CHAPTER 38 e Heterotopic Ossification of the Elbow

Figure 7. Case 2: This intra-operative view shows the same medial
approach. The pronator teres and the brachialis are retracted to expose
the bridging heterotopic ossification (H0). A medial approach was
selected as this patient suffered ulnar nerve distribution paresthesias
and weakness. Lateral-sided ossification can be accessed through a
medial approach.

Figure 8. Case 2: This photograph shows the heterotopic ossifica-
tion after resection.

the nerve followed distally. At the level of the elbow, the
nerve can be more easily identified in the internervous plane
between the proximal aspect of the brachioradialis and the
distal aspect of the brachialis. Blunt dissection between these
two muscles, just superior to the joint line, will reveal the
radial nerve before it dives under the supinator muscle more
distally (Figure 13). Having now identified and protected
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Figure 9. Case 2: A close-up intra-operative view reveals an empty
space after resection of the heterotopic bone. A full range of elbow
motion was achieved intra-operatively.

Figure 10. Cadaver dissection: The medial triceps is retracted to
expose the posterior olecranon fossa.

the vulnerable ulnar and radial nerves, we then proceed with
heterotopic ossification resection and release of the elbow
contracture.

Lateral Exposure
The “Column Procedure” described by Morrey*? for simple
release of extraarticular elbow contracture affords exposure of

431



Wrist and Elbow Reconstruction & Arthroscopy

Figure 11. Case 2: Intra-operative radiographs show resection of
the bridging heterotopic bone.

both the posterior and anterior capsules of the elbow joint
through either a limited lateral skin incision or an extensile
posterior skin incision as previously described (Figures 12,
13). The lateral epicondyle is localized; the lateral edge of the
triceps is freed from the lateral intermuscular septum; and the
triceps is elevated to expose posterior heterotopic bone and
the posterior capsule (Figure 14). Both the heterotopic bone
and the capsule should be excised. Redundant synovium and
synovial fat within the olecranon fossa should also be
debrided. Additionally, any posterior osteophytes or redun-
dant fracture callus that may be causing impingement or pre-
venting full extension must be resected.

Exposure and release of the anterior capsule can be per-
formed by elevating the distal or inferior origin of the bra-
chioradialis and the entire origin of the extensor carpi radialis
longus (ECRL) directly off the anterior aspect of the lateral
epicondyle. Next, the brachialis can be elevated off of the
anterior capsule and retracted anteriorly along with the bra-
chioradialis, ECRL, and extensor carpi radialis brevis
(ECRB), if needed. A long narrow thyroid-type retractor is
very useful in retracting these laterally-based muscles and the
brachialis off the anterior joint capsule to improve exposure.
A head light may also improve visualization through this lat-
eral window deep to the medial side of the elbow. This surgi-
cal dissection affords access to the anterior elbow capsule
(Figure 13) that can be excised under direct vision for con-
tracture release. Anterior heterotopic bone typically forms
within the substance of the distal aspect of the brachialis mus-
cle, just anterior to the anterior capsule of the elbow. This lat-
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Figure 12. Cadaver dissection: Elevation of the skin and subcuta-
neous tissues reveals the pertinent musculature involved in the lateral
approach to the elbow. The radial nerve, coursing between the brachio-
radialis and brachialis, is identified by a blue vessel loop.

eral exposure allows straightforward excision of anterior het-
erotopic ossification. The heterotopic bone can be carefully
elevated off the distal aspect of the anterior humerus using a
combination of osteotomes and rongeurs.

Alternatively, the Kocher approach involves creating an
interval distal to the lateral epicondyle between the anconeus
and the extensor carpi ulnaris (ECU), or one can exploit the
interval between the extensor carpi radialis longus (ECRL)
and brevis (ECRB). Proximally, the ECRL is elevated off the
lateral epicondyle along with the origin of the brachioradialis.
These muscles are retracted superiorly and anteriorly to reveal
the anterior capsule. This intermuscular approach between
the ECRL and ECRB provides exposure of the joint capsule

without taking down the lateral collateral ligament.41

Medial Exposure
In severely contracted elbows this exposure affords uncom-
promised visualization of the anterior capsule and crossing
neurovascular bundles (ulnar nerve, median nerve, and
brachial artery). The medial approach begins with exposure of
the posterior joint capsule and olecranon fossa from the
medial side (Figures 5, 6, 7). The medial border of the triceps
is elevated off the intermuscular septum and medial epi-
condylar ridge of the humerus. The undersurface of the mus-
cle is then retracted to expose posterior heterotopic
ossification or the posterior capsule itself (Figure 10).

The anteromedial release takes advantage of the interner-
vous plane between the ulnar innervated flexor carpi ulnaris
(FCU) and the median innervated flexor-pronator muscle
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Figure 13. Cadaver dissection: The posterior interosseous nerve is
marked by the blue vessel loop as it enters the supinator. Deep to the
brachialis, the anterior capsule has been incised and is reflected by the
hemostat, revealing the anterior aspect of the radiocapitellar joint.

group (palmaris longus, flexor carpi radialis [FCR], and prona-
tor teres). Once the plane between the FCU and the flexor-
pronator group has been developed and perforating vessels
ligated, the common flexor-pronator origin can be elevated to
improve exposure to the brachialis and anterior joint capsule.
An alternative, more limited intermuscular approach on the
medial side is also possible. The pronator teres can be released
from the medial epicondyle and dissected from the common
flexor origin. After the pronator teres has been elevated, the
heterotopic bone can be resected along with the anterior joint
capsule (Figures 6, 7, 8, 9). Following contracture release, the
flexor-pronator origin can be reattached to the medial epi-
condyle with multiple suture anchors or sutured down to the
epicondyle through bone tunnels. While the medial fascial
border of the triceps may be re-approximated to the fascia of
the flexor-pronator origin, this step is not necessary. A tight
muscle layer closure often limits the motion gained in the con-
tracture release. The ulnar nerve is typically transposed anteri-
orly in a submuscular or subcutaneous fashion.

With a medial approach using the internervous plane
between the FCU and the flexor-pronator origin, care should
be taken to leave the origin of the FCU and the underlying
anterior band of the MCL undisturbed, maintaining post-
operative elbow stability. Unfortunately, there are occasions
where the heterotopic bone or elbow contracture is so severe
that these structures, too, require release or excision. In such
cases, ligamentous reconstruction is necessary to avoid elbow
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Figure 14. Cadaver dissection: The posterior capsule has been
incised and is reflected by forceps, exposing the posterior ulnohumeral
joint and posterior tip of the olecranon from the lateral side.

subluxation or dislocation while these patients are mobilized
post-operatively. Autograft tendon (e.g., palmaris longus) may
be used for ligamentous reconstruction, but it is our prefer-
ence to use allograft tendon to restore elbow stability either
medially or laterally. Ligamentous reconstruction through
bone tunnels provides a stable anchor for early elbow motion.
The restoration of stability can be augmented with suture
anchor reattachment of the flexor-pronator origin to the
medial epicondyle, or of the mobile wad origin to the lateral
epicondyle for lateral collateral reconstruction. If stability can-
not be achieved with ligamentous reconstruction and muscle
origin repair, a dynamic external fixator should be applied.

Proximal Radioulnar Synostosis

Distally, along the posterolateral edge of the proximal ulna,
the entire anconeus and extensor carpi ulnaris complex can be
elevated subperiosteally from the bone as needed for exposure
(Figure 3). The anconeus and extensor carpi ulnaris complex
are elevated off the ulna, while leaving the origin of these mus-
cles from the lateral epicondyle (Figure 15). This will prevent
vascular injury to these muscles, especially the anconeus. The
subperiosteal dissection is carried along the proximal ulna
towards the anterolateral surface of the radius and to the base
of the synostosis. If dissection continues in a subperiosteal
manner, there should be no danger to the posterior
interosseous nerve which is protected in the substance of the
supinator at the level of the proximal ulna. Consideration

433



Wrist and Elbow Reconstruction & Arthroscopy

Figure 15. Exposure of the proximal radioulnar joint by elevating the
anconeus and the flexor carpi ulnaris (FCU) from the subcutaneous bor-
der of the ulna (dotted line).

should be made to locating this nerve in cases where the fore-
arm is fixed in full supination. While pronation will sweep the
posterior interosseous nerve anteriorly and medially away
from a posterolateral dissection, supination will bring the
nerve closer to the field of dissection (Figures 16, 17).

Once localized, the synostosis is resected carefully with a
combination of small rongeurs, osteotomes, and Kerrison
rongeurs. An appropriately-sized lamina spreader is helpful in
retracting and opening up the space between the proximal
radius and proximal ulna. Once the synostosis has been
released and there is freedom between the two bones, the lam-
ina spreader offers greater direct visualization of any remain-
ing ectopic bone. The synostosis should be excised down to
the native cortices of the proximal radius and proximal ulna
(Figures 18, 19, 20).

Soft tissue interposition grafts or flaps are a useful adjunct
in cases of complete radioulnar synostosis. Two options
include a pedicled anconeus myofascial interposition flap or
tensor fascia lata interposition. The pedicled anconeus flap is
created from the posterolateral aspect of the anconeus fascia
and underlying muscle. The flap is elevated from distal to
proximal off the proximal ulna up to the lateral epicondyle
until there is sufficient freedom to mobilize the anconeus’s
leading edge to the distal extent of the synostosis. By protect-
ing the proximal origin and the lateral fascial attachments of
the triceps, the primary blood supply—the medial collateral
artery of the elbow—can be preserved.4? The distal end of the
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Figure 16. The anconeus and FCU are elevated as a unit and the
bicipital tuberosity (B.T.) is exposed. In this cadaver dissection the fore-
arm is supinated and the bicipital tuberosity is barely visible. The pos-
terior interosseous nerve is at greater risk of injury in this position.

flap is attached to the biceps tuberosity with the forearm in
full pronation using suture anchors. Now, as the forearm is
supinated the anconeus will be drawn into the proximal
radioulnar space where the synostosis previously lay, creating
a thin interposition flap of viable muscle and fascia.

There are certainly cases of heterotopic ossification and
radioulnar synostosis where transposing a local muscle flap
may be difficult or impossible. In such situations where an
alternative “bail-out” option is desired, a tensor fascia lata
autograft or allograft may be interposed. The advantage to
autograft is donor biocompatibility and minimal infection
rate. The disadvantages to autograft are not trivial: donor site
morbidity, potential for early pain, hematoma, or superficial
nerve injury, and additional site of scarring. Because of these
potential complications and the reality that the interposition
graft (whether autograft or allograft) is no longer viable after
it is harvested, the senior author has abandoned the use of
autograft tensor fascia lata in favor of allograft.

The technique is straightforward. Following synostosis
exposure and resection, the tensor fascia lata allograft is shaped
into a 10-12 cm long and 4-5 c¢m wide graft. The allograft is
then carefully wrapped around either the ulna or the radius
and sutured into place using absorbable sutures. The choice of
which bone to encase with the graft depends largely on the sur-
geon’s preoperative and intraoperative perceptions concerning
the origin of the synostosis. With a complete wrap the graft can
simply be sutured to itself or neighboring soft tissues to main-
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Figure 17. With forearm pronation, the Bicipital Tuberosity (B.T.) and
the Biceps tendon become prominent. The posterior interosseous nerve
is less prone to injury with forearm pronation.

tain its position. If there is intact muscle about the proximal
radius or ulna, preventing a circumferential wrap of the tensor
fascia lata graft, suture anchors may be inserted at different
locations to maximize the spread of the fascial graft. The goals
of this type of fascial interposition are twofold: 1) To provide
painless forearm rotation, and 2) To act as a barrier to future
bridging heterotopic bone.

Final Considerations

The excision of ectopic bone and contracture release is com-
plete when normal elbow flexion and extension has been
The

pronation/supination arc of at least 100°. Motion gained

restored. affected forearm  should gain a
should be documented with intraoperative fluoroscopy or
video and in the operative dictation. Documentation of
motion is helpful after excision of the heterotopic bone; it
serves as a baseline for clinical follow-up in the post-operative
period.

Once the heterotopic bone has been adequately excised, a
judgment must be made for the removal of indwelling hard-
ware if it exists. Removal of hardware prior to excision of het-
erotopic bone may result in an unintended intra-operative or
post-operative fracture. Internal fixation of the proximal
radius is frequently placed through the interval described
above for takedown of the synostosis and can be readily
removed in those cases. Similarly, hardware about the proxi-
mal ulna usually resides on its easily exposed posterior aspect.
For removal of internal fixation about the distal humerus,
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Figure 18. Case 3: This intra-operative view reveals the proximal
radioulnar synostosis with the heterotopic ossification (HO) marked.
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Figure 19. Case 3: After the synostosis has been resected, the space
between the radius and ulna can be seen.

proximal dissection is required. A useful exposure to the distal
humerus is the bilateral tricipital or paratricipital approach
described by Alonso-Llames which involves opening the inter-
muscular septi at the lateral and medial edges of the triceps.*3
Through these paratricipital openings medial, lateral, and
posterior distal humerus plates and can be removed without
violating the triceps insertion on the olecranon.

Upon completion, the surgical field is irrigated with six
liters of normal saline. Bleeding points in the soft tissues are
coagulated, and bleeding from exposed bone is sealed with
bone wax. Routine use of closed suction drains (positioned
anterior and posterior to the elbow) helps minimize soft tissue
swelling and hematoma formation while the patient begins
immediate post-operative range of motion exercises and/or
continuous passive motion. Prior to closure of the deep soft
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Figure 20. Case 3: This lateral radiograph taken one year post-
operatively shows some spotty heterotopic bone but no recurrence of
the synostosis. The patient maintained a 160° arc of rotation.

tissues, a lidocaine or bupivacaine continuous infusion pump
may be placed to help maximize post-operative pain control
(in cases where axillary catheters are not used). The catheter
for a bupivacaine infusion pump should be placed in a soft tis-
sue layer or location separate from that of the closed suction
drains. These pumps will affect the post-operative neurologic
examination as they will cause a local nerve block to neigh-
boring peripheral nerves as the local anesthetic is distributed
into the soft tissues.

Divisions in the intermuscular septi are never repaired,
but anterior muscle attachments to the distal humerus are
always repaired. For repairing the origins of these muscles,
suture anchors or bone tunnels provide sufficient stability for
bony reattachment with nonabsorbable sutures. If the
medial, flexor-pronator muscle mass has been elevated, con-
sideration can be made to submuscular transposition of the
ulnar nerve. Otherwise, a simple subcutaneous transposition
maintained with a wide strip of flexor-pronator fascia fre-
quently will suffice. If desired, the fascial layer may be
repaired with an absorbable suture in a running or inter-
rupted fashion. Subcutaneous and skin closure follows. The
skin closure should not be under tension, nor should it be
watertight such that it would prevent drainage when early
motion is initiated.
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Post-operative Management
and Rehabilitation
A patient’s post-operative rehabilitation has significant influ-
ence over the clinical outcome after contracture release and
excision of heterotopic bone. The affected upper extremity is
immobilized in a soft dressing that applies gentle compression
of the soft tissues. A regional anesthetic catheter placed by the
anesthesia team can provide substantial pain relief in the
immediate post-operative setting. When such a catheter can-
not be placed, we have used continuous bupivacaine infusion
pumps to supplement intravenous narcotic pain control.
With adequate analgesia, continuous passive motion of the
elbow can be performed in flexion and extension or, alterna-
tively, in pronation and supination for cases of isolated
radioulnar synostosis. It is our preference to use a bed-side
continuous passive motion machine for the elbow rather than
the more mobile units that are able to provide motion during
ambulation. The bedside units tend to maintain a constant
position, capitalizing on leverage to impart motion at the
patient’s elbow (Figure 21).

The passive motion is supplemented with frequent visits by
a therapist. As soon as the first post-operative day, a supervised,
daily therapy regimen that includes active, active-assisted, and
passive-assisted exercises flexion and extension exercises is
implemented. In order to prevent loss of forearm rotation,
pronation, and supination, exercises are performed while flex-
ing the elbow at 90° and grasping an object in the hand to
minimize the contribution of radiocarpal pronation and
supination. Static progressive splinting at night is a useful
adjunct to preserve the motion gains achieved intraopera-
tively.?? In cases of radioulnar synostosis, splints may be alter-
nated nightly between static pronation and static supination.4

Radiation treatment of the resected bed of heterotopic ossifi-
cation or synostosis has been touted to be successful in prevent-
ing recurrence of ectopic bone.22:3%45 However, to our
knowledge no prospective randomized trial has shown this
modality to be better than resection alone. As this localized radi-
ation procedure comes with some inherent risk of wound break-
down, neuritis, lymphedema, and a remote risk of sarcoma, it
should be discussed with patients pre-operatively. A single dose
of 700 c¢Gy within the first 24 to 48 hours post-operatively is
typically sufficient. In our practice, radiation therapy is limited
to patients with involvement of the proximal radioulnar joint.
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Figure 21. Post-operatively, an elbow continuous passive motion
machine is used in conjunction with a regional anesthetic catheter.
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