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Abstract

Radial head fractures are often secondary to a direct
axial force, such as that involved in motor vehicle
accidents and falls on an outstretched hand. The
Hotchkiss-modified Mason classification is an excellent
assessment tool in that it provides commonly accepted
direction regarding treatment. For more unstable, comminuted displaced radial head fractures that cannot be
reconstructed, replacement of the radial head is warranted. The surgeon should attempt open reduction
and internal fixation with restoration of the radial head
in anatomical alignment for most type II and some type
III fractures, and this treatment is recommended over
radial head resection without replacement, as the latter
is associated with both elbow and forearm instability
over the long term and should be avoided. New radial
head replacement designs, including bipolar designs
and radial head and capitellar replacements, are available but have limited reported clinical results.

F

ractures of the radial head are either simple, straightforward isolated fractures or more complex fractures
associated with elbow and forearm instability.1-3 The
elbow is a basic hinge joint, wherein the radial head
has an important role as a stabilizer on the lateral aspect of the
elbow and is important in elbow and forearm motion as a key
component of the radiocapitellar joint. The radial head works
in concert with essential anatomical stabilizers of the elbow.
These structures include not only the radial head, but the capitellum, coronoid process, ulnohumeral joint, and associated lateral ulnohumeral ligament, medial ulnohumeral ligament, and
olecranon.4 The proximal radioulnar joint is stabilized by the
lateral ulnohumeral ligament and the annular ligament (Figure
1). When a “simple” radial head fracture is associated with one
or more of these key essential functional components of the
elbow—in particular, with the coronoid process or the medial
or lateral ulnohumeral ligament—it assumes a different personality and ultimately requires a different type of treatment. 3,5-8
Radial head fractures were classified by Mason9 in 1954
and modified by Hotchkiss1 in 1997 (Figure 2; Table). This
classification provides a reasonable approach to diagnosing and treating radial head fractures.
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Type I radial head fractures (minimally displaced) are usually simple, straightforward fractures secondary to a longitudinal compressive force, and usually they are not associated with
injuries to the other essential anatomical support structures.
Type II radial head fractures (moderately displaced) are
articular fractures of the radial head or angulated fractures of
the radial head and proximal shaft or neck area (Figure 3).
These are often caused by a combination of axial and rotational
forces and may be most commonly associated with a fall on
the outstretched hand and a resulting wrist injury. With type
II injuries, it is important to check not only for injuries of the
essential anatomical structures (eg, coronoid process), but also

Figure 1. Anatomy of ligament support of elbow; lateral collateral ligament complex. Reprinted from: Morrey BF. “Anatomy
of elbow.” In: The Elbow and Its Disorders. 3rd ed. Philadelphia,
PA: W. B. Saunders; 2000:figure 2-28. Copyrighted and used
with permission from Mayo Foundation for Medical Education
and Research.
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Figure 2. Mason classification of
radial head fractures: (A) type I,
undisplaced; (B) type II, displaced;
(C) type III, comminuted and displaced; type IV, comminuted and
displaced with elbow or forearm
instability. Reprinted from: Morrey
BF. “Radial head fractures.” In: The
Elbow and Its Disorders. 3rd ed.
B
Philadelphia, PA: W. B. Saunders;
2000:figure 25-4. Copyrighted and used with permission from Mayo
Foundation for Medical Education and Research.
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Figure 3. Clinical example of
Mason type II fracture.
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Figure 4. Clinical example of
Mason type III/IV fracture.
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Figure 5. (A) Displaced type II radial head fracture with failed
closed reduction. (B) Open reduction and compression-screw
fixation along with proximal radius plate.

for wrist or forearm injuries associated with the axial directed
force, particularly injuries to the distal radioulnar joint.10-16
Type III radial head fractures, comminuted fractures of
the radial head, are often associated with injury to the other
essential anatomical support elements of the elbow (medial
collateral ligament, coronoid process, capitellum) (Figure
4). With type III fractures, usually the elbow (and the forearm) is determined to be stable.
Type IV radial head fractures involve a comminuted radial
head fracture and elements of elbow and/or forearm instability.1,9,17 Careful examination of the elbow, for example, will
demonstrate instability often associated with dislocation of
the elbow and a radial head fracture. One or more of the
essential elements is often injured. These complex radial head
fractures require different treatment recommendations. Again,
it is essential to examine the elbow as well as the wrist and
forearm for associated injuries at the elbow—in particular, for
olecranon fractures, coronoid process fractures, and medial or
lateral collateral ligament injuries.

Diagnosis
Clinical examination of the elbow and wrist is essential
when there is a history of a substantial force or fall on the
outstretched hand or forearm, and it provides the initial key
to diagnosis. Tenderness, swelling over the lateral aspect of
the elbow, and painful forearm or elbow motion are often
present. Motion of the forearm and elbow may be limited.
The interosseous membrane within the midforearm may
demonstrate tenderness. The essential anatomical structures
about the elbow should be carefully examined for, specifically, stability in extension and flexion (medial and lateral
ulnohumeral ligaments) and tenderness (along the olecranon

Figure 6. Preparation for internal fixation with provision of
Kirschner wire and countersunk drill followed by screw insertion.
Reprinted from: Morrey BF. "Radial head fractures." In: The Elbow
and Its Disorders. 3rd ed. Philadelphia, PA: W. B. Saunders; 2000:
figure 25- 17. Copyrighted and used with permission from Mayo
Foundation for Medical Education and Research.

and over the radial head and ulnohumeral joint). Gentle
stress testing of the elbow for instability (particularly valgus
instability) should be performed. Forearm range-of-motion
(ROM) and rotation limitations caused by pain should be
noted. Wrist examination includes careful assessment of the
distal radioulnar joint for fracture and/or instability.
Imaging assessment includes plain anteroposterior and
lateral radiographs along with varus and valgus stress films.
Radiographs of the forearm and distal radioulnar joint and
wrist should be included as well. Tomogram radiographs of
the elbow are becoming increasingly important in determining degree of displacement of a radial head fracture and any
associated injuries, particularly of the coronoid process, capitellum, or proximal ulna.1,3,7,18-20 Fractures of the coronoid
process, for example, are classified into 3 types based on
degree of injury seen on lateral tomogram radiographs. Threedimensional tomographic reconstruction has provided an even
clearer view of the degree of injury and potential instability of
the elbow associated with radial head fractures.

Treatment
Treatment of radial head fractures fits well with the
Mason–Hotchkiss classification and is recommended.
Nondisplaced or minimally displaced Mason type I radial
head fractures may be treated with supportive splinting and
early ROM.1,7,20,21 Aspiration of the elbow hematoma may
be beneficial, along with an injection of analgesic medication, such as lidocaine or bupivacaine. With the assistance of
therapy, assisted ROM can be performed, but any evidence of
instability should be carefully considered.
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Figure 7. (A) Silicone implant with stem loosening and early
silicone synovitis. (B) Monoblock radial head replacement with
long stem and bone cement.
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Table. Mason Classification as Modified by Hotchkiss1
Type		

Description

I				
II				
III				
IV22			

Minimally displaced fracture, no mechanical block to forearm rotation, intra-articular displacement less than 2 mm
Fracture displaced more than 2 mm or angulated, possible mechanical block to forearm rotation
Severely comminuted fracture, mechanical block to motion
Radial fracture with associated elbow dislocation

Copyright 1997 American Academy of Orthopaedic Surgeons. Modified from the Journal of the American Academy of Orthopaedic Surgeons, Volume 5(1),
pp. 1-10 with permission.

Type II radial head fractures include displacement of the radial head and are treated by open reduction and internal fixation
(Figure 5). Current recommended treatment is lateral Kocher
approach to the elbow, exposure of the radial head, placement
of stabilizing Kirschner wires (K-wires), and placement of cannulated screws over the K-wires1,7,20,22,23 (Figure 6). Headless
screws (preferred) are countersunk in the radial head and exiting
proximal to the proximal radioulnar joint,10,24 which prevents
injury and subsequent arthritis of the proximal radioulnar joint
from a prominent radial head screw. However, if it is necessary
to have the screw cross the radial head transversely, care must
be taken to avoid penetration of the far cortex.23 Laterally placed
small plates may be considered, but these are often associated
with loss of forearm rotation and inability to repair the annular
ligament.1,22,23 Several recently developed small, low-profile
plates may be of benefit, but these have not been presented
in any type of clinical series. For type II injuries, the lateral
approach is usually preferred; a recently described posterior
approach allows for more direct access to associated structures
about the elbow. This approach, described by King25 and Ring
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Figure 8. (A) Monoblock modular design and (B) bipolar radial
head implant design (Small Bone Innovations, Morrisville, PA).

and King,2 helps prevent indirect injury to the lateral ulnohumeral ligament and provides options for repair of that structure
when it is associated with radial head fractures.
Mason type III radial head fractures are comminuted fractures
that usually require excision or, preferably, radial head replacement. Studies have demonstrated that, after resection of the radial
head, these fractures cause long-term axial instabilities because
of lack of support on the lateral aspect of the elbow.10,11,15,25-27
The radial head serves as a secondary stabilizer of the elbow
and also of the forearm. Loss of the radial head leads to unstable
forearm force transmission and an altered center of rotation for
the forearm. Current options for radial head replacement include
silicone spacers and metallic implants (metallic implants can be
spacers or true anatomical radial head replacements).2,7,8,12,28-34
Currently, there is less indication or recommendation for use of
a silicone implant because of problems with silicone synovitis8
(Figure 7). We therefore recommend a radial head implant that
can be either cemented or left uncemented in place depending
on the technique used. Both monoblock and bipolar prostheses
are available2,7,28,29,32-34 (Figures 8–9). There is no clinical
series showing a preference for monoblock over bipolar. With a
bipolar prosthesis (Figure 8), it is argued that the radial head can
seat itself more anatomically on the capitellum, but if a monoblock prosthesis of appropriate size is used for a radial head
replacement, particularly in acute trauma, and there is minimal
associated lateral collateral ligament injury, one can anticipate satisfactory long-term results. The debate over cemented
versus uncemented/free-floating radial head implants has not
been resolved. It has been suggested that free-floating implants
(Figure 9) also allow better seating with the capitellum.12,32,35
The Essex-Lopresti lesion is an axial forearm instability
usually associated with comminuted and displaced radial head
fractures. This lesion is classified as a Mason type IV injury,12,15
which is an unstable fracture associated with elbow instability or
axial forearm instability. Mason type IV injuries commonly present as complex elbow injuries, often described as a terrible triad

A
Figure 9. Evolve modular, monoblock radial head design. Photo
provided by Wright Medical Technology, Inc.

B

Figure 10. (A) Failed internal fixation plate of proximal radius
fracture and (B) radial head replacement with repair of ulnar
humeral ligament with Mitek anchors.
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of injury to the medial collateral ligament, the coronoid process,
and the radial head. With these fractures, a posterior approach
is recommended, along with repair of the medial collateral
ligament, repair of the coronoid process, and replacement of the
radial head.5,13,22,27,29 Radial head implants provide a secondary
stabilizer to the elbow and are recommended in the treatment of
instability of the elbow associated with radial head fractures.

Surgical Technique
With radial head fractures, plate fixation or prosthetic replacement
is performed from a lateral approach between the anconeus and
the extensor carpi ulnaris.36 This approach can be extended 5 to
6 cm more proximally along the lateral column of the elbow,
which allows for better visualization and release of the anterior
and posterior capsules. With this approach, the extensor carpi
radialis longus and brevis muscles are released and retracted
anteriorly while the extensor carpi ulnaris and anconeus muscles
are reflected posteriorly from the lateral epicondyle. The lateral
collateral ligament is reflected from the lateral epicondyle with
important preservation of the lateral ulnohumeral ligament. For
radial head replacement, the radial head is excised at the level of
the radial neck, preserving the annular ligament. We recommend
using an alignment guide. After division across the radial neck,
the radial head is excised and used as a template for the size of
the radial head implant. The proximal radius is then broached and
the radial stem inserted along the intramedullary canal prepared
by the broach. The radial implant is then placed on the stem; a
firm fit is obtained with most of the implants. Lateral closure is
performed in layers repairing the annular ligament and lateral
collateral ligaments. Radiographic confirmation of alignment and
position of the radial head implant with respect to the capitellum in flexion, extension, and pronosupination is important to
ensure proper contact with the capitellum and overall alignment.
(Surgical technique details: http://www.totalsmallbone.com/us/
pdfs/rHead_RadialSurgical.pdf.)
Late Elbow Instability
With radial head fractures, late presentation of elbow instability also requires consideration of radial head replacement.34
Alternatives for radial instability have in the past included
fascial or muscle interposition arthroplasties, such as the
anconeus muscle or a silicone implant (Figure 7A). Today, we
more commonly recommend a radial head implant with either
a bipolar or monoblock radial head replacement. When there
are late problems of arthritis or osteopenia of the capitellum
caused by unloading, radial head capitellar replacement may
be considered in addition to radial head replacement.
Perils and Pitfalls
In the treatment of radial head fractures, the surgeon should
consider several potential problems. First, all bone and soft-tissue stabilizers of the elbow—including the radial head capitellum, the coronoid process, the olecranon, and the medial and
lateral collateral ligaments—should be considered part of the
injury.6,14,19,27 With careful clinical and radiographic examination, injuries to these stabilizers can be confirmed. The second
consideration is that radial head repair may fail and that radial

head replacement is a viable option in such cases (Figure 10).
It is also essential to repair the coronoid process and the olecranon in anatomical alignment and in combination with repair or
replacement of the radial head.
With radial head implants, it is important not to “overstuff” the
lateral side of the elbow with the radial head implant, as doing
so can place excessive pressure on the radiocapitellar joint. The
radial head implant should match the level of articulation of
the proximal ulna with the distal humerus. In an acute fracture,
the radial head implant should be sized to match the excised
radial head. Length of the radial head should be judged by normal
anatomy and proximal displacement when the distal radius is
forcefully loaded from a distal direction to a proximal direction.
When there is a question, a smaller rather than a larger radial head
implant should be selected. Options for the radial head implant
include bone fixation, bone cement, and free-floating radial head
stem. We prefer an osteointegration implant system.
Use of a hinged brace or an external fixator37 may be necessary in certain unstable elbow dislocations associated with a
radial head fracture and injury to the medial collateral ligament
and coronoid process. In such cases, early elbow ROM can be
initiated using an anatomically aligned external fixator.

Treatment Results
In 1981, Swanson and colleagues17 reported results from their
study of silicone radial head implants. Twelve patients with late
silicone replacement of the radial head and 6 patients with acute
replacement (follow-up, 3.8 years) demonstrated the value of
radial head replacement in providing elbow stability after both
acute and chronic cases of radial head fracture. The value of
a secondary stabilizer with good radiocapitellar contact and
ability to prevent radial shortening was noted. However, results
from later studies of silicone radial head replacement showed
problems of implant instability and silicone synovitis.
Radial head metal implants soon replaced silicone implants.
In 2001, Moro and colleagues14 reported their experience with
a metallic radial head implant in 24 consecutive patients with
unreconstructible fractures of the radial head. Described patients
had Mason type III and IV injuries, usually associated with other
injuries, including coronoid and collateral ligament injuries. As
graded on the Mayo Elbow Performance Index (MEPI), there
were 17 good to excellent, 5 fair, and 3 poor results. Disabilities of
Arm, Shoulder, and Hand scores were 17±19, and Short Form–36
Health-Related Quality of Life scores were 47±10. Fair and poor
results were associated with concomitant associated injuries,
work compensation issues, and litigation. Results from objective
studies showed elbow motion of 9° to 140°, forearm pronation of
78°, and supination of 68°. With use of a modular, free-floating
intramedullary stem, Moro and colleagues noted asymptomatic
loosening around the implant in 17 of 25 elbows. They concluded
that a metal radial head implant for severely comminuted radial
head fractures was safe and effective but resulted in mild to moderate physical limitations of the elbow.
In 2004, Ashwood and colleagues28 reported their experience
with a titanium prosthesis for Mason type III radial head fractures. Sixteen patients had titanium prosthetic replacement alone
or with medial collateral ligament repair. There were 8 excel-
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lent, 5 good, and 3 fair Mayo Elbow scores. The patients treated
acutely fared better than those treated with late reconstruction.
Elbow motion was restored along with elbow and forearm stability, with slight loss of elbow extension and forearm rotation.
Ashwood and colleagues concluded that monoblock radial head
replacement along with soft-tissue reconstruction helped restore
stability, and they emphasized early mobilization.
Longer term evaluation of radial head implants was performed by Shore and colleagues34 in a review of 32 metallic
radial head implants. Indications for replacement were delayed
union and nonunion of radial head fractures, elbow instability,
failed radial head excision, and silicone radial head implants.
There were 17 excellent and 8 good results (64%) and 7 fair and
4 poor results; mean MEPI score was 83 points on a 0-to-100
scale (100 being ideal). Patients had less motion and strength in
the affected elbow than in the unaffected elbow. No prosthesis
required revision, but 74% showed some degree of posttraumatic arthritis. Metallic implants appear to be safe and durable
at 8-year follow-up, but longer term outcomes are guarded.
Delayed treatment of chronic longitudinal radioulnar dissociation associated with comminuted radial head fractures
was reviewed by Hejink and colleagues.12 Eight patients had
chronic axial or longitudinal deficiency treated with a metal
radial head implant. Four patients were doing well a mean
of 6 years (range, 4.4-7.4 years) after primary implantation;
the other 4 patients showed mild evidence of aseptic loosening (1 metal radial head was revised to a bipolar implant).
Mild degenerative changes in the capitellum were found in 2
patients, and another 2 patients required capitellum replacement. Mean Mayo Wrist score was 70 points, and mean MEPI
score was 78.8 points (out of 100) with 2 excellent, 2 good,
3 fair, and 1 poor overall final results. The good and excellent
results were associated with a bipolar prosthetic design and the
fair and poor results with a monoblock radial head implant.

Summary
Radial head fractures are often secondary to a direct axial force,
such as that involved in motor vehicle accidents and falls on an
outstretched hand. The Hotchkiss-modified Mason classification is
an excellent assessment tool in that it provides commonly accepted
direction regarding treatment. For more unstable, comminuted displaced radial head fractures that cannot be reconstructed, replacement of the radial head is warranted. The surgeon should attempt
open reduction and internal fixation with restoration of the radial
head in anatomical alignment for most type II and some type III
fractures, and this treatment is recommended over radial head
resection without replacement, as the latter is associated with both
elbow and forearm instability over the long term and should be
avoided. New radial head replacement designs, including bipolar
designs and radial head and capitellar replacements, are available
but have limited reported clinical results.
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