which
provides an excellent database of patients treated in hos-
pitals during the last 24 years. In addition, treatment is

equally available for all Finnish citizens and, thus. patients
can be followed in the hospital discharge register by their
personal identification number. The limitations of this
study include the lack of separation between intramedul-
lary nailing and plating during the time when the ICD-10
classification was used. Based on our analysis of ICD-9
coding, however, plating is rarely performed in children
and adolescents. Further, the incidence reported in the
present study is based on hospitalisation data on severe and
unstable fractures. There may have been some patients
treated as outpatients that are not included in this study.

To summarise, while the overall incidence of adolescent
fractures has increased rapidly, the incidence of humeral
shaft fractures has not changed markedly over the past
24 years. The incidence of surgical treatment has also
remained steady, despite alternative treatment choices (e.g.
elastic intramedullary nailing and plating).

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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Abstract

Background Studies of pediatric and adolescent fractures
in general report a significant increase in the incidence of
upper-extremity fractures as well as in their surgical
treatment. The aim of this study was to determine the
trends of the incidence and treatment of distal humeral
fractures in hospitalized 0- to 18-year-old patients in
Finland.

Method The study included the entire pediatric and ado-
lescent (<19 years) population in Finland during the
24-year period from 1 January 1987 to 31 December 2010.
Data on hospitalized patients were obtained from the
nationwide National Hospital Discharge Registry where
information is collected from all hospital categories (pri-
vate, public, and other). Surgical treatment was categorized
into three groups; (1) reposition with casting; (2) reposition
or reduction and osteosynthesis; (3) reposition or reduction
and external-fixation and other fixation methods. Patients
were classified into three groups according to age:
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0-6 years, 7-13 years, and 14-18 years. Annual inci-
dences were calculated using the annual mid-year popula-
tion census obtained from the Official Statistics of Finland.
Results During the 24-year study period, there were a
total of 12,590 hospitalizations with a main or secondary
diagnosis of distal humeral fracture. In children aged 0-12
years the overall incidence of hospitalization increased
30 % during the 24-year study period, from 4.5 per 10,000
person-years in 1987 to 5.8 per 10,000 person-years in
2010. There were a total of 5,548 operations. During the
study period, surgical treatment by repositioning or
reduction with osteosynthesis due to a distal humeral
fracture increased by fivefold in patients aged <6 years and
by twofold in patients aged 7—12 years of age. The inci-
dences of fracture and treatment in children older than
13 years did not change.

Conclusion The incidence of distal humeral fractures and
the incidence of repositioning with osteosynthesis
increased remarkably in prepubertal children during the
24-year study period in Finland.

Keywords Distal humeral fracture - Incidence -
Pediatric - Treatment

Introduction

Distal humeral region fractures account for up to 5 % of all
fractures in skeletally immature children [1-3]. Supracon-
dylar fractures comprise up to 80 % of distal humeral
region fractures [1-4], while fractures of the medial and
lateral humeral condyles are much less common, repre-
senting 20 % of distal humeral fractures [1, 2]. Upper-arm
fractures are often sustained during a fall as children
attempt to protect themselves with an outstretched hand [1,
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2]. A previous Finnish population-based study revealed a
23 % increase in the incidence of all upper-extremity
fractures over the past 10 years and an increase of up to
28 % in the incidence of surgical treatment [5]. The type of
upper-extremity fracture that has increased the most,
however, is not known.

Unlike other anatomic areas in the growing skeleton,
most distal humeral fractures are treated surgically by
closed or open repositioning and osteosynthesis, usually by
pinning [6-8]. Percutaneous pinning is a popular method of
choice for supracondylar fractures [6-8] and has been
reported to be a safe and cost-effective method that pro-
vides good functional results [7-10]. Even dislocated
supracondylar fractures can be treated by repositioning and
casting with an excellent functional outcome [11]. Most
complex fractures require open reduction [6, 12]. An open
procedure, based on a good technical understanding, has
been reported to be as safe as a closed procedure [12, 13].
However, especially with an open technique, the treating
physician should be aware of the potential complications,
including iatrogenic neurovascular injury, elbow stiffness,
malunion, and the development of cubitus varus or valgus
deformity [14—16]. To reliably provide adequate functional
results, it is recommended that a surgeon gain experience
by operating on a minimum of 15 fractures under the
supervision of an attending surgeon [17].

The aim of this study was to assess population-based
changes in the incidence of hospitalization and treatment of
distal humeral fractures among children aged 0-18 years in
Finland between 1987 and 2010.

Materials and methods

This study covered the entire pediatric and adolescent
population (aged <19 years) in Finland during a 24-year
period, from 1 January 1987 to 31 December 2010. Distal
humeral fracture data were obtained from the statutory,
computer-based National Hospital Discharge Register of
Finland (NHDR) that was founded in 1967 and collects
information from all hospital categories (i.e., private,
public, and others). The NHDR contains data on the age,
sex, and domicile of a patient, length of hospital stay,
primary and secondary diagnosis, and operations per-
formed during the hospital stay. The validity of the NHDR
is excellent with respect to both coverage and accuracy of
the database [18-20].

The main outcome variable for this study was the
number of patients hospitalized as inpatients with a main
diagnosis of distal humeral fracture (ICD-9 codes 8124A
and 8125A from 1987 to 1996; ICD-10 code S42.4 from
1997 to 2010). The procedural codes changed during the
24-year study period. The procedures carried out for
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patients with ICD-9 codes included in the study were
reposition and cast (9,123 patients), closed or open repo-
sition and osteosynthesis (9,128 patients), external-fixation
(9,130 patients), and other distal humeral fracture opera-
tions (9,139 patients). The corresponding ICD-10 codes
were NBJ41 (reposition and cast), NBJ64 (reposition or
reduction and ostesynthesis), NBJ70 (external-fixation),
and NBJ91 (other distal humeral fracture operation).

To analyze the incidence trends during the entire study
period from 1987 to 2010, the ICD-10 procedures codes
were pooled with the ICD-9 codes. Surgical treatment was
categorized into three groups: Group 1, reposition with
casting; Group 2, reposition or reduction with osteosyn-
thesis; Group 3, external fixation and other fixation
method. The patients were also stratified into three age
groups: from O to 6 years, from 7 to 13 years, and from 14
to 18 years.

To calculate the incidence of distal humeral fractures
leading to inpatient hospital treatment, we obtained the
annual mid-year population census from the Official Sta-
tistics of Finland, an electronic national population register
[21]. Statistical analysis was performed using PASW ver.
19.0 (SPSS, Chicago, IL). The incidence figures were thus
the true results concerning the entire adolescent population
in Finland rather than cohort-based estimates during the
study period; as such 95 % confidence intervals were not
calculated.

Results

A total of 12,585 hospitalizations were registered for
patients aged <19 years with a main or secondary diag-
nosis of distal humeral fracture during the 24-year study
period. Boys comprised the majority of the patients (7,487,
60 %), with girls accounting for 40 % (5,098). There were
a total of 5,548 surgical procedures (44 %). The most
common surgical treatment method was reposition or
reduction with osteosynthesis (4,703, 85 %), followed by
closed reposition with casting (619, 11 %). Other types of
surgical management, such as external-fixation (38, 1 %)
and others (185, 3 %) were quite rare. Most of the patients
were not treated in an operating room (7,040, 56 %). The
mean age of the hospitalized children was 7.8 years (boys
8.2 years; girls 7.3 years; p = 0.003). Mean hospital stay
for the entire study population was 1.9 days; for patients
with reposition or reduction and osteosynthesis, mean
hospital stay was 1.9 days, and for those with reposition
and casting it was 3.0 days.

In this patient cohort,, the overall person-based hospi-
talization incidence for distal humeral shaft fractures was
5.6 per 10,000 person-years. In patients of both sexes aged
13-18 years, the incidence of fractures remained low and
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Fig. 2 Incidence of distal humeral fractures between 1987 and 2010
among boys aged 0-18 years

did not change during the 24 years of the study. In patients
aged 0-6 years and 7-12 years, however, the incidence of
fractures increased markedly in both sexes after the early
1990s. Girls aged 0-6 years showed the highest increase in
the incidence of fractures, from 2.3 per 10,000 person-
years in 1987 to 6.4 per 10,000 person-years in 2010
(Fig. 1). The same trend was detected in boys aged
0-6 years—from 3.7 per 10,000 person-years in 1987 to
6.8 per 10,000 person-years in 2010 (Fig. 2).

The overall incidence of reposition and casting remained
steady during the study period, decreasing slightly in
patients aged 7—12 years (Fig. 3). The incidence of repo-
sition or reduction and osteosynthesis increased markedly
after 1996, especially in patients aged 0—6 years, from 0.6
per 10,000 person-years in 1987 to 3.0 per 10,000 person-
years in 2010; in patients aged 7—12 years, this incidence
increased from 1.4 per 10,000 person-years in 1987 to 3.4
per 10,000 person-years in 2010 (Fig. 4).
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Fig. 3 Incidence of repositioning with casting between 1987 and
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The incidence of external-fixation was very low, with
the highest incidence being 0.09 per 10,000 person-years (6
patients) in 1997 in patients aged 0-6 years. Surgical
treatment with external-fixation was not related to a longer
hospitalization period (mean 1.4 vs 1.9 days in all
patients).

Discussion

The two principal aims of this study were to describe the
incidence of distal humeral fractures leading to hospital-
ization and the trends in the surgical management of
children and adolescents aged 0-18 years in Finland
between 1987 and 2010. The main findings were that the
incidence of fractures and surgical treatment increased
markedly in preteen children beginning towards the end of
the 1990s.
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The overall incidence of pediatric fractures has
increased since the 1950s, but according to Méiyrdnpdd
et al.’s population-based study the trend changed has dur-
ing the last two decades [4, 22], with the incidence of all
but upper-extremity fractures significantly decreasing [22].
In their Finnish population-based study on the incidence of
hospital-treated upper-extremity fractures, Helenius and
co-workers [5] reported a 23 % increase in fractures and
28 % increase in operative management during the past
10 years. These findings are supported by those of other
studies, but there has been little focus on which type of
fractures has increased. Cooper et al. [23] reported that
approximately one-third of children sustain at least one
fracture before 17 years of age, further suggesting that the
overall increasing incidence of fractures may be due to
changes in children’s activity patterns over time. In addi-
tion, new leisure-time physical activities, such as motor
vehicle activities, and the popularity of trampolines and
skateboards have led to an increase in the incidence of
distal humeral fracture, especially supracondylar fractures
[24-27]. Distal humeral fractures, especially supracondylar
fractures, are usually extension fractures sustained during a
fall on an outstretched hand in a child’s attempt to protect
him/herself [28]. The injury mechanism is quite common
and is usually related to low injury energy [28]. In children
aged <3 years, the injury mechanism is often a fall from a
household object, and in children aged >4 years, it is likely
to be due to a fall from playground equipment, as reported
by Fransworth et al. [29]. Park et al. [30] presented a
playground safety score and suggested that improvements
in the playground infrastructure may reduce the incidence
of humerus fractures, especially supracondylar fractures.
Safety precautions should be implemented in both homes
and playgrounds, and the safety aspects of various sport
activities should be improved.

Our analysis was based on accurate NHDR data and the
annual mid-year population census in Finland. The change
in the ICD-classification during the follow-up time had no
impact on the collected data, and the trend of increasing
incidence of fractures was linear. The collected data cover
the entire Finnish population over a 24-year period, and the
follow-up time was sufficiently long to estimate the trends
of fracture incidence over the long term. Annual incidence
rates provide precise information and can be used to detect
even small changes in incidence. The findings of our study
suggest that the increase in upper-extremity fractures is
strongly related to increases in distal humeral fractures.
The reason for the increase in these fractures, especially in
younger children, may be explained by an increased
activity pattern in the children’s home. In their study on
preschool children, Valerio et al. [31] reported that upper
extremity fractures caused by a low-energy injury most
often occur at home (42 %) in this age group, followed by

@ Springer

accidents on playgrounds and footpaths (26 %). There has
been an increased participation of preschool-age children
in activities associated with physical risks, such as jumping
on a trampoline without a safety net and playing with
motor vehicle toys, which may also contribute to the
increased incidence of these types of fractures.

The incidence of repositioning and casting remained low
and constant during the study period in the youngest and
oldest age groups. In patients aged 7-13 years, however,
the incidence of repositioning with casting decreased and at
the same time the incidence of repositioning or reduction
and osteosynthesis (mostly pinning) increased markedly.
Based on previous studies, most distal humeral fractures
are supracondylar fractures, so we assumed that changes in
the incidence of fractures and treatment mostly included
supracondylar fractures. Based on their evidence-based
study, Mulpuri et al. [6] recommended surgical treatment
for dislocated, unstable fractures (Willkins II and III).
Foead et al. reported that surgical treatment with reposi-
tioning and pinning with a minimally invasive incision is a
safe and effective surgical procedure, regardless of how the
pinning is performed [32]. The low complication rates and
several advantages, including simple operative procedures,
quick recovery time, and good functional results, support
surgical treatment [8—10, 12, 13, 32]. On the other hand,
Spencer et al. [11] claim that some less severe, stable
(Gartland type II) supracondylar fractures can be success-
fully treated without surgical intervention if close follow-
up is possible. Based on the results of our 24-year study, it
would appear that both the incidence of fractures and the
incidence of surgical treatment have increased. These
changes require more economical recourses in terms of
planning and preparing pediatric wards and hospitals. The
reason for the increased incidence of surgical treatment
may be partly explained by the overall increased tendency
toward operative treatment for upper extremity fractures
[33]. According to Fletcher et al. [34], supracondylar
fractures in patients older than 8 years of age are probably
caused by higher energy injury and are more severe than
those in younger age groups in which the injury energy is
usually low. Supracondylar fractures with relatively poor
remodeling potential require precise and stable treatment to
obtain a satisfactory outcome, which may increase the
willingness of the surgeon to ensure the stability of the
fracture by pinning, especially in Gartland II type fractures,
although such fractures could also be managed by reposi-
tion and close follow-up. The increased concern associated
with these fractures may partly explain the increase in
operative treatment rather than changes in hospitalization
standards.

One strength of this study is the use of data from the
Finnish NHDR, which provides an excellent database of
patients treated in hospitals during the last 24 years. In
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addition, treatment is equally accessible at a comparable
standard to all Finnish citizens, and thus patients can be
followed in the hospital discharge register based on their
personal identification number. The accuracy and coverage
of the NHDR are reported to be excellent, and the validity
of the data has confirmed in several studies [18-20]. The
NHDR also covers private hospitals, which are very
uncommon in Finland.

A limitation of this study includes the lack of separation
between supracondylar, later-, and medial epicondylar
fractures due to the fact that they were classified under the
same ICD-10 code. This is a general limitation, however,
that is commonly related to hospital discharge register data.
Further, the incidence reported in our study is based on
hospitalized patients. Patients treated by casting as outpa-
tients were not included in this study. A child or adolescent
often requires pain management in the hospital, however,
and based on our experience approximately 56 % of these
patients are hospitalized. In the Finnish healthcare system,
there are no financial incentives that could drive to
admission rather than outpatient treatment, and private
hospitals do not treat pediatric fracture patients needing
overnight care. In conclusion, financial benefit does not
explain the increased interest towards operative treatment.

To summarize, the increase in the overall incidence of
pediatric upper arm fractures seems to be partially
accounted for by an increase in distal humeral fractures,
especially in preteen children. Over the last two decades,
young children have begun to participate in more risky
activities, such as jumping on a trampoline and playing
with motor vehicle toys. In the older age group, the severity
of fractures may have also increased due to higher energy
injuries caused by motor vehicles. This change in activities
during a child’s everyday life and the simple fracture
mechanism by falls on an outstretched hand may explain
the increased incidence in0O fractures. It is unlikely that
changes in hospitalization policies have caused this
increase in our country. The incidence of surgical treatment
by pinning also increased at the same time and may be
explained by the overall increased trend toward selecting
operative treatment for upper extremity fractures. Distal
humeral fractures with low bone remodeling potential
require precise and stable reduction, which may increase
the willingness of the surgeon to ensure the stability of the
fracture by pinning.
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ABSTRACT

Background: Unstable antebrachium diaphyseal fractures in children are nowadays in-
creasingly treated operatively by elastic intramedullary nailing.

Aim: Aim of the study was to critically assess both radiological and functional outcome
of antebrachium fractures treated by titanium elastic nail (TEN) in a pediatric cohort.

Material and Methods: This retrospective study investigated 75 consecutive children,
who were treated for antebrachium shaft fractures at Tampere University Hospital during
the time period from January 2001 to December 2005. All the fractures were classified
according to OTA. Thirty-five children (mean age 12.3 years) were treated by TEN-nailing.
Twenty four of the forearm fractures were instable, five were open, five were re-fractures
and one had ulnar nerve deficit. In all but one patient both forearm bones were fractured.
Twelve (34%) operations were managed by closed reduction, open reduction was needed
in 23 (66%) patients. In 29 cases both bones were fixed with TEN-nail. In the four patients
with re-fracture in both ulna and radius only the radius was TEN-nailed. In one case
radius was fixed with TEN-nail and ulna with K-wire and in another case radius was
fixed with TEN-nail and ulna with plate. Fracture pattern, mode of reduction, surgical
approach, short- and long-term complications and outcome were recorded.

Results: Twenty three (66%) patients achieved healing of the fractures without any
limitation in range of motion. Twelve patients with postoperative complication were
followed up 31-74 (median of 54) months. Eleven (31%) patients had minor postoperative
complications and one (0,3%) patient had a Volkmann’s ischemic contracture. Five of
complicated patients had more than one problem. Immediate post-operative problems
were noted in these five patients. At follow-up visits four patients complained of ulnar
nail discomfort, two had neural symptoms. Additionally, three children suffered from
re-fractures.

Discussion: Despite various minor complications, TEN-nailing is considered suitable
treatment for unstable forearm shaft fractures. Most of the problems were related to poor
technical performance in nailing.

Keywords: Pediatric; adolescent; antebrachium; fracture; operative treatment; internal fixation;
TEN-nailing; complication
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INTRODUCTION

Forearm shaft fractures are common injuries in chil-
dren. Estimates range from 6% to 10% of all pediatric
fractures (1, 2). Most of the diaphyseal angulated
fractures of the radius and ulna in children are treated
with closed reduction and cast immobilisation (3).
Conservative treatment for unstable forearm fracture
may, however, lead to poor result in up to 50% of
patients (4). Malalignments, more than 10 degree de-
viation in any direction, displacements of the bone or
rotational failures can result in severely limited of
motion (5). Dislocated antebrachium shaft fractures
are recommended to be treated operatively with in-
tramedullary nailing or in some cases plating. Elastic
stable intramedullary nailing (ESIN), also called as
Nancy nailing was, developed in France in the late
1970s. The results of ESIN nailing have been gener-
ally good (4, 6). The titanium elastic nail (TEN Syn-
thes Paoli, PA, USA) set was developed in USA from
the ESIN nail. In Finland TEN-nails are commonly
used when treating dislocated shaft fracture in chil-
dren. Titanium nail allows appropriate plastic bend-
ing to gain fixation in the bone, while retaining suf-
ficient elasticity to resist unwanted displacement.
TEN-nail offers semi-stable fracture fixation with
rapid, biological healing and external callus. Removal
of the nail is easy and risk of re-fracture is reported
to be low (7). Also occurrence of other complications
such as wound infection, skin irritation, nerve defi-
ciency and rotational limitation has been reported
only in 14.6-16% of the operated children (8, 9). We
wanted to review and critically analyze the results of
a cohort of Finnish children treated with TEN-nailing
for dislocated antebrachium and find possible risk
factors leading to complications.

MATERIAL AND METHODS

All children with antebrachium shaft fractures which were
treated with TEN-nailing during the time period from Jan-
uary 2001 to December 2005 were included the study. This
retrospective study group was collected by using two an-
tebrachium fracture diagnoses and two operation codes. A
total of 35 patients were found. Of these 20 (57%) were boys
and 15 (43%) were girls. The age at inclusion of the children
ranged was from 5.2 years to 17.4 years with a median of
12.3. In the boys age range was from 6.5 years to 17.4 years
(median 12.3 years) and the girls” age range was from 5.2
years to 15.8 years (median 10.7 years). Sixteen (46%) of the
injuries resulted from a fall, other fractures were related to
skateboarding in seven (20%), gymnastic injury in three
(9%), football and ice hockey accident in 2 (6%) patients.
Other injury mechanisms were motorcycling, riding, roller-
skating and trampoline, one patient in each case, and there
was one hammer accident.

All the fractures were classified according to the OTA
classification (10). There were two 22-A2 type fractures
(simple radius fracture), 31 type 22-A3 fractures (a simple
fracture of both bones) and two type 22-B3 fractures (sim-
ple wedge fracture, or wedge fracture of other bone). Indi-
cation for operative treatment was instability in 24 cases,
re-fracture after earlier conservative treatment in five cases,
grade I open fracture by Gustilo-Anderson in five cases
and ulnar nerve palsy with stable forearm fracture in one

Fig 1. Dislocated antebrachium shaft fracture (22-
A3) of a nine-year-old boy.

case (Fig. 1). Thirty-three fractures were intramedullary
fixed entirely by TEN-nails. In one operation TEN-nail was
combined with plate and in another with K-wire. In four
patients only radius was fixed with TEN-nail despite both
bones being fractured. Only ulnar or radial fractures were
TEN-nailed in one Monteggia- and one Galeazzi-fractures,
respectively. In the operation theatre the patient was al-
ways positioned supine with the affected arm placed on a
radiolucent table. The radial TEN-nail was always inserted
retrogradely through a small skin incision and with blunt
dissection by protecting the superficial radial nerve. The
entry hole on cortex was drilled in proximal to physis and
TEN-nail was advanced into intramedullary canal by hand.
The ulnar TEN-nail was inserted in similar technique but
positioned antegradely from volar proximal medial meta-
physis. Both insertion points were verified under image in-
tensifier before skin incision. TEN-nails were buried under
the skin to reduce the risk of infection and cut off close to
the bone in order to avoid tenting the skin and irritation.
Operator was in either a consultant of pediatric surgery or
pediatric orthopedics. Twelve (34%) operations were man-
aged by closed reduction and open reduction was needed
in 23 (66%) cases. Operation times varied from 20 min to
155 min. Patients without complication median operation
time was 70 min and patients with complications 126 min.
Two operations took place during night time, both of the
resulted complications.

All patients were immobilised up to the first control ex-
amination (Fig. 2). Immobilisation with a long arm cast
was used in fourteen patients, short arm cast in eleven
patients and with a collar cuff in ten patients. Sports limi-
tation was advised from six to eight weeks after opera-
tion. The TEN-nails were removed at an average of 25.6
(range five to 53) weeks after the insertion (Fig. 3). Patients
with post-operative problems were followed up from 31
to 74 months, with a median of 54 months. The follow up
included radiological and clinical evaluation. Functional
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Fig 2. The antebrachium shaft fracture five
weeks after the TEN-nail fixation.

outcome was assessed clinically by comparing the operated
side to the healthy side.

RESULTS

During the follow up time 23 (66%) fractures united
without any problems. Five (14%) patients had short-
term and seven (20%) had long-term problems during
the follow up time. Complication rate was higher in
patients over 10 years (67%, mean age 14.1 years)
than in younger ones (33%, mean age 6.9 years).
Nearly all fractures were type 22-A3 (Table 1). Five
patients had problems immediately after operation
(Table 1). The first patient had several complications,
he was found to have median nerve neuropraxia al-
ready before operation and the neural symptoms
were deteriorated postoperatively. At consequent fol-
low up the symptoms persisted and the patient de-
veloped 20 degree supination deficit and finally a
re-fracture resulted from a fall before removal of
TEN-nails. The second patient suffered from post-
operative paraesthesia over the dorsum of the thumb.
However, this disappeared before second control and
the patient recovered fully. The third patient with
Monteggia fracture was treated by open reduction.
The ulna was fixed with a TEN-nail and the radius
was fixed dorsally with a single Kirschner-wire. Be-
fore the operation a partial ulnar nerve deficit was
noted and postoperatively the ongoing pain over the
ulnar nerve distribution was reported by the patient.
In the first control visit the flexor contracture was

Fig 3. The antebrachium shaft fracture seven
months after the TEN-nail fixation.

noted, which led to a referral to the hand surgeons
and a Volkmann’s ischemic contracture was diag-
nosed. Consequently, the osteosynthesis material was
removed by the hand surgeons concurrently with a
flexor release operation ten weeks after the primary
operation. During the follow up time the patient re-
covered fully. The fracture of the fourth patient was
still unstable after the operation. The short-arm cast
of the patient was changed to a long arm cast in the
first post-operative day and finally the patient recov-
ered without any additional problems. The fifth pa-
tient with complications had the ulnar TEN-nail mal-
position recognised on next day after the operation.
However, the fracture united well without surgical
intervention.

Three out of seven patients with long-term compli-
cations had pain caused by ulnar TEN-nail. Supina-
tion deficit was recognised in two patients. In one
patient 12 degree volar angulation and protruding
ulnar nail were noted five weeks after operation. The
nail was removed and the patient wore a daytime
short arm cast afterwards. Three patients had a re-
fracture before removal of TEN-nails. The first pa-
tient’s re-fracture occurred after first control follow-
ing heavy tackling in football and the patient was
operated on with new TEN-nails and casting. The
second patient’s fracture occurred three months after
primary operation resulting from a fall. In follow up
controls there was delayed fracture union. The third
patient’s radius was TEN-nailed and ulna was plated.
During the follow-up controls ulna was poorly
united. The re-fracture was treated by plating both
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TABLE 1
List of the individual complications, timing of the notification and OTA classification of the forearm fractures in pediatric patients treated
operatively.
Complications (noted at)
Patient Fracture  Pre-op Post-op 1 st control 2nd control 3rd control follow-up
number  type (<1 week) (5 weeks) (8 weeks) (12 weeks) control
1 22-A2 Median nerve Median nerve Supination Re-fracture
deficit neuropraxia deficit, delayed
fracture union
2 22-A3 Ulnar nail
end causing
discomfort
3 22-A3 Supination
deficit
4 22-A3 Ulnar nerve Ulnar nerve Volkmann’s
deficit neuropraxia ischaemic
contracture
5 22-A3 Fracture
instability
6 22-B3 Ulnar nail
end causing
discomfort
7 22-A3 12 degree volar
angulation of
radius and ulnar
nail protruding
8 22-A3 Ulnar nail Wound
causing infection
discomfort after
TEN-nail
removal
9 22-A3 Radial nerve
deficite
10 22-A3 Ulnar nail
malposition
11 22-A3 Ulnar non-union  Re-fracture
12 22-A3 Re-fracture

the radius and the ulna. The patient with ulnar TEN-
nail causing pain suffered also from wound infection
after removal of TEN-nail. The infection was treated
by oral antibiotics.

During the follow up time all these patients recov-
ered well and the functional outcome was good, in-
cluding the patient with Volkmann’s contracture. Re-
fractures were successfully treated by plating, casting
and TEN-nailing.

DISCUSSION

Up to 85% of unstable antebrachium fractures in chil-
dren can be managed by closed reduction and long
arm cast immobilisation (11). Reduction without os-
teofixation leads frequently to limited rotation of an-
tebrachium (12). Tarr et al. (1984) have demonstrated
in their cadaveric study the following connection be-
tween structure and function; angulation between
five and ten degrees at the midsaft of the ante-
brachium can lead to pronation deficit of 10% to 83%
of normal as well as supination deficit of 5% to 27%

of normal (13). Although residual angulation is gen-
erally well tolerated, there seems to be the consensus
that angular deformity >10 degrees and rotational
deformity >45 degrees are unacceptable (14, 15).
Other indications for operative treatment include
open, irreducible, pathologic or malunited fractures
or fractures with a neurovascular compromise (6, 8,
16). Compared to plate fixation, which is widely used
on adult antebrachium fractures, intramedullary nail-
ing is considered more suitable for children (17).
TEN-nailing is a minimally invasive procedure for
unstable antebrachium fractures, and it offers defini-
tive management, minimal cosmetic deformity and
easy implant removal (9, 16, 18).

Although the TEN-nailing procedure is simple and
widely used, minor complications are reported in up
to 16 % of the patients (8, 9). Most common minor
complications are skin irritation or infections at site of
the nail insertion, transient nerve injuries, slight loss
of reduction or motion and delayed unions (3, 9, 19,).
Major complications such as compartment syndrome,
permanent nerve injuries and poor technical result
leading to reoperation are seen less frequently (18).



220 A. Salonen, H. Salonen, O. Pajulo

During four years of the study we found 75 ante-
brachium fractures needing reposition under anes-
thesia. Half of these fractures needed operative fixa-
tion by TEN-nailing. Our practise with TEN-nailing
differs from that of other centres in some respects. It
seems that in our institution open reduction of dislo-
cated shaft forearm fractures is performed signifi-
cantly more frequently than in other centres. Open
reduction was needed in two out of three patients.
This rate was high compared with other studies,
where the need for open reduction varied from 5 to
29% (1, 8, 20, 21). Open or closed reduction is, how-
ever, reported to result in equal functional outcome
(22). The mean operation time on all the study pa-
tients was especially long — even double as long as
the operation time on similar patient group reported
by Weinberg et al (2008) (23). Our patients with com-
plications were operated on almost one hour longer
than those without complications. The need for open
reduction and low experience of the operator pre-
dominantly explain the long operation times. Ninety
per cent of postoperative problems reported are
caused by the sharp ends of the nails and require
sometimes shortening after primary operation (20).
Three of our patients had skin irritation at insertion
of the nails. This problem could have been avoided
by paying attention to suitable length of the nails (or
using synthetic caps). The rate of superficial radial
nerve injury is reported to be 1.2% (20). Two patients
in the present study had transient radial or ulnar
nerve injury. The nails were inserted in these cases
via a small incision, which increases the risk of nerve
irritation. Although the nerves recovered fully, this
kind of injury can be avoided by visualizing the soft
tissue and bone before inserting the nail (19).

Compartment syndrome which leads to contrac-
ture is reported in 6.7% patients undergoing in-
tramedullary nailing (8). One of our patients suffered
from Volkmann’s contracture. This patient had Mon-
teggia-fracture operated by radial K-wire and ulnar
TEN-nail. Patients who undergo multiple passes with
nail during closed reduction are at increased risk to
develop soft tissue injury and compartment syn-
drome leading to Volkmann'’s contracture. According
to Yuan et al. (2004) the fracture should be opened if
closed reduction cannot be reached within three
passes (24).

Nails require a sufficient diameter, 40% of the
smallest diameter of the medullar canal, both for ra-
dius and ulna. Tension of the two nails against one
another should be appropriate so the interosseus
membrane is tensioned. The three-point support has
to be achieved and nails must be inserted far from the
fracture line (19, 25). One fracture in our patients was
unstable after TEN-nailing. The diameter of TEN-
nails was not proper. Another patient’s TEN-nail was
not proximally in intramedullary canal. These techni-
cal problems could have been avoided by testing the
fractures under X-ray.

Prevalence of supination deficit rate is reported to
be low (26). In our series two patients had transient
supination deficit. During the follow up time both
patients gained full range of motion. Reason for the

supination deficit may be an insufficient anatomical
reduction. Volar angulation problems are reported
especially in patients treated only by casting. To pre-
vent angulation, intramedullary nailing for both
bones is recommended (27). In our series one patient
with both forearm fractures TEN-nailed had volar
angulation of radius and protruding ulnar nail. The
patient recovered fully during the follow up time.

Re-fractures occur rarely after nailing, only in 0.5%
of cases. In conservatively treated fractures re-frac-
ture rate arises up to 10% (19, 20). It is generally ac-
cepted that the fracture should be consolidated before
starting sports activity and nails should not be re-
moved before four to six months and the fracture
must be completely consolidated (20). In our study
three patients had re-fracture. We always immobilize
the operated arm with collar cuff or cast to prevent
too early mobilisation. In one case, the patient started
sports activity too early, before permission was given.
One of the patients had unusual fixation combination
of TEN-nail and plate. And the third patient with
both radius and ulna TEN-nailed had delayed frac-
ture union. Flynn et all (2010) operated two fractures
of 149 with combined intramedullary nail and plate
fixation without any complications (8). In our series
both cases operated on with TEN-nail and plate or
K-wire combination, i.e. rigid and semi rigid osteo-
fixations led to poor outcome. We do not recommend
the mixed use of different fixation methods.

In our study we found that complication rate was
higher in patients older than ten years. Same results
have been reported earlier (5, 8). Plate fixation might
be better alternative than TEN-nailing for patients
near adult age.

The question of routine elective execution of TEN-
nail is controversial. Simanouvsky et al (2006) inves-
tigated retrospectively 143 children of which 11%
were symptomatic before removal of TEN-nails. The
execution procedure resulted minor complications in
five patients (28). Raney et al (2008) reported the com-
plication rate up to 34% for implant removal surgery
in their evidence-based analysis (29). In our series all
patients went through a removal of TEN-nails; no
complications, however, occurred except one postop-
erative wound infection. In the future the need for
routine elective execution of this procedure may be
questioned. The problem may rise to some patients
who later in adulthood need surgery for the TEN-
nailed antebrachium; the implant removal is difficult
or even impossible due to bone growth.

We found that the number of minor complications
in forearm fracture treated operatively is higher than
previously reported. In our study the problem free
cases (66%) contain only fractures that did not have
any postoperative radiological or functional impair-
ment or discomfort caused by the nail. We believe
that special attention to proper surgical techniques
would reduce the rates of complications. Based on
this study, TEN-nailing with proper technique is suit-
able treatment for school age children with unstable
antebrachium fracture. It is a safe, minimally invasive
technique which allows primary and definitive man-
agement of these fractures.
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ABSTRACT

Background and Aims: Despite several potential complications of elastic intramedullary
nailing, it is currently the treatment of choice for femoral diaphyseal fractures in school-
aged children. This study aimed to critically evaluate the complications of titanium elastic
nailing in pediatric femoral shaft fractures.

Material and Methods: This study evaluated patients with a diaphyseal femoral fracture
treated with titanium elastic nailing (TEN) in Tampere University Hospital in Finland.
The study group included 32 children with a mean age of 9 years during a 5-year period,
from 1 January 2003 to 31 December 2007. Data were collected from medical records and
x-rays. Mean follow-up time was 42 months.

Results: Of 32 patients, 9 (28%) reported a postoperative complication. Complications
were associated with nail prominence in five (16%) patients and instability in four (12%)
patients. In patients with nail prominence, the titanium elastic nailing—nail ends were
unbent and 10-35 mm outside the cortex of the distal femur. The nail prominence caused
pain and delayed knee mobilization until the nail was removed after a mean time of 4
months. In patients with fracture instability, the mean titanium elastic nailing-nail/
medullary canal diameter ratio was 46% and periosteal callus formation was 5.4 mm at the
first control. In those with stable fractures, the values were 66% and 9.2 mm, respectively.

Conclusions: Based on this study, two types of pitfalls in a small volume center were
found. Titanium elastic nail ends were left unbent and too long. We recommend palpating
the nail ends to exclude nail prominence and to verify free movement of the knee after nail
cutting and bending. Fracture instability was caused by inserting titanium elastic nailing-
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nails that were too narrow. To avoid this complication, careful preoperative planning to
select the proper-size titanium elastic nailing-nails and intraoperative testing of fracture
stability under continuous fluoroscopy after the operation is advised.

Key words: Pediatric; diaphyseal femoral fracture; titanium elastic nailing; complication

INTRODUCTION

Although femoral fractures in children account for
only 2% of all orthopedic injuries, they have a signifi-
cant impact on both the patients and their families,
and the utilization of trauma resources as these frac-
tures almost always lead to hospitalization (1-3).
During the past 20 years, titanium elastic nailing
(TEN) has become the most widely used treatment for
diaphyseal femoral fractures in school-aged children
over 6 years of age (4-6). The advantages of TEN
include its minimal invasiveness and the ability for
direct mobilization to maintain joint movement and
muscle tone as well as normal circulation (7-10).
Hospitalization is usually short term and reduces the
treatment cost compared to traditional treatments for
traction and spica cast (11, 12). In addition, psycho-
logical recovery is accelerated by early resumption of
functional activity, allowing for a rapid return to
school and ordinary family life (11-14). Despite the
various advantages of TEN, however, complication
rates of up to 60% have been reported, due mostly to
incorrect operative techniques and poor patient selec-
tion (15-22). The most common reported complication
is soft-tissue irritation at the TEN entry side (15-22).
Nail prominence can lead to more serious complica-
tions such as skin breakdown; superficial or deep
infection, such as osteomyelitis; early implant removal;
and risk of re-fracture (5, 8, 9, 11, 20). Other common
complications include the inability to achieve a stabile
reduction or loss of reduction that can lead to delayed
fracture union (up to 16% of reported complications),
angular malunion, or uncommon rotational malunion
(17, 22). In the present study, we critically assessed the
complications and pitfalls associated with femoral
diaphyseal fractures treated with TEN in a limited
pediatric cohort in which the incidence of fractures
suitable for TEN is quite low.

MATERIAL AND METHODS

The study covered all children and adolescents
younger than 18 years with a diaphyseal femoral frac-
ture treated at Tampere University Hospital in Finland
during a 5-year period from 1 January 2003 to 31
December 2007. Data were collected by applying a
main diagnosis of diaphyseal femoral fracture (S572.3)
and two operation codes (NFJ60, NFJ64) from the elec-
tronic hospital registry. Information obtained from
patient files included patient age, sex, weight, injury
mechanism, and fracture type. Fractures were classi-
fied according to the Orthopaedic Trauma Association
and Gustilo-Andersson classifications. The surgical
technique for fixation and complications were recorded

from pre- and postoperative x-rays and patient records.
Fracture stability/instability was evaluated by com-
paring fracture position changes between intraopera-
tive x-rays and postoperative x-rays. Cases where the
position of the fracture was changed were considered
as instable and a cast was applied. The TEN-nail/med-
ullary canal diameter (ND/MD) ratio was evaluated.
Duration and time of day of the surgery (day/night) as
well as experience of the surgeon (resident/senior)
were collected from the patient’s surgical record. The
surgeon was considered senior after 10 years clinical
experience. The periosteal or secondary callus forma-
tion was measured from the follow-up x-rays at the
first postoperative clinical visit (46 weeks after the ini-
tial operation) before gradual limb weight-bearing per-
mission was granted. Physical exercises were forbidden
for 3 months. Nail tip prominence was recorded as the
maximum transverse distance measured from the side
of the femur to the distal tip of the nail on the anterior—
posterior or lateral radiographs. The distance of the
TENs were measured directly after the initial operation
and at the first control (mean of 4 weeks after opera-
tion). Patients were followed up from 15 to 57 months
(mean 42 months), and the follow-up included radio-
logical and clinical evaluation. Functional outcome
was assessed clinically by comparing the operated side
to the uninjured side.

A total of 102 patients with a diaphyseal femoral
fracture younger than 18 years were treated in pedi-
atric unit in Tampere University Hospital during the
5-year study period. Patients older than 16 years
were treated with stable intramedullary nailing or
plating, and patients younger than 5 years of age
were treated with a spica cast. A total of 32 patients
(mean = 6.4 fractures per year) suitable for TEN were
included in the study. Of these, 22 (70%) were boys
and 10 (30%) girls. The mean age of both boys and
girls was 9 years. Injuries were mainly related to
high-energy accidents such as motor vehicle or
snowboard accidents (21, 66%) or playground inju-
ries (9, 28%), such as falling to ground from monkey
bars in healthy children. Only two injuries (6%)
occurred following very low-energy activities, such
as stretching or walking: one in a patient with neuro-
muscular disease and another with a simple under-
lying diaphyseal femoral cyst.

RESULTS

Of 32 fractures, 23 (72%) were united without any
problems, and 9 (28%) fractures were associated with
skin irritation or fracture instability. All fractures were
considered united at the 12-week control and patients
were allowed to start free mobilization at that time.
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TABLE 1

Differences between two study groups: patients without postoperative complications and those with postoperative complications.

Patients without
complications (n = 23)

Patients with
complications (n =9)

Sex
Female/male
Mean age
Mean weight
Operator
Senior/resident
Time of surgery
Day /night
Mean operation time
Nail insertion
Retrograde/antegrade

Number of TEN-nails

Mean ND/MD ratio
Mean time of the first control
Mean width of the callus In first control

6/17
9.0 years
32 kg (17-57 kg)

18/5

22/1
90 min

23/0

In all patients, 2 TEN-
nails

66%

4 weeks

9.2 mm

4/5
9.0 years
35 kg (17-56 kg)

7/2

8/1
84 min

9/2 two extra TEN-nails
were inserted antegrade)
In 7 patients, 2 TEN-nails
In 2 patients, 3 TEN-nails
55%

4 weeks

5.3 mm

TEN-nails: titanium elastic nailing; ND/MD: TEN-nail/medullary canal diameter.

TABLE 2

Fractures divided according to the OTA classification and three study groups: patients without postoperative complications and those with

postoperative nail prominence or fracture instability.

OTA Patients without Patients with nail Patients with fracture
classification complications (n = 23) prominence (n = 5) instability (n = 4)
32-A2 6 (26%) 1 (20%) 2 (50%)

32-A3 10 (43%) 3 (60%) 1 (25%)

32-B1 3 (13%) 1 (20%) 0 (0%)

33-Al 4 (17%) 0(0%) 1 (25%)

33-A3 0 (0%) 0(0%) 0 (0%)

OTA: Orthopaedic Trauma Association.

Two same-size TENs were inserted in all fractures
except in two patients who required insertion of three
TENs. Most operations were performed by a senior
orthopedic surgeon (25, 78%).

Complications were mainly related to the ND/MD
ratio, that is, fracture instability and prominence of the
TEN at the entry site causing skin irritation and
delayed mobilization (Table 1). There was no associa-
tion between the fracture type and occurrence of com-
plication (Table 2). Two patient fractures were
classified as Gustilo-Andersson grade I and II; these
fractures united without complications.

Patients with postoperative complications included
five patients (16%) with pain or skin irritation at the
TEN entry side in the distal femur. In three of five
patients, two same-size TENs were inserted retro-
gradely, while in the other two patients, three TENs
were inserted; two same-size TENs inserted retro-
gradely and a third 1.5-mm TEN inserted antero-
gradely. The complication was observed immediately
after the operation or at the first control but did not
lead to skin breakdown or reoperation during the fol-
low-up. This complication was strongly associated

with nail ends that remained extended at the entry site
without being bent toward the side of femur (Fig. 1).
All TENs causing pain or skin irritation extended
mean 17 mm (10-35 mm) from the cortex and were left
unbent toward the skin. In all patients, pain and skin
irritation delayed knee motion and overall mobiliza-
tion until the TEN removal (mean = 4 months com-
pared with 6 months in patients with instability
problem and 9 months in patients without complica-
tions). A senior pediatric orthopedic surgeon operated
on four of the five patients.

In four patients (12%), the fractures were consid-
ered unstable after the primary operation (Fig. 2).
Fracture was considered unstable if the fracture posi-
tion was changed between intra- and postoperative
x-rays and ND/MD ratio was below 80% at the same
time. The differences between groups were considered
to be only minor, except for in the ND/MD ratio and
periosteal callus formation (Table 3). The ND/MD
ratio varied from 36% to 56% (mean 46%) and was
lower in those with unstable fractures than in the other
groups. All four patients were immobilized with an
over-the-knee cast and/or wheelchair at least until the
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Fig. 1. An 8-year-old girl with nail prominence causing pain and
skin irritation.

Fig. 2. A 10-year-old boy with postoperative fracture instability.

first control (3-5 weeks). A senior pediatric orthopedic
surgeon operated on three of the four patients.

Two of the four patients were previously healthy,
one patient had a neuromuscular disease, and the oth-
er’s fracture was caused by a simple cyst (cyst diame-
ter was as wide as the intramedullary width of femur)
in the diaphyseal femur.

The patient with neuromuscular disease required
reoperation because a TEN-nail slid out from the
intramedullary canal soon (2 weeks) after the primary
operation. The ND/MD ratio was 46%. A same-size
TEN-nail was reinserted and trimmed, but it slid out
again, producing a skin prominence. The TEN was
finally removed after 2 months. There was no problem
with the other TEN-nail, which was removed 10
months after the primary operation.

The patient with a fracture caused by the simple
cyst was immobilized immediately after the primary
operation. The ND/MD ratio in this patient was 55%.
Despite over-the-knee cast immobilization for 7 weeks
after the primary operation, a 12° varus deformity
developed and was noticed at the 3-month control,
when total bone union was recorded. A corrective
osteotomy was performed 6 months after the primary
fracture operation. There were no further complica-
tions associated with the primary fracture or correc-
tive osteotomy.

In this study, there were no complications associ-
ated with the removal of the TEN-nails.

DISCUSSION

The principal aim of this study was to critically ana-
lyze postoperative complications associated with dia-
physeal femoral fractures treated with TEN in a
limited pediatric cohort in which the incidence of fem-
oral diaphyseal fractures suitable for TEN is quite low.
The complication rate was 28%, and the two main
complications were nail prominence caused by long
unbent distal TEN ends at the insertion side and frac-
ture instability after surgery, resulting from the appli-
cation of TENs that were too thin.

Based on the literature, elastic titanium nailing is
currently the most popular operative method of fixa-
tion of femoral diaphyseal fractures in children,
despite reported complication rates of up to 60% (4, 6,
9, 16). In our study, the low complication rate of 28%
may be partly explained by the experience of the sur-
geon. On the other hand, complications concerning
the TEN technique also occurred in patients operated
on by experienced senior orthopedic surgeons.
Predictors of complications and or outcome have been
reported in several large studies from centers treating
considerable numbers of patients per year (18, 20, 22).
The most common complication associated with TEN
is pain or skin irritation at the nail insertion site caused
by a prominent nail end (19, 20). In our study, nail
prominence was the most reported complication caus-
ing pain and delayed knee mobilization. Patients with
nail irritation were in average heavier and older than
the other patients, so it is possible that the amount of
subcutis was considered by an operating surgeon to
be sufficientenough to cover unbend nail. Additionally,
inconvenience and delayed mobilization nail promi-
nence can lead to more severe complications like deep
infection or osteomyelitis after skin breakdown and
early implant removal with the risk of re-fracture (15,
19). To prevent these complications, it is recommended
that the nail ends be trimmed to 1-2 cm from the cor-
tex and unbent nails ends should be applied close to
the supracondylar flare at approximately the level of
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TABLE 3
Differences between patients without postoperative complications and those with postoperative nail prominence or fracture instability..

Patients without
complications (n = 23)

Patients with nail
prominence (n = 5)

Patients with postoperative
fracture instability (N = 4)

Mean age 9.0 years
Mean weigh 32kg
Mean ND/MD ratio 66%

Amount of nails in fracture All patients, 2 TEN-nails

The mean prominence of the 3.0 mm
TEN-nail from the cortex

Callus formation at the first 9.2 mm
clinical visit (mean 4 weeks)

Mean time of nail removal 9 months

8.9 years 10.2 years
45kg 41 kg
62% 46%

3 patient, 2 TEN-nails
2 patients, 3 TEN-nails

All patients, 2 TEN-nails

17.0 mm 2.0 mm
7.0 mm 54 mm
4 months 6 months

TEN-nails: titanium elastic nailing; ND/MD: TEN-nail/medullary canal diameter.

the physis (15, 20, 21). Technical modifications to
standardize the cut point of the nail or to improve the
nails by precurving the tip and shaft could also solve
some of the nail prominence problems (23, 24). After
skin closure, the nail ends under the skin should be
palpated while moving the knee to exclude a disturb-
ing nail prominence (21).

In our study, fracture instability was recognized
in four patients immediately after the primary oper-
ation. In these patients periosteal callus formation
was reduced (5.4 mm compared to 9.2 mm in patients
without complications) at the first control. Based on
animal studies performed by Claes et al. (25) and
Aro and Chao (26), periosteal (or secondary) callus
formation occurs faster with transverse stable frac-
tures and is delayed in unstable fractures with wide
fracture gaps. Instability, leading to a loss of reduc-
tion and malunion, is associated with the use of mis-
matched nail size as well as patients heavier than 49
kg and older than 10 years (17, 18, 21, 27). In the pre-
sent study, neither patient weight nor age exceeded
previous recommendations (17,18, 21,27). According
to Flynn and Schwend (5), to prevent fracture insta-
bility, the ND/MD ratio of the narrowest diameter of
the medullary canal should be up to 80% and both
TEN-nails should be of the same diameter. Knee
immobilization for up to 2 months with a hip—knee-
ankle—foot orthosis or cast is advisable after fracture
instability (9). In our study, patients with fracture
instability were immobilized with an over-the-knee
cast and/or wheelchair. Despite immobilization, one
patient with over-the-knee cast developed varus
deformation. Flynn et al. (9) recommend knee immo-
bilization for up to 2 months with a hip—knee—ankle—
foot orthosis or cast after fracture instability. Based
on our study, we recommend to focus on to prevent-
ing instability, instead of postoperative casting, by
selecting wide-enough TENs and testing the fracture
stability under fluoroscopy after insertion of the
TEN-nails.

In our study, all TENs were removed without com-
plications. Routine removal of TEN-nails is controver-
sial; a clear recommendation does not exist, although
the removal complication rates are reported as high as
34% (22, 28, 29). Most authors still recommend nail

removal within 1 year after the operation to prevent
difficulties in future orthopedic procedures, nail irrita-
tion or prominence problems, and so on (9). In our
study, most of the problems arise from TEN irritation.
These problems could have been avoided by inserting
the TEN-nails into the intramedullary canal and left
unremoved as rigid intramedullary nails. Giving rec-
ommendations on the subject is, however, difficult
because future risks of unremoved TEN are not known
due to lack of long-term follow-up studies.

Based on this study, the pitfalls of TEN-nailing in
pediatric surgery unit in which the incidence of femo-
ral diaphyseal fractures suitable for TEN is low are
associated with implant application and selection of
proper-size TENs. To avoid these complications, we
recommend first measuring the width of the intramed-
ullary canal preoperatively and then choosing two
wide-enough, same-size TENs. After positioning the
chosen TENSs, fracture stability should be verified
under continuous fluoroscopy and free knee move-
ment without nail prominence confirmed.
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