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ABSTRACT
AIM: The purpose of this systematic review was to search for and 
critically appraise articles directly comparing functional outcomes 
and complications for fixation (ORIF) versus arthroplasty for 
comminuted radial head fractures (Mason type 3) in adults.
MATERIAL AND METHODS: A comprehensive search of 
Medline, Embase and Cochrane databases using specific search terms 
and limits was conducted. Strict eligibility criteria were applied to 
stringently screen resultant articles. Three comparative studies were 
identified and reviewed. 
RESULTS: Two studies found significantly better functional scores 
after replacement compared with ORIF in Mason type 3 fractures. 
The third study found no significant differences in functional score or 
range of motion, but did find that grip strength was better after ORIF. 
Complication rates were too heterogenous for conclusion.
CONCLUSION: Fixation with good reduction may be attempted 
in unstable Mason type 3 fractures, and arthroplasty may be 
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considered if this is not possible. Further randomised comparative 
trials are required to clarify the decision-making between fixation 
and replacement. Functional outcomes and complications were 
conflicting in the studies included here. Ideally, treatment decision 
should take into account elbow stability and degree of comminution.
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INTRODUCTION
Radial head and neck fractures account for 1.7% to 5.4% of all 
fractures seen[1]. They are the most common fractures involving the 
elbow[2,3] representing 33% of all elbow fractures[4]. 85% of radial 
head fractures occur in patients aged between 20 and 60 years[1]. 
Treatment is influenced by fracture characteristics such as fragment 
number, displacement, joint stability, and associated injuries[5]. 
Options include early motion, fragment excision, radial head 
excision, fixation, or replacement[2]. Studies of the optimal treatment 
of comminuted, unstable radial head fractures has been hindered by 
their relative infrequency and limited comparative data[6]. 
    Radial head fractures usually result from a fall onto the 
outstretched hand with the elbow extended and forearm pronated[5]. 
Axial, valgus and postero-lateral rotational patterns of loading are 
responsible for these fractures[3]. The radial head plays an important 
role in elbow stability. Several radial head fracture classification 
systems have been developed. The Mason classification[7] is widely 
referenced to categorise radial head fractures[6]. Mason type 1 is an 
undisplaced fracture; type 2 displaced marginal fractures; and type 3 
comminuted fractures involving the entire radial head. Johnston[8] also 



criteria specifically included comparative studies evaluating fixation 
versus replacement in adults with Mason type 3 radial head fractures.

METHODS
The Pubmed and Embase databases were searched on 18th June 2014 
using keywords and strict eligibility criteria. The studies identified 
were further limited by selecting “English language articles” only. 
Duplicate studies were removed. The strategies for these searches 
are detailed in Tables 1 and 2. Only comparative studies evaluating 
fixation versus replacement for comminuted (Mason type 3) radial 
head fractures were included. The critical appraisal checklist (adapted 
from Critical Appraisal Skills Programme CASP, Oxford)[28,29] and the 
revised CONSORT checklist[30] for reporting randomised trials were 
used to guide assessment of the studies identified from the literature 
search. The full inclusion and exclusion criteria are detailed in Table 
3.
    Participants: Adults (over 18 years) with Mason type 3 radial 
head fractures.
    Intervention: Surgical fixation with open reduction internal 
fixation.
    Comparator: Radial head replacement.
    Outcomes: Primary: functional outcome.
    Secondary: complications.

RESULTS
A total of 92 studies were identified from the literature search (38 
Medline, 47 Embase, 7 Cochrane). Of 23 relevant titles 10 were 
selected for full-text review after assessment of the abstracts. Three 
articles met inclusion criteria on full-text review (Figure 1). A 
summary of these three studies comparing fixation and replacement 
of Mason type 3 radial head fractures in adults is described in Table 
4, and critique of the studies follows on Table 5.

DISCUSSION
The purpose of this systematic review was to determine whether 
fixation or replacement provides better functional outcomes for 
Mason type 3 radial head fractures. Chen et al[31] concluded that 
metallic radial head replacement gave better joint function that 
ORIF. Ruan et al[32] concluded that bipolar radial head replacement 
was better than ORIF. Boulas[33] concluded that, when possible, 
ORIF provided better functional results than silastic replacement. 
    A number of methodological deficiencies were found in these 
studies. These included: small sample sizes; limited follow-up 
period; no controlling for confounding factors; no power calculation 
to determine probability of type II error; no observer blinding.
    The small sample sizes in the studies may indicate selection 
bias, reporting bias, or both. The varying follow-up might indicate 
a significant amount of “missing” events and complications 
occurring after the follow-up period. Surgical methods were 
different in all three papers and no clear explanations were given 
for the types of fixation chosen. Fixation can be obtained with 
various implants, the goal being stable articular surface fixation and 
restoration of the head-neck relationship[2]. Currently, fixation has 
become popular, since contemporary techniques have improved 
surgical outcomes[15,36]. Good surgical outcomes have been 
shown in selected Mason type 3 radial head fractures and fracture 
dislocations stabilized with internal fixation[37]. Complications of 
fixation include metalwork failure, irritation, non-union and poor 
forearm motion. 
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added type 4, which categorises radial head fracture with an ulno-
humeral dislocation. Broberg and Morrey[9] further modified Mason’s 
classification by including fractures of the radial neck and stratifying 
them based on articular segment displacement and fragment size. The 
Hotchkiss[10] modification includes clinical examination and provides 
treatment guidelines for radial head fractures.
    The goal of treatment of radial head fractures is preservation of 
elbow stability, motion and maintenance of radial length[11]. There is 
a consensus that Mason type 1 fractures without mechanical block 
should be managed non-surgically with early active motion[5,12]. 
Good results have been reported in 86-100% patients with type 1 
fractures[13]. Mason type 2, minimally displaced, isolated fractures 
with no block to motion may also be managed non-surgically with 
early active motion[12]. Studies have shown 85-95% good results[14]. 
Isolated Mason type 2 fractures with significant displacement 
or mechanical block should be reduced and internally fixed if 
possible[15]. Options for fixation include Herbert screws, K-wires, 
plates, fibrin glue and bio-absorbable pins[16]. Fragment excision may 
be considered if secure fixation cannot be achieved in patients with 
block to motion[2]. 
    Early studies advocated excision of Mason type 2 and 3 
fractures[16,17,18]. However, the biomechanical understanding of the 
radial head as a stabiliser and axial weight-bearing structure led to an 
appreciation of its functional importance. Excision has become less 
popular due to concerns about delayed sequelae and improvements 
in instrumentation for internal fixation and arthroplasty[19]. Also, not 
all radial head fractures are amenable to simple excision because 
of concomitant injuries[16]. Complications associated with excision 
include wrist pain, elbow stiffness, loss of strength, cubitus valgus, 
synostosis, instability, proximal radial migration, and degenerative 
arthritis[20]. Broberg and Morrey[21] reported that late excision is 
equally effective as early excision and may be used as a salvage 
procedure. Excision can also be considered in patients with isolated, 
displaced comminuted radial head fractures that are not amenable to 
fixation[2]. Most comminuted radial head fractures, however, are not 
isolated[22], and therefore excision alone is often contraindicated.
    Choosing to re-establish radio-capitellar mechanics[20] in Mason 
type 3 fractures by radial head arthroplasty or to preserve the radial 
head by internal fixation techniques remains controversial. Ring[6] 
has discussed elbow stability and associated injuries which may 
be important in determining whether to fix or replace comminuted 
fractures. As advent of techniques and implants for internal fixation 
of comminuted radial head fractures developed, it became more 
popular to attempt to save complex fractures[15]. Some authors have 
suggested fixation of all comminuted radial fractures, except those 
with greater than three fragments and where stable fixation may be 
difficult to achieve[2]. However, combined with increased availability 
and use of radial head prostheses for comminuted fractures[23,24], the 
role of fixation is being re-defined. A wide variety of radial head 
implants have been used since Speed published the first series of 
ferrule caps for the radial head in 1941[25]. These include acrylic, 
cobalt-chromium, titanium and silicone[26]. Many surgeons believe 
that it is important to preserve the native radial head, whereas others 
believe that reliable restoration of radio-capitellar contact with a 
prosthetic radial head may better address the goals of treatment for 
comminuted fractures[27]. 
    Numerous reviews evaluating fixation versus replacement 
for Mason type 3 radial head fractures have been published[6,27]. 
However, none of these have been systematic in terms of search 
strategy. They all recommend the need for prospective randomised 
controlled and comparative studies. Therefore in this review, search 
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Table 2 Cochrane database search strategy.

    Most radial head implants in use today are metal, consisting of 
cobalt-chrome or titanium. These have been found to restore axial and 
valgus stability, whereas silicone implants cannot[26]. Comparative 
clinical evidence supporting a particular design concept for radial 
head arthroplasty, such as bipolar versus monopolar, cemented versus 
uncemented, and anatomic versus asymmetric head shape is not yet 
available[2]. However, good to excellent results can be anticipated 
when radial head replacement is used for the correct indications and 
when care is taken to understand concomitant injuries[25]. Recent 
clinical outcome studies of metallic radial head arthroplasty systems 
indicate it is a reasonable option to offer patients with comminuted 
radial head fractures[19]. Specific complications include synostosis 
formation, heterotopic ossification, loosening and stiffness[26].
    The study by Boulas[33] compared fixation to silastic replacement. 
Evidence has shown that silicone radial head implants have multiple 
complications[38,39]. These include implant fractures and silicone 
synovitis. These complications and biomechanical studies showing 

Table 1 Medline and Embase database search strategy.

Search terms Medline Embase
1 exp RADIUS FRACTURES/ AND exp ELBOW JOINT/ 721 366
2 exp RADIUS/ 7491 9941
3 (radius AND head).ti,ab 1572 1646
4 "radial head".ti,ab 1757 1884
5 head.ti,ab 223652 263240
6 2 AND 5 874 876
7 3 OR 4 OR 6 3040 3241
8 fracture*.ti,ab 173942 196596
9 7 AND 8 1326 1419
10 1 OR 9 1668 1648
11 exp FRACTURE FIXATION/ 46682 63420
12 (fixation OR ORIF OR "open reduction internal fixation").ti,ab 102644 106378
13 11 OR 12 131425 142370
14 exp ARTHROPLASTY/ 40292 48694
15 (arthroplasty OR replac*).ti,ab 334888 384221
16 14 OR 15 345928 397571
17 10 AND 13 AND 16 131 151
18 17 [Limit to: English Language] 105 124
19 exp FRACTURES, COMMINUTED/ [Limit to: English Language] 1436 1934
20 (comminut* OR multifragment* OR splinter* OR crushed OR multi-fragment* OR unreconstructable).ti,ab [Limit to: English 

Language]
7409 8419

21 19 OR 20 [Limit to: English Language] 8084 9184
22 18 AND 21 [Limit to: English Language] 38 47

1 radial head fracture*:ti,ab,kw (word variations have been searched) 30
2 Fixation:ti,ab,kw or ORIF:ti,ab,kw or open reduction internal fixation: ti,ab,kw (word variations have been searched) 4152
3 Arthroplasty:ti,ab,kw or replac*: ti,ab,kw (word variations have been searched) 19668
4 #1 and #2 and #3 7

Table 3 Summary of eligibility criteria.

Inclusion criteria Exclusion criteria
Studies with emphasis on comminuted radial head fractures Duplicate studies
Fixation/ORIF vs replacement/arthroplasty (comparative studies only) Case reports, editorials, comments, letters, guidelines, protocols, abstracts, 

non-systematic review papers, demographic studies, unpublished studies
Patient outcomes data clearly discussed Anatomical/cadaveric studies
Adults Studies investigating only fixation or only replacement
English language articles
Human studies

Medline
n = 38

Embase
n = 47

Relevant title
n = 23

Selected for full-text based on review of abstract
n = 11

Met inclusion criteria on full-text review
n = 3

Chen 2011
Ruan 2009
Boulas 1998

Cochrane
n = 7

Figure 1 Flow diagram illustrating literature search and selection 
procedure.
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Table 4 Summary of studies.

Reference Chen et al, 2011 Ruan et al, 2009 Boulas and Morrey, 1998
(Comparison between radial head replacement 
and open reduction and internal fixation in clinical 
treatment of unstable, multi-fragmented radial head 
fractures)

(Comparative study of internal 
fixation and prosthesis replace-
ment for radial head fractures of 
Mason type III)

(Evaluation of the elbow following radial 
head fracture. Comparison of ORIF vs. 
replacement, excision and non-operative 
management)

Study designa Interventional comparative randomised study
Level 4 evidence
(Stated as “Prospective randomised controlled 
study level 1 evidence” by authors)

Interventional comparative ran-
domised study
Level 4 evidence

Interventional comparative non-ran-
domised study
Level 4 evidence

Research questionb + +/- -
Sample sizec Total 45 patients

-  23 ORIF
-  22 replacement

Total 22 patients
-  8 ORIF
-  14 replacement 

Total 36 patients
-  7 ORIF
-  8 replacement
-  13 excision
-  8 non-operative

Participants Mean age:
- Combined ORIF/replacement 37 years
Sex:
- Combined ORIF/replacement 76% male/24% 
female  
All patients had Mason type 3 radial head fractures

Mean age:
-  ORIF 40.1 years
-  Replacement 37.4 years
Sex:
-  ORIF 5 male/3 female
-  Replacement 8 male/6 female
All patients had Mason type 3 
radial head fractures

Mean age:
-  ORIF 37.3 years
-  Replacement 48.9 years
Sex:
-  ORIF 3 male/4 female
-  Replacement 5 male/3 female
Most patients had Mason type 3 radial 
head fractures

Intervention Open reduction and internal fixation
- AO mini fragment lag screws, plate, Kirshner 
wires

Open reduction and internal fixa-
tion 
- cannulated screws, Kirschner 
wires

Open reduction and internal fixation
- AO mini fragment lag screws, buttress 
plate, Herbert screws

Comparator Radial head replacement
- Monopolar titanium prosthesis

Radial head replacement
- Cement stem and bipolar pros-
thesis

Radial head replacement
- Silastic prosthesis

Observer blindinge + (randomised block design) - -
Follow-up Combined ORIF/replacement - 26 months

(range 21 – 37 months) 
(not split into ORIF/replacement)

ORIF group – 14 months
(range 10 – 21 months)
Replacement group – 15.9 months
(range 10 – 27 months)

ORIF group - 36 months
(range 14 – 64 months)
Replacement group – 49 months
(range 12 – 96 months)

Removal of prosthe-
ses

ORIF (19) reason not stated
Replacement -

ORIF (2) removed for metalwork 
irritation
Replacement -

- 

Primary outcomes Broberg and Morrey functional elbow criteria:
ORIF – excellent (9), good (6), fair (5), poor (3)
Replacement – Excellent (15), good (5), fair (1), poor 
(1)
Good/Excellent result in 65.2% ORIF group com-
pared to 91% replacement group
Statistically significant difference (P < 0.01; t-test 
and chi-squared test)

Broberg and Morrey functional 
elbow criteria:
ORIF – good (1), fair (4), poor (3)
Replacement – Excellent (9), good 
(4), fair (1)
Good/Excellent result in 12.5% 
ORIF group compared to 92.9% 
replacement group
Statistically significant difference 
(P = 0.0004; Fisher’s exact test)

Mayo performance index (max score = 
100):
ORIF - mean 97.9 
(range 85 - 100)
Replacement - mean 94.4 
(range 85 - 100) 
No significant difference in scores
Motion at last follow-up:
ORIF group mean - ext 10°, flex 146°, 
pron 70°, sup 66°
Replacement group mean- ext 11°, flex 
145°, pron 58°, sup 79°
No significant difference in range of mo-
tion (P < 0.05)
Strength (corrected for hand domi-
nance):
- Grip strength significantly higher in 
ORIF group (P < 0.05), no difference in 
other strength parameters

Secondary outcomes Complicationsd:
ORIF – non-union (1), range of motion deficit > 30° 
(4), fixation failure and fragment displacement (3), 
deep wound infection (1), heterotopic ossification 
(2)
Replacement – range of motion deficit > 30° (2), 
joint stiffness (1)
Statistically significant difference in complication 
rates (P < 0.01)

Complicationsd:
ORIF group – non-union and k-
wire loosening (4)
Replacement group – heterotopic 
ossification (3) 

Complicationsd:
ORIF group – removal of metalwork due 
to irritation (2)
Replacement groupf – heterotopic os-
sification (4), prosthesis dislocation (1), 
breakage of prosthesis (1) 

aBased on modified Oxford Centre for Evidence-based medicine - Levels of Evidence (March 2009)34; b(+) Well defined, in introduction; (+/-) well defined, 
after reading article; (-) not well defined; c(+) complete; (+/-) incomplete; (-) none; dnumbers in brackets indicate number of patients; e(+) described and per-
formed; (+/-) described, not performed; (-) not described; fMorrey et al 35 (see references)

the inability of silicone implants to support the radius functionally 
have lead to their disuse[19]. However recently other authors have 
argued that the silastic implant can be used in a stable elbow with 

good functional and radiographic results[40]. Therefore Boulas’ 
paper[33] has been included in this systematic review. The inclusion of 
this study could be seen to be a limitation of this systematic review.
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Table 5 Critical appraisal of studies.

Study Clear 
state-
ment 
of 
aims?

Is methodol-
ogy appropri-
ate?

Design 
appropri-
ate to 
address 
aims?

Appropriate recruit-
ment strategy?

Appropriate data collec-
tion?

Appropriate 
consideration 
of researcher/
participant 
role?

Ethical 
issues 
consid-
ered?

Suf-
ficiently 
rigorous 
data 
analysis?

Clear 
state-
ment of 
find-
ings?

How valu-
able is 
research?

Chen 
et al

Yes Yes but study 
stated as 
“Prospective 
randomised 
controlled 
study level” by 
authors – on 
closer reading 
study better 
classified as 
level 4 com-
parative trial

Yes but 
design not 
clearly 
explained
Patient-
assessed, 
elbow-
specific 
outcome 
score used

Clear inclusion/ex-
clusion criteria
No reference made 
to number of fracture 
fragments, stabil-
ity and additional 
injuries
Randomisation 
method for allocation 
of groups not stated
No mention of al-
location concealment
Baseline demograph-
ics and clinical char-
acteristics of pts not 
adequately discussed
Non-matched 
groups

Prospective randomised 
controlled study
Surgical technique of both 
methods stated but deci-
sion for choice of treatment 
methods within ORIF 
group not explained
Clear post-operative reha-
bilitation regime stated
No sample size calculation 
performed
No outcome measures 
stated in methods section, 
only in results section
Setting and location of data 
collection not stated
Follow-up period clearly 
stated
Radiographic parameters 
clearly defined

Grade of 
surgeon not 
stated
Reviewers 
blinded by 
randomised 
block design
All clinical 
assessments 
performed by 
independent 
observers

Ap-
proved 
by 
authors’ 
institu-
tional 
ethics 
commit-
tee

Appro-
priate 
statistical 
methods
No power 
calcula-
tion
No con-
fidence 
intervals 
calcu-
lated

State-
ment of 
findings 
vague

Study linked 
to current 
knowledge/
trends
No mention 
of further 
work
Relevant 
literature 
review con-
ducted

Ruan 
et al 

Yes Yes Yes but 
design not 
clearly 
explained
Patient-
assessed, 
elbow-
specific 
outcome 
score used

Inclusion/exclusion 
criteria not clearly 
stated
No reference made 
to number of fracture 
fragments, stabil-
ity and additional 
injuries
Randomisation 
method for allocation 
of groups not stated
No mention of al-
location concealment
Baseline demo-
graphics of pts not 
adequately discussed
Non-matched groups 
(2 old fractures in 
replacement group)

Comparative study
Replacement technique 
stated clearly, ORIF tech-
nique stated very briefly
Rehab regime stated but no 
details
No sample size calculation 
performed
No outcome measures 
stated in methods section, 
only in results section
Setting and location of data 
collection not stated
Follow-up period clearly 
stated

Number 
and grade of 
surgeon(s) 
not stated
No mention 
of observer 
blinding

Not 
stated
Con-
flicts of 
interest 
and 
sources 
of fund-
ing not 
stated

Appro-
priate 
statistical 
methods
No power 
calcula-
tion
No con-
fidence 
intervals 
calcu-
lated

State-
ment of 
findings 
vague

Study linked 
to current 
knowledge/
trends
Brief sug-
gestion of 
further work
Relevant 
literature 
review con-
ducted

Boulas 
and 
Mor-
rey

Yes Yes Yes but 
design not 
clearly 
explained
Clini-
cian- and 
patient-
assessed, 
elbow-
specific 
outcome 
score used

Vague inclusion 
criteria, exclusion 
criteria not stated
No reference made 
to number of fracture 
fragments, stabil-
ity and additional 
injuries
No mention of ran-
domisation
Baseline demograph-
ics and clinical char-
acteristics of pts not 
adequately discussed
Non-matched 
groups
Fractures heteroge-
neous (not limited to 
Mason type 3), exact 
number of Mason 
type 3 not stated

Retrospective comparative 
study
Surgical method or details 
of implants not adequately 
explained
Decision for choice of 
treatment methods not 
explained
No sample size calculation 
performed
Setting and location of data 
collection not stated
Rehab regime not stated
Mean follow-up period 
stated
Radiographic findings 
clearly defined

Number 
and grade of 
surgeon(s) 
not stated
No mention 
of observer 
blinding
Radiographic 
findings not 
independent-
ly verified

Not 
stated
Con-
flicts of 
interest 
and 
sources 
of fund-
ing not 
stated

Appro-
priate 
statistical 
methods
Factorial 
analy-
sis of 
variance 
allowing 
multiple 
compari-
son used
No power 
calcula-
tion
No con-
fidence 
intervals 
calcu-
lated

Clear 
state-
ment of 
findings

Study linked 
to current 
knowledge/
trends
Basic review 
of literature 
conducted

    Important factors in considering operative treatment for Mason 
type 3 radial head fractures include elbow stability, associated 
injuries and number of fragments. None of the studies identified 
in this systematic review gave this important baseline patient 
information. Recent studies have discussed the principles that guide 
decision-making in the management of comminuted radial head 

fractures[2,22,27]. Pike et al[2] recommended ORIF when feasible for all 
displaced (> 2 mm) radial head fractures consisting of less than four 
fragments. They recommended radial head arthroplasty if ORIF was 
not feasible and in the presence of elbow instability or if greater then 
three fragments were present. Clembosky and Borretto[27] attempted 
to repair all comminuted radial head fractures, as they concluded 
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radial head arthroplasty could not restore valgus stability when the 
medial collateral ligament was deficient. However, they stated that if 
stable fixation could not be achieved, there was a definite risk of early 
failure and non-union. They therefore recommended arthroplasty in 
these complicated comminuted fractures as it produced consistent 
results and was more straightforward than fixation. Considering 
these reviews, it is evident that the lack of detail regarding baseline 
characteristics of patients in the studies by Chen[31], Ruan[32] and 
Boulas[33] is a major weakness. This is another limitation of this 
search strategy. 
    There are other factors that may have affected the findings of 
this systematic review. Firstly, only English language articles 
were included and this may have limited the breadth of literature 
review. Secondly, the search strategy was based on a computer 
search process. Computer searches may omit some articles, and 
consequently, limit the scope of the literature search[41]. 
    In conclusion, in our systematic review two studies found 
significantly better Broberg and Morrey functional scores after 
replacement compare with ORIF for Mason type 3 radial head 
fractures. The third study found no significant difference in functional 
score (Mayo performance index) or range of motion, but did find 
that grip strength was better after ORIF. Complication rates were 
too heterogenous for conclusion. Considering the small numbers 
of studies, limitations of the search strategy and methodological 
weaknesses within the studies included in this systematic review, it 
is not definitively possible to clarify whether fixation or replacement 
has better functional outcomes in patients with Mason type 3 radial 
head fractures. As discussed, the principles that guide decision 
making in the treatment of Mason type 3 radial head fractures include 
elbow stability and degree of comminution. Each individual case 
should take these factors into account and only then a decision on 
fixation or replacement should be made. To help clarify the decision 
making, randomised studies comparing the two treatment methods 
and taking stability into account are needed. This may be difficult as 
many unstable, comminuted fractures are difficult or impossible to 
fix[6]. Future studies should also compare the various types of radial 
head implants in randomised comparative studies. Also, better data 
is required regarding the long-term outcome of metal radial head 
replacements.
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