
)501(
  COPYRIGHT 2022 ©  BY THE ARCHIVES OF BONE AND JOINT SURGERY

Arch Bone Jt Surg. 2022; 10(6): 501-506. Doi: 10.22038/ABJS.2021.55486.2764      http://abjs.mums.ac.ir

the online version of this article 
abjs.mums.ac.ir

 Monica M. Shoji, MD1; Magdalena Hartwich Garcen, MD2; Alberto A. Fernandez Dell’Oca, MD2; Jesse B. Jupiter, MD3

Research performed at the Massachusetts General Hospital, Boston, MA and British Hospital, Montevideo, Uruguay

Corresponding Author: Monica M. Shoji, Harvard Combined 
Orthopaedic Residency Program, Harvard Medical School, 
Boston, MA, USA
Email: mshoji1@partners.org

RESEARCH  ARTICLE

Received: 02 February 2021   Accepted: 06 October 2021

Posteriorly Displaced Radial Head Fractures May 
Represent the Footprint of an Elbow Dislocation or 
Subluxation as a Variant of Modified Mason Type 4

Abstract

Background: The purpose of this case series is to describe surgical decision making and clinical outcomes in posteriorly 
displaced radial head fractures with a major fragment (more than 50% of the head) located behind the humeral condyle. 
We also document the outcome of open reduction and internal fixation of completely displaced radial head fractures.

Methods: A retrospective review of the ICUC® (Integrated Comprehensive Unchanged Complete) database was 
performed between 2012 and 2020. Patients were included if preoperative radiographs demonstrated a major radial 
head fracture fragment located posterior to the humeral condyle and a minimum of 2-year follow-up data was available. 

Results: Ten patients met inclusion criteria. Two patients had an associated elbow dislocation whereas 8 patients did 
not. All patients were found to have disruption of the lateral collateral ligament complex intraoperatively. Nine radial 
head fractures were successfully fixed with interfragmentary screws. One multi-fragmented radial head fracture could 
not be successfully stabilized with interfragmentary screw fixation and was resected. The average time to final follow-
up was 4.8 years (range 2.2-8.1). At final follow-up, 6 patients demonstrated radiographic evidence of a healed radial 
head, 1 patient had avascular necrosis, and 2 had post-traumatic arthritis. None demonstrated radiographic instability. 
The average functional score was 0.64 (SD 0.81) and pain score was 0.45 (SD 0.93). The average elbow extension 
was 8 degrees (SD 11), elbow flexion was 139 degrees (SD 6), forearm supination was 60 degrees (SD 27), and 
forearm pronation was 69 degrees (SD 3).

Conclusion: Recognition of a posteriorly displaced radial head fracture is essential, as it may be an indirect sign of 
elbow instability. This instability should be addressed during surgical intervention. 

Level of evidence: IV
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Introduction

Isolated radial head fractures found posterior 
to the lateral humeral condyle may conceal an 
occult elbow instability event with disruption of 

the lateral collateral ligamentous complex (LCL). 
Recognition of elbow instability is crucial as it may 
influence treatment decisions. Previous studies have 
investigated the correlation between radial head 

fracture size, amount of displacement, and elbow 
instability; however, there is a paucity of evidence on 
specific patterns of radial head fracture displacement 
and the associated ligamentous injuries and clinical 
outcomes (1–3). The purpose of this case series 
is to both describe surgical decision making and 
clinical outcomes in posteriorly displaced radial head 
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fractures with a major fragment (more than 50% 
of the head) located behind the humeral condyle 
as well as document the successful outcome of 
open reduction and internal fixation of completely 
displaced radial head fractures. We hypothesize that 
a posteriorly displaced radial head fracture suggests 
either a dislocation on presentation or a subluxation 
event that upon self-reduction displaced the fracture 
posteriorly. 

Materials and Methods
 A retrospective review of the ICUC® (Integrated 

Comprehensive Unchanged Complete) database was 
performed of 1172 cases between 2012 and 2020 (4, 
5). The ICUC database is an international collaboration 
of 4 leading medical centers in Europe and 1 in 
Uruguay spearheaded by the late Stephan Perren that 
is accessible online or via smartphone application 
to which autonomous participants submit operative 
cases including injury radiographs and CT scans, intra-
operative photos of each surgical step, post-operative 
radiographs, and documentation of post-operative 
range of motion as well as outcome as scored on 
4-point scales of patient pain and functional limitations 
(4, 5). The participants of this international database 
provided informed consent for medical use of the 
recorded images. Institutional Review Board approval 
was obtained. 

  Patients were included in this study if preoperative 
radiographs demonstrated a major radial head fracture 
fragment (greater than 50% of the head) located 
posterior to the humeral condyle (OTA classification 
2R1A-C), a minimum of 2-year follow-up data was 
available, and the patient was able to be contacted 
by telephone to evaluate patient reported clinical 
outcomes (PROMs). PROMs were assessed by functional 
limitation (FL) and pain (graded on a numerical scale 0 
to 4, with 0 denoting zero functional limitation/no pain 
and 4 as unable to do any activity/maximum pain). In 
contrast to existing PROMs (e.g. the Disabilities of the 
Arm, Shoulder, and Hand (DASH) score or Patient-Rated 
Wrist Evaluation (PRWE) score), which are limited to 
specific anatomic regions, the ICUC database created the 
FL score to assess a patient’s self-reported functional 
outcome without limiting to specific goals or activities, 
as each patient may have different ultimate functional 
demands (4). FL was assessed on a scale from 0 to 4, 
with 0 denoting zero functional limitation, 1 meaning 
the patient can do most activities, 2 denoting that the 
patient can only do certain activities, 3 as unable to do 
most activities, and 4 as unable to do any activity. Range 
of motion of the elbow was assessed at final follow-
up via clinical photos with a goniometer as previously 
validated (6). Range of motion was recorded in degrees 
rather than as a percentage of the patient’s contralateral 
side in order to compare results to a functional arc of 
elbow range of motion, which Morrey et al. previously 
established is 30 to 130 degrees of extension-flexion 
and 100 degrees of forearm rotation (50 degrees 
of pronation and 50 degrees of supination) (7). 
Additionally, the following patient characteristics were 

obtained through chart review: age, gender, current 
smoking status, medical comorbidities, employment 
status, hand dominance, surgical fixation, number of 
displaced radial head fracture fragments, and need for 
further procedures.

Results
Ten patients were identified with a major radial head 

fracture fragment located posterior to the humeral 
condyle with 2-year follow-up [Table 1]. Two patients had 
an associated dislocated elbow (Mason type IV) [Figure 
1A-C] whereas eight patients did not have radiographic 
evidence of a dislocated elbow on presentation (Mason 
type III) [Figure 2A-C]. The mean age was forty-one 
years (range 15-70) with eight males and two females. 
All patients were found to have disruption of the lateral 
soft tissue attachments to the lateral column including 
the lateral collateral ligament complex. This allowed the 
elbow to be hinged open to permit careful retrieval of the 
displaced radial head fragment.

  Nine radial head fractures were successfully fixed 
with interfragmentary screws including three complete 
fractures of the radial head that were separated from 
the radial neck. The goal for interfragmentary screw 
fixation was a minimum of two screws starting 
proximally in the radial head segment with fixing it 
distally into the radial neck and shaft. The fractures 
were initially reduced with pointed reduction forceps 
and held with K wires. Countersinking was important 
to prevent prominent screw heads. Screws averaging 
1.5mm in diameter were ultimately utilized for 
fixation. If possible, a third screw was utilized to 
provide additional fixation in multiple planes. Range of 
motion of the elbow was assessed to ensure the screws 
do not cause any blocks to motion. One patient with a 2 
fragment radial head fracture could not be successfully 
stabilized with interfragmentary screw fixation and 
was simply resected acutely.

  All ten patients had the LCL and overlying disrupted 
lateral musculature reattached to the humeral lateral 
column using bone anchors. Two patients were noted 
intraoperatively to demonstrate persistent elbow 
instability and required temporary application of 
external fixation across the elbow joint [Figure 2]. The 
medial collateral ligament (MCL) was not repaired in 
any patient; rather the surgeons in this case series 
chose to apply a static external fixation device if the 
elbow demonstrated persistent instability after repair 
of the lateral collateral ligamentous complex. The 
average time to final follow-up was 4.8 years (range 
2.2-8.1). At final follow-up, six patients demonstrated 
radiographic evidence of a healed radial head, one 
patient had avascular necrosis, and two had post-
traumatic arthritis (both had radiocapitellar arthritis, 
while one patient also had concurrent ulnohumeral 
arthritis). Four patients required secondary surgeries: 
three underwent removal of hardware for symptomatic 
hardware and one underwent a radial head resection 
secondary to radial head avascular necrosis [Table 1]. 
No patients demonstrated radiographic instability. 
The average functional score was 0.64 (SD 0.81) and 
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Table 1. Patient Demographics and Injury

Case Age 
(years)

Gender 
(M/F)

Laterality 
of Injured 
Extremity

Mason 
Classification

Number of 
Radial Head 
Fragments

Surgery

Additional 
surgery 

required 
(Y/N)

Secondary 
Surgery 

Patient Reported 
Outcomes at Final 

Follow-up*

1 20 M Left IV 1 ORIF with screws, bone 
anchors, and ex fix N FL = 1; P = 0

2 45 M Right IV 3 ORIF with screws, bone 
anchors, and ex fix Y Radial head 

resection FL=1; P=1

3 20 M Right III 1 ORIF with screws and 
bone anchors N FL = 0; P = 0

4 70 M Right III 2 ORIF with screws and 
bone anchors N FL = 0; P = 0

5 20 M Left III 2 ORIF with screws and 
bone anchors N FL = 0, P = 0

6 55 M Right III 2 Radial head resection N FL = 0; P = 0

7 60 F Left III 1 ORIF with screws and 
bone anchors Y Removal of 

hardware FL = 0; P = 0

8 45 M Right III 2 ORIF with screws and 
bone anchors Y Removal of 

hardware FL = 2; P = 3

9 55 F Right III 2 ORIF with screws and 
bone anchors Y Removal of 

hardware FL = 0; P = 0

10 15 M Right III 2 ORIF with screws and 
bone anchors N FL = 1; P = 0

Abbreviations: M = Male; F = Female; ORIF = open reduction internal fixation; FL = functional limitation score; P = pain score 
*Functional limitation and pain scores are rated on a scale from 0 to 4, with zero as no pain or functional limitation and 4 as unable to do any activity/
maximum pain   

Figure 1. Radial head fracture with a posteriorly dislocated fragment without evidence of elbow dislocation on injury films (A-C) Injury 
films show the posteriorly dislocated radial head fracture fragment and likely subluxated ulnohumeral joint, better visualized on the 
3-dimensional CT scan. (D-F) Postoperative radiographs after primary fixation of the radial head and repair of the LCL complex, showing a 
healed radial head and concentric ulnohumeral at final follow-up without evidence of avascular necrosis or instability. 
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pain score was 0.45 (SD 0.93) [Table 2]. The average 
elbow extension was 8 degrees (SD 11), elbow flexion 
was 139 degrees (SD 6), forearm supination was 
60 degrees (SD 27), and forearm pronation was 69 
degrees (SD 3). 

Discussion
The correlation between radial head fracture size, 

amount of displacement, and elbow instability have 
previously been studied; however, there is a paucity 
of evidence on specific patterns of radial head 
fracture displacement and the associated ligamentous 
injuries and clinical outcomes (1–3). In this study, we 
specifically focused on radial head fractures with a 
major fragment (>50%) located posterior to the lateral 
condyle. Our data suggest that this fracture pattern may 
be a pathognomonic sign of an associated occult elbow 
instability event, even without radiographic evidence of 
a dislocated elbow, as all of our patients with this injury 

pattern sustained concomitant LCL injuries requiring 
repair. 

Previous studies have demonstrated an association 
between displaced or comminuted radial head 
fractures and ligamentous injury (8–11). One study 
found an associated lateral ulnar collateral ligament 
or medial collateral ligament injury in up to 80% of 
patients on MRI, although MRI findings have been 
shown not to correlate with clinical symptoms in 
patients with radial head fractures thus necessitating 
clinical correlation (9,10). Our study builds upon this 
data by demonstrating isolated posteriorly dislocated 
radial head fractures correlated with LCL instability 
intraoperatively, substantiating the radiographic 
findings previously demonstrated. Additionally, the 
data in this study supports those previously reported by 
Tarallo et. al, whose retrospective review found an LCL 
avulsion in 60% of unstable radial head fractures intra-
operatively (10). Our case series augments this data by 
focusing specifically on posteriorly dislocated radial 
head fragments on presentation relative to the lateral 
condyle; moreover, our study also provides a clinical 
follow-up regarding the outcomes of treatment. 

As all of the patients with major radial head fracture 
fragments posterior to the humeral condyle in our 
study were found to have concomitant disruption of the 
lateral soft attachments to the lateral column including 
the lateral collateral ligamentous complex, we believe 
this fracture pattern represents the footprint of an 

Figure 2. Radiographs of patient with posteriorly dislocated radial head fracture with associated elbow dislocation. (A-C) Injury films show 
the posteriorly dislocated radial head fracture fragment, dislocated elbow joint without evidence of a coronoid fracture, better visualized 
on the 3-dimensional CT scan. (D-E) Immediate postoperative radiographs, showing fixation of the radial head fracture fragment and LCL 
complex. Notably, the elbow was still unstable intraoperatively and required temporary application of external fixation across the elbow 
joint. (F) Postoperative radiographs after external fixator removal, showing a healed radial head and concentric ulnohumeral without 
evidence of avascular necrosis or instability.

 Table 2.  Clinical Outcomes at Final Follow-Up

Clinical Outcome Measure   Score 

Functional Limitation 0.7 ± 0.5

Pain 0.9 ± 0.4

Data expressed as mean ± standard deviation
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elbow dislocation or subluxation, as at some point 
the elbow may have been subluxated or dislocated 
and subsequently self-reduced. Thus, this type of 
fracture pattern may represent a variant of the 
modified Mason type 4 fracture, necessitating surgeon 
vigilance to recognize concurrent ligamentous 
injuries and address any instability during surgical 
intervention. This includes intraoperative assessment 
of elbow stability after repair of the lateral collateral 
ligamentous complex, as two of the ten patients in 
this series demonstrated persistent instability and 
required temporary application of an external fixator. 
While none of the patients underwent MCL repair, this 
may be an alternative option to the external fixator if 
clinically indicated. 

Additionally, despite patients reporting minimal 
pain or functional limitations after ORIF at final 
follow-up, there was a high rate of secondary surgery 
associated with ORIF. In this case series, four patients 
required secondary surgeries: three underwent 
removal of hardware for symptomatic hardware and 
one underwent a radial head resection secondary to 
radial head avascular necrosis. Notably, the literature 
remains controversial regarding optimal surgical 
treatment of Mason type III and IV fractures (12–
18). Ring et al. previously concluded that fixation is 
best reserved for minimally comminuted fractures 
with 3 or fewer articular fragments while prosthetic 
arthroplasty should be performed for more complex 
and comminuted fractures (16). Furthermore, in a 
prospective randomized control trial for 45 patients 
with Mason Type 3 radial head fractures, Chen et al. 
demonstrated improved outcomes at 2-year follow-
up for the radial head replacement cohort compared 
with ORIF (19). Similarly, Vannabouathong et al. 
concluded in their systematic review that radial head 
arthroplasties can lead to better function and reduced 
postoperative complications compared to open 
reduction internal fixation in displaced radial head 
fractures (18). Kachooei et al. demonstrated in their 
systematic review at 10% rate of removal or revision 
of the radial head arthroplasty, primarily due to elbow 
arthrolysis (20). This is significantly less than the 
rate of secondary surgery in our series. Furthermore, 
there is a paucity of data comparing range of motion or 
clinical outcomes in radial head arthroplasty and ORIF 
in modified Mason Type 4 fractures. Al-Burdeni et al. 
retrospectively compared outcomes in modified Mason 
type III and IV at an average follow-up of 15 months, 
reporting no difference in regaining functional range of 
motion and similar complication rates (21). However, 
this was a limited sample size (n=36 patients) with a 
short follow-up period with selection bias. Similarly, 

the meta-analysis by Sun et al. comparing radial head 
arthroplasty and ORIF in modified Mason type III and 
IV fractures showed higher satisfaction rates and better 
Broberg and Morrey elbow scores in the arthroplasty 
group, but no differences in QuickDASH scores or other 
complications (22). While our patients reported good 
clinical outcomes despite the high secondary surgery 
rate, further studies are needed to establish the optimal 
intervention in this injury pattern that maximizes 
patient outcomes. 

There are several limitations to our study. The main 
limitation of our data is the small sample size of this 
retrospective case series, as only ten patients were 
included. While the incidence of an isolated posteriorly 
dislocated radial head fracture is uncommon, larger 
studies are necessary to support our findings. 
Additionally, our data come from an international 
database that utilizes a different assessment for 
PROMs, which may limit direct comparisons to studies 
using more well-known PROMs such as QuickDASH or 
PROMIS scores. Lastly, the majority of patients included 
were male with a significant range in age at time of 
injury; thus, the generalizability of our findings may be 
limited. However, despite these limitations, our study 
may provide a foundation upon which future studies 
can be conducted.

Surgeon vigilance is essential in recognition of the 
radiologic finding of a posteriorly displaced radial 
head fracture on pre-operative imaging, as it may 
be an indirect sign of elbow instability. Recognition 
is essential in order to identify concomitant elbow 
injuries and address this instability during surgical 
intervention. Additionally, primary fixation of radial 
head fracture in this injury pattern is associated 
with good patient-reported outcomes despite a high 
revision rate. 
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