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 ABSTRACT

 

Hyperextension is the most common injury to the canine carpus. It is mostly of traumatic origin, but
non-traumatic causes are possible.

The carpus is a composite hinge joint composed of multiple bones, ligaments, an articular disc,
palmar fibrocartilage and a joint capsule, and injuries can present at three levels of the joint. A
thorough clinical examination and use of diagnostic imaging techniques are required for a final
diagnosis of hyperextension. Conservative management of hyperextension injuries is rarely
successful, so carpal arthrodesis is the recommended treatment. Pancarpal arthrodesis is most
commonly performed by applying a dorsal plate to the carpus. Postsurgical coaptation of the
arthrodesed carpus is not necessary, although application of a light bandage is recommended.

The most common complications after surgery are surgical site infection and implant infection.
Provided the radiographic appearance of the arthrodesis site is satisfactory, return to normal
activity levels can be expected 12 weeks after the procedure. Lameness, however, can be present
at this time in up to half of cases.

 

Injuries of the distal antebrachium in dogs are common, typically as a result of trauma, and
may result in fractures, ligamentous injuries and various combinations of these.

Hyperextension is the most common injury to the canine carpus. It occurs as a result of excessive
loading of the limb and can be associated with a fall from a height, running or jumping1.
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Figure 1. Radiographic anatomy of the canine carpus.

A supraphysiological load causes damage to the palmar ligaments of the carpus with or without
disruption of the joint capsule, resulting in hyperextension during weight bearing. Dogs can also
present with hyperextension without any known history of trauma in cases of immune-mediated or
metabolic arthropathies, or degenerative conditions of the ligaments, notably in rough collies2-11. In
atraumatic cases, animals are usually bilaterally affected.

Anatomy

The carpus is a composite joint composed of seven carpal bones (Figure 1) arranged in two rows.
The proximal row consists of the radial, ulnar and accessory carpal bones, and the distal row
comprises four numbered carpal bones (I-IV).

Four levels to the joint exist:

The antebrachiocarpal joint, between the distal radius and ulna, and the proximal row of
carpal bones.
The middle carpal joint, between the proximal and distal row of carpal bones.
The metacarpophalangeal joint, between the distal row of carpal bones and the joint
surface of the base of the metacarpal bones.
The intercarpal joints form the communication between the individual bones of each
row12-14.
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Hyperextension of the carpus may occur at the proximal (antebrachiocarpal), middle (intercarpal) or
distal (carpometacarpal) level, or at more than one level.

The carpus, as a whole, acts as a hinge joint stabilised by short extra-articular and intra-articular
ligaments, an articular disc (known as the radioulnar ligament, connecting the radius to the ulna),
palmar fibrocartilage and the joint capsule12,13. The palmar fibrocartilage is attached to all the
proximal carpal bones except the accessory carpal bone, all the numbered carpal bones and the
proximal palmar aspect of the base of metacarpal bones III, IV and V14.

With its fibrous, ligamentous and tendinous components, the carpus acts as a shock absorber for
the forelimb during weight bearing. However, because of the lack of muscular support, it is prone to
injury2.

Ligamentous injuries

Ligamentous injuries are classified as sprains and can occur in the midsection of the ligament or at
its attachment to the bone. Sprains are classified into three grades of severity15:

Grade 1 sprains are mild and described as an overstretching of the ligament without
disruption or loss of function of the ligament.
Grade 2 sprains are moderate in severity and described as a partial tear of the ligament.
The general continuity of the ligament is intact, though the strength of the ligament is
significantly reduced.
Grade 3 sprains are severe and result from complete disruption or tearing of the ligament,
resulting in instability of the joint15.

Luxations involve the disruption of multiple ligaments, as well as the joint capsule, and
displacement of one or more bones1. Clinically, the grade of sprain is often irrelevant to the
management of most cases of carpal hyperextension injury, as discussed in this article.

History and presentation
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Figures 2a and b. A dog showing a hyperextended carpal stance (a, top) and a normal
contralateral limb for comparison (b, above; image reversed).

Owners commonly report a history of a fall or jump from a height, although hyperextension can
occur as a result of degenerative changes affecting the ligaments.

Following an acute injury, animals typically try to bear weight after five days to seven days10. Dogs
often present with a characteristic palmigrade stance, but the presenting signs can be more subtle
as, typically, after the acute phase of the injury, the signs of discomfort and lameness can be mild.

While some patients may be walking on their carpal pads, others may show only 20° to 30° of
extension (Figure 2). Pressure and abrasion sores may exist in chronic cases.

Diagnosis

Diagnosis is based on comprehensive clinical evaluation and diagnostic imaging techniques.

Palpation may reveal soft tissue swelling as a result of joint effusion, fibrous tissue formation, or
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both. Manipulation of the affected joint can elicit discomfort, show crepitus or alter the range of
motion in flexion and extension. Palpation of the contralateral joint can be useful for comparing
abnormal motion in unilaterally affected cases.

After obtaining standard dorsopalmar and mediolateral views of both carpi, a mediolateral exposure
is made with the manus stressed to maximal carpal extension using tape/ties and heavy sandbags.

For patient safety, the animal should be anaesthetised during stress radiography. It is helpful to
obtain radiographs of both carpi in normal and extended positions for comparison.

A diagnosis of hyperextension can be made when the joint angle exceeds 15° to 20° during stress
radiography (Figure 3). In addition, other radiographic evidence of hyperextension may exist.

When the injury is at the middle carpal level, the palmar process of the ulnar carpal bone becomes
separated from the base of metacarpal V; this process is easily identified (Figure 3). The
accessory carpal bone may show evidence of subluxation and proximal angulation. With
carpometacarpal injury, the proximal carpal bones override the distal row (Figure 4).

In chronic injuries at all levels, varying degrees of bony proliferation may exist where the proximal
bones override the distal bones10.

It should be noted, in cases of more subtle hyperextension injuries where uncertainty exists about
the presence of a hyperextension injury, the appearance of the carpus while the animal is loading
the limb at rest can often be diagnostic. Animals often subject their own thoracic limbs to a greater
load than a cautious vet is willing to attempt (Figure 2).

Treatment

Numerous conservative treatment options have been described for carpal sprains and strains;
however, in nearly all cases, the forces generated during loading will exceed the restorative
capacity of the healing tissue2. As a result, surgical management is indicated.

Conservative therapy is almost invariably unsuccessful and will delay appropriate treatment,
potentially cause dressing sores, and exhaust the financial and emotional reserves of the
owner16-19.
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Figure 3. Mediolateral stressed radiography of a canine carpus. Arrows indicate the direction of
stress applied to the limb. The top image shows a normal limb undergoing stress radiography. In
the affected contralateral limb, the resultant angle of extension is greater than 20°.

Arthrodesis is the recommended treatment for carpal hyperextension injuries19. Two types – partial
carpal and pancarpal – can be performed.

Pancarpal arthrodesis (PCA) involves surgical fusion of all three joint levels – the
antebrachiocarpal, the middle carpal and the carpometacarpal joints. It is indicated when the
antebrachiocarpal joint is involved, or when middle carpal or carpometacarpal joint involvement
causes damage to the accessory carpal ligaments, the palmar fibrocartilage and the palmar
ligaments6,7,9,20.

Partial carpal arthrodesis involves fusion of only the middle and distal joints. It can be performed
when the antebrachiocarpal joint is not involved and no displacement of the accessory or ulnar
carpal bones exists. This should be advantageous as the preserved antebrachiocarpal joint
accounts for 85% of the range of motion of the carpus, but in practice, it can be difficult to
accurately assess and exclude the presence of injury to the palmar soft tissues of the
antebrachiocarpal joint. As a result, ongoing hyperextension may be seen following partial carpal
arthrodesis, necessitating a complex revision surgery. Additionally, the evidence for the clinical
benefit of partial carpal arthrodesis versus PCA is not overwhelming6,7,9,20.

Pancarpal arthrodesis
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In addition to its use in carpal hyperextension injury, PCA is a salvage procedure for managing
other end-stage carpal conditions, such as degenerative joint disease, congenital malformations,
and intra-articular/juxta-articular fractures and luxations where conservative management has
either failed or is inappropriate.

Surgical techniques used to achieve carpal arthrodesis include application of a plate to the dorsal,
medial or palmar surfaces, or external skeletal fixation, with or without crossed Kirschner
wires4-6,21,22.

Dorsally applied plate fixation is the most common technique. After a dorsal approach, sectioning
the insertion of the extensor carpi radialis tendons and removal of the dorsal joint capsule with a
scalpel blade, the antebrachiocarpal, middle carpal and carpometacarpal joints are visualised.
Subsequently, the articular cartilage is meticulously removed to the level of the subchondral bone
by means of a high-speed burr and lavage. Care should be taken to ensure all the articular
cartilage has been removed.

The palmar aspect of the radiocarpal bone may commonly be missed, potentially resulting in a
failure of the arthrodesis. A small-tipped Hohmann retractor, or small-pointed reduction forceps,
can be used to manipulate the carpal bones to ensure all the surfaces of the bones are attended
to. Cancellous autograft or allograft is placed in the joint spaces before applying the plate.

Figure 4. Mediolateral stressed radiograph of canine carpal hyperextension at the intercarpal and
carpometacarpal level. Note how the proximal carpal bones override the distal row in this case and
how the palmar process of the ulnar carpal bone is displaced from the distal row of carpal bones
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and the base of the metacarpal bones.

The pre-contoured PCA plates provide 10° to 12° of extension 1. Hybrid dynamic compression
plates allow the application of screws of different diameter to the limb – larger screws in the radius
and smaller screws in the metacarpal bones. These plates may be applied to a single metacarpal
bone (III). Alternatively, larger, dedicated PCA plates allow screw application to two metacarpal
bones (III and IV).

Applying the plate to two metacarpal bones will provide a more robust construct, which should, in
theory, reduce the incidence of complications including plate failure and metacarpal fractures.
However, a recent review of PCA cases found this was not the case. Plate failure was a rare event
and a greater number of metacarpal fractures were seen with the larger plate versus the single
metacarpal plate22. No discernible advantage was found in using the double metacarpal plate
versus the single metacarpal plate and, in the authors’ experiences, the double metacarpal plate is
more time consuming to apply and harder to align on the manus.

The authors place one or two washers between the plate and the radiocarpal bone to prevent
dorsal displacement of the radiocarpal bone during screw tightening. This helps to maintain the
alignment of the radiocarpal joint (Figure 5). A 4mm cancellous screw is used in place of a 3mm
cortical screw in the distal radius as, often, limited cortical bone stock exists at this point.

Postoperative bandaging

A multi-centre study found the addition of long-term external coaptation, in the form of a splint or
cast, is not advisable. The dressing does not significantly improve the stability of the construct and
can increase the complication rate due to dressing-associated complications, some of which may
be more debilitating and harder to manage than the initial injury10,22.

However, in the immediate postoperative period, application of a modified Robert Jones bandage
or light dressing is recommended, mainly to control postoperative swelling to prevent a biological
tourniquet effect and decrease the risk of wound infection and dehiscence.

Complications
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Figure 5. Mediolateral radiograph of a pancarpal arthrodesis using a dorsal plate. Note the washer
between the plate and the radiocarpal bone, and the use of a cancellous screw in the distal radius.

Fracture or fissure of the metacarpal bones during screw application is the most common
intraoperative complication in plated PCA22.

The risk of intraoperative metacarpal fracture can be mitigated by carefully contouring the plate to
the metacarpal bone(s) prior to application and ensuring the plate is correctly aligned over the
metacarpal. Ensuring the plate covers more than 50% of the length of the metacarpal bone23

reduces the risk of postoperative metacarpal fracture.

Surgical site infection or implant infection are the most commonly reported postoperative
complications for dorsally plated PCA and are seen or suspected in more than one-third of cases.
This high rate of infection may be partly due to the presence of a large metal implant just below the
skin incision, with little interposed soft tissue coverage to prevent bacterial colonisation of the
implants22.

Outcomes

Assessing radiographic healing after PCA can be challenging because the plate obscures the
surgical site in dorsoplantar images. Follow-up radiographs should be taken at six weeks to eight
weeks postoperatively to assess early signs of radiographic fusion.

Return to normal activity levels is anticipated 12 weeks after the procedure, provided the
radiographic appearance is satisfactory. However, half of cases still show mild/moderate
lameness22. Radiographic union is expected four months to six months postsurgery11.
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