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Background

Pediatric elbow traumas are common and may be
cause of different types of injuries such as soft tissue, bony,
or cartilage injuries. Fall on an outstretched hand is the
most common mechanism of injury that results in
hyperextension or valgus load to the elbow (1, 2).

Compared with adults, higher incidence and
variability of elbow fracture patterns in pediatrics make
these injuries difficult to recognize (3). Almost 70% of all
pediatric fractures are related to upper extremity.
Supracondylar humerus fracture is most common. The
second and third common fractures are lateral humeral
condyle and medial humeral epicondyle fractures (4).

Interpretation of pediatric elbow radiography needs a
systematic approach to prevent misdiagnosis. In this
study, we explained a six-step approach to elbow
radiography for better diagnosis of the injury.

Step 1. Correct Imaging Techniques

Anteroposterior (AP) View

This view is obtained with the central beam of X-ray,
positioned perpendicular to the extended elbow with
supinated hand (Figure 1A). In AP view, we can assess the
medial and lateral epicondyles, the radiocapitellar joint,
and trochlear articular surface.
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Figure 1. A: Anteroposterior (AP) view; B: Lateral view
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Lateral View

This view is obtained with 90 degrees flexion of the
elbow with abducted shoulder, the forearm resting on the
table and thumb directed upward and the beam is
centered to the radial head (Figure 1B). In lateral view, in
addition to assessment of bony structures such as
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olecranon, coronoid process, radial head, and the
congruency of ulnohumeral joint, some evaluations of soft
tissue components are also possible (2, 5).

A standard lateral radiographic view is necessary for
correct judgment about distal humerus fractures. In a
standard lateral view (true lateral) of distal humerus, the
bony pattern shapes an hourglass-like view. It is slightly tilted
forward in a true lateral view of a normal elbow (Figure 2).

Figure 2. Hourglass sign

Step 2. Evaluating the Ossification Centers

Bony template of the pediatric elbow shows growth in a
predictable and physiologic pattern. Understanding the
timing of this developmental sequence in radiography lets us
differentiate between subtle fractures and normal variations.

The process of ossification begins at diaphysis of long
bones such as humerus, radius, and ulna and progresses to
proximal and distal ends (Figure 3). Ossification of the
humerus extends to the condyles, the ulna extends to interval
between the coronoid process and the tip of the olecranon,
the radius ossifies proximally to the neck (Table 1) (7).

Lateral

epicondyle Medial epicondyle

Capitellum Trochlea

Figure 3. Distal humerus ossification centers
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Table 1. Timing of appearance of elbow ossification centers

Girls (year) Boys (year)
Capitellum 1.0 1.0
Radial head 5.0 6.0
Medial epicondyle 5.0 75
Olecranon 87 10.5
Trochlea 9.0 10.7
Lateral epicondyle 10.0 12.0

Step 3. Evaluating Joint Effusion and Soft Tissue Swelling

Anterior and posterior fat pads lie on the proximal end
of the anterior (coronoid fossa) and posterior (olecranon
fossa) capsule of elbow joint (Figure 4). Intracapsular
fractures cause hemarthrosis which results in a gap
between capsule and distal end of humerus. We name it
posterior and anterior fat pad signs.

Anterior fat
pad sign

Posterior fat
pad sign

Figure 4. Anterior (black arrow) and posterior (white arrow) fat pad signs

Step 4. Evaluation of Alignment

Teardrop

In lateral view above the capitellum, the bony pattern
of distal humerus shapes like a teardrop (Figure 5) (8).
Posterior margin of coronoid fossa makes anterior line of
teardrop. The anterior border of the olecranon fossa
makes posterior line of teardrop. Ossification center of
capitellum shapes inferior part of teardrop. On a true
lateral view, teardrop should be well seen.

Figure 5. Teardrop

Shaft-Condylar Angle

Shaft condylar angle is between long axis of humeral
shaft and long axis of lateral condyle in true lateral
radiograph (Figure 6). Normal angle range is around 40
degrees (9).

Figure 6. Shaft-condylar angle

Anterior Humeral Line

Anterior humeral line is a tangential line to anterior
cortex of the distal shaft of humerus; it must cross with
ossification center of the capitellum in the middle third
(Figure 7). Passing from anterior or posterior of it, means
distal humerus fracture (10). Rogers et al. in patients with
minimally-displaced supracondylar humeral fractures
found that anterior humeral line was the best factor in
reliability to detecting occult fractures (4).

Figure 7. Anterior humeral line

Coronoid Line

Coronoid line is a tangential line to anterior border of
coronoid process. Proximally, it should touch the anterior
cortex of lateral humeral condyle (Figure 8). Posterior
position of ossification center of lateral humeral condyle
relative to coronoid line means posterior angulation of
the condyle (8).

Figure 8. Coronoid line

Humeral-Ulnar Angie

The angle between long axis of humeral shaft and ulnar
shaft in AP view, the humeral-ulnar angle (Figure 9), is the
best way (most accurate) to define the carrying angle of the
elbow. Normal carrying angle ranges from 0° to 25° (11,12).

Figure 9. Humeral-ulnar angle

Metaphyseal-Diaphyseal Angle

Same as humeral-ulnar angle, it is measured to
determine the appropriate alignment of the distal
humerus and carrying angle. The metaphyseal-diaphyseal
angle is determined by measuring the angle between long
axis of humeral shaft and the line that connects the widest
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area of the metaphysis of the distal humerus (Figure 10)
(13). It is useful for comparison of the injured elbow with
the other side.

Figure 10. Metaphyseal-diaphyseal angle

Radio-Capitellar Line

Radio-capitellar line is a straight line passing through
the center of the radial neck and head. In normal elbow, it
passes through the center of ossification center of
capitellum in all degrees of elbow flexion in lateral
radiograph view (Figure 11) (14).

Figure 11. Radio-capitellar line must pass through the middle
of the capitellum in ach degree of flexion of the elbow

Baumann’s Angle

In standard AP view, the angle between the inclination
of the physis of capitulum and the long axis of humeral
shaft is the Baumann’s angle (Figure 12) (15). We can use
this angle to compare the injured elbow with the other
side. In standard AP radiograph of the distal humerus and
Jones views, the Baumann’s angle is a good criterion for
evaluating the angulation of distal humerus (16).

igure 12. Baumann’s angle
g

Lateral Humerocapitellar Angle

As shown in figure 12, the angle between the humeral
shaft and capitellar physis in standard lateral view is
lateral humerocapitellar angle (LHCA). The normal
amount of LHCA is almost 51 degrees and is not affected by
age, sex, or side (17).

The correlation between the LHCA and clinical outcome
is unclear. Some studies reported a significant correlation
between the LHCA and loss of elbow flexion (18).

Figure 12, Lateral humerocapitellar angle

Step 5. Evaluating the Bone Cortices

Exactly check the distal humerus, proximal ulna, and
radius cortices for subtle injuries and minimally-displaced
fractures. Because of incomplete ossification of pediatric
distal humerus, we can judge and diagnose the fracture
according to the orientation of fracture line. The following
algorithm (Figure 13) may help us to better diagnose the
fractures of distal humerus.

Fracture line toward articular surface

No

Check disruption of lateral and Check disruption of lateral and
medial cortices medial cortices in internal and
external oblique views
Both of them Lateral cortex Medial cortex Cortex disruption in Cortex disruption in Cortex disruption in
disrupted disrupted disrupted external oblique view internal oblique view both views
\ 4 A\ 4 A 4 l
Supracondylar Lateral epicondylar Medial epicondylar Medial condyle Lateral condyle T type supracondylar
fracture fracture fracture fracture fracture fracture
Figure 13. How to diagnose distal humeral fractures in pediatric elbow injuries
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Step 6. Avoiding Common Mistakes

There are some normal radiographic findings that may
mimic disease.

The presence or irregularity of some ossification
centers may be mistaken for a fracture. For example,
irregularity of trochlea ossification center may produce a
fragmented particle shape (Figure 14) (19).

¥
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Figure 14. Irregularity of trochlea ossification center

The ossifeation center of olecranon process may appear
like a separate nucleus (Figure 15), it is not a fracture (20).

Figure 15. Fracture-like olecranon ossification center

At 3-4 years, the metaphysis of the radial neck may
show a notch defect at the lateral cortex that may be
mistaken with a fracture (Figure 16) (19).

Figure 16. Notch-shaped defect in radial neck

On lateral X-ray view, radial tuberosity appears as an
ovoid radiolucent lesion (Figure 17). To avoid this pitfall,
one must review additional views (21).

10

Figure 17. Fracture-like olecranon ossification center

Be careful about double injuries, for example, medial
epicondyle fracture along with olecranon fracture (Figure 18).

y

Figure18. Double injuries; lateral condyle fracture with olecranon fracture

Other injuries may be associated with elbow trauma,
e.g., elbow injury associated with distal radius fracture
(Figure 19).

For better interpretation, sometimes, it is very helpful
to compare the affected side with the contralateral side
radiograph.

Figure19. Associated injury; supracondylar
fracture with distal radius fracture

Conclusion

Pediatric elbow x-ray radiography interpretation needs a
systematic approach to prevent misdiagnosis, due to
complexity of this joint. In this paper, a stepwise approach
was designed to facilitate diagnosis of the injuries and
prevent common mistakes (Figure 20).
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Step 3
Step 2 Check the joint
Step1 Check the effusion and
Check the ossification soft tissue
quality of centers, swelling,
radiography, according to anterior and
true the age posterior fat
anteroposterior pad signs
(AP) and
lateral view

Step 6
Steps Avoid common
SIED Check the bone mistakes
Check the cortex
alignments, Figure 11
angles, lines

Step by Step approach to interpretation of pediatric elbow radiography

Figure 20. A stepwise approach to pediatric elbow x-ray radiography
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