
INTRODUCTION 

Recent trends and studies have suggested that radial head arthro-
plasty is a preferred option in treatment of comminuted radial 
head fractures not amenable to open reduction and internal fixa-
tion, and that it is superior to radial head resection [1]. When de-
ciding arthroplasty options, surgeons may select monopolar or bi-
polar radial head arthroplasty. The polarity of this implant has 
emerged as an area of controversy [1-3], and there is currently little 
clarity as to which type may be superior. A monopolar radial head 
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maining 33 articles were qualitatively and quantitatively reviewed.
Results: In total, 33 populations were identified, with 809 unduplicated patients: 565 with monopolar and 244 with bipolar implants. In 
these respective patients, the mean follow-up was 40.2 and 56.9 months. Average Mayo Elbow Performance Score were 86.7 and 87.4 
(P=0.80), respectively; average Disability of the Arm, Shoulder, and Hand scores were 17.9 and 14.7 (P=0.47), and average final flexion/ex-
tension arcs were 119.4° and 118.7° (P=0.48). Revision rates were 4.07% and 6.56%, while complication rates were 19.65% and 20.08% in 
the respective monopolar and bipolar patients. These increased relative risks associated with bipolar implants were not significant.
Conclusions: Radial head implant polarity does not appear to affect functional outcomes. While bipolar prosthetic design may increase the 
risks of revision and complications, the increases were not significant.
Level of evidence: IV.
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prosthesis is fixed between the head and the neck, while bipolar 
implants contain an articulating head/neck segment that permits 
greater biomechanical freedom. Both monopolar and bipolar im-
plants have demonstrated the ability to restore valgus stability to 
the elbow in several biomechanical and clinical studies [2-5]. 

Bipolar radial head prostheses were first introduced by Judet in 
1988, serving as an alternative to the original monopolar design 
[2-3,6]. Bipolar implants allow increased motion of the prosthet-
ic radial head, theoretically enabling a more congruent associa-
tion of the radiocapitellar joint. In addition, the increased articu-
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lation of the head has been proposed to decrease stress at the im-
plant-bone interface [4,7]. However, several complications have 
been noted with bipolar designs, including aseptic loosening and, 
importantly, radiocapitellar instability [6,8-10]. A bipolar articu-
lation may also lead to polyethylene or other mechanical wear 
between the head and neck of the prosthesis. Specifically, con-
flicting data have been found in bipolar implant use in patients 
with elbow dislocation [1]. 

The purpose of this meta-analysis is to evaluate differences in 
functional and clinical outcomes between patients receiving mo-
nopolar or bipolar radial head prosthetic implants. We hypothe-
sized that patients who undergo radial head arthroplasty with a 
monopolar prosthesis would have significantly fewer complica-
tions, loosening, and instability events related to the articulating 
prosthesis irrespective of indication. 

METHODS 

A systematic review was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines. Three authors conducted the search 
independently using PubMed, Embase, and Medline databases. 
The electronic search citation algorithm used was: (radial head) 
AND (arthroplasty) NOT (shoulder) NOT (knee) NOT (hip). 
Inclusion demanded full-text studies, written in English, with 
level I-IV evidence. All references were cross- referenced to en-
sure they had already been reviewed. The search resulted in 65 
articles with no duplicates (43 PubMed, 22 Embase). Twelve 
studies were excluded as they were not in English or full text, and 
an additional 20 populations were excluded due to lack of appro-
priate data; some studies had duplicate data sets, others lacked 
the standard 24 months of mean follow-up, and others did not 
explicitly identify specific implant design (monopolar or bipo-
lar). This left 33 studies to be included in this review. 

All populations underwent radial head arthroplasty for a vari-
ety of indications. There were no requirements for rehabilitation 
for studies to be included. Populations were separated into mo-
nopolar and bipolar groups for further analysis. The variables 
collected from each study were year of publication, country, level 
of evidence, study design, inclusion period, number of patients, 
number of patients lost to follow-up, mean follow-up, mean age, 
numbers of men and women included, indication for surgery, 
type of fixation, material type used, modularity, number of revi-
sions, revision rate, complications, and complication rate, as well 
as well-validated outcome measurements. These validated out-
come measurements were the Mayo Elbow Performance Score 
(MEPS), the Disability of the Arm, Shoulder, and Hand (DASH) 

score, and the mean Flexion/Extension arc. 
Continuous variables—MEPS, DASH score, and flexion/exten-

sion arc—were reported as standardized mean differences when 
available. Dichotomous variables—revision and complication 
rates—were reported using risk ratios. With the high degree of 
heterogeneity among the data sets used, a random effects model 
was used. We assigned statistical significance to P-value < 0.05.  

RESULTS 

A total of 809 patients (monopolar = 565, bipolar = 244) was 
identified in the 33 populations. Mean follow-up was 45.8 
months (monopolar = 40.2, bipolar = 56.9). Most populations 
(54.5%) reported “fractures” as the indication for radial head ar-
throplasty. Most studied populations were retrospective (87.8%) 
(Tables 1 and 2) [8,10-39]. 

Outcomes were described using the following validated met-
rics: DASH score, MEPS, and flexion-extension arcs (Table 3). 
MEPS was reported by 84.8% of the 33 populations (monopo-
lar = 86.3%, bipolar = 81.8%). The total combined average of the 
MEPS was 86.9, and no statistically significant difference was 
found between the groups (monopolar = 86.7, bipolar = 87.4; 95% 
CI, –5.0 to 3.5; P = 0.80). The DASH score was reported by fewer 
populations, in only 45.4% (monopolar= 45.5%, bipolar= 45.4%). 
There was no overall mean statistical difference reported be-
tween the two groups (overall = 16.8, monopolar = 17.9, bipo-
lar = 14.7; 95% CI, –3.8 to 10.2; P = 0.47). All but three popula-
tions reported mean flexion-extension arc (overall = 87.9%, mo-
nopolar = 86.4%, bipolar = 90.9%). No statistical difference in 
ROM arc was reported among the groups (overall = 119.1, mo-
nopolar = 119.4°, bipolar = 118.7°; 95% CI, –8.5 to 9.8; P = 0.48). 

In addition to these functional metrics, revision rates and com-
plications were also calculated (Table 3). An overall revision rate 
of 4.82% was found, with a monopolar rate of 4.07% and bipolar 
rate of 6.56%. While a 61% increased risk for revision was associ-
ated with bipolar implants, this increase was not significant (rela-
tive rate [RR]: monopolar = 0.76, bipolar = 1.31; 95% CI, 0.86 to 
9.8; P = 0.13). The complication rate of the combined populations 
was 19.78% (monopolar = 19.65%, bipolar = 20.08%), with a 2% 
not significantly increased risk with bipolar implants (RR mo-
nopolar = 0.98, bipolar = 1.02; 95% CI, 0.76 to 1.38; P = 0.89). The 
most frequently reported complications of monopolar implants 
were ulnar nerve palsies, followed by stiffness and wound infec-
tion. For bipolar implants, the most commonly reported compli-
cations were ulnar nerve palsies, followed by heterotopic ossifica-
tion and stiffness. 
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Table 3. Cohort comparisons in regards to functional and clinical 
outcomes

Variable Monopolar Bipolar 95% CI P-value
Follow-up (mo) 40.2± 16.2 56.9± 27.0 - -
MEPS 86.7± 5.8 87.4± 4.6 –5.0 to 3.5 0.801
DASH score 17.9± 6.0 14.7± 5.5 –3.8 to 10.2 0.472
Flexion/extension 

arc (°)
119.4± 13.2 118.7± 10.5 –8.5 to 9.8 0.477

Revision rate  
(relative risk)

0.62 1.61 0.86 to 2.99 0.132

Complication rate 
(relative risk)

0.98 1.02 0.76 to 1.38 0.886

Values are presented as mean± standard deviation unless otherwise in-
dicated.
CI: confidence interval, MEPS: Mayo Elbow Performance Score, 
DASH: Disability of the Arm, Shoulder, and Hand.

DISCUSSION 

Radial head arthroplasty involves several procedural variables, 
including the design option of using a non-articulating, "mono-" 
or "unipolar" implant versus a jointed, “bipolar” implant. While 
some studies support bipolar prostheses [2,4,10,36], citing their 
more congruent, dynamic capitellar articulation, others report 
their heightened incidence of unique complications and subopti-
mal performance compared to monopolar [2,3,6,40-42]. The 
purpose of this study was to determine if any significant advan-
tage is offered by either implant in terms of functional outcomes, 
revision, and complications. Our data suggest that there is not. 

Several investigations support the apparent clinical equivalen-
cy of monopolar and bipolar prosthetic design. Rotini et al. [5] 
noted no differential superiority when comparing results func-
tionally, clinically, and radiographically at 2 years of follow-up. 
Berschback et al. [19] found no significant difference in terms of 
motion, strength, pain, and functional outcome. Others 
[7,8,10,35,36] have noted satisfactory to promising outcomes in 
consistent case series of bipolar RHA prostheses over 2- to 9-year 
follow-up. Notably, Sershon et al. [43] have recently reported 16 
bipolar arthroplasty cases with excellent 10-year results in terms 
of functional outcomes, range of motion, stability, and implant 
survivability. 

However, some cadaveric investigations suggest challenges 
with the performance of bipolar articulation at the radiocapitellar 
joint. For example, Moon et al. [6] suggest a bipolar implant’s 
propensity for dislocation by demonstrating their lower force re-
quirement before posterior subluxation compared to both mo-
nopolar prostheses and anatomic radial heads. These results cor-
relate with those of Chanlalit [41,42], although their specimens 
were compromised by significant soft tissue dissection. Given 

these biomechanical findings, many surgeons are concerned 
about radiocapitellar instability and potential dislocation as a 
unique complication of the bipolar design [2]. The quality of lat-
eral collateral ligament repair and soft tissue balancing is difficult 
to control in clinical studies. As a result, this point is a distinct 
limitation when attempting to differentiate superiority of one po-
larity design over another.  

While indications for radial head arthroplasty may play a role 
in implant outcomes, a study from Antoni et al. [1] that investi-
gated polarity in the setting of fracture dislocations found no dif-
ferences in outcomes between those with terrible triad injuries, 
Monteggia type injuries, transolecranon dislocations, and diver-
gent dislocations. They found no differences at over two years of 
follow-up of 18 patients treated with bipolar implants and 40 
with monopolar implants for stability, complications, revision 
rates, range of motion, MEPS, and radiographic parameters. 
Their findings are similar to those of this study, further support-
ing some role of indications such as concurrent dislocation. They 
did observe a correlation between high implant positioning and 
postoperative instability (P = 0.022) as well as the need for revi-
sion surgery (P = 0.021) in both groups, suggesting that surgical 
technique may be the most important factor when addressing in-
juries. Our data support this, indicating that surgeon familiarity 
should be the deciding factor in the absence of observed implant 
outcome differences. 

Limitations do exist in this study. Publication bias may have 
been introduced by using English-only, full-text articles. Selec-
tion bias may exist as some studies may have been unintentional-
ly omitted during article collection. Heterogeneity in data report-
ing, technique, indications, and follow-up inevitably skews statis-
tical calculations. Specifically, as several implant designs limit 
variability in fixation technique, polarity, and component materi-
al, these variables may inherently confound one another. 

CONCLUSIONS 

In conclusion, our meta-analysis did not demonstrate significant 
differences in functional outcomes, complication rates, and revi-
sion rates between monopolar and bipolar radial head arthro-
plasty irrespective of indication. A multicenter prospective con-
trol trial is needed to conclude if there are true differences be-
tween these implant types. 
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