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Abstract
Fractures in childhood commonly lead to hospitalisation. The humerus is the second most
common bone to break, and the elbow is the most common joint to dislocate in children. Humerus
fractures occur in the proximal, shaft and distal areas. Supracondylar fractures in the distal
humerus are the most common humerus and elbow fractures, and they require operative treatment
frequently compared with other paediatric fractures.
The aim of this doctoral thesis was to study recent trends in the treatment of paediatric proximal
humerus and humeral shaft fractures. Another aim was to analyse stability and technical issues in
the lateral-only fixation method of supracondylar type-3 fractures. The incidences of paediatric
proximal humerus fractures, humeral shaft fractures and elbow dislocations were analysed, in
addition to the treatment outcomes of medial epicondyle fractures associated with elbow
dislocations.
The population-based retrospective study cohort was collected between 1996–2015 from the
databases of Oulu University Hospital. The study population was composed of 0- to 15-year-old
children and adolescents. Details of the lateral-only fixation technique of supracondylar fractures
were compared with current recommendations, and stability was studied in the retrospective
cohort. Treatment trends, changes in fracture incidences and treatment outcomes in the cohort
were analysed. The Statistics Finland database was used to define incidences.
The main outcome of the study was that the proportion of operative treatment of paediatric
proximal humerus and humeral shaft fractures increased, even though the severity of the fractures
did not change. In addition, the lateral-only fixation technique of type-3 supracondylar fractures
showed satisfactory results if the pin configuration followed the recommendation; otherwise, the
rate of redisplacement was high. Another finding showed that the incidences of paediatric
proximal humerus, humeral shaft fractures, and elbow dislocations did not change, and the results
of both operative and nonoperative treatments of the medial epicondyle fractures were
satisfactory.

Keywords: children and adolescents, elbow injuries, epidemiology, humeral shaft
fractures, humerus fractures, lateral-only fixation, medial epicondyle fractures,
paediatric fractures, proximal humerus fractures, supracondylar humerus fractures,
treatment trends

Hannonen, Juuli, Lasten olkaluun murtumat. Hoitolinjojen muutokset ja
leikkaustekniikka
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta
Acta Univ. Oul. D 1652, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Murtumat ovat yleisiä sairaalahoitoon johtavia syitä lapsuudessa. Lapsilla olkaluu on toiseksi
yleisin murtuva luu ja kyynärpää on yleisin sijoiltaan menevä nivel. Olkaluun murtumia esiintyy sen ylä-, varsi- ja alaosassa. Alaosan suprakondylaarimurtuma on yleisin lasten olkaluun ja
kyynärpään alueen murtuma, ja se vaatii usein leikkaushoitoa.
Tämän tutkimuksen tavoitteena oli tutkia muutoksia lasten olkaluun ylä- ja varsiosan murtumien hoitolinjoissa. Toinen päätavoite oli tutkia tyypin 3 suprakondylaarimurtumien lateraalipuolelta suoritettavan leikkaustavan teknisiä yksityiskohtia ja kyseisen leikkauksen jälkeistä
asennon pitävyyttä. Tavoitteena oli myös tutkia lasten olkaluun ylä- ja varsiosan murtumien sekä
kyynärpään sijoiltaanmenon ilmaantuvuuksien muutoksia ja kyynärpään sijoiltaanmenoon liittyvien sisemmän sivunastan murtumien eri hoitolinjojen tuloksia.
Tutkimuksen aineisto koostui Oulun yliopistollisessa sairaalassa vuosina 1996–2015 hoidetuista 0–15-vuotiaista lapsipotilaista. Muutokset hoitolinjoissa analysoitiin taannehtivasti. Tyypin 3 suprakondylaarimurtumien leikkaustekniikan yksityiskohtia verrattiin kirjallisuudessa
annettuihin suosituksiin, ja asennon pitävyys analysoitiin taannehtivasti potilasaineistosta. Murtumien ja kyynärpään sijoiltaanmenon ilmaantuvuudet laskettiin käyttämällä Tilastokeskuksen
ilmoittamaa väestömäärää. Sisemmän sivunastan murtumien osalta vertailtiin keskenään aineistosta ilmeneviä eri hoitolinjojen tuloksia.
Tutkimuksen päätulos oli, että lasten olkaluun ylä- ja varsiosan murtumien hoitaminen leikkauksella lisääntyi, vaikka murtumien vaikeusaste ei muuttunut. Lisäksi havaittiin, että leikkaushoidon tulokset olivat hyviä suprakondylaarimurtumien lateraalipuolen leikkaustekniikassa, jos
kiinnitykseen käytettävät metallipiikit oli asetettu suositusten mukaisesti. Tutkimuksen muita
keskeisiä löydöksiä oli, että lasten olkaluun ylä- ja varsiosan murtumien sekä kyynärpään sijoiltaanmenon ilmaantuvuus pysyi tasaisena, ja sisemmän sivunastan murtumien sekä leikkaus- että
konservatiivinen hoito tuottivat hyviä tuloksia.

Asiasanat: epidemiologia, hoitolinjat, kyynärpään vammat, lapset ja nuoret, lasten
murtumat, lateraalipuolen kiinnitys, olkaluun murtumat, olkaluun varren murtumat,
olkaluun yläosan murtumat, sisemmän sivunastan murtumat, suprakondylaarimurtumat
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1

Introduction

Most paediatric fractures have traditionally been treated nonoperatively without
surgical intervention. Paediatric fractures heal quickly, nonunions are rare, and
remodelling capacity is high in immature bones (Wilkins, 2005). Humeral bone
fractures are the second most common fractures in children, and the results of
nonoperative treatment are good (Shrader, 2007). Proximal humerus fractures
comprise approximately 2% (Fernandez, Eberhardt, Langendorfer, & Wirth, 2008)
of all childhood fractures and humeral shaft fractures 0.75–3% (Beaty, 1992;
Caviglia, Garrido, Palazzi, & Meana, 2005; Shrader, 2007). Supracondylar
fractures are the most common fractures of the distal humerus (Cheng, Ng, Ying,
& Lam, 1999; Houshian, Mehdi, & Larsen, 2001; Otsuka & Kasser, 1997) and the
most common fracture in the elbow area (Alburger, Weidner, & Betz, 1992).
Supracondylar fractures are one of the most frequently operatively treated type of
paediatric fracture, and they may be associated with nerve injuries (Babal,
Mehlman, & Klein, 2010). The elbow is the most common joint to dislocate in
children, which can be associated with a fracture (Stans & Lawrence, 2015).
Extension-type supracondylar humerus fractures are traditionally categorised
into three groups according to severity in the Wilkins-modified Gartland
Classification (Gartland, 1959). Lateral and medial epicondyle fractures are distal
humerus fractures in addition to supracondylar fractures. Medial epicondyle
fractures are the most commonly associated with elbow dislocation (Rasool, 2004;
Herring, 2002). Humeral shaft fractures can be categorised into three groups
according to the location of the fracture (Gordon, 2010). Proximal humerus
fractures can be categorised into two groups: those involving the growth plate
(Kohler & Trillaud, 1983; Lefevre, Journeau, Angelliaume, Bouty, & Dobremez,
2014) and those involving the proximal metaphysis (Dameron & Reibel, 1969;
Neer & Horwitz, 1965). The growth plate is the most fragile region of the bone. In
growth-plate fractures, the fracture line reaches the epiphyseal cartilage, which is
called the physis, or it splits it (Kohler & Trillaud, 1983; Lefevre et al., 2014).
Epiphyseal fractures can damage or change humeral bone growth because
longitudinal growth occurs in the physis (Pines & Hurwitz, 1991). A complication
of physeal fractures is physeal bridge formation, which can cause angular growth
disturbance, or growth arrest, which stops bone growth too early, causing the length
of the extremities to be uneven (Khoshhal & Kiefer, 2005).
The periosteum is metabolically active, particularly in the immature skeleton
(Beaty & Kasser, 2006; Neer & Horwitz, 1965). It is thick, especially in the
21

metaphyseal area (Waters, Skaggs, & Flynn, 2020), and it is responsible for the
thickness of the bone. Consequently, childhood humerus fractures, especially
proximal fractures, heal well, and surgical interference is rarely needed (Shrader,
2007). Problems may occur if the fracture position is very abnormal; for instance,
the angular deformity or displacement is wide, and surgical intervention is needed
to obtain a satisfactory result (Schwendenwein, Hajdu, Gaebler, Stengg, & Vecsei,
2004). Complications of an inappropriate treatment method may cause decreased
motion of the shoulder due to displacement or decreased functional performance of
the arm, shoulder and elbow (Schwendenwein et al., 2004).
Operative care as a treatment method in childhood fractures has increased
during recent decades, which has been shown in comparisons of the total number
of occurring fractures (Cheng, Ng, Ying, & Lam, 1999; Sinikumpu, Lautamo,
Pokka, & Serlo, 2012). The reasons for this phenomenon are unclear. The increase
in operative treatment has also led to the rapid improvement of surgical techniques.
Among the disputed techniques is lateral-only Kirschner-wire fixation of type-3
supracondylar humerus fractures. These fractures are usually surgically treated by
placing two or three Kirschner wires from both the medial and lateral sides of the
distal humerus. However, previous studies have focused on determining whether
Kirschner wires could be placed only on the lateral side (Sibinski, Sharma, &
Sherlock, 2006). An advantage is that lateral-only pinning has only a minor risk of
damaging the ulnar nerve, which is located on the medial side of the elbow and
might cause nerve-related complications when involved (Sibinski et al., 2006). It
has been estimated that 3–15 % of medial and lateral cross pinning is associated
with ulnar nerve damage (Brauer, Lee, Bae, Waters, & Kocher, 2007; Joiner et al.,
2014; Shim & Lee, 2002; Sinikumpu, Victorzon, Lindholm, Peljo, & Serlo, 2014;
Sinikumpu, Victorzon, Pokka, Lindholm, Peljo, & Serlo, 2016). A disadvantage of
lateral-only pinning might be less efficient stability (Herzenberg, Koreska, Carroll
et al., 1988; Mehserle & Meehan, 1991; Pirone, Graham, & Krajbich, 1988).
This study aimed to investigate recent trends in the incidence and methods used
to treat paediatric humeral fractures. The study consists of four sub-studies. In the
first and second sub-studies, the aim was to determine whether there were changes
in trends of incidence and treatment methods in paediatric proximal humerus and
humeral shaft fractures. In the third sub-study, the aim was to inspect the specific
surgical treatment method for type-3 supracondylar fractures. In particular, the aim
was to analyse the technical issues in the lateral-only pin fixation method and the
advantages and disadvantages of this surgical technique regarding the stability of
fracture position. Also, the focus was on the speciality and experience of the
22

operating surgeon, and how they affected treatment method and stability. In the
fourth sub-study, the aim was to analyse the incidence of paediatric elbow
dislocations and the treatment methods and results of the concomitant fractures,
particularly medial epicondyle fractures.
All four sub-studies were population-based and conducted in the Northern
Ostrobothnia district in Finland. The cohort consisted of patients who were treated
at Oulu University Hospital from 1996–2015. This hospital is the main paediatric
trauma centre in Northern Ostrobothnia. The number of inhabitants was based on
official data collected from Statistics Finland. The sub-studies were retrospective,
and the patients were not contacted because of the purpose of the study. All four
sub-studies were observational longitudinal studies. The third sub-study focused
on technical issues and short-term outcomes of the lateral-only fixation method in
treating paediatric supracondylar type-3 fractures. The fourth sub-study was also a
comparative study on elbow dislocations and concomitant fractures. The operative
and nonoperative treatment methods for medial epicondyle fractures were
compared. The study was conducted from 2016–2021 at Oulu University Hospital.
This doctoral thesis consists of a literature review and four sub-studies on
paediatric humerus fractures. The methods and results of the sub-studies are
presented, followed by a discussion of the findings.
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2

Literature review

2.1

Epidemiology of paediatric fractures

Injuries are the most common cause of death in > 1 year old children and
adolescents (European Commission, 2009). Fractures were the severest health
problem when infectious diseases were eliminated (Buhr & Cooke, 1959).
Paediatric injury results in 9–25% of cases of fracture (Kahl, Dortschy, & Ellsässer,
2007; Sibert, Maddocks, & Brown, 1981; Spady, Saunders, Schopflocher, &
Svenson, 2004), and 15% of visits to children’s emergency departments were
related to fractures (Naranje, Erali, Warner, Sawyer, & Kelly, 2016). In Finland, in
26% of cases, a paediatric injury leads to a fracture that requires medical attention
by a physician (Mattila, Parkkari, Kannus, & Rimpelä, 2004). In Finland, fractures
(69%) were found to be the leading cause of hospitalisation in children after injury
(Suominen et al., 2011).
The overall incidence of paediatric fractures in the urban capital area of Finland
was shown to be 1 630/100 000 (Mäyränpää, Mäkitie, & Kallio, 2010). The
majority (over 60%) of fractures have been found to occur in boys (Cooper,
Dennison, Leufkens, Bishop, & van Staa, 2004; Joeris, Lutz, Wicki, Slongo, &
Audigé, 2014; Lyons et al., 1999). Paediatric patients are defined as younger than
16 years (0–15 years). There are two peaks at the ages at which fractures happen:
10–11 years in girls and 14 years in boys. Most fractures occur during the peak of
height velocity (Cooper et al., 2004; Jones, G., & Cooley, 2002; Naranje et al.,
2016). The average age of a paediatric fracture is approximately 8–9 years (Joeris
et al., 2014; Mäyränpää et al., 2010). In 76.5% of patients, the fracture is their first.
Approximately half of children do not suffer from a fracture during their childhood
(Jones, I. E., Williams, Dow, & Goulding, 2002), but one fracture increases the risk
of another fracture in children (Landin, 1983). One in four of children, 23.5%,
suffer from a fracture more than once during their childhood, and the average age
is older in these patients (11.6 years). Among children with the first fracture, the
proportion of boys is 61%, which was found to increase to 69% in patients with
multiple childhood fractures (Mäyränpää et al., 2010).
Typical injury mechanisms in paediatric fractures are low energy traumas, such
as falls, which cause more than half of fractures (Antabak et al., 2016; Hedström,
Svensson, Bergström, & Michno, 2010; Joeris et al., 2014; Landin, 1983;
Schalamon et al., 2011). These accidents frequently happen while running or
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walking on the same level or when falling from a height (> 1.5 m) (Rennie, CourtBrown, Mok, & Beattie, 2007; Sibert et al., 1981). Low physical activity decreases
bone strength, which increases vulnerability to fractures. However, high physical
activity levels increase the risk of injuries (Clark, Ness, & Tobias, 2008; Ma &
Jones, 2003). Compared with girls (27–40%), boys are at a higher risk for fractures
during childhood (42–64%). The risk varies according to age in childhood and
adolescence (Brudvik & Hove, 2003; Cheng, Ng, Ying, & Lam, 1999; Cooper et
al., 2004; Gallagher, Finison, Guyer, & Goodenough, 1984; Landin, 1983; Landin,
1997; Lyons et al., 1999). The risk for fracture in children also varies according to
season, climate, country, culture and environment.
The incidence of paediatric supracondylar fractures was found to decrease to
20.3% of the total incidence on rainy days. Dry days increased the risk of
supracondylar fracture in children 3.5-fold (Sinikumpu, Pokka, Hyvönen, Ruuhela,
& Serlo, 2017). The same study suggested that warm weather (15–24.9°C)
increased the risk of a paediatric fracture 2.6-fold compared with colder days. In
Norway, at the time of the first snow in November, fracture incidence peaked, and
it was the lowest in July and December (Randsborg et al., 2013). Overweight
increases the risk of a fracture (Joeris et al., 2014). The World Health Organization
(WHO) compiles statistics on body mass index (BMI) for every age of both genders
in children. Overweight in 5- to 19-year-old children is defined as BMI-for-age
greater than 1 standard deviation (SD) above the WHO Growth Reference median
and obesity is BMI-for-age greater than 2 SDs above the WHO Growth Reference
median (World Health Organization, 2021). Higher BMI in children has been
associated with a higher risk of foot, ankle, leg and knee fractures (Kessler,
Koebnick, Smith, & Adams, 2013). In 8–10-year-old girls with forearm fractures,
weight has been reported to be higher compared with age- and gender-matched
controls (Goulding et al., 1998).
The incidence of paediatric fractures increased in Finland from 1967
(1 590/100 000) to 1983 (1 960/100 000) (Table 1). In contrast, the incidence
decreased from 1983 to 2005 (1 630/100 000). The number of foot, leg and hand
fractures decreased, but upper arm fractures, especially forearm fractures,
increased by one-third during that period (Mäyränpää et al., 2010). The
international incidences of paediatric fractures are shown in Table 1. The incidence
of paediatric fractures in Sweden increased two-fold from the 1950s to 1979
(Landin, 1983). However, during the next two decades, there was no further
increase. In contrast, there was a 9% decrease in the incidence (1 930/100 000)
(Tiderius, Landin, & Düppe, 1999). From 1998–2007 in Umeå, the incidence of
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paediatric fractures rose by 13% to 2 010/100 000 (Hedström et al., 2010). In
Estonia, there was an increase of approximately 40% in the incidence of fractures
in both boys and girls from 1998–2008, and the upper limb was the most common
fracture site (Maasalu, Raukas, & Märtson, 2009).
Table 1. Annual incidences of paediatric fractures in different countries and regions.
Country / Region, Reference

Study period Age group in

Annual

Annual upper-

Annual

years of age

fracture

extremity

humerus

incidence

fracture

fracture

/100 000

incidence

incidence

/100 000

/100 000

1 190

123

1 079

149

206

55

Finland
(Louhimo & Gripenberg, 1969)

1967

0–14

(Honkanen, 1984)

1983

0–14

1 590
1 960

(Mäyränpää et al., 2010)

2005

0–15

1 630

Sweden
(Landin, 1983)

1950–1979

0–16

2 120

(Tiderius et al., 1999)

1993–1994

0–16

1 930

(Hedström et al., 2010)

1993–2007

0–19

2 010

1992–1995

0–12

1 280

1998

0–15

2 450

2010–2011

0–16

1 801

1990–1997

0–17

1 331

1996

0–14

3 610

Norway
(Kopjar & Wickizer, 1998)
(Brudvik & Hove, 2003)
(Randsborg et al., 2013)
Great Britain, (Cooper et al., 2004)
Wales, (Lyons et al., 1999)
Scotland, (Rennie et al., 2007)
Ireland, (Baig, 2017)
Romania, (Adam et al., 2020)

2000

0–15

2 020

2015–2016

0–17

2 923

2018

0–18

-

Hong Kong, (Cheng et al., 1999)

1986–1990

0–16

450

USA, (Wolfe et al., 2019)

2006–2009

0–4

1 170

In Hong Kong, the incidence of paediatric fractures did not change from 1985–
1995 (450/100 000) (Cheng, Ng, Ying, & Lam, 1999). In Great Britain, the
incidence did not change between 1990 and 1997 (1 331/100 000) (Cooper et al.,
2004). In Great Britain, the incidence of humerus fractures was 149/100 000
(Cooper et al., 2004). In Norway, the total fracture incidence in children was
1 280/100 000 from 1992–1995 in children between 0–12 years of age (Kopjar &
Wickizer, 1998). In 1998, it was 2 450/100 000 in children and adolescents aged
0–15 years (Brudvik & Hove, 2003). From 2010–2011, it was 1 801/100 000
(Randsborg et al., 2013). In 1996, the paediatric fracture incidence in South Wales
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was 3 610/100 000 (Lyons et al., 1999). In 2000, the incidence in Scotland was
2 020/100 000 (Rennie et al., 2007). In Ireland, the incidence of fractures in
children and adolescents 0–17 years was 2 923/100 000 from 2015–2016, and
distal humerus fractures were the second most common injuries (13.9%) (Baig,
2017). In the US, the fracture incidence in 0–4-year-old children was
1 170/100 000, and humerus fractures and forearm fractures were the most
common (Wolfe, Wolfe, Banaag, Tintle, & Perez Koehlmoos, 2019). In Romania,
the nationwide incidence of upper-extremity fractures in children and adolescents
0–18 years was 206.02/100 000 in 2018; in the upper arm, the fracture incidence
was 54.83/100 000 (Adam et al., 2020). In Germany, the incidence of humerus
fractures (i.e., proximal, shaft and distal) remained stable or decreased from 2002–
2017 in 0–19-year-old patients (Körner, Gonser, Bahrs, & Hemmann, 2020).
In Finland, operative treatment for paediatric fractures has increased. From
1997 to 2006, the proportion of fractures treated in hospital increased by 13.5%
from 319/100 000 to 362/100 000. Upper-extremity fractures accounted for the
largest increase in fractures that required surgery (28%). The number of forearm
fractures increased notably by 62%, and humerus fractures increased by 18%.
(Helenius, Lamberg, Kääriäinen, Impinen, & Pakarinen, 2009). In Hong Kong, the
operative treatment of supracondylar fractures increased from 4.3% to 40% from
1985 to 1995 (Cheng, Ng, Ying, Lam, 1999) and in Finland from 32.6 % to 51.8 %
from 2000 to 2009 (Sinikumpu, Pokka, Sirvio, & Serlo, 2017).
2.2

Paediatric fractures

Fractures are common in children and differing from those in adults (Buhr &
Cooke, 1959), they have specific characteristics. The paediatric periosteum is thick
and strong and will not break as easily as in adults. The periosteum bends and stays
intact in children compared with adults and might even assist in repositioning the
fracture (Kasser & Beaty 2006). It provides the blood supply to bones and is
metabolically more active than in adults, allowing for the rapid healing of fractures
and faster growth of bone thickness (Beaty & Kasser, 2006). The inner layer of the
periosteum, the cambium layer, is a source of cells that support bone formation and
fracture repair (Waters et al., 2020). These are mesenchymal skeletal progenitor
cells, which develop into chondrocytes and osteoblasts at the time of the fracture
(Colnot, 2009).
Torus, greenstick and bowing fractures are typical bending injuries in children.
They occur in immature bones, in which the breaking of the cortex at its full
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thickness is less usual (Chasm & Swencki, 2010). During growth, the mineral
content in the cortical bone is lower (Mabrey & Fitch, 1989), causing more
flexibility and bending in paediatric bones compared to adult bones (Chasm &
Swencki, 2010). Bones are more vulnerable to bending than breaking in children
because of calcified cartilage compositions (Atanelov & Bentley, 2020). Ligaments
and tendons are strong in children, and avulsion type fractures occur more
frequently in children than in adults (Ghanem & Rizkallah, 2018; Popkin, Levine,
& Ahmad, 2015; Vannabouathong, Ayeni, & Bhandari, 2018). In immature bones,
the epiphyseal growth plates are soft and weak, and during the peak of height
velocity, they are more exposed to injuries (Drake, Vogl, & Mitchell, 2015).
Therefore, traumas can cause a slip or tear of the growth plate (Peterson, 2007).
Other fracture types that also occur in adults are complete fractures: transverse,
oblique, spiral, butterfly and comminuted. These fractures can be closed or open,
depending on damage to soft tissue.
Clinical symptoms of a fracture in a child, depending on age, are crying,
complaining of pain, protection of the injured limb, or refusing to move or use the
limb (Atanelov & Bentley, 2020). Decreased range of motion, pain at palpation,
malposition or deformity, redness, oedema and ecchymosis are typical findings.
Puckering, skin tenting and signs of soft tissue or neurovascular damage, such as
pulselessness, are rarer but more severe (Ho, Podeszwa, Riccio, Wimberly, &
Ramo, 2018; Noonan & Price, 1998).
Fracture diagnosis is confirmed by radiographs taken from two different
projections. Other imaging methods are computed tomography (CT),
ultrasonography (US) and magnetic resonance imaging (MRI), which are, however,
not usually primary imaging methods but are utilised to characterise the pathology.
CT radiation is high and notably harmful to the immature body although it is an
excellent method for imaging severely injured patients and determining the degree
of fracture difficulty. It can be useful in designing surgical treatment or in
delineating loose fragments from the cortex or cortical breaks. Compared with CT,
US is a safer method because it avoids radiation and sedation of the child and can
be used to examine the elbow in detail. US permits assessment of the secondary
ossification centres and congruency of the elbow joint (Kim & Gauguet, 2018). In
injuries associated with tendon rupture, MRI might be required because it works
well in imaging soft tissues, such as ligaments, tendons and muscles. MRI is also
excellent for imaging cartilaginous structures, such as articular surfaces, secondary
ossification centres, physeal injuries and osteochondral lesions (Kim & Gauguet,
2018).
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Classification systems for paediatric fractures include gradings of fractures
based on the location and type. A widely used detailed classification system for
paediatric long-bone fractures is the Arbeitsgemeinschaft für Osteosynthesefragen
(AO) classification (Slongo, Audigé, & AO Paediatric Classification Group, 2007).
There are also bone and fracture specific gradings, such as the Gartland and Wilkins
Classification for supracondylar fractures (Gartland, 1959). Salter and Harris
(Salter-Harris) and Peterson’s classifications are for growth-plate fractures (Salter
& Harris, 1963; Peterson, 1994). These classification systems are useful in clinics,
while the treatment method depends on the fracture type. Furthermore, a widely
accepted classification system aids clinicians, such as in communicating with each
other about a fracture.
2.2.1 Typical fractures in immature skeletons
Torus fracture
Torus fractures are common in children. They are also called buckle fractures,
which are bone expanding fractures. In torus fractures, the cortex does not breach,
but it is a combination of plastic deformations and a complete fracture. The fracture
is a result of an external compression force. The characteristic location is in the
transition area from the metaphyseal bone to the shaft (Light, Ogden, & Ogden,
1984). They typically occur between the ages of 7 and 12 years (Baig, 2017). The
periosteum is intact, and there is no displacement (Pajulo, 2006). The treatment
goal is to make the patient feel comfortable and as free of pain as possible; two to
three weeks are usually enough for splinting or casting (Asokan & Kheir, 2021)
although immobilisation is not recommended in some cases to avoid joint stiffness
(Jiang, Cao, Ma, Lin, & Yu, 2016).
Bowing fracture
Bowing fractures are stable. Immature bone absorbs more trauma energy than adult
bone because of its plasticity (Mabrey & Fitch, 1989), and plastic deformations
lead to multiple microfractures through the long bone and finally to the bowing of
the bone. Immobilisation is rarely required because the worsening of alignment is
unlikely to take place. Bowing fractures are easily underdiagnosed because no clear
discontinuity on the bone cortex is shown on radiographs. Spontaneous
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remodelling of bowing fractures is unreliable in children because of multiple micro
fractures along the shaft area (Vorlat & Boeck, 2003). Closed reduction under
general anaesthesia might be needed in cases with prominent angular deformity
(Slongo, 2005). However, reduction is hard to perform because of the stability of
the bone, despite bowing.
Greenstick fracture
Paediatric bone is more elastic than adult bone because of its lower mineral density
and thinner cortices but thicker and stronger periosteum. Greenstick fractures are
incomplete fractures in the shaft of long immature bones (Drake et al., 2015). As a
result of traction, the other cortex characteristically has a fissure, while the opposite
cortex has a torus fracture caused by compression (Atanelov & Bentley, 2020;
Randsborg et al., 2013). The injury mechanism in upper-extremity greenstick
fractures is usually a fall on an outstretched arm, but it can also result from another
injury or trauma. Immobilisation and casting are required in all greenstick fractures.
Orthopaedic follow-up is necessary. Greenstick fractures are unstable, and the risk
of refracture and displacement is elevated (Noonan & Price, 1998).
Growth-plate fractures
The growth plate, which is also known as the physis or epiphyseal plate, is located
at the end of an immature long bone between the epiphyseal and metaphyseal areas.
Bone fractures in childhood can injure the growth plate. Cartilage tissue in the
epiphyseal plate area is a transition zone between calcified and noncalcified areas.
Because the epiphyseal plate is softer than the bone tissue around it, it is a weak
point that is more vulnerable to injuries in immature skeletons (Cepela, Tartaglione,
Dooley, & Patel, 2016; Drake et al., 2015; Shaw et al., 2018). The longitudinal
growth of the bone can slow down or stop too early because cartilage injury
stimulates the closure of the growth plate (Tortora & Derrickson, 2007). An injury
can result in the development of a bony bar inside the physis, which happens when
layers of chondrocytes in the epiphyseal plate are damaged and bone tissue starts
to replace the area of the cartilage zones, connecting the epiphysis and the
metaphysis. If the bony bar is located on the lateral or medial side of the epiphyseal
plate, longitudinal growth may continue normally from the opposite side, resulting
in asymmetric growth arrest and angular deformity to the arm (Cass & Peterson,
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1983). Bony bars inside the physis may also cause complete growth arrest to the
bone (Shaw et al., 2018).
Growth-plate fractures are identified according to the Salter-Harris (SH)
classification. The SH classification includes five different groups from I to V
based on the anatomical location of the fracture in the epiphyseal area (Salter &
Harris, 1963). In SH type I fractures, the fracture line goes through the physis,
separating the epiphysis and metaphysis. SH type II fractures are the most common
growth-plate fracture. The fracture line enters through the physis but exits through
the metaphysis. The separated metaphyseal fracture fragment is called a ThurstonHolland fragment. SH type III fractures also enter through the physis but exit
through the epiphysis. In SH type IV fractures, the fracture line goes from epiphysis
to metaphysis, crossing the physis. SH type V fractures are crush fractures
involving the physis. In this type of injury, the risk of growth arrest is the highest
(Brown, J. H. & DeLuca, 1992; Cepela et al., 2016; Meyers & Marquart, 2021;
Shaw et al., 2018). The Peterson classification supplements the SH classification
with two more types (Peterson, 1994), but the SH classification is the most
frequently used. According to Peterson’s classification of type I growth-plate
fractures, the fracture line begins in the metaphyseal area and extends to the physis.
Peterson types II–V are equivalent to SH I, II, III and IV. However, in Peterson type
VI, there is an epiphyseal loss, which may also include a loss of the articular surface
(Beaty & Kasser, 2006).
Avulsion fractures
The possible locations of avulsion fractures in paediatric humerus are the lesser
tuberosity, greater tuberosity, and the medial and lateral epicondyles
(Vannabouathong et al., 2018). An avulsion fracture occurs in the case of an intense
muscle contraction, which produces enough force to tear the bony attachment area
off the bone. The insertions of muscles are mechanically weak in the skeleton of
children and adolescents (Marti & Brunner, 1973; Zsedényi & Arató, 1967). If the
avulsion fragment is not attached back to the bone, it can lead to nonunion,
malunion, pain and loss of function (Vannabouathong et al., 2018).
2.2.2 Complete fractures
Because paediatric bones are flexible and the periosteum is thick, an immature bone
typically results in bending fractures in cases where a mature bone breaks
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(Atanelov & Bentley, 2020). Both cortices are broken in complete fractures, and
displacement or angulation between fragments may occur. Complete humeral
fractures occur in the paediatric proximal physis, metaphyseal area, shaft and
supracondylar area, as well as in avulsion fractures of the medial and lateral
epicondyles.
Transverse fracture
A transverse fracture line crosses the bone perpendicularly or in less than a 30°
angle to the axis (International Comprehensive Classification of Fractures and
Dislocations Committee, 2018). The bone tissue is broken on its total thickness.
The fracture mechanism usually includes an excessive external force perpendicular
to the axis. From the direction of the external force, the periosteum usually breaks,
but from the opposite side, it may stay intact, which creates a periosteal hinge
between the fracture fragments and influences the treatment method and followup.
Oblique fracture
An oblique fracture results from the axial pressure of the bone, which also shatters
the periosteum. The oblique fracture line forms an angle that is ≥ 30° to the bone
axis (International Comprehensive Classification of Fractures and Dislocations
Committee, 2018). Shortened bone needs reduction by direct pulling. An oblique
fracture is unstable and often requires surgical fixation.
Spiral fracture
A spiral fracture is created by a torsional force. The periosteum often remains
unbroken in its longitudinal domain. Reduction back to its normal position can be
performed by rotation of the distal fracture fragment. However, a spiral fracture
can be unstable even after reduction.
Butterfly fracture
In a butterfly, or wedge, fracture, the bone has broken in more than two pieces.
There are two fracture lines instead of only one. Between the proximal and distal
fragments are an independent loose wedge fragment, which can be intact or
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fragmented (International Comprehensive Classification of Fractures and
Dislocations Committee, 2018). The trauma mechanism includes axial
compression, torsion and bending of the bone. Because there are several fracture
lines, the fracture is unstable, and the periosteum is considerably damaged.
Nonoperative treatment with three-point pressure casting can be used, but the risk
of redisplacement is elevated. This fracture type can occur in the humeral shaft.
Comminuted fracture
In a comminuted fracture, the two ends of the main fracture fragments are split into
smaller fragments that are located between the two main fragments. These fractures
are also called multifragmentary fractures (International Comprehensive
Classification of Fractures and Dislocations Committee, 2018). The fracture results
from high-energy trauma and usually requires surgical fixation. Because of bone
plasticity, this fracture is more common in adults than in children.
Open fracture
In an open fracture, one of the broken bone fragments protrudes through the skin,
or an external factor breaks the skin close to the fracture. The dislocation between
fracture fragments is often significant, and the trauma mechanism is usually severe.
The trauma energy is often high, and in addition to bones, the surrounding tissues
might be damaged, causing associated disability. Because the skin is broken, the
wound is prone to bacterial infections, and prophylactic antibiotics are indicated
(Pan, Widner, Chau, & Hennrikus, 2021). In addition to infection, open fractures
increase the risk of compartment syndrome, neurovascular injuries, and nonunion
(Stewart, Kay, & Skaggs, 2005).
2.3

Basic principles of treating paediatric fractures

Relieving pain is one of the most important objectives in treating paediatric
fractures (Kraus & Wessel, 2010). Temporary immobilisation of the injured limb is
effective in pain relief. Analgesics are often required, and nonsteroidal antiinflammatory drugs (NSAID) have shown satisfying results in children (Drendel et
al., 2009). Paracetamol and opiates are also used to relieve pain (Furyk, Grabowski,
& Black, 2009; Mahar, Rana, Kennedy, & Christopher, 2007; Shepherd & Aickin,
2009). General anaesthesia is often used in performing painful reduction and
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correction of malalignment in paediatric patients (Kraus & Wessel, 2010).
Intravenous or inhalation sedation, such as by using nitrous oxide, can also be used
in fracture reduction in emergency rooms, depending on the institution’s practice.
Treatment can be either nonoperative or operative, which is defined by the
extent of primary displacement and the patient’s age, as well as the location and
stability of the fracture (Slongo, 2005). Nonoperative treatment is usually the
method of choice in paediatric fractures. However, in treating displaced paediatric
fractures, it is essential to identify the patient’s growth prognosis and estimate both
the potential of spontaneous correction and the risks of growth disorders and other
complications (Wilkins, 2005). The goals are to realign the fracture fragments,
immobilise the fracture to maintain the position and restore function. The fracture
can be immobilised by a cast, sling, splint, elastic bandage, external fixator, or their
combination. Reduction before immobilisation can be required to achieve an
acceptable position between the fracture fragments and enable callus formation.
Closed reduction is performed by manual manipulation, bringing the fracture
fragments closer to each other and keeping the skin intact. Sometimes an open
reduction is needed to bring the fracture fragments together. Open reduction might
be required in fractures associated with growth plates or joint surfaces (Kraus &
Wessel, 2010).
Growth plates are responsible for the longitudinal growth of the bones,
contributing unequally depending on the bone and location. Paediatric shaft
fractures will not heal as fast as fractures close to the growth plate. The paediatric
periosteum is more active, fracture healing is faster, and there is higher remodelling
potential than in adult bone. These factors lead to the special characteristics of
paediatric fracture treatment. Fixation material might be needed in surgical
procedures, and both smooth pins and wires are commonly used in paediatric
fractures. Kirschner wires (K-wires) are often used in paediatric fractures, in both
closed and open reduction, especially in the metaphyseal area. K-wires are narrow,
and they will not damage the growth plate by disturbing the growth (Beaty &
Kasser, 2006). In addition to K-wires, screws and plates can be used in fractures
close to the joint in adolescents, but they should not penetrate the growth plate.
Plates are also used to support the bone in cases of comminuted fractures.
Intramedullary nails or rods can be used in shaft fractures, and an external fixator
can be used in fractures with soft-tissue damage or in longitudinally unstable
oblique, spiral or multifragmentary fractures (Kraus & Wessel, 2010) (Table 2).
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Table 2. Immobilisation and fixation methods used in treating paediatric humerus
fractures.
Treatment

Radiological findings

Example of the humerus fracture

Acceptable degree of deformity.

Proximal humerus, Humeral shaft

Nonoperative
Collar-and-cuff bandage, arm
sling
Functional arm bracing

Humeral shaft

Coaptation splint

Humeral shaft

Plaster cast

Proximal humerus, Humeral shaft

Operative
Kirschner wires

Unstable metaphyseal fractures.

Proximal humerus,
Supracondylar, Medial epicondyle

Screw fixation

Epiphyseal fractures, physeal

Proximal humerus, distal

separations with metaphyseal

epicondyle and condyle

wedge after exact reduction.
ESIN1

Transverse and greenstick

Humeral shaft, proximal humerus

fractures
External fixator

Longitudinally unstable shaft

Humeral shaft

fractures, for example with
butterfly fragments.
Fractures with severe soft-tissue
injury.
Plate fixation

Fractures close to the joint in

Proximal humerus, distal

adolescent patients, comminuted humerus
fractures.
Medullary or locking nail

Diaphyseal fractures in

Humeral shaft

adolescents.
References: (Caviglia, 2005; Furlan et al., 2011; Kraus & Wessel, 2010; Pajulo, 2006, Qidwai, 2000;
Sahu, 2013; Slongo, 2008), 1 Elastic stable intramedullary nailing

2.4

Anatomy of the arm

The upper extremity consists of the clavicle, arm, forearm and hand. The humerus
gives skeletal support to the arm between the glenohumeral and elbow joint. The
glenohumeral joint is a synovial ball and socket joint, which allows the arm a wide
range of motion. The humeral head is connected to the clavicle, scapula and body
wall through the pectoralis major, pectoralis minor, latissimus dorsi, teres major
and deltoid muscles. The rotator cuff muscles are important in keeping the
glenohumeral joint stable by connecting the scapula and humerus. The long head
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of the biceps brachii muscle, related bony processes, and extracapsular ligaments
provide stability to the joint.
The muscles in the arm are divided into anterior and posterior compartments
surrounded by fascia. The flexor muscles are situated in the anterior compartment,
and the extensor muscles are located in the posterior compartment. Between the
compartments are the humerus and medial and lateral intermuscular septa, which
attach the humerus to the deep fascia.
The veins and nerves in the upper extremity enter through the axillary inlet.
The plexus brachialis is responsible for the innervation of the arm. The plexus
brachialis is divided into axillary, musculocutaneous, median, radial and ulnar
nerves. The axillary nerve passes around the surgical neck of the humerus together
with the posterior circumflex humeral artery and innervates the deltoid muscle. The
musculocutaneous nerve innervates all the flexor muscles. The median nerve
innervates most of the flexors in the forearm, and the radial nerve innervates all the
extensor muscles in the arm and forearm. The radial nerve passes diagonally around
the posterior surface of the humeral shaft in the radial groove together with the
profunda brachii artery. The axillary and radial nerves are responsible for the arm’s
skin innervation. The ulnar nerve innervates the hand and passes through the medial
epicondyle.
The axillary artery is the main supplier of blood to the upper limb. It originates
in the subclavian artery and enters the brachial artery. Anterior and posterior
circumflex arteries are divided from the axillary artery, supplying blood to the
shoulder and proximal humerus area. The profunda brachii artery lies on the medial
side of the proximal arm and moves to a midway position when it reaches the distal
arm; it is located between the epicondyles in the distal end. The humeral nutrient
artery passes through a foramen in the anteromedial surface of the humeral shaft.
Subcutaneous basilic and cephalic veins deliver blood from the upper limb to the
axillary vein (Drake, Vogl, & Mitchell, 2015).
2.4.1 Humerus
The proximal end of the humerus consists of the head, which is part of the shoulder
joint, the anatomical neck, the greater and lesser tubercles, the surgical neck and
the proximal end of the humeral shaft. In the paediatric humerus, the proximal part
consists of the epiphysis and metaphysis, between which is the growth plate (Figure
1). The surgical neck is in the metaphyseal area, which is inferior to the epiphyseal
plate. The tubercles provide attachment sites for the rotator cuff muscles. The
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intertubercular sulcus (i.e., bicipital groove) is situated between the tubercles, and
the tendon of the long head of the biceps brachii passes through it.

Fig. 1. The humerus bone. Anatomical structures are marked. Epiphyseal, metaphyseal
and diaphyseal (shaft) areas are shown.
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The humeral shaft, or diaphysis, is triangular shaped in cross section. It has anterior,
lateral and medial borders and anterolateral, anteromedial and posterior surfaces.
The proximal end of the lateral head of the triceps brachii muscle is inserted into
the posterior surface, which is inferior to the surgical neck. The lateral
intermuscular septum is attached to the lateral border, and the medial intermuscular
septum is attached to the medial border.
The distal humerus includes the metaphysis and epiphysis areas. The bone is
flattened in the anteroposterior plane starting in the metaphyseal area. The borders
enlarge to the medial and lateral supraepicondylar ridges. The distal epiphyseal area
includes a condyle, two epicondyles, and three fossae. The condyle consists of two
articular parts: the capitulum and trochlea. The trochlea articulates with the
olecranon of the ulna. Superior to the trochlea and capitulum are the lateral and
medial epicondyles. The medial epicondyle is easily palpable on the medial side of
the elbow. Forearm muscles from the anterior compartment are attached to it. The
ulnar nerve passes around the posterior surface of the medial epicondyle, and it is
palpable against the bone. The muscles in the posterior compartment of the forearm
are attached to the lateral epicondyle. Three fossae—radial, coronoid and
olecranon—are located superior to the trochlea and capitulum. They allow
movements of the bones in different elbow projections. Because of the depressions,
the bone is narrowed from this distal area and is vulnerable to injuries (Drake et al.,
2015).
2.4.2 Elbow
The elbow is a complex joint. It consists of three different bones, the humerus, ulna
and radius, and it has three different articulations. Movement is allowed in three
planes. Extension and flexion movements of the elbow are allowed by the
ulnohumeral articulation. Radial-humeral articulation is responsible for the
pronation and supination movement of the forearm together with the proximal
radio-ulnar joint (Herring, 2002; Drake et al., 2015).
Three fossae in the distal end of the humerus are overlaid by fat pads. The fat
pads adapt during the extension and flexion movement of the elbow, which is due
to the brachialis and triceps brachii muscles. These attachments pull the fat pads
aside when the opposite bony processes move into the fossae (Drake et al., 2015).
The articular capsule surrounds the joint by attaching to the distal humerus,
especially the medial epicondyle and olecranon and coronoid process of the ulna.
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The fibrous membrane creates lateral and medial collateral ligaments, which
promote the extension and flexion movements of the elbow.
Blood to the elbow area is supplied by the anastomotic network of collateral
and recurrent branches of the brachial, profunda brachii, radial and ulnar arteries.
Innervation is mainly from branches of the radial and musculocutaneous nerves.
Some innervation may be due to branches of the ulnar and median nerves (Drake
et al., 2015).
Ulnohumeral dislocation can occur in the posterior, anterior, medial or lateral
directions (Figure 2), or it can be a combination of these (Rasool, 2004; Sofu,
Gursu, Camurcu, Yildirim, & Sahin, 2016). In a posterior dislocation, the olecranon
is dislocated in the posterior direction from the distal humerus.
The paediatric elbow has six secondary ossification centres, and fracture
identification can be challenging in this area (Drake et al., 2015; Waters, 2006).
Secondary ossification centres appear in different ages: capitellum at
approximately one year, radial head at approximately 5 years, medial epicondyle at
approximately 5 years, trochlea at approximately 11 years, olecranon at
approximately 12 years and lateral epicondyle at approximately 13 years of age.
2.5

Development and histology of the humerus

Bone tissue is a hard and durable material. Depending on the anatomic location and
surrounding attached soft tissue, it can bear heavy burdens and impacts. Together
with the skeletal muscles, bones enable movement by providing an attachment
surface for the muscles. Bone tissue repairs and replaces itself throughout the
lifetime (Tortora & Derrickson, 2007). The skeleton stores minerals, such as
calcium and phosphate, and releases or binds them in the blood (McKee & Cole,
2012).
Ossification (i.e., osteogenesis) is the process of forming bones. Human
embryos have skeleton-like structures consisting of loose mesenchymal cells and
providing the model of bones for later ossification. Ossification occurs by two
different methods depending on the anatomical location. In intramembranous
ossification, the pre-existing connective tissue is replaced directly within
mesenchyme arranged sheetlike layers, which resemble membranes. (Tortora &
Derrickson, 2007). In endochondral ossification, the hyaline cartilage develops
from the mesenchyme and forms the bone. Endochondral ossification is the method
of long bone development (Nasoori, 2020).
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Fig. 2. The elbow and its different ulnohumeral dislocations: posterior, anterior, medial,
and lateral directions. Dislocation can also be a variation of these directions. The medial
epicondyle, which can be fractured due to dislocation, is also shown.

2.5.1 Endochondral ossification
In human embryos, pluripotent stem cells differentiate to mesenchymal stem cells
and then to cartilage-forming chondrocytes. In response to specific chemical
signals, chondrocytes gather to form an embryonic cartilaginous model of most
human bones. Chondrocytes start secreting extracellular matrix, collagen II and
aggrecan (Feldman, 2008). In interstitial growth, the cartilage model grows in
length, consisting of hyaline cartilage surrounded by the perichondrium. The
perichondrium produces new chondroblasts, and the model thickens from the sides
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by appositional growth. The chondrocytes start to overgrow, causing the
surrounding extracellular matrix to calcify, and the chondrocytes result in apoptosis
(Tortora & Derrickson, 2007). The chondrocytes signal blood vessels to fill the
developing bone and perichondral cells to differentiate to osteoblasts (Feldman,
2008). The nutrient artery penetrates the calcifying cartilage model, and the
perichondrium is turned into the periosteum. Periosteal capillaries infiltrate the
decomposing calcified cartilage and induct the growth of a primary ossification
centre. Bone tissue replaces the cartilage, while osteoblasts create spongy bone
trabeculae that continue towards the ends of the bone. The osteoclasts form the
medullary cavity, and the wall of the shaft is replaced by compact bone (Tortora &
Derrickson, 2007).
After birth, secondary ossification centres begin to develop (Feldman, 2008).
In the distal end, the paediatric humerus has four secondary ossification centres,
which typically appear together with the skeletal muscles. At four and 10 months,
two secondary ossification centres appear in the proximal humeral head: the medial
head and greater tuberosity. The proximal ossification centres unite and start to
resemble the shape of the humerus at three years (Kwong, Kothary, & Poncinelli,
2014). Ossification in secondary centres is similar to prenatal ossification, but the
epiphyseal area remains filled with spongy bone tissue, and the ossification occurs
in the outward direction. The hyaline cartilage on the surface turns into the articular
cartilage. The hyaline cartilage remains between the epiphyseal and metaphyseal
areas, forming the epiphyseal plate (growth plate) and allowing the lengthwise
growth of the humerus during childhood (Maes & Kronenberg, 2012).
2.5.2 Bone growth in length
During childhood, long bones are lengthened by interstitial growth from the
epiphyseal plates, which is regulated by endocrine signals (Nilsson, Marino, De
Luca, Phillip, & Baron, 2005). Thickening of the bones occurs from the periosteum
by the method of appositional growth. The epiphyseal plate consists of four zones:
resting zone, proliferating zone, hypertrophic zone and calcified zone, in that order
from the epiphysis (Cepela et al., 2016). In addition, the epiphyseal stem cell niche
is located above the resting zone, which is formed of chondro-progenitors and
occurs simultaneously with the secondary ossification centre (Newton et al., 2019).
Epiphyseal stem cells transdifferentiate into different cellular populations in the
skeleton (Chagin & Newton, 2020). The groove of Ranvier is located on the side
of the metaphysis, which supports growth and consists of osteoblasts, fibroblasts
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and chondroblasts (Meyers & Marquart, 2021). The ring of LaCroix stabilises the
physis by connecting the metaphysis and epiphysis to the periosteum (Meyers &
Marquart, 2021). The resting cartilage zone anchors the epiphyseal plate to the
epiphysis and produces the extracellular matrix. The chondrocytes are arranged in
lines parallel to the long axis of the bone in the proliferative zone, and they start to
proliferate (Abad et al., 2002; Maes & Kronenberg, 2012). In the hypertrophic
cartilage zone, the chondrocytes grow bigger and maturate in columns. In the
calcified cartilage, the extracellular matrix is calcified, and the chondrocytes start
to die. This zone is only a few cells in thickness. The area is active, which is due to
the work of osteoclasts followed by osteoblasts and capillaries, the calcified
cartilage turns into bone tissue, and the shaft grows by length (Nilsson et al., 2005).
Osteoclasts secrete enzymes and acids that break down the mineral salts and
collagen fibres. Their activity is regulated by hormones, and they can be changed
by drug therapy (Nilsson et al., 2005; Tortora & Derrickson, 2007).
The epiphyseal cartilage cells stop dividing approximately between the ages of
17 and 21 years. Bone tissue replaces cartilage, and skeletal maturity is reached
(Ballock & O’Keefe, 2003; Tortora & Derrickson, 2007). The epiphyseal plate
fades away, turning into a pyramidal epiphyseal line (Kwong et al., 2014).
2.5.3 Histology of the bones
Bone consists of protein-rich collagen fibres (25%), water (25%), and crystallised
mineral salts (50%) (Tortora & Derrickson, 2007). The most substantial mineral
salt is calcium phosphate, which combines with calcium hydroxide and forms
hydroxyapatite crystals and then combines with calcium carbonate, magnesium,
fluoride, potassium and sulphate. Bone tissue is hardened by crystallised mineral
salts binding to the network of the extracellular matrix. The flexibility of bone is
caused by the collagen fibres.
Bone tissues are compact or spongy. Blood vessels provide nutrients to the
tissue between the cells and the extracellular matrix. Because compact bone tissue
contains only a few spaces, it is the strongest form. It creates the walls of the shaft
located underneath the periosteum. Blood vessels, lymphatic vessels and nerves
arrive at compact bone tissue through the periosteum in Volkmann’s canals. They
connect through the compact bone to the medullary cavity crossing with the
Haversian canals. Around the canals are smaller channels filled with extracellular
fluid that provides nutrients and oxygen to the osteocytes and removes waste.
Canals form osteons that are aligned in the same direction, creating compact bone
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tissue. In the humeral shaft, they are arranged in a parallel position to the axis of
the bone. This structure is effective against fractures, but it needs continuous
remodelling to respond to physical challenges (Tortora & Derrickson, 2007).
Spongy bone does not form osteons. The irregular structure builds thin
trabeculae, which are lighter than compact bone and contain empty spaces between
the trabeculae. Spongy bone tissue exists in most short, flat and irregularly shaped
bones. In long bones, the epiphyseal area and the thin area between the medullary
cavity and compact bone of the shaft wall consist of spongy bone tissue. Despite
their irregular structure, trabeculae resist stress and transfer forces without breaking
(Tortora & Derrickson, 2007).
2.5.4 Bone healing after fracture
Bone healing includes inflammatory, reparative and remodelling phases (Wilkins,
2005). At the time of the fracture, blood vessels in the fracture line break, and the
leaking blood forms a hematoma around the fracture site, which appears six to eight
hours after injury (Tortora & Derrickson, 2007). Bone cells in this area die because
of the lack of nutrients and oxygen due to the missing blood supply, causing
swelling and inflammation. Phagocytes and osteoclasts start to remove the
damaged tissue around the fracture site, which can continue for several weeks. New
vessels grow between the fragments into the formed blood clot (Drake et al., 2015).
Fibrocartilaginous callus formation starts when cells in the periosteum
(Atanelov & Bentley, 2020) develop into chondroblasts and start to produce
fibrocartilage bridges between the broken bone fragments. Fibrocartilage formation
lasts approximately three weeks, and it transforms into a bony callus. In children,
because of growth, bone formation is already in progress. The metabolically more
active periosteum is thicker, and there are more osteoblasts than in adults. A larger
number of active osteoblasts provides faster healing of fractures in children (Beaty
& Kasser, 2006). Osteoblasts develop spongy bone tissue, and trabeculae structures
combine the living and dead bone tissue of the fracture fragments and the spongy
bone callus remodel into compact bone on the walls of the shaft. Osteoclasts resorb
dead tissue. Calcium and phosphorus bind in and harden bone tissue (Tortora &
Derrickson, 2007). In paediatric long bones, 75% of the remodelling of orientation
occurs from the physis, and 25% occurs by appositional remodelling of the shaft
(Wilkins, 2005).
In bending fractures, which are typical in paediatric patients, the periosteum,
or one or another bone cortex, is not broken. Therefore, less initial stability, less
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callus formation, and shorter time are required during the healing process
(Lindaman, 2001).
2.6

Paediatric humerus fractures and their treatment

In 2005, the proportion of humeral fractures of all paediatric fractures in Finland
was 8.8% (Mäyränpää et al., 2010). In Switzerland between 2009 and 2011, 26%
(n = 602/2 292) of the fractures affecting long bones in the upper extremity were
humeral fractures (Joeris, Lutz, Blumenthal, Slongo, & Audigé, 2017). In 1965,
Neer reported 2 500 paediatric epiphyseal plate fractures, among which lower
epiphyseal humerus fractures accounted for 14%, and upper epiphyseal humerus
fractures accounted for 3% (Neer & Horwitz, 1965).
Distal humerus fractures are typical in children aged 5–9 years but are rare in
adults (Kim, Szabo, & Marder, 2012). More than half (64%) of all emergency
department visits caused by distal humerus fractures were by children and
adolescents younger than 15 years (Kim et al., 2012). The incidence of proximal
humerus fractures peaks twice, first in children 10–14 years and later (and
significantly higher) in adults 70–84 years old. The incidence increases steadily
from 45 years, especially in women (Holloway et al., 2015; Kim et al., 2012). The
incidence of humeral shaft fractures remains low in all age groups. On average, it
has the lowest incidence of all humeral fractures, especially in children and
adolescents (Kim et al., 2012). However, throughout a lifetime, it follows a slightly
U-shaped pattern (Holloway et al., 2015).
In children, the typical injury mechanism is a fall, especially those younger
than 12 years. Falls between two planes cause a majority of the fractures (54%)
during a child’s first year of life. (Hedström, 2010). In older children, traffic-related
fractures and collisions with objects or other persons are more common. In children
younger than 10 years, fractures occur during play, but in teenagers, they occur
more frequently during sport-related activities (Caviglia, 2005; Hedström, 2010).
Outcomes of treatment of the upper extremity can be evaluated in several ways,
such as by Flynn’s criteria. These criteria provide a summary of not only functional
but also cosmetic results after short-term follow-up. The function outcome is
calculated using the elbow range of motion (ROM), and cosmetic results are
evaluated by the carrying angle. Normally, the carrying angle is slightly in cubitus
valgus, which is around 15° in children (Beals, 1976) and 16° in adolescents
(Goldfarb et al., 2012), but after a fracture, the angle can change. The Quick
Disability of the Arm, Shoulder, and Hand (QuickDASH) questionnaire is
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frequently used to measure a patient’s subjective symptoms caused by a fracture. It
consists of a disability/symptom (QuickDASH-DS) scale, and there are two
optional modules: one module is for work (DASH-W) and the other is for sports
and music (DASH-SM) (Beaton, Wright, Katz, & Upper-Extremity Collaborative
Group, 2005). The module for sports and music applies to paediatric patients.
2.6.1 Proximal humerus fractures
Of all paediatric fractures, proximal humerus fractures comprise approximately 2%
(Fernandez et al., 2008). In Finland, the number of proximal humerus fractures in
2005 was 2.4% of all fractures in children between 0 and 15 years. Of all humerus
fractures, 28% were proximal (Mäyränpää et al., 2010). The proximal humerus
fractures in children are typically located in the metaphyseal area, or they are
epiphyseal separations affecting the growth plate (Dameron & Reibel, 1969;
Kohler & Trillaud, 1983; Lefevre et al., 2014; Neer & Horwitz, 1965). Metaphyseal
fractures occur most often in children between 5 and 12 years (Dameron & Reibel,
1969; Neer & Horwitz, 1965). Metaphyseal fractures are located in the surgical
neck area, and the meta-diaphyseal junction area separates them from shaft
fractures.
Proximal humerus fractures are classified based on their severity and
anatomical location (Beaty & Kasser, 2006). Growth-plate fractures are further
classified by the SH fracture classification (Burgos-Flores, Gonzalez-Herranz,
Lopez-Mondejar, Ocete-Guzman, & Amaya-Alarcon, 1993; Dameron & Reibel,
1969; Fisher, Newman, Lloyd, & Mimouni, 1995; Peterson, Madhok, Benson,
Ilstrup, & Melton, 1994; Salter & Harris, 1963). Neer’s classification grades I to
IV can also be used to assess fracture severity based on displacement (Neer &
Horwitz, 1965), which can be summarised according to the degree of angular
deformity. In grade I fractures, the dislocation is less than 5 mm, and in grade II
fractures, the dislocation is from 5 mm to one-third of the shaft thickness. In grade
III fractures, the dislocation is up to two-thirds of the shaft thickness, and grade IV
includes fractures with dislocations greater than two-thirds of the bone thickness
(Neer & Horwitz, 1965). The AO classification for paediatric long bones is also
useful, and it is based on anatomical location and severity. It divides the proximal
humerus fractures into epiphyseal simple 11-E/1.1 (SH I), 11-E/2.1 (SH II), 11E/3.1 (SH III), 11-E/4.1 (SH IV) and epiphyseal multifragmentary 11-E/2.2 (SH
II), 11-E/3.2 (SH III) and 11-E/4.2 (SH IV) fractures, in addition to metaphyseal
simple 11-M/2.1 (torus), 11-M/3.1 and multifragmentary 11-M/3.2 fractures
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(Slongo et al., 2007). Specifically, 11-E/2.1 and 11-E/2.2 are epiphyseal fractures
with metaphyseal wedges, and in 11-E/4.1 and 11-E/4.2, the fracture line goes
through epi- and metaphysis, which is simultaneously an intra-articular fracture of
the shoulder joint. Simple 11-E/8.1 and multifragmentary 11-E/8.2 fractures are
also intra-articular fractures with a fracture flake in the shoulder joint area.
Infrequent areas of proximal humerus fracture in children are the anatomical
neck and major and minor tubercles. The development of the bone is still in process
in children, and these areas are unlikely to break in contrast to adults. Reasons for
these fractures are typically sport injuries, motor vehicle accidents and birth
traumas. The injury mechanism is usually a fall while the arm is outstretched in
hyperextension combined with the external rotation of the shoulder or a direct blow
to the shoulder. The shearing force from a posterolateral direction adducts the
humeral shaft and displaces it forward, resulting in a proximal fracture (Neer &
Horwitz, 1965).
Treatment
The gold standard in treating proximal humerus fractures is the nonoperative
method. Most fractures are nondisplaced or only a little displaced. Severe
displacement of the metaphyseal area or the growth plate represents only 15% of
these fractures (Fernandez et al., 2008; Peterson et al., 1994; Sloth & Just, 1989;
Troum, Floyd, & Waters, 1993). A short immobilisation period of two to four weeks
using a Gilchrist type bandage is sufficient for treating displaced or slightly
displaced proximal humerus fractures (Fernandez et al., 2008). A sling, hanging
arm cast, slings and swathes, and Velpeau bandage for three to four weeks are
applicable immobilisation methods (Popkin et al., 2015). Control radiographs are
indicated in nonoperative treatment five to seven days after injury (Pajulo, 2006)
to assess healing and to ensure proper axial alignment, bone length and rotation
before stabilisation.
The potential for growth and spontaneous correction of deformities in the
paediatric proximal humerus area is extensive. The physis of the proximal humerus
is responsible for 80% of longitudinal growth of the bone, and the periosteum is
metabolically active in the immature skeleton (Beaty & Kasser, 2006; Neer &
Horwitz, 1965; Schmittenbecher et al., 2004; Shrader, 2007). Axial malalignment
in proximal humerus fractures, up to 40 to 60 degrees in varus, anti- and
retroversion, can be nonoperatively treated in children under 10 years (Caviglia et
al., 2005; David, Kuhn, & Ekkernkamp, 2006; Schmittenbecher et al., 2004;
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Wilkins, 2005). In older children, the correction and remodelling potential is not as
effective as in younger children because there is less growth potential (Dameron &
Reibel, 1969). In children older than 10 years, fracture with axial deformity up to
20 to 30 degrees is acceptable to treat nonoperatively (Knorr, Joeris, Lieber,
Schalamon, Dietz, 2005; Schmittenbecher et al., 2004). The corrective potential in
the valgus position is the least at only 10 degrees. In 1992, Beaty published general
guidelines for fracture alignment. In children younger than five years, the
acceptable position of angular deformity was up to 70 degrees with total
displacement. In children five to 12 years, angular deformity was acceptable up to
40 to 70 degrees. In children older than 12 years, the acceptable position was up to
40 degrees of angular deformity and 50% of the total displacement (Beaty, 1992).
In classifying using the Neer grades, grade I and II fractures are recommended to
treat by nonoperative means with simple immobilisation, such as a sling and swathe
(Neer & Horwitz, 1965). No reduction is needed.
Neer grade IV fractures with dislocations of more than two-thirds of bone
thickness are recommended to treat by closed reduction (Neer & Horwitz, 1965).
Traction is applied while the shaft is in 90-degree flexion to correct possible
anterior displacement, and it is abducted to correct the possible adduction of the
shaft fragment. The arm can be slightly externally rotated, keeping in mind that the
proximal fragment is usually maintained in a neutral position by the rotator cuff
muscles. Proper immobilisation is needed after reduction (Neer & Horwitz, 1965).
In proximal humeral epiphyseal plate fractures, reduction can also be accomplished
by pulling the metaphysis back through the defect in the anterior periosteum. In
this method, the arm should be abducted and flexed. The metaphysis can be pushed
posteriorly into the apposition with the epiphysis to minimise the dislocation
between the fragments (Dameron & Reibel, 1969). SH III and IV-type growth-plate
fractures usually require surgical fixation (Pajulo, 2006).
Traditionally, operative treatment with open reduction has been recommended
in cases where the closed reduction of proximal humerus fracture is unsatisfactory.
A possible reason for failed closed reduction is the interposed long head of the
bicep’s tendon, deltoid muscle, capsule of the glenohumeral joint between the
fracture fragments or the button holding posture (Dobbs, Luhmann, Gordon,
Strecker, & Schoenecker, 2003; Neer & Horwitz, 1965; Sessa, Lascombes, Prevot,
Gagneux, & Blanquart, 1990). Nerve and artery injuries usually require operative
treatment. Treatment of seriously displaced fractures may include surgical
intervention, especially in older children and adolescents, or the results may remain
unsatisfactory (Beringer, Weiner, Noble, & Bell, 1998; Dameron & Reibel, 1969;
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Larsen, Kiaer, & Lindequist, 1990; Shrader, 2007). The outcome may also remain
poor if persistent deformity, such as shortening of the arm, occurs (Pahlavan,
Baldwin, Pandya, Namdari, & Hosalkar, 2011).
In paediatric fractures, the most usual fixation method is percutaneous K-wire
pinning combined with closed reduction. Plate and screw fixation surgical methods
are rarely used in paediatric proximal humerus fractures. Nevertheless, the elastic
stable intramedullary nailing (ESIN) technique has become a highly recommended
method because of its safety concerning the encircling of soft tissues and adequate
stability (Lefevre et al., 2014; Sessa et al., 1990; Shore, Hedequist, Miller, Waters,
& Bae, 2015). In addition to other benefits, no skin irritations or local infections
have been reported. In addition, the outcome of arm function has been reported to
be excellent, and bone healing is radiologically ensured to be satisfactory
(Canavese et al., 2014).
Outcomes and complications
The fracture line is most often located on the surgical neck of the humerus, which
is narrower than the anatomical neck. The axillary nerve and the posterior
circumflex humeral artery are located in this area, and they can be damaged. The
axillary nerve’s function must be assessed before the reduction to ensure that the
nerve is not damaged and that the treatment is not causing any neurological
deficiency (Drake et al., 2015). Weakness of the deltoid muscle or numbness of the
side of the shoulder are signs of axillary nerve damage. In fractures affecting the
anatomical neck, the risk of necrosis must be identified.
In open fractures and in cases where operative treatment involves fixation
material, the risk of infection is always present. In addition to infection, the skin is
exposed to scarring, which might be disturbing to the patient.
Pendulum movement can be started as a mobilisation exercise within two
weeks (Neer & Horwitz, 1965). Active physical therapy is rarely needed. Limited
motion is seldom an issue. The glenohumeral joint has wide mobility. However,
there is an increased risk of arm shortening and inequality between the arms in
severe fractures involving the growth plate if growth arrest occurs. Physeal bridge
formation may also result in the angular deformity of the arm. Epiphyseal fractures
also have an increased risk of posttraumatic arthritis (Meyers & Marquart, 2021).
Older patients may have less satisfactory results because growth does not
compensate as much as in younger children (Neer & Horwitz, 1965).
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2.6.2 Humeral shaft fractures
Humeral shaft fractures are located between the proximal and distal metaphyseal
areas. These fractures can be categorised into three groups according to the location
of the injury in the bone: proximal, middle and distal shaft fractures (Gordon,
2010). Usually, these fractures occur at the middle or distal third of the humeral
shaft (Gordon, 2010). The humeral shaft is narrow, and the cortical bone is thinner
in the central area. Therefore, it is more vulnerable to external forces, causing
deformity (Pogorelic et al., 2017). The fracture heals better closer to the growth
plate.
Among all humerus fractures, the proportion of humeral shaft fractures is less
than 10%, and of all paediatric fractures, it has been reported to be 0.75–3% (Beaty,
1992; Caviglia et al., 2005; Shrader, 2007). However, in Finland, the proportion of
humeral shaft fractures in 2005 was 0.4% of all paediatric fractures, and the
proportion of shaft fractures in all humeral fractures in Finland was 4.1 % during
the same year (Mäyränpää et al., 2010). The reason for a humeral shaft fracture is
usually an accident or a direct trauma, such as a high-energy impact (Pogorelic et
al., 2017).
Treatment
Most humeral shaft fractures can be treated nonoperatively, which is the primary
treatment method. In younger children, it is recommended that an angular
deformity up to 20 to 30 degrees is acceptable (Bae, 2020). However, in older
children and adolescents, acceptable angular deformation is 15 to 20 degrees
(Caviglia et al., 2005). Until the fracture has stabilised enough, functional arm
bracing can be used to maintain alignment (Sarmiento, 1999). A hanging arm cast,
coaptation splint and collar-and-cuff bandage are also good alternatives (Caviglia
et al., 2005). Indications for operative treatment have traditionally been
multitrauma, open fractures and situations where, with nonoperative treatment,
satisfactory reduction cannot be achieved and the fracture position is unstable
(Gordon, 2010). The glenohumeral joint allows wide ROM, and the malunion of
the humeral shaft fracture does not usually decrease the function of the arm (Garg,
Dobbs, Schoenecker, Luhmann, & Gordon, J. E., 2009). Therefore, decreased
function is a rarer complication than cosmesis.
In children, many surgical fixation methods may be used in treating humeral
shaft fractures. The available fixation procedures are plate/screws, elastic nails,
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rigid nails, pinning, intramedullary rodding, screw fixation, compressive plating
and external fixation (Caviglia et al., 2005; Chapman, Henley, Agel, & Benca,
2000). ESIN, which is a straightforward technique, has gained popularity recently.
It can be performed in both antegrade or retrograde directions (Garg, Dobbs,
Schoenecker, Luhmann, & Gordon J. E., 2009). In the antegrade approach, the
rotator cuff may be damaged; therefore, the retrograde approach is preferred
(Gordon, J. E., 2010).
Outcome and complications
The radial nerve is located in the radial groove together with the profunda brachii
artery. In cases of humeral midshaft fracture, the radial nerve may stretch or
transect, which can lead to permanent damage and loss of function (Drake et al.,
2015; Schuenke, Schulte, & Schumacher, 2006). Radial nerve injury is the most
frequent primary complication of a humeral midshaft fracture, appearing in
approximately 9% of patients (Ekholm, Ponzer, Törnkvist, Adami, & Tidermark,
2008).
Nonoperative treatment is efficacious as operative treatment in humeral shaft
fractures in children, but the immobilisation time is longer. Radiological outcomes
and less post-treatment pain have been assumed to be better after operative
treatment (Canavese et al., 2017). Secondary displacement as a complication might
be more general after nonoperative treatment. Although they rarely occur,
refracture, postoperative infection or ulnar nerve deficit are potential complications
after operative treatment (Canavese et al., 2017).
2.6.3 Distal humerus fractures
Among all paediatric fractures, 5–10 % occur in the distal humerus (Lichtenberg,
1954). More than 60% of upper arm fractures occur in the distal humerus (Kraus,
Ralf, Schneidmüller, & Röder, 2005). The most common distal humerus fracture is
the supracondylar fracture (Emery, Zingula, Anton, Salisbury, & Tamai, 2016),
which is also the most common elbow-related injury in children (Della-Giustina &
Della-Giustina, 1999; Kasser & Beaty, 2006; Otsuka & Kasser, 1997). Other
fractures in the distal humerus are lateral condyle fractures, medial epicondyle
fractures, transphyseal separations and rare intercondylar fractures (Anari, Arkader,
Spiegel, & Baldwin, 2019; Blount, Schulz, & Cassidy, 1951; Emery et al., 2016).
Among all paediatric humerus fractures, supracondylar fractures require operative
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treatment the most often. Among all hospitalisations for elbow injuries, 60% are
supracondylar fractures (Wilkins, 1991).
Supracondylar fractures
Supracondylar fractures account for 3–16% of all paediatric fractures (Cheng &
Shen, 1993; Otsuka & Kasser, 1997). They comprise 50–70% of all paediatric
elbow fractures (Alburger et al., 1992), and 30% of all paediatric limb fractures in
children under seven years old (Herring, 2002). The fracture is most common in
boys between 4 and 7 years, and the incidence peak is between 6 and 7 years
(Henrikson, 1966). In 70% of cases, the typical injury mechanism is a fall from a
height. Younger children (0–3 years) fall from household objects, typically beds or
chairs, and older children fall from playground equipment, such as slides and
swings (Farnsworth, Silva, & Mubarak, 1998). At the time of the fall, the arm is
usually outstretched, while the elbow is in hyperextension, causing an impaction
of the olecranon to the distal humerus (Abraham, Powers, Witt, & Ray, 1982; Anari
et al., 2019). An extension-type injury is typical, comprising 97–99% of all
fractures, but flexion-type injuries may also occur as a result of a fall directly on
the flexed elbow. In 95% of fractures, the distal fragment is displaced posteriorly
(Skaggs & Pershad, 1997). Pain, significant elbow swelling, deformity, and
bruising or ecchymosis are typical clinical findings. Supracondylar fracture can
also occur simultaneously with a forearm fracture, in which case, the incidence of
compartment syndrome is higher (Blakemore, Cooperman, Thompson, Wathey, &
Ballock, 2000).
The most commonly used supracondylar fracture classification is the Wilkinsmodified Gartland classification system (Wilkins, 1991). In the Gartland
classification, extension-type fractures are categorised into three groups based on
displacement. Type-1 fractures are nondisplaced. In type-2 fractures, the other
cortex is intact, but the fractures are displaced. Type-3 supracondylar fractures are
completely displaced, and there is no cortical contact between the fractured
fragments. This type is associated with a high risk of neurovascular damage (Omid,
Choi, & Skaggs, 2008; Waters, 2006), and the rate of neurovascular complications
in type-2 and -3 fractures is 6–16.8% (Babal et al., 2010; Garg et al., 2014;
Korompilias et al., 2009; Tomaszewski, Wozowicz, & Wysocka-Wojakiewicz,
2017). Wilkins added a fourth type to Gartland’s classification and separated type2 and type-3 into a and b groups. The type-4 fracture is classified as displaced and
unstable in both extension and flexion. Type-2a fracture has intact posterior cortex
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with angulation, and type-2b also shows rotation. Type-3a fracture is displaced in
the posteromedial direction, while type-3b is displaced in the posterolateral
direction (Wilkins, 1991).
Radiological findings in type-1 supracondylar fractures include joint effusion
and elevation of the anterior or posterior fat pad (Skaggs & Mirzayan, 1999). The
anterior humeral line (AHL) in the normal elbow or in nondisplaced fractures
should pass through the middle third of the capitellum or through the junction point
of the anterior and middle third. An exception is children younger than 2.5 years
because of the undeveloped ossification centre, where the line passes through the
anterior third (Rogers, Malave, White, & Tachdjian, 1978). In fractures with
angulation or displacement between fragments, the AHL passes the middle third of
the capitellum anteriorly or even completely anterior to the capitellum (Kim &
Gauguet, 2018). In flexion-type displaced fractures, the capitellum moves
anteriorly, and AHL might pass through it posteriorly.
Treatment
In treatment, the main aim is to prevent further bone or soft-tissue damage. In cases
of open fracture, significant skin tenting, or ischaemic, white, cool and pulseless
hand, operative treatment is immediately required. In other cases, the arm should
be immobilised with a simple splint while considering the final decision of the
treatment method (Herring, 2002). Fractures associated with nerve injury or
irreducibility need open reduction (Shah, Waters, & Bae, 2013). Pink but pulseless
hand associated with displaced fracture (Gartland type-3) needs instant reduction
and surgical fixation. If the radial pulse does not return in 30–35 minutes, an
exploration of the vessel is required despite a satisfactory colour or temperature of
the hand (Griffin et al., 2008; Korompilias et al., 2009).
Gartland type-1 supracondylar fractures can be treated nonoperatively with a
long-arm cast or with collar-and-cuff immobilisation. The immobilisation time is
often three to six weeks, depending on the child’s age. Gartland type-2 and type-3
fractures are usually treated by closed reduction and percutaneous K-wire pinning
(Kasser & Beaty, 2006; Otsuka & Kasser, 1997) under general anaesthesia in the
operating room (Simanovsky, Lamdan, Mosheiff, & Simanovsky, 2007). Displaced
and unstable fractures are suggested to be treated operatively (Mulpuri & Wilkins,
2012). The anatomic axis of the elbow joint on anteroposterior and lateral
projections should be restored to prevent loss of motion and post-injury deformity.
However, because of remodelling, the acceptable parameters of alignment in
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radiographs do not require a perfect anatomical position. The elbow is placed in
40–90-degree flexion after reduction, depending on the swelling and vascular status
(Abzug & Kozin, 2008; Waters et al., 2020), and then immobilised with a cast
and/or splint for three to four weeks. In flexion-type minimally displaced
supracondylar fractures, the elbow can be immobilised in a fully extended position,
or in stable nondisplaced fractures, it can be immobilised at 40–50-degree flexion
to hold the reduction in a more comfortable position (Kao, Lee, Yang, & Chang,
2017; Waters et al., 2020). Displaced unstable flexion-type supracondylar fractures
require percutaneous or open pinning (Kuoppala et al., 2016; Waters et al., 2020).
After six to eight weeks, the paediatric supracondylar fracture patient may return
to normal activities. The amount of stability and immobilisation time depends on
the patient’s age.
In type-2 fractures, age is a significant factor in deciding between operative
and nonoperative treatment methods. The distal end of the humerus has a more
minor role in bone growth compared with the proximal end, and the remodelling
potential is less after three years of age (Dimèglio, 2005). Therefore, nonoperative
treatment of type-2 supracondylar fractures in children under three years is
preferable (Omid et al., 2008). Satisfying results are accomplished with closed
reduction and casting. Some studies have suggested nonoperative treatment,
especially for type-2, but also for selected type-3 supracondylar fractures (Hadlow,
Devane, & Nicol, 1996). However, operative treatment in type-3 and type-2
fractures is often advocated because of good results and the lack of major
complications (Skaggs, D. L., Cluck, Mostofi, Flynn, & Kay, 2004).
The optimal surgical fixation technique for type-2 and -3 supracondylar
fractures is under debate. The goal is to restore and stabilise the columns of the
distal humeral bone. The triangle of stability includes the transverse articular block,
the medial column and the lateral column of the humerus. Fixation can be
performed using two crossing medial and lateral K-wires (pins) and two or three
lateral pins (Figure 3) or two lateral pins and one medial crossing pin (Gordon,
Patton, Luhmann, Bassett, & Schoenecker, 2001). The pin entry is located either
on the lateral side of the distal humerus or on the lateral and medial side. In
principle, medially and laterally entering pins bring together the medial and lateral
columns to the fracture site, whereas lateral-only pins bind the lateral and central
columns to the fracture site (Kocher et al., 2007). Lateral-only pins need to be either
divergent or parallel, engaging both lateral and central columns to achieve an
acceptable position. Lateral-only pinning is the safest method for the ulnar nerve
passing on the medial side (Mulpuri & Wilkins, 2012). It is still thought to be less
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stable biomechanically than crossing medial and lateral pins (Davis, Gorczyca, &
Pugh, 2000; Gordon et al., 2001; Kallio, Foster, & Paterson, 1992; Lee, Mahar,
Miesen, & Newton, 2002; Zionts, McKellop, & Hathaway, 1994), although there
is also evidence against it (Kocher et al., 2007; Topping, Blanco, & Davis, 1995).

Fig. 3. Gartland type-3 fracture (A), fixated with lateral-only K-wires (B) and crossing Kwires (C). C demonstrates the pins that cross at the fracture line, which is an
inappropriate technique due to decreased stability. The anterior humeral line (AHL) is
shown in Figure A. Normally, the AHL should pass through the capitulum, but because
of the displaced fracture, it passes it anteriorly.

Outcome and complications
Fracture fragments may damage the brachial artery and surrounding soft tissues.
Neurovascular injuries, malunion, elbow stiffness and compartment syndrome are
associated with completely displaced supracondylar fractures (Otsuka & Kasser,
1997). Nerve injuries may appear secondarily because of contusion and tractionproduced ischaemia at the fracture site (Waters, 2006). Surgical treatment and
fixation material may result in damage primarily to the ulnaris nerve (Brown &
Zinar, 1995; Rasool, 1998; Topping et al., 1995). Ulnar nerve injury and flexiontype fracture increase the risk of open reduction (Flynn, K., Shah, Brusalis, Leddy,
& Flynn, 2017). Open reduction always poses risks for infections and scarring.
Malunion may occur if a reduction is attempted in the emergency room, and
the initial angulation has not been identified, or if the arm has been immobilised
without a proper reduction attempt. Malunion can lead to a decreased degree of
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movement (Simanovsky et al., 2007). Flexion of the elbow may be reduced by more
than 10 degrees, and it has been reported to happen even in every four patients. In
addition, type-3 fractures tend to decrease the carrying angle and lead to cubitus
varus (Sinikumpu et al., 2016). Cubitus varus deformity in nonoperatively (8%)
treated patients has been reported to be higher than in operatively treated patients
with fixation material (2%) (Pirone et al., 1988).
Irritation of the ulnar nerve may be produced by compression. The arcade of
Struther is a fibrous ligature that connects the medial head of the triceps and the
medial intermuscular septum of the arm (von Schroeder & Scheker, 2003). It is the
common level of ulnar nerve compression (Palmer & Hughes, 2010). In cases of
cubitus varus malposition after injury, the risk of ulnar nerve compression is
elevated because the triceps brachii muscle pushes the ulnar nerve anteriorly to the
roof of the cubital tunnel, causing nerve dislocation during elbow flexion (Uchida
& Sugioka, 1990). Posttraumatic callus may also compress the ulnar nerve
(Lalanandham & Laurence, 1984; Ramachandran, Birch, & Eastwood, 2006). In
addition, surrounding abnormal soft-tissue mass and even posttraumatic
osteoarthritic changes can irritate the nerve (Fujioka et al., 1995).
Rarer flexion-type fractures usually result in reduced ROM, changed carrying
angle, and ulnar nerve damage (Kuoppala et al., 2016). In all supracondylar
fractures, the most usual primary complication of the ulnar nerve is neurapraxia, in
which the nerve is slightly stretched or suffers from contusion. Neurapraxia injuries
typically recover immediately after reduction or spontaneously within two or three
months (Dutkowsky & Kasser, 1991; McGraw, Akbarnia, Hanel, Keppler, &
Burdge, 1986). Pure ulnar neuropathy typically shows symptoms of lowered
sensory sensation and even diminished control over the muscles (Sinikumpu et al.,
2014).
Despite potential complications, the long-term outcome of supracondylar
fractures has been reported to be generally good. According to Flynn’s criteria, 75%
of paediatric supracondylar fractures show satisfying results (Sinikumpu et al.,
2016).
2.6.4 Humeral fractures associated with elbow dislocation
The elbow is the most common joint to dislocate in children (Stans & Lawrence,
2015). Annually, 3–6% of all paediatric elbow injuries are traumatic dislocations
(Frongia, Günther, Romero, Kessler, & Holland-Cunz, 2012). The elbow may
dislocate by the ulnohumeral joint in posterior, anterior, medial or lateral directions
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(Rasool, 2004; Sofu, Gursu, Camurcu, Yildirim, & Sahin, 2016). A fall on an
outstretched arm is the typical trauma mechanism, causing both elbow dislocations
and elbow fractures, which can also occur simultaneously. The injury mechanism
for an elbow dislocation is typically a fall on an outstretched hand with flexion of
30 degrees on the elbow (Polat, Karademir, Akgül, & Ceylan, 2014). Elbow
dislocation is classified as simple if there is no concomitant fracture, but if there is
an associating fracture, the dislocation is classified as a complex injury. Avulsion
fracture of the medial epicondyle is the most commonly associated fracture with
elbow dislocation (Rasool, 2004; Herring, 2002). In addition to the medial
epicondyle, the lateral humeral condyle, radial head, olecranon and coronoid
process of the ulna can be fractured as a result of elbow dislocation (Stans &
Lawrence, 2015).
The medial epicondyle is located in the distal end of the humerus (Figure 1). It
is an apophysis. More than half (50–60%) of medial epicondyle fractures are
combined with an elbow dislocation (Figure 2) (Wilkins, 1991). Approximately
10–20% of all pure elbow fractures are medial epicondyle fractures (Wilkins,
1991). The extreme valgus position of the elbow is the usual injury mechanism
(Gottschalk, Eisner, & Hosalkar, 2012). Fracture is most typical in children from
seven to 15 years of age (Herring, 2002). A flexor-pronator mass is inserted into
the medial epicondyle, which protects the medial elbow against valgus position
(Schwab, Bennett, Woods, & Tullos, 1980), but it can result in notable deforming
forces on the broken epicondyle.
The lateral condyle of the distal humerus may break as a result of an elbow
dislocation. The injury mechanism for a fracture is usually a violent varus force to
the extended elbow, and the lateral ligament and extensor muscles tear the avulsion
fragment called the lateral condyle (Jakob, Fowles, Rang, & Kassab, 1975). The
lateral condyle fracture is an intra-articular fracture because the fracture line goes
through the articular surface. It also comprises the growth plate, as the lateral
epicondyle is the fourth ossification centre of the elbow. Lateral condyle fractures
are the second most common elbow fractures after supracondylar fractures in
children (Sharma, H., Sibinski, & Sherlock, 2009), at approximately 10–20% of all
elbow fractures, but they are rarely associated with elbow dislocation. The peak
incidence is at five to six years, but the injury generally occurs between four and
10 years (Abzug & Kozin, 2008). Diagnosis can be difficult to determine from plain
radiographs because the fracture might not be visualised because of the
cartilaginous structures of the paediatric elbow (Horn, Herman, Crisci, Pizzutillo,
& MacEwen, 2002), so oblique radiographs are useful. Classification can be done
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by the location of the fracture line (Milch, 1964) or be based on the degree of
displacement (Jakob et al., 1975; Rutherford, 1985). Jakob’s classification was
found to be the most useful in evaluating the treatment method (Skak, Olsen, &
Smaabrekke, 2001). Type-1 lateral condyle fractures are nondisplaced, and the
fracture line is incomplete. Type-2 fractures are displaced in the anterior-posterior
plane, and type-3 lateral condyle fractures have major displacement and no
stabilising soft-tissue hinge (Jakob et al., 1975).
Treatment
Treatment is usually performed without operative interference. It is important to
prevent further bone or soft-tissue damage by reaching the diagnosis as rapidly as
possible. The dislocated joint needs proper reduction by pulling it back to the right
position and immobilising it. Anaesthesia is usually needed in performing
reductions in children. An external splint or long-arm plaster splinting is a good
immobilisation method for treating simple elbow dislocations (Di Gennaro, Spina,
Fosco, Antonioli, & Donzelli, 2013; Knapik, Fausett, Gilmore, & Liu, 2017; Sofu
et al., 2016; Stans & Lawrence, 2015).
In cases of open elbow dislocation or artery injury, surgical treatment is
required (Polat et al., 2014). A displaced associating fracture might require
operative treatment if the joint’s stability is in danger (Lieber, Zundel, Luithle,
Fuchs, & Kirschner, 2012; Stans & Lawrence, 2015; Subasi et al., 2015). The
longitudinal growth of the humerus happens mainly from the proximal end, and
therefore the bone remodelling in the distal end is limited even in immature bone.
The anatomically correct reduction of elbow fractures is important even in young
children (Do & Herrera-Soto, 2003; Schneidmueller, Boettger, Laurer, Gutsfeld, &
Bühren, 2013). A perfect articular surface should be recreated in cases of articular
fractures. A periosteal hinge may be seen in radiographs expressing the unstable
fragment. In articular fractures, such as in lateral epicondylar fractures of the distal
humerus, less than 2 mm displacement is acceptable for nonoperative treatment
(Badelon, Bensahel, Mazda, & Vie, 1988; Flynn, J. C. & Richards, 1971;
Schmittenbecher, 2005). A displaced lateral condyle fracture should be treated
surgically by K-wire pinning (Launay et al., 2004) or screws (Sharma, J. C. et al.,
1995). Postoperative immobilisation of the elbow is usually recommended for four
to six weeks (Herring, 2002).
The treatment of medial epicondyle fractures is controversial. Nonoperative
treatment can be accepted in nondisplaced and < 7 mm displaced fractures (Pajulo,
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2006). Medial epicondyle fractures with displacements up to 22 mm have been
nonoperatively treated (Grahn, Hämäläinen, Nietosvaara, & Ahonen, 2021).
Nonoperative treatment is usually performed with immobilisation for four to six
weeks or casting for three to four weeks. Operative treatment by open reduction
and internal fixation is recommended in fractures with displacements larger than
5–7 mm (Do & Herrera-Soto, 2003; Pajulo, 2006) and in cases with medial
epicondyle incarceration to the elbow joint, ulnar nerve dysfunction, notable
instability or open fracture (Patel & Ganley, 2012). In open reduction, cannulated
screw fixation can be a safer method for avoiding ulnar nerve injury compared with
a closed reduction with percutaneous pinning (Herring, 2002).
Outcomes and complications
Severe complications due to dislocation are ulnar, radial or median nerve damage.
Moreover, an open dislocation increases the risk of brachial artery damage (Polat
et al., 2014). Pseudarthrosis of the medial epicondyle, as well as the loss of flexion
and rotation, might occur as a result of elbow dislocation and associated medial
epicondyle fracture (Rasool, 2004). A computer simulation suggested that the loss
of grip strength in anteriorly displaced medial epicondyle fracture could be as high
as 39% (Edmonds, Santago, & Saul, 2015). Valgus instability, stiffness, ulnar nerve
injury, nonunion and malunion can also result from a medial epicondyle fracture
(Hines, Herndon, & Evans, 1987). Ulnar nerve symptoms can occur in 1.9–10.8%
primary (Kamath, Baldwin, Horneff, & Hosalkar, 2009). Patients with over 2 mm
displaced medial epicondyle fractures, without fracture fragment incarceration to
the elbow joint, and treated with nonoperative means might suffer less pain and
have better cosmetic outcomes compared with operatively treated patients (Grahn
et al., 2021).
Delayed union, nonunion, malunion, cubitus varus, stiffness and avascular
necrosis are the most common complications of lateral condyle fractures (Herring,
2002; Launay et al., 2004). In intra-articular fractures, synovial fluid may slow
fracture healing because it contains proteolytic enzymes that dissolve the matrix of
the fracture callus (Lack, 1964), and it may even cause nonunion.
Stiffness of the elbow is a general problem after a long period of
immobilisation. Suitable ROM exercises in the early phase and an immobilisation
period that is as short as possible might prevent rigidity. Therefore, in
rehabilitation, physical therapy can be combined with the treatment (Sofu et al.,
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2016). The frequency of recurrent dislocation is 3%, and future elbow instability is
low after one dislocation (Frongia et al., 2012).
According to Flynn’s criteria, outcomes have been reported to be decreased in
patients treated for a lateral condyle fracture compared to healthy controls. The
extension-flexion movement of the elbow shows decreased range, and the
incidences of cubitus varus and valgus deformities may increase. Rotational
movement can be decreased by more than five degrees. Grip strength may be
lowered. However, according to the Mayo Elbow Performance Score (MEPS),
most fractures may achieve satisfactory outcomes. Long-term symptoms can
include permanent or occasional pain, lowered tolerance of exercise, coldness of
the hand, unstable feelings, such as mistrust, clicking and crepitus in the elbow with
motion and tenderness. Radiological findings may show lateral overgrowth, loose
bone fragments, decreased joint space and cortical cysts (Sinikumpu, Pokka,
Victorzon, Lindholm, & Serlo, 2017).
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Aims of the study

This doctoral thesis was aimed at studying trends in the treatment of humerus
fractures in children and adolescents. Fracture incidences, clinical and radiographic
findings, factors affecting the treatment methods, and results in paediatric patients
were investigated. Additionally, the aim was to analyse the lateral-only surgical
technique for treating the most frequent humeral fracture, the supracondylar
fracture of the distal humerus.
The following research questions were addressed in the four sub-studies:
RQ1: Is there a changing trend in the incidence or treatment of proximal
humerus fractures among paediatric patients, and what could affect it? (I)
RQ2: What are the incidence and treatment for humeral shaft fractures in
children, and which factors affect the treatment choice? (II)
RQ3: Which fixation methods are used in treating type-3 supracondylar
humerus fractures, and what is the occurrence of redisplacement and the
potential association of surgery-related factors, in the lateral-only surgical
technique, and surgeon-related factors (the experience and specialty) with
redisplacement? (III)
RQ4: What is the incidence of paediatric elbow dislocations and is there a
changing trend in the incidence, and what are the most common concomitant
fractures? (IV)
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4

Materials and methods

This dissertation consists of four registry-based sub-studies. All of them are
population-based and observational, longitudinal, cohort studies. The populationbased incidences are calculated with the numbers given by Statistics Finland. The
first two sub-studies are epidemiological, the third is clinical, focused on technical
issues and the fourth sub-study is comparative study besides its epidemiological
aspect (Table 3).
Table 3. Characteristics of the four sub-studies.
Characteristics

Study I

Study setting

Population-based Population-based Population-based Population-based

Study II

Study III

Study IV

Retrospective

Retrospective

Retrospective

Retrospective

observational

observational

observational

observational and

cohort study

cohort study

cohort study

comparative cohort study

Number of cases (N) 300

88

165 (24 + 141) *

104

Age (years)

1–15

0–15

2–12

0–15

Gender

123/177

60/28

13/11

70/34

Mean 1.9 visits

Mean 3.0 visits

Mean 1.6 visits

Median 4 weeks

Distal humerus,

Distal humerus, medial

Study design

males/females
Follow-up

Location of the injury Proximal humerus Humeral shaft
Study period (years)

2005–2015

2001–2015

supracondylar

epicondyle

2000–2009

1996–2014

* 24 paediatric patients were treated by lateral-only K-wires and 141 with crossing K-wires.

4.1

Paediatric proximal humerus fractures

4.1.1 Study setting
The International Classification of Diseases, 10th revision (ICD-10) was used to
select the study cohort from hospital registries. The sub-study cohort included all
children with a proximal humerus fracture and a diagnosis of ICD-10 code S42.2
from 2005–2015 at Oulu University Hospital in Oulu, Finland. The ages of the
paediatric patients ranged from 0–15 years. All patients had been treated at Oulu
University Hospital, and hospital charts were available for all patients. Pathological
fractures and patients outside Northern Ostrobothnia were excluded. In total, 300
paediatric patients with a proximal humerus fracture were included. If the same
patient had an additional proximal humerus fracture after six months, they were
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defined as a new patient with a new fracture. If the fracture occurred in the same
place during the six months after the first injury, it was considered a refracture and
a complication.
Data such as trauma mechanism, age, gender, side of the fracture, date and
treatment were collected from the hospital charts. The radiographs (i.e., anteriorposterior, side and lateral scapula view) were reviewed, and angular deformity, adlatus displacement, distance between fragments, and shortening were calculated.
Comminuted fractures and glenohumeral joint luxation were identified. Growthplate fractures were classified according to the SH classification (Salter & Harris,
1963), and fractures affecting the metaphysis and meta-diaphyseal junction area
were identified. In addition, all fractures were classified according to the AO
comprehensive paediatric long-bone fracture classification system (Slongo et al.,
2007).
The patients were classified into two groups according to their treatment
methods. Treatment was performed either nonoperatively or operatively. The first
group (n = 276) included nonoperatively treated patients who had been
immobilised, such as by an orthopaedic/plaster cast, a mitella or a collar and cuff.
The other group consisted of operatively treated patients (n = 24) who had been
treated in the operation theatre under general anaesthesia. In these patients, the
stabilisation of the fracture required fixation materials, such as K-wires, screws and
plate or intramedullary nailing. The results of short-term follow-ups, number of
follow-up visits, and potential complications were examined. Potential
complications were severe pain, nerve damage, limited motion range, infection and
the need for antibiotic medication.
4.1.2 Statistical analysis
The annual incidence was determined for 100 000 children at risk. From 2005–
2015, the number of children aged 0–15 years increased from 84 500 to 88 100 in
Northern Ostrobothnia, according to Statistics Finland. Annual changes in gender,
age, and fracture severity, such as angular deformity or ad-latus displacement, were
evaluated using the standard normal deviation (SND) test for independent variables
using StatsDirect software version 2.08. Pearson’s chi-square and Fisher’s exact
test were applied to analyse categorical variables, such as gender, side of the
fracture and the trauma mechanism. Binary logistic and multivariate regression
analyses were conducted to define the risk factors and their association with the
operative treatment. The variables used in the analysis were male gender, angular
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deformity over 40 degrees, ad-latus displacement over bone thickness, shortening
by more than two centimetres, patient’s age over 12 years, comminuted fracture,
and growth plate involved in the fracture. An angular deformity greater than 40
degrees was chosen based on Beaty’s suggestion for operative treatment (Beaty,
1992). IBM SPSS Statistics software version 24 was used for these analyses. The
confidence intervals (CI) were set at 95%, and the two-tailed threshold of statistical
difference was set at p < 0.05 (5%).
4.2

Paediatric humerus shaft fractures

4.2.1 Study setting
In the sub-study on humeral shaft fractures, data were collected from 2001–2015.
The data consisted of child patients between 0 and 15 years with a humeral shaft
fracture diagnosis ICD-10 code S42.3 and treated at Oulu University Hospital.
Proximal and distal humerus fractures were excluded. The anatomical area of the
shaft was determined between the proximal and distal meta-diaphyseal junctions.
The original data included 99 patients, but after non-inhabitants of Northern
Ostrobothnia, pathological fractures and bone diseases, such as osteogenesis
imperfecta, were ruled out, the final number was 88 paediatric patients. Data were
collected from the hospital database on gender, age, injury mechanism, side of the
injury, treatment method, number of radiographs, number of follow-up visits, pain
medication, complications and short-term results. The patients’ radiographs were
examined. Angular deformity, shortening, ad-latus displacement and distance
between the fragments were measured, and comminuted fractures as well as
butterfly fragments were identified.
4.2.2 Statistical analysis
To determine the trend in operative treatment, the annual proportions of operatively
treated patients were compared with all patients during the study period. The
proportions were combined in groups of three years to reach a satisfactory number
of cases (Jenkins & Quintana-Ascencio, 2020). A linear regression analysis of the
groups was conducted using IBM SPSS Statistics software version 24. The annual
incidence was determined in 100 000 children at risk. During the study period, the
number of children aged 0–15 years in Northern Ostrobothnia, according to
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Statistics Finland, was between 83 800 and 88 000. The odds ratio (OR) with a 95%
confidence interval was calculated for operative treatment using potential
associative factors, such as male gender, age over nine years, bone thickness of
more than 30 millimetres, ad-latus dislocation greater than bone thickness, angular
deformity more than 20 degrees, and comminuted fracture by a binary logistic
regression analysis using IBM SPSS Statistics software version 24. Patients’
detailed information including age and gender, as well as radiological findings, the
location of the fracture, angular deformity of more than 20 degrees, ad-latus
dislocation greater than bone thickness, and comminuted fractures were combined
into two groups. The first group consisted of the first years of the study period (i.e.,
2001, 2002 and 2003) and the second group consisted of the last years of the study
period (i.e., 2013, 2014 and 2015). The groups were compared with each other
using the SND test in StatsDirect Statistical Software Version 3.9 to determine any
differences between the beginning and the end of the study period. The threshold
of statistical difference was set at p < 0.05 (5%).
4.3

Paediatric type-3 supracondylar fractures

4.3.1 Study setting
Data on type-3 supracondylar fractures were collected between 2000 and 2009
from the Oulu University Hospital database. The age of the paediatric patients was
0–15 years, and the diagnosis according to the ICD-10 code was S42.4. The total
number of distal humerus fractures during this period was 861. Of these, 565 were
supracondylar fractures, 195 were Gartland type-3 supracondylar fractures, and the
ad-latus displacement was greater than the bone thickness. Because 30 patients had
been treated nonoperatively, their data were excluded from the study. The number
of fractures treated operatively with K-wires was 165, and of these, 141 fractures
were fixed with crossing K-wires, and 24 were fixed with lateral-only K-wires
(Figure 4).
Detailed data, such as age, gender, side of the fracture, injury mechanism,
surgeon’s experience in trauma surgery, and level of specialisation, were collected.
The operating surgeon’s specialisation was defined as an orthopaedic surgeon and
a paediatric orthopaedic surgeon who had wider training in trauma surgery versus
paediatric or other surgeons. The level of surgical experience was also categorised
as consultant versus resident. The results of short-term follow-ups in the hospital
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charts were examined to determine whether the fracture position had failed or
remained stable. Any change in fracture position during follow-up was considered
as redisplacement despite the quality of reduction. The number of K-wires used,
their thickness and distance from each other, as well as the angle between them,
was studied. The location of the K-wires regarding the cortex was evaluated
according to whether they were set through one or two cortexes, that is, if they were
monocortical or bicortical.

Supracondylar fractures other than type-3, n = 370
Conservatively treated supracondylar type-3 fractures, n = 30
Supracondylar type-3 fractures operated with crossing pins, n = 141
Supracondylar type-3 fractures operated with lateral-only pins, n = 24
Fig. 4. Patient enrolment of supracondylar humerus fractures in Oulu University
Hospital during 2000-2009. The original number of supracondylar fractures of the
humerus was 565. The number of type-3 fractures was 195. The number of lateral-only
pinned fractures was 24.

The posture of the fractures and the setting of the K-wires were classified as
satisfactory or unsatisfactory (Table 4). The position of the K-wires was
satisfactory if the divergent angle between the K-wires was over 25 degrees, and
the bone contact was more than four millimetres in every fragment around the Kwires. If the K-wires crossed each other by less than two millimetres in the fracture
level, it was classified as unsatisfactory (Sankar, Hebela, Skaggs, & Flynn, 2007).
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The reduction was acceptable when the AHL passed through the middle third of the
capitellum in the lateral projection, as shown in the fluoroscopy prints or
radiographs taken during or immediately after surgery. Displacement in coronal
plane greater than the thickness of the cortex or a change in Baumann’s angle of
more than five degrees in coronary projection was classified as unsatisfactory
(Zorrillade, Neira, Prada-Cañizares, Marti-Ciruelos, & Pretell-Mazzini, 2015).
Baumann’s angle was set at 72 degrees as a reference (Williamson, Coates, Miller,
& Cole, 1992). If the anterior and posterior cortexes were in line, or the distance
between them was less than two thicknesses of the cortex or less than five
millimetres in the lateral projection, the rotation was determined as satisfactory
(Zorrilla et al., 2015).
Table 4. Classification of satisfactory and unsatisfactory radiographic findings of
paediatric type-3 supracondylar humerus fracture after reduction and fixation by
Kirschner wires.
Particulars after Reduction

Satisfactory

Unsatisfactory

Divergent angle between K-wires (in degrees)

≥ 25°

< 25°

K-wires’ contact to every fracture fragment

≥ 4 mm

< 4 mm

Distance between K-wires in fracture line

≥ 2 mm

< 2 mm

AHL passed through middle-third of capitellum

Yes

No

Displacement in coronal plane

≤ thickness of the cortex > thickness of the cortex

Change in Baumann’s angle*

≤ 5°

> 5°

Rotation, determined by the distance between

≤ 2 thicknesses of the

> 2 thicknesses of the

anterior and posterior cortex in lateral projection

cortex or ≤ 5 mm

cortex or > 5 mm

* Compared to the reference value of 72 degrees (Williamson et al., 1992).

4.3.2 Statistical analysis
The loss of reduction and potential factors that affected it were studied. Potential
associating factors were the surgeon’s level of specialisation, experience in trauma
surgery, and surgical technique used. Stability after surgical treatment and follow
up was analysed, and the fractures were categorised into two different groups:
stable and unstable. The SND test was used to compare the groups to determine
differences in the proportions of the independent variables, which were the
surgeons’ specialty and experience, surgical technique and immediate
postoperative reduction. Used variables in surgical technique were: bone contact in
every fragment (<4mm/⩾4mm), diverging angle between the pins (<25°/⩾25°),
separation of the pins at the entry-point (<5mm/⩾5mm), crossing the wires at
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fracture line (Yes/No), open reduction (Yes/No). Variables after reduction were:
sagittal alignment (unacceptable AHL/acceptable AHL), coronal displacement
(>thickness of cortex/⩽thickness of cortex), rotational displacement (major
residual rotational/minor residual rotation), changed carrying angle (Bauman angle
change >5°/Bauman angle change ⩽5°). The results showed a 95% CI. Student’s ttest was used to determine the differences between the two groups in patients’
average age and mobilisation time. Logistic regression analysis was used to
determine if closer distance (mm) between K-wires’ entry-points affected
redisplacement.
The SND test was applied using StatsDirect software version 2.7.9 (StatsDirect
Ltd., England). A Student’s t-test and regression analysis were conducted using
IBM SPSS Statistics software version 25. The statistically significant threshold was
set at p < 0.05 (5%).
4.4

Paediatric elbow dislocations and concomitant fractures

4.4.1 Study setting
Data were collected from Oulu University Hospital’s records from 1996–2014. All
patients aged 0–15 years who suffered an elbow dislocation were included. The
hospital charts of the patients were studied to determine the injury mechanism,
gender, age, treatment method, short-term follow-up, and result. All lateral and
anteroposterior radiographs were examined to confirm the diagnosis and to specify
the dislocation site and possible concomitant fractures. The number of elbow
dislocations was 104, and there were 46 concomitant fractures, of which 31 were
treated operatively.
Flynn’s criteria were used to determine the short-term functional (i.e., elbow
range of motion, ROM) and cosmetic (i.e., carrying angle) results. These were
evaluated visually; in abnormal cases, a goniometer was used. The patients were
classified into four different groups based on the loss of motion and loss of carrying
angle: excellent (0–15 degrees); good (5–10 degrees); fair (10–15 degrees); and
poor (> 15 degrees) (Uçar, Demirtaş, & Uçar, 2012). The excellent and good
outcome groups were classified as satisfactory, and the fair and poor outcome
groups were classified as unsatisfactory. Cases with complications were classified
as unsatisfactory according to their outcomes.
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4.4.2 Statistical analysis
According to Statistics Finland, during the study period, the annual child
population in Northern Ostrobothnia was between 83 800 and 88 100. Annual
incidences were calculated and analysed to determine changing trends. The SND
test in StatsDirect software’s version’s 3.1.20 was used to determine differences
between the independent variables. The chi-square test for small groups in IBM
SPSS Statistics software version 23 was utilised to compare the categorical
variables. Satisfactory versus unsatisfactory results in the operatively and
nonoperatively treated patient groups with medial epicondyle fractures were
compared using a chi-square test and Fisher’s exact test. P-values were statistically
significant at p < 0.05 (5%).
4.5

Ethical aspects (I–IV)

No patient was contacted regarding the purpose of the study. During the analysis,
the patients’ identities were anonymised. Every patient was identified by a number
that was used during the statistical analysis. Identification details that connected
the number and patient were kept at Oulu University Hospital, and the
confidentiality of the patients’ information was guaranteed according to
instructions by Oulu University Hospital.
The funding for this study did not affect the investigations, data analyses, or
the writing of the manuscripts (I–IV).
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5

Results

5.1

Proximal humerus fractures (I)

5.1.1 Incidence of proximal humerus fractures (I)
The average annual incidence of paediatric proximal humerus fractures was
31.4/100 000. The mean incidence in girls (n = 177) was 38.20/100 000 and
25.35/100 000 in boys (n = 123). The incidence changed between the minimum of
26.1/100 000 in 2014 and the maximum of 36.9/100 000 in 2011, but there was no
increasing or decreasing trend from 2005 (27.2/100 000) to 2015 (28.5/100 000)
(Table 5). (Difference [Diff.] 1.3, 95% CI -17.5–15.2 per 100 000, p = 0.777).
Table 5. Annual incidence of paediatric proximal humerus fractures from 2005–2015.
Year

Incidence/100 000

2005

27.203

Incidence in girls/100 000 Incidence in boys/100 000
34.027

20.735

2006

36.479

48.316

25.238

2007

36.479

38.582

20.588

2008

29.347

41.026

20.496

2009

30.463

43.227

36.290

2010

29.347

33.851

24.824

2011

36.985

45.140

28.619

2012

33.231

42.405

24.542

2013

30.777

28.160

33.249

2014

26.109

37.401

15.448

2015

28.451

28.060

28.822

5.1.2 Characteristics of fractures and patients (I)
More than half of the fractures were metaphyseal (54.8%, n = 165). The proportion
of the growth-plate fractures was 39.9%. There were 11 SH type-1 fractures, 107
SH type-2 fractures, and two SH type-3 fractures. The number of fractures located
in the meta-diaphyseal transitional zone was 15 (5.0%).
The typical age for a proximal humerus fracture was 12 years (Figure 5). In
girls, the most common age was 10 years, and in boys, 12 and 14 years.
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Fig. 5. Number of paediatric proximal humerus fractures according to age in boys, girls
and both genders. Girls had more proximal humerus fractures than boys.

5.1.3 Injury mechanisms (I)
Horse riding was the most frequent cause of a proximal humerus fracture (17.3%,
n = 52) (Table 6). Downhill skiing and snowboarding (14.0%, n = 42) and
trampolining (11.0%, n = 33) were common causes of injury. Fractures also
occurred in traffic accidents (3.3%, n = 10) and while playing ice-hockey (2.0%,
n = 6). The injury mechanism was reported as falling on the same level in 19.3%
of cases (n = 58) and falling from a height > 1.5 m was the cause in 17.0% of the
cases (n = 51). In the remaining cases, the injury mechanism was not determined
at the time of the trauma.
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Table 6. Activities causing a proximal, shaft or supracondylar fracture of the humerus
and ulnohumeral dislocation with or without associating fracture (in numbers and
percentiles).
Activity during injury

Proximal humerus

Humeral shaft

Supracondylar

Ulnohumeral

fracture,

fracture,

type-3 fracture,

dislocation,

n = 300

n = 88

n = 24

n = 104

21 (23.9%)

-

14 (13.5%)

Downhill skiing or snowboarding

42 (14.0%)

Riding a horse

52 (17.3%)

-

2 (8.3%)

7 (6.7%)

Motor vehicles/Traffic

10 (3.3%)

5 (5.7%)

-

11 (10.6%)

Trampolining

33 (11.0%)

6 (6.8%)

6 (2.0%)

-

-

-

157 (52.3%)

56 (63.6%)

14 (58.3%)

57 (54.0%)

Ice-hockey
Other

8 (33.3%)

15 (14.4%)

5.1.4 Treatment trends in proximal humerus fractures (I)
During the study period, operative treatment as the method of choice increased
from 0–16% (Diff. 16, 95% CI 0.3–34.9%, p = 0.045) (Figure 6).
100%
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Fig. 6. Proportions of the two different treatment methods in patients with proximal
humerus fracture from 2005–2015. They were treated by nonoperative or operative
means. The proportion of operative treatment varied but increased in total during the
study period.
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The majority (92%) of the patients were treated nonoperatively (n = 276) without
surgical fixation, although three patients had a closed reduction under general
anaesthesia, and no fixation material was used. The increasing trend to operative
treatment was remarkable in the boys: 5.0% from 2005–2006 to 30% in 2014–2015
(Diff. 25, 95% CI 1.6–48.3%, p = 0.049).
5.1.5 Factors associated with operative treatment (I)
The boys (13.7%) were treated operatively more often than the girls were (4.5%)
(p = 0.002). Children >12 years were more frequently treated operatively (20.0%,
n = 13/65) than children younger than nine years (1.1%, n = 1/87) (p < 0.001). In
2005, the proportion of boys was 39.1% (n = 9/23). In 2015, it was 52% (n = 13/25)
(Diff. 12.9, 95% CI -39.1–15.3%, p = 0.281). In 2005, the proportion of
children >12 years was 13.0% (n = 3/23) and in 2015, it was 24.0% (n = 6/25) but
the increase was not statistically significant (Diff. -11.0, 95% CI -33.3–12.4%,
p = 0.303).
The results of the multivariate analysis showed that, when adjusted with other
potential risk factors, patients with a fracture displacement greater than a bone
thickness were exclusively operatively treated (93.3%, n = 14/15), and the
association with surgical fixation was as high as 16-fold (95% CI 4.8–51.4,
p < 0.001) (Table 7). If the displacement was less than half of the bone thickness,
the patient was infrequently operatively treated (1.3%, n = 2/151, p = 0.000).
Angular deformity ≥ 40° associated with operative treatment and increased the risk
of operation three-fold, but it was not statistically significant (OR = 3.12, 95% CI
0.70 to p = 0.13). In 2005, 34.8% (n = 8/23) of operatively treated fractures were
displaced in more than half of the bone thickness, and in 2015 the proportion was
48% (n = 12/25) (Diff. 13.2, 95% CI -39.1–14.8%, p = 0.274).
One in five of the boys suffered complications (20.2%); the corresponding
number of girls was 14.7% (OR = 1.47, 95% CI 0.80–2.69; p = 0.216).
Nonoperative treatment failed in 10 cases (3.6%, n = 10/276) and needed to be
operatively fixed later because of a redisplacement. One patient had a reoperation
after the primary surgical treatment because of a symptomatic scar (4.2%,
n = 1/24).
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Table 7. Risk of operative treatment of paediatric proximal humerus fractures and
potential association factors.
Factor

OR

95% CI

p-value

Age
< 12 years

1

≥ 12 years

2.21

0.69–7.14

0.180

0.87–9.86

0.082

0.70–14.51

0.130

4.84–51.42

< 0.001

0.99–35.01

0.052

0.79–12.83

0.105

0.81–8.89

0.110

Gender
Girl

1

Boy

2.93

Angular deformity
< 40°

1

≥ 40°

3.12

Displacement
≤ Bone thickness
> Bone thickness

1
15.77

Shortening
< 2 cm

1

≥ 2 cm

5.88

Comminuted fracture
No

1

Yes

3.17

Growth plate involved
No

1

Yes

2.68

5.1.6 Complications during the short-term follow-up (I)
The most common complication (12.3%, n = 37) was stiffness of the arm and
limited range of movement in the shoulder rotation during the short follow-up
period of six months. The ulnar nerve was the most commonly injured (n = 8), and
five patients suffered sustained damage. In addition, radial (n = 6), median (n = 5),
axillary (n = 1) and musculocutaneous (n = 1) nerves had short-term symptoms.
Plexus brachialis was injured in two (n = 2) cases; one recovered well after eight
months of follow-up and active physical therapy, but the other resulted in persistent
morbidity.
Postoperative infection of superficial fixation material requiring antibiotics
occurred in eight patients. In seven cases (n = 7/8), the K-wires were left on the
skin, and in one (n = 1/8) patient, the wires were buried under the skin. In total, 15
fractures were fixed with the wires left on the skin, and 47% (n = 7/15) had
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superficial infections. Wires left on top of the skin increased the risk of infection
four-fold compared with wires buried under the skin (OR = 4.20, p = 0.040).
5.2

Humeral shaft fractures (II)

5.2.1 Incidence of humeral shaft fractures (II)
The average annual incidence of humeral shaft fractures from 2001–2015 was
6.8/100 000. In the boys, the incidence was 8.49/100 000; in the girls, it was
4.17/100 000 (Diff. 4.2, 95% CI -12.2–3.3, p = 0.267). The incidence did not show
a changing trend during the study period. From 2001–2003, it was 6.74/100 000,
and from 2013–2015, it was 5.69/100 000 (Diff. 1.1, 95% CI 6.9–9.2, p > 0.999)
(Table 8).
Table 8. Incidence of humeral shaft fractures 2001–2015 in three years of periods.
Years

Incidence /100 000

Proportion of operative treatment (%)

2001–2003

6.74

16.6%

2004–2006

6.69

21.0%

2007–2009

6.63

26.7%

2010–2012

8.46

25.0%

2013–2015

5.69

35.0%

Note: Operative treatment increased from 16.6% to 35.0%.

5.2.2 Injury types (II)
The most common activity that caused fractures was downhill skiing (23.9%,
n = 21). Trampolining was connected to the injury in six cases (6.8%), and motor
vehicles were associated with five fracture cases (5.7%) (Table 6).
5.2.3 Treatment trends for humeral shaft fractures (II)
The proportion of operatively treated patients was 20.5% (n = 18/88).
Nonoperative treatment was the alternative treatment method. The treatment
method of surgical fixation increased during the study period (β = 1.266 95% CI
0.17–2.36, p = 0.035). From 2001–2003, the rate of operative treatment was 16.6%;
from 2013–2015, the corresponding rate was 35.0% (Table 8).
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Potential explanatory factors leading to surgical treatment, such as greater
displacement between the fracture components and angular deformity, did not
differ at the beginning and end of the study period (Table 9). Patients’ age, gender
and fracture location in the humeral shaft were not associated with the increasing
operative trend. The operative techniques used were intramedullary nail or pin
fixation (n = 9/18, 50.0%), plate/screw fixation (n = 8/18, 44.4%); external fixation
was applied in one case (5.6%).
Table 9. Background characteristics of humeral shaft fractures compared at the
beginning (2001–2003) and the end (2013–2015) of the study period.
Character

2001–2003 N (%)

2013–2015 N (%)

Diff. (%)

Gender (male)

13 (76.5)

10 (66.7)

9.8

p-value
0.471

Age (> 9 years)

10 (58.8)

8 (53.3)

5.4

> 0.999

Location
Proximal third

6 (35.3)

4 (26.7)

8.6

0.489

Middle third

9 (52.9)

7 (46.6)

6.3

> 0.999

Distal third

0.229

2 (11.8)

4 (26.7)

14.9

No bone contact

0 (0)

3 (20.0)

20.0

0.053

Comminuted fracture

2 (11.8)

0 (0)

11.8

0.243

> 20° angular deformity

3 (17.6)

5 (33.3)

15.7

0.265

Note: Based on the SND test results.

5.2.4 Factors associated with operative treatment
Comminuted fractures increased the risk for operative treatment eight-fold
(OR 7.82, 95% CI 1.69–36.27, p = 0.009) (Table 10).
Table 10. The risk of operative treatment of paediatric humeral shaft fractures
according to potential explanatory risk factors.
Character

OR

95% CI

p-value

Male gender

0.671

0.157–2.857

Age > 9 years

3.790

0.857–16.767

0.589
0.079

Full displacement

6.906

1.206–39.559

0.030
0.259

Angulation > 20°

2.193

0.537–8.955

Bone thickness > 30 mm

2.720

0.478–15.471

0.259

Comminuted fracture

7.823

1.687–36.272

0.009

Note: Based on the binary logistic regression analysis.
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Fractures with a dislocation greater than bone thickness had a seven-fold risk of
operative treatment (OR 6.91, 95% CI 1.21–39.56, p = 0.030). The results of the
multivariant analysis showed that higher age, greater dimensions of the skeleton
(bone thickness > 30 mm), gender and higher angular deformity (> 20°) were not
associated with an increased risk of operative care (Table 10).
5.3

Lateral-only pinning in supracondylar type-3 fractures (III)

5.3.1 Characteristics of patients and injuries
In total, there were 565 supracondylar fractures at Oulu University Hospital from
2000–2009. The number of type-3 supracondylar fractures was 195, 30 of which
were treated nonoperatively. The number of lateral-only fixed patients was 24, and
the number of patients fixed with medial and lateral crossing K-wires was 141.
Of the 24 lateral-only fixed patients, 13 were boys and 11 were girls (Table
11).
Table 11. Characteristics of patients, injuries and reductions in type-3 supracondylar
humerus fractures.
Character

n (%)

Patient and injury characteristics
Gender
Boy

13 (54.2)

Girl

11 (45.8)

Side
Left
Right

18 (75.0)
6 (25.0)

Open fracture
No

24 (100)

Reduction particulars
Sagittal alignment1
Unacceptable AHL
Acceptable AHL

7 (29.2)
17 (70.8)

Coronal displacement
> thickness of cortex

4 (16.7)

≤ thickness of cortex

20 (83.3)

Rotational displacement2
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Major, > 5 mm

4 (16.7)

Minor, ≤ 5 mm

20 (83.3)

Character

n (%)

Changed carrying/ Baumann’s’ angle
> 5°

9 (37.5)

≤ 5°

15 (62.5)

One-third of the patients were injured as a result of trampoline jumping (n = 8,
33.3%) (Table 6). Horse riding caused two fractures (8.3%). Two-thirds of the
fractures were caused by falling from heights (> 1 m) (n = 16, 66.7%), and seven
were falls on the same level or less than from one metre (29.2%). One injury was
undefined. Most injuries occurred outdoors (n = 19, 79.2%).
5.3.2 Surgeon’s expertise and choice in treating supracondylar type3 fractures (III)
Surgeons with orthopaedic expertise used lateral-only pinning more often than
other surgeons did. The number of operations with lateral-only pinning in the
orthopaedic specialised surgeons’ group was 16/68 (23.5%) and 8/97 (8.2%) in the
other surgeons’ group (Diff. = 15.3%, 95% CI 4.6%–27.6%, p = 0.005). Lateralonly procedure was initially planned in twenty cases (n = 20/24, 83.3%), and the
remaining four were first intended to operate with crossing K-wires. However, in
three cases, the crossing medial K-wire was removed, and the fixation was instantly
changed to the lateral-only technique during the same operation. In addition, one
fracture was initially planned to be fixed with three K-wires—two lateral and one
medial—but the two lateral K-wires showed satisfactory stability, so the third Kwire from medial side was not necessary.
Adult and paediatric orthopaedists had a redisplacement rate of 4/16 (25.0%)
in using the lateral-only fixation method. The comparable number by the other
surgeons was 3/8 (37.5%) (Diff. =12.5%, 95% CI -24.0%–50.6%, p = 0.407).
Redisplacement was not associated with the surgeon’s experience (residents vs.
consultants) (p = 1.0).
5.3.3 Technical inspection in the treatment of supracondylar type-3
fractures with lateral-only fixation (III)
All fractures were fixed with two ≥ 1.5-mm thick K-wires (Table 12). The K-wires
were inserted in a divergent configuration in eight cases (n = 8/24, 33.3%),
invergent configuration in 14 cases (n = 14/20, 58%) and parallel in two cases
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(n = 2/24, 8.3%). The angle between the inverging K-wires was 12.9° (SD = 8.1°)
and 19.0° (SD = 15.9°) between the diverging K-wires. The mean separation at the
fracture line between the K-wires was 4.5 mm (range = 0–16 mm, SD = 4.1 mm),
and the K-wires crossed at the level of the fracture in every three (33.3%) cases. At
the lateral cortex, the mean distance between the K-wires was 6.8 mm (range =
3.0–12.0 mm, SD = 2.3 mm) and 14.0 mm at the medial cortex (range = 0–
44.0 mm, SD = 13.3 mm).
Most fractures were fixed with closed reduction (n = 19/24, 79.2%), and only
five cases required an open reduction. Most were reduced in an anatomic or
acceptable position (n = 19/24, 79.2%). Poor reduction was accepted in every five
fractures (20.8%), fixed by the lateral pinning technique. However, good versus
poor reduction didn’t associate with redisplacement (p = 0.126).
Table 12. Details of fixation in type-3 supracondylar humerus fractures.
Fixation particulars

n (%)

Number of K-wires
2

24 (100)

Thickness of the K-wires
≥ 1.5 mm

24 (100)

Bone contact in every fragment
< 4 mm

6 (25.0)

≥ 4 mm

18 (75.0)

Diverging angle between K-wires
< 25°

19 (79.2)

≥ 25°

5 (20.8)

Distance between K-wires’ entry points
< 5 mm

5 (20.8)

≥ 5 mm

19 (79.2)

K-wires crossing at the fracture line
Yes

8 (33.3)

No

16 (66.6)

Open reduction
Yes

5 (20.8)

No

19 (79.2)

Surgeons’ experience
Resident

12 (50.0)

Consultant

12 (50.0)

Note. All included 24 paediatric patients from 0–15 years were treated by lateral-only pinning.
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5.3.4 Factors associated with redisplacement
Crossing the K-wires at the level of the fracture significantly increased the risk of
redisplacement (95% CI of OR 5–39, 202, p = 0.007) (Table 13). Eight fractures
were fixed with K-wires that crossed at the fracture level, and seven of them were
redisplaced (n = 7/8, 87.5%). Therefore, in all redisplaced fractures (n = 7/7), the
K-wires were crossed at the fracture level (Diff. = 94.1%, 95% CI 55.3%–99.0%,
p < 0.001).
The comparison of the treatment results showed that a shorter distance of
< 5 mm between the K-wires’ entry points was associated with redisplacement in
57.1% of cases; a distance > 5 mm was associated with redisplacement in 5.9% of
the cases (Diff. = 51.2%, 95% CI 13.9%–80.5%, p = 0.008). Shorter distances
between the K-wires’ entry points increased the risk of redisplacement (95% CI of
the OR 2–263, p = 0.017).
Table 13. Supracondylar type-3 humerus fractures categorised into unstable and stable
groups.
Gategory

Unstable (n = 7)

Stable (n = 17)

n (%)

n (%)

p-value1

Surgical technique of K-wire pinning
Bone contact with every fragment
< 4 mm

3 (42.8)

3 (17.6)

≥ 4 mm

4 (57.2)

14 (82.4)

< 25°

5 (71.4)

14 (82.4)

≥ 25°

2 (28.6)

3 (17.6)

0.172

Diverging angle between the K-wires
0.367

Distance between K-wires entry points
< 5 mm

4 (57.1)

1 (5.9)

≥ 5 mm

3 (42.9)

16 (94.1)

0.008

Crossing the K-wires at the fracture line
Yes

7 (100)

No

0 (0)

1 (5.9)

< 0.001

16 (94.1)

Open reduction
Yes

3 (42.9)

2 (11.8)

No

4 (57.1)

15 (88.2)

Resident

4 (57.1)

8 (47.1)

Consultant

3 (42.8)

9 (52.9)

0.071

Experience of the surgeon
> 0.999

Instant postoperative reduction
Sagittal alignment2
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Gategory

Unstable (n = 7)

Stable (n = 17)

n (%)

n (%)

Unacceptable AHL

2 (28.6)

5 (29.4)

Acceptable AHL

5 (71.4)

12 (70.6)

p-value1
> 0.999

Coronal displacement
> thickness of cortex

1 (14.3)

3 (17.6)

≤ thickness of cortex

6 (85.7)

14 (82.4)

Major, > 5 mm

5 (71.4)

15 (88.2)

Minor, ≤ 5 mm

2 (28.6)

2 (11.8)

> 5°

5 (71.4)

10 (58.8)

≤ 5°

2 (28.6)

7 (41.2)

> 0.999

Rotational displacement3
0.306

Changed carrying / Baumann’s angle

1

0.430

Analysed by SND test, 2 Acceptable when AHL passes through the capitellum, 3 Alignment of posterior

and anterior columns were determined: residual between proximal and distal fragments was measured.
Note: In the unstable group, the reduction changed during the follow-up. Potential associating factors with
instability based on the characteristics of the surgical technique were analysed using the SND test.

Factors that were not associated with redisplacement were as follows: insufficient
bone contact (< 4 mm) between the K-wires and fracture fragments (p = 0.172);
monocortical instead of bicortical fixation (p = 0.569); a diverging angle less than
25° versus more than 25º between the K-wires (p = 0.367); parallel K-wires
(p = 1.0); residual displacement on the coronal plane (p = 1.0); a changed
Baumann’s angle (p = 0.430); and residual rotational displacement over 5 mm
(p = 0.306). The gender of the patient was not associated with redisplacement
(p = 0.13). The use of immobilisation by an above-the-elbow cast was a mean of
28 days in the group with no redisplacement (SD = 0.8) and a mean of 29 days in
the redisplaced fractures (SD = 1.5) (p = 0.639).
5.3.5 Complications and reoperations
The number of redisplaced fractures among the lateral-only treated patients was
seven (n = 7/24, 29.2%, 95% CI 12.6%–51.1%). Four of them were on the left side,
and three were on the right side (p = 0.300). Four were boys and three were girls
(p = 0.659). Three fractures required reoperation (12.3%). The rate of reoperation
among the patients operated with lateral-only K-wires crossing at the fracture level
was 37.5% (n = 3/8). No reoperation was required in patients whose fixation pins
(K-wires) were set properly, and the K-wires did not cross at the fracture level
(n = 0/16) (p = 0.009).
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No patient had compartment syndrome in the lateral-only fixation group. No
patient had neurological or blood circulation-related damage. Six patients had a
massive hematoma.
5.4

Ulnohumeral dislocation with concomitant fractures (IV)

5.4.1 Incidence of ulnohumeral dislocation and related fractures (IV)
There was no changing trend in the annual incidences of elbow dislocations from
1996–2014. The mean incidence was 6.4/100 000. During both of the first two
years, the incidence was 10.3/100 000 and during both of the last two years, it was
9.1/100 000 (p = 0.791). The incidence was the lowest (2.28/100 000) in 2013 and
the highest (10.69/100 000) in 2001 (Table 14).
Table 14. Annual incidences of ulnohumeral dislocations per 100 000 from 1996–2014
in 0–15-year-old children in Northern Ostrobothnia.
Year

Incidence of elbow dislocations /
100 000 children (0–15 years)

1996

3.44

1997

6.93

1998

4.67

1999

3.54

2000

9.47

2001

10.69

2002

7.14

2003

7.15

2004

10.68

2005

10.64

2006

9.41

2007

5.87

2008

4.69

2009

7.00

2010

2.32

2011

6.93

2012

2.29

2013

2.28

2014

6.81
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5.4.2 Characteristics of patients and injuries (IV)
The mean age of the patients with an ulnohumeral dislocation was 11.3 years (range
3.5–15.9, SD 2.6). Two-thirds of the patients were boys (n = 70, 67.3%) and onethird were girls (n = 34, 32.7%). Dislocations were unilateral in every case. The
injury occurred on the left side (n = 54, 51.9%) as often as on the right side.
The most common recreational activity causing dislocation was trampoline
jumping (n = 15, 14.4%) (Table 6). Downhill skiing and snowboarding (n = 14,
13.5%) as well as playground activities (n = 14, 13.5%) were common causes of
dislocation. Traffic accidents (n = 11, 10.6%) also caused elbow injuries.
5.4.3 Type and treatment of elbow injuries (IV)
The most common type of injury was posterior dislocation (n = 65, 62.5%).
Posterolateral (n = 23, 22.1%) and posteromedial (n = 11, 10.6%) dislocations
were also common. Lateral (n = 2, 1.9%), medial (n = 1, 1.0%), and anterior (n = 2,
1.9%) dislocations were rare.
More than one half (n = 58, 55.8%) of the dislocations were not associated with
a fracture. There were no open dislocations or open fractures associated with the
dislocation. The number of patients with an elbow dislocation and a concomitant
fracture was 46 (44.2%). The total number of fractures was 48 (Table 15). Medial
epicondyle was the most common part of the bone to fracture (n = 30), and 65.2%
(n = 30/46) of the patients had a medial epicondyle fracture. Sixteen patients had
other associating fractures: lateral epicondyle (n = 5); proximal head of radius
(n = 8); olecranon (n = 3); forearm shaft (n = 1); and coronoid process of ulna
(n = 1). In one patient, the associated fractures were both in the medial epicondyle
and in the head of radius. Another patient had both olecranon and the head of radius
fractured with a dislocated elbow.
Table 15. Fractures associated with ulnohumeral dislocation.
Concomitant fractures (n = 48)
Medial epicondyle
Lateral condyle

n (%)
30 (62.5)
5 (10.4)

Proximal head of radius

8 (16.7)

Olecranon

3 (6.3)

Forearm shaft

1 (2.1)

Coronoid process of ulna

1 (2.1)
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Most injuries were treated nonoperatively (n = 73/104, 70.2%) with reduction and
casting. One patient had an open reduction (n = 1/104), and the rest of the
dislocations were treated with closed reduction (n = 103/104). After successful
reduction, most patients (n = 95, 91.3%) were immobilised by an above-the-elbow
cast, and the rest of the patients (n = 9, 8.7%) had a collar and cuff. Operative
treatment was performed in 31 (n = 31/104, 29.8%) cases, all of which included a
concomitant fracture. The rate of surgical treatment in elbow dislocations with an
associating fracture was 67.4% (n = 31/46). K-wires were used as the fixation
material in all operations. The primary displacement range of the fragments was 0–
35 mm (mean 13.3 mm, SD 11.6 mm).
The trend in surgical treatment was stable during the study period. Treatment
was performed on the day of the injury in 97 cases (n = 97/104, 93.3%). In six cases
(5.8%), the primary reduction failed after an out-hospital visit, and the treatment
was delayed. The analgesics paracetamol and NSAID (naproxen) were used as
medication.
5.4.4 Treatment outcome of medial epicondyle fractures (IV)
Associated medial epicondyle fracture was the most usual concomitant fracture in
ulnohumeral dislocations, and it required the most frequent surgical treatment. The
number of operatively fixed medial epicondyle fractures was 22 (n = 22/30,
73.3%). The number of nonoperatively treated patients was eight (n = 8/30,
26.7%).
According to Flynn’s criteria, the rate of satisfactory outcomes in the operated
medial epicondyle fracture group was 81.8% (n = 18/22) (Table 16). Comparably,
the rate of satisfactory outcome in the group of nonoperatively treated fractures was
62.5% (n = 5/8) (p = 0.345).
Table 16. Treatment outcomes according to Flynn’s criteria in both operative and
nonoperative treated medial epicondyle fractures with ulnohumeral dislocation.
Outcome

Flynn’s criteria

Satisfactory1

ROM3

0–10°

Cosmetic4

0–10°

ROM3

> 10°

Cosmetic4

> 10°

Unsatisfactory2
1

Operative treatment (n)

Nonoperative treatment (n)

18 (81.8%)

5 (62.5%)

4 (18.2%)

3 (37.5%)

Excellent and good groups are combined together, 2 Fair and poor groups are combined together, 3 Loss

of elbow’s range of motion in degrees. Changed function., 4 Loss of carrying angle in degrees
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The type of injury was not associated with the treatment outcome. Trampoline
jumping was compared with other activities that resulted in dislocation with or
without a concomitant fracture, but there was no difference in the outcome between
injury types (p = 0.104). Bare dislocations and dislocations with concomitant
fracture were analysed separately to determine an association between injury type
and results, but none were identified.
There was no ulnar nerve damage. The follow-up period was a median of four
weeks (mean 15 weeks, range 1–109 weeks).
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6

Discussion

The proportion of operative treatment in proximal and diaphyseal humerus
fractures increased even though the severity and other characteristics of the
fractures did not change during the study period. During the study periods, there
were no changing trends in the incidences of proximal humerus fractures (2005:
27.2/100 000, 2015: 28.5/100 000, mean 31.4/100 000); humeral shaft fractures
(2001–2003: 6.7/100 000, 2013–2015: 5.7/100 000, mean 6.8/100 000); or elbow
dislocations (1996: 3.44/100 000, 2014: 6.81/100 000, mean 6.4/100 000).
Regarding the most frequently operated humerus fracture, supracondylar humerus
fracture, the outcomes of lateral-only surgical treatment techniques were analysed:
lateral-only pin fixation showed good results in completely displaced Gartland
type-3 fractures if the K-wires were properly attached. However, inadequately set
K-wires resulted in a high proportion of instability. In reduction in general, it is
important that the bone contact is restored, and the axial alignment, length and
rotational axis are correct. The speciality or experience of the surgeon was not
associated with redisplacement.
6.1

Stable fracture incidence but increased operative treatment (I,
II)

Competitive sport-related hobbies have become more popular than before among
children (Logan, Cuff, & Council on Sports Medicine and Fitness, 2019). There
might be pressure to recommence exercising as quickly as possible. Surgical
stabilisation might offer earlier mobilisation (Canavese et al., 2017) and return to
normal life activities. Surgical fixation might offer more accurate alignment and a
lower number of necessary radiographs and follow-up visits to ensure the
maintained fracture position. The time spent in hospital after injury might be
shorter (Caviglia et al., 2005; Kelly, 2016). Moreover, in distal humerus, the
remodelling potential is lower than in the proximal area, and surgeons are thought
to treat paediatric distal humerus fractures by operative means to ensure optimal
reliable stability (Salonen et al., 2013). These factors may have led the operative
treatment to be the preferred treatment method, instead of nonoperative care, even
in proximal and shaft area fractures.
In this study, it was found that an alternative to nonoperative treatment was
increased surgical treatment for both proximal humerus and humeral shaft fractures
in children. These findings are in line with the literature: for example, in a
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nationwide study in Finland, operative treatment of paediatric fractures showed an
increasing trend (Helenius et al., 2009). In Sweden, the trend towards operative
treatment in children increased in the period from 1998–2007 (Hedström et al.,
2010). An increasing trend towards operative treatment was identified in the United
States between 2000 and 2012 from 39.3% to 46.4% in a study population of 7 520
children (Cruz et al., 2018). Prior to the present study, the latter was the only
previous study on recent trends in treatment methods for paediatric proximal
humerus fractures.
The use of ESIN has become increasingly popular (Lefevre et al., 2014). The
procedure is sophisticated and feasible in treating paediatric long-bone fractures
(Sénès & Catena, 2012). It is an accepted method for treating humeral shaft
fractures (Furlan et al., 2011). It provides satisfactory rotational control and stable
reduction. Moreover, the QuickDASH scores in paediatric shaft fractures were
satisfactory (Canavese et al., 2017). The development of this technique and its
popularity could explain the increase in operative treatment in paediatric long-bone
fractures. Nevertheless, some surgeons use smooth metal pins for intramedullary
fixation, and plate/screw fixation is still a popular technique, especially in
comminuted fractures, which are not recommended to treat with ESIN because of
loss and unstable fragments (Slongo, 2008). In cases of large soft-tissue damage,
external fixation is required (Qidwai, 2000; Sahu, 2013). All these methods were
used to treat shaft fractures in the retrospective cohort in this study.
6.1.1 Proximal humerus and humeral shaft fractures
The incidence of many other upper-extremity fractures in children has increased in
recent decades (Ryan et al., 2010; Sinikumpu, Lautamo, Pokka, & Serlo, 2012;
Sinikumpu et al., 2014). However, the incidences of proximal humerus and humeral
shaft fractures have not increased. The varying trends in fracture incidence in this
area might be explained by differing injury mechanisms. Backyard trampolines,
which have caused an increasing number of forearm and supracondylar fractures,
have become increasingly popular since the beginning of the third millennium
(Klimek, Juen, Stranzinger, Wolf, & Slongo, 2013; Sinikumpu, Lautamo, Pokka,
& Serlo, 2012). Proximal humerus fractures are more likely to be caused by horse
riding and winter sports, such as snowboarding and downhill skiing, which are also
the most common injury mechanisms in humeral shaft fractures, according to this
study. Those accidents usually include higher trauma energy than in cases of
forearm or distal humerus fractures, in which the trauma mechanism is usually a
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fall on a fully extended arm (Anari et al., 2019; Bell, McLaughlin, & Huntley, 2012;
Saarinen & Helenius, 2019). However, during the study period, there was no
evidence of increases in the popularity of horse riding, snowboarding or downhill
skiing among children.
Approximately 35% of most paediatric fractures are the result of sport-related
injuries (Schalamon et al., 2011; Lyons et al., 1999). In the present study, as a
background activity factor, snowboarding was linked with many fractures (Table
6). In the literature, snowboarding is associated with the highest activity-specific
fracture rates in children between three and 16 years of age (Randsborg et al.,
2013). In Norway, snowboarding was evaluated to cause 1.9 fractures per 10 000
hours of exposure, increasing the risk of fracture four-fold compared with other
recreational childhood activities. The evaluation of the time a child spent on various
activities was done by parents during a telephone interview. Soccer was the most
common activity causing the injury, but the exposure time spent in soccer was
longer compared with snowboarding. Swimming was the safest activity, causing
no fractures. Wrist guards were rarely used, but 83.8% of the children wore helmets
during snowboarding (Randsborg et al., 2013). Proper safety equipment must be
used during this recreational activity. Children’s exposure to sports should not be
prevented; rather, awareness and precautions should be enhanced to minimise the
risk of fractures (Schalamon et al., 2011). Sport participation has been found to
increase the incidence of upper-extremity fractures in boys but decrease the
incidence in girls (Ma & Jones, 2003). Light physical activity is protective and
decreases the risk of fractures, but the amount of time spent watching television
and videos and using computers has been associated with wrist and forearm
fractures (Ma & Jones, 2003). Physical activity is important in creating strong
bones and muscles and avoiding fragility and fractures. In Sweden, fracture
incidence has decreased, and prevention measures have been considered effective
against severe accidents (Landin, 1997). For instance, car safety was increased,
which decreased the number of road accidents causing paediatric fractures (Rennie
et al., 2007).
According to the findings of our study, the total number of paediatric proximal
humerus fractures was 2% of all childhood fractures if the annual incidence was
31.4/100 000. This finding is similar to those previously reported in the literature
(Fernandez et al., 2008) and in line with a previous study performed in Southern
Finland, where the proportion of proximal humerus fractures was 2.4% of all
paediatric fractures (Mäyränpää et al., 2010). However, the incidence reported by
Larsen et al. (1990) was double at 68/100 000, and few studies have investigated
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the incidence of paediatric proximal humerus fractures. The average age peaks of
patients with a proximal humerus fracture were also in line with previous studies
on children between 10 and 14 years (Mäyränpää et al., 2010; Kim et al., 2012).
According to the findings of this study, the proportion of humeral shaft
fractures was 0.42% of all paediatric fractures. The annual incidence of humeral
shaft fractures was 6.8/100 000, while the respective total annual incidence of all
paediatric fractures was 1 630/100 000 in Finland, in 2005 (Mäyränpää, 2010). The
annual incidence of humeral shaft fractures in this study is in line with Mäyränpää
et al.’s (2010) study in Southern Finland, where the incidence of humeral shaft
fractures was 0.4%. The incidence of humeral shaft fractures in Finnish studies is
less than in the earlier literature (Beaty, 1992; Caviglia et al., 2005; Shrader, 2007).
The classification of shaft fractures may vary between studies, and the junction area
between the metaphysis and shaft might vary slightly depending on the study. In
this study, fractures in the proximal metaphyseal-diaphyseal junction area were
considered proximal and not shaft fractures. Definitions of the paediatric
population may vary, leading to differing results depending on the ages included.
Typically, boys tend to have more fractures than girls do. The proportion of
boys was found to be more than 60% among paediatric fracture patients (Cooper et
al., 2004; Lyons et al., 1999; Mäyränpää, Viljakainen, Toiviainen-Salo, Kallio, &
Mäkitie, 2012). Paediatric proximal humerus fractures are an exception to this
common variance between sexes. Schalamon et al. (2011) reported similar findings
of a study conducted from 2004–2006, where girls (65.3%) tended to have more
proximal humerus fractures than boys did. In Austria, the proportions of fractures
in girls and boys were found to be equal in a study by Binder et al. (2016) between
1992 and 2009. It is a remarkably rare finding that girls are predominant in the
number of fracture patients (Koga et al., 2018). However, in the United States, Cruz
et al. (2018) found the opposite gender distribution regarding this fracture, where
only 35.9% were females (Cruz et al., 2018). A potential explanation for the
findings of the present study is that horseback riding is a more popular hobby
among girls, and it represented a background factor in 17% of all accidents leading
to a fracture. This could be the reason for the female predominance in this study. In
comparison, snowboarding and downhill skiing are popular hobbies of both boys
and girls.
In the study on proximal humerus fractures, the rate of redisplacement and the
need for later operation after nonoperative care were higher than reported in the
literature. Only one patient of 225 patients required reoperation after failed
nonoperative care (Gladstein, Schade, Howard, & Camp, 2017). In this study, the
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number of subsequent unplanned operations was 10 of 286. These numbers may
have varied because of different clinical practices in institutions. Nonoperative care
might be preferred by some surgeons as a primary treatment, and operative
treatment as an option only after a failed nonoperative method.
The full displacement of bone thickness, also known as a bayonet position, in
the baseline was associated with the operative treatment 16-fold in proximal
humerus fractures. Surprisingly, an increasing angular deformity was not
associated with the operative treatment. The motion arches in the shoulder joint are
wide, which explains why the angular deformity was not determined to be a
limiting factor in functional performance or as requiring surgery in the proximal
end. Instead, the bayonet position in the proximal end confines the functions
because it could decrease the abduction motion and therefore requires proper
fixation, potentially by operative means (Schwendenwein et al., 2004).
It is encouraging that ossification was satisfactory in all humeral shaft fracture
patients, and nerve complications were not common in shaft or in proximal
fractures. The radial nerve is oblique and close to the posterior surface of the
humeral shaft in the radial groove, so it is easily damaged. In the study population
of shaft fractures, two patients suffered from radial neurapraxia but were resolved
without intervention during follow-up. In proximal humerus fractures, five of eight
ulnar nerve injuries did not recover during the short-term follow-up. However,
radial (n = 6), median (n = 5), axillary (n = 1), and musculocutaneous (n = 1) nerve
injuries recovered fully. Plexus brachialis injuries occurred in two patients, and one
recovered fully after active physical therapy during follow-up, but the other did
not.
Superficial infection of a scar was a complication associated with the operative
treatment of proximal humerus fractures. K-wires left on the top of the skin
increased the risk of infection 4-fold. However, K-wires left under the skin are
much more troublesome to remove, and buried K-wires require a secondary
operation. The logistical and cost-saving benefits are much higher with unburied
K-wires. In addition, contrary to our study, Qin et al. (2017) found no higher
superficial infection rates in the unburied group than in the buried group in a metaanalysis of four original studies with 501 patients with lateral condyle fractures
treated with K-wires. The duration of K-wire usage was also shorter in the unburied
group (Qin, Li, Li, Bai, & Li, 2017).
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6.2

Lateral-only fixation of supracondylar type-3 fractures (III)

The recommended surgical method for treating supracondylar type-3 fractures is
still under debate. The incidence of paediatric supracondylar fractures has
increased by 30% since 2000 (Sinikumpu, Pokka, Sirvio, & Serlo, 2017). The inhospital treatment of these fractures has also increased (Salonen, Pajulo, LahdesVasama, Välipakka, & Mattila, 2013). In this study, almost one-third (29.2%) of
lateral-only fixed fractures were unstable in the follow-up. The study was
population-based, and this number of failed surgical treatments for any fracture is
worrisome. The significant portion of failed treatments in the lateral-only technique
is an important finding, as operative treatment has increased. In previous studies,
inadequate stability of the lateral-only technique was not unpredictable. The results
of this method have been reported to be 40% weaker biomechanically compared
with crossing K-wires (Zionts et al., 1994).
Limitations of surgical techniques have been suggested to explain the weak
stability of lateral-only pinning (Mazda, Boggione, Fitoussi, & Penneçot, 2001).
Many mistakes in technique were found in contrast to the recommendations in this
study. In every third fracture, the K-wires were crossed at the fracture line (33.3%),
which is against the guidelines and is not acceptable. One in five (20.8%) of the
fractures were fixed at an insufficient divergent (< 25°) angle between the K-wires.
In 25% of the fractures, the bone contact with the K-wire was < 5 mm, which was
not appropriate. The K-wires entered the bone too close to each other, or the Kwires were crossed at the fracture level, which were associated with redisplacement
in our study. Fixing the K-wires too close to each other weakens the mechanical
support. In particular, rotational movement is not properly prevented if the
implanted wires are crossed at the fracture level. Correspondingly, in our study, the
fractures fixed with an adequate technique using lateral-only K-wires that did not
intersect at the fracture line were stable. In addition, no ulnar nerve complications
were witnessed in the use of lateral-only pinning, which is in line with the literature
(Joiner et al., 2014; Omid et al., 2008; Skaggs et al., 2004; Zorrilla et al., 2015).
In this study, the lateral-only fixation method was used in addition to the
crossing pin procedure. The findings did not show the reason that some surgeons
preferred one or the other technique. However, surgeons who were more familiar
with orthopaedics selected the lateral-only fixation more often than surgeons who
had no acquaintance with orthopaedics in their practice. A potential reason is that
the lateral-only procedure is more difficult, and instability results if the technique
is not appropriately performed. Surgeons who are not orthopaedic specialists may
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avoid the use of the lateral-only technique and prefer the more straightforward,
biomechanically more secure, crossing lateral and medial pin fixation method.
Even though the lateral-only pinning method is more unstable, we found that no
redisplacement occurred with adequate pin configuration. In addition, lateral-only
operations did not result in ulnar nerve injuries. In a recent study, Saarinen and
Helenius (2019) found that lateral-only fixation was used less frequently, and there
were better results among orthopaedic surgeons than among residents and
paediatric surgeons. However, in their study, the portion of Gartland type-2 and 3
fractures was unequal among different surgeons, and orthopaedic surgeons
operated less on type-3 fractures than residents and paediatric surgeons did. This
study showed no differences in redisplacement rates between operating surgeons’
specialties or experiences in treating supracondylar type-3 fractures. Study designs
and hospital circumstances may vary, and the findings are not directly comparable.
Overall, a primary requirement in orthopaedics is satisfactory stability, which may
be achieved by several procedures. Nevertheless, immaculate fixation by crossing
medial and lateral pins is unquestionably superior to inadequately performed
lateral-only fixation techniques, which may be associated with complications.
Baumann’s angle is useful in evaluating alignment after elbow injury,
especially after supracondylar fracture. The angle is measured between the humeral
axis and the line passing along the lateral condyle physis. However, in some
textbooks, the angle is defined as between the line passing the physis of the lateral
condyle and the line perpendicular to the humeral axis. The mean Baumann’s angle
is 72 degrees, but it is assumed to be normal between 64 and 81 degrees
(Williamson et al., 1992). However, the best and the most singular method is to
compare the upper extremities with each other in analysing the post-injury results.
In this study, more than 5 degrees of change in Baumann’s angle was classified as
unacceptable, and the reference was set at 72 degrees. Therefore, the range of
normal Baumann’s angles was narrower at 67 to 77 degrees than in the literature,
which might lead to the conclusion that in this study, some patients’ outcomes were
misclassified as unsatisfactory. There is also confusion between the carrying angle
and Baumann’s angle. The carrying angle is the angle measured between the axis
of the humerus and forearm. Nevertheless, there is a connection between an
abnormal Baumann’s angle and a changed carrying angle in investigating the
results of supracondylar fractures (Smajic et al., 2013).
The lateral-only fixation method was used in 24 patients (14.5%), and the
crossing medial and lateral pins method was used in 141 patients (85.5%). The
patients’ average age, which was 7.4 years in the crossed pins group and 6.7 years
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in the lateral-only group, did not differ statistically significantly nor did the severity
of the fractures. The crossed pins method was used in two open fracture cases, but
the lateral-only method was not used in any case. However, it is possible that some
fractures were initially treated with two lateral-only pins, but the position was
immediately recognised as unstable, and the medial pin was added. Because of the
retrospective study design, it was not possible to determine detailed information
about operations if they had not been recorded in the hospital chart by the operating
surgeon at the time of treatment.
6.3

Ulnohumeral dislocations and concomitant fractures (IV)

Previous evidence of the incidence of paediatric elbow dislocations is scarce. Only
a few previous studies have focused on this injury. No previous study has reported
the incidence and recent trends in paediatric elbow dislocations since the 1980s in
a normal child population.
The incidence of elbow dislocations has not increased even though the injury
mechanism is similar to other upper-extremity injuries: a fall on an outstretched
hand. However, the number of fractures around the elbow joint, such as forearm
and distal humerus fractures, has increased. Nevertheless, dislocations of the
ulnohumeral joint have not increased, which remains inexplicable. This
phenomenon might be explained by environmental or biological factors. Children’s
recreational activities might have changed, thus increasing their vulnerability to
fractures instead of dislocations. Injuries may also include greater trauma energy.
Even young children participate in risky activities, such as trampoline jumping and
playing with motor vehicle toys, which expose them to injuries and fractures
(Salonen et al., 2013). Biological changes in bone structure are a possible
explanation for increased fracture incidence, keeping ligaments unaltered and
stabilising the incidence of joint dislocations. Lower bone mineral content and size
are associated with paediatric fractures, and low mineral density is a predictor of
new fractures (Goulding, 2007; Hedström et al., 2010). It has also been found that
maternal smoking and alcohol intake during pregnancy increase the risk of
fractures in the infant during childhood (Parviainen, Auvinen, Pokka, Serlo, &
Sinikumpu, 2017; Parviainen, Roope, Auvinen, Serlo, Järvelin, & Sinikumpu,
2020). Because paediatric fractures are multifactorial, both external and internal
causes could result in different trends in the incidences of fractures and
dislocations.
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The proportion of dislocations with a concomitant fracture was 44%, which is
less than previously reported by Carlioz and Abols (1984) in France (64%), Rasool
(2004) in South Africa (75%), and Di Gennaro et al. (2013) in Italy (67.5%).
Nevertheless, the present study was population-based, and radiographs were
available for all patients to confirm diagnoses. Therefore, my results are reliable.
The findings are in line with the literature in showing that the medial
epicondyle is the most common concomitant fracture in elbow dislocations (Di
Gennaro et al., 2013; Rasool, 2004). The results of the two different treatment
methods (i.e., operative vs. nonoperative) in medial epicondyle fractures (n = 30)
were compared, and the findings showed that a satisfactory outcome was reached
in 82% of operatively treated patients and in 63% of nonoperatively treated
patients. However, the subgroups were small, and the difference was not
statistically significant. Studies with larger populations or longer study periods are
required to reliably evaluate the results of different treatment methods.
Some reports in the literature support operative treatment for medial
epicondyle fractures associated with elbow dislocation (Stepanovich et al., 2016).
Kamath et al. (2009) found in a systematic review of 498 patients that operative
treatment of medial epicondyle fracture was superior in bone union and did not
increase pain in children (Kamath et al., 2009). However, Grahn et al. (2012) found
that patients treated operatively (n = 40) suffered from pain more often than
patients who were nonoperatively treated (n = 41). They treated medial epicondyle
fractures nonoperatively with a mean 8 mm (3–12 mm) displacement in the
anteroposterior direction and a mean 9 mm (6–22 mm) displacement in the lateral
direction with satisfactory outcomes. Nonoperative treatment may have successful
results in medial epicondyle fractures with or without concomitant elbow
dislocation, but some complications occur, such as functional disabilities (Knapik
et al., 2017). However, Grahn et al. found better outcomes among nonoperatively
treated patients. In addition, the purpose of the operative treatment of fractures of
the medial epicondyle with concomitant elbow dislocation is to maximise the
chances of returning to normal daily activities as soon as possible (Kamath et al.,
2009). However, although Grahn et al. showed the opposite, in their study, all
nonoperatively treated patients returned to sports, while 15% of the operatively
treated children had to decrease the amount of exercise.
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6.4

Strengths and limitations (I–IV)

Details of the injury mechanisms were not sufficiently determined at the time of
the trauma in all patients, which is a disadvantage of the retrospective study design.
Therefore, specific comparisons, such as between sport-related fractures and other
associating background factors, could not be reliably made. In addition, the clinical
findings were based on hospital registries written at the time of the injury, which
were sometimes insufficient.
Another limitation was that the number of patients in the groups of operatively
treated proximal humerus fractures, humeral shaft fractures, and medial epicondyle
fractures was small. In addition, the specific treatment subgroups in operative care
were even smaller. The number of patients affected the confidential intervals and
changed the margin of error. A larger sample of patients would have yielded more
reliable results and greater statistical power. For example, the number of patients
showing an increase in operative treatment was small. Therefore, there is a potential
for biased results, even though the study period was sufficient, and the findings
should not be an accidental discovery. In addition, a comparison between
nonoperative and operative treatments was not possible in some fractures. With the
exception of the lateral-only versus crossing pin fixation of supracondylar type-3
fractures, different surgical methods were not compared and neither were different
osteosynthesis and anatomical locations. The baseline is that more severe fractures
usually require operative treatment. Therefore, the results are not as satisfactory as
they would be in less severe fractures that can be treated nonoperatively. It is not
reasonable to compare treatments if the baselines are different. Some humerus
fractures were rarer than others, and therefore the number of some patients was
scarce, even though the study periods were more than 10 years. However, the study
periods were long enough to show changes in trends.
Only a few patients were excluded from the sub-studies because radiographs
or bone pathology were missing. However, most radiographs were available.
Diagnoses were confirmed in the radiographs, but it is not the most precise method
for identifying osteochondral fractures. Therefore, it is possible that all
osteochondral fractures in the proximal or distal end of the humerus were not found.
MRI would have been a more specific imaging method in this study, especially in
the elbow region. A strength of this study was that the radiographs of all patients
were examined to confirm the primary diagnosis and to evaluate fracture
characteristics and outcomes, such as bone union, during follow-up.
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The treatment of adolescents must be personalised depending on skeletal
maturation. Kwong (2014) found that ossification in the proximal humerus was
typically complete around 13 years, and the growth plate showed marks of closing
at 17 years (Kwong et al., 2014). In this study, the state of ossification was not
determined in detail, even though it could have affected the fracture’s healing
process. All the patients in this study were younger than 16 years, and in the
majority, the growth plates were still open during the fractures. However, it is
possible that some isolated cases occurred when growth had already stopped.
Long-term outcomes were not studied, and short-term outcomes and followup were sometimes short. Long-term outcomes and recovery would have been an
important finding in these childhood fractures in comparing treatment methods
(Sinikumpu, 2015). In addition, arm function, such as ROM and grip strength,
subjective satisfaction, quality of life and residual symptoms, were not included in
the study.
Although follow-ups were not longer than two months, they showed sufficient
short-term results and complications. During this period, the need for reoperation
was determined, and many nerve complications showed signs of healing. In
addition, bone healing in children is fast and effective.
Patients who had a fracture outside the area of the local trauma centre, such as
during a holiday, may have limited the precision of the analysis of incidences. The
number of these fractures was probably small, and follow-ups should have been
arranged in the place of domicile.
A significant strength of this study is its population-based design. The
paediatric population at risk in Northern Ostrobothnia is approximately 85 000. In
Finland, official population statistics are precise. The study area comprises both
rural and urban regions. In Northern Ostrobothnia, public healthcare has been the
first choice of treatment for children, and pediatric orthopaedic injuries are
followed up in the university hospital clinics because it is the only round-the-clock
paediatric trauma centre in the area. Therefore, because of follow-up in that centre,
patients were found in our registries even in cases when the first medical contact
was elsewhere. In Finland, the treatment is the same for every child despite their
economic situation or insurance status. Private clinics do not usually arrange
overnight stays in the research area, and financial interests do not explain the
increase in operative treatment (Salonen et al., 2013).

97

6.5

Future aspects (I–IV)

Long-term follow-up should be implemented to allow for later clinical findings and
possible disabilities caused by these fractures. Follow-up visits after a long period
of healing would provide more information about different treatment methods and
their results. Specific questionnaires could be a useful method for evaluating
outcomes. Quality of life and the effects of fractures and their treatment methods
on sports or on playing a musical instrument could be analysed in future research.
In addition, more prospective randomised controlled trials are required.
A wider study population or a longer study period could include a larger
number of patients to compare different treatment methods in subgroups. Clinical
trials comparing operative and nonoperative treatment methods for specific
controversial injuries such as in distal or proximal humerus fractures could be
conducted. In addition, the advantages and disadvantages of different fixation
materials could be investigated, for example the biodegradable fixation material in
paediatric humeral fractures.
In Finland, opioids are not commonly used as analgesics for children after a
fracture. The child’s experience of feeling pain and the effect of pain-relieving
medication could be examined in a future study. In the present study, NSAID
medication was the most frequently used. Prescriptions for opioids were rarely
needed although they were not examined closely in the present study.
The costs of operative treatment versus nonoperative treatment for paediatric
humerus fractures have not been clarified. Surgical fixation of paediatric proximal
humerus fractures leaving K-wires exposed on the skin was found to be cost saving
compared with intramedullary nailing or K-wire fixation with buried wires (Shore
et al., 2015). This study did not include the costs of treating paediatric humerus
fractures. However, if the rate of operative treatment increased, the costs might also
have changed. It would be relevant to consider the costs of different treatment
methods that produced similar results.
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7

Conclusion

During the study period, operative treatment increased in paediatric proximal
humerus and humeral shaft fractures. However, the severity of these fractures did
not change during the study period. The increasing phenomenon of treating
children’s humerus fractures by surgical methods remains partially unclear. It is
likely that the threshold for operative treatment in paediatric fractures has
decreased during recent decades. In proximal humerus fractures, the most
significant factor associated with operative treatment was the displacement
between the fracture fragments wider than bone thickness. Comminuted fractures
and higher displacement rates were associated with the operative treatment method
in humeral shaft fractures.
No changing trend was found in the incidences of paediatric proximal humerus
(2005–2015) and humeral shaft fractures (2001–2015) or in elbow dislocations
(1996–2014) during the study period. No changing trends were found in children’s
activities that caused these injuries. The most common concomitant fracture to
elbow dislocation was the avulsion fracture of the medial epicondyle of the
humerus (62.5%). The operative treatment method was the most frequently
performed in medial epicondyle fractures, showing satisfactory results.
Supracondylar type-3 humerus fractures were operatively treated using either
crossing or lateral-only K-wires. The lateral-only fixation method showed
satisfactory results if the wire configuration was adequate. No ulnar nerve injuries
were found. The rate of redisplacement was high if the lateral-only technique was
not properly performed. K-wires require a good hold in both bone cortexes, and
they need to pass through both fracture fragments without crossing at the fracture
line in order to prevent displacement, angulation and rotation. The speciality or
experience of the operating surgeon was not associated with redisplacement but
orthopedic surgeons selected the lateral-only technique more frequently.
Further studies are needed to determine specific reasons for the increase in
surgical treatment of upper arm fractures in children and adolescents. The present
findings of increased surgical treatment of paediatric humeral fractures showed
good results in recovery, but further investigation is required to ensure satisfactory
treatment outcomes in humeral fractures in children and adolescents in long-term.
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