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Abstract: Many controversies still exist with regard to surgical treatment of Mason type III fractures. In this study,
we compared the mid-term clinical outcomes of radial head arthroplasty (RHA) and open reduction-internal fixation (ORIF) for treating Mason type III radial head fractures. From 2006 to 2012, 55 patients with Mason type III
fractures were retrospectively included and divided into RHA group and ORIF group. Range of motion (ROM) was
evaluated at 3rd, 6th and 12th month post-operatively. Functional recovery assessment using Mayo Elbow Performance Score (MEPS), the Disabilities of the Arm, Shoulder and Hand score (DASH), Visual analog score (VAS) were
reviewed at the last follow-up. The risk factors influencing outcomes following surgery were analysed using logistic
regression. Every patient received a minimum of 2 years-follow-up. No significant differences were in complication
rate, VAS and DASH between RHA and ORIF. Better ROM of elbow joint and higher MEPS were achieved in RHA
group. Through logistic regression analysis, concomitant injuries, RHA, ORIF and age were not independent risk
factors influencing outcomes following surgery. Our findings demonstrated that RHA was superior to ORIF on elbow
function in treating Mason type III radial head fractures at mid-term follow-up, but RHA alone was not a guarantee
of better clinical outcomes.
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Introduction
Radial head fractures account for 3% of all fractures and are the most common type of elbow
joint fractures [1]. There are four types of radial
head fractures according to Mason classification [2]. Many controversies still exist with
regard to the treatment of Mason type III fractures. Since the importance of radial head in
maintaining stability of the elbow has been
appreciated extensively, radial head resection
(RHR) is seldom adopted [3]. The two frequently
used surgical procedures are open reduction
and internal fixation (ORIF) and radial head
arthroplasty (RHA). Lot of clinical research have
been conducted to compare the two surgical
procedures, still no consensus has been
reached [4, 5]. However, when osteosynthesis
of the radial head is impossible due to the
severity of comminution of fracture, the only
promising surgical option is RHA. Up to present,
the reported clinical outcomes regarding application of RHA and ORIF for radial head fractures have been variable. In this study, we per-

formed a mid-term follow-up study to compare
the functional and radiographic outcomes of
ORIF and RHA in treating Mason type III comminuted radial head fractures.
Material and methods
Design of the study
This was a retrospective cohort study of Mason
type III radial head fractures we performed in
our Lever I trauma center.
Inclusion criteria
Mason type III radial head fractures with or
without ligament injury, treated with ORIF or
RHA, patients aged between 20-80, not limited
to gender, fresh fractures and no previous injuries or surgery in that joint.
Exclusion criteria
Open fractures, pathological fractures, duration between injury and surgery was > 14 days,
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Figure 1. Representative case of ORIF. A. A 44-year old man with Mason type III radial head fracture. B. 3D reconstruction of the fracture. C and D. Postoperative image of mini plate fixation.

incomplete clinical records, children with radial
head fractures, multiple fractures in the elbow,
severe cognitive impairment. Between 2006
and 2012,166 patients with radial head fractures were surgically treated.
Among these cases, 10 patients with a complex elbow fracture-dislocation, 76 patients
with fracture type other than Mason type III, 8
patients with multiple fractures in the elbow, 5
patients with open factures, 17 patients with
incomplete clinical records or Lost of follow-up,
were excluded in this study. The remaining 55
patients with Mason type III radial head fractures were included in the study and divided
into 2 groups: ORIF (25 cases) and RHA (30
cases) (Supplementary Table 1). All the operations were completed by the same medical
team and the study design was approved by the
Institutional Review Board of the Shanghai
Tenth People’s Hospital of TongJi University.
Preoperative preparation
All patients were received carefully physical
examination and imaging examination to determine whether ligament injuries exist. F3 mini
locking plates (Biomet & zimmer) and monopolar titanium radial head prostheses (Wright
Medical Technology) were used for ORIF and
RHA repectively.
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Surgical techniques
RHA: Patients with general anesthesia were
supine on the operating table with abducted
upper limb. The Kocher approach was applied
for radial head excision. The incision of the joint
capsule and the annular ligament was done to
expose the radial head. After removing the
bone fragments, osteotomy was done 0.5 cm
above the radial tuberosity. Enlarging the medulla until the intra-medullary bone cortex was
reached. Suitable prosthesis was carefully selected and then inserted into the medulla followed by checking the mediolateral stability
and ROM of elbow. Medial collateral ligament
(MCL) and lateral collateral ligament (LCL)
should be repaired or reconstructed. After
replacement, the annular ligaments were sutured using absorbable suture material but not
too tight, otherwise it would affect the ROM of
the forearm.
ORIF: The Kocher approach was applied to
expose the radial head. Pronating the forearm
to protect deep branch of radial nerve. Using
temporary Kirschner wires to fix fracture fragments, and the plate should be placed in the
“safety zone” of the radius head. After checking
the stability and ROM of the elbow (repairing
MCL and LCL if injured), suture the annular
ligaments.
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Figure 2. Representative case of RHA. A. A 72-year old woman with Mason type III radial head fracture. B. 3D reconstruction of the fracture. C and D. Postoperative image of radial head arthroplasty.

Table 1. Demographic and clinic feature
Items
RHA
ORIF
P
Number of case
30
25
/
Type of fracture
Mason type III Mason type III
/
Male
19 (63%)
15 (60%)
0.509
Female
11 (37%)
10 (40%)
0.509
Average age
58.63 ± 9.93 57.84 ± 9.19
0.762
Smoking
3 (10%)
3 (12%)
0.573
Hypertension
4 (13%)
3 (12%)
0.604
Ligament injury
9 (30%)
6 (24%)
0.425
IOM injury
7 (23%)
3 (12%)
0.233
Operative time (min) 95.83 ± 4.91 109.28 ± 5.51 0.001**
Hospital stay (d)
8.9 ± 1.45
8.96 ± 1.31
0.874
Follow-up (months)
49.67 ± 13.08 46.92 ± 12.17 0.427

In ORIF group, if no obvious pain, finger flexion and extension exercise were
initiated at the 1st postoperative day.
Patients suffering from soft tissue
damage were immobilized in a plaster
cast for 7 days followed by related
rehabilitation training practice.
Radiographic and functional evaluation

For ORIF, bilateral anteroposterior
and lateral radiographs of the elbows
were used for radiographically fracture healing assessment and evaluation of posttraumatic osteoarthritis as
Note: RHA-radial head arthroplasty, ORIF-open reduction and internal
well as the identification of periarticufixation. **<0.01.
lar ossification. Degenerative changes
were evaluated using the Broberg and
Postoperative management
Morrey classification. For RHA, the presence of
dislocation, periprosthetic fractures, elbow
All patients were received postoperative roustiffness, radial nerve injury, prosthesis loosentine use of antibiotics for 3 days. In RHA group,
ing, implants failure and heterotopic ossificafinger flexion and extension exercise were cartion were recorded.
ried out with the help of doctors at the 1st day
ROM of the elbow joint (flexion-extension, proafter operation. The passive flexion-extension
nation-supination) was evaluated at 3rd, 6th
and rotation training of the elbow was recomand 12th month post-operatively while funcmended at 1 week after operation, while the
tional recovery assessment using VAS, MEPS
active non-load rehabilitation program with
and DASH were assessed at the last follow-up.
active movements and muscular strengthening
Patients with MEPS > 85 were considered exstarted at the third week.
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Results

Figure 3. Representative case of implant failure. A and B. A 63-year old man
with Mason type III radial head fracture. C. 6 months after surgery fracture
displacement occurred.

Table 2. Complications
Items
RHA
ORIF
Elbow stiffness
2 (6.7%) 3 (12%)
Radial nerve injury
0
0
Prosthesis loosening
0
0
Implants failure
0
1 (4%)
Heterotopic ossification
0
2 (8)
Valgus instability
1 (3.3%)
0
Posttraumatic osteoarthritis
0
0
Total
3 (10%) 6 (24%)

P
0.412
/
/
/
0.202
0.545
0.545
0.151

Note: RHA-radial head arthroplasty, ORIF-open reduction and
internal fixation.

cellent, risk factors including ligament injury,
Interosseous membrane (IOM) injury, RHA, ORIF, age were analyzed by logistic regression.
Statistical analysis
All statistical analyses were performed using
the SPSS 19.0 in the study. A box plot was
applied to explore the statistical distribution. T
test was used to compare the difference
between groups for normally distributed data.
Logistic regression analysis was used to analyze independent risk factors influencing outcomes. For abnormally distributed data, MannWhitney U test was performed to compare
the difference. Chi-square test was applied to
compare complication incidence. P<0.05 was
considered to be statistically significant.
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55 patients with Mason type
III radial head fractures surgically treated with ORIF (25)
or RHA (30), were included in
the study (Figures 1, 2). All of
these patients had complete preoperative evaluations,
operation records, and a minimum of 2 years follow-up
data, 49.67 ± 13.08 months
in RHA and 46.92 ± 12.17 months in ORIF respectively. The
operative time in RHA was significantly lower than in ORIF
(Table 1).

2 elbow joint stiffness, 1 valgus deformity were found in
RHA while 3 elbow joint stiffness, 2 heterotopic ossification and 1 implant
failure (received revision surgery later) (Figure
3) occurred in RHA. There were no posttraumatic osteoarthritis, probably due to the short
follow-up duration. However, no significant difference was in complication rate between the
two groups (Table 2).
Comparable ROM of elbow was observed between RHA and ORIF at 3rd (supination), 6th
(Flexion, Pronation), 12th (Flexion, Extension
deficit, Supination, Pronation) month postoperatively (Table 3).
There was no significant difference in VAS and
DASH between two groups. At the last followup, the MEPS averaged 84.10 ± 5.16 in RHA,
that was higher than 80.92 ± 5.72 in ORIF
(P=0.035) (Table 4).
Concomitant injury (ligament injury or IOM injury), different surgical procedures (RHA and
ORIF) and age were not regarded as independent risk factors influencing outcomes (Table
5).
Discussion
The controversy over the surgical treatment in
Mason type III comminuted radial head fractures has not been in progress since variety of
the results were achieved by RHA, ORIF and
RHR. The radial head serves to limit elbow
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Table 3. Range of motion assessment
Time
3 months

Items
Flexion
Extension deficit
Supination
Pronation
6 months
Flexion
Extension deficit
Supination
Pronation
12 months
Flexion
Extension deficit
Supination
Pronation

RHA
104.40 ± 14.01
12.73 ± 3.342
70.73 ± 3.05
71.03 ± 5.44
110.10 ± 11.16
10.30 ± 1.95
70.96 ± 3.02
73.66 ± 3.077
110.77 ± 10.33
7.60 ± 1.22
72.50 ± 2.90
74.06 ± 3.02

ORIF
98.12 ± 11.35
12.48 ± 3.54
68.16 ± 3.83
70.52 ± 2.97
101.00 ± 8.87
10.20 ± 2.14
69.20 ± 3.66
71.36 ± 2.70
105.12 ± 7.87
9.84 ± 1.86
69.24 ± 3.66
72.56±2.18

P
0.077
0.787
0.008*
0.675
0.002*
0.857
0.061
0.005*
0.029*
<.001**
0.001**
0.043*

not a��������������������������
ff������������������������
ect primary lateral stability [2].

With continued progress in
artificial joint technology innovation and surgical techniques, RHA has become increasingly popular and indeed, was the routine surgery
when ORIF is impossible due
to the severity of comminution of fracture. Nevertheless,
the reported clinical outcomes regarding RHA have been
far different than expected,
and not always satisfactory
Note: RHA-radial head arthroplasty, ORIF-open reduction and internal fixation.
[12]. There are also many st*P<0.05, **P<0.001.
udies comparing the outcomes of RHA and ORIF. Duckworth AD reported a higher
Table 4. Functional outcomes evaluation
revision rate following RHA for
Time
Items
RHA
ORIF
P
treating acute unstable comLast follow-up
VAS
0.47 ± 0.23
0.51 ± 0.22
0.535
pound fractures. Several bioDASH
11.25 ± 1.24
11.40 ± 1.09
0.641
mechanical research suggestMEPS
84.10 ± 5.16
80.92 ± 5.72
0.035*
ed that RHA improves elbow
Note: RHA-radial head arthroplasty, ORIF-open reduction and internal fixation, VASstability but is incapable of
visual analog score, MEPS-Mayo Elbow Performance Score, DASH-Disabilities of
restoring lateral stability. In
the Arm, Shoulder and Hand score. *P<0.05.
addition, RHA leads to many
complications including disloexternal rotation and transfers nearly 60% of
cation, prosthesis loosening, valgus deformity
the axial force load. Resection of the radial
and the heterotopic ossification [13-15]. Elbow
head will change the physiologic elbow kinestiffness and Valgus instability were the main
matics leading to humeroulnar joint degeneracomplications found in RHA in our study, probtion. Furthermore, removal of the radial head
ably due to the incorrect selection of prosthesis
will increase IOM pressure and result in possiand alteration of elbow kinematics. Apart from
ble detrimental changes to the lower arm [5, 6].
these shortcomings, some research reported
The important role of radial head in maintainexcellent or good results following RHA and
ing elbow stability has been appreciated extenregarded RHA as a safe and effective operative
sively, RHR is seldom adopted to avoid related
methods with satisfactory outcomes and least
complications. Several studies compared RHA
function impairments, considering a more
and RHR in treating ‘isolated’ (without instabilappropriate option to reconstruct elbow funcity) comminuted radial head fracture and rection for treating comminuted radial head fracommended RHR for the final surgical procedure
tures [16, 17]. For ORIF, varying satisfac[7, 8]. On the other hand, some preferred RHA
tory rates were observed, range from 22% to
in consideration of RHR related complications
65.2%. Unfavorable outcomes such as implant
(articulation instability, joint dislocation and
failure, nonunions, ROM deficit, elbow joint
post-traumatic arthritis) [9, 10]. Chen X et al.
stiffness would occur more frequently followproposed that once ligament rupture haping ORIF [14, 15, 18]. Research conducted by
pened, ligament looseness would occur accomAl-Burdeni S showed no significant differenpanying with a greater possibility of rupture
ce between RHA and ORIF in terms of DASH
again [11]. Actually, no strong evidence favor
score, ROM and complications [19]. In a metaRHR as a better treatment of radial head fracanalysis performed by Zwingmann, in which
tures, despite Hackl M et al. hold that a 2.5 mm
ORIF, RHR and RHA for treating Mason III fracshortening osteotomy of the radial neck does
tures in 302 patients were assessed. The best
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Table 5. Logistic regression analysis
Items
Ligament injury
IOM injury
ORIF
RHA
Age

OR
0.67
0.77
1
2.56
0.97

P
0.78
0.74
/
0.11
0.45

Note: IOM-Interosseous membranes, RHA-radial head
arthroplasty, ORIF-open reduction and internal fixation.

functional outcomes were obtained in ORIF
[20]. Nevertheless, the difference was not significant. In our study, patients receiving RHA
achieved a better forearm rotation, a higher
MEPS and a lower DASH than those with ORIF.
50% of patients in RHA and 28% in ORIF
reached excellent according to MEPS. However,
unlike other studies, no significant difference
was in complication rate or VAS between two
groups.
Not all the studies evaluated the radial head
fractures by classifying them as ‘isolated’ or
‘with associated injuries. Radial head fracture
concomitant injuries are common, the incidence ranges from 39% to 92% according to
clinical examination and radiologic examination
[6]. These may affect the overall clinical outcomes following RHA and ORIF, but very few
studies assessed these risk factors. Comminuted radial head fracture often accompanied with ligament injury (MCL, LCL) and/or IOM
injury, the MCL/LCL is vital to mediolateral stability of the elbow and the main function of IOM
is to transfer axial load from the radius to the
ulna, to maintain the longitudinal stability of the
forearm providing the fulcrum in the process of
forearm rotation. Besides, outcomes of comminuted radial head fractures may vary widely following different operative methods and age.
Hence, we evaluated these risk factors using
logistic regression analysis. Our results showed
that these factors were not verified to be independent risk factors for prognosis.
This study has several limitations that should
be mentioned. Firstly, only a small number of
patients was included. Secondly, the retrospective design along with the variable time of follow-up. Finally, too few patients were included
to perform regression analysis. However, we
believe our data provide valuable prognostic
information to all surgeons managing these
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injuries, as we have more detailed and longer
follow-up.
In conclusion, RHA was superior to ORIF for elbow function restoration in treating Mason type III radial head fractures, but RHA alone was
not a guarantee of better clinical outcomes.
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