Original Article

L))

Check for
updat

Page 1 of 8

Lateral minimal approach to the terrible triad of the elbow: a
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Background: This study aimed to report the surgical techniques and results of treating coronoid process
and radial head fracture combined with dislocation of the elbow (terrible triad of the elbow) using a single
lateral incision, known as the extensor digitorum communis (EDC) split approach.

Methods: A retrospective analysis was performed of 109 patients with terrible triad of the elbow who had
been treated by the authors from January 2013 to December 2019. The participants included 67 males and
42 females, with a mean age of 42.2 years (14-71 years). All participants were treated via a single lateral
approach. The coronoid process was fixated with Kirschner wires combined with anterior capsule suture
lasso fixation. For the radial head fracture, 58 cases were fixated by AO headless cannulated screw (AO HCS)
and 51 cases by acumed radial head replacement. In repair of the lateral collateral ligament (LCL) complex
and the common extensor tendon, 28 cases used ETHIBOND suture through bone holes at the humeral
lateral epicondyle, and the other 81 cases used suture anchors. No medial collateral ligament was repaired. A
total of 46 participants were fixated with a Stryker dynamic joint distractor (DJD) II hinged external fixator
to protect the bone and soft tissue.

Results: All participants were followed up from 6 to 60 months (mean, 36.1 months). Their elbow range of
flexion and extension averaged 123.4°+20.7°, forearm rotation 151.0°+25.6°, and Mayo elbow performance
score (MEPS) 92.3+8.8. There were 22 participants (19.5%) with ulnar nerve symptoms, 16 (14.7%) who had
elbow stiffness, and 7 underwent secondary surgery, including 6 removals of internal fixation, 5 arthrolyses of
the elbow, and 2 ulnar neurolyses.

Conclusions: Coronoid fractures, radial head fractures, and LCL injuries of the terrible triad of the elbow
can be treated satisfactorily through a lateral minimal incision, combined with a hinged external fixation if

necessary.
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Introduction

The terrible triad of the elbow, which was first described
by Hotchkiss in 1996, is usually characterized by elbow
dislocation combined with fractures of the radial head
and coronoid process of the ulna (1). Typically, the elbows
display obvious posterolateral rotational instability and
associated severe soft tissue injuries, especially the lateral
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collateral ligament (LCL) complex (2,3). Therefore, the
treatment of this complex injury has posed a great challenge
for orthopedic surgeons and is often associated with
devastating complications including elbow stiffness (10.3%),
failure of osteosynthesis (6.7%) and ulnar neuropathy
(6.2%) etc. (2,4-6). Recently, with more in-depth studies

regarding elbow anatomy and biomechanics as well as the
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Figure 1 The single lateral incision.

advancement of surgical techniques, the prognosis of a such
complex injury has been greatly improved. However, the
sample sizes of previous clinical studies have been relatively
small and the surgical procedures for treating the terrible
triad have remained controversial, especially concerning the
specific surgical approaches (7-10).

Regarding the surgical approaches, a posterior approach
(7,8) or a combined medial and lateral approach (9,10) have
been the preferred choices for most surgeons to restore
elbow stability. However, these 2 approaches have been
found to increase intraoperative soft tissue disruption to the
elbow, and thus, they may increase the risk of developing
postoperative elbow stiffness, heterotopic ossification, or
ulnar nerve symptoms.

In this study, we proposed a treatment protocol for the
terrible triad of the elbows using an extensor digitorum
communis (EDC) split approach through a single lateral
incision, which is generally 4 cm long with very few cases
extending to 6 cm. Here, we aimed to introduce this
method in detail and further evaluate the clinical outcomes
of patients with terrible triad treated via this surgical
approach. We present the following article in accordance
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-2542).

Methods

Patients in Beijing Jishuitan Hospital Department of
Orthopedic Trauma with acute terrible triad of elbows
who required surgical treatment due to severe instability
or displaced fracture fragments after closed reduction
between January 2013 and December 2019 were included
in this study. Retrospective clinical research was conducted
with the following inclusion criteria: (I) treated by single
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lateral incision and EDC split approach; (II) complete
perioperative information and postoperative follow-up
data; (III) minimum 1 year follow-up time. The exclusion
criteria were as follows: (I) age <14 years old; (II) pathologic
fractures; (III) unclosed epiphysis; and (IV) lost to follow-up.

A total of 136 patients with the terrible triad of the
elbows underwent surgical treatment at our institution. After
applying the inclusion and exclusion criteria, 109 patients
were included in the study. For the patients who were
excluded, there were 2 patients who were <14 years old,
and there were 25 patients who were lost to follow-up.
The mean age of all participants was 42.2+13.8 [14-71].
The study was approved by Beijing Jishuitan Hospital
Institutional Review Board (No. 201708-04) and written
informed consent was obtained from all patients. All
procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

All participants underwent closed reduction and
immobilization with plaster in the emergency room to
maximally restore joint congruence. All participants were
treated via a single lateral incision, which was generally 4 cm
(with very few cases extending to 6 cm), and EDC split
approach to expose the injured LCL complex, the origin
of common extensor tendon, radial head fracture, coronal
process fracture, and anterior joint capsule, respectively
(Figure 1). Usually, a bare area was to be found on the
posterior aspect of the lateral epicondyle of the distal
humerus, due to the origin of the LCL complex having
been torn apart. Through the “entrance” just distal to the
bare area, the common extensor muscle was split open
along the lateral epicondyle and the midline of the radial
head. In this way, it was easier to avoid further disruption to
collateral ligaments and surrounding muscles and preferable
for the exposure and fixation of fractures of the radial head
and coronoid process. However, the anterior aspect of the
lateral epicondyle was usually intact and required additional
stripping to enhance exposure.

We firstly dealt with fractures of the coronoid process.
The anterior joint capsule attached to the coronoid fracture
fragment was sutured using ETHIBOND#2 (Ethicon
Inc., Johnson and Johnson, New Brunswick, NJ, USA)
and further reduced using the “lasso technique” without
tightening the suture tails. Then, a pair of K-wires (diameter
1.5 mm) were inserted from the dorsal side of the proximal
ulna into the center of the base of the coronoid fragment.
After adequate reduction of the coronoid process using the
lasso, the K-wires were further inserted into the fragment
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Figure 2 Elbow function and X-ray postoperatively. (A,B) The postoperative X-ray of a patient with Stryker DJD II hinged external fixator.
(C-F) The ROM of the patient after 2 months. DJD, dynamic joint distractor; ROM, range of movement.

for stabilization. The suture tails were tensioned and
tied on the subcutaneous posterior border of the ulna.
Then, the tail of K-wires was bent, shortened, and buried
beneath the skin. The sequential order of K-wire fixation
and suture tail tightening is crucial for preventing the
secondary fragmentation and loosening of the lasso suture.
If the fragment was too small or comminuted to be fixed by
K-wires, we just performed a “lasso technique” to stabilize
the coronoid process.

Secondly, we dealt with the radial head fractures. A
total of 58 participants were fixed by 2.4 mm headless
cannulated screws (HCS), and the remaining 51 participants
were treated by radial head replacement due to severe
comminution.

Thirdly, we dealt with the soft tissue. The LCL complex
and the origin of common extensor tendon were repaired
using either suture anchor (81 participants) or transosseous
braided suture through the lateral epicondyle using
ETHIBOND#2 (28 participants). In all participants, the
medial collateral ligaments (MCL) were not surgically
treated and left as they were.

Lastly, the elbow joint stability must be carefully

© Annals of Translational Medicine. All rights reserved.

examined after open reduction and internal fixation.
Physical examination revealed mild “drop sign” on lateral
radiographs when flexing the elbow joints in 46 participants,
and they were further treated by Stryker dynamic joint
distractor (DJD) II hinged external fixator (Stryker
Corp., Kalamazoo, MI, USA) in order to achieve better
joint stability and protect the fixation of bony structures
and repair of soft tissue (Figure 2). This supplementary
intervention was performed to enable patients to achieve
full range of motion exercises in early stage rehabilitation.
A total of 63 participants achieved adequate stability when
flexing and extending the elbow joint during surgery, and
they were protected by braces or plaster casts (for less than
1 week) as precautionary measures in order to maintain
joint congruence (Figure 3). The humeroulnar joints of
all our participants were not fixed by K-wires. Drainage
was removed when there was less than 30 mL during the
first 24-48 hours after surgery. Glucosamine was routinely
administered 100 mg TID for 6 weeks postoperatively. The
K-wires for the fixation of coronoid process fracture were
usually removed after 2-3 months.

Regarding postoperative rehabilitation, for participants
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Figure 3 The postoperative X-ray without an external fixator.

treated by external fixators, full range of motion (ROM)
active and gentle passive exercises were initiated on the
second day after surgery. Participants without external
fixators were protected by braces or casts for a week without
active extension exercises. Moreover, elbow extension
was limited to within 30 degrees during the first month
of rehabilitation. Violent passive massage or stretching
conducted by others were strictly forbidden.

Functional outcomes were collected and documented in
our database after routine follow-ups in outpatient clinics.
Clinical results of the latest follow-up were extracted from
our database and evaluated using the parameters including
chief complaints, ROM, Mayo Elbow Performance Score
(MEPS) (11,12), visual analogue scale (VAS), complications,
and secondary operations. The ROM and MEPS was
measured by a doctor who wasn’t the surgeon.

Statistical analysis

The software SPSS 24.0 IBM Corp. Armonk, NY, USA)
was used for statistical analysis of all follow-up data. For
the quantitative variables, the descriptive statistics included
means, medians, standard deviations, and ranges.

Results

A total of 109 patients with the terrible triad of the elbows
were collected from our database. The average follow-
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up duration was 36.1x11.1 months (6-60 months). The
baseline characteristics were as follows (Table 1).

The average ROM of flexion and extension was
123.8°+20.5°, ROM of rotation was 151.1°+25.1°, MEPS
was 92.4+8.8 (68.8% were excellent), and VAS was 0.9£1.5.
There were 22 participants (19.5%) who experienced
ulnar nerve symptoms, which is defined as local sensory
abnormality or weakened muscle strength after surgery.
There were 16 participants (14.7%) with elbow stiffness,
which is generally defined as an elbow ROM less than 100°
either in flexion-extension or pronation-supination. There
were 7 participants who underwent secondary surgery,
including 6 removals of internal fixation, 5 arthrolyses of
the elbow, and 2 ulnar neurolyses. None of the participants
experienced infection or bone nonunion (Table 2).

Discussion

The terrible triad of the elbow refers to complex fracture
and dislocation of radial head fracture, coronoid fracture,
and elbow dislocation, which often leads to complications
such as elbow stiffness, failure of osteosynthesis, ulnar
neuropathy and recurrent instability (2,6).

The coronoid process and the radial head are the primary
constraints against posterior translation of the forearm.
After a fall on the outstretched hand with the elbow
extended or slightly bent, the forearm translates posteriorly,
which leads to transverse shearing fractures of the coronoid,
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Table 1 Participant baseline characteristics Table 2 The functional outcomes of participants
Baseline characteristics Results Variable Results
Age 42.2+13.8 ROM of flexion and extension 123.4°+£20.7°
Gender ROM of rotation 151.0°+25.6°
Male 67 (61.5%) MEPS 92.3+8.8
Female 42 (38.5%) MEPS rank
Injury energy level Excellent (MEPS >90) 75 (68.8%)
High energy 21 (19.3%) Other 34 (31.2%)
Low energy 88 (80.7%) VAS 0.9+1.5
Treatment of radial head Complications
fixed by HCS 58 (563.2%) Ulnar nerve symptoms 22 (19.5%)

radial head replacement 51 (46.8%)
Repair of LCL complex
Using suture anchor 81 (74.3%)
Using ETHIBOND#2 28 (25.7%)
Postoperative external fixation
Stryker DJD Il hinged external fixator 46 (42.2%)

Braces or plaster casts 63 (57.8%)

HCS, headless cannulated screw; LCL, lateral collateral ligament;
DJD, dynamic joint distractor.

and the “anterior rim” of the radial head hits against the
capitulum causing a radial head fracture. As a result, the
terrible triad injury occurs. With thorough understanding of
elbow anatomy and biomechanics and the advancement of
surgical techniques, orthopedists have gradually established
systematic treatment protocols and rehabilitation strategies
for the terrible triad, which has significantly improved its
prognosis.

The goal of surgical management of the terrible triad
is to achieve concentric reduction and stability of the
elbow joint, which allows early mobilization to maximally
restore elbow function (13). For less severe injuries, closed
reduction and hinge external fixation can be used to achieve
satisfactory results. Most instances of the terrible triad will
lead to bony block and difficulty in maintaining the stability
of the elbow, so treatment is usually via surgery. Common
surgical approaches to the terrible triad include the posterior
approach, combined medial and lateral approach, and
anterior approach (7-10). Many surgeons may choose the
first 2 approaches to reconstruct the anatomy. Lindenhovius
et al. (14) followed 18 terrible triad patients through the
posterior approach, achieving good functional outcomes
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Elbow stiffness 16 (14.7%)
Secondary surgery

Removal of internal fixation 6

Arthrolysis of the elbow 5

Ulnar neurolysis 2

Total 7 (6.4%)

ROM, range of motion; MEPS, Mayo Elbow performance score;
VAS, visual analogue scale.

with a flexion-extension arc of 119°and a rotational range of
141°, and the average MEPS of these patients was 88 points,
after a mean follow-up of 24 months. Zhang et al. (10)
followed 21 terrible triad patients undergoing internal
fixation through the combined medial and lateral approach
for an average of 32 months, achieving good functional
outcomes with a flexion-extension arc of 126.0°+4.8° and
a rotational range of 139.0°+4.1°. The average MEPS of
these patients was 95.2 points. Although these 2 approaches
can more satisfactorily restore the stability of the elbow
joint, they significantly increase surgical trauma, which
adds to the probability of joint stiffness, ectopic ossification,
and ulnar nerve symptoms. The anterior approach exposes
the coronoid process more optimally, but also damages
the anterior joint capsule. Once stiffness occurs, it will be
difficult to improve the extension of the elbow. Therefore,
the anterior approach is not recommended. Pugh ez /. (13)
proposed a single lateral approach to the terrible triad,
which achieved satisfactory outcomes. A year later, McKee
et al. (15) suggested a standard surgical protocol for the
terrible triad of the elbow, indicating that a single lateral
approach was enough for most cases, and the combined

Ann Transl Med 2021;9(15):1232 | https://dx.doi.org/10.21037/atm-21-2542



Page 6 of 8

medial approach was needed only when the coronoid
process was difficult to expose by the lateral approach,
preoperative ulnar nerve injuries existed, and MCL needed
to be repaired.

At Beijing Jishuitan Hospital, we have treated the terrible
triad of the elbow through a lateral minimal approach.
Compared with the other abovementioned approaches, the
single lateral minimal approach damages less soft tissue,
maintaining the stability of the injured elbow, which may
lead to better functional outcomes. Through the lateral
minimal approach, the injured lateral ulnar collateral
ligament (LUCL), radial head fracture, coronoid fracture,
and anterior joint capsule were revealed from shallow to
deep, and then the coronoid process, anterior joint capsule,
radial head, LCL complex, and extensor tendon origin were
repaired from deep to shallow. The lateral epicondyle was
used as an anatomical landmark. A 4 cm incision was made
along the line of the supracondylar crest-lateral epicondyle-
radial head. Soft tissue avulsion was usually found behind
the midline of the lateral epicondyle, forming a bare area.
Through the original rupture, the EDC was split along
the lateral epicondyle of the humerus and the midline of
the radial head. Dissection did extend distally to the radial
neck, to avoid damage to the deep branch of the radial
nerve below the radial tubercle. Proximal dissection of
the brachioradialis and extensor carpi radialis longus and
brevis anterior to the midline of the lateral epicondyle was
performed, and the anterior joint capsule was retracted
forward. Even if the radial head fracture was relatively
intact with small fragments, the coronoid process could
be well exposed and fixed through this approach. In cases
treated with radial head arthroplasty, the coronoid process
was more clearly exposed. Anatomical studies (16) also
confirmed that this method could better expose the radial
head and coronoid process.

Our team believe that the terrible triad is caused by
posterolateral rotational injury; as for other radial head
fractures, elbow dislocations combined with anteromedial
coronoid process compression fractures caused by varus
stress, the articular surface of the coronoid process needs to
be reduced and fixed with a buttress plate from the medial
side, so they are diagnosed as varus posteromedial instability
instead of the terrible triad. The most common coronoid
fracture in terrible triad is a tip fracture (17), which is mostly
the anterolateral part of the coronoid process, generally
not exceeding the sublime tubercle; the ulnar attachments
of MCL are often intact, so a medial buttress plate is not
usually needed. Due to the coronoid fracture fragments
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in the terrible triad usually being small and comminuted,
the use of screws can easily cause the fragments to break
again, increasing the difficulty of the operation and risk of
ineffective fixation. The coronoid process can be fixed with
2 Kirschner wires from the dorsal side of the proximal ulna
anteriorly and sutured to the anterior joint capsule through
2 bony holes to maintain the anterior stability of the elbow.
In cases with small coronoid fragments, a simple fixation
with sutures is performed. In patients with severe elbow
injuries, the anterior soft tissue is torn from the anterior
side of the proximal ulna, resulting in a dislocation tendency
of the humeroulnar joint. In these cases, the tension of the
anterior joint capsule is more important than the osseous
stability of the coronoid process, and this method can
achieve satisfactory stability of humeroulnar joint. It is
not recommended to resect fragments of radial head in
terrible triad, which often leads to postoperative instability.
The radial head may be fixed with 2 crossed countersunk
screws other than plates after anatomical reduction when
possible, so as to reduce implant irritation. If the radial head
is severely comminuted or has poor bone density, radial
head arthroplasty should be considered. Attention should
be given to the height and diameter of the prosthesis in the
operation to avoid postoperative instability or “overstuffing”
syndrome. Two studies have focused on the clinical results
of ORIF versus replacement of the radial head regarding
the terrible triad injuries. Watters et /. (18) did not observe
any significant differences between groups in terms of ROM
and DASH at a minimum of 18 months follow-up. Leigh
et al. (19) found that revision surgery was more common in
the ORIF group (5/13) than in the radial head replacement
group (2/11) after a mean follow-up of 41 months.

The repair of the attachments of the LCL complex and
the common extensor tendon is critical to postoperative
stability (8). They can be repaired by drilling and suturing
on the lateral epicondyle or using anchors. It is generally
suggested that reconstruction of LUCL should be performed
at 40°-50° elbow extension, but when repairing fresh injuries,
reconstruction at 90° elbow flexion and a neutral rotational
position of forearm is more convenient (20). Whether to
repair MCL is still controversial. Most surgeons believe that
it is not necessary to repair MCL, because the extra medial
incision will further increase surgical trauma to the soft
tissues and cause postoperative complications, especially
elbow stiffness (3,7,15,21). The elbow is a triangular stable
structure composed of medial, lateral, and anterior parts.
After the anterior joint capsule is repaired, flexion-extension
stability is established; after the lateral structures are
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reconstructed, rotational stability reappears. The MCLs of
patients with the terrible triad often suffer from incomplete
injuries, and valgus is generally forbidden during the
rehabilitation process, which allows MCLs to heal gradually
over 2 months. Therefore, it is usually not necessary to
deliberately add a medial incision for repair. After the repair
of fractures and soft tissues, the stability of the elbow joint
must be verified. An elbow with a full flexion-extension arc
under anesthesia without dislocation is considered stable
and no stress test is required (22,23). If the elbow is stable
intraoperatively, short-term plaster immobilization for
within 1 week is sufficient. When the elbow is still unstable
after reconstructing the osseous structures and ligaments,
a hinged external fixator is applied to protect the repaired
bones and soft tissues, maintain the stability of the joint,
and enable the patient to mobilize early.

Pugh er al. (13) followed 36 terrible triad patients
undergoing internal fixation through the single lateral
approach for an average of 34 months, achieving good
functional outcomes with a flexion-extension arc of
112°+11° and a rotational range of 136°+16°. The average
MEPS of these patients was 88 points. Gong et al. (24)
compared the outcomes of the single lateral approach with
the combined medial and lateral approach for terrible triad
of the elbow, and found that the single lateral approach
provided better functional results and a lower incidence of
postoperative heterotopic ossification.

From 2013 to 2019, 109 patients with terrible triad
were treated through a lateral minimal approach at Beijing
Jishuitan Hospital. At a mean time of 36.1x11.1 months
postoperatively, the flexion-extension ROM of the elbow
averaged 123.4°+20.7° degrees and forearm rotation
averaged 151.0°+25.6° degrees. The mean MEPS was
92.4+8.8 points, with a low reoperation rate of 6.4%,
demonstrating satisfactory short-term functional outcomes
of the lateral minimal approach.

"This study has the following limitations: (I) as a retrospective
study, the result is prone to have selection bias; (II) the
size of this study, though comparable to or even larger
than similar studies, may not be large enough to show the
functional outcomes of the lateral minimal approach; (I1I)
the measurement of ROM of elbows was performed by the
same doctor, and there may have been favour detection bias.

Conclusions

Coronoid fractures, radial head fractures, and LCL injuries
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in the terrible triad of the elbow can be treated satisfactorily
through a lateral minimal incision, combined with a hinged
external fixation if necessary. The method described above
can restore the normal anatomy of the elbow and provide
sufficient stability, which may lead to a reduction in the
incidence of elbow stiffness by reducing surgical trauma and
promoting early mobilization.
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