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KEY POINTS

� Missed fractures are common in pediatric patients because of the subtlety of findings, significant
normal variation in the developing skeleton, and unique site-specific fracture patterns found only
in children.

� Bones in children are distinguished by increased elasticity and porosity, the relative strength of the
periosteum, and the vulnerability of the physis compared with bones in adults.

� Unique fracture types of the pediatric skeleton include torus or “buckle” fractures, plastic bowing
and greenstick fractures, and physeal injury.

� Pediatric fractures are subtle. Understanding the mechanism and common patterns of site-specific
injuries facilitates detection.
INTRODUCTION

Missed fractures are common in pediatric trauma
patients. Fractures in children differ substantially
from those in adults, because injuries may be sub-
tle or even radiographically occult. Additionally,
there is substantial variation in the contour of devel-
oping bones and the growth plate, such that normal
findings may sometimes mimic injury. When left
undiagnosed, untreated fractures can have serious
cosmetic and functional consequences in chil-
dren.1 They are also the most common cause
of medicolegal complications for pediatric trauma
physicians, emergency room physicians, and
radiologists.2,3

Understanding the mechanism and radiographic
appearance of pediatric skeletal trauma facilitates
detection of these injuries, which results in better
outcomes for patients. This article examines
the unique features of pediatric bone contributing
to missed fractures, the incidence of missed
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fractures, common injury types of the pediatric
skeleton, and frequently missed site-specific frac-
ture patterns, highlighting problem-solving tech-
niques for challenging cases.

UNIQUE FACTORS OF PEDIATRIC BONE

It is an axiom of pediatric medicine that “children
are not just small adults.” This is also true of the
immature skeleton. In adults, when a force is
applied to a mature bone, the force propagates
through the bone because of its rigidity, until the
point of fracture, which manifests as a cortical
discontinuity. Children have proportionately more
cartilage and collagen than the adult skeleton and
their bones are thus less rigid.4 The increased elas-
ticity and porosity of immature bone leads to a
higher likelihood of fracture,5 although the fracture
is less likely to propagate. Furthermore, the outer
periosteal sleeve of a child’s bone is proportionally
tougher than the inner fibrous cortex. As such
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pediatric fractures may demonstrate cortical defor-
mity rather than discontinuity (the torus or “buckle”
fracture).
The physis adds an element of complexity to the

pediatric skeleton. This highly vascular structure is
the site of longitudinal and transverse growth of
long bones and manifests radiographically as a
straight or undulating lucent band. Histologically,
the physis is composed of resting, proliferating,
and hypertrophying chondrocytes that undergo
provisional calcification before being incorporated
into the ossified metaphysis.6 The physis is sur-
rounded peripherally by the tough fibrous ring of
Lacroix, which connects the epiphyseal and meta-
physeal periosteum.7 Because the periosteum at
the level of metaphysis is weaker than the ring of
Lacroix and epiphyseal periosteum,8 fractures
through the growth plate tend to deviate through
the metaphysis (Salter-Harris II injury). Overall,
physeal cartilage is the weakest structure in a
child’s skeleton.9
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INCIDENCE OF MISSED FRACTURES IN
PEDIATRIC TRAUMA

Musculoskeletal injuries comprise most occult in-
juries in the setting of trauma.10 A review of the or-
thopedic and surgical trauma literature suggests
that missed fractures are common, with retrospec-
tive studies demonstrating an incidence of between
2% and 9%,11,12 and prospective studies showing
higher rates of injury (11%–27%).1,13 Unfortunately,
most of these studies do not distinguish occult from
missed fractures; and those studies that focus on
missed fractures are retrospective in nature,
comparing preliminary interpretations by radiology
residents or nonradiologists with the gold standard
of the finalized report. In such studies, the most
frequently missed pediatric fractures are those of
the fingers, distal radius, elbow, and proximal fib-
ula.14,15 Further prospective studies are needed to
adequately characterize the true incidence and dis-
tribution of missed fractures in pediatric trauma.
Fig. 1. A 4-year-old girl with
buckle fracture of the distal
radius (arrow) after fall.
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UNIQUE FRACTURE TYPES OF THE PEDIATRIC
SKELETON
Torus Fractures

Torus or “buckle” fractures are common in the
pediatric population. These fractures most
frequently involve the distal radius and ulna,4

although they are frequently missed in the small
bones of the hands and feet. The mechanism of
the buckle fracture is an axial load, most often
on an outstretched hand. There is focal convex-
ity on the compression side of the bone and
the tension side of the bone remains intact
(Fig. 1).16

One notable variant of the classic torus frac-
ture is the angled buckle, in which a primary axial
and additional secondary force is applied to the
bone. In this setting, the cortex does not bulge
convexly, but angles sharply inward in the
direction of the secondary force (Fig. 2).17 These
fractures occur most frequently through the
metaphysis of the proximal radius, distal tibial,
and distal humerus.

Both classic and angled buckle fractures are
stable, treated conservatively with immobilization,
and typically heal without complication.18
Fig. 2. A 17-year-old boy with angled buckle fracture
of the distal left radius after a fall (arrow).
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Plastic and Greenstick Fractures

Plastic or “bowing” fractures also result from
excessive axial loading. In these fractures, the
elasticity of immature bone permits increased
curvature over the full length of the shaft, without
cortical discontinuity or offset (Fig. 3).19 These
fractures most commonly occur in the radius,
ulna, and clavicle.20 Subtle plastic fracture may
sometimes mimic physiologic bowing, but are
easily distinguished with comparison views.21

Although considered stable injuries, some au-
thors advocate reduction of plastic fractures
when the degree of angulation exceeds 20�, or if
the bowing is cosmetically unacceptable.22

At some point, axial loading exceeds the elastic-
ity of the immature bone, which fractures along the
tensile side of the shaft, leaving the compressive
side intact (Fig. 4). This a greenstick fracture. Un-
like plastic fractures, greenstick injuries are unsta-
ble, and frequently displace even after splinting.23

Physeal Fractures

Salter-Harris I and II injuries are the most frequently
missed growth plate fractures because of their sub-
tlety. Salter-Harris I injuries result from shearing
Fig. 3. An 11-year-old boy with bowing fractures of
left radius and ulna (arrow) after fall.
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Fig. 4. A 5-year-old boy with greenstick fracture of
the distal ulnar shaft (arrow) after fall.

Fig. 5. Anteroposterior (AP) radiograph of the knee in
an 8-year-old girl with a Salter I fracture of the distal
femur demonstrates widening of the distal femoral
physis (arrows).
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forces applied to the physis, with the fracture plane
passing exclusively through the growth plate.24

Although offset of the metaphysis and epiphysis
is easily recognizable, physeal widening may be
the only sign of injury in some cases of Salter-
Harris I fracture (Fig. 5). Comparison views are
confirmatory when physeal widening is sus-
pected,21 because growth plate closure is typically
symmetric. By contrast, Salter-Harris II injuries
result from shear and angular forces, and deviate
through the metaphysis (Fig. 6). The metaphyseal
component may be subtle. A helpful sign in this
setting is a bone fragment along the most distal
aspect of the metaphysis (Thurston-Holland frag-
ment) indicating metaphyseal involvement.25

Finally, it is worth mentioning that physeal injury is
often overlooked in older children, in whom the
growth plate may nearly be fused. In this setting,
the only suggestion of injury may be asymmetric
sclerosis along the developing physeal scar.26

SPECIFIC PEDIATRIC FRACTURES PATTERNS
THAT ARE FREQUENTLY MISSED
Shoulder and Clavicle

Coracoid process fractures are uncommon, but
easily missed injuries resulting from a direct impact
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to the coracoid process secondary ossification
center, typically during a contact sport (50%).27,28

Fracture typically takes place at the base of the
coracoid process,29 in which the secondary ossifi-
cation center is avulsed from the physis by the blow
(Salter-Harris I injury). This manifests radiographi-
cally as widening of the coracoid growth plate
(Fig. 7), best appreciated on the axillary view.29

There is no standard management of coracoid pro-
cess fractures.30

Little leaguer shoulder is an overuse injury of
the proximal humeral physis that typically mani-
fests in baseball pitchers aged 11 to 16 years.31

Repeated overhead throwing motions damage
the vessels within the metaphysis, altering the
pattern of new bone mineralization at the provi-
sional zone of calcification. This manifests radio-
graphically as a widened and sclerotic physis
(Fig. 8). Prompt diagnosis is critical, because
bone bridges may develop without appropriate
cessation of activity.30

So-called sternoclavicular (SC) dislocation is
typically a Salter-Harris fracture at the level of the
proximal clavicular physis. These injuries require
significant compressive force to the sternum or
clavicle, typically in the setting of motor vehicle
collision.32 The proximal clavicular physis, which
does not close until 23 to 25 years, is the weakest
 from ClinicalKey.com by Elsevier on March 04, 2021.
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Fig. 6. AP radiograph in a 15-year-old boy with knee
pain after trauma demonstrates an oblique fracture
through the distal femoral metaphysis (black arrows)
and widening of the medial physis (white arrow)
consistent with a Salter II fracture.

Fig. 8. A 13-year-old boy baseball pitcher with little
leaguer shoulder. The proximal humeral physis is
widened and irregular (arrow).
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component of the SC unit and fracture typically
occurs through the physis.26 Radiographic signs
of clavicular physeal injury (or true SC dislocation)
are subtle, and are suggested by asymmetric
clavicular height (Fig. 9). Specifically, on a frontal
radiograph, the difference in the craniocaudal po-
sitions of the medial clavicles should be less than
50% of the width of the clavicular heads.26 If
abnormal, cross-sectional imaging is recommen-
ded to distinguish Salter-Harris injury from SC
Fig. 7. A 14-year-old boy with coracoid process frac-
ture (arrow).
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dislocation and assess for mediastinal complica-
tions, which are frequent.

Elbow

Supracondylar fractures are the most common
elbow fracture in children. During a fall on an out-
stretched hand, exaggerated hyperextension dis-
places the ulnar olecranon into the dorsal
humeral metaphyseal plate,33 and the olecranon
acts as the fulcrum of supracondylar fracture.
Radiographically, the fracture manifests as trans-
versely oriented supracondylar radiolucency
(Fig. 10). Associated dorsal displacement disrupts
the anterior humeral line, which normally passes
through the posterior third of the capitellum,34

although this finding is less sensitive in children
younger than 4 years old.35 Fractures are often
subtle and a joint effusion may be the only radio-
graphic sign of injury,36 with elevation of posterior
fat pad (Fig. 11). Because the anterior humeral line
and fat pad are detected on the lateral radiograph,
patient positioning is crucial. A good rule of thumb
is that on a properly positioned lateral radiograph,
a supracondylar “teardrop” should be formed by
the anterior concavity of the coronoid fossa and
the posterior concavity of the olecranon fossa.36

Radial neck fractures were considered rare, but
a recent study by Emery and colleagues37 sug-
gests that these may be the second most com-
mon fractures of the pediatric elbow. Radial
neck fractures are most commonly buckle injuries
that result from hyperextension in the setting of
an additional valgus force. These deformities
are often subtle (Fig. 12) and comparison views
may be necessary. They are frequently associ-
ated with olecranon fractures, which are the
most common occult elbow fracture in children
(Fig. 13).37
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Fig. 9. (A) A 17-year-old boy with concern for sternoclavicular dislocation after trauma. The left clavicular head
(black arrowhead) is asymmetric and projects higher than the right (white arrowhead). (B) Three-dimensional
reconstruction from a computed tomography scan demonstrating a Salter II fracture through the proximal left
clavicle on same patient, with the epiphysis and small metaphyseal fragment (arrow) maintaining alignment
with sternoclavicular joint with superior displacement of the left clavicle.
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Lateral condyle fractures are historically described
as the second most common elbow fracture in chil-
dren. These fractures result from a varus force on
an extended elbow.30 These fractures are easily
missed,because theyoftenprimarily involvecartilag-
inous injury to the intercondylar region or capitellum,
with only a slender bony fragment along the lateral
condyle (Fig. 14). These injuries are often occult on
the anteroposterior view, and an external oblique
view may be necessary for confirmation.33

Medial epicondyle avulsions are considered the
third most common pediatric elbow fracture, and
Fig. 10. AP radiograph of the elbow in a 20-month-
old boy after a fall demonstrates a nondisplaced
supracondylar fracture (arrows).
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typically occur in older children. The mechanism is
typically a fall on an outstretched hand, combining
hyperextension with valgus stress.33 They may
also occur in the setting of posterior elbow disloca-
tion. The degree of avulsion varies from subtle
widening of the medial epicondylar physis to intra-
articular displacement, in which the displaced
medial epicondyle mimics a trochlear ossification
center (Fig. 15). For this reason, whenever “troch-
lear” ossification is noted, an orthotopic position
of the medial epicondyle should be confirmed. It is
Fig. 11. Lateral radiograph of the elbow in a 4-year-
old girl after fall demonstrates elevation of the ante-
rior fat pad (arrows) and posterior fat pad (arrowhead)
indicating joint effusion.
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Fig. 12. Oblique radiograph of the elbow in a 4-year-
old girl with pain 2 weeks after a fall demonstrates a
nondisplaced radial neck (arrow) with subtle perios-
teal new bone formation).

Fig. 14. AP radiograph in a 7-year-old boy with a
lateral condylar fracture (arrow) of the elbow.
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also worth noting that, unlike supracondylar and
lateral condylar fractures, injuries of the medial epi-
condyle can occur without a joint effusion.36
Fig. 13. AP radiograph of the elbow in a 32 month old
with a nondisplaced olecranon fracture (arrow).
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Epiphyseal separation of the distal humerus is a
rare but frequently missed (56%) Salter-Harris I
fracture in young children and infants.37 In infants,
the cause is typically obstetric, but in younger chil-
dren the injury raises concern for nonaccidental
trauma. Radiographs most frequently demonstrate
medial (93%) and posterior displacement of nonos-
sified distal humeral epiphysis, radius, and ulna
(Fig. 16). Confirmatory ultrasound is performed in
difficult cases.

Wrist

Scaphoid bone impaction fractures are frequently
missed buckle fractures that result from axial
loading of the wrist during hyperextension. In chil-
dren, scaphoid bone fractures often demonstrate
shortening or contour deformity of the scaphoid
(Fig. 17), sometimes with a thin dense band repre-
senting superimposition of trabecula. Loss of the
navicular fat pad is another subtle sign of injury.21

Given the substantial variation in the normal
appearance of the scaphoid, comparison views
are often helpful.

Hip and Pelvis

Slipped capital femoral epiphysis (SCFE) is the
most common abnormality of the hip in adoles-
cence.38 It most commonly results from repetitive
microtrauma to the developing femoral neck,
often during growth spurts, with predisposing
sburgh from ClinicalKey.com by Elsevier on March 04, 2021.
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Fig. 15. AP radiograph of the elbow in an 11-year-old
boy with a medial epicondylar avulsion fracture dem-
onstrates the displaced epicondyle within the joint
space (arrow) mimicking a trochlear ossification cen-
ter. Lateral radial head subluxation is also noted.

Fig. 16. AP radiograph of the elbow in an 11-day-old
girl refusing to move the right arm demonstrates
medial displacement of the proximal ulna and radius
with respect to the distal humerus. Epiphyseal sepa-
ration at the distal humerus was confirmed with
ultrasound.
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factors including hypothyroidism, hypopituita-
rism, hyperparathyroidism, obesity, and renal
osteodystrophy.39 SCFE is a Salter-Harris I frac-
ture of the femoral neck. Muscular insertions
below the great trochanter cause the femoral
metaphysis to migrate anteriorly, laterally, and su-
periorly, causing the appearance of “epiphyseal”
slippage. This is detected on AP radiographs by
disruption of Klein’s line and epiphyseal fore-
shortening. Performing a frog-lateral view in-
creases the sensitivity of radiographs, although
this risks worsening the slip in unstable (nonam-
bulatory) SCFE (Fig. 18).40

SCFE is rarely missed in the setting of significant
metaphyseal offset. However, it is more chal-
lenging to detect the preslip phase of SCFE, in
which the epiphysis and metaphysis align. It is
important to emphasize that early detection can
have a profound impact on the patient’s prog-
nosis. Findings of preslip SCFE include physeal
widening and demineralization.39 Early or subtle
SCFE can also be easily missed, because up
to 60% of cases may present with a preserved
Klein’s line. The sensitivity of the AP radiograph
is increased by comparing the width of the
Downloaded for Anonymous User (n/a) at University of Pittsburgh
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epiphyses lateral to Klein’s line, with a greater
than 2 mm discrepancy suggestive of SCFE.41

Pelvic avulsion fractures are common injuries
in adolescents and young adults, and reflect
the relative vulnerability of the pelvic apophyses
in the setting of forceful myotendinous contrac-
tion.42 Acutely avulsed fragments are sharply
demarcated, displaced along the path of their
myotendinous unit, and with time become
more sclerotic and ill-defined.43 Nondisplaced
avulsions are easily missed because the apoph-
yses normally demonstrate a lucent physis. As
such, any asymmetry of the pelvic apophyses
should be treated with suspicion. Subacute or
chronic avulsions can stimulate an aggressive
periosteal reaction, mimicking osteomyelitis or
malignancy.44

Knee

Tibial tubercleavulsion fracturesoccur secondary to
forceful traction of the quadriceps during extension,
frequently during jumping sports. They are most
 from ClinicalKey.com by Elsevier on March 04, 2021.
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Fig. 17. Oblique radiograph of the wrist in a 9 year
old with wrist pain after fall demonstrates mild buck-
ling of the radial cortex of the scaphoid bone (arrow)
at the site of a distal pole scaphoid fracture.
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common in teenage boys, often with preexisting
traction osteochondritis (Osgood-Schlatter) of the
tibial tuberosity. Radiographically, avulsion frac-
tures of the tibial tubercle may demonstrate discon-
tinuity of the tuberosity tip, physeal widening, or
intra-articular fracture. Isolated foci ofmineralization
Fig. 18. (A) A 13-year-old boy with right slipped capital f
strates widening and irregularity of the proximal right fe
right slipped capital femoral epiphysis. Frog leg lateral ra
medial displacement of the femoral head with respect to
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adjacent to the tubercle are common normal vari-
ants, and typically do not reflect either avulsion frac-
ture or Osgood-Schlatter.45

Patellar sleeve fractures also stem from contrac-
tion of the quadriceps, but typically during
flexion.45 In this fracture the intact patellar tendon
avulses the cartilaginous inferior pole of the pa-
tella, potentially with a small bone fragment.46

Patella alta and a joint effusion may be present.
Because the insult of patellar sleeve fractures
is primarily cartilaginous, plain film radiography
tends to underestimate the extent of injury.

Tibial spine fractures result from forced hyper-
extension of the knee with avulsion at the insertion
of the anterior cruciate ligament.47 These fractures
are difficult to detect on the AP view because of
superimposition of bone, and are best seen on
the tunnel or oblique views.43 In the acute phase
the superior border of the fragment is sharp and
well corticated at the ligamentous attachment,
whereas the inferior border lacks cortication
(Fig. 19). These injuries are considered “anterior
cruciate ligament equivalents,” with operative
management depending on the degree of
displacement and size of the fragment.
Tibia

Classic toddler’s fractures are common spiral frac-
tures of the tibial diaphysis that often extend into
the distal metaphysis. They result from torsional
forces during early walking, but often present
with pain referable to the ankle. These hairline frac-
tures are usually nondisplaced and subtle cases
are notoriously difficult to detect (Fig. 20).21

Furthermore, in children who cannot bear weight,
lower extremity fracture is often present even
emoral epiphysis. AP radiograph of the pelvis demon-
moral physis (arrowhead). (B) A 13-year-old boy with
diograph of the right hip demonstrates mild postero-
the neck (arrow).
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Fig. 19. AP radiograph in a 13-year-old boy after left
knee injury demonstrates a minimally displaced tibial
spine fracture (arrows). Incidental note is also made of
a Segond fracture.

Fig. 20. Lateral radiograph of the tibia in an 18-
month-old boy with limp demonstrates subtle nondis-
placed toddler’s fracture of the tibia (arrow).
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with “normal” radiographs.48 Given the insensi-
tivity of plain film radiography for this common
injury, follow-up radiographs in 10 to 14 days (vs
MR imaging) may be beneficial if the clinical suspi-
cion is high.
Variant (type II) toddler’s fractures have been

recently described by Swischuk and colleagues.49

These are also seen during early ambulation, and
result from impaction and hyperextension forces at
the level of the developing tibial tuberosity. Radio-
graphically, they present with anterior or lateral
buckling, transversehairline fracture, and increasing
concavity of the tuberosity (Fig. 21). The tibial
plateau may be tilted anteriorly and inferiorly.21

Trampoline fractures are similar injuries of the
tibial metaphysis, although they occur in older chil-
dren (2–5 years). These fractures result when a
trampoline is shared between partners of unequal
weight. The mat recoils upward, meeting the
descending child and loading the tibia with impac-
tion and hyperextension forces.50 The tibial meta-
physis fractures transversely and the plateau tilts
anteriorly and inferiorly. Like toddler’s fractures,
these injuries are often subtle or occult (75%) on
plain film radiography.51

Foot and Ankle

The cuboid toddler’s fracture is a frequently missed
fracture52,53 that results from vertical loading of a
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hyperflexed forefoot, often during a fall from a
bunk bed. The cuboid is impacted between the
calcaneus and lateral metatarsals.54 Acutely,
radiographs demonstrate bandlike density of the
cuboid because of superimposition of the trabec-
ula, possibly with cortical deformation (Fig. 22). In
the subacute and chronic phase, sclerosis predom-
inates. Because there is substantial variation in the
normal contour of the cuboid, comparison views
may be helpful.
Metatarsal bunk bed fractures also involve an

axial load, typically affecting the first metatarsal.55

The typical radiographic appearance is of a buckle
fracture with angulation (but no outward convexity)
of the cortex (Fig. 23).

SUMMARY

Pediatric musculoskeletal trauma is easily missed
on plain film radiography. Compared with the adult
skeleton, immature bone is more porous and flex-
ible, and the developing physes and apophyses
are particularly prone to injury. Knowledge of
 from ClinicalKey.com by Elsevier on March 04, 2021.
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Fig. 21. (A) AP radiograph of the right knee in a 24 month old with limp demonstrates a subtle buckle fracture
(arrow) at the proximal tibia near the tibial tubercle. (B) Lateral radiograph of the right knee in a 24 month old
with limp demonstrates a subtle buckle fracture (arrow) at the proximal tibial tubercle.

Frequently Missed Fractures in Pediatric Trauma 853
unique fracture types and site-specific injury pat-
terns is crucial to detecting subtle injury, and cor-
rect and early diagnosis can have a significant
cosmetic and functional impact. Given the high
degree of normal variation in the developing
Fig. 22. Oblique radiograph of the foot in a 16-
month-old boy with limp demonstrates sclerosis
within the proximal cuboid (arrow) in keeping with
a healing toddler’s fracture.
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skeleton, comparison views of the (asymptomatic)
contralateral limb, and/or short-term radiographic
follow-up are reasonable strategies for managing
equivocal cases. MR imaging may be considered
in children who do not require sedation, if a
confirmed diagnosis would lead to a change in
management. Prompt diagnosis and management
Fig. 23. AP radiograph of the foot in a 7-year-old boy
with pain demonstrates a “bunk bed” fracture at the
base of the first metatarsal (arrow).
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has important implications for fracture healing,
symptom relief, return to play/normal activities,
and avoiding potential deformity. Understanding
the classic imaging findings in subtle, common pe-
diatric fractures helps ensure that these injuries
are not missed.
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