
managing paediatric displaced radial neck fractures15,16. 
This technique is attractive as it reduces the risk of radial 
head necrosis, non-union, heterotopic ossification, and 
restricted forearm motion17. However, limited literature 
is available to support using an intramedullary device 
to fix radial neck and head fractures in adults. This 
systematic review aimed to analyze the outcome of 
intramedullary fixation of the radial neck and head 
fractures in adults regarding function, union, and 
complication rates.

PATIENT AND METHODS

A systematic review of the literature was conducted 
in accordance with the PRISMA guidelines18 using 
the online databases Medline and EMBASE. The 
study was registered on the PROSPERO database. 
The searches were performed independently by two 
authors on the 25th of January 2021 and repeated on the 
1st of February 2021 to ensure accuracy. Search terms 
included ‘radial neck fracture’ and ‘intramedullary 
fixation.’ Any discrepancies were resolved through 
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The management of isolated radial neck and head fractures is controversial. Plate fixation and tripod fixation are two 
commonly employed techniques but risk damage to soft tissues and implant-related complications. Intramedullary 
fixation is commonly used in pediatric cases and reduces the potential drawbacks of open fixation. This systematic review 
aimed to analyze outcomes of intramedullary fixation in adults in terms of function, union, and complication rates. A 
systematic review of the literature was conducted following the PRISMA guidelines using Medline and EMBASE’s online 
databases. The review was registered on the PROSPERO database. Studies were appraised using the Methodological 
Index for non-randomized studies (MINORS) tool. Seven studies were deemed eligible for inclusion (n=55). Mean ages of 
patients ranged from 31.3 to 44.2 years, and mean follow-up ranged from 9 to 86 months. The Mayo Elbow Performance 
score (MEPs) was reported in five case series (mean scores 81.8 -97.9) and the prevalence of excellent results ranged from 
71% and 83%. Although 100% of fractures united, the pooled complication rate was 24% (range 0-50%). The most 
common complications were elbow stiffness (7%), superficial radial nerve neuropraxia (7%), malunion (5%), and AVN 
(1.8%). No study reported any patients requiring revision surgery. Intramedullary fixation for radial head and neck 
fractures appears to provide a reliable alternative treatment option in terms of union, range of motion, and functional 
outcomes. Further robust trials direct comparing against open fixation techniques are required.

Keywords: Radial head fracture, radial neck fracture, intramedullary fixation, titanium elastic nails.

INTRODUCTION

Isolated radial neck fractures in adults are very rare, with 
an incidence of 1% of all fractures1. The mechanism 
of injury is commonly a fall onto an extended and 
supinated forearm. Management of isolated radial neck 
fractures is controversial2. Non-displaced fractures may 
be treated conservatively with early elbow mobilization 
to avoid stiffness3,4. Displaced fractures in adults tend 
to be managed surgically as the remodelling of these 
fractures is limited, and malunion can cause restriction 
in motion5,6. Open reduction and internal fixation using 
locked plating are recommended treatment options5 
and are reliable even in complex fracture patterns7. The 
tripod technique using headless compression screws has 
recently been advocated8 with biomechanical studies 
and early clinical results suggesting comparable results 
to plate fixation9,10. However, both techniques require 
dissection of the radial head and periosteal stripping, 
which carries the risk of devascularisation of the radial 
head and implant-related complications11-14.

Intramedullary fixation of radial head and neck 
fractures is a commonly reported technique for 
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supination of 90 degrees24. Gao et al.24 reported the 
management of partial articular radial head fractures 
and reported mean flexion arc 139 degrees, pronation 
86.5 degrees, and supination 87.4 degrees. The final 
three studies reported rates of a normal range of motion 
that ranged from 67% to 86%, with the commonest loss 
of motion being 10 to 30 degrees of extension20,21,22.

COMPLICATIONS

The complication rate was reported in all studies and 
varied from 0 to 43%. The pooled complication rate 
for all studies was 24%. All studies reported a 100% 
union rate. The highest complications were elbow 
stiffness (7%), superficial radial nerve neuropraxia 
(7%), and malunion (5%). Keller et al.22 reported three 
complications in their six patients with two cases of 
malunion and one case of avascular necrosis, although 
this AVN was after a fracture-dislocation of the elbow. 
Kaziz et al. reported the second-highest complication 
rate at 43%, with the majority (50%) of these down 
to joint stiffness21. No study reported any patients 
requiring revision surgery.

DISCUSSION

The main finding from this systematic review is that 
intramedullary fixation for radial head and neck 
fractures can provide reasonable and reliable function 
and range of motion. The reported mean ranges of MEPs 
(81.8 to 97.9) and Quick DASH score (2.33 to 6.81) 
suggest at least comparable outcomes from alternative 
techniques in the literature. Wu et al.27 compared the 
MEPs using the tripod technique (mean 87.7 (75-100)), 

discussion between these two authors, with the senior 
author resolving any residual differences.

The eligibility criteria were clinical studies published 
in English that reported on adult patients (over 15 years 
of age) managed surgically for radial head or neck 
fractures using an intramedullary device. Any type of 
intramedullary device was permitted, including the use 
of additional K-wires to aid reduction. The studies were 
required to report either functional outcome, union 
or complication rates during follow-up for inclusion. 
Only primary research was considered for review, with 
any abstracts, comments, review, biomechanical and 
technique articles excluded. The clinical studies were 
appraised independently by two authors, and quality 
assessment of non-randomized studies was completed 
using the Methodological Index for non-randomised 
studies (MINORS) tool19 MINORS is a validated 
scoring tool for non-randomized studies. Each of the 8 
items in the MINORS criteria relevant to the case series 
was given a score of 0, 1, or 2, with a maximum score 
of 16 (Table I). 

RESULTS

The search strategy is illustrated in Figure 1 and 
identified 34 studies for consideration. After applica-
tion of inclusion criteria, seven studies were deemed 
eligible for inclusion (n=55)20-26. Singh et al.20 reported 
a prospective case series, five further studies were 
retrospective case series21-25 and Serbest et al. reported 
a case report6. Concise study characteristics are 
summarised in Table II. The mean ages of patients in 
the included studies ranged from 31.3 to 44.2 years, 
and the mean follow-up ranged from 9 to 86 months. 
The studies included a variety of fracture patterns from 
Mason I to III fractures, and Gao et al.24 reported on 
partial articular radial head fractures. Three studies 
used an intramedullary Kirschner wire ranging from 
1.6mm to 3mm21,22,26, whilst the remainder used 
titanium elastic nails (TENS)20,23,24,25.

Five case series reported functional outcomes20,21,23-25; 
the Mayo Elbow Performance score (MEPs) was 
the most reported in all five, and the mean scores 
ranged from 81.8 to 97.9. Three studies described the 
prevalence of excellent results, which ranged between 
71% and 83% of patients23-25. Three case series reported 
function using the Quick DASH score with the mean 
scores ranging from 2.33 to 6.81.

Five case series reported a range of motion post-
operatively20-24. Bushu et al.23 managed Mason type 
III fractures and reported a mean flexion arc of 142.5 
degrees, mean pronation of 96.25 degrees, and mean 
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Figure I - Flow diagram of Review Process 
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radial head arthroplasty (85.5 (65-100)), and plate 
fixation (83.2 (65-85)) and demonstrated no significant 
difference between the groups (p=0.56). Cristofaro 
et al.28 assessed the QuickDASH in 80 patients 
undergoing radial head replacement and reported a 
mean QuickDASH score of 13. The range of motion 
reported by Bushu et al.23 (mean flexion arc 142.5 
degrees, pronation 96.25 degrees, and supination of 90 
degrees) and Gao et al.24 (mean flexion arc 139 degrees, 
pronation 86.5 degrees, and supination 87.4 degrees) 
again appear at least comparable to that reported in the 
literature for other techniques. Wu et al.27 compared 
the three main alternative techniques; tripod fixation 
(mean flexion arc 133 degrees, pronation 75 degrees, 
and 78 supination degrees), radial head arthroplasty 
(mean flexion arc 116 degrees, pronation 70 degrees, 
and supination 72 degrees) and radial plate fixation 
(mean flexion arc 115 degrees, pronation 57.5 degrees 
and supination 59 degrees). Any potential improved 
ROM and function from the intramedullary technique 
may be explained by avoiding local soft tissue damage 
and reducing subsequent risk of peri-implant scarring 
and complications11-14.

The complication rate in the current systematic 
review was relatively high at 24% (range 0-50%). 
However, no patients required a repeat procedure or 
revision surgery other than to remove the intramedullary 
device as planned. One complication specific to the 
intramedullary technique was superficial radial nerve 
irritation or neuropraxia that occurred in 7% of cases. 
Additional concerns over this technique could relate 
to a loss of reduction, but this occurred in only three 
cases (5%), and even in these cases, malunion resulted 
in under 20 degrees of angulation. Potential benefits of 
the intramedullary technique are the avoidance of soft 
tissue stripping at the fracture site with a theoretical 
reduced risk of AVN and heterotopic ossification; 
this appeared to be the case with a 100% union rate 
across the studies, only 1 case of AVN was reported 
(1.8%) when the technique was employed for a fracture 
dislocation and no cases of heterotopic ossification.

The complication rates associated with the alternative 
surgical techniques are comparable in the literature, but 
the reported revision rates for these other techniques 
are higher. However, most previous literature on these 
alternative techniques includes patients with both 
simple radial head/neck fractures and complex elbow 
injuries where intramedullary fixation is not indicated. 
Pike et al.29 reported results after open reduction and 
internal fixation of isolated radial head fractures. They 
demonstrated major complications in 13% and 3% rate 
of significant stiffness requiring secondary capsular Sa
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and functional outcomes for patients with a specific 
subset of fractures. 
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