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SUMMARY

Volar distal radioulnar joint (DRUJ) dislocation is a very rare condition, and up to 50% of
cases are misdiagnosed at the emergency room, because of subtle clinical findings and
inadequate evaluation of radiographs in emergency settings. Treatment options vary from
closed reduction with immobilization in a pronated position, to open reduction and repair
of DRUJ stabilizers in case of locked irreducible or chronic dislocation, as well as in case
of unstable DRUJ after an attempt at closed reduction. Among surgical procedures, the
Aita-Mantovani technique of distal oblique bundle repair with a brachioradialis tendon strip
can fully restore the multiplanar stability of the distal radio-ulnar joint. We present a case
of an inveterate volar DRUJ dislocation, where the ulnar head was stuck out of the sigmoid
notch, which was managed with open reduction and distal oblique bundle restoration ac-
cording to the Aita-Mantovani technique.

Key words: distal radioulnar joint (DRU)J), volar DRUJ dislocation, locked forearm rotation,
distal interosseous oblique bundle (DOB), DOB reconstruction, Aita-Mantovani technique

Introduction

Volar distal radioulnar joint (DRUJ) dislocation is a very rare condition, with liter-
ature the literature consisting of only a few case reports. Moreover, misdiagnosis
of a volar DRUJ dislocation is not uncommon, accounting up to 50% of cases,
because of the rarity of the injury with subtle clinical findings and inadequate eval-
uation of radiographs in emergency settings.

The traumatic mechanism is generally hypersupination of the forearm with the wrist
stuck in a fixed position or a direct trauma to the DRUJ in a posterior to anterior
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direction. The most prominent clinical findings of a volar DRUJ
dislocation are wrist pain, absence of the dorsal ulnar head
prominence, and limitation in forearm rotation.

Treatment options vary from closed reduction with immobi-
lization in a pronated position, four-to-six weeks, to open re-
duction and repair of DRUJ stabilizers in case of locked irre-
ducible or chronic dislocation, as well as in case of unstable
DRUI after an attempt of closed reduction. However, there still
no established guidelines for the management of this lesion,
primarily due to its rarity.

We present a case of a missed volar DRUIJ dislocation where
the ulnar head was stuck out of the sigmoid notch.

Case report

An 18-year-old woman presented to the hand surgery depart-
ment with one-month-long right wrist pain due to a blunt trau-
ma. Actually, one month earlier, when suffering from the ac-
cident, she had approached the emergency department, where
radiographs of the wrist were prescribed, but unfortunately
were incorrectly interpreted. Therefore, she was discharged
with a diagnosis of wrist sprain, managed with a short volar
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forearm splint. After an intermediate orthopedic consultation,
she was referred to a hand surgeon. At the time of presenta-
tion at the hand surgery department, her wrist was tender to
palpation, no ulnar head was palpable at the dorsal aspect of
the joint, and the wrist was stuck in mid-prone position, with
impossibility to active prono-supination and severe pain to
attempts at passive movement. Only mild flexion-extension
movement of the wrist was actively present. No neurological
symptoms were appreciated. No medical history of hyperlaxity
was found. Comparative bilateral x-ray images were promptly
done, revealing a volar DRUJ dislocation with an overlap of
the ulnar head with the ulnar corner of the distal radius in a
PA view (Fig. 1). In addition, she underwent a CT scan and
MRI. The CT clearly showed a locked volar dislocation of the
ulnar head engaged with the volar corner of the sigmoid notch
(Fig. 2), while the MRI revealed soft tissue edema around the
ulnar head with mild subchondral edema, caused by the impac-
tion injury. A partial TFCC dorsal tear was detected, together
with a lesion of the distal portion of the interosseous mem-
brane.

The patient was taken to the operating room and, under axil-
lary block, after an unsuccessful attempt of closed reduction

Figure 1. A-B) Postero-anterior and C) true lateral radiographs of the injured wrist. Notice overlap between the radi-
us and ulna on the PA view and slight anterior position of the ulna in relation to the carpal bones on the lateral view.
Select coronal cut (c) of the forearm clearly show tantalizer the ulnar head is dislocated outside of the sigmoid

notch and impacted on the radius.
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Figure 2. A) Volar view of a 3D CT scan; B) coronal view and C) axial view of a MRI of the wrist, showing a locked
volar dislocation of the ulnar head engaged with the volar corner of the sigmoid notch.

by forceful pronation, she underwent an open reduction proce-
dure. A longitudinal ulno-volar wrist incision was chosen, with
ulnar neurovascular bundle protection and fine soft tissue dis-
section, up to the pronator quadratus exposition. Right after the
release of the tight pronator quadratus and a mild superficial
release of the volar DRUJ capsule, the caput ulnae reduction
was obtained, but, while testing the validity of the reduction in
extreme supination, the volar dislocation reappeared, defining
a case of complex DRUJ instability. Therefore, we chose to
perform a distal oblique bundle (DOB) reconstruction through
the Aita-Mantovani approach .

A second dorso-radial wrist incision, just proximal to the bra-
chioradialis insertion, was made, and the brachioradialis ten-
don was lifted up to the myotendinous junction and a 2.5 mm
hemitendon strip was harvested by leaving its distal insertion.
Next, a radio-ulnar transosseous tunnel was performed in a
slight oblique direction, in a proximal to distal fashion, with
a 2.7 mm cannulated drill, both under a fluoroscopy guide and
through direct visualization, as much as the volar approach al-
lowed. The brachioradialis hemitendon was passed through the
bone tunnel and tensioned, while a second operator was testing
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the stability of the DRUJ by performing the ulnar drawer test
in maximal pronation and supination. Finally, the tendon strip
was fixed to the distal ulnar diaphysis with a bone anchor, and
the DRUJ was stabbed in mid-pronation with a blocking trans-
verse K-wire.

A sugar-tong cast was applied and kept for three weeks, and
a follow-up X-ray exam was conducted to confirm the reduc-
tion of the DRUJ at the time of K-wire removal. A rehabili-
tation protocol was initiated with isometric strengthening to
DRUJ dynamic stabilizers and co-contraction of extensor and
flexor carpi ulnaris, followed by cautious reintroduction of
weight-bearing and passive prono-supination movements.

The patient was clinically and radiographically reassessed after
6 and 12 weeks by testing the anatomical position of the ulnar
head, relative to the distal radius, and the complete ossification
of the bone tunnels, meaning a satisfactory osteointegration of
the tendon graft (Fig. 3).

Progressively, over 3 months, the patient had regained wrist
stability with complete flexion-extension movement, axial
loading on the wrist, and neuromuscular control; the rotation
of the forearm was painless and the pronation was complete,
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Figure 3. Radiographical assessment at A) the 6th and B) the 12th week show the anatomical position of the ulnar
head, relative to the distal radius, and the complete ossification of the bone tunnels, as to say a satisfactory oste-

ointegration of the tendon graft.

while the supination lacked in the final 20° compared to the
contralateral uninjured side (Fig. 4).

The quick DASH score at the final follow-up check at 4 months
was 0.

Discussion

Epidemiology

As opposed to a dorsal dislocation of the ulnar head at the dis-
tal radioulnar joint (DRUJ), an event that is quite common, es-
pecially in association with distal radius fractures, volar DRUJ
dislocation is a very rare condition, with literature knowledge
consisting of only case reports 3.

Therefore, there is no clear epidemiological information about
the incidence of this injury. Moreover, misdiagnosis of a volar
DRUI dislocation is not uncommon, accounting for up to 50%
of cases, because of the rarity of the injury with subtle clinical
findings and inadequate evaluation of radiographs in emergen-
cy settings *°.

Physiopathology

The anatomic features of the radial notch, with its larger arc of
articular surface, and the ulnar head, with its smaller arc, allow the
caput ulnae to translocate over the DRUJ during the forearm rota-
tion by slightly sliding volarly in supination 6. As this occurs, the
superficial volar and the deep dorsal radio-ulnar ligaments tighten
while the deep volar and superficial dorsal fibers become lax 7.
Therefore, hypersupination movements can lead to volar DRUJ
dislocation because of a tear of the deep dorsal radio-ulnar joint
and the volar capsule. Direct trauma to the DRUIJ in a posteri-
or-to-anterior direction, such as a fall on an outstretched hand, is
another possible mechanism of injury. The traumatic energy can
lead to the disruption of the static DRUJ stabilizers, i.e. the ulnar
collateral ligament, the anterior and posterior radio-ulnar liga-
ments, the triangular fibrocartilage discus, and the distal oblique
bundle (DOB) of the interosseous membrane (IOM), as well as
the dynamic stabilizers, or the pronator quadrates and the exten-
sor carpi ulnaris *%. These stabilizing structures, when injured and
displaced by the trauma, may become entrapped at the level of the
sigmoid notch, impeding close reduction of the DRUJ.

13
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Figure 4. Functional outcomes at three months post-op: the rotation of the right forearm was painless, the prona-
tion was complete, while the supination lacked in the final 20° compared to the contralateral uninjured side.

Clinical presentation

Clinical findings of a volar DRUJ dislocation consist of the
disappearance of the ulnar head profile on the dorsal wrist,
associated with a dimple sign on the dorsal-ulnar side of the
wrist, together with a limitation in prono-supination movement
of the forearm. Despite the fact that these are the most rele-
vant clinical signs of a volar DRUIJ dislocation, they are not
always evident in an acute traumatized wrist, and the overall
appearance should bring out the suspicion of a blocked volar
dislocation of the ulnar head *.

It is also important to exclude, at the time of clinical evalua-
tion, any possible complications of a volar DRUIJ dislocation,
such as subcutaneous traumatic rupture of the extensor digito-
rum communism and/or extensor digiti minimi at the musculo-
tendinous junction °.

Radiographic imaging

Despite the high rate of misdiagnosis in up to 50% of cases, the
suspicion in the presence of an evident clinical deformity of the
wrist and the lock of forearm rotation may orient diagnosis. A
true lateral X-ray view in a strictly neutral position, especial-
ly if compared to the contralateral uninjured side, can show a
mismatch in coaxiality of the volar cortex of distal radius and
ulna due to the loss of overlap of the ulnar head on the sigmoid
notch. Meanwhile, in a postero-anterior view, a slight overlap
of the ulnar head over the ulnar corner of the distal radius, due
to the pull of the pronator quadratus, can also be seen °. Fur-

14

thermore, the central projection of the ulnar styloid is atypical,
consistent with a hypersupinate forearm.

Despite all these claims, a volar DRUJ dislocation may pass
misdiagnosed on X-rays mainly because of the poor execution
of the exam. Therefore, good execution of a true lateral radio-
graph should be confirmed by evaluating the scapho-piso-cap-
itate relationship. The volar cortex of the pisiform should
project within the interval between the volar cortices of the
capitate and distal pole of the scaphoid, ideally within the cen-
tral third of this interval '°. Rotation of as little as 10° can lead
to false negatives or positives in terms of DRUJ injuries. In
other words, it may lead to an inaccurate diagnosis ''. However,
it is also correct to say that an X-ray exam can be difficult to
accurately perform in a patient suffering from a DRUJ dislo-
cation due to poor compliance of the patient affected by severe
pain and functional limitations.

In general, it can be concluded that any unclear volar displace-
ment of the ulna beyond the volar cortex of the radius on an ap-
propriate lateral view should raise the suspicion of DRUJ dis-
placement and bring the clinician to further investigations 2.
CT may be helpful in confirming diagnosis and may add later
information in the case of an unreducible joint, such as in the
case of an engagement of the ulnar head to the radial notch or
eventual osteochondral impaction fractures, similar to a Hill-
Sachs lesion '*!4, On the other hand, MRI gives important de-
tails about potential soft-tissue injuries or interpositions, which
may help to determine the appropriate management 5.



Treatment options

The first treatment option, in case of an acute volar DRUJ dis-
location, is closed reduction with extreme pronation and cast
immobilization with the forearm in neutral or semi-pronated
position *!¢!7. The maneuver can be performed under conscious
sedation or by means of an axillary block in order to release the
contraction of the pronator quadratus and, consequently, to avoid
excessive pressure directly on the volar aspect of the ulnar head,
which can provoke a compression injury of the ulnar neurovas-
cular bundle 8. Previous reports recommend immobilization for
6-8 weeks in order to allow TFCC and the interosseous mem-
brane to heal '. However, in cases of residual DRUJ instability
at the ulnar drawer test, radio-ulnar K-wire transfixation seems
to be crucial to restore stability, leaving the K-wire arthrodesis
until capsule and soft tissue complete healing.

Failed closed reduction and residual instability can be caused
by capsulo-ligamentous or tendinous interposition (extensor
carpi ulnaris, extensor digitorum communis to the ring and
little finger, extensor digiti minimi, flexor pollicis longus), as
well as by a stuck ulnar head impacted to the radial notch or by
a vigorous retraction of the pronator quadratus *'%%,

On the other hand, some authors advocate surgical repair of
capsular ligaments and TFCC irrespective of whether closed
or open reduction had been performed, especially in young pa-
tients. Actually, the integrity of the capsulo-ligamentous struc-
tures is essential to achieve perfect clinical results .

Treatment options for inveterate cases

In case of long-lasting misdiagnosed cases, as well as in case
of secondary DRUIJ dislocation, it may be necessary to per-
form salvage procedures like resection of the distal extremity
of the ulna (Darrach procedure) or osteotomy of the distal ul-
nar metaphysis and DRUJ arthrodesis (Sauvé-Japandji proce-
dure) 22, However, modern studies have focused on the ben-
eficial effects of restoring the DOB in cases of chronic DRUJ
instability, using both suture buttons and tendon grafts 2?7
Among these techniques, it is worth to remember DOB recon-
struction procedures by using the brachioradialis tendon, while
keeping its distal insertion onto the radial styloid *-*°. The ad-
vantages of these techniques are the use of a forearm tendon,
whose removal does not affect upper limb function, and the
ease to properly tense the graft during the bone tunnel passage,
thanks to the preservation of the brachioradialis insertion *'-2,
The latest technique of ligament reconstruction of the distal IOM
by using the brachioradialis, published in 2018 by Aita et al.,
simplified the surgical steps compared to previous studies, and
had better respected the pathophysiology of the distal forearm .

Aita-Mantovani technique

The physiopathological idea behind this technique is that,
among the dynamic wrist stabilizers, the distal interosseous
oblique bundle (DOB) plays an important role in DRUJ re-
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straint. In fact, a complete dissociation of the DRUJ does not
occur unless there is a tearing of the DOB. Some biomechan-
ical studies have shown the DOB to be a major restraining
structure of the DRUJ against volar dislocation, while the IOM
to have a primary constraining effect on dorsal DRUJ stabili-
ty 333, The stabilizing effect of the DOB should be identified in
its insertion on the volar osteocartilagenous lip of the sigmoid
notch, acting as a hammock against any dorso-palmar shifting
effect on DRUJ 3'%5. Moreover, the DOB appears to present
a continuity with the radio-ulnar ligaments of the triangular
fibrocartilage complex.

According to Moritomo’s studies on the distal interosseous
membrane, apart from the DOB, which extends from the proxi-
mal margin of the ulnar head up to its insertion on the proximal
part of the dorsal rim of the sigmoid notch of the radius, there
is another entity that takes part in the stability effect on the
DRUJ, named “distal radio-ulnar tract”, previously described
by Gabl et al. 33, It extends from the radial shaft proximally,
about 22 mm proximal to the distal dorsal corner of the sig-
moid notch, to the dorsal capsule of the DRUJ, running in an
opposite direction to the DOB ¥. It has been estimated to have
a considerable variation in shape and dimensions, about 8 mm
wide (4-12 mm), 31 mm long (25-50 mm), and 1.0 mm thick
(0.6-1.3 mm). This tract represents an important constraining
element against palmar dislocation of distal ulna.

Previous cadaveric biomechanical studies demonstrated that
the DRUJ is not affected by dislocation as long as the distal
IOM remains intact, even if the TFCC is completely sectioned.
Furthermore, the degree of displacement of the distal ulna rel-
ative to the radius is directly proportioned to the percentage of
damage to the distal IOM.

Starting from this acknowledgement, Aita and Mantovani in
their biomechanical studies showed that the restoration of the
distal radio-ulnar tract, with its disto-proximal inclination oppo-
site to the DOB’s one, has a higher stability effect on the DRUJ
when longitudinal forces are applied. Therefore, they identified
an expendable tendon that can be grafted, while keeping its dis-
tal insertion, i.e. the brachioradialis, to restore the stability of the
DRUIJ in case of a major instability. The tendon should be graft-
ed entirely up to the myotendinous junction, and then the graft is
shaped in dimension in order to reach a diameter slightly inferior
to 3.5 mm, which is the dimension of the bit chosen for bone
drilling. Bone tunnels should be placed in a 20° to 30° angle
with respect to the long axis of the ulna, replicating the anatomy
of the native distal IOM, or in other words, the native distal ra-
dio-ulnar tract (Fig. 5). The forearm should be placed in a neutral
position, as it is the optimal position to tighten the graft in order
to obtain the greatest strengthening properties. The proximal end
of the tending graft is retrieved through the bone tunnel, properly
tensioned, and secured through a knotless anchor placed over the
distal ulnar metaphysis.

Actually, in the case report reported, a slight modification of
the original technique was applied, as the bone tunnels were
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Figure 5. Bone tunnel performing, by placing the drill in a 20° to 30° angle with respect to the long axis of the ulna,
in order to replicate the anatomy of the native DOB. The procedure should be performed either in full supination or
in neutral position, than securing the graft to the distal ulna throught a knotless anchor (by kind permission of Aita

MA and Mantovani G. 1.

performed with a 2.7 mm drill bit instead of a 3.5 mm, because
of the globally small dimension of the wrist of the patient,.
Therefore, this it was harvested a hemitendon graft of 2.5 mm
in thickness instead of the whole tendon, with the consequent
effect of no functional forearm flexion deficit.

Another technical trick that was employed during surgery
was to insert a 14-G needle into the radio-ulnar bone tunnel,
through which a Prolene 2/0 loop was passed to grab the end of
the brachioradialis hemitendon in order to pass it easily along
the tunnel *°.

No tendon loosening was noticed during follow-up, despite the
slight undersize of the graft compared with the original technique.
In the case reported of a one-month inveterate volar DRUJ dis-
location, MRI showed impaction injury of the ulnar head and
radial notch with a partial TFCC tear, which did not require
additional intervention *'.

As the joint appeared perfectly stable at the end of the proce-
dure, it seemed acceptable to propose a short period of immo-
bilization in order to start physiotherapy after 3 weeks **. This
management also yielded good results in our patient.

Conclusions

In case of a volar DRU]J dislocation, a possible therapeutical
strategy, combined with an open reduction of the DRUIJ, is
DOB reconstruction through the Aita-Mantovani procedure,
which may provide favorable results without prolonged im-
mobilization and thanks to early rehabilitation. For the exact
management algorithm of this type of injury, further case se-
ries are needed to definitively demonstrate the validity of the
technique.
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