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Abstract
Background: Terrible triad of the elbow injury is difficult to manage, and the role of the coronoid process
in instability is very important. We describe a simple, modi�ed suture technique to �x a coronoid process
fragment using suture anchor �xation.

Methods: Eight patients (3 female and 5 male) with coronoid process injuries with the fragment involving
<50% of the total height (Reagan-Morrey type I/II) in terrible triad of elbow injury were included. Patients
were treated operatively via a lateral Kocher’s approach, and coronoid process fractures were repaired
with a single pulley double-strand suture technique. Structures were addressed in a sequential fashion—
the coronoid process, radial head, lateral ulnar collateral ligament.

Results: All patients were treated with the single pulley double-strand anchor suture technique and the
coronoid process fragment was found to be in good contact with the original avulsion site using the
method. The �nal Mayo Elbow Performance Score was excellent (> 90) in 6 patients and good (between
85 and 89) in 2 patients.

Conclusions: The single pulley double-strand suture tie method using a suture anchor is a less invasive
and simpler �xation method for the repair of coronoid process fractures in patients with terrible triad of
the elbow injuries, and results in good outcomes.

Level of evidence: Level IV; Case Series; Treatment Study

Background
Terrible triad of the elbow is di�cult to manage because it is a combination of a coronoid process
avulsion fracture, radial head fracture, and posterolateral dislocation of the elbow, which results in
extreme elbow instability.1–4 In many cases, surgical �xation is incomplete leading to instability, limited
range of motion (ROM), and elbow stiffness.5 The avulsed coronoid process fragment is responsible for
most loss of �xation because many surgeons consider it a Regan-Morrey type I/II coronoid process tip
fracture.6 Conservative treatment is recommended for Morrey type I/II coronoid process fractures, but
they typically occur with simple posterior dislocation without any collateral ligament injury.6 In most
cases the anterior capsule is intact, and closed reduction is su�cient because the elbow is stable. The
trauma and injury in terrible triad, however, is different. In terrible triad of the elbow, there is anterior
capsule disruption with coronoid process tip avulsion, and a lateral ulnar collateral ligament (LUCL)
avulsion tear that results in posterolateral rotation instability.7,8 The relative instability of the elbow is due
to loss of the anterior buttress of the elbow if �xation of coronoid process tip is not performed. 2,7,8

Therefore, coronoid process �xation is not only bone �xation, but also serves as anterior capsule repair,
and is very important for achieving elbow stability.8–10

Some orthopaedic surgeons only �x the radial head/neck fractures and repair the LUCL, and then use
dynamic ESF to prevent anterior-posterior instability. Coronoid process �xation may not be performed
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because it is very di�cult to �x a coronoid process fracture. Several special methods, however, have been
described to �x coronoid process fractures including a posterior pull out suture ,9–11 suture lasso
�xation,4 lag screws,3,8,9 a precontoured locking plate, 12,13 and suture anchors.14,15 Although these
methods can be effective, they are very complicated and have a steep learning curve. In this report, we
describe a simple, modi�ed suture technique to �x a coronoid process fragment using suture anchor
�xation. It allows the repair of the three components of the terrible triad of the elbow via a single lateral
Kocher’s approach.

Methods
With approval of the Institutional Review Board of Kaohsiung Veterans General Hospital, we conducted a
retrospective study of patients with coronoid process avulsion fracture of terrible triad injuries of the
elbow in our department between January 2013 and December 2017. We enrolled eight patients (5 males
and 3 females) from 23 to 59 years of age. All were right-hand dominant, and injuries occurred in the left
elbow in three patients and in the right elbow in �ve patients. The mechanisms of injury included a fall
from a motorcycle, a fall down stairs, and a motor-vehicle collision. Initial radiographic imaging revealed
posterolateral rotatory elbow dislocation with concomitant radial head and coronoid process fractures in
all patients. All patients were initially treated in the emergency department with closed reduction and
long-arm splinting immobilization. Patients underwent surgical intervention as soon as possible before
soft tissue swelling progressed in order to prevent compartment syndrome. In three patients, however,
surgery was delayed approximately 16–24 hours. The radial head fracture patterns were simple in seven
patients, and open reduction and �xation with two 2.0 mm screws was performed in these patients. One
patient with a comminuted radial head received a radial head prosthesis replacement. All coronoid
process injuries included one or two fragment transverse fractures of the coronoid involving less than
50% of the total height (Reagan-Morrey type I/II). All patients were treated operatively with a lateral
Kocher’s approach to the elbow. The coronoid process fractures were repaired with a suture anchor
inserted into the coronoid process base with the strands passing through the coronoid process fragment
and anterior capsule. The single pulley double-strand suture technique were used for �xation (Fig. 1).
Structures were generally addressed in a sequential fashion—�rst the coronoid process, then the radial
head, and �nally the LUCL repair.

Surgical technique
Surgical dissection was performed for adequate exposure of the anterior aspect of proximal ulna,
including the coronoid fracture fragment and trochlea notch via the lateral Kocher’s approach. In all
cases, the lateral collateral ligament and common extensor muscle origin were completely avulsed from
the lateral epicondyle of humerus, and facilitated into the anterior and medial joint before soft tissue
swelling. In all cases, the anterior capsule was disrupted and the avulsed coronoid process fragment
could be identi�ed. The anterior impaction fracture was usually found over the radial head. Pushing the
radial head posterior allowed improved visualization of the coronoid fracture. Subperiosteal dissection
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along the anterior distal humerus allowed further exposure of ulnohumeral joint, facilitating debridement
of loose bodies. An attempt at reduction of the fragment with a dental pick was performed when
necessary to assess the adequacy of bony stability, as well as to plan the placement of the suture
anchor(s).

The drill guide was placed in the fracture bed at the appropriately oriented angle, and the pilot hole for the
initial suture anchor is made. The suture anchor was then placed into the hole in the standard fashion,
and �xation was tested to ensure no pull-out (Fig. 1, A). The non-absorbable suture tails were then passed
through the anterior capsule, tensioned, and tied over the anterior capsule and fragment, thus achieving
reduction (Fig. 1, B). The anchor was placed in this fashion along the breadth of the coronoid fracture
base, with two strands incorporating the fracture fragment and anterior elbow capsule from medial to
lateral. Each anchor contained two different color strands, and the same color suture was tied from deep
to super�cial using the traditional technique.

Our technique, the single pulley double-strands method, uses one double-loaded suture anchors (Twin�x
Ultra Ti 5.5-mm suture anchor, non-absorbable No. 2 braided polyethylene; Smith & Nephew Endoscopy,
Andover, MA, USA) with two different color strands, as mentioned above. The different color strands pass
through the fracture fragment and the anterior capsule from inferior to superior. First, a knot is tied in the
two different color suture tails (Fig. 2, A), and then the tails of the other color sutures are pulled. The
coronoid process fragment is reduced and compressed to its original location by the previous knot when
the second set of suture tails is pulled (Fig. 2, B). The two threads slide via the suture anchor, providing a
pulley effect. Another knot is then tied using the left hand to pull one strand and slide the knot while the
avulsed fragment is compressed with the right hand (Fig. 3, A). Con�rmation that the fragment is
attached to the original avulsion site with the forearm in supination and the elbow at 45° �exion (Fig. 3,
B). Passive �exion-extension motion of the elbow was then checked after �xation. Immediate
improvement of elbow alignment and stability was noted after repair of the coronoid injury.

Additional procedures, such as open reduction and 2.0 mm screw �xation of the anterior fragment of
radial head fracture (Fig. 4), or prosthesis replacement of a comminuted fracture of the radial head
(Fig. 5) were performed when necessary. Finally, lateral collateral ligament and common extensor muscle
origin repair were performed. The wound was irrigated and closed layer by layer. The wound was dressed,
and a long arm splint was applied with the elbow in 90° of �exion.

Postoperative care and follow-up
The rehabilitation protocol was as follows. Passive ROM with continuous passive motion (CPM) were
begun on postoperative day 7 in a 60-90-120° fashion. Active ROM was begun when pain could be
tolerated. After discharge from the hospital, patients were followed-up at 2 weeks, 6 weeks, and 3 and 6
months after surgery, and annually thereafter. Fracture reduction was determined by plain radiographs
taken immediately after surgery, and radiographs were performed every 6 weeks until bone union was
achieved. Functional results were evaluated by Mayo Elbow Performance Score (MEPS) and active ROM
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at the last outpatient clinic visit. The MEPS was divided into 4 parts (pain, arc of motion, stability,
function) and scored as excellent (score > 90), good (score 75–89), fair (score 60–75), and poor (score < 
60).

Results
Postoperative radiographs (elbow anteroposterior and lateral) showed good bone contact in all cases of
single pulley double-strand �xation (Fig. 4, B). Compare with the previous cases using a traditional suture
anchor �xation method, mild �oating of the fracture fragments was noted (Fig. 4, A). The �nal MEPS
score was excellent (> 90) in six patients and good (between 85 and 89) in two patients. Active range of
motion (AROM) in supination/pronation ranged from 67–86° for supination and 77–90° for pronation,
and �exion/extension ranged from 112–135° for �exion and 10–30° for extension lag. Two patients had
extension lag of 25–30°, but quality of life was not affected (by patient self-report). Finally, the arc of
�exion- extension average ranged from 18–127°, 83° of pronation, and 80° of supination, which
constitute a functional range of elbow motion. All patients reported they were satis�ed with their ability to
perform the activities of daily life and return to previous work.

Discussion
Terrible triad of the elbow injury is di�cult to manage because it is a triple injury, and it often lead to
instability, contracture, re-operation, and progression to arthrosis of the elbow.16 The role of the coronoid
process in instability after a terrible triad injury is very important. Most elbow instability is the result of
loss of the anterior buttress if coronoid process �xation is not performed.17. Lack of full extension due to
loss of the anterior buttress can lead to �exion contracture, stiffness, or re-dislocation of the elbow. Even
if a coronoid process fracture without dislocation heals, incongruity of the joint is usually present
resulting in progressive arthrosis of the elbow

We believe there are two reasons why many surgeons do not repair the coronoid process. First, most
surgeons think �xation in Morrey type I/II coronoid process avulsion fractures is not necessary. Second, it
is di�cult to �x a tiny avulsed fragment. Some surgeons use dynamic ESF to keep the elbow reduced
during rehabilitation. But dynamic ESF is inconvenient for patients in their daily life. According to the
Morrey principle, �xation of Morrey type I/II coronoid process fractures is not necessary, but in most
cases the injury is a simple fracture- dislocation without any collateral ligament injuries. In a terrible triad
injury, however, a Morrey type I/II coronoid process fracture is always combined with a LUCL or MCL
injury, and extreme instability is present. For this reason, we believe all injuries that occur in the terrible
triad of the elbow must be repaired to obtain stability of the elbow and good functional outcomes.

There is a general belief that it is very di�cult to �x the coronoid process fragment. Techniques described
for coronoid process �xation include a posterior pull-out suture, suture lasso �xation, lag screw �xation,
use of a precontoured locking plate, and suture anchors. Lag screw and precontoured locking plates are
suitable Morrey type III larger fragments. Although the pull-out suture and suture lasso �xation techniques
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are suitable for type I/II smaller fragments, usually two incisions or a global posterior incision are needed,
and the techniques have a steep learning curve. The suture anchors technique is a novel idea, and
suitable for type I/II smaller fragments. It is also suitable for terrible triad injury via the same lateral
incision to �x the fracture fragment and anterior capsule. Unfortunately, it is often a dilemma as to have
the elbow in �exion or extension when the knot is slid to compress the fragment in the traditional suture
anchor technique. Manipulation is relatively easy when the elbow is extended, but it is di�cult to attach
the fragment to the original fracture site. When the elbow is extended and the knot is slide we have
always found the fragment �oating above the coronoid base on postoperative radiographs because of
brachialis traction, although the elbow is stable. On the other hand, putting the elbow in �exion will
counteract brachialis traction, but manipulation is more di�cult and the fragment is still found �oating
on postoperative radiographs (Fig. 4, A). However, the method we have described for the suture anchors
of type I/II coronoid process avulsion fractures in terrible triad injuries requires only one incision via a
lateral Kocher’s approach. If additional access to the coronoid is needed, anterolateral dissection may be
performed by elevating the wrist and common digital extensors, as well as the supinator.

Our single pulley double-strand suture tie method is different from a traditional anchor suture tie. Two
independent knots form two points to compress the avulsed fragment, and this resists the brachialis
traction force that occurs with the traditional suture technique. Our technique uses one anchor with two
pairs of knots that form a square to reduce and compress the avulsed fragment. Compression in the
shape of a square is better than two points because it creates a broad area of bone contact. Of course,
the “double pulley” technique18 is stronger than our method with respect to rotator cuff repair, but the
coronoid process base is too small for 2 screws. Based on our experience with our technique, however, 1
screw is enough for �xation and to resist the pull of the brachialis. With our technique, radial head
fracture reduction and �xation, or replacement, and LUCL repair can be performed after coronoid process
�xation using the same incision. None of our patients required a medial side approach, or dynamic ESF
assist after surgery.

In our experience, terrible triad patients should receive surgery as soon as possible because the
procedures are more di�cult once soft tissue swelling occurs. We prefer the injury to surgery time to be
less than 8 hours. It is di�cult to repair the coronoid process using the traditional suture tie technique
with an anchor suture when there is soft tissue swelling due to a delay in surgery. In past cases, 2
incisions are typically used, a lateral and an anteromedial approach. However, our method can be
performed with only one incision (lateral approach) even if there is soft tissue swelling.

In conclusion, the single pulley double-strand suture tie method using a suture anchor is a less invasive
and simpler �xation method for the repair of coronoid process fractures in patients with terrible triad of
the elbow injuries. We believe all terrible triad injury patients should have coronoid process �xation to
achieve optimal outcomes.

Abbreviations
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ROM
range of motion, LUCL:lateral ulnar collateral ligament, ESF:external skeletal �xator, CPM:continuous
passive motion, MEPS:Mayo Elbow Performance Score, AROM:Active range of motion, MCL:medial
collateral ligament.
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Figures

Figure 1

A) The suture anchor is placed in the standard fashion, and �xation is tested to ensure no pull-out. B) The
non-absorbable strand tails were passed through the coronoid process fragment or anterior capsule from
inferior to superior.
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Figure 2

A) The different color threads pass through the fracture fragment and anterior capsule, are tensioned, and
tied over the anterior capsule and fragment, achieving reduction. B) The �rst knot was tied from two
different color strands, and another knot was then pulled to push the knot down to the fragment via the
eyelets of the suture anchor.
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Figure 3

A) Another knot is tied using the left hand to pull one strand and slide the knot, and compression of the
avulsed fragment is achieved by the right hand. B) The single pulley double-strands suture tie method
uses one anchor with two pairs of knots. A square is formed to reduce and compress the avulsed
fragment, rather than two independent knots.



Page 12/13

Figure 4

A) The coronoid process fragment (yellow arrow) was usually found to be �oating using the traditional
method of tying via one lateral incision because of delayed surgery and soft tissue swelling in past case.
B) The coronoid process fragment (yellow arrow) was noted to be in good contact with the original
avulsion site using the single pulley double-strand method despite delayed surgery and soft tissue
swelling.
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Figure 5

The facilitated into the anterior and medial joint after radial head resection due to comminuted fracture of
radial head. The coronoid process fragment was easily �xed before radial head replacement. A) Suture
anchor (yellow arrow) in anteroposterior view. B) The coronoid process fragment (yellow arrow) in good
contact with the avulsion site in lateral view.


