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Abstract

Purpose of Review The purpose of this review is to review recent literature focusing on proximal humerus anatomy, epidemi-
ology of these fractures, diagnosis and treatment options, and clinical outcomes.

Recent Findings Non- or minimally displaced proximal humerus fractures treated nonoperatively do not lead to short- or long-
term complication and do not cross over to operative treatment. There is a higher rate of operative management with older age,
increased injury severity score, treatment at an adult hospital, and private insurance. Operative management is preferred with
closed or open reduction and percutaneous pinning, but elastic nailing and plate fixation are other options with good postoper-
ative outcomes.

Summary Pediatric proximal humerus fractures occur after fall onto the affected shoulder or arm. Diagnosis is usually made with
radiographs. Understanding the proximal humerus anatomy is critical to the proper management of these injuries to aid reduction
and predict remodeling potential. There is considerable debate around the management of proximal humerus fractures in the
pediatric population. Treatment is based on patient age, fracture displacement, and remodeling capacity. Nonoperative manage-
ment is successful in younger patients or less displaced fractures, and operative management is usually considered in older
patients with more displaced fractures.

Keywords Pediatric proximal humerus fractures - Pediatric trauma - Proximal humerus fracture treatment - Shoulder injury -
Pediatric fractures

Introduction humerus anatomy, epidemiology of these fractures, di-
agnosis and treatment options, and clinical outcomes.
Proximal humerus fractures comprise approximately

0.45 to 2% of all fractures and about 14% of upper

extremity fractures in the pediatric population [1, 2].
There have been several recent studies focusing on the
diagnosis and management of this injury, and it is im-
portant to understand issues for providers that manage
these injuries in children. The purpose of this review is
to review recent literature focusing on proximal
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Anatomy

Prior to discussing fractures of the proximal humerus, it is
important to understand the anatomy and vascularity of the
proximal humerus. The proximal humerus is an integral part
of the shoulder girdle and allows for motion in multiple
planes. It serves as the site of insertion for several important
muscles including the deltoid, pectoralis major, latissimus
dorsi, and rotator cuff muscles. These muscles act as
deforming forces in the setting of a fracture. Specifically, the
pectoralis major inserts into the lateral lip of the bicipital
groove and displaces the humerus shaft medially and anteri-
orly. The fracture fragment involving the greater tuberosity is
externally rotated due to the pull of the supraspinatus,
infraspinatus, and teres minor (Fig. 1). Vascularity of the
proximal humerus is derived from the terminal branches of
the axillary artery. A study in adult cadavers demonstrated
that the anterior and posterior humeral circumflex arteries
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Fig. 1 Deforming forces of the proximal humerus. a The supraspinatus,
infraspinatus, and teres minor insert into the greater tuberosity and
externally rotate the fragment. b The subscapularis displaces the lesser
tuberosity of the medially. ¢ The deltoid abducts the humeral shaft. d The
pectoralis major inserts into the lateral lip of the bicipital groove and
displaces the humerus shaft medially and anteriorly

are the primary blood supply of the proximal humerus, with
the posterior humeral circumflex artery providing 64% of the
blood supply to the humeral head while the anterior circum-
flex artery supplies 36%. These anatomic considerations, de-
formity forces, and vascularity are integral in fracture reduc-
tion, fixation, and healing [3].

Other anatomic considerations are important in fracture
reduction and fixation in pediatric patients. Closed reduction
of displaced proximal humerus fractures can be complicated
by interposing tissue such as the biceps tendon. The biceps
tendon is located intraarticularly in the glenohumeral joint,
making it both vulnerable to injury during proximal humerus
fracture and at risk for soft tissue entrapment during repair.
The biceps tendon is the most common soft tissue interposed
in the fracture space in failed closed reductions of the proximal
humerus. Other impediments to closed reduction within the
fracture site include the thick periosteum in children, deltoid
muscle, joint capsule, and bony comminution [4-6]. These
soft tissues and other structures can block closed reduction
of the proximal humerus and are indications for open reduc-
tion in highly displaced fractures after failed attempts at closed
reduction.

Understanding physeal anatomy is important in pediatric
patients as well. The proximal humeral physis accounts for
approximately 80% of the longitudinal growth of the humerus
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and begins to close starting centrally around age 14 in females
and 16 in males and ends around 17 to 18 years of age [7]. At
birth, the humeral head is largely cartilaginous, but within a
few months, ossification centers begin to develop. The humer-
al head ossification center arises at the medial humeral head
around 2—4 months followed by the greater tuberosity at 7-10
months [8]. Fusion of the ossification centers begins at age 3
and is complete by late puberty with the lesser tuberosity
being the last to fuse [8—10] These ossification centers can
elucidate the bony maturity of patients, but more importantly,
they allow for significant remodeling after fractures especially
in younger children [8].

Epidemiology and Classification

Pediatric proximal humerus fractures have an annual inci-
dence of approximately 31.4/100,000 [2, 11-].
Approximately 40% of metaphyseal proximal humerus frac-
tures are non- or minimally displaced and more commonly
require operative treatment as compared to epiphyseal frac-
tures which are non- or minimally displaced in 85% of cases
[12, 13]. There is a bimodal distribution of incidence, peaking
between ages of 10—14 and again at 80—84 years [14]. Boys
are 3—4 times more likely to sustain this injury, although re-
ports have varied across studies [10, 15¢]. Proximal humerus
fractures at birth are rare at 10.1/100,000 births [16]. These
fractures in children under 18 months may require careful
consideration for non-accidental trauma [17, 18].

Proximal humerus fractures most often occur upon falling
backwards onto an outstretched hand with an extended elbow
and externally rotated shoulder or through direct traumatic
impact to the shoulder. Approximately 25% of proximal hu-
merus fractures in children resulting from traumatic falls are
related to sports, and another 33% are due to motor vehicle
accidents [12]. Fractures resulting from proximal humeral
overuse have also been described in children participating in
sports. “Little leaguer’s shoulder” is one of the more exten-
sively described types of such an injury. Radiologic findings
include widening of the physis with calcification or lateral
fragmentation on the side of the throwing arm [19]. Trauma
during the birthing process as well as non-accidental trauma,
may also lead to fractures of the proximal humerus, particu-
larly in very young patients.

Pathologic fractures caused by conditions such as bone
cysts and other lesions are another key cause of fracture at
the proximal humerus in pediatric patients. These injuries
may result from low energy mechanisms. Unicameral bone
cysts are benign, fluid-filled lesions lined with fibrous tissue
along the metaphysis of long bones most commonly in chil-
dren and adolescents. These lesions are most common in the
femur and proximal humerus and may expand and weaken the
impacted bone, leading to pathologic fractures in about 75%



Curr Rev Musculoskelet Med (2021) 14:413-420

415

of cases [20, 21]. Interestingly, unicameral bone cysts heal
spontaneously following proximal humerus pathologic frac-
ture and result in excellent clinical outcomes, though the rate
of healing is lower in adolescent patients and patients with
active lesions [21]. Other lesions such as nonossifying fibro-
mas, aneurysmal bone cysts, osteosarcomas, and fibrous dys-
plasia can also lead to pathologic fractures of the proximal
humerus [22].

The Neer-Horowitz system is the most widely used classi-
fication system for proximal humerus fractures in children and
is graded by severity of displacement (Table 1) [23]. Grade |
fractures have no displacement, grade II fractures have dis-
placement no greater than one-third of shaft width, grade III
fractures have displacement greater than one-third but no
greater than two-thirds of shaft width, and grade IV fractures
have displacement greater than two-thirds of shaft width.
Another classification commonly used in pediatrics is the
Salter-Harris classification. However, this classification is ap-
plicable to physeal fractures, and often, pediatric proximal
humerus fractures are metaphyseal.

Diagnosis

History and physical examination is critical diagnosing a
proximal humerus fracture and must be catered to the patient
age. Generally, a detailed history will help to localize the
affected anatomic area and diagnostic possibilities. In neo-
nates, a history of forced obstetric maneuvers, high gestational
weight, and breech presentation are risk factors for upper ex-
tremity fractures during birth [24, 25]. In contrast, children
and adolescents more classically present with trauma such as
fall onto an outstretched arm. On examination, there may be
swelling, tenderness, visible deformity, and unwillingness to
move the shoulder by holding the arm close to the body [26,
27]. The overlying soft tissues should be inspected if concern
for an open fracture. Associated injuries to the brachial plexus,
clavicle, and scapula should not be missed. A thorough eval-
uation of the distal motor function, distal perfusion, and sen-
sory function including of the axillary nerve must be per-
formed. High energy injuries resulting in fracture-dislocation
can cause injury to the axillary nerve or artery [28]. However,
the overall incidence of neurovascular injury with proximal
humerus fractures is extremely low and usually occurs in

Table 1 Neer-Horowitz

classification of proximal Grade Displacement
humerus fractures [23]
<5 mm
I <1/3 of shaft width
I 1/3-2/3 of shaft width
v >2/3 of shaft width

elderly patients who have lost elasticity to the vessel wall
[29, 30].

The diagnosis of these fractures is usually made using ra-
diography. Standard radiographs of the shoulder including
AP, scapula Y, and axillary views are generally sufficient to
characterize the fracture morphology. An axillary view is crit-
ical to rule out dislocation and evaluate the true angulation of
the fracture. However, this view can be very difficult to obtain
as it requires abducting the injured arm. Options in this case
include giving adequate pain medication or sedation to obtain
the radiograph or instead obtaining a Velpeau view, in which
the patient’s arm may remain in a sling.

In general, indications for a CT scan for proximal humerus
fractures in children are limited due to the risk of ionizing
radiation on the developing body. In cases with difficulty
obtaining orthogonal radiography or a complex fracture pat-
tern or dislocation, CT may be indicated for classification and
surgical planning. In the adult literature, CT has greater reli-
ability than radiographs in classifying fractures, but there is
still debate as to whether obtaining a CT scan affects manage-
ment decisions [31, 32]. When radiographs are indeterminate,
CT scans can provide clinically useful information in complex
fractures or fracture-dislocations [33, 34]. If there is a
suspected pathological fracture that is unclear on radiographs,
MRI is the imaging modality of choice [35].

Ultrasonography is an accessible and inexpensive imaging
modality for the diagnosis of proximal humerus fractures in
neonates. Advantages of ultrasound are it may show greater
details of the deformity compared to x-ray without exposure to
radiation [36]. The sensitivity of ultrasound is 94% and the
specificity 100% for diagnosis of proximal humerus fractures
in children [37]. The main disadvantage is that many orthope-
dic surgeons do not interpret ultrasonography as readily as
radiography, and its clinical utility is unclear at this time.

Management

The majority of proximal humerus fractures in children can be
treated successfully with nonoperative management due to the
immense remodeling potential of the physis (Fig. 2).
Moreover, the majority (85%) of proximal humerus fractures
are non- or minimally displaced [15¢]. Indications for nonop-
erative management are still debated based on age and fracture
morphology. Until age 12, correction of up to 60 degrees in
the coronal and sagittal plane is possible and up to 40 degrees
in children older than 12 years [1]. Hohloch et al. introduced
an evidence-based treatment algorithm for the management of
pediatric proximal humerus fracture. Based on meta-analysis,
non- or minimally displaced fractures with an angulation less
than 20° or Neer-Horowitz grade I/II can be successfully treat-
ed nonoperatively with immobilization in a sling and swathe
independent of patient age. Once the decision is made for
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Fig. 2 Nonoperative management of proximal humerus fractures. a This P>
is a 3 year-old girl who was struck by a car and sustained a Neer-Horowitz
IV proximal humerus fracture which was treated nonoperatively with a
hanging arm cast. b Radiographs 2 months following injury demonstrate
signs of callus formation and progressive bony remodeling. ¢ Six months
after initial injury, the alignment of the proximal humerus has improved
with progressive bony remodeling

nonoperative management at the initial visit, further fracture
displacement reversing management to surgery occurs in less
than 1% of cases [1, 38, 39]. In neonates, the treatment is
almost always nonoperative due to the immense remodeling
power of the growth plate. Treatment with gentle swaddling is
effective in this age group without long-term deformity [24,
27]. In older children, immobilization can be obtained with
slings, shoulder immobilizers, hanging arm casts, shoulder
spica casts, and sling and swathes for a period of 3 to 4 weeks.
The authors prefer the use of slings or shoulder immobilizers
for minimally displaced injuries and hanging arm casts for
further displaced injuries. A shoulder spica is rarely needed
and may add additional burden to the caregiver.

While it is generally agreed that nonoperative management
is preferred whenever possible, there is no consensus on the
criteria for operative versus nonoperative treatment of proxi-
mal humerus fractures in children, and there has been an in-
crease in use surgical fixation in the past several years [11°].
The individual patient’s skeletal maturity and severity of inju-
ry must be considered together in developing a treatment plan.
Operative treatment should be considered in Neer-Horowitz
grade III and IV fractures and greater fracture angulation in
older children. The exact radiographic parameters indicating
operative treatment are still debated (Table 2) [1, 10, 12, 15e,
40-42]. Nonoperative treatment of displaced fractures in older
patients is associated with increasing discrepancies in arm
length and residual angulation [25]. However, there are no
randomized controlled trials comparing the outcomes of oper-
ative versus nonoperative treatment for displaced fractures.
Factors increasing likelihood of operative management are
older age, male sex, non-Medicaid payer status, increased in-
jury severity score, and admission to an adult hospital [11e,
15¢]. The rate of operative management for pediatric proximal
humerus fractures is 43.2% across children’s and adult hospi-
tals compared to 11.9% at children’s hospitals [15, 43].
Neuromuscular disorders or nerve palsies which may unpre-
dictably impact muscular forces may also be indications for
operative fixation [10].

While the majority of fractures can be closed reduced, ap-
proximately 10% of operatively managed patients required an
open reduction due to interposition of the long biceps tendon,
periosteum, capsule, or deltoid [1, 5, 42]. Failure of closed
reduction should be addressed with open reduction and sub-
sequent assessment of trapped structures. Open reduction is
typically performed via a deltopectoral approach. Both closed
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Table 2 Indication for operative

management Beaty 1992 [40]

Binder et al. 2016 [1]

Cruz et al. 2018 [15¢]

Dobbs et al. 2003 [41]

Lefévre et al. 2014 [12]

Pahlavan et al. 2011 [42]

Popkin et al. 2015 [10]

100% translation or >70° angulation, under 5 years

>50% translation or angulation <70° in younger and >40° in older children,
age 5-10 years

Translation >50% or angulation >40°, patients >11 years

>60° angulation in children up to 12 years

>30° angulation in children older than 12 years

Neer-Horowitz grade II and IV

>60° angulation in patients under 10 years

>30° angulation in patients 10 and older

>75° angulation in children 7 and under

>60° angulation in children 8 to 11 years

>45° angulation in children 12 and older

>100% translation and/or angulation >70°, patients <10 years

>50% translation and/or angulation >40°, patients aged 10-13 years

>30% translation and/or angulation >20°, patients >13 years

Nonoperative, <10 years

Case-by-case basis, age 10—13

Displaced fracture, age >13 years

Neer-Horowitz grade Il and IV fractures in children older than 11 years

and open approaches require mindful avoidance of injury to
the axillary artery or nerve. Fixation options include percuta-
neous pinning, intramedullary nails, cannulated screws, and
plates. Percutaneous pinning remains the most commonly
used fixation strategy with the benefit of shorter surgical time
and decreased estimated blood loss as compared to ESIN,
though complication rates may be higher [12, 44].
Additionally, percutaneous pinning while leaving the pins ex-
posed is a more cost-effective fixation strategy with an aver-
age cost saving of $4,502 per patient compared to
intramedullary nailing, with the disadvantage of higher super-
ficial infection rates from the exposed implant [45]. Closed
reduction with percutaneous pinning is the most common
method of fixation, but many studies have also shown excel-
lent outcomes with elastic stable intramedullary nailing
(ESIN) technique [6, 46, 47]. Preservation of the surrounding
soft tissue is key for healing and plate fixation in children is
rarely indicated [11¢]. A relative stability construct such as
intramedullary nailing allows for remodeling, but in older
children with severe deformity, absolute stability with screw
and plate fixation may be indicated.

Author’s Preferred Technique

The patient is positioned in the supine or modified beach chair
position to allow for orthogonal imaging, and the entire ex-
tremity is draped. Closed reduction is achieved using a com-
bination of traction, abduction, and internal or external rota-
tion. If the fracture is unable to be reduced after multiple
closed reduction attempts, an open reduction is performed

via a deltopectoral approach. Blocks to reduction are ad-
dressed, and the fracture is reduced. Once the fracture is re-
duced, two 2.5 mm threaded Kirschner wires are used to fix
the fracture, and the pins are further secured with pin-to-pin
clamps (Fig. 3). The fracture is followed biweekly to assess
healing, and the pins are removed at 4 weeks in the office or
under conscious sedation (Fig. 4) [48¢].

Outcomes

Outcomes of proximal humerus fractures in children are gen-
erally excellent with both nonoperative and operative treat-
ment. In neonates with nonoperative management, fracture
union was noted within 2 weeks, and radiographs at 6 months
demonstrate complete remodeling of the fractures [24]. In
older children, 90% of surgical patients have excellent out-
comes, and 96.9% of nonoperatively managed patients have
excellent outcomes [1]. A systematic review of proximal hu-
merus fractures in children demonstrated range of motion is
better in nonoperatively treated patients, and 22% of opera-
tively treated patients had pain at follow-up compared to 7%
of nonoperatively treated patients [42]. Patients with Neer-
Horowitz grade IV fractures had worse outcomes with greater
pain, shortening, restriction of motion, and greater angulation
compared to lower grade fractures regardless of treatment type
[42].

Complications after proximal humerus fractures in children
are rare. One study noted a complication rate of 9% with K-
wire fixation, 7% with ESIN, and 8% with nonoperative
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Fig. 3 Preferred technique for operative management of proximal
humerus fracture: a Two 2.5mm k-wires are placed for fixation after
closed or open reduction. b The two k-wires are held with an ex-fix
clamp for further stability

treatment [25]. Potential complications of nonoperative treat-
ment are malunion and stiffhess, but malunions are well tol-
erated in the proximal humerus. In a study of 69 pediatric
patients treated nonoperatively, 7.2% had limitations in range
of motion, 4.3% had pain, and 1.4% had weakness, consistent
with previously reported literature [42, 49¢]. After operative
treatment, the most common complication is superficial pin
site infection followed by malunion [11e, 50]. Other very rare
complications are axillary nerve or artery injury, avascular
necrosis of the humeral head, hypertrophic scars after open
reduction, or pin migration (more common with smooth pins).
Careful dissection and minimal disruption of the soft tissues
during the approach are recommended to avoid these
complications.

Conclusion

Proximal humerus fractures in children commonly occur after
a traumatic fall. An understanding of proximal humerus anat-
omy is critical to understanding fracture displacement and
implications to fracture remodeling. Diagnosis of these
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<« Fig. 4 Operative management of proximal humerus fractures. a This is a
14-year-old boy who sustained a Neer-Horowitz III proximal humerus
fracture while wrestling. X-ray shows fracture at the proximal physis with
significant varus angulation of the humeral head with respect to the shaft.
b The patient was treated with external fixation with two pins as described
in the authors’ preferred techniques. ¢ X-ray at 12 months shows healing
and remodeling of humeral metaphysis with stable alignment following
surgical fixation

injuries is made by history, physical exam, and radiographic
assessment. In select cases, a CT scan may be helpful to assess
fracture pattern or joint dislocation. Treatment is based on
patient age, fracture displacement, and remodeling capacity.
Nonoperative management is successful in younger patients
or less displaced fractures, and operative management is usu-
ally considered in older patients with more displaced fractures.
In general, most patients have good outcomes with operative
and nonoperative management of proximal humerus fractures.
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