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ARTICLE INFO Background: The terrible triad of the elbow (TTE) is a complex injury consisting of simultaneous elbow

dislocation or subluxation, radial head fracture, and coronoid fracture. During the initial assessment of a

Keywords: TTE, the typical severity of presenting pain, swelling, and limited range of motion may limit the ability to
Elbow perform a thorough physical examination and thus divert a clinician's attention away from additional
Terrible triad injuries to the ipsilateral upper extremity. Therefore, the purpose of this study was to review the liter-
Eri;;lcc?clgiion ature for reported cases of concomitant ipsilateral upper extremity injuries associated with a TTE and
Radial head discuss various strategies to increase clinician awareness to avoid underdiagnosis and missed diagnoses.
Coronoid Methods: A systematic review of five databases in four languages (English, Spanish, French, and Por-

tuguese), from inception to May 2021, was conducted. Articles describing a TTE with a concomitant
osseous, chondral, ligamentous, or musculotendinous injury occurring on the ipsilateral upper extremity
were included. The patients were divided into two groups, those presenting with a classic TTE and
concomitant ipsilateral upper extremity injury (group 1) and those in whom a TTE variant was described
(group 2). A TTE variant was defined as a combination of osseous and/or chondral injuries to the elbow
other than the classic description of TTE, in which at least two of the three classical elements of a TTE
(elbow dislocation, coronoid fracture, and radial head fracture) were present in addition to other unique
elbow osteoarticular injury.
Results: Nineteen articles met inclusion criteria and were further analyzed. A total of 27 patients were
analyzed, 23 from group 1 and 4 from group 2. Overall, 33 concomitant injuries were documented in
group 1, the most common being an olecranon fracture (27.3%), followed by Essex-Lopresti injury, triceps
tendon avulsion, and carpal fracture-dislocation with 4 (12.1%) cases each. Group 2 had four patients, all
of whom presented with a unique variant of the classically described TTE.
Conclusion: Despite a characteristic radiographic appearance of the classic TTE, additional injuries of
the ipsilateral extremity or variants of the classic TTE may be easily missed, especially in cases resulting
from high-energy mechanisms of injury. By analyzing the available data on associated injuries and
variants that may occur with a TTE, we hope to increase awareness so that clinicians may recognize these
less common but more complex injury patterns.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Level of evidence: Level IV; Review

The terrible triad of the elbow (TTE), first described in 1966,
consists of an elbow dislocation or subluxation in combination
with coronoid and radial head fractures (RHFs). The most common
mechanism of injury (MOI) leading to a TTE is a simple fall on the
outstretched hand, resulting in a combined axial and valgus load on
the elbow and supination of the forearm relative to the humerus.

The dissipation of energy during this elbow injury, described by
O'Driscoll and Morrey, follows a somewhat predictable pattern
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referred to as the circle of Horii.?° This injury is characterized by a
sequence of events that involve (1) disruption of the lateral
collateral ligament (LCL) complex, creating varus posterolateral
instability, (2) radial head impact on the capitellum, leading to
fracture, (3) posterior/posterolateral elbow dislocation with colli-
sion of the coronoid process on the trochlea, resulting in coronoid
fracture, and (4) injury to the medial collateral ligament (MCL) and
the origin of the flexor-pronator muscles. The MCL often remains
intact in a classic TTE, and thus, an MCL injury is not essential for
the diagnosis of a TTE.!%?’

Even though this recognizable injury pattern is commonly
observed in cadaveric models of a TTE,'*?” several factors may alter
its clinical presentation. The injury pattern observed depends on
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the energy of the trauma, the position of the upper limb at the time
of injury, and patient characteristics such as age, sex, underlying
osteopenia/osteoporosis, and body mass index. With higher-energy
mechanisms, additional injuries to those commonly observed with
a typical TTE may occur. Thus, in some situations, these unexpected
concomitant injuries may be missed.'*2°

There is ample literature for the treatment rationale and out-
comes after the management of a TTE.?>?72%36 However, there is a
paucity of data on concomitant upper-extremity injuries that may
occur in association with a TTE. Therefore, the purpose of this study
was to (1) perform a systematic review of the literature to deter-
mine the most common TTE variants and associated injuries and (2)
discuss potential strategies to increase clinician awareness and
avoid misdiagnosis.

Methods

This systematic review was performed as per the Preferred
Reporting Items for Systematic Reviews and Meta-analyses guide-
lines and registered in the International Prospective Register of
Systematic Reviews. Two independent reviewers (GM and ODS)
performed a literature search of five databases from inception to
June 2020: PubMed, Web of Science, CINAHL, Cochrane, and
EMBASE. A new search was redone in May 7, 2021, before article
submission to screen the most recent published data, following the
same search strategy. The search terms “terrible triad elbow,”
“complex elbow fracture-dislocation,” and “radial head fracture +
coronoid fracture + elbow dislocation” were entered into each of
the five databases. Duplicates were excluded, and both reviewers
screened the remaining articles by title and abstract. Each of the
two independent reviewers is multilingual; therefore, full-text ar-
ticles written in English, Spanish, French, and Portuguese
describing cases of TTE with additional bony, articular, muscu-
lotendinous, or ligamentous injuries to the ipsilateral upper ex-
tremity were included. Articles that did not describe a TTE or
variant and those describing associated injuries not located in the
ipsilateral upper extremity were excluded. Any discordant titles,
abstracts, or full-text articles were assessed by a third reviewer
(RK), who decided to include the study in question. All articles
selected for inclusion in this systematic review were assessed using
the Joanna Briggs Institute Critical Appraisal Checklist for Case
Series and Case Reports (Supplemental Table S1).

Reviewers then independently performed data extraction in
duplicate. The following information was extracted from each
article: patient age, sex, MOI, fracture types, dislocation type, any
osseous, chondral, ligamentous, musculotendinous injuries, or
neurovascular injuries, treatment, surgical approach, surgical
outcome, postoperative management, follow-up, and complica-
tions. The patients were divided into two groups, those presenting
with a classic TTE and concomitant ipsilateral upper-extremity
injury (group 1) and those in whom a TTE variant was described
(group 2). A TTE variant was defined as a combination of osseous
and/or chondral injuries to the elbow other than the classic
description of TTE, in which at least two of the three classical ele-
ments of a TTE (elbow dislocation, coronoid fracture, and RHF) were
present in addition to other unique elbow osteoarticular injury. One
unpublished case from the senior author (LSO) describing a TTE
with two associated injuries was also included in the analysis.

The data from each study were descriptively analyzed and re-
ported in terms of percentages.

Results

The initial literature search produced 2110 results, of which
1227 were duplicates. After removing duplicates, we screened the
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remaining articles by title alone (866 articles) and by title and ab-
stract (73 articles), excluding those that did not describe a TTE or a
variant with concomitant ipsilateral upper-extremity injuries. After
exclusion, the full texts of 20 articles were analyzed, and five
studies were excluded in this step because they did not meet the
inclusion criteria. The final literature search, that is, the updated
search performed in May 2021 resulted in 39 new articles, of which
four were eligible for inclusion. Therefore, adding the 15 articles
from the original search plus the 4 articles from the last updated
search, we included in total 19 articles in the study, all of which
were case reports or case series describing a total of 27 patients
with 28 TTEs. Fifteen of the 19 studies were included in group 1 and
described a total of 23 patients with 24 TTEs and 33 concomitant
ipsilateral upper-extremity injuries. The other four studies
comprised group 2 and described four patients with four unique
variants of the typical TTE injury pattern (Fig. 1, Table I). In addition,
one unpublished case from the senior author (LSO) describing one
patient with a TTE with two concomitant injuries was included in
group 1.

Group 1: terrible triad and concomitant ipsilateral upper-extremity
injuries

Group 1 had a total of 23 patients (14 men and 9 women) with a
mean age of 42.1 years (range, 4.5-72) who presented with 24 TTEs
and 33 concomitant injuries. Twelve patients (52.2%) presented a
high-energy MO], four being from motor vehicle accidents (MVAs)
and eight from falls from a height. Nine patients (39.1%) had low-
energy trauma (eg, fall from standing height), and two patients
(8.7%) had an unknown MOI. The most common concomitant injury
was an olecranon fracture (9/33, 27.3%), followed by Essex-Lopresti
injury, triceps tendon avulsion, and carpal fracture-dislocation with
4 (12.1%) cases each. Figure 2 illustrates the associated injuries.

Caviglia et al® published the most extensive series of cases,
reporting seven patients with what they called a “tetrad” of the
elbow. This injury pattern consisted of a TTE with a concomitant
olecranon fracture (Table II). Interestingly, the fracture's complexity
and the direction of elbow dislocation were variable, with three
posterior and four posterolateral dislocations. Regarding ligamen-
tous injury, all seven patients had an LCL injury, but none had an
MCL injury.

Dailiana et al’ reported the case of a four-year-old girl who fell
from a height of 60 cm, resulting in a TTE (impacted RHF, type 2
coronoid fracture, and elbow dislocation) with a concomitant
olecranon fracture (transverse type) and avulsion of both the MCL
and LCL.

Zha et al*” described a 26-year-old man who fell off a truck and
landed on both hands, resulting in bilateral elbow injuries. The left
elbow injury was consistent with a classic TTE with a type 2 RHF,
type 1 coronoid fracture, and an elbow dislocation; the authors did
not report in which direction. Initial radiographs of the right elbow
demonstrated an olecranon fracture with associated elbow sub-
luxation. An open reduction and internal fixation with an olecranon
plate via a posterior approach was made. On postoperative day one,
the right elbow dislocated (mechanism of dislocation was not re-
ported). Subsequent radiographs showed fractures of the radial
head and coronoid. Given the pattern of injury observed, the pa-
tient most likely had sustained a concomitant TTE missed at the
time of the initial evaluation. The authors did not describe liga-
mentous injuries.

Three recent studies described a TTE occurring in association
with an ipsilateral carpal/wrist fracture and/or dislocation. In the
case report by Elloumi et al,’ a 47-year-old male construction
worker fell from the second floor, resulting in a classic TTE with a
type 2 RHF and type 1 coronoid fracture (the direction of elbow
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Figure 1 PRISMA flowchart.

dislocation was not reported) in addition to an ipsilateral dorsal
perilunate dislocation of the wrist. Only the LCL was injured in this
case. The study by Reddy et al>> addressed the case of a 40-year-old
man who was involved in an MVA and was diagnosed with bilateral
TTEs with posterior elbow dislocation, type 3 RHF and type 1
coronoid fracture with LCL injury, as well as a trans-scaphoid
fracture with perilunate dislocation on the left side, and volar
lunate dislocation on the right side. Seijas et al*' reported a case of a
TTE with multiple associated injuries in a 34-year-old man who fell
from a height of two meters down the stairs. In addition to a TTE
(with posterior elbow dislocation), he presented with ipsilateral
scaphoid and patella fractures and contralateral olecranon and
RHFs. The authors did not report the type of RHF and coronoid
fracture nor the ligamentous injuries. Shinohara et al>* described
the case of a 38-year-old man who sustained a TTE (type 3 RHF, type
1 coronoid fracture, and posterior elbow dislocation) after a fall
from a height of 3 m. In addition, initial radiographic studies
showed a distal radius fracture and an Essex-Lopresti injury. Eleven
days after the injury, when surgical treatment was performed, a
dorsal perilunate dislocation which was not apparent at the initial
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assessment was revealed and treated. Both LCL and MCL were
avulsed.

Diaz-Suarez et al® described the case of a 41-year-old man who
was involved in an MVA and sustained a TTE (type 3 RHF, type 1
coronoid fracture, and posterolateral elbow dislocation) associated
with an ipsilateral ulnar diaphyseal fracture and injury to the MCL
and annular ligaments.

In 2009, Seijas et al’’ performed a study on the epidemiology,
treatment, and outcomes of 18 patients with TTE. In their series,
two patients, a 45-year-old woman (type 2 RHF, type 1 coronoid
fracture, posterior elbow dislocation) and a 17-year-old man (type 2
RHF, type 2 coronoid fracture, posterior elbow dislocation), had
associated Essex-Lopresti injuries. However, in their report, it was
unclear whether the associated Essex-Lopresti injuries were diag-
nosed at initial evaluation or later during follow-up. Moreover, no
other individualized information about these two cases was re-
ported, such as the MOI, clinical follow-up, or complications. In
2020, Ramzi et al’** published the case of a 56-year-old man who
fell from his bike onto an outstretched hand sustaining a TTE (type
2 RHEF, type 2 coronoid fracture, posterior elbow dislocation). In
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Summary of the articles included.
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Author

Title

Kumar et al'*

Courtney et al*

Lambers, K and Ring, D'°
Elloumi et al’

Caviglia et al®

Shetty et al**
Dailiana et al®
Rooke et al*?

Bhavsar et al’

Zha et al*®

Seijas et al*®

Seijas et al’'
Desai et al”

Reddy et al*®

Diaz Suarez et al®

Shinohara et al**

Dehghani Nazhvani et al®

Ramzi et al**

Gajendran et al'®

A Rare Combination of Fractures around
the Elbow: Bony Variant of Terrible
Triad

A Terrible Quartet Injury of the Elbow:
A Terrible Triad Variant with a
Capitellar Shear Fracture

Elbow Fracture-Dislocation with
Triceps Avulsion: Report of 2 Cases
Floating Forearm with Terrible Triad
Injury of the Elbow: A Case Report
Fracture of the distal complex elbow
dislocation: is terrible tetrad a new
entity?

Our Experience of a Case of Terrible
Triad of Elbow

Pediatric Terrible Triad Elbow Fracture
Dislocations: Report of 2 Cases
Pediatric Terrible Triad Injury of the
Elbow: A Rare and Easily Missed Injury
Results of Posterior Dislocation of
Elbow Associated with Bony and Soft
Tissue Injury

Severe injury of bilateral elbow joints
with unilateral terrible triad of the
elbow and unilateral suspected terrible
triad of the elbow complicated with
olecranon fracture: one case report
Terrible triad of the elbow

Terrible triad of the elbow—role of the
coronoid process: a case report
Terrible Triad of the Elbow: A Case
Report of a New Variant

Traumatic Bilateral Terrible Triad of
Elbow with Left Trans-Scaphoid Peri-
Lunate Dislocation and Right Lunate
Dislocation

Unusual case of complex fracture
dislocation of the elbow

Floating forearm associated with
terrible triad injury and Essex-Lopresti
injury: a case report and literature
review

Terrible triad elbow fracture dislocation
with ipsilateral triceps avulsion and
radial shaft fracture: a case report
Terrible triad of the elbow with an
ipsilateral Essex-Lopresti injury: a case
report

Terrible triad elbow fracture-
dislocation with triceps and flexor-
pronator mass avulsion

Journal Year of publication Design
Chinese Journal of Traumatology 2015 Case report
Journal of Bone and jJoint Surgery Case 2014 Case report
Connect

Journal of Hand Surgery 2011 Case report
Journal of Orthopaedic Case Reports 2018 Case report
Revista latinoamericana de Cirugia 2016 Case series
Ortopedica

Nitte University Journal of Health Science 2014 Case report
Journal of Hand Surgery 2013 Case report
Journal of Bone and Joint Surgery 2018 Case report
Malaysian Orthopaedic Journal 2013 Retrospective case series
International Journal of Clinical and 2015 Case report
Experimental Medicine

Journal of Orthopaedic Surgery 2009 Case series
Journal of Orthopaedic Surgery 2005 Case report
Journal of Postgrad Medicine 2006 Case report
International Journal of Current Research 2016 Case report
Strategies in Trauma and Limb 2018 Case report
Reconstruction

Journal of Shoulder and Elbow Surgery 2021 Case report
International

JBJS Case Connect 2020 Case report
Journal of Surgical Case Reports 2020 Case report
Orthopedics 2015 Case report

Heterogenous group of elbow injuries: (11/33)
Triceps tendon bony avulsion (4)

Common extensor tendon avulsion (3)

Flexor pronator mass avulsion (2)

Radial neck fracture (1)

Capitellum fracture (1)

Olecranon fractures: 9/33

Forearm injuries: 6/33
Essex-Lopresti injury (4)
Ulnar shaft fracture (1)
Radius shaft fracture (1)

Carpus/wrist injuries: 7/33
Carpal fracture-dislocation (4)
Distal radius fracture (2)
Scaphoid fracture (1)

Figure 2 Most common associated injuries to the TTE. TTE, terrible triad of the elbow.

addition, initial imaging identified an Essex-Lopresti lesion, and
during surgery, an avulsion of the common extensor tendon and
LCL were observed.

The study by Courtney et al* described a 62-year-old woman
who fell down a flight of steps and landed on her outstretched
hand, resulting in a TTE (comminuted RHF, comminuted type 1
coronoid fracture, and posterolateral elbow dislocation) with
concomitant capitellar shear fracture and complete tear of the LCL.
In their report, they described this injury as a “terrible tetrad” or
“quartet”.

Shetty et al®>? described the case of a 43-year-old female patient
who fell on her outstretched hand, resulting in a posterior elbow
dislocation with associated coronoid, radial head, and neck frac-
tures. Unfortunately, the authors did not report on the status of the
ligaments.
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Group 1: Terrible triad and concomitant ipsilateral upper-extremity injuries—details from the findings reported in each study.

Article Age and gender MOI Fractures

Elbow dislocation Ligament lesion  Other injuries

Elloumi et al® 47 yoM Fall from the second floor ~ Coronoid, RH

Reddy et al*® 40yo M MVA

Courtney et al*
Dailiana et al® 45y0F
Zha et al*® 26 yo M
Lambers and Ring'®> 44 yo M

62yoF Fall a flight of steps
Fall from 60 cm
Fall from a truck

Fall 35 ft from the roof Coronoid, RH

Dias-Suarez et al® 41yoM MVA Coronoid, RH

Seijas et al’' 34yo M Fall from 2-m stairs Coronoid, RH

Seijas et al*® 45y0 F NR Coronoid, RH

17yoM NR Coronoid, RH

Shetty et al*>
LSO

43 yo F
63yoM

FOOSH

Fall from the ladder Coronoid, RH

Shinohara et al*? 38yoM Fall from 3 m Coronoid, RH

Dehghani Fall from 82 ft Coronoid, RH

Nazhvani et al®

23yoM

Ramzi et al** 56 yo M FOOSH Coronoid, RH

Gajendran et al'® 29yoF FOOSH Coronoid, RH

Coronoid, RH
Coronoid, RH
Coronoid, RH
Coronoid, RH
Coronoid, RH
Coronoid, RH
Coronoid, RH

Caviglia et al® 45yo M
18 yo F
62yoF
35yoM
70 yo F
54yo M
72yo F

Fall from own height
MVA

Fall from own height
Fall from height

Fall from own height
MVA

Fall from own height

Coronoid, RH (bilateral)

Capitellum, coronoid, RH
Coronoid, olecranon, RH Yes
Coronoid, olecranon, RH

Coronoid, RH, radial neck

Yes LCL Dorsal perilunate
dislocation of the wrist
(ipsilateral)

Left wrist: trans-scaphoid
fracture with perilunate
dislocation

Right wrist: volar lunate
dislocation

None

None

None

Triceps tendon bony
avulsion

Complex intraarticular
distal radius fracture
(ipsilateral)

Ulnar diaphyseal fracture
(ipsilateral)

Third and fourth PIP joint
dislocation (contralateral)
Scaphoid fracture
(ipsilateral)

Patella fracture (ipsilateral),
olecranon and RH fractures
(contralateral)
Essex-Lopresti lesion
(ipsilateral)
Essex-Lopresti lesion
(ipsilateral)

None

Triceps tendon avulsion
and common extensor
tendon (ipsilateral)

Distal radius fracture,
Essex-Lopresti lesion,
dorsal perilunate
dislocation (ipsilateral)
Radius shaft fracture,
triceps tendon bony
avulsion and common
extensor tendon
(ipsilateral), flexor-
pronator mass avulsion
Essex-Lopresti and
common extensor tendon
(ipsilateral)

Triceps tendon bony
avulsion and flexor-
pronator mass avulsion
(ipsilateral)

Olecranon fracture
Olecranon fracture
Olecranon fracture
Olecranon fracture
Olecranon fracture
Olecranon fracture
Olecranon fracture

Posterior (bilateral) LCL (bilateral)

Posterolateral LCL
LCL and MCL
Subluxation NR
Posterior LCL

MCL and
annular
ligament

Posterolateral

Posterior NR

Posterior NR

Posterior NR

None
LCL and MCL

Posterior
Posterolateral

Posterior LCL and MCL

NR LCL and MCL

Posterior LCL

Posterior LCL

Posterolateral LCL
Posterolateral LCL
Posterior LCL
Posterolateral LCL
Posterior LCL
Posterior LCL
Posterolateral LCL

F, female; FOOSH, fall on outstretched hand; LCL, lateral collateral ligament; M, male; MCL, medial collateral ligament; MOI, mechanism of injury; MVA, motor vehicle accident;
NR, not reported on the original article; OSH, outstretched hand; PIP, proximal interphalangeal; RH, radial head; yo, year-old.

Three studies described a TTE with concomitant triceps tendon
avulsion. Dehghani Nazhvani et al® in 2020 published a case report
of a 23-year-old man who fell from 82 feet. Initial radiographs
showed a left TTE (type 3 RHF, type 1 coronoid fracture, and pos-
terior elbow dislocation) and ipsilateral radius shaft fracture. The
“fleck sign” was identified on radiographs, and a bony avulsion of
the triceps tendon was confirmed with a computed tomography
(CT) scan. During surgery, avulsion of the LCL, MCL, common
extensor tendon, and flexor-pronator mass was visualized. Gajen-
dran et al'® described the case of a 29-year-old woman who fell
onto her outstretched hand. Radiographs showed an RHF and
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posterior subluxation of the elbow and small cortical flecks of bone
medially and posteriorly. A CT scan identified a comminuted RHF, a
coronoid fracture, and triceps tendon bony avulsion. Intraoperative
findings also included avulsion of the flexor-pronator mass and LCL.
Lambers and Ring'” reported on a 44-year-old man who fell 35 feet
from a roof, resulting in a TTE with concomitant triceps tendon
bony avulsion. In addition, the patient had an ipsilateral complex
intra-articular distal radius fracture.

A 63-year-old male firefighter treated by the senior author
initially presented to the emergency department (ED) with a
posterolateral elbow dislocation after a fall from a ladder onto his
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Table III
Group 2: Terrible triad variants—details from the findings reported in each study.
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Article Age and gender MOI Fractures Elbow Ligament Other injuries
dislocation lesion
Desai et al’ 25y0 F Fall from the third Capitellum, coronoid Posterior None Head injury,
floor (suicide attempt) zygomatic fracture,
fracture of the ribs with
pneumothorax,
subtrochanteric fracture,
and bilateral distal intra-articular
fracture of the radius
Rooke et al*? 12yoM Fall from a bicycle Salter-Harris Il radial Yes MCL None
neck, coronoid chondral injury
Bhavsar et al’ Age NR M NR Medial condyle, RH Posterior LCL None
Kumar et al'# 30yoM MVA Capitellum, coronoid, RH No LCL: lax Distal third of the radius (ipsilateral)

F, female; FOOSH, fall on outstretched hand; LCL, lateral collateral ligament; M, male; MCL, medial collateral ligament; MOI, mechanism of injury; MVA, motor vehicle accident;
NR, not reported on the original article; PIP, proximal interphalangeal; RH, radial head; yo, year-old.

nondominant upper extremity. Initial radiographs obtained in the
ED demonstrated a TTE. After successful closed reduction, a post-
reduction CT scan was performed in the ED, which confirmed a TTE
with comminuted RHF and coronoid tip fractures. The patient was
discharged from the ED and was recommended outpatient follow-
up with an orthopedic surgeon. Seven days after the injury, the
patient was evaluated in the senior author's office and found a
palpable gap in the triceps tendon that was not initially recognized
in the ED because of significant elbow swelling. Magnetic reso-
nance imaging (MRI) confirmed a near-complete rupture of the
triceps tendon with proximal retraction in addition to a high-grade
partial thickness tear of the LCL, common extensor tendons, and
MCL.

The findings from each study in group 1 are summarized in
Table II.

Group 2: terrible triad variants

Four of the 19 included articles described variants of the typical
TTE. Group 2 had a total of four patients (three men and one
woman) with a mean age of 22.35 years (range 12-30). Patient
characteristics, MOI, TTE variant, and other injuries for each study
are described in Table III.

Desai et al’ reported the case of a 25-year-old polytrauma pa-
tient who sustained a TTE variant consisting of a posterior elbow
dislocation, coronoid process, and capitellum fractures. No liga-
mentous injury was reported.

Rooke et al*° described a case of a 12-year-old boy who pre-
sented to the ED after a fall from his bicycle. He was initially
diagnosed with a Salter-Harris type 2 fracture of the proximal
radius. However, at his 2-week follow-up appointment, a closer
view of his initial radiographs demonstrated subtle ulnohumeral
subluxation concerning possible pediatric TTE. Further evaluation
with MRI and an intraoperative arthrogram confirmed a chondral
fragment in the ulnohumeral joint corresponding to the tip of the
coronoid process. In addition, there was MCL laxity observed
intraoperatively consistent with partial MCL injury.

Bhavsar et al’ conducted a retrospective case series describing
15 patients with elbow dislocations and associated injuries. One of
the 15 cases reported was a man who presented with a TTE variant
consisting of posterior elbow dislocation with associated RHF,
medial condyle fracture, and LCL injury. The age and MOI were not
specified.

Kumar et al'* described the case of a 30-year-old male farmer
who was involved in an MVA and sustained a combination of
fractures without dislocation of the elbow, which the authors called
a TTE “bony variant”. The patient’s injury included fractures of the

1]4
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Anterior column:
Coronoid process
Brachialis

Anterior capsule

Posterior column:
Olecranon process
Triceps

Posterior capsule

Figure 3 Components of the anterior and posterior columns of the elbow joint.

Lateral column:

Lateral Collateral Ligament
Radial head

Capitellum

Medial column:

Medial Collateral Ligament
Coronoid process

Medial condyle/epicondyle

Figure 4 Components of the medial and lateral columns of the elbow joint.

capitellum, coronoid process, radial head, and ipsilateral distal
third of the radius. The MCL was intact, the LCL was lax, and no
ligament repair was performed.

Discussion

The TTE is a complex injury that poses a diagnostic and thera-
peutic challenge to treating surgeons. During a TTE, energy usually
dissipates in a predictable pattern, referred to as the circle of Horii,
which sequentially involves the different elbow structures. How-
ever, depending on the amount of energy imparted at the time of
injury and the direction in which the energy dissipates, other and
additional injury patterns may result, affecting different columns,
as presented in this review (Figs. 3 and 4).

From the 19 articles included and the senior author's case, there
were 27 patients. In group 1, 23 patients presented 24 TTEs with 33
concomitant ipsilateral upper-extremity injuries. If a TTE presents
with an ipsilateral associated injury, it will most likely affect the
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elbow, which accounted for 20 of the 33 concomitant injuries
(60.6%). The most common elbow injuries were an olecranon
fracture (27.3%), triceps tendon avulsion (12.1%), common extensor
tendon avulsion (9%), flexor-pronator mass avulsion (6%), radial
neck (3%), and capitellum fracture (3%).

In this review, our definition of the TTE variant and TTE with
concomitant injuries was based on the injury pattern and the MOI
classically described for a TTE: a combined axial and valgus load on
the elbow and supination of the forearm relative to the humerus.
This injury mechanism in which there is a circular pattern of energy
dispersion is substantially different, for instance, from a trans-
olecranon fracture-dislocation. In a trans-olecranon fracture-
dislocation of the elbow, the resulting fractures to the radial head
and coronoid process occur because of the impact between the
distal humerus and the sigmoid notch.’®?"?® Thus, because the
energy is dissipated longitudinally from the humerus to the ulna,
there is typically no injury to the ligamentous complex like in a
TTE.>* In this review, eight of nine cases of concomitant olecranon
fractures in group 1 had expected ligamentous disruptions of the
LCL and/or MCL following the typical pattern of energy dissipation
observed with a classic TTE.>*!> The remaining case describing an
olecranon fracture did not explicitly document a ligamentous
injury given that a TTE was diagnosed after the initial treatment of
the olecranon fracture.>> However, given the resulting pattern of
elbow dislocation and associated radial head and coronoid tip
fractures, this case was presumed consistent with a TTE
mechanism.

Furthermore, of the 24 TTE cases in group 1, 20 had a liga-
mentous injury to the elbow, supporting the MOI described pre-
viously. The other four patients did not have a report on ligament
injury. However, in two of these cases, an Essex-Lopresti injury was
present, suggesting that the energy followed a longitudinal direc-
tion until it reached the elbow, where it ultimately caused the TTE
injuries.

The second most common location for associated injuries in
group 1 was the wrist/carpus (21.2%). Interestingly, all these pa-
tients had a high-energy MOl initially transmitted from the hand to
the carpus after a fall on the outstretched hand. Thus, a plausible
explanation for the observed concomitant TTE on the ipsilateral
extremity could be that the energy imparted on the wrist was
sufficient to continue proximally through the intraosseous mem-
brane toward the elbow.

The forearm was the site of associated injury in 18.2% of cases.
Most frequently, an Essex-Lopresti lesion was identified, but shaft
fractures of the radius and ulna were also reported. This empha-
sizes that when a TTE is diagnosed, besides the obvious attention to
elbow injuries, the physician should also investigate for the possi-
bility of a concomitant wrist/carpus or forearm injury.

Kumar et al' reported an intriguing case in which ligamentous
involvement was not observed as is commonly expected with a TTE.
The authors described a bony variant of the typical lateral-sided
injury resulting from the dissipation of energy in the circle of
Horii. They postulated that the MOI was possibly a varus force that
first resulted in a capitellum fracture and RHF. The varus force
would have also stressed the LCL, which, given its attachment on
the supinator crest, would have resulted in avulsion of the coronoid
process. Alternatively, the authors hypothesize that a posterior
dislocation/subluxation of the elbow with spontaneous reduction
could also explain these findings.

Associated injuries to the ipsilateral upper extremity in the
setting of a TTE are more likely with a high-energy MOI. Conse-
quently, both the initial and secondary surveys should include a
careful and systematic physical examination of the entire upper
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extremity. The pain and swelling from the TTE may jeopardize the
precise identification of some anatomical structures of the elbow
joint. Thus, making a complete diagnosis based exclusively on
clinical examination is challenging. In addition, the physical ex-
amination may be challenging because of patient guarding, and a
repeat examination may be necessary once swelling and pain are
improved. In the setting of an ulnohumeral dislocation, a few
external signs can clue in the physician about the likelihood of
concomitant fracture or disruption of additional soft tissue struc-
tures. For instance, lateral ecchymosis or pain may represent frac-
ture of the RH, LCL injury, or, less frequently, fracture of the
capitellum. Alternatively, the physician can utilize analgesics, uti-
lize local anesthesia, or proceed with an examination under seda-
tion to characterize the extent of the injury more accurately.
Moreover, it is essential to emphasize the need for a postreduction
examination. Reducing the dislocated elbow may help decrease
pain and allow for a better clinical examination after reduction.

Although a thorough physical examination is fundamental,
various imaging studies may assist in diagnosis when the clinical
examination is challenging. The first imaging modality should be a
plain radiograph of the affected joint. If the physical examination
indicates possible associated injuries to the wrist or forearm, or if
the MOI involves high energy, x-rays of the joints above and below
should be considered. Previous studies reported that ipsilateral
upper-extremity injuries occur in 10%-20% of patients with com-
plex elbow dislocations."'> Many bony injuries are visible on plain
radiographs, and scrutiny of the bony anatomy is recommended.
Besides the typical radial head and coronoid fractures, the post-
reduction lateral radiograph should be scrutinized for a possible
“double-arc” sign, indicating a capitellum fracture extending into
the trochlea. Capitellar fractures in the setting of a TTE are
complicated to manage, as the small size of the capitellum fracture
poses a challenge for fixation. This may lead to deviation of the
fragment with a subsequent compromise of the range of motion of
the elbow joint, impairing the functionality of the upper extremity.
Another radiographic sign that may indicate an associated injury is
a flake of bone on the posterior aspect of the elbow, meaning an
olecranon avulsion fracture. However, a high index of suspicion is
required because the “flake sign” may be subtle, especially in the
setting of more overt fractures.'>? The case report from the senior
author and the one by Lambers and Ring'® did not present the
“flake sign”. The authors emphasize that the fact that they favored a
posterior approach to the elbow might have helped identify the
triceps injury, as this may have been missed if a different approach
had been chosen, which is not uncommon for treatment of the TTE.

A CT scan is recommended for detailed assessment of the frac-
tures and to guide preoperative planning and treatment. Three-
dimensional reconstruction is beneficial for preoperative planning
because it is easier to interpret and provides an image closer to the
anatomy that orthopedic surgeons are familiar with. Moreover,
digitally subtracting unfractured bones can help identify minor
fractures not seen on plain radiographs.''®

Compared with concomitant bony injury, the greater challenge
lies in identifying concomitant soft-tissue injuries, which are not
readily diagnosed by physical examination, plain radiographs, or CT
scan. The treating surgeon should maintain a high suspicion for
these soft-tissue injuries, considering that dislocation of the elbow
typically causes capsuloligamentous injury and a variable degree of
damage to the common flexor and extensor muscles from the
epicondyles.'”” The LCL complex may be avulsed from the lateral
epicondyle together with the common extensor muscle origin,
leaving a bare epicondyle.?> Performing a global posterior approach
during surgical treatment may enable assessment of posterior soft



G. Medina, RE. Keller, O.D. Sabbag et al.

tissues, such as the triceps tendon, which may not be encountered
when performing, for instance, a lateral Kocher approach. If there is
a high index of suspicion for concomitant injury, additional studies,
such as ultrasound or MRI, should be considered to identify soft-
tissue disruption before surgery.

In addition to the inherent drawbacks of a systematic review,
this study has some important limitations. As with most, this re-
view is subject to publication bias, as the only cases included were
those published in the five databases searched. In addition, the
true incidence of concomitant injuries associated with a TTE may
be under-represented in this sample. Publication bias is a critical
flaw in this review, as there are likely more cases of TTE with
associated injuries that have occurred but were either not
recognized or have not been published in the literature. However,
to reduce our selection bias, we included every available report in
five large databases from inception to May 2021, and our search
included articles published in four languages. Furthermore, all
articles included were assessed using specific quality appraisal
tools. Finally, concomitant ipsilateral upper-extremity injuries
associated with a TTE and variants of TTE are relatively rare,
making it difficult to study in-depth clinically. Moreover, there is a
lack of data in the literature addressing this subject. For the
abovementioned reasons, this systematic review offers a valuable
contribution to our present understanding of this injury pattern
and its associated injuries.

Conclusion

Although TTE variants and associated concomitant injuries are
uncommon, this review reinforces the importance of keeping a
high index of suspicion for these injuries as they can often be
missed. A TTE variant was defined as a combination of osseous
and/or chondral injuries to the elbow other than the classic
description of a TTE, in which at least two of the three classical
elements of a TTE (elbow dislocation, coronoid fracture, and RHF)
were present in addition to other unique elbow osteoarticular
injury. Reported variants were capitellum fractures, radial neck
fracture, coronoid chondral injury, and medial condyle fracture.
The most common associated concomitant injury was an olec-
ranon fracture (9/33, 27.3%), followed by Essex-Lopresti injury,
triceps tendon avulsion, and carpal fracture-dislocation with 4
(12.1%) cases each. Therefore, performing a detailed and careful
evaluation of the patient with particular attention to the entire
ipsilateral upper extremity is critical, as these additional injuries
may delay recovery and/or compromise outcomes if missed. This
is particularly important in patients with a reported high-energy
MOI, in which a large transfer of energy can propagate from the
wrist proximally. In this review, more than half of the patients had
a high-energy trauma.

Although the utility of plain radiographs and CTs is widely
accepted as part of the clinical algorithm for evaluation of complex
elbow fracture-dislocations, it is crucial to perform a thorough
secondary survey and repeat physical examination once the initial
pain, swelling, and range of motion restriction have improved as
well as to consider additional imaging modalities for soft-tissue
assessment, such as MRI or ultrasound in select cases. Further-
more, knowledge of the MOI is essential to understand the pattern
of fractures and help predict the possible TTE variants and/or
concomitant injuries associated with the classical presentation of a
TTE. A high-energy axial load onto the hand may be transmitted
proximally to the forearm and elbow. This review showed that,
most likely, associated injuries will occur in the elbow and, sec-
ondly, may affect the wrist/carpus and forearm. By analyzing the
available data on associated injuries and variants that may occur
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with a TTE, we hope to increase awareness so that clinicians may
recognize these less common but more complex injury patterns.
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