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ABSTRACT

Paediatric humeral shaft fractures are a relatively uncommon injury
comprising less than 3% of all paediatric fractures. Although these
injuries are uncommon, it is important to be familiar with managing
such injuries and recognising which types of fractures require surgical
stabilisation or referral to specialist tertiary care. This paper provides
a broad overview of humeral diaphyseal fractures in children
including key management principles. We discuss aetiology, non-
accidental trauma (NAT), clinical findings, imaging, fracture patterns,
classification, associated injuries, management (non-operative
and operative) and complications. Due to the increasing trend of
managing these injuries with surgical fixation, we also review
the recent available literature evaluating these surgical options.
Overall, there is good evidence that the majority of humeral shaft
fractures in children and adolescents can be successfully managed
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non-operatively. However, operative management when clinically
indicated, especially in older children and adolescents, has shown
to be beneficial with good clinical outcomes and low complication
rates. Further research with paediatric-specific core outcomes is
recommended to further evaluate this underrepresented topic.
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INTRODUCTION

Fractures are common in children with up to one third of all children
sustaining at least one fracture aged 16 or under!". Humeral shaft
fractures in children are a relatively uncommon injury estimated
at between 0.4 and 3% of all paediatric fractures>*. They account
for approximately 20% of all humeral fractures and have a bimodal
distribution with the majority occurring before age 3 and after
12 years of agel*7l. Consequently, there is limited evidence in the
literature for optimally managing such injuries.

The aim of this paper is to provide a clear narrative overview of
this underrepresented injury. We discuss aetiology, non-accidental
trauma (NAT), clinical findings, imaging, fracture patterns,
classification, associated injuries, management and complications.
We aim to increase awareness of the management of such injuries
in a standard acute trauma unit and when to refer for specialist
paediatric tertiary care unit. Due to the increasing trend of managing
these injuries with surgical fixation we have reviewed the recent
available literature evaluating these surgical options.

AETIOLOGY

There are various causes of humeral diaphyseal fractures in children
according to their age group.
At birth
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Humeral shaft fractures are the second commonest birth-related
fracture, after clavicle!®. At birth, such fractures can be caused by
factors such as macrosomia, breech delivery or prolonged/difficult
delivery with rotation or hyperextension of the upper am®®7\. In
addition, a recent paper reported additional statistically significant
increased risk factors including maternal obesity, shoulder dystocia,
multiple birth, pre-term birth and high birth weight (> 4000g)!'".

In older children

Humeral shaft fractures can be caused by direct trauma to the arm,
falls, road traffic collisions or sporting injuries®”). Up to 56% of
humeral shaft fractures in older children are caused by falls!'. Due
to the rising popularity in extreme sports, increasing prevalence of
paediatric fractures related to skateboarding, skiing, mountain biking,
trampolining and martial arts has been reported!'"'?. A recent Finnish
study showed up to 30% of all humeral shaft fractures resulted from
trampolining and skiing accidents!'!.

At all ages

1. Pathological fractures

These should be considered in cases of low-energy trauma such as
fracture through common simple bone cysts or less common with
bone fragility conditions such as osteogenesis imperfecta, fibrous
dysplasia, scurvy and osteopetrosis®®’. In a large review paper
analysing the Swedish birth population of over 1.8 million between
1997 and 2014, they found an incidence of bone fragility disorders
of 1% in birth-related humeral shaft fractures and 6% in later
fractures!!®.

2. Non-accidental Trauma

Non-accidental trauma (NAT) is an important consideration for
paediatric fractures at any age. Loder and Bookout!'* reported the
humerus to be the second most common long bone injury in NAT
after the tibia. A systematic review paper looking at patterns of
skeletal fractures in child abuse under 3 reported an overall estimate
of the probability of suspected abuse at 0.54 (0.30 to 0.88)!"*]. Rates
of humeral fractures attributable to NAT have been reported in 43%
to 73% of children aged 12 months or under while rates decreased to
between 9.3% and 12% from ages 1 to 317\,

In particular, spiral humeral shaft fractures have been reported to
be the commonest fracture pattern associated with abuse!’*'”!. In a
retrospective 10-year review of all humerus fractures in children aged
up to 48 months at a level 1 paediatric trauma centre, 86.7% resulted
from NATU®), They also reported 31.54 greater odds of being the
victim of abuse in children presenting with a humerus fracture below
the age of 18 months, which is typically considered younger than
walking age.

The consequences of missing a child with NAT places them at
increased risk of morbidity and mortality without involvement of
protective services!'®l. Taitz er a/*” discuss various indicators to
help guide clinical judgment in determining whether a long bone
fracture may represent abuse. These include: inconsistent history,
young age, presence of polytrauma, unreasonable or unexplained
delay in presentation, unwitnessed injury and previous fractures and/
or emergency department attendances®’. The Canadian Paediatric
Society also highlight humerus fractures in less than 18-month-old
children as a red flag high-risk factor?'!.

As such, these should be taken into consideration when assessing
a child presenting with humeral shaft fractures and NAT must always
be a potential differential especially in the younger age group.
Thorough clinical and radiographic evaluation (such as skeletal
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survey or bone scan) should be considered in suspected cases
and local protocols followed in respect to referral to appropriate
safeguarding bodies!l.

CLINICAL FINDINGS

Symptoms are dependent on the age of the child and mechanism
of injury. In newborns with birth-related trauma, the only obvious
finding may be pseudoparalysis with the child’s refusal to use the
armP’), Further examination can identify tenderness, instability of the
humeral shaft and crepitus at the fracture sitel>”.

Older children typically present with pain, swelling and bruising.
The child may be found to splint the arm against the body to reduce
mobility. Examination can reveal obvious deformity as well as pain
or crepitus on palpation®®”. However, most humeral shaft fractures
do not have a visible deformity and are minimally displaced on
radiographs!®..

Neurovascular injury is rare, but examination is vital as with
any paediatric limb fracture. Examination of the whole limb is also
indicated to exclude presence of an ipsilateral forearm fracture
causing a ‘floating elbow’ with a higher prevalence in high-energy
injuries and polytrauma. As with any child presenting with a fracture,
it is also important to generally examine the child to exclude signs of
NAT.

IMAGING

For the vast majority of paediatric humeral shaft fractures,
radiographic imaging with standard full length anterior-posterior
(AP) and lateral views are sufficient. The joint above and below
should be adequately imaged and if not then dedicated shoulder
and elbow series should be performed®. Of note, there is often a
prominent vascular groove seen in the distal humerus which is a
normal finding and should not be confused with a fracture®?. Care
should be taken when reviewing such imaging to exclude underlying
causes such as bone cysts for pathological fractures. Further detailed
imaging may then be required in such circumstances!>”.

FRACTURE PATTERNS

Fracture patterns vary dependent on age. In general, transverse and
short oblique fractures result from direct trauma. Spiral fractures
are usually caused by an indirect twisting injury, usually from a
fall. However, as previously noted, spiral fractures are a potential
risk factor for NAT and careful assessment should be undertaken
especially in any infant or toddler presenting with such injury!®2!23,
Paediatric humeral shaft fractures are located distal to the deltoid
insertion which, in combination with the rotator cuff muscles,
displaces the proximal fragment in abduction (anteriorly and
laterally). The distal fragment is usually shortened and displaced
medially due to the action of triceps and biceps and frequently
internally rotated due to the child holding the arm across the chest!7#l.

CLASSIFICATION

Traditionally, there were no widely accepted paediatric-specific
classification systems for humeral shaft fractures. Standard
classification was based on diaphyseal fracture principles including:
(1) Anatomical location (proximal, middle or distal third); (2)
Fracture pattern (spiral, oblique, transverse or comminuted); (3)
Degree of displacement; (4) Open/closed?*.

The AO Paediatric comprehensive classification system for long
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bone fractures (AO PCCF) was introduced in 2007 based on fracture
location and morphology!®!. Diaphyseal humerus fractures are coded
as "12-D’ (1 for humerus, 2-D for diaphyseal) and can be further
classified based on whether the fracture is complete transverse (<30
degrees) or complete oblique or spiral (=30 degrees) as 12-D/4 or
12-D/5 respectively. Additional classification is based upon whether
the fracture pattern is simple (e.g. 12-D/4.1) or multi-fragmentary
(e.g. 12-D/4.2).

As part of its validation process, the AO PCCF was used to review
2292 upper extremity fractures in children and adolescents. The 2017
paper concluded that the classification can be comprehensively used
to describe such fractures, but prospective multicentre clinical studies
are required to assess its clinical relevance for treatment decisions
and prognostic outcomes for full validation!*>26],

ASSOCIATED INJURIES

Paediatric humeral shaft fractures can rarely be associated with nerve
palsy and vessel injury™.

Nerve injuries are uncommon with radial nerve palsy associated
in up to 5% of humeral shaft fractures in children®7. It can be due
to contusion, kinking or entrapment of the nerve in the fracture
site rather than complete laceration®®. It is thought that the thick
periosteum may have a protective effect on the nerve and reduces risk
of laceration or entrapment within the fracture site!®. Radial nerve
injury would cause numbness to the dorsum of the hand (first dorsal
webspace) as well as motor deficit in thumb/wrist extension and
forearm supinationt’*”),

These should primarily be managed conservatively with wrist
splints and physical therapy to prevent wrist contractures!”.
Prognosis is usually excellent with nerve function usually fully
resolving!®>**28 If there is no recovery at 3 months, it is advised
to evaluate with electromyogram and nerve conduction velocity
studies!”®.. In the context of radial nerve injury in open fractures,
radial nerve exploration is recommended with early repair advised™®.

Vascular injury is rare but if present requires immediate evaluation
and treatment to restore vascularity to the limb?®7!. The surgical
team must be competent to perform the operation and urgent referral
to a specialist unit may be required depending on local protocols.
Humeral shaft fractures requiring vascular repair are usually an
indication for ORIF or external fixation®”. Compartment syndrome
is also uncommon in the context of paediatric humeral shaft fractures
but should be monitored for especially in the context of high energy
and vascular injuries!.

REFERRAL TO SPECIALIST CARE

As this injury is uncommon, it is important to recognise when
referral to specialist care may be clinically indicated. These include
polytrauma, open fractures and suspected vascular injury. There
is clear guidance that paediatric polytrauma should be managed at
a paediatric-specific trauma centre as outcomes are significantly
better’®-?, These patients should be managed with paediatric medical
and surgical specialists with the resources to deal with complex
requirements of a traumatised child including paediatric-specific
surgical operating theatres, intensive care units and rehabilitation
servicest'l.

Open fractures are recommended to be managed at centres with
combined orthopaedic and plastic surgical specialties’®**¥. There is
also clear guidance that fractures with arterial injury should also be
immediately referred to a specialist centre with both orthopaedic
and vascular surgical capabilities®>*¥. As such, in the context of
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paediatric humeral shaft fractures that are open and/or have vascular
injury, immediate referral to a specialist unit is indicated.

TREATMENT

Non-operative

The vast majority of paediatric humeral shaft fractures can be
managed non-operatively. Due to the great remodelling potential
of paediatric bones and thick periosteum, generally acceptable
alignment for humeral shaft fractures include 20 degrees of coronal
plane angulation (varus/valgus), 20 degrees of sagittal plane
angulation (procurvatum), 15 degrees of rotation and up to 1-2cm of
shortening®7.,

Beaty™ reports that with younger children, these ranges can
be much more flexible. He describes an age-based algorithm for
acceptable displacement and angulation: for children under 5, 70
degrees of angulation and total displacement; for children 5 to
12, 40 to 70 degrees of angulation; and for children older than 12,
40 degrees of angulation. He also reports that 50% apposition is
acceptable in children older than 12 and shortening of 1-2 cm is well
tolerated with lack of clinical deformity being more important than
radiographic alignment!®3>!,

For newborns, regardless of the severity of angulation or
displacement, closed fractures are managed by simple splinting of the
arm to the chest via bandaging or a swathe for two to four weeks?’.,
Parents should be reassured that the fracture will rapidly and reliably
heal, and the child will usually go on to have a fully functional arm.
Follow-up should continue past when the fracture has healed to
assess for brachial plexus function and potential nerve injuryt”*.

For children and adolescents, there are multiple techniques of
immobilisation, such as a sling and/or swathe, velpeau bandage,
collar and cuff, coaptation splint (e.g. sugar-tong splint) or hanging
arm cast®>7*31 Gravity assists with alignment of the fracture via
traction of the arm and subsequently improves patient comfort™¢?,

Functional bracing can also be utilised and is often beneficial once
pain has subsided after an initial 7-10 days in older children and
adolescents. They are lightweight, easy to apply and allow for earlier
elbow range of motion!>*.,

Weekly check radiographs for the first 3 weeks are advisable
to ensure satisfactory alignment®.. Immobilisation is continued
in children until adequate callus is seen on check radiographs. In
children this is typically up to 4 weeks” and in adolescents up to 6-8
weeks*7. Circumduction and pendulum exercises for the shoulder
are recommended as soon as pain allows, often after 2 to 3 weeks!”.

It is also advisable to delay return to sports for up to 3 months
depending on age of the child and degree of healing due to potential
risk of re-fracturel®*7). In cases of residual deformity, it is advised to
perform check radiographs 6 monthly to check for remodelling®.

Operative

Age and remodelling potential also play an important role in
deciding when to manage these fractures operatively with surgical
management predominantly being utilised in older children
and adolescents. Humeral diaphyseal fractures also have lower
remodelling potential compared to other fractures (such as proximal
humerus fractures) due to the increased distance from the physis®*-7.,
Operative management of paediatric humeral shaft fractures is
indicated in the following: open fractures, fractures with associated
vascular injuries, bilateral fractures, floating elbow, comminuted
fractures, compartment syndrome and closed fractures when
acceptable displacement or angulation cannot be managed with non-
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operative methods®"\. Polytrauma patients are a relative indication
for surgical fixation to allow early mobilisation(>"3%3!,

Surgical options include open reduction internal fixation (ORIF),
intramedullary (IM) nailing or external fixation. The latter is
primarily indicated for open fractures with extensive soft tissue or
bone loss or critically unwell polytrauma patients!®7=l,

ORIF can be performed with 3.5 or 4.5mm plates depending on
patient sizel>®). Approaches via an anterolateral, direct lateral or
posterolateral approach are dependent on fracture pattern and surgeon
preference. Care must be taken to avoid damage to the radial nerve
and ensuring the nerve is not entrapped under the plate. Fixation
of six cortices above and below the fracture are also advised for
stability®¢). ORIF is also the recommended surgical choice when
there is associated vascular injury to avoid fracture displacement that
can disrupt vascular anastomoses'*.

IM nailing is a surgical option for transverse or short oblique
fractures (length-stable fractures). Indirect reduction is first
performed, and this option is advantageous as surgical incisions are
smaller as is surgical dissection®®”!. Antegrade or retrograde approach
should be considered (depending on fracture pattern) with care taken
to avoid the physis to prevent growth arrest*,

COMPLICATIONS

Relevant complications of non-operative and operative management
of paediatric humeral shaft fractures can include malunion or non-
union and limb-length discrepancy.

Malunion or non-union is uncommon due to excellent bone healing
and remodelling potential in children. In addition, compensatory
range of motion at the shoulder and elbow allows function-limiting
malunion to be rare®®’\. If non-union does occur, ORIF is generally
recommended!®”.

Limb-length discrepancy can occur with non-operative and
operative management of diaphyseal fractures but again these rarely
cause any functional deficit. Generally, up to 6-8cm of shortening
can be well tolerated without functional loss and overgrowth can
occur but is usually less than 1cm!®., If there is significant limb length
discrepancy and functional compromise, humeral lengthening via
distraction osteogenesis can be considered™®.

DISCUSSION

Paediatric humeral shaft fractures are uncommon and as such there is
limited data in the literature comparing management options.

There has been an increasing trend towards managing these
injuries with operative fixation rather than the traditional conservative
management!***), Kosuge and Barry"*” highlight changing trends
towards paediatric fracture management being influenced by
such factors as increased societal expectation of a ‘perfect result’,
cosmesis, increased litigation and reduced hospital stay. In older
children and adolescents, particularly those with keen sporting
interests, surgical fixation of humeral shaft fractures is increasingly
considered for earlier functional and cast-free follow-up and potential
quicker return to sportl3%#!42,

Hannonen et al'" reported a significant increased trend of
managing humeral shaft fractures operatively in their analysis of
88 humeral shaft fractures over a 15-year period. Interestingly, they
found no significant change in patients’ or fractures’ characteristics
during that time period that could have explained the trend. They
concluded that the increased use of surgical management for such
injuries was due to a lower threshold for surgery towards the end of
the study period despite limited available evidence in the literature.
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This may in part be influenced by recent studies reporting good
outcomes for humeral shaft fractures with surgical fixationt 33741471,

In one of the largest available cohort studies, O’Shaughnessy
et al™ (2019) retrospectively reviewed their management of 80
paediatric humeral shaft fractures over a 20-year period (mean age
10). In total, 19% of their fractures were managed with surgical
stabilisation, a similar figure reported by other large retrospective
studies!". The majority of the operated group were treated with
plate fixation, followed by flexible IM nailing, and were found to
be in older children with higher-energy injuries, open fractures and
increased fracture displacement. When comparing the operated
group to the non-operated group, all patients were found to progress
to union with minimal complications. They concluded that non-
operative management was successful in the majority of patients and
that operative stabilisation (when rarely indicated) was successful in
progression to union, improved radiographic alignment and had low
complication rates'*.

In their multicentre comparative study, Canavese et al'* (2017)
reviewed a total of 36 children (mean age 10.8) with humeral shaft
fracture managed either conservatively (bandaging), with external
fixation or elastic nailing. Their findings showed that surgical
treatment resulted in better radiologic outcome, less post-treatment
pain and faster mobilisation than the non-operatively managed
group. However, there was no difference in clinical outcomes with all
patients regaining full range of motion and function with comparable
patient reported outcome scores on last follow-up. In addition,
all fractures regardless of management went on to fully heal and
complication rates between the groups were similar. The authors
conclude that non-operative treatment was as effective as surgical
treatment apart from length of time for immobilisation.

Other studies have also reported good outcomes for operative
management in particular with flexible IM nailing.

Pogorelic et al*? (2017) retrospectively reviewed 41 humeral
shaft fractures in children (mean age 12) managed with flexible
IM nailing. All patients had progressed to complete radiographic
union at 9 weeks. Four minor complications were noted (2 radial
nerve neuropraxias, 2 entry site skin irritation/infections) which
fully resolved. The authors concluded that this minimally invasive
technique allows early functional and cast-free follow-up with quick
pain reduction.

Similarly, Marengo et al®*" (2016) evaluated 38 patients (mean age
11.1) who underwent elastic stable intramedullary nailing (ESIN) for
their humeral shaft fractures. After mean follow-up of 30 months (all
hardware removed), all fractures had healed with 3 patients having
mild residual deformity but good overall functional activity.

Fernandez et al*" (2010) reviewed 31 children (mean age 11.4)
who underwent flexible IM nailing and reported excellent objective
and subjective outcomes with full return to activity and positive
cosmetic results. As part of their larger study, Zivanovic et a/*®
(2018) reviewed 12 children (mean age 12.6) with humeral shaft
fractures who underwent ESIN with half due to open fractures or
polytrauma. At last follow-up, all patients had full range of motion
and 83% resumed previous activity level. The remaining 17% had
physical and sports activity limitations due to other polytraumatic
injuries unrelated to the humeral fracture.

Garg et al*" (2009) retrospectively reviewed all paediatric
humeral shaft fractures over a 15 year period (total 13, mean age
12) and found that titanium elastic nail (TEN) fixation was effective
with a high rate of union and low rate of complications, namely
nail migration. Abosalim et al*! (2014) established full union rates
with no intra-operative complications but reported a 10% superficial
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wound infection rate and 5% nail migration rate in their series of 20
patients (mean age 10).

Similarly, Kwak et al*! (2012) reported on their series of 12
patients (mean age 12.3) who underwent TEN fixation. They reported
full union rates and a full return to normal activity at latest follow-
up. However, 17% of patients required early removal of nails due to
pain, discomfort or skin irritation. To this end, surgical technique and
experience is key to minimising such complications.

Overall, there appears to be good evidence that the majority
of humeral shaft fractures in children and adolescents can be
successfully managed non-operatively. However, operative
management when clinically indicated, especially in older children
and adolescents, has shown to be beneficial with good clinical
outcomes and low complication rates.

CONCLUSIONS

This paper has provided a broad overview of paediatric humeral
shaft fracture management looking at aetiology, NAT, clinical
findings, imaging, fracture patterns, classification, associated injuries,
management (non-operative and operative) and complications. In
view of the increasing trend towards surgical management, this paper
has also evaluated surgical options for these fractures with overall
good clinical outcomes and low complication rates.

Although these injuries are uncommon, it is important to be
familiar with managing such injuries and recognising which types
of fractures require surgical stabilisation. There is evidence for both
non-operative and operative management of these injuries but further
research with paediatric-specific core outcomes is recommended.
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