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1. Abstract
1.1. Introduction
The treatment of proximal radial head fractures is to recreate and 
restore articular stability of the elbow joint. There are various op-
tions of radial head prosthesis when native bone is not salvageable. 
We report our findings of a retrospective clinical and radiological 
analysis of patients who underwent bipolar modular radial head 
prosthesis.
1.2. Materials and Methods
We included all patients who underwent bipolar modular anatom-
ic radial head prosthesis from August 2009 to September 2016, 
following an unstable elbow fracture associated with radial head 
fracture (Mason III, IV). The patients were radiographically eval-
uated considering radiolucency, heterotopic ossification and osteo-
arthritis, and clinically with the Mayo Elbow Performance Index 
(MEPI) and Quick Dash scores with a minimum follow-up of 15 
months.
This investigation was approved by the IRB of the Authors affili-
ated institutions.
1.3. Results
Our study population included nine patients (three males, six fe-
males) with patient demographics resulting homogenous, a mean 

age of 53.8 years and mean follow-up period of 62 months. At the 
end of the observational period no revisions were necessary and 
the clinical outcomes based on MEPI were optimal.  Radiographi-
cally, two patients (33%) developed bone reabsorption at the level 
of the radial prosthesis neck, while remaining clinically asymp-
tomatic. Four patients (67%) developed heterotopic ossification 
and five (83%) a diffuse osteoarthritis.
1.4. Conclusions
Prosthetic replacement represents the treatment of choice for ra-
dial fractures that are not salvageable and have an associated un-
stable elbow joint injury.  The present study has several limits, 
even though no significant complications were observed. Our ex-
perience demonstrates an excellent survival rate at a medium-long 
term with excellent functional outcomes. The radiographic aspect 
of the reabsorption, at the moment, doesn’t have any clinical com-
plication.
1.5. Level of Evidence: Therapeutic Level III.
2. Introduction
Over the last few decades, the use of radial head replacement has 
become the treatment of choice for radial head fractures that are 
not salvageable through osteosynthesis and when there is joint in-
stability [1-6].
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The radial head is a secondary stabiliser and when the primary 
stabilisers are torn, it assumes a key role for the stability of the 
elbow joint [1-6].
Surgeons can choose among various prosthetic designs, such as 
monopolar vs bipolar, anatomic vs non anatomic, cemented vs 
press-fit. The literature does not demonstrate any evidence of su-
periority when comparing prosthetic types; we have chosen a bi-
polar modular anatomic radial head replacement.
To our knowledge, only one study has described the clinical and 
radiographic outcomes on long term follow-up [7].
The purpose of this study was to evaluate the clinical and radio-
graphic outcomes at a medium and long term follow-up as to date 
it is an under reported cohort.
3. Materials and Methods
Between August 2009 and September 2016 we undertook nine bi-
polar prostheses due to an unstable elbow with a radial head frac-
ture (Mason III and IV).
All patient data is reported in table 1. At the time of follow-up,  
thanks to an informed consent, every patient was aware of the mo-
dality of the study.
Six patients were females (67%) and three males (37%) and the 
average age was 53,8 years (range 37-81 years).
We replaced the native radial head with an anatomic, modular and 
bipolar design, using the “rHead Recon” of Small Ball Innova-
tions.
Eight patients were treated for an acute trauma with a comminuted 
radial head fracture and a dislocation of the elbow reported clin-
ically and on X-ray and in six cases with CT (e-scan 3-D). The 
radial head fractures were classified according to the Mason classi-
fication. The prosthetic implant was applied only when radial head 
repair was no longer feasible.
In the three cases of the “Terrible Triad” fracture (elbow disloca-
tion, a radial head fracture and a coronoid process fracture as re-
ported by Hotchkiss) the coronoid fracture was classified accord-
ing to the O’Driscoll classification.
All cases were treated within 4 days, a part from one case which 
was treated one-month post trauma due to an initially unrecog-
nized postero-lateral instability with recurring elbow dislocation.
The surgical access approach was the Kocher postero-lateral ap-
proach, performed in all nine cases by the same surgeon [DP].
In the case of the prosthesis implant for “Terrible Triad” repair 
(33% of cases), radial head prosthetic implant was undertaken 
with osteosynthesis of the coronoid process using a Herbert screw. 
In one case we reported intraoperative a secondary instability, for 
this reason, we took a two-step approach: initially with the use of a 
cemented stem, and then, at roughly 7 days’ post-op, we performed 
a surgical revision with iliac crest homologous grafting for the cor-

onoid process.
Once we have implanted the prosthetic design, we have evaluated 
intraoperative the elbow stability with a varus-valgus stress test 
under fluoroscopy. In a patient with a risk of stem mobilisation 
reported intraoperative, we have used a biphasic bone substitute 
(Cerament ™) in order to increase prosthetic and therefore joint 
stability.
In eight cases it was necessary to perform the reconstruction of 
the lateral ligament, which was performed using a trans-osseous 
reconstructive suture in 7 patients and a mini-anchorage technique 
in one. The collateral medial ligament was reconstructed in one 
patient, because there was a tendency for dislocation at 30-45° de-
gree in extension.
The elbow joint was immobilized for a week after surgery and then 
the plaster cast was replaced with an articular brace for another 4 
weeks, in order to facilitate early mobilization, rehabilitation and 
avoid articular stiffness.
All patients were re-evaluated one month and one year after the 
surgery. At the time of the final follow-up two patients were lost 
and one patient denied to take part in our study. The mean fol-
low-up was 62 months (range 15-100 months).
We have first evaluated the traumatic mechanism that caused the 
fracture and the presence of pain and/or the feeling of joint insta-
bility. We have used three different rating systems: Mayo Elbow 
Performance Index (MEPI), The disability of the Arm, Shoulder 
and Hand Score (QuickDASH Score) and VAS (pain analogic 
scale). Particularly, we used the scores, asking the patient some 
simple questions, with the purpose of assessing pain, Range of 
Motion (ROM), articular stability and functionality.
The exam was performed following this procedure:

1.	 Clinical examination of the elbow joint, particularly the 
surgery scar; 

2.	 Evaluation of the Rom with a goniometry;
3.	 Evaluation of the articular stability with varus and valgus 

stress-test;
4.	 Photography of the patient in Anterior and Lateral projec-

tion in order to document the Range of Motion.
Then, we required a radiographic evaluation, which was compared 
to the pre- and post-operative images for the evaluation of radio-
graphic complications. The radiographic exam was conducted with 
the arm in neutral position in lateral, oblique and anterior-posterior 
projection. The comparative analysis aimed to point out the most 
frequent radiographic complications, with the purpose of finding 
the radiographic outcomes and verifying a possible clinical cor-
relation:

-	 degenerative arthritis of the joint (Broberg and Morrey 
scale) [8];
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-	 mobilization/subluxation of the implant in the endomed-
ullary canal;

-	 heterotopic bone ossification (Hastings and Graham 
scale) [9];

-	 periprosthetic reabsorption zone (defined by Grewal) 
[10].

4. Results
4.1. Clinical Outcomes
The demographic data and the clinical results are represented in 
the Table 1 and Figure 1. The radial head fractures concerned the 
dominant arm in four patients (67%) and the non-dominant arm in 
two (33%).
No patient had referred pain at the time of the clinical inspection 
(VAS:0). The mean value for the MEPI was 99,2 (range 95-100) 
and the mean value for the QuickDASH score was 8,42 (range 
0-25) (Figure 1).
The outcomes (Figure 1) obtained according to the MEPI were 
excellent in 100% of the cases, the QuickDASH score has pointed 
out an absence of disability in two patients, and a minimum dis-

ability for the remaining four cases.
The ROM of the upper arm compared to the contralateral was 
decreased regarding the extension-flexion (125° (range 102-167) 
vs. 146° (range 122-170)), pronation (70° (range 31°-86°) vs. 84° 
(range 78°-89°)), supination (74° (range 55°/87°) vs. 85° (range 
78-90)) and the pronation-supination (144° (range 86°-173°) vs 
169° (range 163°-174°)). None of the patients complained of in-
stability at the time of the follow-up interval of 6 and 12 months.
4.2. Radiographic Outcomes
The outcomes are listed in the Figure 2.
A significant reabsorption of the neck prosthesis was seen on 
X-ray evaluation in two patients (33%), zone 1 and 7 defined from 
Grewal, and was totally asymptomatic [10].
Heterotopic ossification was observed in four patients (67%), three 
included in the class II (2 cases in IIa, and 1 case in IIc), and the 
fourth included in the class I [9].
The presence of osteoarthritis was seen in five patients (83%), 
three grade II and two grade I defined by Broberg and Morrey 
(Figure 2) [8].

Table 1: in this table is listed the sample of the study; particularly, it’s described the type of fracture, the associated injuries and the follow-up express 
in month.
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Patients

	

Sex Age (years) Type of Fracture (Mason C. ) Associated injuries Follow-up (months)

1. F 42 IV LCM and LCL 100

2. F 54 III Instability of DRUJ lost

3. M 51 IV Terrible Triad 78

4. F 47 IV LCL 65

5. M 54 IV LCL 60

6. F 67 IV
Terrible Triad

Fracture of the Proximal Humerus
54

7. M 37 IV Terrible Triad lost

8. F 51 IV LCL denied

9. F 81 IV Terrible Triad 15

Average
67% F

37%M
53,8 62



Figure 1: it shows the clinical outcomes of the single patient according to 
the three different rating systems used in the study.

Figure 2: Complications reported in the study after implantation of radial 
head prosthesis.

4.3. Surgical Complications
During the surgery, particularly after the stability test or in the im-
mediate post-operative time, we have observed three cases of ar-
ticular instability (50%) with a different aetiology.  In one patient 
the instability occurred due to the lack of the coronoid process, the 
anterior buttress, after the excision of the fractured fragment. Two 
weeks following surgery, the patient was reoperated, with a bone 
grafting from the iliac crest implanted at the site of the lesion of 
the coronoid process and temporarily stabilised with a K wire and 
a cannulated screw.
In the second case, due to the irregularity of the radial rim of the 
diaphysis, the instability was diagnosed during the operation. To 
achieve stability, we used a biphasic bone substitute (Cerament 
™), with a transosseous loop suture at the level of the neck pros-
thesis.
The third patient presented a fracture-luxation treated initially 
with a conservative approach; one month later, on radiographic 
follow-up, the elbow appeared unstable, with an irreducible and 
inveterated fracture-luxation. For this reason, we decided to treat 

it with a radial head replacement prosthesis with a suture of the lat-
eral collateral ligament. Three days post-op, the elbow continued 
to dislocate posteriorly. The patient was, therefore, retreated using 
a K wire aligned with the humeral axis, in order to guarantee sta-
bility, with plaster cast immobilisation. Two of the three articular 
instabilities were retreated surgically (33%), while the third was 
treated at the same surgical time.
5. Discussion
The use of radial head implant is the treatment of choice when the 
radial head fracture is not feasible with ORIF and when the role of 
radial head is essential as secondary stabilization [1-6]. Nowadays, 
the use of bipolar or monopolar implant remains controversial. 
The bipolar design has several advantages such as: the reduction 
of bone erosion at the humeral condyle, the reduction of stress 
shielding between bone and implant, bone and cement, cement and 
implant and the increased alignment between radius and humeral 
condyle [11]. Additionally, the use of a press-fit implant has been 
recently used in order to stimulate the biological growth around 
the implant to permit an optimal long-term attachment [12]. The 
use of bipolar implant has also several disadvantages such as the 
increased rate of disassembly of the prosthetic design, due to the 
modularity and the rotational freedom that exist between the head 
and the neck of the prosthesis [11].
At the end of the follow-up no revision for a disassembly of the 
prosthesis, for subluxation or mobilization, was necessary. The 
survival rate was 100%.
Overall, the clinical and radiographic evaluation could be con-
sidered excellent, considering both the four principal functional 
parameters (stability, range of motion, pain and strength) and the 
incidence of radiographic complications comparing to the recent 
studies.
We have to notice that the severity of the trauma has a primary 
role, because it has influenced the functional results. This observa-
tion is supported from other studies conducted by different authors 
[13, 14].
The study presents several limits. It is a retrospective study in its 
nature, there is a variability regarding the associated injuries, the 
length of follow-up and the age of patients. Moreover, the sample 
of the study is too small to offer complete results. The radiographic 
image in the AP projection of the operated elbow was not com-
pared with the contralateral image in order to evaluate the presence 
of overstuffing. This complication was evaluated only according to 
the radiographic images of the injured elbow.
Popovic et al [14] have reported the presence of radiographic 
modifications around the bipolar prosthetic design. They have ob-
served, particularly, the presence of three different periprosthetic 
type of radiolucency: complete or incomplete radiolucent lines, 
balloon-shaped radiolucent zones, and proximal bone reabsorption 
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at the radial neck. For these authors, the radiographic modifica-
tions are caused by the mechanism of stress-shielding [2, 14-17].
In our study we haven’t seen any line or zone of radiolucency, 
while the reabsorption areas around the neck of the prosthesis, 
zone 1 and 7 defined by Grewal, were presented in two patients 
(33%), without any clinical or functional impairment. Similar re-
sults can be found in literature; Popovic et al [4] have reported 
a moderate incidence (31%) of radial head reabsorption after the 
implant of a bipolar radial head prosthesis.
Even though several studies [15, 18-20] performed on different 
prosthetic designs have demonstrated that the progression of these 
lines/zones of periprosthetic radiolucency stabilized after two 
years from the operation, we advised a strictly radiographic con-
trol of the patients, that have shown this complication, in order to 
prevent an aseptic mobilization of the prosthesis.
The heterotopic bone ossification, mostly asymptomatic, was ob-
served after the implant of bipolar design with a variable incidence 
rate (0-76%) by different authors [14, 18, 21-25].
In our study we have observed four cases (67%) of heterotopic 
ossification at the volar and dorsal surface of the elbow joint. De-
spite this slight functional limitation, none of the patients has com-
plained about feeling pain or articular stiffness due to this com-
plication. For one patient it was, however, difficult to objectify 
the functional limitation only due to the heterotopic ossification, 
because the primitive trauma has caused an associated injury of the 
humeral head. The compensation of the pronation and supination, 
obtained thanks to the action of the proximal tract of the superior 
arm, has guaranteed a normal life activity and independence.
In five patients (83%) we have observed osteoarthritis completely 
asymptomatic, at the ulno-humeral and humeral-radial joint, three 
of grade III and two of grade I according to the Broberg and Mor-
rey Classification. This result was widely predictable considering 
the age of the patients and the entity of the primitive trauma.
As we know, the study of Rotini et al [25] is the only study in 
literature that analyses the clinical and radiographic results after 
the implantation of the same prosthesis used in our study. The out-
comes obtained from a medium follow-up of 24 months (range 13-
36 months), according to the MEPI were excellent for the 67,1% 
of the cases, good for the 25,8% and poor for the 6,8%. Compared 
to this, our study presents excellent results for all cases at a me-
dium-long term (the average follow-up was 62 months, range 15-
100 months). If we compared the radiographic complications, the 
two studies show similar results regarding the bone reabsorption 
at the level of the neck of prosthetic design (29% Rotini’s study vs 
33% our study), while our study presents an increased incidence of 
heterotopic ossification (67% vs 46,7% presents in Rotini’s study) 
and secondary osteoarthritis (83% vs 39,7% in Rotini’s study). 
Lastly, the presence of radiolucency zone is increased in the Ro-

tini’s study (34% vs none cases in our study). It is important to 
underline that the study of Rotini has analysed the outcomes after 
the implantation of both monopolar and bipolar prosthesis, while 
on the other hand our study has only analysed the clinical and ra-
diographic outcomes after the implantation of a bipolar prosthesis.
6. Conclusions
The use of radial head prosthesis represents the treatment of choice 
when the radial head fracture is not feasible, associated with im-
portant joint instability. As described in literature the radial head 
has a key role as secondary stabilizer, moreover, in that type of 
fracture it becomes a crucial stabilizer because the entire primary 
stabilizers are torn. Although the sample of the patients recruited 
was limited and had a wide age range, the results of the study show 
an adequate survival of the prosthesis at a medium-long follow-up 
with excellent functional results.
The only unpredictable complication of reabsorption pointed out 
thanks to the radiographic evaluation, has yet not been correlated 
to clinical complications.
Therefore, it is necessary to consider the use of a bipolar anatom-
ic prosthesis for radial head fractures that are not feasible or for 
post-traumatic injuries, because it could represent a valid solution 
for certain patients.
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