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Abstract

Upper extremity fractures account for up to 90% of paediatric fractures. Amongst these fractures, Supracondylar
Humerus fractures are one of the most common requiring surgical intervention and have a high prevalence of
associated short term complications such as nerve injuries and long term complications such as cubitus varus. The
epidemiology, classifications, clinical evaluation and complications of this fracture is hereby comprehensively
reviewed along with controversies in management and available guidelines.

Keywords: Supracondylar fracture; Paediatric fracture; Upper limb
fracture; Supracondylar fracture management

Introduction

Supracondylar fractures of the humerus are the most common
fractures in children under the age of 7 [1] and the most common
paediatric fracture requiring surgery [2]. Supracondylar fractures may
have significant complications including nerve injury, vascular injury,
malunion and compartment syndrome [3].

This review article discusses key topics and controversies. The
majority of these issues relate to the management of this fracture. We
review the management of extension-type Gartland Type II fractures,
k-wire configuration and the management of the pink pulseless hand.
The review also brings to attention additional areas of contention
including classification system, positioning during surgery, pin
removal and how to manage the risk factor of obesity.

Epidemiology

Supracondylar fractures of the humerus represent a significant
burden of injuries in children, accounting for 12-17% of all paediatric
fractures [2]. Extension injuries account for 95% of supracondylar
fractures. The metaphyseal flare of the distal humerus connects the
diaphysis of the humeral shaft to the epiphysis. The metaphysis is
thinned both anteriorly, coronoid fossa, and posteriorly, olecranon
fossa, to accommodate the ulna during flexion and extension
respectively. The most common mechanism of injury is when a patient
falls onto an outstretched hand with the arm fully extended. The
olecranon engages with the olecranon fossa and acts as a fulcrum [4].
Flexion injuries result from direct trauma to the posterior aspect of the
distal humerus or falling onto a flexed elbow. These injuries are rare
and occur in 2-5% of the cases. There is a unimodal distribution
affecting males and females with a peak at 7 years of age. Following this
peak, there is a decline in incidence in both sexes equally. These
fractures by definition do not involve the physis.

Classification

Gartland classified supracondylar fractures in 1959 [5], with a
classification system that differentiates extension supracondylar
fractures according to the degree of displacement of the distal fracture
fragment; Type I is undisplaced or minimally displaced (Figure 1),
Type II is displaced but incomplete with an intact posterior cortex
(Figure 2). There may also be coronal angulation and medial column
disruption. In 1984, Wilkins [6] modified Gartland’s classification
specifically with reference to Type II and III fractures.

Figure 1: Supracondylar fracture Gartland Type L

Type II was subdivided into Type Ila - stable with posterior
angulation, and type IIb - unstable posteriorly angulated and rotated;
Type III fractures are displaced fractures with no cortical contact
(Figure 3). This can be further subdivided into IIla - posteromedial
displacement and IIIb - posterolateral displacement. A further
modification of the Gartland classification has been described; Type IV
fracture with multi-directional instability [7].
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Figure 2: Supracondylar fracture Gartland Type IL

Any useful classification system should have strong inter and intra-
observer reliability [8], provide basic treatment guidelines, and help to
predict outcome. It has been suggested that the Wilkins modification of
the Gartland classification showed poor inter-observer reliability for
type I fractures, fair to moderate reliability for type II fractures and
very good reliability for type III fractures. An analysis by Flier] et al. [9]
examined the relationship between coronal fracture displacement and
rotational mal-alignment with adverse outcomes. This retrospective
review analysed three morphological characteristics on preoperative
radiographs from 373 patients. Rotation and coronal displacement
patterns were found to be significantly associated with postoperative
complications, residual stiffness and nerve injury. The analysis
concluded that posterolateral displacement and fractures with
rotational deformity were associated with a higher rate of
postoperative complications, a greater need for physical or
occupational therapy and nerve injury. These findings allow the
treating surgeon to anticipate potential complications. Heal et al. [10]
also established that treatment should be according to the degree of
displacement.

As Flierl et al. [9] alluded to, there are other factors which should
guide management and outcome. The reliable and most widely used
Gartland classification does not help the operating surgeon decide if a
fracture requires open or closed reduction. Lim et al. [11] presented a
retrospective analysis evaluating the relationship between radiological
parameters and the mode of reduction and length of operation. The
medial corner angle was calculated and an angle of less than 45 degrees
was classified as a medial spike.

The fracture tip - skin distance was also calculated. The medial
spike group had a significantly shorter fracture tip-skin distance with
significantly more complications than the control group. No difference
in preoperative neurovascular status was found.

Figure 3: Supracondylar fracture Gartland Type IIL

There was a substantial increase in operating time in the medial
spike group, however no difference in the mode of reduction and
composite outcome between the two groups. The authors concluded
that recognition of these radiological parameters should alert the
surgeon of the potential difficulties in reduction and possibility of open
reduction.

Assessment of Injury

The British Orthopaedic Association Standards for Trauma on
supracondylar fractures of the humerus in children (see box 1)
recommend an assessment of the limb to include the status of radial
pulse, capillary refill time and the individual function of the radial,
median (including anterior interosseous) and ulnar nerves. The
guidelines further recommend post-operative radiographs should be
obtained between 4 and 10 days to ensure maintenance of reduction

(3].

Box 1: Boast 11: Supracondylar fractures of the humerus in
children

o A documented assessment of the limb, performed on presentation,
must include the status of radial pulse, digital capillary refill time
and the individual function of the radial, median (including
anterior interosseous) and ulnar nerves.

o These injuries require early surgical treatment, ideally on the day of
admission. However, night-time operating is not necessary unless
there are indications for urgent surgery.

« Indications for urgent surgical treatment include absent radial
pulse, clinical signs of impaired perfusion of the hand and digits,
and evidence of threatened skin viability.

o Surgical stabilisation should be with bicortical wire fixation.
Crossed wires are associated with a lower risk of loss of fracture
reduction, whereas divergent lateral wires reduce the risk of injury
to the ulnar nerve.

o If a medial wire is used, techniques to avoid ulnar nerve injury
should be employed and recorded on the operation note.

o 2 mm diameter wires should be used, where possible, to achieve
stability.
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« Cubitus varus should be avoided by achieving a carrying angle (or
Baumann angle) similar to the contralateral arm.

o The majority of nerve injuries associated with supracondylar
fractures or its surgical management are transient neurapraxias
and can be managed expectantly. If there is concern over iatrogenic
injury then a thorough assessment with consultant input is
required for consideration of nerve exploration.

o The majority of vascular impairments associated with
supracondylar fractures resolve with fracture reduction. A
perfused limb does not require brachial artery exploration whether
or not the radial pulse is present.

o In case of children presenting with an ischaemic limb, the case
should be discussed with the on-call vascular team in the network
prior to operative reduction.

o If the limb remains ischaemic after open or closed fracture
reduction then exploration of the brachial artery is required with a
surgeon competent to perform a small vessel vascular repair.

o Documented post-operative monitoring of neurovascular status
should occur until the treating surgeon is confident there is no risk
of vascular compromise or compartment syndrome.

o Suspicion of compartment syndrome or deterioration of perfusion
should prompt immediate vascular re-assessment and intervention
if required.

o Post-operative radiographs should be obtained between 4 and 10
days to ensure maintenance of reduction.

«  Wire removal and mobilisation is typically recommended at 3 to 4
weeks.

« Routine long-term follow up is not usually required.

Evidence: Predominantly retrospective case series but with good
expert reviews and an evolved professional consensus.

Clinical evaluation

It is important that the entire limb is evaluated in children
sustaining supracondylar fractures. Ipsilateral forearm fractures can
occur and increase the risk of compartment syndrome. Assessment of
the soft tissue swelling and presence of any skin puckering is critical
information to be sought. This results from the proximal fragment
piercing the overlying brachialis muscle and resting on the dermis of
the overlying skin. The vascular status needs to be interrogated and the
radial pulse, temperature and colour of the hand needs to be recorded
and compared to the contralateral side, as does the capillary refill.
Vascular examination findings must be clear as this will influence the
rapidity of management. A white, cold, pulseless hand will ultimately
have a different approach to a pink warm hand with a bounding pulse.
The preoperative neurological status is imperative due to the high
prevalence of neurological injury (10-15%) [12] and the possibility of
an iatrogenic nerve injury.

The clinical examination of a very young child with supracondylar
fracture could prove to be challenging but most children will be able to
cooperate with a simple neurological examination. All peripheral
nerves of the forearm can be assessed with the thumb alone. Enclosing
the wrist gently with one hand allows the examiner to assess movement
of the fingers without moving the fracture area and causing pain.
Anterior interosseous nerve injury is the most prevalent nerve injury
in extension type supracondylar fractures, however with
posterolaterally displaced fractures the radial nerve injury is more
prevalent. Ulnar nerve injuries are the most common nerve lesion in

flexion type fractures [13]. Open fractures should receive tetanus
prophylaxis and intravenous antibiotics as per guidelines [14].

Obesity

Recent studies in this field have raised the concern that childhood
obesity causes a more complex fracture pattern and increases the risk
of associated injuries. Children are classified as obese if their Body
Mass Index (BMI) equals or exceeds the age and sex-specific 95th
percentile. Seeley et al. [15] found that obesity in children who have
sustained a supracondylar fracture of the humerus are at a higher risk
of a complex fractures, preoperative nerve injury, persistent
postoperative nerve palsy, and postoperative complications. Complex
fractures in their series were classified as type III according to
Gartland, supracondylar humeral fractures with intercondylar
extension and ipsilateral upper limb fractures. Chang et al. [16]
evaluated the influence of obesity on surgical outcomes after control of
fracture severity. Obese children were more likely to develop varus
deformities and loss of reduction post operatively. There was also a
higher incidence of pin-related complications in the obese group.

Compartment syndrome

Continued serial examinations should include evaluation of patient
pain levels, agitation and response to medication and splinting. Pain
out of proportion to the physical finding may be a result of ischaemia
and ultimately, compartment syndrome. Missed compartment
syndrome can lead to Volkmann ischaemic contracture of the forearm
which affects deep volar compartment most profoundly. The classic
symptoms of pallor, paralysis and parasthesia are late symptoms that
typically represent irreversible damage to the neuromuscular tissue.
Severe pain on passive finger extension and a tense compartment are
reliable signs of compartment syndrome.

Radiographic evaluation

There are several features that should be sought on radiographs
which should be correlated with the clinical examination findings.
Dedicated AP and true lateral radiographs of the elbow, with the
addition of oblique views should be used for evaluation. Oblique views
may be used to assess the medial and lateral columns. Occasionally,
contralateral elbow radiographs can help if there is any uncertainty in
diagnosis. Assessment of the elbow radiograph should commence with
the anterior humeral line, which is a line drawn down from the
anterior cortex of the humerus. This line should intersect with the
middle third of the capitellum. Subtle angulations can be detected.
Sometimes a fracture line cannot be identified and the only positive
finding is a posterior +/- anterior fat pad sign, which is a result of the
fracture haematoma displacing the olecranon fat pad. This is highly
suggestive of a fracture. The Baumann angle is also important for
assessment. The humeral-capitellar angle is the angle between the mid
axis of the humeral shaft and the physeal line of the lateral condyle.
This angle is normally between 9 and 26 degrees. A decrease would
raise the suspicion of varus malposition [17].

Management

Initial management

The initial management should include splinting the limb in a
comfortable position and analgesia. Usually 20 to 40 degrees of flexion
is sufficient. One should avoid excessive flexion as this can reduce the
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arterial flow to the limb and increase the risk of compartment
syndrome [18,19].

Traction

This treatment modality has declined in popularity [20]. There have
been many case series [21,22] reporting excellent outcomes with
traction however there are concerns of cubitus varus, pin
complications, compartment syndrome and a limited justification for
prolonged admission [20,23]. Despite several series describing
successful results with straight-line traction, others reported cubitus
varus rates as high as 33%.

Several traction techniques have been described (overhead, lateral,
skin or skeletal). It has been suggested for irreducible fractures to allow
closed reduction in a very swollen arm [24], although the best way to
address swelling would be to reduce and stabilise the fracture. It may
also be appropriate in children where there is a high risk associated
with General Anaesthetic eg: Cardiac disease.

Closed reduction and percutaneous fixation

This is the most common modality of treatment for supracondylar
fractures, and is the treatment of choice for most Gartland Type II and
III fractures [25]. Under general anaesthetic, either over the image
intensifier or a radiolucent table, reduction is attempted. The assistant
grasps the proximal humerus to allow traction with a steady force with
the elbow in extension. Having corrected the rotational malalignment,
the coronal plane deformity is addressed, followed by reducing the
sagittal plane deformity by flexing the elbow, manipulating the
olecranon anteriorly and controlling pronation and supination
depending on fracture displacement. With the elbow hyperflexed the
reduction can be assessed on both AP and lateral views.

The main aims of surgical fixation are restoration of the Baumann
angle, having intact medial and lateral columns as per the oblique
radiographs and the anterior humeral line passing through the anterior
third of the capitellum on the radiograph. It is very important to
reduce rotational malalignment as this will compromise fracture
stability. K-wires are then inserted once reduction has been confirmed.
Further discussion regarding number and configuration is reviewed
below.

Open reduction

Absolute indications for open reduction are open fractures,
ischaemic pale hand that doesn’t revascularise with fracture reduction
and failure of closed reduction [11]. If there is nerve injury in the
presence of a vascular injury, exploration of both the artery and nerve
is advocated [12]. Pucker sign is not an absolute indication of open
reduction but should alert the surgeon to the potential need of open
reduction.

Many surgical approaches have been reported, however the anterior
and lateral approaches are most commonly used [26]. The anterior
approach will enable the surgeon to visualise the median nerve and
brachial artery and allow reduction of the fracture. It is also
cosmetically more pleasing as it lies within Langer’s lines.

Gartland Type I

There is little controversy with regards to management of these
undisplaced and minimally displaced fractures. The only pitfalls in

management might happen due to a missed diagnosis of an infection
or a pulled elbow in the absence of clear radiographic signs of
supracondylar fracture. An above elbow synthetic cast is applied for
three to four weeks. During plaster application, with the elbow at 90
degrees, the anterior cubital fossa neurovascular structures are at risk
of injury secondary to pressure effect of the cast. Thomson et al. [27]
present a two staged method of casting to prevent this complication
from occurring. The first layer, scaffold, is applied in a figure of eight
manor bridging the antecubital fossa. The second layer is then
conventionally applied. It is important to recognise unstable fracture
configurations such as transverse fractures as these will need follow up
radiographs to ensure no loss of position.

Gartland Type II

There is some controversy in the treatment of type II fractures with
mild posterior angulation. Most authors agree that closed reduction
and percutaneous fixation is the treatment of choice [25]. Angulation
or displacement on the AP radiograph should give an indication [28]
for closed reduction and percutaneous fixation. All paediatric fractures
have incredible potential for remodelling however the distal part of the
humerus only provides 20% of growth, hence remodelling potential is
less compared to other metaphyseal fractures. Hyperextension at the
fracture site has been shown to correlate poorly with cast treatment.
The greater the degree of fracture extension, based on the anterior
humeral line, the higher the risk of failure of cast treatment. This was
found to be of significance [29]. Other factors in the same study which
were found to correlate with failure of treatment include increased
width of soft tissue shadow of the upper arm. Other advantages of
closed reduction and percutaneous fixation include avoiding the need
for hyperflexion to achieve and maintain reduction of these fractures.
Several studies have demonstrated that hyperflexion can reduce the
blood flow within the brachial artery [18,19]. Another controversy in
management is medial column comminution or type IIb fracture that
can result in cubitus varus even if minimally displaced [30].

Gartland Type III

Most of these fractures can still be managed by closed methods and
percutaneous fixation. Scannell et al. [31] presents several series with
minimal complications and good results following a reproducible
reduction technique, which reduces the deformity in the coronal plane
and then the sagittal plane. Open reduction is occasionally required
and may be achieved via an anterior or lateral approach. Anterior
approach can be made through the elbow flexion crease and can
directly expose the neurovascular bundle and minimize contractures.

Positioning During Surgery

The supine position is the most common positioning during
reduction and stabilisation of supracondylar fractures. Some authors
have proposed that the prone position is preferable as gravity aids
sagittal correction and less manipulation of the arm is required [32].
Venkatadass et al. [33] conducted a randomised controlled trial to
attempt to establish if there were any advantages of prone positioning
relative to supine positioning during reduction and fixation of
supracondylar humeral fractures. Clinical and radiological outcome
parameters were recorded in each group. 52 children with Gartland
type III fractures without vascular injuries were randomly allocated to
either prone or supine position. There were no advantages amongst the
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prone positioned patients. Feldman et al. [32] concluded that prone
positioning adds an anaesthetic risk and should be avoided.

Pin configuration

Closed reduction and pin fixation is indicated for a reducible but
unstable fracture, and fractures which require more than 90 degrees of
flexion to maintain a reduced position. At least two wires are used to
prevent rotation yet the most appropriate pin configuration remains
controversial. The most common wire configurations include a lateral-
entry technique using two or three wires or a medial and lateral
crossed wire technique [34,35]. Iatrogenic ulnar nerve injury with
cross wire techniques has led researchers to investigate the efficacy of
laterally placed wire fixation techniques. Previous biomechanical
analyses suggested that lateral wire configurations were inferior to
cross wire configurations however these studies were criticised as being
flawed because the wire insertions were not divergent and not separate
at the fracture site [36,37].

Zhao et al. [38] performed a meta-analysis of randomised controlled
trials (RCT) to compare the risk of iatrogenic ulnar nerve injury
caused by wire fixation, the quality of reduction and radiographic
outcome and function. Seven RCTs involving 521 patients were
included in the analysis. The crossed medial-lateral wire fixation
technique was found to pose potentially more risk for iatrogenic ulnar
nerve injury than the lateral based wire techniques.

Karim et al. [39] undertook a prospective randomised controlled
trial in a level one trauma centre comparing the outcomes of the
crossed and the lateral wire configurations in the management of
supracondylar humeral fractures. This included Gartland type II and
III fractures in 60 children who were managed by junior trainees in the
first three years of training. The cohort was split equally and followed
up for six months. The primary outcome measures included
postoperative stability, ulnar nerve injury, range of motions and pin
tract infection.

There was a statistically significant difference in stability between
the crossed and lateral pin group, with the latter proving less stable.
Ulnar nerve neurapraxia occurred in one patient from the lateral
group and no ulnar nerve injury occurred in the crossed configuration
group. Two patients in the lateral group lost approximately 10 degrees
of elbow flexion. This article demonstrates fixation techniques need to
be stable and should be checked under fluoroscopy after the wires are
inserted. If stability is in question a supplementary wire should be
used. If a medial wire is used the elbow should be placed in extension
to avoid the nerve subluxing anteriorly when the elbow is flexed [40].
Jaeblon et al. [41] investigated the optimal pin configurations for
fracture varieties, which have not been previously investigated such as
low, sagittal oblique and high fractures. Three subgroups of 30 were
used to stimulate one of three fracture variations. The groups included
two lateral pins, three lateral pins and cross wires. Three forces were
analysed including anteroposterior, medial-lateral and rotational
stiffness. The authors conclude that lateral pin configurations provide
adequate stiffness to maintain reduction of low transverse, sagittal
oblique, and high transverse fractures without risk of injury to the
ulnar nerve [41]. In one study there was an eight-fold increase in risk
of iatrogenic nerve injury in the crossed wire group [42]. Cross wire
fixations led to a higher incidence of overall complications with
increased iatrogenic nerve injury.

The recommended pin configuration remains a controversy. As
fracture configuration, stability and surgeons’ preference come into

consideration, it is important to remember to protect the ulnar nerve if
cross wire technique is chosen, to use 2 mm width pins and to insist on
divergent lateral wire configuration to improve stability.

Timing of surgery

Abbott et al. [42] performed a retrospective analysis investigating
the impact of time to surgery on the incidence of complications and
conversion to open reduction. There was no significant correlation
between time to surgery and complications, operative time or the need
for open reduction.

Removal of pins

Following closed reduction and percutaneous pinning with smooth
k-wires for displaced and unstable supracondylar fractures in children,
the pins are normally removed 3-4 weeks following surgery. Lim et al.
[43] recognised that pin removal can be a source of anxiety for
children and their guardians. Better patient education and play therapy
was found to significantly reduce the pain experienced during pin
removal in clinic compared to oral ibuprofen.

Management of the Supracondylar with Nerve Injury

Mangat et al. [12] found a strong correlation between anterior
interosseous nerve injury and entrapment of both the nerve and the
vessel at the fracture site. They recommended early exploration in
patients with coexisting anterior interosseous nerve injury. More
recently, Barrett et al. [44] carried out a multicentre retrospective study
isolating 35 of 4409 patients with supracondylar fractures and isolated
anterior interosseous nerve palsies. They did not find any evidence that
the associated nerve injury required urgent treatment. Time to theatre
was not associated with improved recovery rates or a decrease in
complication rate. Even a delay of up to 24 hours did not make a
difference to the final outcome.

Management of the pink pulseless hand

Controversy still remains in the management of the viable pulseless
hand with recommendations varying from observation through
angiography to immediate surgical intervention. Vascular injury in a
supracondylar fracture can occur in several ways. The brachial artery
can be stretched or kinked over the displaced fragments. There may be
a direct injury causing a contusion or an intimal tear. It may also be
partially lacerated or completely transacted. Neurological deficit in
addition to a pulseless limb should raise the suspicion of an arterial
injury.

Authors that advocate immediate surgery to restore the pulse argue
that a viable extremity can still result in thrombus formation, cold
intolerance, late compartment syndrome and growth discrepancy [45].
There is little evidence to support the use of Doppler ultrasound pre or
post-operatively, even if the pulse can be detected. There is also limited
evidence supporting pre and post operative angiography. Angiography
may prolong ischaemia time and should not delay fracture reduction.
Badkoobehi et al. [46] presented a very simple and logical flowchart for
the management of supracondylar fractures. In the situation of a
poorly perfused and pulseless extremity, emergent reduction and
stabilisation with percutaneous wires is performed. The perfusion is
then re-assessed and in the case of persistent signs of impaired
perfusion, open vascular exploration is performed. The reduction and
stabilisation was reported to restore the pulse and blood supply in up
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to 72% of cases. A 5 cm anterior transverse incision over the
antecubital fossa is advised, which will enable the artery and median
nerve to be visualized.

In the case of a well perfused pulseless limb, the fracture should be
reduced and stabilized on the first available trauma list with close
monitoring of the limb until then. Closed reduction is attempted,
proceeding to open reduction in cases where reduction cannot be
achieved. The vascular status of the limb is reassessed following
reduction. If the pulse returns and the limb is well perfused,
observation for 12 hours is the optimal management. If the limb
remains well perfused but pulseless, the limb should be monitored
until the pulse returns or until the operating surgeon is satisfied. In the
event the hand is poorly perfused and pulseless following reduction
and stabilisation, open vascular exploration is required and
compartment release should be considered [46]. There are several
advocates of the watchful waiting approach with frequent
neurovascular observations. Choi et al. [47] have published their
experience with a more conservative approach. The importance of the
hand being perfused rather than having a pulse is stressed. The rich
collateral circulation of the elbow provides alternative circulation to
the limb in these cases. Another large [48] series advocates the
reduction and observation method with no cases requiring open
exploration. It is important to note that only nine out of 403 cases
presented without a pulse.

Scannell et al. [31] presented an intermediate-term review of a series
of perfused, pulseless supracondylar fractures who were managed with
closed reduction, percutaneous fixation and observation. All fractures
were Gartland type-III. 25% of the cohort had a return of the pulse
following fracture reduction and all limbs had a radial pulse at final
follow up. In their retrospective analysis they did not find any
correlation between occlusion of the brachial artery and a reduced
wrist brachial index. Several comparisons with the unaffected side,
including arm circumference, elbow range of movement and grip
strength were not found to be significantly different. Despite a quarter
of their cohort having occluded brachial arteries, function, range of
movement and growth were comparable to the contralateral side.
Weller et al. [49] presented their case series of 20 supracondylar
Gartland type III fractures with a pink pulseless hand. Following
reduction, they were monitored and a pulse was detectable on Doppler
ultrasound. 19 of the 20 patients had a palpable pulse return with no
clinical sequelae. Hence it is important, after management of these
injuries, there is a period of observation for 24 to 48 hours with serial
examinations.

The British Society for Children’s Orthopaedic Surgery (BSCOS)
report that 60% of surgeons favour continued observation if the
forearm remains pulseless [50]. 24% of surgeons responded that they
would call for an opinion from a vascular surgeon and 16% would
immediately explore the artery. It is imperative to have clear guidelines
of managing these situations in any setting, whether in a district
general hospital or a major trauma centre. When observation is the
management of choice before or after reduction, clear instruction
regarding the frequency of vascular assessment and meticulous
documentation is key.

Post-Operative Complications

The complication of supracondylar fractures can be divided into
early and late. Early complications include vascular injury, nerve injury
and compartment syndrome. Late complications include malunion
and stiffness.

Early Complications

Vascular injury is reported between 2-38 % in Gartland type III. The
management of acute vascular injury is discussed in the previous
section. Peripheral nerve injury occurs in 10-15% of supracondylar
fractures. The most commonly affected nerve in extension type injuries
is the anterior interosseous nerve although the median, ulnar and
radial nerve can be injured as well [51].

Managing peripheral nerve palsy is often challenging due to the
difficulty in obtaining a reliable clinical examination in the emergency
setting. It is important to provide explanation and reassurance to the
parents regarding the very high likelihood of recovery of the nerve. In
the rare case of lack of clinical improvement after 8-12 weeks, nerve
conduction studies should be considered to ensure the nerve is intact.
Compartment syndrome: The incidence of compartment syndrome
following supracondylar fracture has reduced over the years due to
improved management of the fracture. The pathology and
management of compartment syndrome are beyond the scope of this
review. A careful monitoring and high index of suspicion is essential in
these settings to try and prevent this complication.

Late Complications

Malunion; (cubitus varus or valgus) is a common complication with
an incidence of up to 50%. It is assessed by measuring the carrying
angle of the arm in the supinated forearm and comparing it to the
contralateral side. It is secondary to inadequate reduction leading to
malunion. Supracondylar fracture does not cause growth arrest.
Cubitus varus and valgus can cause both functional limitations and
cosmetic deformity. Angular deformity in the coronal plane at the
distal humerus has limited ability to remodel and the best treatment of
this complication is avoidance.

Or et al. [52] considered what the optimal treatment is for
supracondylar fractures when malalignment is recognised early in the
course of fracture treatment and follow up. Their study compares the
outcome of early revision for loss of alignment with the previous
published results of late corrective osteotomies. The authors conclude
that early diagnosis and aggressive intervention to achieve alignment
should be the adopted approach for improved range of movement and
to reduce the rate of cubitus varus. Elbow stiffness is a rare
complication. Following 6 weeks in a cast, it is rare to find a difference
in range of motion greater than 15 degrees from the contralateral side.
Most cases improve within a few short months.

Conclusion

In this review the evidence based guidelines for supracondylar
fracture management along with the numerous controversies are
discussed. Even though managing this fracture has improved over the
years resulting in lower complication rate, it remains challenging and
stressful to manage at times. Considered medical judgment and a
patient’s clinical circumstances and preferences should always guide
patient care and treatment.
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