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+  Despite the common occurrence of radial head fractures, there is still a lack of consensus on which radial head
fractures should be treated surgically.

+ The radial head is an important secondary stabilizer in almost all directions. An insufficient radial head can lead
to increased instability in varus-valgus and posterolateral rotatory directions, especially in a ligament-deficient
elbow.

«  The decision to perform surgery is often not dictated by the fracture pattern alone but also by the presence of
associated injury. Comminution of the radial head and complete loss of cortical contact of at least one fracture
fragment are associated with a high occurrence of associated injuries.

*  Nondisplaced and minimally displaced radial head fractures can be treated non-operatively with early
mobilization. Displacement (>2 mm) of fragments in radial head fractures without a mechanical block to
pronation/supination is not a clear indication for surgery.

*  Mechanical block to pronation/supination and comminution of the fracture are indications for surgery.

+ The following paper reviews the current literature and provides state-of-the-art guidance on which radial head

fractures should be treated surgically.
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Introduction

A radial head fracture is a common injury and the
most common elbow fracture in adults. The estimated
incidence of radial head fractures is 2.5-2.8 per 10000
inhabitants per year (1, 2). On average, female patients
are significantly older than male patients, with a mean
age varying between 50 and 60 years for females and
between 30 and 40 years for males (2). The explanation
for this typical age distribution is a correlation with the
presence of osteoporosis in females above 50 years
and high-energy trauma in males (2, 3). Typically, the
injury occurs when someone falls on an outstretched
hand with the forearm in pronation. This results in axial
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load in combination with valgus and/or rotating forces
across the elbow. This trauma mechanism can lead to
a fracture of the radial head as it impacts against the
capitellum (4). Radial head fractures can exert a notable
influence on upper limb functionality due to the pivotal
role of the radial head in stabilizing the elbow joint,
secondary to the collateral ligaments and coronoid
process. The management of radial head fractures
encompasses a spectrum of treatment options,
spanning from conservative methods to surgical
procedures such as internal fixation, arthroplasty, or
radial head excision (RHE).

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0
International License.


http://orcid.org/0000-0002-6244-7946
mailto:a.vanderwindt@erasmusmc.nl
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Instructional Lecture: Shoulder & Elbow

Radial head fractures may be associated with other
injuries of clinical importance, especially when
secondary to high-energy traumatic mechanisms.
Ligament disruption and associated elbow fractures,
especially fractures of the coronoid, must be considered
when evaluating fractures of the radial head. The
extent of bony involvement, associated fractures, and
soft tissue injury helps to determine the appropriate
management of these complex injuries.

Despite the common occurrence of radial head
fractures, there is a notable lack of consensus regarding
their optimal management strategy. A recent British
survey highlighted the lack of consensus in the
management of displaced, non-comminuted radial head
fractures among an experienced cohort of participating
orthopedic surgeons (5). The purpose of this paper is
to present a review of recent literature and to provide
state-of-the-art guidance on which radial head fractures
should be treated surgically.

Biomechanics

The radial head is a pivotal component of the elbow joint
complex, contributing significantly to its biomechanical
stability and functionality. The concave articulating
surface of the proximal radius, particularly accentuated
by thicker peripheral cartilage, interfaces with the
convex surface of the humeral capitellum. Additionally,
the lateral aspect and rim of the radial head articulate
with the proximal ulna within the lesser sigmoid notch
and with the lateral portion of the trochlea (zona
conoidea) (6). Approximately 60% of the load on the
elbow is transmitted through the radiohumeral joint,
depending on the position of the forearm axis. Load
transmission by the lateral compartment increases
during elbow extension and forearm pronation.

The elbow is stabilized by primary and secondary
stabilizers, of which the radial head is an important
secondary stabilizer in almost all directions (4). For
longitudinal stability, the radial head acts as a buttress
to axial load in the elbow joint. In cases where the radial
head demonstrates a severely comminuted fracture,
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there is a risk of proximal migration of the radius
bone due to lack of support of the lateral column. This
longitudinal migration is particularly facilitated when
injuries occur to the interosseous membrane (IOM) and
triangular fibrocartilage complex, as seen in longitudinal
radio ulnar dissociation (7). The radial head also serves
as a secondary stabilizer to valgus stress, with the
medial collateral ligament (MCL) functioning as the
primary stabilizing structure. Furthermore, the radial
head contributes to stabilization against varus stress by
tensioning the lateral collateral ligament (LCL) complex.
Experimental studies have demonstrated that radial
head resection can lead to increased instability in varus-
valgus and posterolateral rotatory directions, especially
in a ligament-deficient elbow (4, 8, 9, 10). Thus, when
the collateral ligaments and the soft tissues of the
forearm are intact, the radial head may be removed.
If, however, either the IOM or distal radioulnar joint
(DRUJ) has been violated or a medial or lateral collateral
ligament has been disrupted, then radial head integrity
is critical to elbow function.

In conjunction with the radial head, the elbow’s
articulations involve the greater sigmoid notch of the
ulna, as well as the trochlea and capitellum of the
humerus. The interlocking configurations of these
components play a significant role in maintaining elbow
stability, in addition to the ligaments. The coronoid
process serves as a primary stabilizer against axial
stress, varus stress, and rotatory instability (4, 11). If the
coronoid process is fractured, the radial head becomes
a critical stabilizer (12).

Classification

The classification for radial head fractures introduced
by Mason in 1954 remains the most referenced
classification system (13). In his initial publication, Mason
reviewed 100 consecutive cases of radial head fractures
and their management strategies. Mason described
type I fractures as either fissures (non-displaced) or
peripheral rim fractures (Fig. 1A). Type II fractures
were characterized by marginal sector fractures with
displacement (Fig. 1B). Type III fractures encompassed
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Figure 1

Mason classification of radial head fractures (13). Fissures (non-displaced) or peripheral rim fractures (A) are classified as Mason type I fractures. Type II
fractures are marginal sector fractures with displacement (B). Type III fractures are comminuted, displaced fractures involving the whole radial head (C).
Radial head fractures accompanied by dislocation (D) were added as type IV fractures by Johnston (14).
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comminuted, displaced fractures involving the entirety
of the radial head (Fig. 1C).

In 1962, Johnston added a fourth type to signify radial
head fractures accompanied by dislocation, irrespective
of displacement or fragment comminution (Fig. 1D)
(14). In 1987, Broberg and Morrey modified the Mason
classification with the suggestion that a partial radial
head fracture must be of sufficient size (at least 30% of
the articular surface) and displacement (at least 2 mm)
to be considered a displaced fracture (Mason type II, as
opposed to nondisplaced Mason type I) (15). Despite
widespread use, the Mason and modified Mason
classifications exhibit limitations, notably moderate
inter- and intraobserver reliability and inconsistent
guidance regarding treatment or prognostic prediction
(16, 17).

In 1997, Hotchkiss aimed to include the indications
for surgical intervention. Type II fractures were
redefined as reconstructable radial head fractures with
a mechanical block during movement. Type III fractures
were redefined as non-reconstructable radial head
fractures (18).

However, despite their significant impact on treatment
outcomes, it is noteworthy that all modified Mason
classification systems lack inclusion of associated
lesions. Van Riet et al. proposed in 2008 to enhance
the Mason classification by incorporating a suffix to
describe these associated lesions, based on clinical
and intraoperative observations. Clinically relevant
injuries were included: articular injury (c: coronoid, o:
olecranon), followed by ligamentous injury (I: lateral
collateral ligament, m: medial collateral ligament, d:
distal radioulnar joint). This simplified system aids in
identifying 97% of associated injuries (19).

Associated injury

Radial head fractures are frequently accompanied by
associated osseous, chondral, or ligamentous injuries
of the ipsilateral upper extremity. In a retrospective
evaluation of 333 patients with a radial head fracture,
van Riet et al. described an overall incidence of
associated injuries in 39% (20). Both comminution of
the radial head and complete loss of cortical contact
of at least one fracture fragment are associated with
a high occurrence of associated injuries (19, 20, 21,
22). Associated fractures of the upper extremity have
been described in 10.2% of patients with a radial
head fracture, with coronoid fractures being the most
common associated fractures (1, 20). These fractures are
common with dislocations of the elbow and can be part
of a ‘terrible triad’ of the elbow. Studies using MRI show
a 76-92% incidence of associated injuries in patients
with a radial head fracture, with LCL and capitellar injury
the most common (22, 23). However, most injuries
detected with MRI in patients with radial head fractures
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are not symptomatic or of clinical importance in short-
term follow-up (mean 13.3 months) (24).

Treatment options

The management of radial head fractures
encompasses a spectrum of treatment options,
spanning from conservative methods to surgical
procedures. Conservative treatment usually consists
of a pressure bandage and sling for support and early
range of motion exercises with plain radiographic
imaging follow-up to detect secondary fracture
displacement (25). Surgical procedures consist of open
or arthroscopic reduction and internal fixation, radial
arthroplasty, or RHE.

Reduction and internal fixation

Open reduction and internal fixation can be performed
by the lateral approach through the interval between
anconeus and extensor carpi ulnaris muscles (Kocher
interval) or the extensor digitorum communis (EDC) split
interval. The EDC splitting approach provides greater
exposure of the anterior half of the radial head while
minimizing the risk of iatrogenic injury to the lateral
ulnar collateral ligament (LUCL) compared to the Kocher
approach (26). The Kocher interval provides greater
exposure of the posteromedial quadrant of the radial
head. However, most displaced radial head fractures
involve the anterolateral quadrant (98%), whereas
parts of the posteromedial quadrant are involved
in a minority of the fractures (15%) (27). To protect
the posterior interosseous nerve during the lateral
approach, the forearm must be pronated, and care
must be taken when pulling on the anterior retractors.
Arthroscopic reduction and internal fixation offer an
excellent view on the articular surfaces and associated
chondral or ligamentous injury. However, the technique
is challenging and requires expertise (28, 29).

The goal for reduction and internal fixation is to
obtain a stable and anatomic reconstruction. Headless
screws are typically employed for the fixation of head
fragments (Fig. 2A). While plates are commonly utilized
for fixation when the whole head is involved and
disrupted from the shaft (Fig. 2B), they necessitate
removal in the majority of patients. The need for plate
removal can be minimized by positioning the implant
within the designated ‘safe zone’, an area of the radial
head that remains non-contact with the ulna in both
pronation and supination (Fig. 2C). However, despite
the use of modern anatomical low profile locking plates,
plate removal has still been reported up to 32% (30).

An alternative to plate fixation is the low-profile tripod
fixation technique, in which crossing headless screws
are used to fix the head to the radial shaft (Fig. 2D).
This technique is described to achieve a biomechanical
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Surgical treatment options for radial head fractures. Headless screw fixation for partial radial head fractures (A). Fixation of radial head fractures by
plate and screw fixation (B), the plate should be placed in the safe zone of the proximal radius (C) to limit the risk of impingement of the plate in de
proximal radioulnar joint. Fixation of the radial head with crossing headless screws (tripod technique) (D) as alternative for plate fixation. Radial head

arthroplasty (E) and radial head excision (F).

stability comparable to plate fixation (31) with the
advantage of less complications and less need of
implant removal (32, 33).

Radial head arthroplasty and radial
head excision

Radial head arthroplasty (RHA) or RHE are surgical
options for severely comminuted non-reconstructable
radial head fractures (Fig. 2E and F). The determination
of what represents a non-reconstructable radial head
is subjective. Especially in patients with concomitant
posterolateral instability due to injury to the lateral
ligamentous complex or coronoid, valgus instability due
to injury of the MCL, or axial instability due to an injury
of the IOM, RHA is a good choice to obtain optimal
radiocapitellar contact when the radial head cannot be
fixed. Elbow injuries that require RHA are associated with
moderate reoperation rates around 20% (34). However,
93% of reoperations are reported to occur within the
first year of surgery and are related to persistent
instability or stiffness of the elbow, rather than implant
failure (35). Functional outcomes following RHA are good
to excellent at long-term follow-up (minimum of 8 years),
despite radiological signs of degeneration in about 27%

and (capitellar) erosions in about 32% of patients (34).
The latter being unfavorable outcomes in the young
patient where erosion rates are reported to be 62%,
rates of ulnohumeral degeneration 15%, and lucency
around the stem 100% (Fig. 3) (36). Overlengthening of
the radial head prosthesis is thought to be a significant
complication and cause of rapid capitellar erosion and
degenerative changes (37). In overlengthening, the head
of the prosthesis overextends the physiological level of
the native radial head and leads to overstuffing of the
radiohumeral joint and compression and potential early
osteoarthritis of the medial part of the ulnohumeral
joint. The incidence of overlengthening is not precisely
known, but estimations range to up to 20% of all
implanted prostheses (37) and could be limited by using
the proximal rim of the lesser sigmoid notch as reference
for the correct height of the implant. Overlengthening
should be differentiated from insufficiency of the IOM
resulting in persisting proximal migration of the radius
and derangement of the DRUJ. Oversizing of the head of
the implant can result in attenuation of the LCL complex,
finally resulting in instability in posterolateral direction.

RHE might have the least postoperative complications
(abnormal ossification, fracture hardware removal,
revision) in the treatment of

nerve palsy, and

Figure 3

Plain radiograph (A) and CT scan (B) showing loosening of a radial head arthroplasty in a 32-year-old male, with extensive erosion of the capitellum and
joint space narrowing in the ulnohumeral compartment. After removal of the implant, a large defect marked by * is seen in the capitellum (C).
Postoperative plain radiograph (D) shows the destruction of the capitellum and ulnohumeral joint space narrowing.
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comminuted radial head fractures, followed by RHA
and ORIF (38). Outcomes of RHE for acute fracture are
good to excellent (39). However, symptoms as instability
of the proximal radius stump, early osteoarthritis of
the ulnohumeral joint, and complaints of the DRUJ
are frequently seen in our experience and might be
under reported as most PROMS used are not validated
for these symptoms. Moreover, a RHE should not be
performed when concurrent coronoid fractures or
ligamentous injuries are present, which is the case in
most comminuted radial head fractures (20, 21, 22).

Treatment of nondisplaced or minimally
displaced fractures of the radial head
(Mason-Hotchkiss type I)

Isolated nondisplaced or minimally displaced (<2 mm)
fractures without a mechanical block in forearm rotation
can be treated conservatively. Intra-articular hematoma
might mimic a mechanical block in rotation due to
pressure and pain. Sterile injection of an analgetic
might be used to examine a possible mechanical block
or the examination should be repeated after a few days.
Outcomes of nonoperative treatment of nondisplaced
or minimally displaced Mason type I fractures are
predominantly favorable, with no significant difference
in elbow function when the formerly fractured elbow
was compared to the nonfractured elbow at a mean
of 21 years follow-up (40). In some studies, persistent
complaints have been reported in 20% of cases, with
the shortest period of immobilization resulting in the
best patient-reported outcome measure scores (PROMs)
at follow-up (41, 42). The usefulness of subsequent
radiographs during follow-up of nonoperative treatment
is debated, as they do not alter treatment of radial
head fractures with no associated ligament injuries or
fractures (43, 44, 45).

Treatment of displaced (>2 mm) fracture of
the radial head or neck (angulated) without
severe comminution (Mason-Hotchkiss
type II)

Mason-Hotchkiss type II fractures are displaced
fractures of the head (usually >2 mm) or angulation
at the neck, which are technically possible to repair by
open reduction and internal fixation. This also includes
comminuted fractures with more than two fragments
but without severe comminution. The displacement
of the fragments may lead to a mechanical block in
motion. There is consensus in the literature and among
surgeons that a mechanical block to rotation is a clear
indication for surgery (5). A CT scan is necessary in all
type II fractures to determine fracture displacement,
number and location of fragments, and the presence
of associated fractures. ORIF is the preferred surgery,
and the limitation for ORIF depends on the possibility
to obtain a stable, anatomical reconstruction. The type
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of ORIF is usually dependent on fracture pattern, the
number of fragments, and the discontinuity of the
radial head with the neck.

However, there is no clear consensus on whether
isolated displaced partial radial head fractures (Mason
type II) without a mechanical block should be treated
with ORIF or nonoperatively. A systematic review
performed by Kaas et al. in 2012 found the success
rates of operative treatment to be higher than the
success rates of nonoperatively treated patients, but
no firm conclusion could be drawn due to the low
level of available evidence (46). In 2021, Lanzerath
et al. performed an update of this systematic review,
concluding that operative treatment is not superior to
nonoperative treatment concerning functional outcome
parameters (47). Treatment was successful in 90.9% of
patients treated with ORIF and 95.1% in patients treated
nonoperatively. Subsequent surgery rates were higher
for patients treated with ORIF, but 5.2% of the patients
treated with ORIF had signs of osteoarthritis compared
with 11.9% of the patients treated nonoperatively.
To our knowledge, only one randomized controlled
trial is available comparing operative treatment to
nonoperative treatment for isolated partial (Mason
type II) radial head fractures of at least one-third of the
articular surface, >2 mm step-off, but less than 2 mm of
gap between fragments (48). This study concluded that
nonoperatively treated adults with an isolated Mason
type II radial head fracture had similar functional results
after 1 year compared with operatively treated patients.
In addition, complication rates were low for both
operative and nonoperative treatment. Although the
target sample size of this trial was not reached because
of slow recruitment and a high number of crossovers
from the operative group to the nonoperative group
(because of minor complaints), the study adds evidence
that displacement (>2 mm step-off) of isolated partial
radial head fractures is not a clear indication for surgery.

At this moment, there is also no conclusive data on the
acceptable amount of angulation of the radial head
in relation to the shaft in the literature. Some studies
report that the displacement at the neck should not
exceed 4 mm (49, 50).

Comminution (>2 fragments) of isolated radial head
fractures is generally believed to be an indication
for surgery (50). Originally, comminuted radial head
fractures were classified as Mason type III fractures
and advised to be resected or replaced by RHA (13).
The modified Mason classification by Hotchkiss included
comminuted radial head fractures that are amendable
for reconstruction into the type II group of fractures. A
systematic review published in 2021 of 12 comparative
studies and one randomized controlled trial concluded
that RHA and RHE had lower risks of complications
(abnormal ossification, fracture hardware removal, nerve
palsy and revision) compared to ORIF for comminuted
radial head fracture (38). RHA was reported to be the
most effective treatment in terms of elbow performance
outcomes (Mayo elbow performance index; MEPI).
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Figure 4

Plain radiographs of a very comminuted radial head fracture showing
fragments (marked by *) proximal to the anterior fossa (A) and on the
medial side of the proximal ulna (B). All fragments were retrieved and an
on-table reconstruction of the five fragments was performed (C). Fixation
of the radial head to the shaft was performed with plate osteosynthesis
in de safe zone (D).
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However, there was a very wide range in follow-up
duration (12.7-157 months) between included studies,
and outcomes like osteoarthritis, capitellar erosion, or
elbow instability were not analyzed. More recent studies
indicate that ORIF of radial head fractures with up to
three or four fragments can achieve good functional
results with good fracture healing and a low complication
rate and seems to be a valid alternative to RHA (51). In
comminuted radial head fractures, an in-situ reduction
and fixation of the fragments can be challenging
and sometimes not possible. An on-table (ex-situ)
reconstruction of the radial head and subsequent
fixation to the shaft with plate osteosynthesis (Fig. 4) is
a reliable option with good clinical outcomes and low
complication rate. It can restore joint alignment and
maintain radial length. The risk for avascular necrosis is
low, and the bone healing rate is high (52, 53, 54). Two
small retrospective studies reported that preserving the
patient's own radial head with screws in comminuted
fractures without subsequent fixation of the head to the
radial shaft might be a good alternative to plate fixation
(55, 56). Functional outcomes were equal or superior as
compared to plate fixation. Nonunions were frequently
observed, but asymptomatic, and rates of development
of osteoarthritis were seen in the majority of patients in
both groups (55). The implant needed to be removed in
54% of the plate fixation group (56).

Treatment of severely comminuted fracture
of the radial head and neck (Mason-
Hotchkiss type III)

Severely comminuted radial head fractures that are
judged not to be reconstructable, based on radiographs,
CT scans, and intraoperative appearance, usually
require removal of fragments to improve movement.

conservative treatment
headless screw fixation* * shared

headless screw fixation

in-situ or on-table
reconstruction
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* attempt
especially in
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on-table reconstruction®

** RHE in
elderly without
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Figure 5
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The determination when a radial head fracture is
reconstructable or not is subjective, but having four or
more fragments and complete loss of cortical continuity
of one of the fragments are negative predictors for a
successful outcome after fixation and highly correlated
to associated injury (20, 21, 57). The high appearance of
associated injuries in severely comminuted radial head
fractures should make surgeons cautious to perform a
radial head resection, and it should not be performed
when a coronoid fracture or ligamentous injury is
present (39). In general, RHA is reported to result in
satisfactory clinical outcomes and modest complication
and revision rates at long-term follow-up (34). Fractures
with associated elbow dislocation appear to be at the
highest risk for reoperation (35).

Treatment of associated injury

Whether radial head fractures should be treated
surgically is also largely dependent on associated
fractures or ligamentous injuries. Associated fractures
of the coronoid, olecranon, or distal humerus should
be treated by open reduction and internal fixation.
Osteochondral defects of the capitellum might need
debridement when loose bodies are present. Large
capitellar fragments should be treated with fixation.
Stability of the elbow should be examined, and lesions
of the MCL or LCL should be repaired in cases with
instability.

Conclusion and recommendations

Despite the common occurrence of radial head
fractures, there is still a notable lack of consensus
regarding their optimal management strategy. The goal
of management of radial head fractures is to achieve
a stable, functional, and pain-free elbow joint. The
decision to perform surgery if often not dictated by
the fracture pattern alone but also by the presence of
associated injury. In all radial head fractures, thorough
examination of elbow and DRU joint instability and
associated fractures should be performed.

Based on the best available evidence and own preference
and experience, we have designed a treatment
algorithm for the management of radial head fractures
(Fig. 5). The algorithm might be helpful for surgeons
in their decision-making which radial head fractures
should be treated surgically. There is consensus in
literature that non-displaced/minimally displaced partial
radial head fractures without a mechanical block can be
treated nonoperatively. Optimal treatment for partially
displaced fractures without a mechanical block remains
uncertain, and both treatment options (conservative
or ORIF) as well as their risks for complications should
be discussed with the patient. All radial head fractures
with a mechanical block in pronation/supination and
comminuted fractures should be treated surgically. Our
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preference is to attempt open reduction and internal
fixation for all radial head fractures, regardless of the
number of fragments, with RHA available as a backup
option if fixation proves unfeasible. Especially in the
young patients, we prefer to avoid RHA to limit the risk
of capitellar erosion and ulnohumeral osteoarthritis.
RHE should not be performed when concurrent
coronoid fractures or ligamentous injuries are present,
which is the case in most comminuted radial head
fractures.

In the literature, almost all studies comparing the effect
of different treatment modalities on functional outcome
and complications for the various types of radial head
fractures have a retrospective design, and randomized
controlled trials are scare. To further clarify which
radial head fractures should be treated surgically, more
randomized controlled trials are needed.
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