JSES International 5 (2021) 320—327

Contents lists available at ScienceDirect

JSES International

journal homepage: www.jsesinternational.org

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

Check for
updates

Issei Shinohara, MD ¢, Shunsuke Takahara, MD **, Atsuo Uefuji, MD ¢, Atsuyuki Inui, MD °,
Yutaka Mifune, MD P, Katsuhito Ichimura, MD 2, Hirotaka Nishihara, MD °,
Kenta Kishimoto, MD ¢, Kenji Aoki, MD °, Hiroyuki Takayama, MD “,

Natsuko Nakagawa, MD °, Toshihiko Harada, MD *

2 Department of Orthopaedic Surgery, Hyogo Prefectural Kakogawa Medical Center, Hyogo, Japan
b Department of Orthopaedic Surgery, Kobe University Graduate School of Medicine, Hyogo, Japan

ARTICLE INFO

Keywords:

complex elbow fracture dislocation
terrible triad injury

Essex-Lopresti injury

floating forearm

perilunate dislocation

distal radioulnar joint

Complex elbow dislocations are injuries in which there is a
significant risk of long-term disability. The combination of elbow
dislocation with both radial head and coronoid process fracture is
particularly challenging to treat and, as such, has been termed
terrible triad injury (TTI) of the elbow.?> TTI is typically caused by
high-energy falls onto an outstretched hand.'® Although the
treatment of TTI has evolved over the last decade, clinical results
are still unsatisfactory.®

Essex-Lopresti injury (ELI) is also a severe upper limb injury that
is difficult to manage. ELI consists of a characteristic triad: a
comminuted radial head fracture, disruption of the distal radio-
ulnar joint (DRUJ), and tearing of the interosseous membrane
(IOM)." Similar to TTI, ELI occurs when a high-energy load is axially
applied to the forearm, usually as a result of a fall on an out-
stretched hand."”

In recent years, a rare pattern of a whole forearm injury, that is,
floating forearm—the ipsilateral bipolar dislocation of the fore-
arm—has been described.>?? This injury involves a combination of
elbow dislocation and ipsilateral perilunate dislocation.?” TTI and
ELI are both relatively rare injuries; therefore, floating forearm is
extremely rare. We present the first case report of floating forearm
associated with both TTI and ELIL

No institutional review board approval was required for this case report.
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Case report

A 38-year-old man presented at our emergency department
with right elbow pain after a fall from a height of three meters.
There was no complaint of pain around the right wrist. Physical
examination revealed swelling, tenderness, and a wound on the
medial side of the right elbow. Swelling and tenderness were un-
clear around the right wrist. The extremity was neurovascularly
intact. Plain radiographs revealed posterior dislocation of the elbow
with radial head comminuted fracture (Fig. 1a). Three-dimensional
and plain computed tomography of the forearm were requested,
which revealed a coronoid tip fracture, displaced radial head
fracture, distal radius avulsion fracture, and ipsilateral DRU]
incompatibility (Fig. 1b-e). The small coronoid tip fragment (Regan-
Morrey Type IA, O'Driscoll type I, subtype 1)'%?* was located
anteriorly to the elbow joint. The radial head showed a three-part
fracture with a shortened radial length (Mason-Morrey type III).'*
The distal radial fracture presented as a dorsal ulnar avulsion
fracture, partially extending to the DRUJ.

Owing to the presence of an open fracture, immediate surgery
was performed. The open wound that extended from just distal to
the medial epicondyle of the humerus to the elbow joint was used to
perform débridement and irrigation of the elbow joint. An external
fixator (Hoffman 3 External Fixation System, Stryker, Kalamazoo, MI,
USA) was positioned to stabilize the elbow joint, particularly because
the elbow joint was easily redislocated after reduction. The unstable
DRU]J was temporarily fixed with 1.5 mm Kirchner wire (Fig. 2). The
TTI with unstable DRUJ was scheduled for a subsequent surgery after
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Figure 1 (a) Initial radiographs of the elbow revealed posterior dislocation of the elbow with the comminuted radial head fracture. (b—d) Three-dimensional computed tomography
of the forearm revealed: (b) Regan-Morrey Type IA, O'Driscoll type I (subtype 1) coronoid tip fracture (1). (c) Mason-Morrey type III, 3-part radial head fracture (1). (d) Avulsion
fracture of the distal radius (white arrow). (e) Computed tomography axial view of the wrist revealed disruption of the DRUJ (white arrow). DRUJ, distal radioulnar joint.

improvement in the condition of the soft tissue. Eleven days after the
injury, in accordance with Pugh’s strategy for the TTI, plate (LCP
Proximal Radius Plates 2.4, SYNTHES, West Chester, PA, USA) and
screw (DT] screw, MEIRA, Aichi, Japan) fixation for the radial head
fracture, suture lasso technique for the coronoid tip fracture using
nonabsorbable suture material (FiberWire, Arthrex, Naples, FL, USA),
and repairs of the medial and lateral collateral ligaments using su-
ture anchors (Corkscrew Anchors, Arthrex, Naples, FL, USA) were
performed. To make an anatomical reduction and to prescribe the
radial length, the crushed radial head fragments were taken out
piece by piece and fixed with the headless screw (on-table recon-
struction).” Subsequently, screw (ASNIS micro, Stryker) fixation for
the distal radius avulsion fracture and restabilization of the unstable
DRU]J were performed. At that time, the dorsal perilunate dislocation,
which was not apparent at the initial assessment, was revealed, then
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stabilization of the perilunate by Kirchner wire was also performed
(Fig. 3).

Considering bipolar dislocation, external fixation of the elbow
was maintained in the neutral position for 3 weeks. The patient
then started range of motion exercises with a functional elbow
brace. The K-wires used for DRU]J fixation and perilunate stabili-
zation were removed 6 weeks after surgery. Three months after the
injury, an artificial radial head replacement (EVOLVE, MicroPort,
Shanghai, China) was performed due to breakage of the screw of
the radial head plate, displacement of the anterior part of the radial
head fracture and incompatibility of the radiocapiteller joint
(Fig. 4). Although the function of the elbow improved, instability of
DRUJ worsened over time (Fig. 5). One and a half year after the
injury, owing to residual painful wrist joint dysfunction, ulnar
shortening osteotomy and suture-button reconstruction'’ of the
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Figure 2 Radiographs immediately after the initial surgery: (a) Anterior-posterior view and (b) lateral view. Reduction and temporary stabilization of the elbow and pinning for the
unstable DRUJ were performed. (¢) Computed tomography axial view of the wrist after pinning. DRU]J, distal radioulnar joint.

IOM using Tight-Rope (Arthrex, Naples, FL, USA) were performed
(Fig. 6). The ulna was shortened about 10 mm and fixed with an
LCP-small plate (LCP-small plate, SYNTHES, West Chester, PA, USA).
Tight-Rope was inserted from 10 cm proximal to the ulnar styloid
process to 17 cm proximal to the radial styloid process; thereafter,
the rope was tightened at the maximum supination position.

At the time of final follow-up, three years after the injury, the
elbow was stable with occasional mild pain; the extension of the
left elbow remained limited at -25°, whereas flexion was at 135°.
The wrist was also stable with occasional mild pain with flexion
(45°), extension (70°), pronation (70°), and supination (50°). The
grip strength was 54% of that of the contralateral side (Fig. 7). The
Mayo Performance Elbow Score was 85, which indicated a positive
functional outcome. The Mayo Wrist Score was 60, indicating a
satisfactory functional outcome.

Discussion

Among the various types of injuries associated with elbow
trauma, the occurrence of TTI is rare. Injury accounts for only 8—11%
of dislocations of the elbow joint and 3.4-10% of all radial head
fractures.'"*!*? Such complex elbow fracture dislocations occur as a
result of high-energy trauma, such as falling from a height onto an
outstretched hand. ELI is also an uncommon injury. Grassmann et al
reported an incidence of 4% (12 of 295 radial head fractures).® Each
type of injury is individually rare, and reports on the combination of
both are extremely uncommon. However, because both TTI and ELI
occur by longitudinal axial force in high-energy trauma, they can be
caused simultaneously. Seijas et al reported two cases of 18 TTI
(11%) with combined ELL>® Therefore, in cases of longitudinal axial
force injury of the forearm, the combination of elbow and wrist
injury should always be considered.?? In our case, the longitudinal
force was applied to the outstretched wrist causing ELI, and further
force was transmitted to the elbow resulting in TTI. Notably, it has
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been reported that ELI can be easily missed during the initial
evaluation.'” Because attention would be primarily focused on the
radial head fracture, injury to the DRUJ and the IOM could be
missed. Particularly in cases with TTI, although more attention may
be focused on the dislocated elbow, the possibility of wrist injury
should always be considered. In addition, perilunate dislocation
had also occurred in our case. Bipolar dislocations of the forearm,
including elbow dislocation and perilunate dislocation, were
initially described by Chen et al in 1994 as an extremely rare
pattern of injury of the forearm. In our literature review, only 19
cases involving various injury characteristics have been reported
(Table 1).13-613182022333536 gyr case is the first case report of
floating forearm associated with TTI and ELIL

In complex fracture dislocations of the elbow such as TTI, it is
almost impossible to achieve stability through conservative treat-
ment.?? In the surgical management of TTI, owing to recent studies
of relevant anatomy and biomechanics of elbow stability, restora-
tion of injured primary and secondary stabilizers of the elbow has
yielded excellent results.'> Operative treatment of this injury has
evolved to include the restoration of the radiocapitellar joint (via
fixation or artificial radial head replacement), reattachment of the
origin of the lateral collateral ligament to the lateral epicondyle,
with fixation of the coronoid fracture, and medial collateral liga-
ment repair, when indicated.>” However, there are still two con-
troversies. One involves the management of coronoid fractures and
the other the management of comminuted radial head fractures.
Several approaches have been used to address coronoid fractures in
TTI; however, a consensus is yet to be reached as to which method
provides optimal results. The surgical management of coronoid
fractures should be based on the fragment size and fracture loca-
tion; small coronoid tip fragments are usually repaired using the
suture lasso technique or a suture anchor.'? It has not yet been
ascertained whether to perform fixation or artificial replacement
for comminuted radial head fractures. Watters et al reported that
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Figure 3 Radiographs after the internal fixation (11 days after injury), (a) On-table reconstruction with preliminary fixation, (b, ¢) ORIF for the radial head fracture, suture fixation
for the coronoid fracture by lasso technique, medial and lateral collateral ligament repair were performed. (d, e) ORIF for the distal radius fracture, pinning for the unstable DRUJ,
and pinning for the missed lunate instability were also performed. ORIF, open reduction and internal fixation; DRU], distal radioulnar joint.

radial head replacement enabled the achievement of elbow sta-
bility with comparable overall outcomes when compared with
fixation. However, they also highlighted that longer-term studies
would be required to determine whether late complications, such
as loosening occurred.>

The treatment for ELI is more challenging. Although it is
established that the best clinical results are achieved when the
radial length is restored and the DRU]J has stabilized acutely, many
patients will still experience a residual limitation in forearm rota-
tion and grip strength.” However, if treatment is delayed for more
than four weeks, outcomes are generally poor.>? Owing to the PRUJ,
I0M, and DRUJ disruption, longitudinal-transverse instability of the
forearm could potentially occur in ELL®! Proper treatment for ELI
should be initiated to achieve forearm anatomical reduction.' First,
to restore the radial length, open reduction and internal fixation of
the radial head or radial head replacement should be performed.’
Similar to the management in TTI, the management of commi-
nuted radial head fractures remains controversial. Fixation of radial
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head fractures with more than three parts may result in early
failure of fixation, nonunion, and limited forearm rotation during
fracture healing.”’ Ricon et al reported satisfactory results when
radial head prostheses were used to treat Mason type Ill radial head
fractures with additional elbow fractures and soft tissue injuries.>”
Conversely, potential risk of the radial replacement is that the
inserted prosthesis may exceed the radial length, which can lead to
stiffness, capitellar wear, subluxation, and pain.”® Second, stabili-
zation of DRUJ through the temporary K-wire or repair of the
triangular fibrocartilage complex, and reconstruction of the I0OM
should be considered.”® Although the reconstruction of the IOM is
controversial, some reports regarding [OM reconstruction demon-
strated that the proper tension could be achieved after recon-
struction, leading to superior clinical results.”

The functional outcomes after TTI and ELI were not satisfactory.
In TTI, the functional results in 24 of 69 cases (35%) were reported to
be fair to poor.’® Jungbluth et al reported that the functional
outcome of ELI was fair in the elbow, but poor in the wrist.!
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Figure 4 Radiographs and computed tomography three months after the injury. (a) Screw breakage of the proximal radial plate (1). (b) Incompatibility of the radiocapitellar joint
(l). (c) Displacement of the anterior part of the radial head fracture (white arrow). (d, e) An artificial radial head replacement was performed.

Similarly, in accordance with the 17 reported cases of floating had slight restriction of the elbow (Table I). Furthermore,
forearms (two reports showed no clinical result), 11 cases complication rates were reported to be higher in the wrist than in
showed some degree of wrist restriction, although only three cases the elbow.”

Figure 5 After the removal of the K-wires, the instability of DRUJ worsened over time. (a) One month after the injury. (b) Two months after the injury. (c) Eight months after the
injury. DRUJ, distal radioulnar joint.
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Figure 6 (a, b) Radiographs after ulnar shortening osteotomy and reconstruction of
the IOM by Tight-Rope (white arrow). IOM, interosseous membrane.
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In summary, we encountered an extremely rare case of floating
forearm involving TTI, ELI, and perilunate dislocation. In such cases,
unstable DRUJ may be overlooked because concurrence with a
dislocated elbow is unexpected. Wrist instability and moderate
pain persisted despite the stability of the elbow. As a result,
although a good functional outcome of the elbow was achieved,
mild pain and restriction of the wrist persisted. Hence, we should
have keenly focused on achieving a precise anatomical reduction of
the forearm to achieve a more favorable wrist functional outcome.

Conclusion

Each type of injury, namely TTI, ELI, and floating forearm is rare.
To our knowledge, this is the first case of floating forearm associ-
ated with both TTI and ELL In the case of high-energy longitudinal
forearm trauma, surgeons must be careful to consider wrist injuries
in patients with elbow dislocations. We suggest that it is necessary
to evaluate the alignment of the entire forearm, including the DRU]
and carpal bones, to achieve positive functional results of the elbow
and wrist. We must improve the focus on achieving anatomical
reduction and fixation of the forearm, especially of the unstable
DRUJ.

Disclaimer

The authors, their immediate families, and any research foun-
dations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.

Figure 7 At the final follow-up (three years after the injury), slight restriction of the elbow (a, b) and mild restriction with occasional mild pain of the wrist (c-f) persisted.
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Table I
Summary of the cases of floating forearm reported in the literature.
Authors Age/  Mechanism Injury Results
Sex Wrist Elbow Wrist Elbow
Chen?, 1995 27/M  MVA TS dorsal perilunate dislocation Posterior dislocation Mild pain Normal
F:60°/E: 45°, RT:15°/UT: mobility
30°
Chen, 1995 32/M  MVA TS dorsal perilunate dislocation Posterior dislocation Mild pain Normal
F:5°/E: 30°, RT:15°/UT: 30° mobility
Chen, 1995 35 M  MVA Palmar lunate dislocation Posterior dislocation Painless Normal
F:30°/E: 60°, RT:10°/UT: ~ mobility
20°
Masmejean and Cognet'?,  29/M Fall TRSC dorsal perilunate Posterior dislocation Mild pain Normal
2001 dislocation F: 50°/E: 30° mobility
Waaziz*?, 2006 28/M  Fall TS dorsal perilunate dislocation Posterolateral dislocation Mild pain Normal
F: 50°/E: 30°, PS: 75° mobility
Daoudi’, 2009 46/M  Fall Pure dorsal perilunate Posterolateral dislocation Mild pain Normal
dislocation F: 50°/E: 30°, Full PS mobility
Zejjari’, 2011 (right side)  22/M  Fall Palmar lunate TS dislocation  Posterolateral dislocation Minimal pain Normal
F: 45°[E: 40°, PS: 75° mobility
Zejjari, 2011 (left side) 22/M  Fall TRSC dorsal perilunate Posterolateral dislocation Minimal pain Slight
dislocation Radial neck fracture F: 50°/E: 30°, PS: 80° limitation
Yemlahi*4, 2011 22/M  Fall TS dorsal perilunate dislocation Posterolateral dislocation F: 40°/E: 15°, PS: 70° Normal
mobility
Yemlahi, 2011 30/M MVA TS dorsal perilunate dislocation Posterolateral dislocation F: 50°/E: 20°, PS: 77° Normal
mobility
0. El Assil?, 2016 48/M  MVA Perilunate dislocation Posterior dislocation Mild pain Normal
DRUJ dislocation F: 55°/E: 35°, PS: 85° mobility
Hiiseyin ASKAR', 2016 28/M  Fall Palmar lunate dislocation Posterolateral dislocation No pain Normal
F: 40°[E: 50° mobility
Prasad”', 2007 30/M  Fall Perilinate dislocation Posterior dislocation No data No data
Najeb'’, 2007 23/M  Fall TS dorsal perilunate dislocation Divergent dislocation Painless Normal
F: 50°/E: 40°, RT: 15°/UT: mobility
20°
Chbani®, 2009 25/M  MVA TS dorsal perilunate dislocation Posterolateral dislocation Coronoid Mild pain Normal
fracture F: 45°[E: 40° mobility
RT: 20°/UT: 30°, PS: 80°
Papanna'?, 2011 40/M  Fall Perilinate dislocation Posterior dislocation No data No data
Reddy”’, 2016 38/M MVA Perilunate dislocation TTI F: 70°/E: 60° F:120°/E: 10°
Reddy, 2016 38/M MVA TS dorsal perilunate dislocation TTI F: 40°/E: 60° F:120°/E: 10°
Elloumi A%°, 2018 47/M  Fall Perilunate dislocation TTI Mild pain F:110°/E: 10°
F: 70°[E: 70°
Our case 38/M  Fall Perilunate dislocation TTI Moderate pain F:135°/E: -25°

F: 45°[E: 70°, P: 70°/S: 50°

MVA, motor vehicle accident; M, male; TS, trans-scaphoid; TRSC, trans-radio-scapho-capitate; DRUJ, distal radioulnar joint; TTI, terrible triad injury; F, flexion; E, extension; RT,
radial tilt; UT, ulnar tilt; PS, pronation—supination; P, pronation; S, supination.
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