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PURPOSE:  Sufficient  fixation  of an  anterior  or anteromedial  facet  fracture  of the  coronoid  process  in
fracture-dislocation  of  elbow  is important  to  maintain  joint  stability.  The  purpose  of this  study  was  to
report  our  experience  with  11  patients  who  were  managed  with  an  original  fixation  technique  using a
“figure-eight”  suture  loop.
METHODS:  From  February  2010  to March  2011,  11  cases  with  a fracture  of  the  anterior  or  anteromedial
facet  of  the coronoid  process  were  treated  by coronoid  fixation  using  a figure-eight  suture  loop.  For  cases
with comminuted  fractures,  to prevent  a  suture  from  sliding  into  the  fracture  line,  a  3-  or  4-hole  phalanx
plate  was enclosed  in the suture  loop  to compress  multiple  fragments.  Accompanying  injuries,  such  as  a
radial head  fracture  or olecranon  fracture,  were  fixed  with  repair  of lateral  collateral  ligament  injuries.
RESULTS: On  final  evaluations  at an  average  of  18 months  after  injury,  the  mean  elbow  arc  of  motion
was 125.5◦ and the  mean  forearm  rotation  arc of  124.1◦. All fractures  were  united  with  an  average  post-
operative  score  according  to  the  Mayo  Elbow  Performance  Index  of  91 points.  All  patients  achieved
satisfactory  scores  (seven  excellent,  four good).  All 11  fractures  were  united  at  final  follow-up  with  no
joint  incongruity,  dislocation,  or subluxation  of  the  injured  elbow.
CONCLUSIONS:  The  figure-eight  suture  loop  technique  is an  easy  and  effective  technique  to  fix  anterior
or  anteromedial  facet fractures  of the  coronoid  process.

©  2017  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The ulnar coronoid process is an anterior and medial extension
of the proximal metaphysis, which is a critical structure to static
elbow stability and plays an integral part in both the hinge and
rotator components that function in trocho-ginglymus articulation
of the elbow [1,2]. Coronoid fractures are not usually isolated, but
rather occur in more complex elbow trauma, such as the “terri-
ble triad” injury, which involves posterolateral dislocation, radial
head fracture, and fracture of the coronoid process. The importance
of properly fixing coronoid fractures has been addressed in previ-
ous reports [3–5]. Inappropriate treatment of coronoid fractures
will lead to a greater risk of a poor outcome, such as recurrent dis-
location and instability. Because appropriate fixation is critical to
good outcomes, different fixation methods have been established
for different types of coronoid fractures, such as the suture lasso
technique, Kirschner wire fixation, screw and plate fixation [6],
the suture anchor technique [7], and the recently reported tension
band wiring technique with steel wires [8]. However, each of these
methods has features that may  not be acceptable for all fractures.
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In this article, we report the use of a “figure-eight” suture loop and
Kirschner wires to fix anterior and medial fragments of the coronoid
process.

2. Patients and methods

This retrospective, single-center, non-consecutive, case series
study of ulnar coronoid process fractures was approved by the
Institutional Review Board of Shanghai Sixth People’s Hospital
(approval no. 2015-KY-016 (K)) and performed in accordance with
the PROCESS guidelines [9]. This work was registered at Research
Registry (UIN: research registry 1769). From February 2010 to
March 2011, 11 patients with a fracture of the ulnar coronoid
process were treated by a single surgeon (JD) in the Orthope-
dic Department of Shanghai Sixth People’s Hospital. All patients
were followed for a minimum of 1 year after surgery. At the emer-
gency department, all fractures were evaluated by plain X-ray and
three-dimensional computed tomography (CT). An orthopedic sur-
geon (JD) and a radiologist evaluated the radiographs to confirm
the fracture classification according to the O’Driscoll classifica-
tion system [10]. They also evaluated the fracture comminution by
three-dimensional CT. Intraoperatively, the presence of a collateral
ligament injury was  confirmed by C-arm X-ray fluoroscopy.
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2.1. Surgical technique

Under general anesthesia, the patient was placed in the supine
position and the injured upper limb was placed on a radiolucent
operating table. To expose the coronoid fracture, the elbow was
approached through a medial incision and a medial skin flap was
created. The ulnar nerve was identified and depressed proximally
at the medial edge of the triceps and distally between the two heads
of the flexor carpi ulnaris. Through an over-the-top exposure [11], a
gap between the flexor-pronator muscles was developed by split-
ting the muscle mass. The anteromedial mass was elevated and
reflected from the anterior part of the humerus and the elbow
capsule. The brachialis was also reflected, more or less, depend-
ing on the size of the fracture fragments. The tip fragments and
anteromedial fragments of the coronoid process were then clearly
exposed.

Direct reduction of the fragments was performed after first iden-
tifying the articular surface of the coronoid process by releasing part
of the capsule and irrigating the area. In general, completing the
reduction was not difficult. Two parallel Kirschner wires (1.5 mm)
were used to fix the medial and lateral margins of the fragments
in the anteroposterior direction, and then inserted into the ulna.
By pulling the Kirschner wires from the dorsal side, no more than
3 mm of wire was left at the fixation site. At the distal end of the
fragments, a 2-mm Kirschner wire was used to drill a hole in the
anteroposterior direction on the lateral and medial side. A non-
absorbable suture was then inserted into the hole on the dorsal
side of the ulna. As is frequently done, a Keith needle was  used to
help pass the suture through the drill hole on the medial side of
the ulna, just at the bottom of the sublime tubercle. For cases in
which the edge of the fracture extended to the medial ulna, a hole
was made only through the lateral side and the suture was directly
passed through the medial side of the ulna. If the medial facet frag-
ment was too small or thin to drill a hole, the suture was  passed
distally to the medial side of the ulna. A trocar inserted for lumbar
puncture was placed closely to the bone to avoid ulnar nerve injury.
In addition, the ulnar nerve was isolated distally until the first mus-
cular branch. Then, the suture was passed by the two  ends of the
Kirschner wires to form a suture loop in the form of a figure-eight
and then the suture was tightened and knotted on the dorsal side
of the ulna. For cases with comminuted fractures, in order to avoid
suture sliding into the fracture line, a 3- or 4-hole phalanx plate
was enclosed in the suture loop to compress multiple fragments
(Fig. 1). On the other hand, the suture plate also helped to extend
the area under fixation. The ends of the Kirschner wires were bent
and buried under the skin. Any accompanied fracture, such as a
radial head fracture or olecranal fracture, were fixed with cannu-
lated screws or plates. An anchor suture was used to repair injury
to the lateral collateral ligament (LCL). For “terrible triad” injuries,
an external fixator (Carewayer, Shanghai, China) was  applied after
fracture fixation and ligament repair, with the elbow at 90◦ flexion
and forearm pronation.

2.2. Postoperative care

Postoperatively, for “terrible triad” injuries, the external fix-
ator was locked and the elbow was immobilized for 3–5 days.
For injuries without external fixation, the elbow was immobi-
lized using an adjustable orthosis (Össur Americas, Foothill Ranch,
CA, USA) in 90◦ flexion and forearm pronation. On postoperative
days 3–5, the external fixator or orthosis was unlocked and the
patient performed passive range-of-motion exercises assisted by
the healthy arm. As pain and swelling gradually subsided after one
week, the patient was allowed to practice active elbow motion.
However, abduction of the shoulder was strictly avoided [12]. The
allowed range of active motion was gradually increased, so that

the patient avoided extensive pain until the orthosis was removed.
Patients received 100 mg  of celecoxib (Celebrex; Pfizer, New York,
NY, USA) twice daily for the first 3–4 weeks to prevent heterotopic
ossification [13]. The external fixator and adjustable orthosis were
removed at postoperative weeks 12 and 6, respectively.

2.3. Clinical evaluation

At the final follow-up, the elbow range of motion, including
arc of motion (extension/flexion) and forearm rotation (prona-
tion/supination), were measured with a goniometer by the author
(JD) who performed all 11 surgeries. Radiographs were reviewed for
signs of arthritis using the scale developed by Broberg and Morrey
[10]. Postoperative score according to the Mayo Elbow Performance
Index was  evaluated at the final follow-up. A score of >90 was
regarded as excellent, 75–89 as good, 60–74 as fair, and <60 as poor.
Radiographic parameters of fracture union were recorded. The abil-
ity of each patient to return to work was recorded. The number of
postoperative complications, including infection, neuropathy, joint
incongruence, fracture nonunion, and implant failure, was tabu-
lated.

3. Results

3.1. Demographic data of included patients

A total of 11 patients (one woman  and 10 men; average age,
38.6 years) with elbow dislocation and anterior or anteriomedial
coronoid fractures were included in this study. No patients were
lost to follow-up. Of these 11 subjects, four had type I fractures and
seven had type II fractures according to the O’Driscoll classification
system [10] and all had LCL injuries. There were no open frac-
tures. Three cases were combined with radial head fractures, which
were fixed with cannulated screws. Two  patients with “terrible
triad” injuries underwent external fixation due to elbow instabil-
ity. Osteosynthesis with plate and screw fixation was used for one
patient to fix an olecranal fracture. For the four cases with com-
minuted fractures, contoured plates were enclosed in the suture
loop, while fixation for the other seven cases was  performed by
placement of only figure-eight sutures without plates (Table 1).

3.2. Clinical results

Of the 11 patients treated, the mean elbow arc of motion was
125.5◦ with a mean arc of extension of 104.5◦ and flexion of 21.8◦.
The mean forearm pronation was 66.4◦ and the mean supina-
tion was  57.7◦ with a mean forearm rotation arc of 124.1◦. The
average postoperative score according to the Mayo Elbow Perfor-
mance Index was  91 points (range, 75–100 points) and all patients
achieved satisfactory scores (seven excellent and four good). The
elbow range of motion and Mayo Elbow Performance Index date
are shown in Table 1. All 11 fractures were united by the time of
the final follow-up and no joint incongruity, dislocation, or sub-
luxation of the injured elbow was observed. All 11 patients who
were employed at the time of injury returned to their original
jobs. Two patients had small areas of heterotopic ossification on
the final follow-up radiographs. One patient experienced transient
paralysis of the ulnar nerve with reduced sensation in the hand
associated with the distribution of the ulnar nerve, which recov-
ered within 3 months. Additionally, one patient reported mild pain
during repeated exertion and forceful use of the arm. None of
the patients complained about elbow instability that required sec-
ondary surgery. No migration of the small contoured plates was
observed in any of the four cases at final follow-up. No complica-
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