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Introduction
Traumatic Unstable Elbow Injuries were first described by Hotchkiss in 1996, and later 

defined as a dislocation of the elbow joint, combined with fractures of the radial head and 
ulnar coronoid process [1]. The definition extends to include the lateral collateral ligaments, 
the medial collateral ligaments and the anterior capsule. This is a high trauma injury caused 
by axial forces on a hyperextended elbow in supination [2]. This in turn will cause exaggerated 
elbow valgus that will ultimately lead to elbow instability [3].This condition accounts for 4% 
of all adult radial head fractures and 31% of elbow dislocations. The name associated with this 
injury reflects the bad outcomes that accompanied this injury despite surgical management 
[4,5]. This is why a good understanding of the injury mechanism, the relevant anatomy, and 
the factors associated with elbow instability can grant better functional outcomes and reduce 
the risk of complications. 

Many patient-related outcome scores are used to evaluate elbow injuries and pathologies. 
Scores such as the Oxford Elbow Score, Liverpool Elbow Score and the Mayo Elbow 
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Abstract
Objectives: Complex elbow fractures have a predisposition for undesirable outcomes even with surgical 
management. The aim of this study was to evaluate the functional outcome of patients with traumatic 
unstable elbow Injuries that were managed surgically, as well as how to select the proper surgical 
approach and fixation guided by pre-operative planning. Analyzing their functional outcomes would 
help formulate future evidence-based guidelines on elbow terrible triad injury management in clinical 
practice. 

Methods: All the surgical cases for Traumatic Unstable Elbow Injuries were collected from a single 
tertiary hospital in the country that deals exclusively with these types of injuries. The database included 
19 patients that were treated between 2013 until 2018. All the patient agreed to participate in this study. 
They were asked to fill in the Mayo Elbow Performance Score (MEPS) at baseline first clinic after hospital 
discharge, and later at final follow up after completion of physiotherapy. Both functional outcomes and 
complications were correlated with clinical and radiological evaluation. 

Results: A total of 19 cases of terrible triad of the elbowwereincluded in the studyanalysis. The study 
sample included 19 participants (31.6% females and 68.4% males). Results showed that MEPS and ROM 
significantly improved after the completion of follow up compared to the baseline. The median extension 
score decreased from 20 to 10 (P < 0.05). The median flexion score increased from 122 to 140 (p = 0.001 
using Wilcoxon signed-rank test). The median supination score increased from 45 to 80 (p< 0.05) while 
the median pronation score increased from 42.5 to 70 (p = 0.05). The median MEPS scores significantly 
increased from 60 to 85 (p< 0.001). When analyzed as a categorical variable, results showed that the 
percentage of patients with good MEPS score increased from 21.1% to 68.4% (p< 0.001 using McNemar’s 
test).

In terms of complications, 6 of the 19 patients needed a second surgical intervention with joint stiffness 
as the leading cause

Conclusion: Terrible triad injuries of the elbow are a result of high energy trauma. These types of injuries 
lead to unstable elbows that requires surgical intervention, extensive post-operative physiotherapy and 
a high possibility of reoperation is required. We conclude that good outcomes after this injury can be 
achieved by adequate preoperative planning, stable fixation, aggressive rehabilitation, regular outpatient 
follows-up and complication anticipation and management.
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Performance Score have proven to be useful and reliable tools 
tool in clinical practice [6-8]. The Mayo Elbow Performance Score 
(MEPS), however, has a higher validity rate and wider range of 
functional assessment. The normal range of motion of the elbow 
is approximately 0° of extension and 140° of flexion. A functional 
range of motion for activities of the daily living has been described 
to be of 30-130°, and the functional arc of throwing ranges from 
20° to 130°. The normal supination and pronation are both of 
approximately 80°[5-7]. The desired functional arc of movement 
50-50 degrees in two planes; flexion and extension (sagittal plane) 
and pronation and supination (coronal plane) . The MEPS was used 
to test the limitations of the elbow during activities of daily living 
(ADL). MEPS is a 4-part test where clinical information is rated 
based on a 100 points scale; <60-poor, 60-74 -fair, 75-89 - good, 
and 90-100 - excellent [7-10]. 

The objective of this study was to conduct a retrospective 
evaluation of the functional outcomes in 19 patients with Traumatic 
Unstable Elbow Injuries and how to apply a standardized approach 
to surgical planning in such injuries. 

Materials and Method
The cases were collected form the medical records database 

of the only tertiary orthopedic hospital in the country. The data 
included 19 terrible triad cases of the elbow, from January 2013 
to December 2018. These cases have been treated by an exclusive 
upper limb trauma service. The patients’ files were retrieved, 
and the patients were contacted accordingly to re-visit the clinic 
for further evaluation. Ethical approval was first sought out 
and obtained from the Ministry of Health in the State of Kuwait 
(Reference code 2019/891). Written consent from each patient was 
also obtained. Patients were asked to visit outpatient clinic after 
discharge once a month for the first three months followed by once 
in 2-3 months later up until 24- months.

Radiological evaluation

We retrospectively analyzed data from their records, as well 
as accessing the hospital’s PACS system to obtain and review 
radiological studies used for the patients. These were standard 
radiographs (Anterior-posterior and lateral views of the elbow), the 
CT scans of the affected elbows, as well as additional radiographs 
depending on each patient’s injuries to assist in the pre-operative 
plan and in the duration of post-operative follow-up. 

Radial head fractures were classified according to mason 
classification for radial head fractures [11]. Coronoid fractures 
were classified according to Regan and Morrey (for posterolateral 
and posteromedial instability) and O’Driscoll(for the anteromedial 
facet) classifications[5,12]. The radiographs were reviewed 
independently by two surgeons and where there was any doubt 
regarding the classification, the main Surgeon was asked for 
confirmation. Post-operative follow-up was done by the main 
surgeon, who determined whether there were any complications. 

Pre-operative planning and choosing the approach
The first step in pre-operative planning is obtaining 

Anteroposterior and lateral radiographs of the elbow, as well as 
the involved bones above and below the elbow joint. Furthermore, 
a CT Scan of the Elbow joint with axial, sagittal, coronal, and 
3-dimensional reconstruction views with volumetric measurement 
of the fracture fragments is done. 

Volumetric sizing for both the radial head and the coronoid 
were done by multiplying the length, height and width together. 
These different cuts enable us to accurately classify fractures of 
the radial head, coronoid, and any additional fractures that might 
exist. The volumetric measurement is requested to determine the 
implant type and size for fixation. The choice of surgical approach 
was based on the algorithm in Figure 1, the choice of implant was 
based on the algorithm in Figure 2.

Figure 1: Algorithm used by authors to decide implant type.
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Figure 2: Algorithm for implant choice in unstable elbow injuries.

Statistical analysis
Statistical analysis was performed using R studio v 3.6.2. 

Demographic characteristics were summarized as counts and 
percentages while continuous variables were summarized using 
median and interquartile range (IQR) due to the non-parametric 
nature of the data. The percentages for the type of repair, 
complications, and associated injury was calculated from the total 
number of patients. Signed rank test was used to assess whether the 
mean ranks for the mayo score, flexion, extension, supination, and 
pronation were significantly different between baseline and follow 
up. Mayo score was classified as previously mentioned. McNemar’s 
test was used to assess whether the distribution of Mayo score 
significantly changed at follow up compared to baseline. Signed 
rank and McNemar’s test were used due to the paired nature of the 
data (each patient had two scores for each index).

Results
The study sample included 19 participants (31.6% females and 

68.4% males). The median age of the included participants was 37 
years (IQR 30.5; 47 years). Radial head fracture grades I, II, and III 
were found in 10.5%, 31.6%, and 57.9% of the patients, respectively. 
Coronoidhead fracture grades I, II, and III were found in 52.6%, 
36.8%, and 10.5% of the patients, respectively. MCL repair was 
performed in 21.1% of the patients while LCL and capsule repair 
were performed in all the patients. The median length of hospital 
stay was 8 days (IQR 6; 12 days). Cefazolin (1g q8 for 3 days) was 
the most commonly administered antibiotic. The mechanism of 
injury and occupation are shown in Table 1.

Operative technique and rehabilitation protocol 
All patients were managed by the same surgical team. The 

same standard approach was used for all patients (Kocher or 
posterolateral approach). It was used to ensure exposure of 
the distal humerus as well as the radial head, radial neck, and 
biceps tuberosity. The medial approach was chosen in fractures 
that needed buttressing (Type II non-comminuted, type III and 
anteromedial facet fractures of the coronoid. 
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Coronoid fractures were addressed first followed by the radial 
head fracture. Finally, the ligamentous and soft tissue injuries were 
addressed. All the cases underwent a Kocher approach, starting 
with radial head fixation or arthroplasty, followed by lateral 
collateral ligament repair. Then assessing for elbow instability;if the 
elbow was unstable elbows after lateral collateral ligament repair, 

a separate medial approachwas indicated to repair the medial 
collateral ligament as seen in Table 1. The approach was utilized to 
gain access and repair the anterior bundle of the medial collateral 
ligament. The last resort for patients with persistent instability was 
the usage of a hinged external fixator (n=1). 

Table 1: Descriptive statistics for the study sample.

[ALL] n

n=19

Gender: 19

Female 6 (31.6%)

Male 13 (68.4%)

Age 37.0 [30.5;47.0] 19

Occupation: 19

Bank Employee 1 (5.26%)

Branch Manager 1 (5.26%)

Builder 1 (5.26%)

Businessman 1 (5.26%)

Cleaner 1 (5.26%)

Engineer 1 (5.26%)

Factory worker 1 (5.26%)

Housemaid 3 (15.8%)

Housewife 1 (5.26%)

Manual Worker 4 (21.1%)

Sales Manager 1 (5.26%)

Student 1 (5.26%)

Teacher 1 (5.26%)

Unemployed 1 (5.26%)

Radial Head Fracture Classification: 19

I 2 (10.5%)

II 6 (31.6%)

III 11 (57.9%)

Coronoid Fracture Classification: 19

I 10 (52.6%)

II 7 (36.8%)

III 2 (10.5%)

Mechanism of Injury: 19

Fell at home 1 (5.26%)

Fell during sport 2 (10.5%)

Fell from Bicycle 1 (5.26%)

Fell in bathroom 2 (10.5%)

FFH 7 (36.8%)

FFSH 1 (5.26%)

MVC 3 (15.8%)

RTA 1 (5.26%)

Slipped down stairs 1 (5.26%)
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Hospital Stay 8.00 [6.00;12.0] 19

Choice of Antibiotics: 19

Cefazolin 1g IV q8H for 3 days 17 (89.5%)

Dalacin  C 300g IV  for 7 days 1 (5.26%)

Vancomycin 1g IV q8H for 3 days 1 (5.26%)

Soft tissue repair Δ

MCL repair: 4 (21.1%) 19

LCL repair: 19 (100%)

Capsule repair: 19 (100%)

Continuous  variables were summarized as median [IQR]

Δ Percentage for each response was calculated from the total n

One patient had fixation of coronoid fracture with a screw, 
while the rest had trans-osseous pull out sutures with non-
absorbable sutures as the choice of fracture fixation. One patient 
had a concomitant ipsilateral proximal ulna fracture which was 
addressed with open reduction and internal fixation with plate and 
screws. 

Fixation options for the radial head were open reduction and 
internal fixation with plate and screws (n=5), screws only (n=10), 
and screw fixation augmented with a Kirschner wire (n=1), and 
radial head replacement (n=1). The lateral collateral ligament was 
repaired in all the cases using a trans-osseous suture. The medial 
collateral ligament was repaired also by using a trans-osseous 
suture (n=4). A hinged external fixator was used when the elbow 
remained unstable even after medial collateral ligament repair 

during the intraoperative stability assessment (n=1). All the 
patients were placed in an above elbow cast until time of suture 
removal (Range 0-14 days).

Associated injuries were treated on a case-to-case basis 
depending on the injury itself (Figure 3). All patients were referred 
to an outpatient physiotherapy program after discharge and had 
at least 12 sessions. The rehabilitation protocol is divided into 
3 distinct phases with each phase being for 4 weeks. First phase 
involves active and active-assisted range of motion to prevent 
heterotopic ossification [13]. The second stage involves passive 
range of motion exercises to regain as manyrange of motion as 
possible. The third and final stage, the strengthening and stretching 
stage, helps patients to slowly return to their activities of daily 
living.

Figure 3: Associated injuries (Percentage for each injury was calculated from the total number).
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Range of motion and MEPS

Results showed that MEPS and ROM significantly improved 
after the completion of follow up compared to the baseline. The 
median extension score decreased from 20 to 10 (P < 0.05). The 
median flexion score increased from 122 to 140 (p = 0.001 using 
Wilcoxon signed-rank test). The median supination score increased 

from 45 to 80 (p< 0.05) while the median pronation score increased 
from 42.5 to 70 (p = 0.05). The median MEPS scores significantly 
increased from 60 to 85 (p< 0.001). When analyzed as a categorical 
variable, results showed that the percentage of patients with 
good MEPS score increased from 21.1% to 68.4% (p< 0.001 using 
McNemar’s test). Table 1, Figure 4&Figure 5represent the change in 
MEPS and ROM at baseline compared to final follow up (Table 2).

Figure 4:MEPS score categories at baseline and after completing follow up

Table 2: Change in ROM and MEPS measures.

Baseline Follow up p

n=19 n=19

Extension 20.0 [10.0;30.0] 10.0 [0.00;20.0] 0.03

Flexion 122 [100;132] 140 [132;140] 0.001

Supination 45.0 [25.0;60.0] 80.0 [47.5;80.0] 0.030

Pronation 42.5 [20.0;80.0] 70.0 [45.0;80.0] 0.05

MEPS mean 60.0 [50.0;67.5] 85.0 [70.0;85.0] <0.001

MEPS score: <0.001

Poor 8 (42.1%) 0 (0.00%)

Fair 7 (36.8%) 6 (31.6%)

Good 4 (21.1%) 13 (68.4%)

Statistical analysis was performed using Signed-rank test for continuous variables and McNemar’s test for categorical variables
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Figure 5:Change in ROM at baseline and after completing follow up.

Complications

From all the 19 patients included in the study, 3 were 
complication-free while 16 suffered at least one complication. 
Complications that we came across were limited range of motion 

in the joint without a significantly effected functional arc (n=11), 
Heterotopic ossification (n=4) related to medial collateral ligament 
repair (n=4), Ulnar nerve neuropraxia (n=8) in which one case 
needed ulnar nerve exploration and hardware irritation (n=1) 
(Figure 6). 

Figure 6: Complications experienced by the included patients (% was calculated from total n).
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Even though 16 had varying complications, only 4 patients 
ended up undergoing further operations beyond the first definitive 
surgery. These were Manipulation under anesthesia to assess 
persistent joint instability with possibility of re-applying a hinged 
Ex-fix (n=1); heterotopic ossification excision and manipulation 
under anesthesia for joint stiffness (n=1); ulnar nerve exploration 
(n=1), manipulation under anesthesia for stiffness and removal of 
irritating hardware (n=1); ulnar nerve exploration and heterotopic 
ossification (n=1); and manipulation under anesthesia with ulnar 
nerve exploration and transposition (n=1).

Discussion

Terrible triad injuries of the elbow are uncommon yet are 
almost always accompanied by inadmissible complications 
[14]. There are many different surgical techniques and surgical 
approaches for each component of this triad. Each technique has 
proven to add some benefit to improve elbow stability or reduce 
associated complications [15-18]. No single surgical technique -to 
our knowledge- has been determined more superior than others 
[19].Planning to manage these types of injuries have to take into 
consideration tailored indications and patient needs [19]. Though 
one fact remains clear, that any non-surgical intervention will result 
in assertive disabilities to the joint [20-22]. The purpose of this 
current study was to examine the functional outcomes of unstable 
elbow injuries and their complications with surgical management 
and early rehabilitation. Algorithms for unstable elbow injuries 
were created to simplify the flow of operative decision making.We 
followed it for all the patients included in the study and achieved 
good results according to the MEPS. Compared with other similar 
studies, the strength of this paper is that there were no poor results 
amongst our cohorts [19-22].

Our study has achieved a similar result with the few other 
studies available in the literature [19,23-26]. This study has notably 
reported good to excellent results with adequate multi-dimensional 
surgical treatment. This is in keeping with other reports that used 
MEPS as their outcome measure as well [19,20,23]. Our cohorts had 
exhibited good results in return of elbow function to near normal 
(Figure 3). This study differs from others in that our participants 
did not report any poor MEPS cases. In terms of complications, our 
results are within the lower border of the normal range for elbow 
stiffness, heterotrophic ossification, and need for reoperation 
[27,28]. This too has been consistent with our initial hypothesis 
(Figure 4). 

The methods used in managing the cases presented in this 
study followed a basic newly constructed algorithm, based on 
the latest evidence-based medicine presented in the literature 
regarding unstable elbow injuries. For the purpose of simplicity, the 
authors wish to base their discussion around coronoid fractures 
and their concomitant injuries in terrible triad injuries of the elbow. 
When the dislocation is stable and concentric, with non-displaced 
Regan-Morrey type I or II coronoid fracture or small anteromedial 
coronoid fracture, the literature suggest that these are indications 

for non-operative management [28]. These types of fractures 
should be immobilized at 90 degrees flexion for 14 days. Followed 
by active and assisted range of motion exercises [29,30]. 

Elbow instability or ulno-humeral joint subluxation generally 
benefits from surgical intervention.Coronoid fractures with valgus 
posterolateral rotational instability, or with varus posteromedial 
rotational instability or olecranon fracture-dislocation with or 
without radial heal fractures should be managed operatively to 
reduce the high risks of associated disabilities [31] (Figure 6).

Fixing the radial head in terrible triad injuries is straight 
forward in the literature recommendations. If the radial head is 
comminuted, the treatment is based on the size of the fragments 
[31,32]. If there are multiple large fragments that can be reduced 
and fixated internally then it is best to do so [33]. If the comminution 
of the radial head involves more than two thirds of the radial head, 
or if the fragments are irreducible, then in this case one has to 
consider arthroplasty reconstruction of the radial head [33,34].In 
both open reduction and internal fixation of the radial head versus 
arthroplasty, it is important to plan your surgery around the radial 
neck integrity [35]. 

It is worth noting that fixation with arthroscopic-assisted surgery 
in terrible triad injurie is a promising field, but it will require highly 
skilled surgeons with long-learning curves. Ligamentous repair on 
the other hand encompass various techniques and methods, each 
method has specific indications to ensure optimal results [34-
36]. No single technique is superior to treat the different types of 
injuries, therefore, choosing which method should be tailored as 
per individual case needs. After fixation of the bony components of 
terrible triad injuries and repair of the lateral collateral ligament, 
one must assess stability of the joint by performing a gravity stress 
test intraoperatively [37]. If the elbow remains unstable, repair of 
the medial collateral ligament is required or preferably applying 
a hinged external fixator. The decision should be influenced by 
the fact that studies have shown an increased risk of heterotopic 
ossification when repairing the medial collateral ligament [37,38].

How one fixes terrible triad injuries with posterolateral 
rotational instability of the coronoid is through different 
approaches. The lateral approaches: Kaplan and Kocher approaches 
are useful in comminuted coronoid fracture Regan-Morrey types 
I-II with radial head fractures type II or II. These lateral approaches 
will provide adequate access. The current recommendation is to 
use an inside-out technique, starting with fixation of the coronoid 
followed by radial head fixation or reconstruction and ending with 
lateral collateral ligament repair [38,39]. 

The medial approaches such as the trans-flexor carpi ulnaris 
and the Hotchkiss over-the-top approaches can be used to gain 
better access if needed. Sequential or posterior approaches also 
provide additional windows of access. These approaches can be 
utilized in coronoid Regan-Morrey type I-II fractures that are not 
comminuted with radial head fractures of any type [33,36,37]. 
Access to the radial head fixation and lateral collateral ligament 
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repair can be done via the lateral window. The coronoid fracture 
as well as the medial collateral ligament can be done through the 
medial window [33]. Fixation in this case starts from the medial 
structures and end with the lateral structures. Coronoid fractures 
Regan-Morrey types I-II which are comminuted can have the tip 
and capsule repaired using a trans-osseous suture. Regan-Morrey 
coronoid fractures types II-III can be treated with open reduction 
screws, a mini plate or Kirschner wires [35]. 

When posteromedial rotatory instability in involved in terrible 
triad fractures of the elbow, the injury is in the anteromedial 
coronoid facet with a lateral collateral injury [34-36]. When faced 
with this type of fracture utilizing medial and lateral windows 
is best. A buttress plate to fix this bony structure is sufficient. 
Posterior approaches can also be used when coronoid, olecranon 
and radial fractures are all present. This can be achieved by medially 
elevating the entire flexor pronator mass, using the olecranon as an 
osteotomy to be able to fix the coronoid with a retrograde screw 
[36]. 

Finally, the authors recommend using the algorithms provided 
in this study when faced with complex elbow injuries.Future 
comparative studies should be performed to further elucidate the 
optimal protocol for treating these injuries. 

Limitations
The retrospective design of this study subjects the results to a 

number of observational and experience biases. However, it was 
necessary to study the effects of the protocols used on patient 
functional outcomes and associated complications. The notable 
small sample size has also been disadvantageous. However, despite 
the small sample size, complex injuries are relatively scarce in the 
study population. It would have been preferable to compare results 
with other centers, but this was not possible, since this is the only 
center in the country that deals with such injuries.

Conclusion
Complex elbow fractures traditionally had bad results, more 

specifically terrible triad fracture/dislocations. There is a high 
reoperation rate due to associated complications. However, the 
authors conclude that good outcomes can be achieved with surgical 
intervention.Managing these patients with a well-planned and 
well-staged surgery to insure anatomical restoration of the bony 
and ligamentous structures is vital. In addition, aggressive physical 
rehabilitation is equally important factor in the process, albeit 
resulting in better functional outcomes.
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