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Abstract:

Background:

Paediatric  elbow  injuries  account  for  a  large  proportion  of  childrens’  fractures.  Knowledge  of  common  injuries  is  essential  to
understanding their assessment and correct management.

Methods:

A selective literature search was performed and personal surgical experiences are reported.

Results:

We have described the assessment and management of the five most common paediatric elbow injuries: supracondylar humeral
fractures; lateral condyle fractures; medial epicondyle fractures; radial head and neck fractures; radial head subluxation.

Conclusion:

Understanding of the ossification centres around the paediatric elbow is essential to correctly assessing and managing the common
injuries  that  we  have  discussed  in  the  review.  Outcomes  after  these  injuries  are  usually  favourable  with  restoration  of  normal
anatomy.
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1. INTRODUCTION

Childhood fractures are extremely common with a lifetime risk of 42%-64% in boys and 27%-40% in girls [1]. One-
third of children will suffer at least one fracture before age seventeen [2] and upper limb fractures account for 72.1% of
these  [3  -  5].  Although  paediatric  elbow  fractures  are  not  as  common  as  forearm  and  wrist  fractures,  they  are  of
particular importance as they require careful attention to ensure a correct diagnosis and surgical management is more
likely to be required to ensure a good outcome [6]. Careful radiographic evaluation is required and an understanding of
the ossification centres around the paediatric elbow is essential, (Table 1)

This review will focus on the five most common paediatric elbow injuries, detailing key points in their treatment
from initial presentation, required investigations, injury classification, management options and potential associated
complications.

* Address correspondence to this author at the Department of Trauma and Orthopaedics, University Hospitals Coventry & Warwickshire NHS Trust,
Clifford Bridge Road, CV2 2DX, Coventry, UK; Tel: 02476 965094; E-mails: Christopher.Hill@uhcw.nhs.uk, chill295@doctors.net.uk

http://benthamopen.com
http://crossmark.crossref.org/dialog/?doi=10.2174/1874325001711011380&domain=pdf
http://www.benthamopen.com/TOORTHJ/
http://dx.doi.org/10.2174/1874325001711011380
mailto:Christopher.Hill@uhcw.nhs.uk
mailto:chill295@doctors.net.uk


Common Paediatric Elbow Injuries The Open Orthopaedics Journal, 2017, Volume 11   1381

Table 1. Radiographic evaluation of paediatric elbow – ages at appearance and fusion of ossification centres (+/- 1 year for
influence of gender) [7].

Ossification Centre Age at Ossification Appearance (Years) Age at Fusion (Years)
Capitellum 1 12

Radius 3 15
Medial Epicondyle 5 17

Trochlea 7 12
Olecranon 9 15

Lateral Epicondyle 11 12

2. SUPRACONDYLAR HUMERAL FRACTURES

Supracondylar humeral fractures constitute between 5.5% - 7.7% of all paediatric fractures and over half of elbow
paediatric elbow fractures [5, 8, 9] with an estimated annual presentation rate of 177.3 per 100,000 [10]. They occur
mostly in children aged 5-8 years old, classically following a fall onto an outstretched hand with the elbow in a position
of extension or hyperextension.

2.1. Presentation

The child usually presents with a grossly swollen, bruised, painful elbow, often with significant deformity and a
refusal to move the affected limb. There may be an associated open injury, or tenting of the skin consistent with an
impending open injury. Careful neurovascular examination is critical as 11% will have an associated nerve injury; most
commonly the anterior interosseous nerve with extension type injuries, (check with the “OK” sign of flexion of thumb
IPJ and index finger DIPJ) or ulnar nerve with flexion type injuries (check with finger abduction and ulnar border little
finger sensation), and 1% will have an associated vascular injury [11].

2.2. Investigations

AP  and  lateral  radiographs  are  usually  sufficient  to  diagnose  and  classify  supracondylar  humeral  fractures.
Assessment of the anterior humeral line (Fig. 1) (which should intersect the middle third of the capitellum ossification
centre) and of Baumann’s angle (Fig. 2) (the angle formed by the intersection of a line drawn down the humeral shaft
axis and a line drawn along the physeal line of the lateral condyle) have been shown to be simple, reliable, repeatable
assessments  that  will  reveal  the  presence  of  a  fracture.  The  fat  pad  signs  are  a  useful  adjunct  in  minimally  or
undisplaced fractures – especially a posterior fat pad which is always pathological [4, 12 - 15].

Fig. (1). The anterior humeral line intersecting the middle third of the capitellum ossification centre.
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Fig. (2). Baumann’s angle, formed by the intersection of a line drawn down the humeral shaft axis and a line drawn along the physeal
line of the lateral condyle.

2.3. Classification

Supracondylar humeral fractures can be broadly classified as either flexion or extension type injuries depending on
the  direction  of  fracture  displacement.  Extension  type  are  by  far  the  most  common  (>95%)  and  are  traditionally
classified using Wilkins Modification of the Gartland classification system [16 - 18] which classifies injuries by the
fracture  displacement  seen  on  the  initial  radiographs.  Conservative  or  surgical  management  is  subsequently
recommended  based  upon  the  Gartland  grade  [19],  (Table  2).

Table 2. Wilkins-modified gartland classification system (Figs. 3-6).

Gartland Grade Fracture Displacement Treatment Method
Grade 1 No displacement Conservative
Grade 2a Angulated in the sagittal plane, but with posterior cortex intact and no translation or rotation Conservative
Grade 2b Angulated in the sagittal plane, with rotation Operative Intervention
Grade 3 Complete displacement Operative Intervention

Fig. (3). AP radiograph of Wilkin’s-modified Gartland Grade 1 supracondylar humeral fracture.
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Fig. (4). AP and lateral radiographs of Wilkin’s-modified Gartland Grade 2a supracondylar humeral fracture.

Fig. (5). Lateral radiograph of Wilkin’s-modified Gartland Grade 2b supracondylar humeral fracture.

Fig. (6). AP and lateral radiographs of Wilkin’s-modified Gartland Grade 3 supracondylar humeral fracture.

a b 

b a 
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2.4. Management

Grade 1 injuries with no or minimal displacement are managed non-operatively in a long arm cast in 90-100 degrees
of  flexion  for  3-4  weeks.  Grade  2a  fractures,  with  no  evidence  of  rotation,  and  an  anterior  humeral  line  that  still
intersects any part of the capitellar ossification centre can be managed the same way.

Conservative  management  of  significantly  displaced  or  rotated  fractures  is  usually  not  advised  due  to  high
complication rates [20]. Success with elevated straight arm traction has been shown in some specialist centres [21], but
is not widely used and pragmatically speaking, surgical management to reduce and secure fractures anatomically has
generally  provided  superior  results  compared  with  non-operative  management  with  both  open  and  closed  methods
advocated [22 - 24]. Therefore Grade 2b and 3 injuries are managed surgically with closed reduction and percutaneous
pinning +/- open reduction when required (e.g. unable to reduce fracture closed, open injury, associated neurovascular
injury).

Closed reduction and percutaneous pinning can be achieved using different pin-configurations and is historically a
controversial  area  [25  -  27].  Early  descriptions  of  percutaneous  pinning  advocating  a  medial  and  lateral  cross  pin-
configuration  following  closed  reduction  were  described  by  Swenson  [28]  and  is  proffered  as  being  more
biomechanically stable than two lateral pins [29]. However, it carries the disadvantage of an increased risk of iatrogenic
ulnar nerve injury, estimated to occur in 1 in 28 patients [30], due to the course of the nerve posterior to the medial
epicondyle and the fact that the wire is usually placed with the elbow in deep flexion, when in some patients, the ulnar
nerve subluxates anteriorly.  Thus,  an alternative of  two pins placed from a lateral  position was advocated to avoid
injuring  the  nerve  [31].  Although  biomechanically  less  stable,  when  performed  correctly,  the  technique  provides
sufficient fixation stability with similar clinical results, without the risk of iatrogenic ulnar nerve injury [11, 32].

Regarding  timing  of  surgery,  displaced  supracondylar  humeral  fractures  were  traditionally  considered  an
orthopaedic emergency requiring immediate operative intervention. This is still the case when neurovascular injury is
suspected,  or  if  the  fracture  is  open,  however  in  fractures  without  significant  soft  tissue  injury  or  neurovascular
compromise,  recent  evidence  has  demonstrated  no  significant  difference  in  peri-operative  complications  or  open
reduction rates in children undergoing early versus late surgical treatment. Therefore, it is recommended that surgery
should be done on a scheduled trauma list in daylight hours as soon as is safe and practicable to proceed [33 - 35].

A “pink, pulseless hand” on examination presents a further area of controversy as although the pulse is absent,
clinically the hand appears warm and pink with a normal capillary refill time and hence is evidently well perfused. Most
surgeons recommend urgent closed reduction and pinning followed by a period of close observation rather than openly
exploring  the  injury.  In  the  majority  of  cases  the  pulse  will  return  within  24-hours  of  the  injury  [36  -  38].  The
simultaneous presence of a nerve injury (usually anterior interosseous or median nerves) has been shown to be strongly
predictive of nerve and vessel entrapment; therefore consideration should be given to exploration of the antecubital
fossa with vascular surgical support [39].

If the hand is pulseless and poorly perfused urgent closed reduction (within 2 hours) and percutaneous pinning is
indicated, as reducing and fixing the fracture may resolve the problem, however if the hand remains poorly perfused
then urgent vascular opinion should be sought. The same also applies if the pulse was present pre-operatively but is lost
after reduction and pinning given the risk of arterial incarceration in the fracture site. In general arteriography is not
warranted at any stage as the location of injury in already known.

2.5. Complications

Complications include neurovascular insult sustained at the time of injury but also iatrogenic ulnar nerve injury with
medial pin use (3-8%) [30]. Therefore meticulous pre- and post-operative neurovascular examination is essential in
these cases. Other complications include pin migration or infection, compartment syndrome – estimated incidence of
1-3  per  1000  fractures  [40],  with  the  potential  for  progression  to  Volkmann  ischaemic  contracture  (rare),  elbow
stiffness,  which usually  resolves  with  time but  end range of  elbow flexion and extension may be lost,  and angular
deformity due to little remodeling potential in the distal humerus, with cubitus varus the most common deformity as a
result of malunion, causing a “gunstock” type deformity which is associated with poor cosmesis though minimal impact
on function.

3. LATERAL CONDYLE FRACTURES

Fractures of the lateral condyle of the humerus are the second most common type of elbow fracture in children with
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an incidence of 15-17%, typically occurring in children aged 5-10 years old [2, 41]. The mechanism of injury is usually
a fall onto an outstretched hand that either transmits a varus force to the distal humerus causing avulsion of the lateral
condyle by the common extensor mechanism, or causes impaction of the radial head into the lateral condyle.

3.1. Presentation

The child will usually present following a fall with a painful elbow that they are reluctant to use with swelling and
tenderness  usually  limited  to  the  lateral  side.  The  elbow  often  lacks  the  degree  of  deformity  seen  in  displaced
supracondylar  fractures.  Wrist  flexion  can  also  exacerbate  pain  given  the  pull  of  the  common  extensor  origin.

3.2. Investigations

Imaging  should  take  the  form  of  AP,  lateral  and  oblique  radiographs  with  the  internal  oblique  view  often
demonstrating  the  fracture  configuration  and  full  extent  of  displacement  [42].

3.3. Classification

Classification  historically  is  by  the  Milch  classification  [43]  (Table  3)  which  is  dependent  on  the  fracture
configuration.

Table 3. Milch classification of lateral condyle fractures.

Fracture Type Salter-Harris Equivalent Fracture Line Extension
Milch Type 1 IV Fracture line extends through capitellum entering joint lateral to trochlear groove
Milch Type 2 II Fracture line extends medial to capitellum entering into trochlear groove

However clinically the Jakob classification [44] is much more relevant in guiding treatment (Table 4).

Table 4. Jakob classification of lateral condyle fractures (Figs. 7 and 8).

Fracture Type Degree of Fracture Displacement
Type 1 <2mm displacement, intact cartilage epiphyseal hinge
Type 2 2-4mm displacement, joint displaced but not rotated
Type 3 >4mm displacement, joint displaced and rotated

Fig. (7). AP radiograph of a Type 1 Jakob Classification lateral condyle fracture.
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Fig. (8). AP radiograph of a Type 3 Jakob Classification lateral condyle fracture.

3.4. Management

Type 1 fractures can typically be treated with long-arm casting with the forearm supinated for 4-6 weeks. However
weekly radiographs for the first two weeks, taken out of plaster are essential, as these fractures have a propensity to
displace, thus becoming a type 2 fracture. For this reason some surgeons will justify closed reduction and percutaneous
pinning of these injuries in the early stages [45].

Type 2 and type 3 fractures are by definition unstable and require operative management. Most type 2 fractures can
be managed with closed reduction and percutaneous pinning with intra-articular reduction confirmed on arthrogram,
with divergent pin placement shown to be the most stable configuration [46]. Open reduction is usually required in type
3 fractures where there is a rotational element, in order to ensure intra-articular reduction.

3.5. Complications

Lateral condyle fractures are one of the few paediatric fractures that can go on to delayed union or non-union due to
the fracture fragment being largely cartilage,  bathed in synovial  fluid and with a relatively tenuous posterior blood
supply which must be protected during any open reduction. Lateral growth arrest can lead to cubitus valgus deformity,
which can be associated with tardy ulnar nerve palsy [47].

Stiffness and loss of end-range extension can also be a problem given the need for a period of immobilization and
the intra-articular nature of the fracture. Lateral overgrowth and spurring is another common occurrence (up to 50%)
and is correlated with greater initial fracture displacement [48].

4. MEDIAL EPICONDYLE FRACTURES

Medial epicondyle fractures, also known as “Little Leaguer’s elbow” due to an association with throwing athletes,
most commonly affects children aged 8-14 years, but beware the younger child with a minimally ossified epicondyle.
They represent approximately 12% of paediatric elbow injuries [49, 50]. The fracture occurs as a result of traction from
the  medial  collateral  ligament  and  flexor  mass  avulsing  the  medial  epicondylar  apophysis.  This  usually  occurs
following a fall on an outstretched hand and is associated with elbow dislocations in up to 50% of cases [49]. This is
important as the dislocations will often spontaneously reduce but the medial epicondyle can become incarcerated within
the joint in up to 18% of cases and must not be missed [49].

4.1. Presentation

Child  usually  presents  with  painful  elbow  following  a  fall  with  maximal  tenderness  focused  over  the  medial
epicondylar region. Mild swelling and bruising is usually limited to medial side. Minimal deformity will be present in
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an isolated injury, however may be present in cases with associated dislocation. Severe pain and swelling with very
little or no active or passive movement of the elbow should alert the clinician to the fact that there may be an associated
dislocation or incarcerated medial epicondyle.

4.2. Investigations

AP, lateral and oblique views are usually sufficient. In a child over 5 years old, the ossific nucleus of the medial
epicondyle  is  usually  visible  (Table  1).  If  it  cannot  be  seen  on  the  AP  radiograph,  it  should  be  assumed  to  be
incarcerated within the joint until proven otherwise. Careful evaluation of the lateral and oblique views is essential and
should be correlated with the clinical findings.

4.3. Classification

No real  classification  system exists  other  than  determining  the  degree  of  displacement,  and  whether  or  not  the
fracture fragment is incarcerated within the joint, as these are the key factors for determining management.

4.4. Management

The majority of medial epicondyle fractures can be managed non-operatively. As long as the fracture fragment is
not incarcerated within the joint, and the displacement is less than 5mm then non-operative management with a long
arm cast for 1-2 weeks is appropriate with excellent functional results. Slight controversy revolves around the 5mm of
displacement figure, as this is difficult to accurately measure on x-rays and some authors have shown that anywhere
between 5-15mm of displacement will heal well by fibrous union without significant symptoms or decreased function.

Incarceration of the fragment within the joint however is an absolute indication for open reduction and internal
fixation, with either wires or cannulated screw fixation, (Figs. 9 and 10).

Fig. (9). Medial epicondyle fracture with incarceration of fragment within the joint. Note the degree of joint displacement as well as
the physical presence of the fracture fragment within.

Other relative indications for surgery are displacement >5 mm (as discussed above), ulna nerve symptoms (nerve
can become entrapped) or displacement in high-level athletes (warranting a faster return to function).

a b 
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Fig. (10). The same patient following open reduction internal fixation of the fracture. Note the size of the “unseen” cartilaginous
portion attached to the bony fragment indicated by the washer position to appreciate the full extent of the injury.

4.5. Complications

Complications of these injuries include missed incarceration, ulnar nerve symptoms or injury, stiffness, especially
loss of end range extension and non-union – though good functional outcomes reported despite this.

5. RADIAL HEAD AND NECK FRACTURES

These injuries make up 5% of all paediatric elbow injuries most commonly affecting a peak age of 9-10 years old
[1, 2]. True radial head fractures are relatively rare in the paediatric population, with 90% of these injuries actually
being physeal or metaphyseal involving the radial neck. They usually occur following a fall that exerts a valgus force
across the elbow and can be associated with elbow dislocations and medial epicondyle fractures.

5.1. Presentation

The child with a radial head or neck injury usually presents following a fall with pain and swelling over the lateral
side of the elbow, focused maximally in the region of the radial head. They will be reluctant to move the elbow joint,
and pronation and supination are especially painful. Referred pain down the forearm is not uncommon.

5.2. Investigations

AP and  lateral  radiographs  will  often  be  enough  to  diagnose  and  grade  these  injuries  appropriately,  however  a
radiocapitellar (Greenspan [51]) oblique view may be helpful to visualize the extent of the injury more clearly.

5.3. Classification

There  are  various  classification  systems  for  these  injuries,  with  on-going  controversy  as  to  which  is  the  most
helpful.  The preferred system of the authors is  that  of  Judet  et  al.  [52],  which grades the fracture on the degree of
displacement, (Table 5).

Fractures can also be  classified by  anatomical  location or  configuration, as  in the  Wilkins  classification [53],
(Table 6).

a b 
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Table 5. Judet classification of radial neck fractures (Fig. 11).

Grade of Injury Degree of Displacement
I Undisplaced
II Angulation <30°, Translation <50%
III Angulation 30° – 60°, Translation 50-100%
IV Angulation >60°, Translation >100%

Fig. (11). Type IV radial neck fracture as defined by the Judet classification.

Table 6. Wilkins classification of radial neck fractures.

Grade of Injury Fracture location
A Salter-Harris I or II physeal fractures
B Salter-Harris III or IV intra-articular fractures
C Metaphyseal fractures

5.4. Management

Fractures with <30° of angulation and <50% translation can be managed non-operatively in a long-arm cast for up
to 1 week, at which point early mobilization should be performed to prevent elbow stiffness. For fractures with greater
displacement, closed reduction under conscious sedation in the Emergency Department may be appropriate depending
on  the  child  in  order  to  reduce  the  fracture  sufficiently  to  proceed  with  non-operative  management.  Reduction
techniques  include:

Patterson technique [54]: Traction with elbow in extension and forearm in supination, then apply varus stress to
elbow whilst applying direct pressure over the radial head.

Israeli technique [55]: With the forearm supinated, flex the elbow up to 90°, then pronate the forearm with direct
pressure over the radial head.

The  degree  of  displacement  required  for  surgical  intervention  remains  controversial,  with  the  best  available
evidence suggesting in cases where displacement is >45° angulation or >50% translation, surgical intervention maybe
warranted [56, 57].

This  can usually  be  performed as  an  assisted  closed reduction with  a  percutaneous  wire  correction (“joy-stick”
technique) or via the Metaizeau technique [58] using a TENS nail inserted retrograde up the radial shaft, engaged in the
fracture fragment and then rotated to reduce it. Rarely open reduction may be required and should be performed via a
lateral approach (Kocher-type). This has variable success and a high risk of avascular necrosis of the radial head and of
radio-ulnar synostosis however, so should be avoided where possible. Therefore it is the authors’ opinion that following

a b 
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a failed assisted closed reduction, as long as the radial head is providing a strut between the radial metaphysis and
capitellum then this will often achieve a superior outcome compared to open reduction internal fixation and should be
left, but followed up closely to ensure no further displacement occurs.

5.5. Complications

Complications  include  stiffness  with  loss  of  pronation  (most  common)  and  supination,  radial  head  overgrowth
(20-40%),  although this  generally  has  little  effect  on  function,  physeal  arrest,  potentially  leading to  cubitus  valgus
deformity,  avascular  necrosis  of  the  radial  head  –  10%  of  fractures,  but  increases  to  70%  with  open  reduction,
neurovascular injury, posterior interosseous nerve most commonly affected and radio-ulnar synostosis, associated with
open reduction [59].

6. RADIAL HEAD SUBLUXATION – “NURSEMAID’s/PULLED ELBOW”

This  injury  usually  affects  the  younger  child  with  a  peak  incidence  between  the  ages  of  2-5  years  old.  The
mechanism involves traction on an extended elbow causing subluxation and entrapment of the annular ligament over
the radial head into the radiocapitellar joint.

6.1. Presentation

Parent’s/carer’s will often give a history of “pulling the child along by the hand” or “the child pulled away whilst
holding hands” when the child develops sudden pain, begins crying and stops using their arm. The child will often hold
their elbow in flexion and pronation, be reluctant to use it and have pain and tenderness localised laterally at the elbow.

6.2. Investigations

If the history and clinical picture is appropriate radiographs are not indicated, however if they are performed, AP
and lateral radiographs will be normal.

6.3. Classification

No classification system exists for this injury.

6.4. Management

In acute cases non-operative management is used with closed reduction performed in the Emergency Department.
This is achieved by flexing the elbow to 90 degrees, applying gentle pressure over the radial head and progressively
pronating and supinating the forearm. Successful reduction is usually confirmed by a return to full movement including
pronation and supination and may be accompanied by a satisfying click at  the time of reduction. Immobilisation is
generally not required and the child can be permitted to continue to use the arm as is comfortable.

6.5. Complications

The  main  complication  of  note  associated  with  this  injury  is  that  of  recurrence  (5-35%)  [60].  This  is  due  to
stretching and presence of a tear in the annular ligament at the time of initial injury. Excessive recurrences may warrant
operative repair however this is extremely rare, especially as after age 5 further recurrence is uncommon as the distal
attachment of the ligament strengthens.

CONCLUSION

Paediatric elbow injuries are common, and understanding of the ossification centres around the paediatric elbow is
essential to correctly assessing and managing the common injuries that we have discussed in this review. With careful
and accurate assessment and appropriate management and restoration of normal anatomy however, outcomes after these
injuries are usually favourable.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.



Common Paediatric Elbow Injuries The Open Orthopaedics Journal, 2017, Volume 11   1391

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Valerio G, Gallè F, Mancusi C, et al. Pattern of fractures across pediatric age groups: Analysis of individual and lifestyle factors. BMC Public
Health 2010; 10: 656.
[http://dx.doi.org/10.1186/1471-2458-10-656] [PMID: 21034509]

[2] Cooper C, Dennison EM, Leufkens HG, Bishop N, van Staa TP. Epidemiology of childhood fractures in Britain: A study using the general
practice research database. J Bone Miner Res 2004; 19(12): 1976-81.
[http://dx.doi.org/10.1359/jbmr.040902] [PMID: 15537440]

[3] Beaty JH, Kasser JR. Fractures about the elbow. Instr Course Lect 1995; 44: 199-215.
[PMID: 7797859]

[4] Otsuka NY, Kasser JR. Supracondylar fractures of the humerus in children. J Am Acad Orthop Surg 1997; 5(1): 19-26.
[http://dx.doi.org/10.5435/00124635-199701000-00003] [PMID: 10797204]

[5] Rennie L, Court-Brown CM, Mok JY, Beattie TF. The epidemiology of fractures in children. Injury 2007; 38(8): 913-22.
[http://dx.doi.org/10.1016/j.injury.2007.01.036] [PMID: 17628559]

[6] Tamai J, Lou J, Nagda S, et al. Pediatric elbow fractures: Pearls and pitfalls. University of Pennsylvania Orthopaedic Journal 2002; 15: 43-51.

[7] McCarthy SM, Ogden JA. Radiology of postnatal skeletal development. V. Distal humerus. Skeletal Radiol 1982; 7(4): 239-49.
[http://dx.doi.org/10.1007/BF00361979] [PMID: 7071621]

[8] Worlock P, Stower M. Fracture patterns in Nottingham children. J Pediatr Orthop 1986; 6(6): 656-60.
[http://dx.doi.org/10.1097/01241398-198611000-00003] [PMID: 3793885]

[9] Hedström EM, Svensson O,  Bergström U,  Michno P.  Epidemiology of  fractures  in  children and adolescents.  Acta  Orthop 2010;  81(1):
148-53.
[http://dx.doi.org/10.3109/17453671003628780] [PMID: 20175744]

[10] Houshian S, Mehdi B, Larsen MS. The epidemiology of elbow fracture in children: Analysis of 355 fractures,  with special reference to
supracondylar humerus fractures. J Orthop Sci 2001; 6(4): 312-5.
[http://dx.doi.org/10.1007/s007760100024] [PMID: 11479758]

[11] Babal JC, Mehlman CT, Klein G. Nerve injuries associated with pediatric supracondylar humeral fractures: A meta-analysis. J Pediatr Orthop
2010; 30(3): 253-63.
[http://dx.doi.org/10.1097/BPO.0b013e3181d213a6] [PMID: 20357592]

[12] Omid R, Choi PD, Skaggs DL. Supracondylar humeral fractures in children. J Bone Joint Surg Am 2008; 90(5): 1121-32.
[http://dx.doi.org/10.2106/JBJS.G.01354] [PMID: 18451407]

[13] Silva  M,  Pandarinath  R,  Farng  E,  et  al.  Inter  and  intra-observer  reliability  of  the  Baumann  angle  of  the  humerus  in  children  with
supracondylar humeral fractures. Int Orthop 2010; 34(4): 553-7.
[http://dx.doi.org/10.1007/s00264-009-0787-0] [PMID: 19424695]

[14] Skaggs DL, Mirzayan R. The posterior fat pad sign in association with occult fracture of the elbow in children. J Bone Joint Surg Am 1999;
81(10): 1429-33.
[http://dx.doi.org/10.2106/00004623-199910000-00007] [PMID: 10535592]

[15] Herman MJ, Boardman MJ, Hoover JR, Chafetz RS. Relationship of the anterior humeral line to the capitellar ossific nucleus: variability with
age. J Bone Joint Surg Am 2009; 91(9): 2188-93.
[http://dx.doi.org/10.2106/JBJS.H.01316] [PMID: 19723996]

[16] Gartland JJ. Management of supracondylar fractures of the humerus in children. Surg Gynecol Obstet 1959; 109(2): 145-54.
[PMID: 13675986]

[17] Wilkins  KE.  Supracondylar  fractures  of  the  distal  humerus.Fractures  in  Children.  Philadelphia:  Lippincott-Raven  Publishers  1996;  pp.
669-750.

[18] Dormans JP. Pediatric Orthopaedic: Core Knowledge in Orthopaedics. Philadelphia, Pennsylvania: Elsevier Mosby 2005.

[19] Bahk MS, Srikumaran U, Ain MC, et al. Patterns of pediatric supracondylar humerus fractures. J Pediatr Orthop 2008; 28(5): 493-9.
[http://dx.doi.org/10.1097/BPO.0b013e31817bb860] [PMID: 18580360]

[20] Foead A, Penafort R, Saw A, Sengupta S. Comparison of two methods of percutaneous pin fixation in displaced supracondylar fractures of the
humerus in children. J Orthop Surg (Hong Kong) 2004; 12(1): 76-82.
[http://dx.doi.org/10.1177/230949900401200114] [PMID: 15237126]

[21] Gadgil A, Hayhurst C, Maffulli N, Dwyer JS. Elevated, straight-arm traction for supracondylar fractures of the humerus in children. Bone
Joint Surg Br Jan 2005; 87(1): 82-7.

http://dx.doi.org/10.1186/1471-2458-10-656
http://www.ncbi.nlm.nih.gov/pubmed/21034509
http://dx.doi.org/10.1359/jbmr.040902
http://www.ncbi.nlm.nih.gov/pubmed/15537440
http://www.ncbi.nlm.nih.gov/pubmed/7797859
http://dx.doi.org/10.5435/00124635-199701000-00003
http://www.ncbi.nlm.nih.gov/pubmed/10797204
http://dx.doi.org/10.1016/j.injury.2007.01.036
http://www.ncbi.nlm.nih.gov/pubmed/17628559
http://dx.doi.org/10.1007/BF00361979
http://www.ncbi.nlm.nih.gov/pubmed/7071621
http://dx.doi.org/10.1097/01241398-198611000-00003
http://www.ncbi.nlm.nih.gov/pubmed/3793885
http://dx.doi.org/10.3109/17453671003628780
http://www.ncbi.nlm.nih.gov/pubmed/20175744
http://dx.doi.org/10.1007/s007760100024
http://www.ncbi.nlm.nih.gov/pubmed/11479758
http://dx.doi.org/10.1097/BPO.0b013e3181d213a6
http://www.ncbi.nlm.nih.gov/pubmed/20357592
http://dx.doi.org/10.2106/JBJS.G.01354
http://www.ncbi.nlm.nih.gov/pubmed/18451407
http://dx.doi.org/10.1007/s00264-009-0787-0
http://www.ncbi.nlm.nih.gov/pubmed/19424695
http://dx.doi.org/10.2106/00004623-199910000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10535592
http://dx.doi.org/10.2106/JBJS.H.01316
http://www.ncbi.nlm.nih.gov/pubmed/19723996
http://www.ncbi.nlm.nih.gov/pubmed/13675986
http://dx.doi.org/10.1097/BPO.0b013e31817bb860
http://www.ncbi.nlm.nih.gov/pubmed/18580360
http://dx.doi.org/10.1177/230949900401200114
http://www.ncbi.nlm.nih.gov/pubmed/15237126


1392   The Open Orthopaedics Journal, 2017, Volume 11 Hill and Cooke

[22] Ababneh M, Shannak A, Agabi S, Hadidi S. The treatment of displaced supracondylar fractures of the humerus in children. A comparison of
three methods. Int Orthop 1998; 22(4): 263-5.
[http://dx.doi.org/10.1007/s002640050255] [PMID: 9795816]

[23] Flynn JM, Sarwark JF, Waters PM, Bae DS, Lemke LP. The surgical management of pediatric fractures of the upper extremity. Instr Course
Lect 2003; 52: 635-45.
[PMID: 12690888]

[24] Khan MS, Sultan S, Ali MA, Khan A, Younis M. Comparison of percutaneous pinning with casting in supracondylar humeral fractures in
children. J Ayub Med Coll Abbottabad 2005; 17(2): 33-6.
[PMID: 16092647]

[25] Sibinski M, Sharma H, Sherlock DA. Lateral versus crossed wire fixation for displaced extension supracondylar humeral fractures in children.
Injury 2006; 37(10): 961-5.
[http://dx.doi.org/10.1016/j.injury.2006.02.054] [PMID: 16765353]

[26] Brauer CA, Lee BM, Bae DS, Waters PM, Kocher MS. A systematic review of medial and lateral entry pinning versus lateral entry pinning
for supracondylar fractures of the humerus. J Pediatr Orthop 2007; 27(2): 181-6.
[http://dx.doi.org/10.1097/bpo.0b013e3180316cf1] [PMID: 17314643]

[27] Zamzam MM, Bakarman KA. Treatment of displaced supracondylar humeral fractures among children: Crossed versus lateral pinning. Injury
2009; 40(6): 625-30.
[http://dx.doi.org/10.1016/j.injury.2008.10.029] [PMID: 19394928]

[28] Swenson AL. The treatment of supracondylar fractures of the humerus by Kirschner-wire transfixion. J Bone Joint Surg Am 1948; 30A(4):
993-7.
[http://dx.doi.org/10.2106/00004623-194830040-00023] [PMID: 18887307]

[29] Zenios  M,  Ramachandran  M,  Milne  B,  Little  D,  Smith  N.  Intraoperative  stability  testing  of  lateral-entry  pin  fixation  of  pediatric
supracondylar humeral fractures. J Pediatr Orthop 2007; 27(6): 695-702.
[http://dx.doi.org/10.1097/BPO.0b013e318142566f] [PMID: 17717474]

[30] Slobogean BL, Jackman H, Tennant S, Slobogean GP, Mulpuri K. Iatrogenic ulnar nerve injury after the surgical treatment of displaced
supracondylar fractures of the humerus: number needed to harm, a systematic review. J Pediatr Orthop 2010; 30(5): 430-6.
[http://dx.doi.org/10.1097/BPO.0b013e3181e00c0d] [PMID: 20574258]

[31] Ariño VL, Lluch EE, Ramirez AM, Ferrer J, Rodriguez L, Baixauli F. Percutaneous fixation of supracondylar fractures of the humerus in
children. J Bone Joint Surg Am 1977; 59(7): 914-6.
[http://dx.doi.org/10.2106/00004623-197759070-00013] [PMID: 908722]

[32] Lee SS, Mahar AT, Miesen D, Newton PO. Displaced pediatric supracondylar humerus fractures: Biomechanical analysis of percutaneous
pinning techniques. J Pediatr Orthop 2002; 22(4): 440-3.
[http://dx.doi.org/10.1097/01241398-200207000-00005] [PMID: 12131437]

[33] Gupta N, Kay RM, Leitch K, Femino JD, Tolo VT, Skaggs DL. Effect of surgical delay on perioperative complications and need for open
reduction in supracondylar humerus fractures in children. J Pediatr Orthop 2004; 24(3): 245-8.
[http://dx.doi.org/10.1097/01241398-200405000-00001] [PMID: 15105716]

[34] Mehlman CT, Strub WM, Roy DR, Wall EJ, Crawford AH. The effect of surgical timing on the perioperative complications of treatment of
supracondylar humeral fractures in children. J Bone Joint Surg Am 2001; 83-A(3): 323-7.
[http://dx.doi.org/10.2106/00004623-200103000-00002] [PMID: 11263634]

[35] Leet AI, Frisancho J, Ebramzadeh E. Delayed treatment of type 3 supracondylar humerus fractures in children. J Pediatr Orthop 2002; 22(2):
203-7.
[http://dx.doi.org/10.1097/01241398-200203000-00014] [PMID: 11856931]

[36] Gillingham BL, Rang M. Advances in children’s elbow fractures. J Pediatr Orthop 1995; 15(4): 419-21.
[http://dx.doi.org/10.1097/01241398-199507000-00001] [PMID: 7560026]

[37] Sabharwal S, Tredwell SJ, Beauchamp RD, et al. Management of pulseless pink hand in pediatric supracondylar fractures of humerus. J
Pediatr Orthop 1997; 17(3): 303-10.
[http://dx.doi.org/10.1097/01241398-199705000-00007] [PMID: 9150016]

[38] Ramesh P, Avadhani A, Shetty AP, Dheenadhayalan J, Rajasekaran S. Management of acute ‘pink pulseless’ hand in pediatric supracondylar
fractures of the humerus. J Pediatr Orthop B 2011; 20(3): 124-8.
[http://dx.doi.org/10.1097/BPB.0b013e328342733e] [PMID: 21164361]

[39] Mangat KS, Martin AG, Bache CE. The ‘pulseless pink’ hand after supracondylar fracture of the humerus in children: The predictive value of
nerve palsy. J Bone Joint Surg Br 2009; 91(11): 1521-5.
[http://dx.doi.org/10.1302/0301-620X.91B11.22486] [PMID: 19880900]

[40] Battaglia TC, Armstrong DG, Schwend RM. Factors affecting forearm compartment pressures in children with supracondylar fractures of the
humerus. J Pediatr Orthop 2002; 22(4): 431-9.
[http://dx.doi.org/10.1097/01241398-200207000-00004] [PMID: 12131436]

[41] Landin LA, Danielsson LG. Elbow fractures in children. An epidemiological analysis of 589 cases. Acta Orthop Scand 1986; 57(4): 309-12.

http://dx.doi.org/10.1007/s002640050255
http://www.ncbi.nlm.nih.gov/pubmed/9795816
http://www.ncbi.nlm.nih.gov/pubmed/12690888
http://www.ncbi.nlm.nih.gov/pubmed/16092647
http://dx.doi.org/10.1016/j.injury.2006.02.054
http://www.ncbi.nlm.nih.gov/pubmed/16765353
http://dx.doi.org/10.1097/bpo.0b013e3180316cf1
http://www.ncbi.nlm.nih.gov/pubmed/17314643
http://dx.doi.org/10.1016/j.injury.2008.10.029
http://www.ncbi.nlm.nih.gov/pubmed/19394928
http://dx.doi.org/10.2106/00004623-194830040-00023
http://www.ncbi.nlm.nih.gov/pubmed/18887307
http://dx.doi.org/10.1097/BPO.0b013e318142566f
http://www.ncbi.nlm.nih.gov/pubmed/17717474
http://dx.doi.org/10.1097/BPO.0b013e3181e00c0d
http://www.ncbi.nlm.nih.gov/pubmed/20574258
http://dx.doi.org/10.2106/00004623-197759070-00013
http://www.ncbi.nlm.nih.gov/pubmed/908722
http://dx.doi.org/10.1097/01241398-200207000-00005
http://www.ncbi.nlm.nih.gov/pubmed/12131437
http://dx.doi.org/10.1097/01241398-200405000-00001
http://www.ncbi.nlm.nih.gov/pubmed/15105716
http://dx.doi.org/10.2106/00004623-200103000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11263634
http://dx.doi.org/10.1097/01241398-200203000-00014
http://www.ncbi.nlm.nih.gov/pubmed/11856931
http://dx.doi.org/10.1097/01241398-199507000-00001
http://www.ncbi.nlm.nih.gov/pubmed/7560026
http://dx.doi.org/10.1097/01241398-199705000-00007
http://www.ncbi.nlm.nih.gov/pubmed/9150016
http://dx.doi.org/10.1097/BPB.0b013e328342733e
http://www.ncbi.nlm.nih.gov/pubmed/21164361
http://dx.doi.org/10.1302/0301-620X.91B11.22486
http://www.ncbi.nlm.nih.gov/pubmed/19880900
http://dx.doi.org/10.1097/01241398-200207000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12131436


Common Paediatric Elbow Injuries The Open Orthopaedics Journal, 2017, Volume 11   1393

[http://dx.doi.org/10.3109/17453678608994398] [PMID: 3788491]

[42] Song KS, Kang CH, Min BW, Bae KC, Cho CH. Internal oblique radiographs for diagnosis of nondisplaced or minimally displaced lateral
condylar fractures of the humerus in children. J Bone Joint Surg Am Jan 2007; 89(1): 58-63.

[43] Milch H. Fractures and fracture dislocations of the humeral condyles. J Trauma 1964; 4: 592-607.
[http://dx.doi.org/10.1097/00005373-196409000-00004] [PMID: 14208785]

[44] Jakob R, Fowles JV, Rang M, Kassab MT. Observations concerning fractures of the lateral humeral condyle in children. J Bone Joint Surg Br
1975; 57(4): 430-6.
[PMID: 1104630]

[45] Launay F, Leet AI, Jacopin S, Jouve JL, Bollini G, Sponseller PD. Lateral humeral condyle fractures in children: A comparison of two
approaches to treatment. J Pediatr Orthop Jul-Aug 2004; 24(4): 385-91.

[46] Song KS, Shin YW, Oh CW, Bae KC, Cho CH. Closed reduction and internal fixation of completely displaced and rotated lateral condyle
fractures of the humerus in children. J Orthop Trauma 2010; 24(7): 434-8.
[http://dx.doi.org/10.1097/BOT.0b013e3181de014f] [PMID: 20577074]

[47] Skak SV, Olsen SD, Smaabrekke A. Deformity after fracture of the lateral humeral condyle in children. J Pediatr Orthop B 2001; 10(2):
142-52.
[PMID: 11360781]

[48] Koh KH, Seo SW, Kim KM, Shim JS. Clinical and radiographic results of lateral condylar fracture of distal humerus in children. J Pediatr
Orthop 2010; 30(5): 425-9.
[http://dx.doi.org/10.1097/BPO.0b013e3181df1578] [PMID: 20574257]

[49] Kamath AF, Cody SR, Hosalkar HS, Hosalkar HS. Open reduction of medial epicondyle fractures: Operative tips for technical ease. J Child
Orthop 2009; 3(4): 331-6.
[http://dx.doi.org/10.1007/s11832-009-0185-6] [PMID: 19506930]

[50] Fowles JV, Slimane N, Kassab MT. Elbow dislocation with avulsion of the medial humeral epicondyle. J Bone Joint Surg Br 1990; 72(1):
102-4.
[PMID: 2298765]

[52] Greenspan A, Norman A. The radial head, capitellum view: Useful technique in elbow trauma. AJR Am J Roentgenol 1982; 138(6): 1186-8.
[http://dx.doi.org/10.2214/ajr.138.6.1186] [PMID: 6979227]

[52] Judet J, Judet R, Lefranc J. Fracture of the radial head in the child. Ann Chir 1962; 16: 1377-85.
[PMID: 13957959]

[53] Chambers HG, Wilkins KE. Fractures of the proximal radius and ulna. 1996.

[54] Patterson RF. Treatment of displaced transverse fractures of the neck of the radius in children. J Bone Joint Surg 1934; 16: 695-8.

[55] Kaufman B, Rinott MG, Tanzman M. Closed reduction of fractures of the proximal radius in children. J Bone Joint Surg Br 1989; 71(1): 66-7.
[PMID: 2915009]

[56] Abzug JM, Ghandhi SD, Herman MJ. Fractures of the Paediatric Elbow II; Fracture of the Medial Epicondyle, Radial Neck and Olecranon
Chapter in Contemporary surgical management of fractures and complications: Pediatrics. JP Medical Ltd. 2014.

[57] Tan BH, Mahadev A. Radial neck fractures in children. J Orthop Surg (Hong Kong) 2011; 19(2): 209-12.

[58] Metaizeau JP, Prevot J, Schmitt M. Reduction and fixation of fractures of the neck of the radious be centro-medullary pinning. Original
technic Rev Chir Orthop Reparatrice Appar Mot 1980; 66(1): 47-9.

[59] Vocke AK, Von Laer L. Displaced fractures of the radial neck in children: long-term results and prognosis of conservative treatment. J Pediatr
Orthop B 1998; 7(3): 217-22.
[http://dx.doi.org/10.1097/01202412-199807000-00007] [PMID: 9702672]

[60] Teach SJ, Schutzman SA. Prospective study of recurrent radial head subluxation. Arch Pediatr Adolesc Med 1996; 150(2): 164-6.
[http://dx.doi.org/10.1001/archpedi.1996.02170270046006] [PMID: 8556120]

© 2017 Hill and Cooke.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.3109/17453678608994398
http://www.ncbi.nlm.nih.gov/pubmed/3788491
http://dx.doi.org/10.1097/00005373-196409000-00004
http://www.ncbi.nlm.nih.gov/pubmed/14208785
http://www.ncbi.nlm.nih.gov/pubmed/1104630
http://dx.doi.org/10.1097/BOT.0b013e3181de014f
http://www.ncbi.nlm.nih.gov/pubmed/20577074
http://www.ncbi.nlm.nih.gov/pubmed/11360781
http://dx.doi.org/10.1097/BPO.0b013e3181df1578
http://www.ncbi.nlm.nih.gov/pubmed/20574257
http://dx.doi.org/10.1007/s11832-009-0185-6
http://www.ncbi.nlm.nih.gov/pubmed/19506930
http://www.ncbi.nlm.nih.gov/pubmed/2298765
http://dx.doi.org/10.2214/ajr.138.6.1186
http://www.ncbi.nlm.nih.gov/pubmed/6979227
http://www.ncbi.nlm.nih.gov/pubmed/13957959
http://www.ncbi.nlm.nih.gov/pubmed/2915009
http://dx.doi.org/10.1097/01202412-199807000-00007
http://www.ncbi.nlm.nih.gov/pubmed/9702672
http://dx.doi.org/10.1001/archpedi.1996.02170270046006
http://www.ncbi.nlm.nih.gov/pubmed/8556120
https://creativecommons.org/licenses/by/4.0/legalcode

	Common Paediatric Elbow Injuries 
	[Background:]
	Background:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. SUPRACONDYLAR HUMERAL FRACTURES
	2.1. Presentation
	2.2. Investigations
	2.3. Classification
	2.4. Management
	2.5. Complications

	3. LATERAL CONDYLE FRACTURES
	3.1. Presentation
	3.2. Investigations
	3.3. Classification
	3.4. Management
	3.5. Complications

	4. MEDIAL EPICONDYLE FRACTURES
	4.1. Presentation
	4.2. Investigations
	4.3. Classification
	4.4. Management
	4.5. Complications

	5. RADIAL HEAD AND NECK FRACTURES
	5.1. Presentation
	5.2. Investigations
	5.3. Classification
	5.4. Management
	5.5. Complications

	6. RADIAL HEAD SUBLUXATION – “NURSEMAID’s/PULLED ELBOW”
	6.1. Presentation
	6.2. Investigations
	6.3. Classification
	6.4. Management
	6.5. Complications

	CONCLUSION
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




