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Abstract. Supracondylar humeral fractures are widely considered the most common elbow fracture in children. Gartland classification plays a fundamental role in decision-making regarding management and prognosis. Recent literature recommends conservative management for non or minimally displaced fractures,
whereas there seems to be a trend towards surgical treatment for all displaced fractures. The preferred treatment for displaced Gartland II and Gartland III fractures is closed reduction and percutaneous fixation with
lateral pins. In particular patterns medial pin is recommended for obtain a stable construct. Neurovascular
complications are mostly associated with Type III fractures and sometimes surgical exploration with fracture
reduction is needed. Correct diagnosis and proper management protocol is mandatory for avoid early and late
complications such as neurovascular impairment and malunion.
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Introduction
Supracondylar humerus fractures in children are
the most common fractures of the elbow, with an annual incidence estimated at 177.3 per 100000 and a
male predominance accounting for 16% of all pediatric fractures (1). The more common presentation, accounting 90% of all cases, is at 5-7 years of age, and
non-dominant arm is more frequently involved (2).
Clinical presentation of these fractures is for the
97-99% of cases in extension (3,4) due to the most frequent mechanism of injury represented by a fall onto
the outstretched hand with the elbow in full extension.
The high risk of immediate complications potentially limb threatening due to the involvement of
neurovascular structures requires a close vigilance and
proper protocol management.
The potential complications associated with these
fractures are cubitus varus deformity, prolonged loss of

mobility and social consequence for the child and the
family.

Presentation
The classical presentation is a fall on outstretched
hand and consequent pain and swelling over the elbow. The characteristics of the pain are fundamental to
ascertain whether are due to the fracture or related to
muscle and tissue ischemia that has a late onset.
Urgent assessment should be done when there
are absence of radial pulse, ischemia of hand (pale and
cool extremities), severe swelling, skin puckering, open
fracture and neurological injury (5). In case of neurological involvement, careful evaluation and documentation are suggested, in particular when it became apparent, the degree of involvement and progression of
symptoms.
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Radiological assessment
Antero-Posterior (AP) and a lateral view of the
elbow should be performed in case of pain and tenderness after a trauma. Often the pain limits flexion
and extension manoeuvres of the articulation leading
to difficulties in the interpretation of the images.
The position of the ossification centers is checked,
considering that they appear in a predictable order: capitellum at 1 year of age, radial head and medial epicondyle
at 4-5 years of age, trochlea and olecranon at 8-9 years
of age and lateral condyle appear at 10 years od age (6).
Assess the Baumann’s angle on AP view: the angle
between the humeral shaft line and the parallel line to
the lateral condylar phisis should be approximately 75°
(7). In case of doubts, related to individual variation of
Baumann’s angle, radiographs of the contralateral elbow
should be used for comparison. Other parameters to
evaluate are the alignment of anterior humeral line that
should intersect the middle 1/3 of the capitellum, anterior and posterior fat pad sign as indicators of elbow effusion (8,9). A positive fat pad sign is suggestive of fracture
even in case of absence of radiological fracture lines.
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Type I are undisplaced fractures: often in these
cases the fracture line is not easily visible and the fat
pad sign could help for obtain a proper diagnosis.
In Gartland type II fractures the posterior cortical is intact but there is an angulation and the humeral
line is positioned anterior to the middle of capitellum.
Type III fractures are completely displaced, the
direction is often posteromedial, without continuity
between the two fragments (Figure 1).
Gartland classification is successively modified by
Wilkins et al (11), that introduce A and B subtipe for
type II fractures. Type IIA are only extended, while
Type IIB have some component of rotational displacement or translation. Leitch and colleagues expanded
the classification with another type: Type IV fracture
are multidirectionally unstable in both flexion and extension, because of complete loss of both anterior and
pesterior periosteal hinges (12).
In this review we subdivided the treatment section
on the basis of original Gartland classification, because
thus probably helps the reader to better understand the
decision making process.

Treatment
Classification
Extension type supracondylar fractures are more
common than flexion type injuries, and are subdivided
by Gartland (10) on the basis of displacement extent.

A patient with supracondylar elbow fracture requires emergent surgical attention in case of pale and
pulseless hand. Closed fractures without neurovascular
damage could be treated on an urgent basis with con-

Figure 1. Gartland classification of supracondylar humeral fractures in children.
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servative or close/open surgery methods depending on
the fracture pattern. Each decision should be taken by
the orthopaedic surgeon considering Gartland classification (13,14).
Type I fracture
These fractures are by definition stable fractures
with minimal risk of further displacement or angulation. Anterior humeral line is intact and the fracture
displacement is less than 2 mm. The treatment is not
surgical, in a long arm cast with the elbow in 60-90° of
flexion for approximately 3 weeks (15). These injuries
simply require immobilization for comfort and protection; long-term outcome is usually excellent (16,17).
A pitfall in the treatment of Gartland type I fracture
lies in not recognizing medial impaction that could result in a varus deformity, which will not correct with
growth (18). A type I fracture with medial compression should be reduced with external manoeuvres under general anaesthesia preventing the cubitus varus.
In case of varus at the fracture site more than 10°,
compared to contralateral limb, close reduction and
percutaneous pinning should be strongly considered
(2). Larger diameter pins should be adopted in order
to obtain better stability and maintain reduction and
alignment of the fracture.
Type II fracture
In a Gartland type II fracture the anterior humeral line is interrupted and the posterior cortex in
hinged. In case of no rotational deformity, coronal
malalignment or significant extension of distal fragment (type IIA according to Wilkins (19)) this injury
may potentially be treated nonoperatively (20-22) with
close reduction and casting. Circumferential casting
and extreme manoeuvres of flexion should be avoided
to prevent vascular and neurological compromises (9,
23). Surgeons should advise the parents about the possibility of loss of reduction and need for later surgical
intervention.
If more than 90° of flexion is needed to maintain
reduction, stabilization of the fracture with percutaneous pinning should be performed, in order to minimize risk of complications due to the position. Skaggs
et al reported a large series with extremely low rates of
complication and secondary operations after closed re-

duction and percutaneous pinning comparing to close
reduction without pinning (24).
Type III fracture
Completely displaced supracondylar fractures,
with or without rotational deformity, are classified as
Gartland type III fractures and treated surgically in
most centers. Close or even open reduction should be
necessary and choice of treatment most often depends
on the experience of the surgeon and the characteristics of the fracture (25). Most common and recommended treatments are reduction and pin fixation
(9,25-27). Traumatic and idiopathic nerve injuries are
quite common in this type of fractures. In a study nerve
injury rate is reported up to 18% (only 3% preoperative) (28) that highlight the importance of a thorough
preoperative and postoperative clinical examination of
the patient. Nevertheless all patients sustained a nerve
impairment in that series fully recovered at long-term
follow up.
Also vascular injury rates are reported up to 20%
in several studies conducted on patients with displaced
Gartland type III supracondylar fractures (29,30). Reduction of the fracture in the operating room often
improves the vascular condition and for this reason
angiography prior to reduction is not recommended,
in order to avoid any delay of the procedure.
Compartment syndrome is rare but should be
considered in high-energy trauma (31), other risk factors are Gartland type III fractures, preoperative median nerve palsy, floating elbow, delayed treatment in
a patient with vascular compromise, long arm casting
in hyperflexion.

Techniques
Reduction manoeuvers
General anaesthesia and fluoroscopy assistance
are mandatory to obtain an anatomic reduction freeing
the proximal fragment from soft-tissue entrapment.
Surgeons should apply traction in line with the
humerus in slight flexion, avoiding full extension to
prevent tethering of neurovascular structures over the
proximal fragment. In case of suspect that the proximal fragment has pierced through the brachialis mus-
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cle a gradual traction in slightly flexed elbow should be
given for a minute, or in alternative a proximal to distal
“milking” manoeuvre as described in literature (32).
The reduction manoeuvre should begin hyper flexing the elbow while pushing the olecranon in anterior
direction. In case of internal rotation of distal fragment
is necessary to press harder on the medial side during
the reduction, and pronate the forearm. The opposite
applies for an external rotation of distal fragment.
In case of vascular impairment if the status doesn’t
improve after gross manoeuvre of reduction, open reduction must be performed.
Close reduction and percutaneous pinning
Close reduction and percutaneous pinning with
K-wire remain the classic treatment options for all displaced supracondylar fracture or in case that manipulations fail to maintain the reduction.
Typically the child is positioned supine and the
limb suspended over the side of the table. This position allows free access of the C-arm direct under the
arm, parallel to the operating table. Fracture reduction
is performed applying a longitudinal traction to the
forearm, with previous described manoeuvres. Once
obtained fracture reduction is confirmed fluoroscopi-
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cally. Sagittal alignment may be checked by rotation
of the C-arm to prevent loss of reduction. The Jones
(transcondylar) view is useful to assess coronal alignment with the elbow flexed, internal and external rotations of the arm allow assessing the alignment of
medial and lateral columns of the elbow. If reduction
is satisfactory percutaneous pinning is performed. It’s
controversial if whether a medial entry pin should
be used or whether two lateral pins are sufficient. A
standard technique of supracondylar fracture pinning
is described by Mubarak and Davids (33). Two smooth
0.062 inch K-wire are placed through the capitellar
side of the fracture, divergent or parallel, engaging the
far cortex and preferably avoid crossing through the
center of the olecranon fossa. After that the elbow is
extended and the carrying angle is determined, assessing the stability of the fracture. A third lateral pin can
be placed, but in case of medial comminution or varus
instability a medial pin can be placed to augment the
construct (Fig. 2,3). Extension of the elbow relaxes any
tension on the ulnar nerve and allows the positioning
of the medial pin in a safer manner. The pin should
run in a slight posterior to anterior direction, because
the medial epicondyle is a posteromedial structure.
To protect the nerve, the surgeon’s thumb should be

Figure 2. Gartland type III supracondylar humeral fracture (A: Anteroposterior view, B: Lateral view).
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Figure 3. Post-operative x-rays of cross-pinning fixation (A: Anteroposterior view, B: Lateral view).

placed over the cubital tunnel and K-wire can the
placed medially. Also this pin should engage the opposite far cortex. In case of acceptable reduction the
pins are carefully bent and cut leaving approximately
2 cm to prevent migration and facilitate pin removal
at 3 or 4 weeks postoperative. A long arm cast is then
performed to protect the reduction.
Both biomechanical and clinical comparisons between all-lateral and cross-pin constructs have been
performed comparing the stability of the reduction,
reoperation rate and iatrogenic ulnar nerve injury.
Kocher et al in randomized prospective study reported
a statistically significant decrease in risk of loss of reduction using the cross-pin technique (4%) compared
with all-lateral technique (21%) (34).
Edmonds et al reported three different fracture
pattern that necessitate a medial pin for the stability of
the fixation: high supracondylar fracture without adequate cross sectional area for >2 lateral pins, fracture
patterns that traverse near the olecranon fossa with
comminution of the medial cortex and fractures with
initial cubitus varus and medial instability that require
a medial pin to act as a structural support for the medial cortex (35).
Comparing all-lateral fixation construct with crosspinning fixation construct, results indicated that the risk

of iatrogenic nerve injury with the first technique was
0.53% against 6% obtained with cross pinning fixation
(35) with a relative risk of 1.44 (less common in lateral pinning) (36). Recent study (35) conducted on 381
supracondylar fractures reported an incidence of iatrogenic injury of 1% obtained with elbow in extension and
manual protection of the ulnar nerve. The extension is
the key because this manoeuvre will relax the nerve (37)
and the position obtained allows for better palpation
and identification of the medial epicondyle during pinning (33).
Open reduction and internal fixation
Failure to achieve adequate reduction is the most
common cause of a poor outcome after supracondylar humeral fracture (Fig. 4,5,6) and open reduction
is considered preferable to repeated attempts at closed
reduction or accepting suboptimal alignment. Other
indications are intrarticolar comminution, open fractures that require irrigation and debridement, vascular
compromise or neurologic loss after reduction that require exploration and possible repair of neurovascular
structures.
Also soft tissue interposition require an open reduction, in particular Fleuriau-Chateau et al report
buttonholing of the brachialis muscle by the distal end
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Figure 4. Gartland type III supracondylar
humeral fracture (A: Anteroposterior view,
B: Lateral view).

nerve exploration. Lateral incision is made over the
lateral condyle of the distal humerus and allows exposing the lateral side of the fracture. After reduction
manoeuvres the pins are left protruding from the skin.
In literature results after open reduction with pin
fixation and closed reduction with percutaneous pin
fixation are comparable (39), despite the fact that the
fractures in the open reduction group were more severe
and unable to be reduced by closed means (40).
Complications
Figure 5. Clinical result after reduction and stabilization with
lateral pins.

of proximal fragment as the most common finding in
open procedures (38) (Fig. 7,8).
Surgical approaches are choosed on the basis of
the fracture type and neurovascular deficit. An anterior
approach through a transverse incision in the antecubital fossa provides access to the common soft tissue
impediments to reduction and the best exposure of the
neurovascular structures (Fig. 9,10). Lateral approach
is performed in case of symptoms that suggest radial

Vascular deficit
Brachial artery injury is most commonly associated with Type II and III supracondylar fractures, in
particular in case of postero-laterally displaced fractures (41,42). Radial pulseless is reported in 6 to 20
percent of all supracondylar fractures (15,43). Emergency exploration is mandatory in patients without
significant improvement in pulse after orthopaedic
care, expecially if there is intractable pain, persistence
or increasing pain despite of fracture site reduction and
stabilization (41-47).
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Figure 6. Lateral pin fixation: post-operative x-rays (A: Anteroposterior view, B: Lateral view).

Figure 7. Brachialis interposition at the fracture level that require open reduction.

Figure 8. Clinical result after reduction and stabilization with
lateral pins.

Type III supracondylar fracture associated with
vascular and neurological deficits should be treated
with early exploration, because these characteristics
are strongly predictive of nerve and vessel entrapment
at the fracture site (46) (Fig. 9).
Isolated vascular deficit could be managed by
closed reduction and could be observed for return of
vascularity and if needed secondary exploration (2).
Compartment syndrome is a rare complication of
supracondylar fracture of the humerus in children.
Vascular injury and primary swelling from the
injury can lead to the development of compartment
syndrome within 12 to 24 hours (48). The traditional

Figure 9. Radial artery and nerve entrapment at the fracture
site.
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Figure 10. Radial artery and nerve after after estraction from
the fracture.

signs of ischemia (pain, paresthesia, paralysis, pallor and pulselessness) are less rialable in predicting
the presence of impending compartment syndrome
in children. An increase of analgesic requirement has
been shown to be the most sensitive indicator of impending compartment syndrome, preceding change
in vascular status by more than 7 hours. Others characteristics are anxiety, agitation and progressive deterioration of neurological status. In these cases tissue
pressure measurements should be obtained ad in case
of high values a fasciotomy should be performed. In
case of delayed treatment the ischemia may progress to
infarction and subsequent development of Volkmann’s
ischemic contracture: flexion of the elbow, pronation
of the forearm, flexion at the wrist and metacarpalphalangeal joint extension.
Neurologic deficit
The incidence of neurologic injury after extension
type supracondylar humeral fractures is about 12%
(49). The most common nerve involved is the anterior
interosseus (median nerve), followed by injury to the
radial nerve. Most often associated nerve injuries are
neuroapraxias that usually resolve within two to three
months (6,29,50,51).
Early nerve exploration is indicated if nerve function deteriorates after close reduction and pinning of
the fracture because of the likelihood of nerve entrapment in the fracture site or iatrogenic injury.
Extraction of the nerve from the fracture or from
constricting structures and removal of any compromising hardware should be performed ad soon as possible.
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Malunion
Cubitus varus (also called “gunstock” deformity)
is a common angular deformity after supracondylar
fractures. Modern surgical techniques have reduced
the incidence from 58% to approximately 3% in children treated properly (4).
This malunion occurs as a result of malreduction
or loss of reduction of the fracture and recognition is
often delayed until the elbow can be fully extended.
Other authors report higher risk of cubitus varus
after anatomic reduction of type III fractures due to
the initial compression of the medial column (52).
Cubitus varus is not only a cosmetic problem, it
is associated with tardy ulnar nerve palsy (53), tardy
Postero-Lateral Rotatory Instability (PLRI) (54) and
secondary distal humeral fractures (55).
To avoid such complications humeral osteotomy
is the indicated surgical procedure.

Conclusions
Supracondylar fracture of the humerus is a common problem in pediatric population and surgeons
have to deal with such fractures sometime burdened
by severe complications.
Conservative management is recommended for
Gartland type I fractures and nondisplaced type II fractures. Closed reduction and percutaneous pinning (with
two or three lateral pins) are the preferred treatment
options for most displaced supracondylar fractures. Medial pin positioning is mandatory in particular fracture
patterns and operative techniques are described to avoid
nerve injuries. Usage of appropriate criteria is wise in
managing these fractures; prognosis in case of complications or possible complication should be explained.
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