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Essex-Lopresti injuries (ELIs) are characterized by fracture of the radial head, disruption
of the forearm interosseous membrane, and dislocation of the distal radioulnar joint.
This injury pattern results in axial and longitudinal instability of the forearm. Initial
radiographs may fail to reveal the full extent of the injury, and therefore diagnosis in the
acute setting requires a high index of suspicion. Early recognition and treatment are
preferred as failure to fully treat the problem may result in chronic wrist pain from ulnar
abutment or chronic elbow pain from radiocapitellar arthrosis. In this article the
presentation, relevant anatomy, and management options for ELIs are overviewed,
and a summary of outcomes reported in the literature is provided. Additionally, the
preferred surgical technique of the senior author is presented, which involves recon-

central band

Y

Injury

The Essex-Lopresti injury (ELI) involves fracture of the radial
head, disruption of the forearm interosseous membrane
(IOM), and dislocation of the distal radioulnar joint (DRUJ).
In 1931, Brockman recognized axial instability of the forearm
in two cases following radial head resection.! Fifteen years
later, Curr and Coe described a case of acute DRUJ dislocation
with concomitant proximal radius fracture-dislocation.?
Peter Essex-Lopresti, for whom the eponym is named, is
credited with first recognizing the importance of an intact
radial head to preventing proximal migration of the radius
and subsequent wrist pain.>

Presentation

The mechanism of injury for ELI usually involves an axial
compressive load to the forearm with the elbow in an
extended position, either from a fall or from high-energy
trauma. Initial radiographs are often unremarkable for ELI,*~®
and it has been reported that only 20% of these injuries are
fully recognized at the time of initial presentation.” Thus,
diagnosis of ELI in the acute setting can be challenging, and
requires a high index of suspicion. Patients presenting with
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struction of the interosseous membrane with a local pronator rerouting autograft.

radial head fracture should be evaluated for wrist or forearm
symptoms, particularly in the presence of high energy.

Other diagnostic imaging modalities may be necessary to
confirm presence of IOM disruption. It has been demonstrated
that both ultrasound®°® and magnetic resonance imaging®'"
are sensitive for the detection of [OM rupture.

Commonly, when ELI is not recognized acutely, patients will
present in a delayed fashion. Owing to the longitudinal insta-
bility of the forearm, presenting symptoms may be lateral
elbow pain from radiocapitellar impingement or ulnar-sided
wrist pain from ulnar abutment, particularly if the radial head
has been excised.>'%'3 Following radial head excision in
patients with ELI, the average delay before presentation with
ulnar wrist symptoms is 9 months.'*

Several intraoperative dynamic tests for longitudinal fore-
arm instability have been described. It is the preference of the
senior author to use the radius pull test, in which 201b (9.1 kg)
of axial traction is applied to the proximal radius via bone
tenaculum, and 3 mm of radial migration is indicative of IOM
disruption.’® Other dynamic fluoroscopic tests have been
described using compression force on the radius,'® radioulnar
transverse distraction,'” and radioulnar translation (radius
joystick test).'® However, all of these tests may remain
negative in the case of partial IOM injury or attenuation.'®
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Anatomy

Forearm Biomechanics

The radial head is the primary longitudinal stabilizer of the
forearm, with the IOM and triangular fibrocartilage complex
(TFCC) acting as secondary stabilizers.’’ Though both the
TFCC and IOM contribute to stability, the IOM likely plays a
larger role.'>?! With the radial head excised, Hotchkiss and
colleagues demonstrated that the TFCC is responsible for 8% of
forearm stiffness, while the IOM is responsible for 71% of
stiffness, and transmits 90% of the axial load of the forearm.?'

Interosseous Membrane

The IOM consists of five ligaments, including central band,
accessory band, distal oblique bundle, proximal oblique cord,
and dorsal oblique accessory cord.?? The central band, which is
the strongest and most critical to longitudinal stability, origi-
nates from the radius at ~57 to 60% of the distance from radial
styloid to radial head (distal to proximal) and runs distally,
inserting at a 21 to 24 degree angle on the ulna at ~33 to 34% of
the distance from ulnar styloid to olecranon tip.22~%* The central
band is the thickest portion of the IOM at ~2 mm,'®?" and has
length and width of 2.7 cm and 1.1 cm, respectively.24

Pathoanatomy
IOM ruptures that occur with axial load injuries usually
involve mid-ligament ruptures and less frequently involve
avulsions of the ulnar attachment.'*?> Though radial head
fracture has been thought to be the primary event of the ELI,
high-speed video data from simulated axial load injuries in
cadavers indicate that the injury may be initiated by trans-
verse radioulnar displacement with IOM disruption, followed
by fracture of the radial head.?®

When the I0OM is disrupted, it is no longer able to transmit
force from the radius to the ulna.?’ If longitudinal instability
exists, excision of the radial head can result in proximal migra-
tion of the radius.>®2"2>2® The magnitude of this proximal
migration has been reported to be 7 mm.?° Chronically, this can
result in ulnar abutment as forces across the distal ulnocarpal
joint increase by ~10% for every 1 mm of proximal radial
migration." Additionally, if the radial head is reconstructed or
replaced there may be increased radiocapitellar contact forces
which results in radiocapitellar arthrosis.?>>°

Management

Radial Head Fracture

There is no widely accepted technique for the surgical manage-
ment of ELL. However, with current awareness of the importance
of the radial head for maintaining stability of the elbow and
forearm, most modern techniques involve radial head replace-
ment or open reduction and internal fixation (ORIF), as opposed
to excision. Compared with silicone heads, titanium heads are
preferable because of their ability to more closely mimic native
stiffness, and because of the learned association between sili-
cone heads and particulate degeneration and subsequent syno-
vitis.?1->>31-33 Allograft radial head replacements have had
minimal success and are not recommended.>*3° There is data
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to support efficacy of pyrocarbon material radial head replace-
ments for severely comminuted radial head fractures,30-
though these studies did not evaluate efficacy in ELI specifically.

Chronicity
The approach of management to ELI generally involves first
recognition of the problem as acute or chronic. Marcotte and
Osterman recommend a treatment algorithm whereby acute
injuries warrant radial head ORIF or replacement, immobili-
zation of the DRUJ in supination with wires or screws if
necessary, and possible reconstruction or repair of the IOM.?
Symptomatic chronic ELI, based on the algorithm, requires
ulnar shortening osteotomy (USO), reconstruction of the IOM,
and radial head replacement or excision.'#2°

Several authors have described managing acute ELI inju-
ries with radial head ORIF or replacement and stabilization of
the DRUJ without reconstructing the IOM.%2"-31:38 However,
there is concern that the IOM may not heal properly even if
approximated well, possibly due to interposition of muscle.>®
Furthermore, even if USO is performed for ensuing chronic
ulnar abutment, the radius may continue to migrate proxi-
mally if the IOM is disrupted.

I0M Reconstructive Techniques
Numerous techniques have been described for reconstruction
of the I0M, including direct repair when possible 24 syn-
thetic graft,>>4! TightRope tenodesis,*? anatomic allograft,*?
bone patella tendon bone autograft and allograft,®® flexor
carpi radialis autograft,?® semitendinosus autograft,** Achil-
les allograft,?”-*> and pronator rerouting.4®

Several comparative studies have been done to assess the
biomechanical results of select IOM reconstructive techniques.
Two cadaveric studies demonstrated that reconstruction with
flexor carpi radialis autograft effectively restored normal biome-
chanics and reduced proximal migration of the radius.*”-* Three
other cadaveric studies collectively evaluated biomechanics of
the native IOM, Achilles tendon allograft, bone patellar tendon
bone autograft, flexor carpi radialis autograft, and palmaris
longus autograft.?’*>4% Among these three studies, none of
the reconstructive techniques restored the same stiffness of the
native IOM, with bone patellar tendon bone graft giving the most
stiffness.?”4>4°

With regard to graft placement, one study demonstrated that
in terms of biomechanical outcome, proximal-distal accuracy of
graft important is less important than appropriate angle and
tensioning the graft with the forearm in supination.>

If longitudinal radioulnar instability persists despite attempts
of reconstruction, one option for management is creation of a
radioulnar synostosis. Though success has been reported with
this procedure,”' other studies report poor outcomes and high
complication rates (Peterson et al, Jacoby et al, Chen et al),sz'54
particularly when the indication is related to trauma.>?

Outcomes

Due to the rarity of these injuries as well as challenges with
making the diagnosis acutely, studies reporting outcomes
following surgical management of ELI are lacking. However,
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the literature supports that patients diagnosed acutely have
better outcome than those diagnosed in a delayed fashion.’
Trousdale and colleagues reported outcomes from 20 patients
with injuries involving the radial head fracture and DRU]J. Of
the 15 patients whose diagnoses were delayed, all had radial
head excisions and went on to develop severe wrist pain with
only 20% achieving satisfactory outcomes. All the five patients
diagnosed acutely underwent radial head ORIF or replace-
ment and 80% achieved a satisfactory outcome.’

Grassman and colleagues reported outcomes following
treatment of acute ELI in 12 patients with radial head ORIF,
pinning of the DRUJ, and immobilization.3® At 59 months
average follow-up, the modified Mayo wrist score was 88.4,
the Mayo elbow performance score was 86.7, and Disabilities
of the Arm, Shoulder, and Hand (DASH) score was 20.5.38

In a series of 16 patients with chronic ELI, Marcotte and
Osterman performed USO and bone patellar tendon bone
autograft reconstruction of the IOM and found that at
78 months postoperatively, 15 out of 16 patients had
improved pain, and average grip strength improved from
59% to 86% postoperatively.25 However, 25% patients devel-
oped persistent pain at the autograft donor site, which
prompted the authors to change their technique to use
bone patellar tendon bone allograft.'*

When the IOM is not reconstructed for chronic ELI, reported
outcomes vary. Heijink and colleagues demonstrated, in a series
of patients, that replacement of the radial head alone is not a
reliable treatment method, with 5 out of 8 implants failing at a
mean of 3 years postoperatively due to loosening or radio-
capitellar arthrosis.>® Jungbluth and colleagues also followed a
series of patients with chronic ELI treated with radial head
replacement or excision and neither IOM reconstruction nor
USO (though three patients received distal radioulnar arthrode-
sis).”® Mean postoperative DASH score was 55 and postoperative
grip strength was 68.5% of the contralateral side.”®

Whether or not IOM reconstruction is performed for
chronic ELI, USO should be performed.'*46-°7>8 In a series
of seven patients with chronic ELI, Venouziou and colleagues
report good results following radial head replacement and
uso osteotomy.58 At 33 months postoperatively, pain score
improved from 8.4 to 3.3, range of motion improved signifi-
cantly, wrist and elbow functional scores were good, and
positive ulnar variance improved from +8.0 mm to +3.5 mm.

Surgical Technique

The preferred technique of the senior author has been slightly
modified from a previously published technique,*® and
includes three incisions for (1) radial head replacement, (2)
pronator teres graft harvesting and rerouting, and (3) USO
and TFCC repair (=Fig. 1). In this technique all three compo-
nents of longitudinal forearm stability are reconstructed.
Pronator rerouting is favored for reconstruction of the central
band of the IOM due to the local availability of robust
autograft, the conversion of the distal insertion of pronator
teres to the proximal attachment of the reconstructed IOM
without detachment, and avoidance of remote donor site
morbidity.?
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Fig. 1 (A) Standard incisions for radial head replacement and ulnar
shortening osteotomy. (B) Pronator teres graft incision. (Reproduced
with permission from Chloros et al.46)

Radial Head Replacement

Radial head replacement is performed through a Kocher incision
and radiocapitellar exposure with the forearm pronated to
protect the posterior interosseous nerve. If possible, capsular
incision should be made anterior to the lateral ligamentous
complex. Curved broaches are used to prepare the neck, taking
care to restore radial length. Trialing should be performed and
range of motion should be tested in flexion-extension as well as
pronosupination, as over-stuffing can ensue via impingement of
the prosthesis on the capitellum,>® which is particularly relevant
in the case of longitudinal forearm instability. Prosthesis place-
ment and positioning are confirmed by fluoroscopy, and the
capsule is closed. The lateral ligamentous complex is stressed,
and if incompetency is found it is reattached to the lateral
epicondyle using suture anchors.

Pronator Teres Graft Harvesting

To reconstruct the IOM, the pronator teres graft is detached
proximally, rotated, and inserted distally to the ulna to
reconstruct the central band. To release the pronator proxi-
mally, a dorsal radial incision is made over the junction of the
middle and distal thirds of the forearm. The interval between
the extensor carpi radialis longus and brachioradialis is
entered, taking care to protect the superficial radial nerve
which is retracted medially. Pronator teres is deep to this
interval (=Fig. 2). A suture anchor is placed in the radial
attachment of pronator teres to keep it firmly anchored. Two
Sewell retractors are used to visualize the muscle and trace
pronator teres back to its musculotendinous junction, where
it is transected taking extreme caution to protect the median
nerve as it passes between the two heads of the muscle.
Partial detachment of the muscles insertion of the radius may
allow for better mobilization to protect the nerve, and also
allows for the rotation required for subsequent rerouting.

Ulnar Shortening Osteotomy

USO is performed with the goal of making the wrist ulnar-
negative by 2 mm. Intraoperative posteroanterior radio-
graphs may be useful to determine the amount of shortening
needed. The ulna is approached subcutaneously, from a distal
point 2 cm proximal to the ulnar styloid, with the incision
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Fig.2 Surgical exposure of the pronator teres. BR, brachioradialis; RN,
radial nerve; PT, pronator teres. (Reproduced with permission from
Chloros et al.*)

long enough to apply a 6-hole low contact dynamic compres-
sion plate (LC-DCP).

The plate is temporarily fixed distally at the flare of the
distal ulnar metaphysis (to prevent rotational deformity after
osteotomy), and the proximal length of the plate scored with
the saw. The osteotomy site is marked and performed at the
center of the plate. The length of osteotomy desired should
account for the length of bone removed plus two times the
width of the saw. The proximal osteotomy cut is made and the
bone segment removed and the plate is reattached distally to
previously drilled holes (~Fig. 3).

Taking care to restore rotation, the plate is secured to the
proximal fragment with serrated reduction forceps, and the
osteotomy site is compressed with an AO tensioning device.
Magnitude of shortening is assessed radiographically, and if
acceptable the remaining three proximal screws are inserted
using standard AO technique. If more shortening is needed,
the proximal fragment is re-cut prior to screw placement.

Interosseous Membrane Reconstruction

A lamina spreader is placed in the radiocapitellar joint and the
radius is distracted ~4 mm. The pronator graft is then rerouted
in a distal oblique direction to approach the ulnar shaft at ~20
degrees to recreate the anatomy of the central band.? It is routed
to the dorsal forearm via a tunnel that is dorsal to the IOM and
volar to the extensor tendons. The pronator graft is secured to
the ulna with the wrist in neutral by suturing it to the LG-DCP
plate, or by using two suture anchors (~Fig. 4). In the experience
of the senior author, at follow-up for plate removal, there is good
healing of the tendon to the periosteum (=Fig. 5). The lamina
spreader is then removed.

Triangular Fibrocartilage Complex Repair

To address the TFCC, the ulnar osteotomy incision is ex-
tended distally over the fifth dorsal wrist compartment,
taking care to protect the dorsal sensory branch of the ulnar
nerve. The proximal ulnar half of the extensor retinaculum
is reflected radially to visualize the extensor carpi ulnaris
and extensor digiti minimi tendons. The TFCC is visualized

Matson, Ruch
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Fig. 3 (A) In most cases, adequate negative ulnar variance (goal 2
mm) is not achieved by reconstructing the radial head alone, and an
ulnar shortening osteotomy fixed with a limited contact dynamic
compression plate (LGDCP) is performed. (B) Corresponding radio-
graph. (Reproduced with permission from Chloros et al.46)

Fig. 4 Principle of IOM reconstruction using a pronator teres graft.
(Reproduced with permission from Chloros et al.*%)
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Fig. 5 (A and B) After removal of the plate, healing of the pronator
teres tendon graft to the periosteum of the ulna is observed 2 years
after the reconstruction. (Reproduced with permission from Chloros
et al.4%)

via retraction of the extensor digiti minimi which exposes
the dorsal aspect of the sigmoid notch of the radius. The
components of the TFCC, including the dorsal radioulnar
ligaments, the extensor carpi ulnaris sheath, and articular
disk are reattached to the ulnar fovea using bone anchors.
Stability of the extensor carpi ulnaris sheath is evaluated,
and may be augmented by using the retinacular flap
created during exposure as a sling.
Wounds are then irrigated and closed over a drain.

Postoperative Care

Postoperatively, patients are immobilized in a sugar tong
splint for 2 weeks until suture removal. At this time, a
Muenster splint is applied and the patient begins gentle
elbow range of motion exercises. At 6 weeks, the Muenster
splint is discontinued and active range of motion at the wrist
is initiated. Radiographs to evaluate healing at the osteotomy
site are performed at 6 weeks, 12 weeks, and 6 months
postoperatively.

Journal of Wrist Surgery Vol. 5 No. 3/2016

Conclusion

The ELI is a rare problem that requires a high index of suspicion
for diagnosis in the acute setting. Failure to recognize and
appropriately treat the full injury may result in chronic symp-
toms. When considering management options, it is important to
understand the pathoanatomy that leads longitudinal instability
of the forearm, which involves the proximal radius, IOM, and
DRU]J ligaments. In addition to addressing pain related to ulnar
abutment or radiocapitellar arthritis, treatment should focus on
reconstitution of native forearm biomechanics and stability. The
role of regular IOM reconstruction remains uncertain, though
several techniques appear promising.
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