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Abstract
Introduction  The combination of posterior elbow dislocation, radial head fracture, and coronoid fracture has been named 
“terrible triad” as this injury is difficult to treat and yield poor outcomes. Some studies compared the results of radial head 
fixation to replacement in isolated radial head fractures, very few reports have tried to compare both treatment modalities 
in the setting of a terrible triad injury.
The aim of this study was to compare the functional outcome of radial head fixation vs replacement in terrible triad injuries 
of the elbow.
Methods  A single-center, prospective cohort study was conducted at an academic Level 1 Trauma Center from April 2016 
to April 2019.
A total of 30 patients with terrible triad injury of the elbow were enrolled. The primary outcome was the Quick Disability 
of Arm, Shoulder and Hand (Quick-DASH) at 1 year. The secondary outcomes were to report the Mayo Elbow Performance 
Score (MEPS) at 1 year and elbow range of motion.
Results  At final follow up for each patient (13.4 ± 1.2 months) The Quick-DASH score at 1 year for fixation group was 
5 ± 2.3, for the replacement group it was 7.1 ± 7.1. The MEPS at 1 year for fixation group was 93.6 ± 8.4, for the replacement 
group it was 90.9 ± 9.4.
Loss of elbow extension at 1 year for fixation group was 17.1° ± 10.7°, for replacement group it was 18.75° ± 11.5°.
Conclusion  A systematic approach to address the bony and soft tissue components of terrible triad elbow injury is crucial 
to obtain satisfactory outcome. Our study shows that radial head repair and replacement, in the setting of terrible triad 
injury, yields comparable results.
Level of evidence  Level II, Therapeutic study.
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Introduction

The combination of posterior elbow dislocation, radial 
head fracture, and coronoid fracture has been named “ter-
rible triad” as this injury is difficult to treat and yield poor 

outcomes [1]. In this uncommon injury, there is loss of the 
anterior buttress of the coronoid, the valgus buttress of the 
radial head, and the posterolateral stabilization of the lat-
eral ulnar collateral ligament (LUCL) which results in elbow 
instability [2].

High rates of complications (e.g., contractures, instabil-
ity, and pain) has been reported by historical studies [3–5]. 
However, the improved understanding of elbow constraints, 
as well as the improvements in fixation options; lead to sig-
nificant improvements in the treatment of this injury. The 
adoption of algorithmic approach and standardized surgi-
cal protocols by recent studies [6–9] in treating this diffi-
cult injury resulted in improved patient outcomes. While 
some studies compared the results of radial head fixation to 
replacement in isolated radial head fractures [10], very few 
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reports have tried to compare both treatment modalities in 
the setting of a terrible triad injury.

The aim of this study was to compare the functional out-
come of radial head fixation vs replacement in terrible triad 
injuries of the elbow. The primary outcome was to report the 
Quick Disability of Arm, Shoulder and Hand (Quick-DASH) 
at 1 year. The secondary outcomes were to report the Mayo 
Elbow Performance Score (MEPS), elbow flexion/exten-
sion arc and complications (e.g., infection, heterotrophic 
ossification).

Our null hypothesis was that functional results are the 
same for fixation vs replacement of radial head fractures in 
treating terrible triad injury of the elbow.

Methods

Study Design

An Institutional Review Board (IRB) approved, single-
center, prospective follow-up study.

Setting

An academic Level 1 Trauma Center. The study was con-
ducted from April 2016–April 2019 (patient enrollment con-
tinued for 2 years, then study was terminated when a mini-
mum of 12 months follow-up was achieved for all patients).

Participants

All patients above 18 years who presented to our service 
with elbow dislocation were registered and assessed for eli-
gibility, patients with terrible triad injury were eligible for 
enrollment.

Radiographic evaluation included plain radiographs as 
well as CT scan of the elbow to assess fractures pattern and 
articular surfaces involvement.

Exclusion criteria for enrollment in the study were as fol-
lows: pure elbow dislocation without associated elbow frac-
tures; open dislocation/fracture; patients with compartment 
syndrome; concomitant injury (e.g., multiple fractures); 
patients with concomitant upper extremity injury (e.g., 
humerus fracture) and fractures older than 14 days.

Data on age, gender, mode of trauma, fracture type (for 
radial head and coronoid), and complications (e.g., stiffness, 
infection) were registered.

Radial head fractures were graded according to Mason 
classification [11], coronoid fractures were graded according 
to Regan–Morrey classification [12].

Intervention

Elbow dislocation was reduced closed in the emergency 
department under conscious sedation or in the operating 
room under general anesthesia. Then the limb was supported 
in a posterior splint awaiting definitive surgery.

Our institution uses the widely accepted algorithmic 
approach to guide surgical intervention of terrible triad 
injury [8, 9].

The decision of operative management was taken by the 
senior investigator (SG).

We adopted the operative technique described by Pugh 
[8].

Patients were put in the supine position with a tourniquet 
on the proximal arm. The arm was placed over a hand table 
to allow easy access to the C-arm. A lateral incision was 
used in all patients and deep structures were approached 
through the Kocher interval. A typical finding was disrup-
tion of the lateral collateral ligament (LCL) complex from 
the lateral epicondyle.

Surgical repair and stabilization were carried out from 
deep to superficial. All coronoid fractures were fixed (using 
non-absorbable suture lasso, passed through drill holes and 
tied over the dorsum of the olecranon). A decision of radial 
head fixation (using headless screws and/or small proximal 
radial plate) was made when there were ≤ 3 articular frag-
ments, with no traumatic delamination of the articular carti-
lage and no comminution of the radial neck. If these criteria 
were not met, the radial head was replaced (using a modu-
lar prosthesis). There was no radial head excision without 
replacement. With radial head replacement, aggregation of 
the excised head fragments was done to select the implant 
head size (with a preference to slight under-sizing). Neck 
length was determined by ensuring that the implanted head 
was flush with the proximal edge of the lesser sigmoid notch 
when the joint is reduced as well as ensuring there was no 
gapping in the medial ulno-humeral joint.

Finally, the LCL complex was repaired back to the iso-
metric point at the lateral epicondyle, using either non-
absorbable sutures passed through drill holes in the epicon-
dyle if bone quality was good, or using suture anchors if 
bone quality was poor.

Stability of the elbow was tested intra-operatively using 
the hanging arm test [13], which was performed before and 
after the LCL was addressed.

All surgeries were performed by the same surgeon (AL), 
who is fellowship trained in hand surgery.

Postoperative regimen included the use of an arm sling 
for arm support in the early postoperative period (held in 
70° flexion and slight pronation to protect LCL repair), that 
was converted to a hinged elbow brace 1 week after surgery 
and physical therapy was initiated to recover elbow range.
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Outcomes

Patients were followed at 2 weeks, 6 weeks, 3 months, and 
1 year for radiological and functional evaluations.

The Quick-DASH score [14, 15] at 1 year was selected 
as the primary outcome measure, it was also collected at 
inclusion (recall baseline function).

Secondary outcome measures were MEPS [16, 17] at 1 
year, elbow flexion/extension arc and complications (e.g., 
infection, heterotrophic ossification).

Statistics

The statistical analysis was performed using the statistical 
package SPSS (Statistical Package for the Social Sciences) 
version 25.

Mean and standard deviation (SD) were used to express 
continuous data while frequency (count) and relative fre-
quency (percentage) were used to express categorical data.

Continuous variables were age, functional score, length 
of follow-up period, and elbow range of motion. Categori-
cal variables were sex, side of injury, fracture pattern, and 
complications.

The statistical difference was calculated using Student’s 
t test for continuous variables which followed a normal dis-
tribution and Mann–Whitney U test for those not following 
a normal distribution. For comparing categorical data, Chi-
squared (χ2) test was performed, Fisher’s exact test was used 
instead when the expected frequency was less than 5.

P values less than 0.05 were considered as statistically 
significant.

Ethics

No funding was received for this study. Authors declare that 
they have no conflict of interest. The study was conducted 
in accordance with the ethical standards of the institutional 
and national research committee and with the 1964 Hel-
sinki Declaration. Informed consent was obtained from all 
patients who participated in the study.

Results

A total of 67 patients were assessed for eligibility, 32 
patients were excluded as they did not meet the inclusion 
criteria, five patients refused to participate in the study, so a 
final number of 30 patients were enrolled. No patients were 
lost to follow up at time of final data analysis.

The study included 17 males (56.7%) and 13 
females (43.3%), the mean age at time of enrollment 
was 40.4 ± 14.9  years. The mean follow-up period was 
13.4 ± 1.2 months.

Dominant side was affected in 11 patients (36.7%), non-
dominant side was affected in 19 patients (63.3%).

The mode of injury was falling to the ground (FTG) in 22 
patients (73.3%), road traffic accident (RTA) in eight patients 
(26.7%).

Radial head fracture type (according to Mason classifi-
cation) was type I in one patient, type II in 15 patients and 
type III in 13 patients. One patient has radial neck fracture.

Coronoid fractures type (according to Regan–Morrey 
classification) was type I in 10 patients and type II in 20 
patients.

Fixation of radial head fractures was done in 14 patients 
and replacement was done for 16 patients.

The Quick-DASH score at 1 year for fixation group was 
5 ± 2.3, for the replacement group it was 7.1 ± 7.1. The dif-
ference was not found to be statistically significant.

The MEPS at 1 year for fixation group was 93.6 ± 8.4, for 
the replacement group it was 90.9 ± 9.4. The difference was 
not found to be statistically significant.

Loss of elbow extension at 1 year for fixation group was 
17.1° ± 10.7°, for replacement group it was 18.75° ± 11.5°. 
The difference was not found to be statistically significant.

Table 1 shows functional results for both groups.
The classification of radial head fractures was found to 

have no impact on the functional outcome (Table 2).
Three patients required secondary procedures; one patient 

developed significant pain over the lateral aspect of the 
elbow due to capitellar erosion by radial head prosthesis. 
Removal of prosthesis was done after 6 months. Pain was 
relieved. At final follow up, flexion degree was 145°, exten-
sion loss was 20°, pronation was 80° and supination was 60°, 
MEPS was 95 and Quick-DASH was 2.3. Another patient 
(who had radial head fixation) developed deep wound infec-
tion, which resolved after debridement without the need for 
any hardware removal. Another patient developed hetero-
topic ossification for which surgical excision was done after 
6 months when maturation of ossification was confirmed on 
radiographs, that was followed by 3 weeks course of Indo-
methacin to prevent recurrence; at final follow-up, flexion 

Table 1   Functional results in both groups

Radial head treatment P value

ORIF Prosthesis

Mean SD Mean SD

Extension loss 17.14 10.69 18.75 11.47 0.637
Flex-Ext arc 120.36 13.22 122.81 13.29 0.822
Supination 76.43 17.15 75.00 18.71 0.886
Pronation 80.00 0.00 76.25 15.00 0.790
MEPS 93.57 8.42 90.94 9.35 0.498
Quick-DASH 4.95 2.33 7.11 7.13 0.918
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degree was 120°, extension loss was 10°, pronation–supina-
tion arc was 165°, MEPS was excellent and Quick-DASH 
score was 4.5. A clincial example of radial head fixation case 
is shown in Fig. 1, a clinical example of radial head replac-
ment case is shown in Fig. 2.

Discussion

The stability of the elbow joint is provided by a complex 
interaction between the articular surfaces and soft tissue 
stabilizers, making it a very congruous joint. When elbow 
dislocation is associated with articular surface disruption 

Table 2   Functional outcomes between different Mason types of radial 
head fractures

All are mean values

Neck# Type I Type II Type III P value

Ext. loss 10.00 10.00 18.00 19.23 0.654
Flexion 140.00 130.00 139.00 141.15 0.366
Supination 85.00 85.00 73.33 76.92 0.856
Pronation 80.00 80.00 80.00 75.38 0.727
MEPS 95.00 100.00 93.33 90.00 0.521
Quick-DASH 4.50 4.50 4.78 7.87 0.916

Fig. 1   A radial head fixation case

Fig. 2   A radial head replacement case
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surgical treatment is usually mandated for recurrent insta-
bility, and the risk of subsequent arthrosis increases sub-
stantially [18–21].

As the understanding of the functional anatomy of the 
elbow and how this influences its stability, the outcome 
of surgical management of terrible triad injuries became 
more predictable as shown by recently published literature 
[7, 21, 22].

In a review article [23], the results of 137 terrible triad 
injuries in five studies were analyzed. Treatment included 
coronoid fixation, repair or replacement of radial head, and 
repair of LCL complex, reserving MCL repair and hinged 
external fixation for residual instability. That treatment 
strategy appeared effective in the majority of cases. Mean 
follow-up was 31 months. Overall flexion–extension arc 
was 111.4° and the average MEPS was 85.6 points.

In another review article [24] of 21 studies on terrible 
triad injuries of the elbow, it was found that the prosthetic 
replacement was the most common method for treating 
radial head fractures, trans-osseous suture was the most 
common method for coronoid fixation, and repair of 
the LCL complex was always done. The mean age was 
45.9 years (range 13–79 years). Mason type III was the 
most common, Morrey type II was the most common. 
Those with radial head fixation had an average elbow 
flexion/extension arc of 115.5° ± 19.7°, had an aver-
age MEPS of 86.1 ± 12.9; while those with radial head 
replacement had an average elbow flexion/extension arc of 
116.6° ± 25.3° and an average MEPI score of 85.8 ± 13.8. 
Those in which the coronoid process was fixed using trans-
osseous sutures had the highest functional score (MEPS of 
91.5 ± 9.1) compared to those in which the coronoid was 
fixed using suture anchors (MEPS of 73.3 ± 29.1).

From our data and other collected data, the most com-
mon approach to radial head management was by pros-
thetic replacement followed by ORIF (we think that was 
driven by the nature of the fracture pattern) with no role 
for excision alone. Functional results of prosthesis were 
comparable with that of fixation. In our study, trans-osse-
ous sutures for coronoid repair were the standard managed 
as this method was found to yield the best functional out-
comes. The LCL had been routinely repaired throughout 
our study as a necessary step. We did not perform MCL 
repair in our series as all elbows in our study became sta-
ble after reconstruction of the lateral and central stabiliz-
ers. The scientific literature [23, 24] recommend repairing 
the MCL only when there was persistent instability after 
repair of other elbow stabilizers.

In a retrospective review [2] that included 39 patients 
with terrible triad injuries who were managed with repair 
(n = 9) or replacement (n = 30) of the radial head, repair of 
the LUCL, and repair of the coronoid fracture. The mean 

elbow flexion/extension arc was 115° (75°–140°). The 
mean DASH score was 16 (0–34).

Another retrospective study [25] reviewed the differ-
ence between radial head replacement vs fixation. They 
included 23 patients with terrible triad injury and found 
comparable functional results between the two groups with 
only higher rate of re-operation in the fixation group.

In light of the previously mentioned literature, the 
authors wanted to compare radial head fixation vs replace-
ment in treating terrible triad injuries of the elbow, as the 
only available literature on that matter was only retrospec-
tive studies.

Our results were not different than those shown in simi-
lar retrospective studies [2, 25].

One of the limitations to this study is that to generalize 
the results, longer follow up would be needed to evaluate 
the long-term effect of prosthesis and its longevity.

In conclusion, the authors believe that using a sys-
tematic approach to address the bony and soft tissue 
components of this difficult injury pattern is crucial to 
obtain satisfactory outcome. Satisfactory outcome is usu-
ally achieved in most patients following that systematic 
approach, and MCL repair or the application of a hinged 
external fixator is seldomly required. Our study shows that 
radial head repair yields comparable results to replacement 
in the setting of terrible triad injury.
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