Clin Orthop Relat Res (2014) 472:2136-2143
DOI 10.1007/s11999-014-3516-y

Clinical Orthopaedics
and Related Research’

A Publication of The Association of Bone and Joint Surgeons®

SYMPOSIUM: TRAUMATIC ELBOW INSTABILITY AND ITS SEQUELAE

Radial Head Replacement for Acute Complex Fractures

What Are the Rate and Risks Factors for Revision or Removal?

Andrew D. Duckworth MSc, MRCSEd, Neil R. Wickramasinghe MBChB,
Nicholas D. Clement MRCSEd, Charles M. Court-Brown MD, FRCSEd(Orth),

Margaret M. McQueen MD, FRCSEd(Orth)

Published online: 19 February 2014
© The Association of Bone and Joint Surgeons® 2014

Abstract

Background When treating complex radial head frac-
tures, important goals include prevention of elbow or
forearm instability, with restoration of radiocapitellar
contact essential. When open reduction and internal fixa-
tion cannot achieve this, radial head replacement is
routinely employed, but the frequency of and risk factors
for prosthesis revision or removal are not well defined.
Questions/purposes We determined (1) the frequency of
prosthesis revision or removal after radial head replace-
ment for acute complex unstable radial head fractures, (2)
risk factors for revision or removal, and (3) functional
outcomes after radial head replacement.

Methods We identified from our prospective trauma
database all patients over a 16-year period managed acutely
for unstable complex radial head fractures with primary
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radial head replacement. Of the 119 patients identified, 105
(88%) met our inclusion criteria; mean age was 50 years
(range, 16-93 years) and 57 (54%) were female. All
implants were uncemented monopolar prostheses, of which
86% were metallic and 14% silastic. We recorded further
procedures for prosthesis revision or removal for any
cause, with a minimum followup of 1 year (n = 105). Cox
regression analysis was used to determine independent
factors associated with revision or removal when control-
ling for baseline patient (age, sex, comorbidities) and
fracture (location, classification, associated injury) char-
acteristics. Short-term functional outcomes (Broberg and
Morrey score, ROM) were determined from retrospective
review of clinic followup (n = 74), with a minimum fol-
lowup of 3 months.

Results Twenty-nine patients (28%) underwent prosthesis
revision (n = 3) or removal (n = 26) at a mean of 6.7 years
(range, 1.8—18 years) after injury. Independent risk factors
for removal or revision were silastic implant type and
lower age. At a mean of 1.1 years (range, 0.3-5.5 years)
after surgery, mean Broberg and Morrey score was 80 out
of 100 (range, 40-99). Mean elbow flexion was 133°
(range, 90°-159°; SD, 13°), extension 21° (range, 0°-80°;
SD, 17°), flexion arc 112° (range, 10°-140°;, SD, 25°),
pronation 84° (range, 0°-90°; SD, 18°), supination 73°
(range, 0°-90°; SD, 28°), and forearm rotation arc 156°
(range, 0°-180°; SD, 38°).

Conclusions We demonstrated a high removal or revision
rate after radial head replacement for acute unstable com-
plex fractures, with lower age and silastic implants
independent risk factors. Younger patients should be
counseled regarding the increased risk of requiring further
surgery after radial head replacement. Future work should
focus on long-term patient-reported outcomes after these
injuries.
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Level of Evidence Level 1V, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Unstable fractures of the radial head commonly occur as
part of a complex injury pattern, have fragments that are
detached and mobile with little or no soft tissue attach-
ments, and are associated with osseous and ligamentous
injuries to the elbow or forearm [14]. The primary goal of
treatment is to prevent dislocation or subluxation of the
elbow and forearm, with restoration of the radiocapitellar
contact essential for alignment and stability [8, 36]. When
these fractures are not associated with elbow or forearm
instability, partial or complete radial head excision is an
option [1, 4, 20, 21, 23], although in most cases when
instability is present, other options include internal fixation
[10, 22, 24, 38, 45] or prosthetic replacement [2, 6, 9, 13,
18, 32, 46].

Two recent prospective randomized trials have demon-
strated superior results for replacement over open reduction
and internal fixation (ORIF) for unstable complex fractures
[9, 39], with several studies finding ORIF to be associated
with increased rates of early failure and nonunion and one
study determining three fracture fragments as the cutoff
point for progressing to replacement [11, 25, 27, 38]. A
variety of replacement designs are available, with compa-
rable short- to mid-term clinical results documented for
cemented bipolar implants and loose spacers [6, 13, 18, 29].

However, the frequency of and risk factors associated with
further surgery for removal and/or revision after this proce-
dure remain incompletely characterized [14, 43].

We therefore determined (1) the frequency of prosthesis
removal or revision after radial head replacement for acute
complex unstable radial head fractures (primary study
outcome), (2) the factors associated with revision or
removal of the prosthesis, and (3) the short-term functional
outcome after injury (secondary outcome measures).

Patients and Methods
Study Cohort

We performed a retrospective search of a prospective
trauma database held at our study center to identify all
skeletally mature patients who were managed acutely with
a primary radial head replacement for an unstable complex
fracture of the radial head over a 16-year period between
September 1994 and September 2010. A total of 119
patients were identified (Fig. 1), of which there were 63
females (53%) and 56 males (47%), with a mean age of 50
years (range, 15-93 years; SD, 19 years). Patients were
excluded if there was inadequate demographic, fracture
characteristic, management, or followup data, including no
further record of followup at our institution (n = 8), or
if they were from outside our local catchment population (n
= 6). Our primary outcome measure was revision or
removal of the prosthesis for any reason, with the minimum
time from surgery 1 year. All patients needed to be
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Fig. 1 A flowchart that demonstrates the patient selection process.
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Fig. 2 A graph that details the associated injury patterns. MCL = medial collateral ligament.

registered at our institution for ongoing medical care with
other specialties at the time of the study or have been
reviewed within the past year at our institution. Our sec-
ondary outcome measure was short-term functional
assessment, with the minimum time from surgery 3
months. Fourteen patients did not meet the inclusion cri-
teria and were excluded, leaving 105 (88%) patients who
were defined as our study cohort for analysis.

We retrospectively reviewed medical case notes and our
trauma database to document demographic data including
age, sex, mode of injury, and medical comorbidities.
Diagnosis and associated injuries were recorded through
medical record and radiographic review. Initial radiographs
were reviewed where available (n = 66, 63%) to confirm
fracture classification and the presence of an associated
fracture and/or subluxation/dislocation of the elbow. All
fractures were assessed using standard AP and lateral
radiographs of the injured elbow and were subsequently
classified according to the modified Mason fracture clas-
sification system [5]. Further imaging was performed at the
discretion of the treating surgeon. Associated injuries were
defined as those found on radiographic imaging or at the
time of surgery requiring repair.

Of the 105 patients in our cohort, there were 57 females
(54%) and 48 males (46%), with a mean age was 50 years
(range, 16-93 years; SD, 19 years). The mean age at the
time of injury was higher (p < 0.001) in females (57 years;
range, 16-93 years; SD, 18 years) than in males (40 years;
range, 18-81 years; SD, 16 years). One or more comor-
bidities were documented in 52 patients (50%). The most
frequent mechanism of injury was a fall from standing
height (n = 57, 54%), followed by a fall from greater than
standing height (n = 26, 25%), motor vehicle collision (n =
11, 10.5%), assault (n = 4, 3.8%), sports (n =4, 3.8%), and
other (n = 3, 2.9%). Females most commonly sustained
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their fractures after a fall from standing height, while males
most commonly sustained high-energy injuries, eg, falls
from greater than standing height or motor vehicle colli-
sions (p < 0.001). There were 95 (91%) radial head
fractures and 10 (9%) radial neck fractures. Four patients
(3.8%) had fractures classified as Mason Type 2 (radial
head: n = 4; radial neck: n = 0), 88 (84%) Mason Type 3
(radial head: n = 78; radial neck: n = 10), and 13 (12.4%)
Mason Type 4 (radial head: n = 13; radial neck: n = 0).
There were 98 associated injuries documented in 70
patients (66%) (Fig. 2).

There were 26 patients with an associated elbow dislo-
cation, with 18 of these being a terrible triad type injury
and two having an associated fracture of the proximal ulna.
There were 24 patients with an associated fracture of the
proximal ulna (excluding coronoid). There were 11 patients
with an isolated fracture of the coronoid. Three patients
had an Essex-Lopresti type injury. There were no differ-
ences between the included and excluded cohorts in terms
of age (p = 0.99), sex (p = 0.42), mechanism of injury (p =
0.18), comorbidities (p = 0.30), fracture classification (p =
0.34), or fracture location (p = 0.22).

Management

During the study period, multiple surgeons were involved
in the care of these patients and the absolute indications for
surgery varied. However, our general indications for
operative intervention were a confirmed mechanical block
to forearm rotation or severe displacement or comminution
of the fracture associated with instability of the elbow or
forearm. ORIF was performed when it was believed the
fracture could be reconstructed, with replacement other-
wise performed. Radial head resection was performed
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without replacement if the radial head was removed and
there was no concern over associated elbow or forearm
instability.

We recorded the details of operative management,
complications, and subsequent surgical procedures. Initial
management, surgical technique, and postoperative reha-
bilitation were determined in all cases by the supervising
surgeons, all of whom were experienced consultant ortho-
paedic trauma surgeons. The median time to surgery after
injury was 3 days (range, 0-20 days).

Patients were placed in the supine position with the arm
supported on a hand table, unless there was an associated
olecranon fracture when the patient was routinely placed in
the lateral decubitus position with the arm over a bolster.
For approaching the radial head, a standard lateral opera-
tive exposure of the radial head using the Kocher interval
between the extensor carpi ulnaris and anconeus was rou-
tinely employed. We often found that the exposure was
simplified by mobilizing the lateral collateral ligament
(LCL) and extensor digitorum communis, as they had been
avulsed from their origins on the lateral epicondyle.
Otherwise, care was taken not to damage the lateral liga-
mentous complex (if not already injured) and to avoid
elevation of the anconeus. When dissection was required
distally down the neck, care was taken to protect the pos-
terior interosseous nerve by pronating the forearm [12].
Inspection of the coronoid was routinely performed.

Radial head fracture fragments were removed and used
to determine the size of the radial head prosthesis. The
radial neck was prepared and a trial reduction performed to
ensure the radiocapitellar joint was not overstuffed. The
radial head prosthesis was then inserted (Fig. 3). All radial
head implants were loose monoblock prostheses, with 90
(86%) smooth metal and 15 (14%) silastic. Two implants
were inserted with cement as the prosthesis was not ade-
quately captured by the radial neck and at risk of
dislocation.

Fig. 3 A radiograph shows a metal monoblock radial head replace-
ment. The prosthesis appears large and the joint overstuffed.

The LCL generally was repaired using either sutures
placed through drill holes in the lateral epicondyle (n = 24) or
using suture anchors (n = 7). The medial collateral ligament
was not explored unless the elbow was persistently unstable
after replacement and repair of the coronoid with or without
the LCL. The coronoid was repaired when it was more than a
small avulsion fragment, displaced, and/or necessary for
elbow stability, with 29 repaired using sutures placed through
drill holes in the proximal ulna and two fixed with screws.
Injuries associated with a proximal ulna fracture underwent
ORIF through a posterior midline incision. The ulnar nerve
was identified and released when indicated but was not rou-
tinely transposed. For managing terrible triad injuries, as
routine we would use the protocol laid out by Pugh et al. [33].
The coronoid was inspected in all cases to ensure there was no
occult injury. A thorough examination of the elbow was
performed to test for instability in flexion-extension and
varus-valgus.

Postoperatively, patients were immobilized for a period
of 2 to 3 weeks and then began active motion exercises.
Postoperative physiotherapy was employed for any residual
functional deficit and/or elbow stiffness. It is not routine at
our institution to remove a radial head prosthesis unless
clinically indicated.

Followup and Outcomes

All assessment was performed at our institution, which is the
only provider of orthopaedic trauma care throughout the
region. The primary outcome measure was revision or
removal of the radial head prosthesis for any cause. The
minimum time from surgery was 1 year. To determine
whether the patient had undergone revision of removal of the
prosthesis, the last medical record entry was used. Details of
subsequent complications and the requirement for secondary
intervention were recorded when encountered. If no further
intervention was documented, the followup point was taken
as the time of medical note review.

Functional assessment was our secondary outcome
measure, using the details from the treating surgeons entry
at the last clinic followup when available with a minimum
of 3 months’ followup included (n = 74). Outcome at this
stage included ROM and Broberg and Morrey score [4, 5].
The 100-point Broberg and Morrey system compromises
motion (40 points), strength (20 points), stability (5 points),
and pain (35 points). Pain is rated as absent (35 points),
mild with activity but requiring no medication (28 points),
moderate with or after activity (15 points), or disabling
pain that is severe at rest and requires constant medication
(0 points). Categorical ratings are assigned according to the
score achieved: excellent, 95 to 100 points; good, 80 to 94
points; fair, 60 to 70 points; and poor, less than 60 points.
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Statistical Methods

A Student’s unpaired t-test was employed to analyze
parametric continuous data. The Mann-Whitney U test was
used to compare nonparametric continuous data. A one-
way ANOVA was used to compare parametric continuous
data among several categories, with the Kruskal-Wallis test
being used for nonparametric data. Categorical binary data
were analyzed using either the chi-square test (all observed
frequencies in each cell > 5) or the Fisher’s exact test (one
cell had an observed frequency of < 5).

Cox regression analysis was used to determine inde-
pendent factors associated with revision or removal of the
prosthesis when controlling for baseline patient (age, sex,
comorbidities) and fracture (fracture location, fracture
classification, associated injury) characteristics. Two-tailed
p values were reported and statistical significance was set
at p values of less than 0.05, with 95% Cls presented.

Results
Failures

By a mean of 6.7 years after injury (range, 1.8—18 years;
SD, 3.9 years), 29 patients (28%) had undergone revision
(n = 3) or removal (n = 26) of the prosthesis. The median
time to secondary surgery was 7 months (range, 0-65
months). Within the first year postsurgery, 21 patients
(20%) had undergone revision (n = 3) or removal (n = 18)
of the prosthesis. The three patients who underwent revi-
sion were for persistent subluxation of the radial head, with
one associated with an inappropriately size prosthesis. The
most common reason for removal was persistent stiffness
with or without pain (n = 12, 41%), followed by prosthetic
loosening (n = 5, 17%) (Table 1). Five patients underwent
arthrolysis for persistent stiffness. Two patients underwent
ulnar nerve decompression and transposition for persistent
ulnar neuritis.

Risk Factors for Failure

Cox regression analysis found two independent predictors
of revision or removal of the implant after adjusting for
confounding variables: silastic implant type (p = 0.004) and
lower age (p = 0.002). Silastic implants had a higher
removal rate (60% versus 22%) than metallic implants
(odds ratio, 5.25; 95% CI, 1.67-16.52; p = 0.002). The
mean age of patients undergoing further surgery (45 years;
range, 16-81 years; SD, 19.1 years) was lower than that of
patients who did not undergo further surgery (52 years;
range, 17-93 years; SD, 18.9 years; p = 0.10).
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Table 1. Reason for revision or removal of the radial head prosthesis
in 29 patients

Reason for revision or
removal of the prosthesis

Number of patients
(% of 105 patients)

Stiffness £ pain 12 (11.4)
Painful loosening 5(4.8)
Pain alone 4 (3.8)
Radial head subluxation 329
Synovitis 2 (1.9
Ulnar neuritis 2 (1.9
Deep infection 1 (1.0)

On subanalysis of the metallic implants alone (n = 90),
when controlling for other factors using Cox regression
analysis, lower age (p = 0.001) and the absence of preex-
isting comorbidities (p = 0.014) were independent
predictors of removal or revision. The mean age of patients
undergoing further surgery (45 years; range, 18-69 years;
SD, 17 years) was lower than that of patients who did not
undergo further surgery (52 years; range, 17-93 years; SD,
19 years; p = 0.11).

Short-term Functional Outcomes

At a mean short-term followup of 1.1 years (range, 0.3-5.5
years; SD, 1 years) after surgery, the mean Broberg and
Morrey score was 80 (range, 40-99; SD, 12), with 43 of 74
patients (58%) achieving an excellent (n = 4) or good (n =
39) outcome. However, 26 patients had a fair outcome and
five a poor outcome. The mean elbow flexion was 133°
(range, 90°-159°; SD, 13°), the mean extension was 21°
(range, 0°-80°; SD, 17°), and the mean flexion arc was
112° (range, 10°-140°; SD, 25°). The mean pronation was
84° (range, 0°-90°; SD, 18°), the mean supination was 73°
(range, 0°-90°; SD, 28.°), and the mean forearm rotation
arc was 156° (range, 0°-180°; SD, 38°).

Discussion

For the majority of complex radial head fractures, resto-
ration of radiocapitellar contact is essential and the choice
is between radial head fixation [10, 15, 22, 24, 25, 38, 45]
and replacement [2, 6, 13, 18, 32], with recent data from
prospective randomized trials suggesting replacement is
superior [9, 39]. There is good short- and mid-term data
supporting metal and pyrocarbon prostheses [6, 10, 13, 18,
32, 35, 46]; however, the reoperation rates after radial head
replacement are largely unknown. We demonstrated a high
rate of removal or revision for both metallic and silastic
implants, with silastic implants and younger patients being
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at the greatest risk of requiring further surgery for revision
or removal. Our data provide useful prognostic information
for both the patient and the surgeon managing these com-
plex injuries.

Undoubtedly, the primary limitation of our study is the
retrospective design, along with the variable followup
times of patients over both the short and longer terms that
can lead to both over- and underestimating the benefits of
replacement. Specific problems with our retrospective
design include multiple surgeons over a long period
involved in both the management and postoperative
assessment of the patient, which can lead to both selection
and assessor bias along with an evolving management
protocol over time. The subjective nature of prosthesis
removal is noted and it could be argued that our findings
are most applicable to our practice, although we believe
our data provide valuable prognostic information for all
surgeons managing these injuries. We acknowledge that
some would argue that using no further intervention as our
primary outcome measure is limited, as patients may have
gone to another hospital for treatment. However, we are the
only orthopaedic trauma service for the local population,
patients were still registered and/or undergone recent
review for other medical complaints at the time of retro-
spective note review, and all patients from outside our
catchment area were excluded. Although a minimum of 3
months is short for functional followup, we acknowledge
our data are short term and the literature has suggested that
most patients regain the majority of their function within 3
to 6 months after injury [16]. The type and number of
associated injuries are difficult to determine accurately
using retrospective review, as they are dependent on the
treating surgeon clearly documenting the presence and
management, especially in the absence of the original
imaging. The number of radiographs available was satis-
factory, given our regional policy of culling hard-copy
radiographs older than 5 years when the patient is not under
regular clinical assessment. The frequency of associated
injuries was probably underestimated from our series,
given our strict definition for classifying associated injuries
and the lack of further imaging in all patients.

The primary strength of our study is that we have
reported on a large cohort of patients undergoing acute
radial replacement for a complex fracture of the radial
head, in contrast to other studies that include a heteroge-
neous cohort of acute and chronic radial head replacements
and a range of differing implant types [43]. We have
documented mid- to long-term followup from a defined
population, with only one center providing an acute mus-
culoskeletal trauma service for the region.

We have reported a high rate of revision or removal for
radial head prostheses used in the management of acute
complex fractures of the radial head, although the rate in

the literature is both wide ranging (0%—32%) and unclear
[13, 18, 19, 29]. Our overall rate of 28%, with a rate of
22% for metal prostheses, is in keeping with Doornberg
et al. [13] who reported a rate of 32% at a mean of 40
months postsurgery using a modular metal spacer. Har-
rington et al. [19] reported a removal rate of 20% at a mean
of 12 years after metal radial head replacement for unstable
elbow fractures, with removal having no correlation to
outcome. The exact cause for the variable rates in the lit-
erature is unclear, but we would suggest this is likely
multifactorial with important factors including surgeon
preference, patient and injury characteristics, the type of
prostheses used, and most importantly the length of fol-
lowup. We found the most common cause for revision or
removal of the prosthesis was persistent stiffness, followed
by unexplained and prosthetic loosening, which is consis-
tent with other studies [3, 40, 43]. Persistent pain can be
associated with radiographic loosening [31, 43], although
our study, along with others, found this to affect a small
number of patients when the prostheses are intentionally
loose [13, 37]. Other noted complications associated with
removal of the prosthesis include neuritis, deep infection,
or persistent instability (subluxation/dislocation), which
were all observed in our series [7, 13, 18, 19, 26].

To our knowledge, this is the first study to identify
independent factors associated with prosthesis revision or
removal. One study reported that a delay in surgery after
injury (> 1 week) was associated with a reduced ROM and
associated complications [43]. Interestingly, we found that
younger patients were more likely to require further sur-
gery for removal or revision. We would suggest that the
threshold for progressing to implant removal and further
surgery for stiffness is likely reduced in younger patients
with higher functional demands. Younger patients should
be counseled regarding the increased risk of further surgery
being required. Silicone was the first radial head prosthetic
replacement to be marketed but has since been found to be
associated with fragmentation and destructive synovitis
[17, 28, 30, 34, 41, 42, 44]. These studies are consistent
with our findings that demonstrated silicone implants were
associated with an increased rate of complications leading
to an increased rate of removal or revision.

Our reported short-term outcome scores and ROM are
similar to those of previous studies [13, 18, 19, 29], with an
overall satisfactory outcome reported after the use of a
loose metallic radial head spacer. Grewal et al. [18]
reported mean elbow flexion of 138° and elbow extension
of 25° at 2 years postinjury, with a large majority of this
recovery occurring within the first 6 months after injury.
We found that almost 2 of the patients in our series had a
poor or fair short-term outcome, which is probably related
to the short followup and the overall severity of these
injuries [43]. Harrington et al. [19] found that 80% of
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patients had attained an excellent or good outcome at a
mean of 12 years after injury. This would suggest that
patients can expect ongoing improvement even several
years after their injury.

To our knowledge, this is the largest reported series in
the literature documenting the rate and risk factors asso-
ciated with revision or removal of radial head replacement
for acute complex unstable fractures of the radial head. We
documented a satisfactory short-term functional outcome
despite the severity of these injuries; however, there was a
high rate of removal or revision of radial head replace-
ments, especially in younger patients and those with silastic
implants. Our data allow younger patients to be counseled
regarding the increased risk of requiring further surgery
after radial head replacement. We are unable to comment
on the long-term functional and radiographic outcomes of
these injuries, including patient-reported outcomes and the
rate of osteoarthritis, and this should be an area of future
research.
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