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Radial head fractures are common injuries comprising 1/3 of the fractures about the elbow.  As 41 

a secondary valgus stabilizer of the elbow, radial head fractures can compromise elbow stability 42 

leading to long-term pain, dysfunction, and degenerative change. Furthermore, radial head 43 

fractures can be accompanied by associated injuries including ligamentous lesions that can 44 

further exacerbate elbow instability, leading to long term sequelae. As fixation principles and 45 

technology have evolved, so has the ability to render surgical treatment for these fractures.  In 46 

general, minimally displaced and some displaced fractures may be treated non-operatively with 47 

early motion.(5) Fractures with a block to rotation and displaced fragments with three or fewer 48 

fragments may be treated with ORIF.(6)  Comminuted fractures or those with greater than 49 

three fragments may be successfully be treated with radial head replacement. (7, 8) Associated 50 

elbow instability will also influence treatment decisions. 51 
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 58 

Background 59 

Radial head fractures comprise 33% of fractures to the elbow.  The average age of patients 60 

sustaining this injury is 45 years (1,2,3,).  The ratio of males to females ranges in the literature 61 

from 1:1 to 3:2 (4). After 50 years of age the ratio of women significantly increases and is likely 62 



 3 

related to an increased prevalence of osteoporosis.(4) The radial head is an important 63 

secondary stabilizer of the elbow while the surrounding lateral collateral ligament (LCL) and 64 

medial collateral ligament (MCL) are the primary stabilizers to varus and valgus stress, 65 

respectively. (2,5,6,7,8)The goal of treatment of these injuries is a stable, durable joint with a 66 

pain free arc of motion in flexion, extension, and rotation. (2,9) 67 

 68 

Classification 69 

Radial head fractures were originally classified by Mason in 1954 in his observations of 100 70 

fractures.(10) Mason Type I are minimally displaced fractures with no block to rotation, while 71 

Type II fractures are displaced fractures with possible block to rotation.  Type III fractures are 72 

displaced comminuted fractures with a block to motion, and Type IV are those associated with 73 

a dislocation.  In general, the  Mason classification system has offered an excellent framework 74 

to facilitate clinical management of these fractures. 75 

 76 

Management of type I Injuries 77 

Type I fractures are minimally displaced with no block to motion.  In a series of eighty type I and 78 

II fractures, Holdsworth illustrated that fractures treated with early range of motion recovered 79 

more completely than those treated with prolonged immobilization.(5)  Those treated with 80 

prolonged immobilization struggled to regain full extension and those that lacked greater than 81 

10 degrees of terminal extension complained of discomfort during activities with the elbow 82 

extended. In this series there were no complications noted including late displacement of 83 

fractures or instability.(5) 84 
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 85 

Management of Type II Injuries  86 

Type II injuries have more displacement than type I injuries and, in some cases, may have a 87 

block to motion.  If a Type II injury has no block to motion, it may still be treated with early 88 

active motion. (5) If there is block to motion or significant displacement, open reduction and 89 

internal fixation (ORIF) is indicated.  King et al published a series of 14 elbows who underwent 90 

ORIF, and 100% of Type II fractures had excellent results.(11) Ring et al presented a series of 56 91 

patients with Type II and III injuries.  Of the Type II fractures, the fractures without 92 

comminution and three or fewer fragments showed a satisfactory result.(6) 93 

 94 

Management of Type III Injuries 95 

Ring et al all illustrated that radial head fractures with greater than three fragments are at high 96 

risk of failure after ORIF (6). Historically, radial head excision was implemented for the 97 

management of comminuted, unstable radial head fractures.  However, radial head resection in 98 

this setting has been demonstrated to lead complications including re-dislocation, 99 

posterolateral rotary instability, valgus instability, and  longitudinal forearm instability (12). 100 

Harrington published a series of twenty metallic, monoblock radial head replacements for 101 

comminuted radial head fractures with unstable elbows, 16/20 of which showed good or 102 

excellent results at a mean of 12 years follow up (13).  Moro et al performed a meta-analysis of 103 

20 studies including 4 randomized controlled trials (RCTs) which showed that radial head 104 

replacement had a much greater probability of giving a good or excellent outcome compared to 105 

ORIF (8, 14). Furthermore, Liu et al recently published a series of 25 comminuted radial head 106 
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fractures treated with radial head replacement with up to 48-month follow-up showing 107 

consistent improvement in function.  Functional outcome continued to improve up to 9 months 108 

after surgery and no complications (including infection or instability) were reported (14). Ruan 109 

et al presented a series of Mason Type III fractures comparing treatment with ORIF versus radial 110 

head replacement that showed excellent or good outcomes in 92% of the replacement group 111 

and only 12% of the ORIF group, a clinically relevant and statistically significant difference. (15) 112 

 113 

Radial Head Arthroplasty vs ORIF in Mason III / IV Radial Head Fractures  114 

Biomechanical studies have demonstrated that restoration of the native radial head provides 115 

the greatest opportunity to restore normal elbow kinematics and stability.(16)  Jupiter et al 116 

demonstrated in their series that fractures of the radial head with three or fewer fragments did 117 

well with ORIF, however,  fractures with severe comminution (more than three fragments) or 118 

associated dislocation had worse results. (6)  Several studies have reported outcomes of radial 119 

head replacement versus ORIF for Mason Type III radial head fractures.  A systematic review in 120 

2013 by Xiang et all reviewed three RCT’s with 250 injuries. (17)  They noted that those treated 121 

with radial head replacement tended to have better functional outcomes, fewer complications, 122 

and fewer re-operations. Another Cochrane review by Chen et al in 2015 reviewed two studies 123 

and 67 cases that demonstrated a 14% complication rate in radial head replacement and a 58% 124 

complication rate in the fixation group.  Furthermore, they demonstrated a 92% satisfaction 125 

rate in the replacement group and only a 52% satisfaction rate in the fixation group(18). Finally,  126 

a randomized trial by Huang et al in 2015 compared fixation versus replacement in Mason Type 127 

III fractures in the setting of a “terrible triad” injury.  They illustrated better clinical outcomes 128 
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and fewer post-operative complications in the replacement group(19).  Figures 1 and 2 129 

demonstrate a Mason Type IV fracture-dislocation. Studies would clearly suggest that when 130 

dealing with a comminuted radial head fracture, especially in the setting of associated elbow 131 

instability, replacement with a metallic, modular radial head is the preferred option. 132 

 133 

Radial Head Arthroplasty 134 

Background & History  135 

Arthroplasty for unstable radial head fractures was first described by Carr and Howard in 1951 136 

as a metal cap for the radial head after fracture.(20) However, technology available at the time 137 

led most surgeons to treat these injuries with radial head excision. Unfortunately, this was 138 

often complicated by continued pain, elbow instability, proximal migration of the radius with 139 

associated distal radio-ulnar joint (DRUJ) instability, and dysfunction.  Advancing technology 140 

brought the commercial availability of radial head implants.  Initial implants were silastic, but 141 

they had limited mechanical properties and a review of the literature reveals mixed results for 142 

this device. Borsky et al reviewed 22 silastic radial head implants at 7-9 years. Of the 11 they 143 

were able to review, functional results were all good to excellent, 2 fractured prostheses were 144 

detected, and no patients exhibited synovitis.(21) Berger et al compared resection to silastic 145 

replacement in 62 fractures at 5-13 years. (43) Twelve of 22 silastic replacements had 146 

satisfactory outcomes while only 10 of 30 excisions had good or excellent outcomes. Finally, 147 

synovitis has been a long-term concern with the use of silastic implants. 148 

Duckworth et al reviewed a series of 114 radial head fractures treated with arthroplasty, 28% of 149 

which went on to failure.  Of those failures, young patient age and using a silastic implant were 150 



 7 

the only identified independent risk factors for failure.(22) The current literature does not 151 

support the use of silastic radial head implants for use in radial head replacement, particularly 152 

with the availability of modern metallic radial head implants. 153 

 154 

Design 155 

Early metallic radial head implants were smooth stemmed mono-block implants which allowed 156 

for motion of the stem in the canal.  The prosthetic heads were symmetric and round unlike 157 

anatomic radial heads which are elliptical.(23) In comparison to radial head excision, these 158 

implants allowed for restoration of a valgus buttress particularly in medial collateral ligament 159 

(MCL) deficient elbows allowing early stability and motion.(24)  Complications included, 160 

loosening and most notably radio-capitellar erosion or arthritis.  The recognition of these 161 

complications led to the further study of radial head implant design.  While some suggested 162 

that radio-capitellar arthrosis was a result of the original injury, it was hypothesized it was 163 

secondary to disordered ulno-humeral kinematics and increased contact forces through the 164 

radio-capitellar joint. O’Driscoll et al have published several cadaveric studies describing 165 

biomechanical aspects of radial head arthroplasty. They demonstrated that monoblock 166 

implants are not as effective as the native radial head at restoring valgus stability in the MCL 167 

deficient elbow suggesting that there is room for improvement in radial head  arthroplasty 168 

design.(24) The orientation of the radial head alters contact forces but not kinematics about the 169 

elbow, which suggests that a more anatomically shaped radial head implant may lead to 170 

reduced contact forces.(25)  Moreover, they showed that restoring appropriate radial length is 171 

crucial: under-stuffing or overstuffing the radio-capitellar joint led to significant changes in joint 172 
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kinematics and contact forces which may contribute to arthrosis.(26) The recognition of both 173 

loosening as well as radio-capitellar arthrosis led to designs which can be press-fit or cemented 174 

into the radial canal to fix the orientation of the prosthetic head, the concept being the more 175 

closely the arthroplasty approximates the anatomy of the native radial head, the more stable 176 

the implant will be, and the lesser the forces will be at the radio-capitellar and ulno-humeral 177 

joints. One of the first implants to attempt this was the Judet Bipolar radial head arthroplasty. 178 

The bipolar head attenuates motion at the (cemented) bone stem interface that theoretically 179 

minimizes loosening as well as decreasing forces at the radio-capitellar joint. Early designs were 180 

smooth stems allowing for motion within the proximal radial canal thought to accommodate 181 

mild radio-capitellar malalignment.  Press fit tapered stems theoretically lead to bony ingrowth 182 

and a more congruent articulation between the implant and the capitellum that may reduce 183 

contact stresses at the radio-capitellar joint.  It does not appear that stem coating makes a 184 

difference with regards to initial stability to allow bony ingrowth. Both grit blasted and plasma 185 

spray stems allow minimal micromotion, but below the threshold of 100-150 microns to 186 

maximize stability and thus allow bony ingrowth. (27, 28) However, maximizing stem diameter 187 

in the canal has been shown to improve initial stability which may have implications in bone 188 

ingrowth.(29)  Despite the popularity of press fit stems, at least 1 commercial design has been 189 

removed from the market with concern for frequent loosening. Furthermore, a recent 190 

prospective trial showed no difference between press fit and smooth stems at two year follow 191 

up(30), and a recent meta-analysis by Agyeman et al showed no functional differences between 192 

press fit and smooth stems, but press fit and cemented stems have more complications and 193 

higher likelihood of revision in comparison to smooth stems.(31) Finally, in the recent past, two 194 
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press fit implants were withdrawn from the market.  These implants had a higher failure rate 195 

and were frequently associated with severe osteolysis, as reported by Matsen et al in their 196 

review of the FDA’s  Manufacture and User Facility Device Experience (MAUDE) database. (32)  197 

 198 

Technique 199 

 The goal of radial head arthroplasty is to provide a stable, painless elbow that allows early 200 

range of motion.(2) Once the fracture has been exposed, (Figures 3 and 4), the radial head 201 

fragments are removed and saved for sizing, (Figure 5).  Care should be taken to maintain as 202 

much bone stock as possible when making the radial neck cut, as this will assist in restoring 203 

radial neck height.  It is not uncommon to detect fractures lines or fissures extending down the 204 

radial neck intra-operatively (and these can be iatrogenic during stem insertion), (Figure 6).  In 205 

that setting, treatment depends on the size and displacement of the fissure. O’Driscoll has 206 

demonstrated that small longitudinal fractures created or propagated during placement of 207 

oversized stems do not affect initial stability.(33, 34)  They have further shown that initial 208 

stability is not compromised in the presence of a 5mm long cortical notch, and that resecting 209 

the entire notched section does not impart greater stability in press fit implants, and thus is not 210 

routinely necessary. (34) Finally,  O’Driscoll has also shown that reaming compared to rasping 211 

allows for insertion of 1mm greater stem without compromising micromotion of the stem. (35) 212 

The most important aspect of radial head arthroplasty is the restoration of the radial 213 

length.(26) It can be difficult intra-operatively to determine this distance: Athwal et al  noted 214 

that medial ulno-humeral incongruity was only noted radiographically after 6mm of over 215 

lengthening, but that lateral ulno-humeral congruity was a good indicator of radial length (36), ( 216 
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Figure 7, 8). Moon et al noted that ulnar variance can be used as a reliable indicator of radial 217 

length.(37) Finally, while radial head replacement restores the secondary valgus buttress it does 218 

not restore normal kinematics of the elbow in the presence of associated ligamentous 219 

injuries.(9)  Lateral collateral ligament (LCL) repair (if disruption is present) is an integral part of 220 

radial head replacement. In selected cases with ongoing instability after LCL / radial head 221 

replacement / coronoid fixation, MCL repair may be warranted.  222 

 223 

Clinical Outcomes 224 

At the present time there are few adequately powered randomized or prospective trials 225 

assessing the clinical outcomes of the various radial head replacements.  Most studies are 226 

either retrospective or systematic reviews.  King et al reported a series of 55 smooth stemmed 227 

radial head replacements at 8 years follow up. They reported only 2 revision surgeries with 228 

retention of the original radial head component.  Importantly, they reported a 45% stem 229 

lucency rate radiographically with no apparent functional consequence.  Finally, they note 230 

continued improvement in MEPI scores from 2 to 8 year follow up. (38) Cheng et al reported 32 231 

smooth stem radial head replacements at an average 9 year follow up with 81% good or 232 

excellent results. There were no reoperations.  There was a 66% rate of stem lucency 233 

radiographically which did not correlate with functional symptoms. (39)   Mansat et al reported 234 

mid-term follow up of 77 bipolar or press fit head replacements.  They report 30 reoperations 235 

including 19 removals of prostheses with painful loosening being the indication in 14 of those 236 

explants.  In this group, the implant survival at 10 years was 60%. (40) Bedard et al reported 237 

porous coated versus smooth stems in a retrospective cohort at 6 years follow up which 238 
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demonstrated similar functional results between the two but a trend toward overstuffing and 239 

significant osteolysis in the press fit group. (41) Before the development of more anatomic 240 

designs, bipolar implants allowed accommodation of radio-capitellar malalignment. Eygendaal 241 

et al report 27 press fit bipolar radial head replacements with a revision rate of 11%, but no 242 

reports of loosening. (42)  There are currently no trials comparing bipolar radial head 243 

arthroplasty with more modern anatomic designs. At the present time, the available clinical 244 

data would support the use of a modular, metallic, smooth stem radial head implant as the 245 

treatment of choice for most patients who require radial head arthroplasty. 246 

 247 

Associated Injuries 248 

Associated injuries about the elbow are common in radial head fractures.  Van Riet et al 249 

reviewed 333 radial head fractures and assessed them for associated injuries.  In the series, 250 

39% of radial head fractures had associated injuries.  Prevalence of associated injuries was 251 

related to fracture classification with 8% of Mason Type I, 50% of Mason Type II, and 75% of 252 

Mason Type III fractures having an associated fracture or soft tissue injury. Notably, 45% of 253 

Type III fractures had an associated dislocation and 22% had concomitant medial and collateral 254 

ligament disruptions.(4) Beingesser et all showed in biomechanical studies that radial head 255 

replacement without the repair of the LCL complex was insufficient to restore normal elbow 256 

kinematics and  varus-valgus stability.(9) Repair of associated ligamentous injuries (including 257 

the LCL and in some cases the MCL) is  required to help restore normal elbow kinematics and 258 

stability.  259 

 260 
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Conclusion 261 

Radial head fractures are common elbow injuries.  Minimally displaced fractures with no block 262 

to motion can be treated with early active motion without fear of fracture displacement. Type II 263 

injuries with block to motion and three or fewer fragments may be treated with ORIF with 264 

excellent outcomes.  Type II injuries with more than three fragments and Type III injuries with 265 

significant comminution have been shown to have poor results with ORIF, and radial head 266 

replacement is preferred in this setting. Radial head resection in isolation is not recommended 267 

as it can lead to early elbow instability, but still may be used in selected low-demand elderly 268 

patients. The current literatures supports the use of modular, metallic, smooth stemmed 269 

implants, as there is be a trend toward more complications and re-operations in press fit, 270 

anatomic implants (and several popular designs have been recently removed from the market).  271 

Bipolar implants have good long-term outcomes, but there are few comparative studies 272 

available: restoration of proper radial length and width is probably as important as the type of 273 

prosthesis used. Radiographic lucency around smooth stems is common and does not correlate 274 

with symptoms or function, although excessive radiographic osteolysis is a concern for press-fit 275 

implants. Finally, radial head fractures have a high prevalence of associated injuries: these 276 

should be managed aggressively to optimize clinical outcome.  277 

278 
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Figure Legend 388 
 389 
Figure 1: Radiograph of a Mason Type 4 radial head fracture-dislocation of the elbow 390 
 391 
Figure 2: CT of the elbow following closed reduction: the comminuted, completely displaced 392 
nature of the radial head fracture can clearly be seen. 393 
 394 
Figure 3: Positioning, draping, and skin marking for lateral incision to approach the elbow for 395 
radial head replacement 396 
 397 
Figure 4: Deep dissection for approach for radial head replacement  398 
 399 
Figure 5: Sizing of the radial implant using the re-assembled excised radial head 400 
 401 
Figure 6: Deep dissection with radial head prosthesis in place 402 
 403 
Figure 7: AP radiograph of final radial head replacement 404 
 405 
Figure 8: Lateral radiograph of final radial head replacement  406 
 407 
 408 
 409 
 410 
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