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Abstract

Despite advances in surgical techniques, fractures of the radial

head are challenging to manage. Most radial head fractures can be

managed nonsurgically, with emphasis on early motion to achieve

good results. Treatment of more complex radial head fractures,

however, especially those associated with elbow instability,

remains controversial. The choice for such injury is between open

reduction and internal fixation and arthroplasty. Modern implants

and techniques have led to improvements in both of these

technically demanding procedures. With proper care and

understanding of the mechanism of elbow function, better long-

term results can be achieved. The current literature suggests that

the Mason classification guides choice of the best treatment

modality to achieve optimal long-term function. Fracture

complexity also should be used as a guide when selecting

treatment, and proper surgical technique is critical for success.

Fractures of the radial head and
neck, which usually occur after a
fall on the outstretched arm, account
for 1.5% to 4% of all fractures and
approximately 33% of all elbow
fractures.!** Although displaced frac-
tures may occur in isolation, they
frequently are associated with dislo-
cation of the elbow and with injury
to the medial collateral ligament
(MCL) and lateral collateral ligament
(LCL). Management of displaced
comminuted fractures of the radial
head is controversial, with conflict-
ing evidence supporting open reduc-
tion and internal fixation (ORIF),
resection, and radial head arthroplas-
ty.> The radial head once was consid-
ered expendable, but now it is recog-
nized as an important stabilizer of
the elbow and forearm articula-
tions.®” Radial head resection is asso-
ciated with delayed complications,

including pain, joint instability,
proximal radial translation, de-
creased strength, osteoarthrosis, and
cubitus valgus.!78

When managing unstable frac-
ture-dislocations of the elbow and
elbow injuries that affect the fore-
arm, such as those associated with
longitudinal injury of the inter-
osseous ligament, it is important
to restore radiocapitellar contact
through repair or replacement of the
radial head.” Some authors have sug-
gested that repair or arthroplasty,
rather than excision, should be con-
sidered for the healthy, active pa-
tient, even in the presence of stable
elbow or forearm articulation.!!!
With the availability of more versa-
tile implants for internal fixation as
well as a better understanding of the
biomechanical role of the radial
head, ORIF of displaced radial head
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fractures has been advocated.>!l.12
This operation is technically de-
manding, however, with the possi-
bility of complications and poor re-
sults. Interest is growing in radial
head arthroplasty, especially for the
MCL—deficient elbow and commi-
nuted radial head fracture with
elbow or forearm instability.>!3-15
There is debate regarding which
technique—ORIF or arthroplasty—is
best for managing complex radial
head fracture with associated elbow
or forearm instability.

Biomechanics of the
Radial Head

The radial head stabilizes the elbow
and forearm in two ways. First, ra-
diocapitellar contact resists external
joint forces, preventing valgus insta-
bility. Second, the forearm and wrist
are stabilized in grip activity as load
is transferred from the wrist to the
radiocapitellar joint. Displaced intra-
articular fractures of the radial head
decrease the surface area available
for load transfer and decrease elbow
stability as the result of loss of con-
gruity between the articulating disk
of the radial head and the capitel-
lum %16

Valgus Stability

The radial head is an important
valgus stabilizer of the elbow, partic-
ularly in the setting of an incompe-
tent MCL, which is disrupted in
most fracture-dislocations. In a ca-
daveric study, Morrey et al® demon-
strated that the radial head functions
as a secondary stabilizer in resisting
valgus load. Retention of the radial
head shifts the point of rotation in
the varus-valgus plane, thus decreas-
ing the lever arm and the relative
load on the MCLs.

Lateral-side elbow stability is en-
hanced with a combination of ten-
sion in the posterolateral ligament
complex and compression in the ra-
diocapitellar joint.!” In the patient
with acute instability, restoring the
lateral-side structures may be more

critical than repair of the medial-side
structures. A significant decrease in
elbow stability was noted in associ-
ation with radial head excision in
elbows with LCL disruption.!8
Although elbow laxity improved
following arthroplasty, these elbows
were still unstable relative to elbows
with intact ligaments. These find-
ings suggest that repair of the dis-
rupted LCL complex is essential to
restore elbow stability following ra-
dial head arthroplasty.318

Longitudinal Stability

The degree of load sharing at the
elbow between the radius and the
ulna in regard to grip activity and
lifting is not clearly described. Stud-
ies have shown that the radius bears
80% of the load at the wrist but that
the load-sharing ratio equalizes at
the elbow.!2° Morrey et al® studied
changes in force transmission with
variations in forearm rotation. They
found that the most force was trans-
mitted from the wrist to the radial
head with the elbow in extension
and the forearm in pronation.

The intact radial head articulat-
ing with the capitellum is the prima-
ry restraint to proximal migration of
the radius. Soft-tissue structures
that provide additional longitudinal
stability include the interosseous
membrane of the forearm and the
ligaments of the distal radioulnar
joint. With injury to or excision of
the radial head, normal load sharing
at the radiocapitellar joint no longer
occurs, and all compressive loads are
transferred from the distal radius to
the ulna through the interosseous
membrane and the distal radioulnar
joint.!® Longitudinal radioulnar dis-
sociation may follow when radial
head fracture occurs in association
with damage to any of these stabiliz-
ing soft-tissue structures, particular-
ly the interosseous membrane.

The radiocapitellar articulation
accounts for as much as 60% of the
load transfer across the elbow. Re-
sisted isometric flexion can generate
forces of up to four times body

weight. Depressed fracture of the ra-
dial head decreases the surface area
available for load transfer and de-
creases elbow stability by virtue of
loss of congruity between the artic-
ulating disk of the radial head and
the capitellum.®16

Clinical and
Radiographic
Evaluation

The patient who presents with a ra-
dial head fracture should undergo
clinical evaluation for elbow insta-
bility and any block to elbow mo-
tion. The examination may involve
injecting the elbow joint with a local
anesthetic, followed by range of mo-
tion (ROM) evaluation at the elbow
(ie, flexion, extension) and at the
proximal radioulnar joint (ie, supina-
tion, pronation). Elbow stability al-
so should be confirmed, including
varus-valgus laxity.

Anteroposterior and lateral ra-
diographs should be obtained. A
Greenspan view may aid in delineat-
ing the radial head fracture. This
modified lateral view, taken with
the beam angled 45° toward the radi-
al head, allows visualization of the
radial head without coronoid over-
lap.2!

Computed tomography may be
used to help identify the fracture pat-
tern and associated injuries in com-
plex elbow fracture-dislocations. It
also may be useful in planning surgi-
cal technique and identifying frac-
tures not visualized or appreciated
on plain radiographs. The Mason
classification of fracture of the radial
head, as modified by Hotchkiss,"?
greatly assists in determining treat-
ment options (Table 1). Mason types
III and IV require ORIF or replace-
ment arthroplasty of the radial head.

Surgical Treatment

The surgical options for radial head
fracture include ORIF, excision, and
arthroplasty. The primary pitfall in
managing such fractures is underes-
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Table 1

Mason Classification*

Type I

Minimally displaced fracture, no mechanical block to

forearm rotation, intra-articular displacement <2 mm

Type 1I

Fracture displaced >2 mm or angulated, possible

mechanical block to forearm rotation

Type III
motion

Type IV?

Severely comminuted fracture, mechanical block to

Radial fracture with associated elbow dislocation

* As modified by Hotchkiss.'?

timating the importance of elbow
stability. Comminuted fracture of
the radial head is part of the spec-
trum of elbow instability, and opti-
mal management of the radial head
fracture should maintain elbow sta-
bility. However, with comminuted
fracture, there is also a high likeli-
hood of associated osseous and liga-
mentous injury.!® It is imperative
that the surgeon understand and
treat these associated injuries to pre-
vent persistent instability. Fixation
of the displaced coronoid process
provides one aspect of improvement
in elbow stability. Small type I and I
coronoid fractures can be repaired
and fixed using sutures, while larger
type III fractures are fixed with
screws. When a ”global” approach is
utilized, a plate can be used to fix
this fracture from the medial aspect.

Ligamentous injuries must be ad-
dressed simultaneously with the ra-
dial head fracture to restore balance
and stability. Repair of the LCL,
which must be performed when ad-
dressing the radial head fracture,
may be done by passing sutures
through the ligament and fixing the
LCL to the lateral epicondyle using
suture anchors or drill holes. MCL
repair usually is not required unless
elbow instability persists after coro-
noid and lateral repair. For the joint
that continues to be unstable after
bony fixation and ligament repair, a
supplemental hinged external fix-
ator may be required.

Surgical Exposure
Either the lateral (Kocher) or the

global approach is commonly used
to treat radial head fracture. Both use
the same deep muscular interval to
approach the radial head.

With the Kocher approach, the in-
cision is begun at the lateral epi-
condyle and extends distally toward
the ulna. The interval for the Koch-
er approach is best identified distal-
ly between the anconeus muscle and
the extensor carpi ulnaris tendon.
The deep fascia at this interval is in-
cised, and the muscles are retracted
to expose the LCL complex. Care is
required to separate the capsule from
the muscular layer. The posterior in-
terosseous nerve is protected by pro-
nating the forearm, which moves
the nerve away from the radial neck.
When the capsule is intact, it is in-
cised anterior to the lateral ulnar
collateral ligament, and anterior and
posterior flaps are created. The ante-
rior capsular flap is released from the
epicondyle, exposing the anterolat-
eral aspect of the joint without vio-
lating the lateral ulnar collateral lig-
ament. At this stage, the posterior
capsular flap is left intact to main-
tain joint stability.

The Kocher approach allows good
visualization of the radial head frac-
ture, and ORIF or arthroplasty can be
performed via this approach. A
Z-shaped incision of the annular lig-
ament is used when distal extended
exposure is required. This ensures
stable repair of the annular ligament
following the procedure. With a de-
layed procedure, the patient may
have a fixed flexion deformity,
which can be corrected by releasing

the capsule from the anterior aspect
of the humerus.

The global approach begins with a
20- to 25-cm posterior midline inci-
sion centered on the olecranon. Full-
thickness fasciocutaneous flaps are
elevated to expose the lateral and
medial side of the elbow, as re-
quired.?® Once these flaps are raised,
the approach continues using the
same lateral interval as for the
Kocher approach. The advantage of
the global approach is the ability to
address problems on both the medial
and lateral sides. It also allows fixa-
tion of associated proximal ulna frac-
ture. The disadvantages are the long
incision and the creation of large
flaps on either side for visualization.

Surgical Technique
Open Reduction and Internal
Fixation

Internal fixation of the radial
head, when technically possible, is
the preferred treatment. The radial
head with three or fewer fragments
usually can be reconstructed and
fixed internally.

Before undertaking surgery, a
comprehensive array of devices
should be laid out, including Kirsch-
ner wires (K-wires) for temporary fix-
ation, and a mini-fragment internal
fixation set with reconstruction
plates, including mini-condylar
plates and mini-fragment screws
(1.5- or 2.0-mm), Herbert mini-
screws (Zimmer, Warsaw, IN), vari-
able pitch mini-Accutrak screws,
and the Mayo Clinic precontoured
radial head plate (Acumed, Beaver-
ton, OR).

The articular surface is reduced
under direct visualization and held
temporarily with K-wires. For the ra-
dial head with a partial articular
fracture, mini-fragment screws may
provide sufficient fixation. We typi-
cally use the Kocher approach and
reduce the fracture under direct vi-
sualization. After reduction, provi-
sional fixation is achieved with
K-wires (usually 0.035 in) and con-
firmed visually and with fluorosco-

382

Journal of the American Academy of Orthopaedic Surgeons



Nirmal C. Tejwani, MD, and Hemang Mehta, MD

Figure 1

A

Cc

A, Lateral radiograph of a radial head in two large pieces, with comminution at the periphery and the neck. Lateral (B) and
anteroposterior (C) views taken after fixation with a mini-fragment T-plate. One of the screws appeared to be in the
radiocapitellar joint, but was confirmed intraoperatively to be extra-articular.

py. Definitive fixation is achieved
using either 1.5- or 2.0-mm mini-
fragment screws or headless screws
with differential pitch to allow com-
pression across the fracture site. The
surgeon must be cognizant of the
convex surface of the radial head to
avoid intra-articular penetration of
the screws. The results for internal
fixation of these types of radial head
fractures are predictable and typical-
ly good.

The fracture that extends into the
radial neck requires plate fixation
with a mini-fragment T-plate or a
blade plate. The technical challeng-
es to obtaining stable fixation are
greater and the results less predict-
able for this fracture type (Figure 1).
The plate is placed in the safe zone,
that is, the area that does not artic-
ulate with the proximal radioulnar
joint and thus will not impinge dur-
ing forearm rotation. This 45° arc
should be confirmed by testing fore-
arm rotation after temporarily fixing
the plate with K-wires. This fixation
is challenging and requires the use of
multiple screws through the plate,

including a “triangulating” screw.
This screw is inserted through the
distal portion of the plate (distal to
the head) and is angled proximally
into the head to allow supplemental
fixation and to increase the con-
struct strength. For optimal fixation,
it is important to get purchase in the
subchondral bone; however, the sur-
geon must be careful to ensure extra-
articular screw placement. This re-
quires direct visualization of the
articular surface and multiple fluo-
roscopic views.

The plate length typically needed
for a radial head and/or neck fracture
is one that allows placement of at
least three screws distal to the
fracture site. The bicipital tuberosi-
ty is the distal limit of the plate
placement. Anything distal to that
structure endangers the posterior in-
terosseous nerve. A Z-shaped in-
cision is used for distal exposure of
the annular ligament. This incision
must be made under direct visualiza-
tion.

Internal fixation of the radial head
can be challenging, especially with a

comminuted fracture. It is difficult
to maintain length and alignment
during the fixation process. Typical-
ly, the fracture is malreduced into
valgus and has shortening. This may
be due to inability to recreate the
medial buttress of the radial neck.
The surgeon should always have ra-
dial head replacements available in
case the fracture is more comminut-
ed than expected or attempts at in-
ternal fixation are unsuccessful.

Radial Head Excision

Management of the displaced ra-
dial head fracture that is not amena-
ble to ORIF is controversial. Injury
that is isolated to the radial head
(Mason types I and II) may be man-
aged with early or delayed excision.
There are conflicting reports regard-
ing long-term outcomes.!”

Acute excision of the radial head
without replacement is contraindi-
cated in the presence of concomitant
disruption of the MCL or the in-
terosseous membrane. Even in the
absence of associated soft-tissue in-
juries (eg, tears of the MCL), radial
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Figure 2

C

D

Lateral (A) and anteroposterior (B) radiographs of an ulna fracture with radial head fracture-dislocation (Monteggia variant).
Lateral (C) and anteroposterior (D) radiographs following radial head replacement and ulna fracture fixation. Intraoperatively, this
radial head fracture was determined to be unreconstructible, and a radial head prosthesis was implanted.

head resection may be associated
with delayed complications, includ-
ing pain, joint instability, proximal
radial translation, decreased strength,
osteoarthritis, and cubitus valgus.!7#
However, Herbertsson et al! reported
successful results with satisfactory
outcomes in 54 of the 61 patients in-
cluded in their study of long-term
outcomes of radial head excision.

Radial Head Arthroplasty
Arthroplasty is indicated for the
displaced, comminuted radial head
fracture when stable internal fixa-
tion is not possible and the fracture
involves more than one third of the
radial head.'?* In particular, arthro-
plasty is indicated for the fracture
with associated ligament injury (el-
bow dislocation or distal radioulnar
joint injury [Mason types III and IV])

or associated fracture (coronoid or
olecranon fracture that is displaced
or comminuted and unstable). The
controversy is in deciding exactly
which fractures of the radial head
meet these criteria.

Available Implant Options Mul-
tiple studies over the past decade
have reported good results with me-
tallic radial head devices.!3142>
Newer prostheses, including the
Evolve radial head (Wright Medical
Technology, Arlington, TN), the
Seitz radial head implant system
(Kapp Surgical, Cleveland, OH), and
the rHead radial implant system
(Small Bone Innovations, New York,
NY), allow surgeons the advantage of
modularity.

Technical Considerations The
metallic prosthesis should replicate
as closely as possible the native radi-

al head (Figure 2). Multiple biome-
chanical studies have shown that op-
timal sizing of the radial head is
important.'6202628 A prosthesis with
a too-large diameter will load the
margins of the sigmoid notch,
whereas a too-small prosthesis will
point load on the sigmoid notch. Ad-
ditionally, a radial head with an in-
correct diameter has a cam effect,
producing abnormal loading on the
capitellum.? The correct diameter
of the radial head prosthesis is se-
lected by comparing the excised ra-
dial head fragments with the trial
prosthesis. The prosthesis should be
congruent and have smooth motion
with the capitellum throughout the
full ROM. 1830

The height of the prosthesis is
also important. Fortunately, most
fractures occur at the head-neck
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junction; once the head is excised,
insertion of a prosthesis that corre-
sponds in height with the native
head is adequate. Care is required to
ensure that the appropriate neck
length has been excised to create a
stable rim of neck on which to seat
the prosthesis. The surgeon must en-
sure that the radial head is loading
the capitellum but that the joint
is not “overstuffed.” Overstuffing,
which occurs when a radial head is
too long or too large, may lead to
pain on the lateral side of the elbow.
A radial head prosthesis that is too
short will not load the capitellum,
thus increasing joint instability.283!
To ensure a normal articulation with
the proximal radioulnar joint, the
height of the prosthesis must be the
same as that of the trochlear notch.
Proper fit is confirmed radiographi-
cally, although adequate visualiza-
tion to determine the correct height
using this method may be difficult.

Radial head implants should be
limited to the head and neck region.
Long prostheses, which extend distal
to the 15° angulation of the proximal
part of the radius, are likely to create
an angular offset from the native ra-
dial head on forearm rotation. Frac-
ture of the radial head that extends
into the neck can be difficult to
manage. The surgeon must carefully
inspect the neck of the radius to
identify any nondisplaced fractures.
Nondisplaced neck fractures should
be prophylactically wired before in-
sertion of the metallic prosthesis to
prevent displacement when the
prosthesis is inserted. Use of cement
to fix the prosthesis is not necessary
since the radial head prostheses
Serve as spacers.

Postoperative Care

Postoperative care is critically im-
portant for the patient with radial
head fracture. Concerns regarding re-
current elbow instability must be
balanced against the need for early
motion, which minimizes long-term
problems with elbow stiffness. Early

ROM within a safe arc should be ini-
tiated, taking into account associat-
ed fractures and ligamentous inju-
ries. An extension-splinting program
is begun as soon as stability im-
proves, and a splint is worn at night
for 10 to 12 weeks. The patient with
associated elbow fracture-disloca-
tion is prescribed a 6-week course of
indomethacin to minimize the risk
of heterotopic bone formation.?¢ Use
of radiation is controversial. Stein et
al3? reported good results in 10 of 11
patients with elbow trauma who
were treated with 700 cGy radiation
within 72 hours of surgery.

Results

The current literature on complex
radial head and neck fractures is
sparse and provides limited guidance
for choosing the optimal treatment
method. Clinical results data on
treating radial head fractures with
ORIF, excision, or arthroplasty are
conflicting, which creates more con-
troversy.>’ The range of associated
injuries to the elbow makes it diffi-
cult to isolate the effect of any par-
ticular treatment of the radial head
fracture. Another dilemma is that
medium- to long-term follow-up is
necessary to fully appreciate the
consequences of treatment deci-
sions; however, techniques related
to fixation, implants, and prostheses
are evolving so rapidly that reports
on previous techniques have been
made obsolete.

Tkeda et al3? compared the results
of radial head excision to fixation in
a series of 28 patients. At final
follow-up, the patients who under-
went radial head fixation had greater
strength, function, and joint motion
than did the group that underwent
resection. However, the follow-up
period in patients treated with fixa-
tion was 3 years, compared with
10 years in the resection group. Her-
bertsson and colleagues'3* reported
on long-term (average, 18 years) re-
sults of radial head excision and
showed favorable results in Mason

type II and III fractures. However,
compared with the noninjured el-
bows, the injured elbows had a
higher percentage of arthritis (73%
versus 7%).13* In these patients, the
timing of radial head excision was
less important in predicting out-
come.!

King et al!! reported 100% excel-
lent results after fixation of Mason
type II fractures but only 33% excel-
lent results for Mason type III inju-
ries, suggesting that comminuted
fractures should be managed with ar-
throplasty for better outcomes.

Tkeda et al® reported excellent re-
sults for Mason type III and IV frac-
tures with fixation using precon-
toured low-profile implants. In this
series of 10 patients, 90% good to ex-
cellent scores were achieved at
28 months after injury. Of note, 9 of
10 patients underwent hardware re-
moval.

In a recent study of 56 radial head
fractures managed with internal fix-
ation, Ring et al'> recommended that
fixation be reserved for fractures
with three or fewer articular frag-
ments. Thirteen of the 14 patients
with Mason type III fractures with
more than three articular fragments
had an unsatisfactory result, com-
pared with a satisfactory result in all
15 patients with Mason type II frac-
tures. Of the 12 patients with a type
III fracture in which the radial head
was split into two or three simple
fragments, none had early failure,
1 had nonunion, and all had an arc of
forearm rotation >100°.12

Excellent results to date have
been reported with metallic radial
head implants. Bain et al'3 treated 16
patients with Mason type Il injuries
with a monoblock titanium pros-
thesis. The authors reported good to
excellent results in 80% of patients
at 2.8-year follow-up. They sug-
gested that surgery not be delayed
and indicated that early mobiliza-
tion after surgery is important for
satisfactory outcome.!® Harrington
et al?* reported similar results with
longer follow-up (average, 12 years)
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for radial head replacement in pa-
tients with grossly unstable elbow
fracture-dislocations. Despite the
current availability of and emphasis
on the use of modular implants for
radial head arthroplasty, no litera-
ture shows that results are better
with modular or bipolar radial head
implants compared with mono-
block prostheses.

The problems of using a too-large
or too-small prosthesis, including
the dangers of overstuffing the joint,
have been described in biomechani-
cal studies.?® However, no reports
are available to confirm that these
issues are clinically relevant. Anoth-
er shortcoming in the literature on
radial head fracture management is
the absence of direct comparison be-
tween the results of ORIF versus ar-
throplasty. We found no reports in
the English-language literature di-
rectly comparing the results of these
two treatment modalities or report-
ing on the long-term effects on ei-
ther the capitellum or the radius sec-
ondary to the radial head implant or
spacer.

Summary

Radial head injuries range from min-
imally displaced to comminuted dis-
placed fractures with elbow insta-
bility (Mason types I through IV).
Appropriate management of radial
head injury is important in restoring
the normal mechanics and anatomy
of the elbow joint. Associated bony
and ligamentous injury must be ad-
dressed at the same time. With the
availability of recent implants, in-
cluding low-profile precontoured
plates, ORIF is a viable option. We
prefer this method when it can be
technically easily accomplished. Ra-
dial head arthroplasty is needed for
more complex injuries, and the sur-
geon should always have implants
available in the operating room
when managing these injuries. How-
ever, the preferential use of either
ORIF or replacement continues to
cause much debate and controversy.

Results can be good to excellent
with either of these treatment mo-
dalities, but outcomes depend on the
fracture pattern and associated inju-
ries. Unfortunately, the results of
each technique have been reported
separately or compared with resec-
tion, with relatively few long-term
outcome data. The available litera-
ture, therefore, does not provide
clear guidance as to the best treat-
ment option for complex radial head
injuries, especially those with asso-
ciated elbow instability. Further
studies with long-term follow-up are
needed to determine the best form of
treatment of these complex inju-
ries.
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