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Abstract
Purpose  The purpose of this study was to compare clinical and radiographic outcomes of bipolar and monopolar radial head 
arthroplasty in treatment of radial head fracture at a mean follow-up of 6 years.
Methods  A retrospective multicentre cohort study of 30 patients treated for unreconstructable radial head fractures. Patients 
were treated either with a cemented bipolar or an uncemented monopolar radial head arthroplasty. All patients included were 
evaluated with patient-rated outcome questionnaire, physical examination, and radiographic evaluation at a mean of 6 years 
(range, 2–12 years) postoperatively.
Results  There was no statistical difference in QuickDASH between the bipolar or monopolar groups. The majority of patients 
had no to little pain during rest. Neither flexion nor extension of the injured arm was significantly affected by the type of 
prosthesis. None of the patients in the bipolar group had any secondary surgery at the time of follow-up. In the monopolar 
group, four patients required removal of the arthroplasty. Signs of ulnohumeral degenerative changes were seen in the major-
ity of patients in both groups (55% in the monopolar group, 92% in the bipolar group).
Conclusion  In this retrospective cohort study comparing a bipolar and a monopolar radial head arthroplasty for treatment 
of radial head fractures, we found comparable functional outcome but more revision procedures in the monopolar group at 
a mean follow-up of 6 years.

Keywords  Radial head prosthesis · Radial head arthroplasty · Radial head fracture · Mason classification · Elbow fracture · 
Terrible triad · Elbow surgery

Introduction

Fractures of the radial head are among the most common 
fractures of the elbow and represent one-third of all elbow 
fractures [1]. Radial head arthroplasty (RHA) is used for 
unreconstructable Mason III or IV fractures of the radial 

head and for chronic lesions including pseudarthrosis, 
malunion, post-traumatic osteoarthritis, and patients with 
symptomatic instability after radial head resection [1]. Unre-
constructable radial head fractures treated with radial head 
resection can often result in progressive valgus instability, 
potential radial migration, secondary ulnocarpal injury and 
may be potentiated with the addition of altered elbow biome-
chanics resulting in degenerative osteoarthritis [2–4]. RHA 
is an alternative when osteosynthesis is futile and also allows 
for maintenance of the stability of the elbow joint [1, 5].Cur-
rently there is a broad range of radial head arthroplasties on 
the market. Implants can be classified according to polarity, 
either unipolar or bipolar, smooth-stemmed or in-growth and 
with or without an anatomical stem [Fig. 1].

There are few studies in the literature comparing pros-
thesis polarity [6, 7]. A systematic review, involving 
mostly observational studies of a single prosthetic design, 
showed satisfactory clinical outcomes [8]. There is limited 
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information in the literature concerning the outcomes com-
paring the functional results of different designs of RHA, 
due to small sample sizes and the heterogenous injuries 
as indications for surgery. At present, it is still unknown 
whether a unipolar or bipolar prosthesis is preferable in the 
treatment of complex caput radii fractures. The aim of this 
study was to evaluate clinical and radiological differences 
between patients treated with either a monopolar or bipolar 
RHA.

Materials and methods

Study setting and patients

Study setting

This retrospective cohort study was performed between 2004 
and 2014 at Sundsvall teaching hospital and Umeå Univer-
sity hospital, Sweden. Sundsvall teaching hospital provides 
medical care to a catchment area of approximately 160,000 
inhabitants and Umeå University hospital is a level 3 trauma 
referral centre with a catchment area of 900,000 inhabitants.

Patients

The operative database was reviewed to identify all patients 
who were operated on between 2004 and 2014 with RHA 
for an acute or sequelae due to a caput radii fracture. Patients 
were treated either with an uncemented monopolar [Explor, 
Biomet, USA] or a bipolar modular cemented smooth-
stemmed radial head implant [RHS, Tornier, France]. 

Exclusion criteria were patients with dementia, neurological 
deficit, patients who do not give their informed consent and 
ongoing drug abuse. 27 patients agreed out of 30 patients, 
to participate and gave their informed consent: 13 patients 
who received a bipolar prosthesis in Umeå and 14 patients 
in Sundsvall who received a monopolar prosthesis.

Data collection

Using the Swedish personal identification number, we col-
lected data retrospectively by a combination of a search of 
our in-hospital medical records and follow-up visits. All 
patients were followedup until 2016 or until death by a 
search in the medical database with a minimum follow-up of 
24 months. We collected patient data including demographic 
and baseline data, indication for radial head arthroplasty, 
age, sex, type of arthroplasty [unipolar or bipolar], date of 
surgery and secondary surgery. Preoperative radiographs 
were collected and used to classify radial head fractures 
according to the Mason-Johnston classification system [9].

Implant and surgery

Primary surgery was performed by two consultant ortho-
pedic surgeons, one at Sundsvall teaching hospital and one 
at Umeå university hospital. Prophylactic antibiotics were 
administered 30 min preoperatively. Either a posterior or 
a lateral surgical approach to the elbow was performed. 
The radial head was exposed through a split in the extensor 
tendon origin or through the Kocher interval. The proxi-
mal radius was then prepared and inserted according to the 
implant product guide. Associated elbow injuries including 

Fig. 1   Today there is a broad range of radial head arthroplasties on the market; the implant can be classified according to polarity, either unipolar 
(a) or bipolar (b)
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fractures of the coronoid process, olecranon process, and 
ulnar shaft, and disruptions of the medial collateral ligament 
complex and distal triceps tendon were repaired at the pref-
erence of the treating surgeon. A long-arm [above elbow] 
splint was applied postoperatively and controlled motion 
exercises were initiated at 7 to 14 days.

Outcome variables

The primary outcome was QuickDASH, an abbreviated 
version of the Disabilities of the Arm, Shoulder and Hand 
(DASH) questionnaire [10], for evaluation of upper extrem-
ity disability. Secondary outcome measurements of elbow 
pain, at rest and during activity, were assessed by Visual 
Analogue Scales (VAS), measured with a 10-degree scale (0 
represents no pain and 10 the worst pain imaginable) [11]. 
Range of motion (ROM) including flexion, extension, prona-
tion and supination of the injured and uninjured elbow were 
obtained at follow-up visits using a goniometer. Secondary 
revision surgery was reported by patients at follow-up and 
by a search in the medical records.

Radiographic evaluation

Postoperative follow-up radiographs were taken with anter-
oposterior and lateral views with the forearm in neutral 
rotation. Radiographs were evaluated with regard to ulno-
humeral degenerative changes and periprosthetic lucencies 
around the stem. Two independent observers evaluated clini-
cal and radiological outcome of the entire cohort.

Statistical analysis

The Student’s t test was used for normally distributed data. 
The Chi square test was used to compare baseline data and 
ROM between groups. For the clinical outcome, Quick-
DASH, we used a generalized regression analysis to detect 
differences between groups and confounders such as the 
cause of injury, age and sex were included in the analysis. 
P values less than 0.05 were considered significant. SPSS 
version 22.0 was used for statistical analysis.

Ethics and registration

The study was conducted in accordance with the ethical 
principles of the Helsinki Declaration and was approved by 
the Ethics Committee of Umeå University (entry number 
2016-508-31M).

The study was registered at clinicaltrials.gov (identifier: 
NCT03379935).

Results

Patient characteristics

The mean follow-up time was 6 [range 2–12] years after 
surgery. The mean age at surgery was similar between the 
groups (bipolar 52, range 20–60 years versus monopo-
lar 45, range 24–69 years, p = 0.2). Low-energy trauma 
was the most common cause of injury in both groups. 
There was no difference in type of radial head fractures 
(p = 0.3). Most patients suffered type III and type IV 
injuries (Tables 1, 2, 3). One patient who had a Mason 
type II was initially treated non-surgically, but developed 
pseudarthrosis 1 year later. The patient was treated with 
monopolar RHA because of residual pain and instability.

Primary end‑point

There was no statistical difference in QuickDASH between 
the bipolar and monopolar groups (Table Table 4). Using 
a generalized linear regression model, we did not find 
any statistical difference in Quick DASH between the 
two groups when adjusting QuickDASH for the following 
confounders: cause of injury, dominant or non-dominant 
hand and sex (Table 5).

Table 1   A Study population characteristics

Continuous variables are presented with mean and standard deviation

Bipolar group
No. 13

Monopolar group
No. 14

Sig.

Age 47 (± 13) 52 (± 15) 0.5
 Sex 0.2
  Male 3 (23%) 7 (50%)
  Female 10 (77%) 7 (50%)

 Side 0.3
  Dominant hand 4 (31%) 7 (50%)
  Non-dominant hand 9 (69%) 7 (50%)

 Cause of injury 0.9
  High-energy trauma 4 (27%) 4 (29%)
  Low-energy trauma 9 (73%) 10 (71%)

 Mason 0.3
  I 0 0
  II 0 1 (7%)
  III 9 (69%) 6 (50%)
  IV 4 (31%) 7 (50%)
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Table 2   Monopolar prosthesis, baseline data, lesions and associated injuries

TTS time to surgery

Case Age, gender, dominant/non-dominant Mason classification, concurrent injury Cause of trauma, age at injury, TTS Follow-up time

1 41, female, dominant IV Low-energy trauma, 30 years, 10 days 11 years
2 70, female, dominant II, collum radii fracture, pseudoarthro-

sis
Low-energy trauma 60 years, 

11 months
11 years

3 45, male, non-dominant IV, coronoid fracture Low-energy trauma, 33 years, 
24 months

10 years

4 74, female, non-dominant IV, coronoid fracture Low-energy trauma, 63 years, 1 week 10 years
5 72, male, non-dominant IV, monteggia-like lesion High-energy trauma, 65 years, 3 days 8 years
6 68, female, dominant IV, coronoid fracture Low-energy trauma, 60 years, 1 week 7 years
7 60, male, dominant III, olecranon fracture High-energy trauma, 50 years, 1 week 7 years
8 76, female, non-dominant III, monteggia fracture Low-energy trauma, 69 years, 1 week 7 years
9 46, female, non-dominant IV, pseudarthrosis after plate osteosyn-

thesis
High-energy trauma, 39 years, 

20 months
4 years

10 72, female, non-dominant IV Low-energy trauma, 67 years, 2 days 4 years
11 47, male, non-dominant III, humeral epicondyles avulusion 

fracture, olecranon fracture
High-energy trauma, 44 years, 

11 months
3 years

12 63, male, dominant III, coronoid fracture and comminut 
proximal ulna fracture

Low-energy trauma, 60 years, 2 days 2.5 years

13 28, male, dominant III, coronoid fracture Low-energy trauma, 24 years, 1 days 2.5 years
14 63, male, dominant III Low-energy trauma, 61 years, 8 days 2 years

Table 3   Bipolar prosthesis, baseline data, lesions and associated injuries

TTS time to surgery

Case Age, gender, dominant/non-dominant Mason classification, concurrent injury. Cause of trauma, age at injury, TTS Follow-up time

1 71, male, dominant III High-energy trauma, 58 years, 17 days 12 years
2 68, female, non-dominant IV, posttraumatic arthrosis Low-energy trauma, 60 years, 

24 months
5 years

3 67, female, non-dominant IV, instability post caput resection High-energy trauma, 58 years, 
13 months

7 years

4 64, female, non-dominant III, posttraumatic arthrosis Low-energy trauma, 26 years, 
36 months

2 years

5 64, female, non-dominant III, instability post caput resection Low-energy trauma, 53 years, 
14 months

9 years

6 61, female, non-dominant IV Low-energy trauma, 55 years, 
15 months

4 years

7 58, female, dominant III, pseudoarthrosis after plate osteo-
synthesis

Low-energy trauma, 48 years, 
13 months

8 years

8 54, female, non-dominant IV, coronoid fracture Low-energy trauma, 52 years, 9 days 2 years
9 52, male, non-dominant III, posttraumatic arthrosis Low-energy trauma, 38 years, 11 years 2 years
10 51, female, dominant III, instability post caput resection Low-energy trauma, 30 years, 14 years 5 years
11 46, male, non-dominant III, Essex-Lopresti injury High-energy trauma, 41 y, 5 m 4 years
12 30, female, dominant III High-energy trauma, 20 years, 9 days 9 years
13 54, female, non-dominant III, prosthesis extraction due to stiff 

elbow
Low-energy trauma, 43 years, 

35 months
8 years
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Secondary end‑points

Pain

There was no significant difference in pain between the 
groups (Table 4). The majority of patients had no or lit-
tle pain during rest. When adjusting VAS at rest and VAS 
during activity to type of implant and confounders such as 
dominant or non-dominant hand and sex there were no sta-
tistical differences. VAS during rest was significantly higher 
in those suffering a high-energy trauma compared to low-
energy trauma (p = 0.001) (Table 6).

Range of motion

Neither flexion nor extension of the injured arm was signifi-
cantly affected by the type of prosthesis. The mean forearm 
pronation of unaffected and affected arm and supination of 
the injured arm in the monopolar group were significantly 
(p = 0.01) restricted (Table 6).

Secondary surgery

None of the patients in the bipolar group had any secondary 
surgery at the time of follow-up. In the monopolar group, 
four patients (29%) required removal of the arthroplasty. One 
patient had his implant removed after 9 years due to aseptic 
loosening. Of the remaining three patients, two had their 
prosthesis removed after 7 months and 17 months due to 
extension deficit and persistent pain and the third one after 
3 months due to infection.

Radiographs

Periprosthetic radiolucency was seen in 25% of the bipo-
lar group and 44% of the monopolar group (Fig. 2). In the 
bipolar group, two patients had a prosthesis that was con-
sidered loose after 8 and 7 years. However, these patients 
were not revised due to good functional outcome. Signs of 
ulnohumeral degenerative changes were seen in all patients 
except one patient in the bipolar group (92%) and in a major-
ity in the monopolar group (55%).

Discussion

In this retrospective cohort study comparing a bipolar and 
a monopolar radial head arthroplasty for treatment of radial 
head fractures, we found comparable functional outcome 
but more revision procedures in the monopolar group at a 
mean of 6 years follow-up. Despite radiographic evidence 
of radiolucency around the stem, most patients had favour-
able clinical outcomes. None of the bipolar and 4 of the 14 
monopolar implants had been revised at the time of final 
follow-up.

The patient-reported outcome scores (QuickDASH) in 
the current study are comparable with those reported in 
previous studies [12, 13]. We found no significant statisti-
cal difference between the two groups or when adjusting 
for type of trauma, sex and age. The arc of motion of the 
traumatized elbow was restricted in comparison to that of 
the unaffected elbow. The measured arc of motion is within 
the ranges described for both activities of daily living and 
contemporary tasks [14].

Reports during the past decade have indicated that 
monopolar implants are preferable to bipolar implants in 

Table 4   Difference in outcome variables, presented with mean and 
standard deviation, between the two groups

Bold values indicate statistical significance
I injured, U uninjured, VAS 1 pain at rest, VAS 2 pain during activity

Bipolar Monopolar Sig.

Extension I 18 (± 8) 17 (± 13) 0.9
Flexion I 129 (± 5) 125 (± 14) 0.4
Extension U 2 (± 2) − 3 (± 5) 0.04
Flexion U 139 (± 5) 137 (± 4) 0.3
Pronation I 86 (± 5) 58 (± 14) 0.001
Pronation U 90(± 0) 74 (± 9) 0.001
Supination I 88 (± 4) 71 (± 14) 0.001
Supination U 90 (± 0) 85 (± 9) 0.2
QuickDASH 27 (± 15) 26 (± 27) 1
VAS 1 1 (± 2) 2 (± 2) 0.3
VAS 2 6 (± 3) 4 (± 3) 0.2

Table 5   Difference in patient reported outcome as measured by 
Quick DASH

Generalized linear model regression including adjusted variables for 
Quick DASH with 95% confidence interval (95% CI). Estimated mar-
ginal means (EM) are included

Variable Quick DASH

EM Coef 95% CI

Prosthesis
 Monopolar 29 1
 Bipolar 30 1 0.5–2 (p = 1)

Cause of injury
 Low-energy trauma 25 1
 High-energy trauma 36 1.4 0.7–2.9 (p = 0.3)

Side
 Non-dominant hand 28 1
 Dominant hand 31 1.1 0.6–2.2 (p = 0.8)

Sex
 Female 34 1
 Male 26 0.8 0.4–1.9 (p = 0.5)
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patients with associated ligamentous injury due to superior 
radiocapitellar stability [15, 16]. In the present study, the 
selection of arthroplasty for each patient did not depend on 
the integrity of the soft tissues.

A literature search revealed two comparative clinical 
studies by Berschback et al. [6] with a mean follow-up of 
33 months, and Rotini et al. [7] with a mean follow-up of 
24 months; the number of patients per study were 27 and 
30, respectively. Both Berschback et al. and Rotini et al. 
found acceptable clinical and radiological outcomes and no 
significant difference between implants in both short- and 
mid-term postoperative follow-up. These findings appear to 
contradict a biomechanical study suggesting that a monopo-
lar prosthesis is superior to a bipolar prosthesis for elbow 
stability [17]. Berschback et al. [6] found a restricted prona-
tion in the bipolar group that was statistically significant, 
possibly explained by the different measuring technique 
between observers. The majority of patients had no or little 
pain at rest. During activity, patients reported higher VAS 
scores in both groups.

Laumonerie et al. [18] recently presented a high rate of 
secondary surgery (41%) in a series of 70 patients with a 
bipolar prosthesis with a mean follow-up of 16 months; the 
prosthesis was removed in 18 patients and retained in 11 
patients. Heijink et al. [8] present a lower incidence of revi-
sion in their systematic review, with a rate of revision rang-
ing from 0 to 29% among studies, with an overall revision 
of 8%. In our study, four prostheses (14%) were removed. 
This revision rate agrees with previously published reports 
[8]. None of the patients in the bipolar group had secondary 
surgery. In a 4-year follow-up case series of 37 patients with 
a press-fit monopolar implant, Flinkkilä et al. [19] reported 
an implant removal rate of 24%. In a study of a cemented 

Table 6   Difference in pain as 
measured by VAS between the 
two groups

Generalized linear model regression including adjusted variables for VAS during rest and VAS during 
activity with 95% confidence interval (95% CI). Estimated marginal means (EM) for each covariate are 
included

Variable EM VAS during rest VAS during activity

Coef 95% CI EM Coef 95% CI

Prosthesis
 Monopolar 3 1 4.3 1
 Bipolar 5.7 1.9 1–3.8 (p = 0.6) 5.1 1.2 0.6–2.2 (p = 0.6)

Cause of injury
 Low-energy trauma 2.2 1 4.9 1
 High-energy truama 7.6 3.4 1.6–7.4 (p = 0.00) 4.4 0.9 0.4–2.1 (p = 0.8)

Side
 Non-dominant hand 4 1 4.7 1
 Dominant hand 4.2 0.9 0.6–2 (p = 1) 4.6 1 0.5–1.9 (p = 1)

Sex
 Female 4.3 1 5.3 1
 Male 3.9 0.8 0.4–1.9 (p = 0.8) 4.1 0.8 0.4–1.6 (p = 0.8)

Fig. 2   Periprosthetic radiolucency were seen in 25% in the bipolar 
group (a) and 44% of the monopolar group (b)
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bipolar implant at 8-year follow-up, 37 patients had evidence 
of progressive osteolysis but none had required removal of 
the implant [20]. Most patients had minimal pain until the 
osteolysis became severe; however, the authors advised cau-
tion in using cemented bipolar implants.

Generalized arthritic changes were commonly observed. 
Signs of ulnohumeral degenerative changes were seen in 
all patients except one in the bipolar group (92%) and in a 
majority in the monopolar group (55%). These high rates 
of degenerative changes are in concordance with previous 
reports in the literature [6, 12, 18]. The interobserver vari-
ations may contribute to the differences in the incidence of 
degenerative changes reported in the literature. Progression 
of degenerative changes in the elbow is likely to develop in 
relation to the original injury and the altered radiocapitellar 
biomechanics [21, 22]. Over lengthening of the radiocapi-
tellar joint has been linked to early development of degen-
erative changes, capitellar erosions, pain and loss of elbow 
flexion [23].

Radiolucency and osteolysis around the implants is a 
common finding, the incidence ranging widely in the lit-
erature [8, 18–20]. We found a relatively low incidence 
of radiolucency. One patient in the monopolar group was 
revised due to loosening. Two patients in the bipolar group 
had asymptomatic signs of loosening but were not revised 
due to good functional outcome. As reported in the review 
by Heijink et al. [8] most cases of the commonly encoun-
tered radiolucency and osteolysis seem to be asymptomatic. 
There is insufficient evidence in the literature to determine 
if radiolucency affects long-term outcome.

We found a much lower rate of arthrosis in the monopolar 
group (55%) in comparison to the bipolar group (92%) but 
a higher rate of aseptic loosening (44%) in the monopolar 
group (55%) in comparison to the bipolar group (92%). One 
explanation as to why the bipolar group had lower radio-
lucency is the freedom of movement of the articulating 
component of the bipolar prosthesis on the intramedullary 
component. This may reduce stress at the implant-bone and 
bone–cement interfaces during forearm rotations [8]. High 
arthrosis in the bipolar group depends on more severe type 
of injury which usually are operated by a tertiary centre and 
also longer time to surgery which is also shown in the lit-
erature [3, 6, 7].

Failure of monopolar prosthetic radial heads can theo-
retically occur by a number of mechanisms. Ingrowth of a 
cementless radial head stem relies on minimising micromo-
tion between the prosthesis and bone. Excess micromotion 
impairs osseous interdigitating and results in fibrous tissue 
formation which can be the explanation for aseptic loosening 
in the monopolar group [15].

The strengths of our study include a consecutive series 
of patients with radial head fracture treated with two differ-
ent implants. The Swedish personal identification number 

enabled us to find complications and reoperations to increase 
the completeness of data.

The limitations of this study relate to its retrospective 
design and sample size. The small sample size did not allow 
us to find a statistically significant difference in outcome 
between the different designs. However, we had a similar 
sample size to the other two comparative studies [9, 10].

Conclusion

In this retrospective cohort study comparing a bipolar and 
a monopolar RHA for treatment of radial head fractures, 
we found comparable functional outcome but more revision 
procedures in the monopolar group at a mean follow-up 
of 6 years. Further studies with a larger sample size, long-
term follow-up and randomized clinical trials are neces-
sary to assess clinical and radiographic differences between 
implants.
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